
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  4 0 9   9 4 9   B 1  

E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  18.05.94 

©  Application  number:  90902647.8 

©  Date  of  filing:  01.02.90 

©  International  application  number: 
PCT/GB90/00164 

int.  Ci.5;  C07D  209/08,  C07D  2 0 9 / 3 4 ,  
C07D  215/06,  C07D  2 1 5 / 0 8 ,  
C07D  311/58,  C07D  3 1 1 / 7 4 ,  
C07D  313/08,  C07D  3 3 5 / 0 6 ,  
A61K  3 1 / 3 3  

©  International  publication  number: 
WO  90/08763  (09.08.90  90/19) 

ARYLSULPHONYL-NITROMETHANES,  PROCESS  FOR  THEIR  PREPARATION  AND  PHARMACEUTICAL 
COMPOSITIONS. 

©  Priority:  03.02.89  GB  8902407  ©  Proprietor:  IMPERIAL  CHEMICAL  INDUSTRIES 
03.02.89  GB  8902410  PLC 

Imperial  Chemical  House, 
©  Date  of  publication  of  application:  Millbank 

30.01.91  Bulletin  91/05  London  SW1P  3JF(GB) 

©  Publication  of  the  grant  of  the  patent:  ©  Inventor:  BRITTAIN,  David  Robert 
18.05.94  Bulletin  94/20  23  Springbank  Lane,  Bamford, 

Rochdale,  Lancashire  OL11  5SE(US) 
®  Designated  Contracting  States:  Inventor:  COX,  Michael  Thomas 

AT  BE  CH  DE  DK  ES  FR  GB  IT  LI  LU  NL  SE  22  Malvern  Close,  Congleton, 
Cheshire  CW12  4TD(US) 

©  References  cited: 
EP-A-  0  304  190 

0   Representative:  Smith,  Stephen  Collyer  et  al 
ICI  Group  Patents  Services  Dept. 
PO  Box  6 
Shire  Park 
Bessemer  Road 
Welwyn  Garden  City  Herts,  AL7  1HD  (GB) 

QQ  Bessemer  Road 
Welwyn  Garden  City  Herts,  AL7  1HD  (GB) 

Oi  
Oi  
©  

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person ®  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
Q,.  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
LU  has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



EP  0  409  949  B1 

Description 

Technical  Field 

5  This  invention  concerns  novel  benzheterocyclyl  sulphone  derivatives  which  are  inhibitors  of  the  enzyme 
aldose  reductase  and  which  are  of  value,  for  example,  in  the  treatment  of  certain  peripheral  effects  of 
diabetes  or  galactosemia.  A  method  of  treating  one  or  more  of  such  peripheral  effects  using  a  benz- 
heterocyclyl  sulphone  derivative  and  pharmaceutical  compositions  containing  such  a  derivative  are  also 
provided.  In  addition,  the  invention  concerns  novel  processes  for  the  manufacture  of  the  novel  derivatives 

io  and  for  the  preparation  of  medicaments  containing  any  of  the  said  derivatives. 

Background  to  Invention 

The  enzyme  aldose  reductase  is  responsible  for  the  catalytic  conversion  of  aldoses,  such  as  glucose 
75  and  galactose,  to  the  corresponding  alditols,  such  as  sorbitol  and  galactitol  respectively,  in  warm  blooded 

animals  such  as  man.  Alditols  penetrate  cell  membranes  poorly  and,  once  formed,  tend  to  be  removed  only 
by  further  metabolism.  Consequently,  alditols  tend  to  accumulate  within  cells  where  they  are  formed, 
causing  a  rise  in  internal  osmotic  pressure  which  may  in  turn  be  sufficient  to  destroy  or  impair  the  function 
of  the  cells  themselves.  In  addition,  raised  alditol  levels  may  result  in  abnormal  levels  of  their  metabolites 

20  which  may  themselves  impair  or  damage  cellular  function.  The  enzyme  aldose  reductase  has  a  relatively 
low  substrate  affinity  and  is  generally  only  effective  in  the  presence  of  relatively  large  concentrations  of 
aldose.  Such  large  concentrations  are  present  in  the  clinical  conditions  of  diabetes  (excessive  glucose)  and 
galactosemia  (excessive  galactose).  Consequently,  aldose  reductase  inhibitors  are  useful  in  the  reduction  or 
prevention  of  the  development  of  those  peripheral  effects  of  diabetes  or  galactosemia  which  may  be  due  in 

25  part  to  the  accumulation  of  sorbitol  or  galactitol,  respectively,  in  tissues  such  as  the  eye,  nerve  and  kidney. 
Such  peripheral  effects  include,  for  example,  macular  oedema,  cataract,  retinopathy,  neuropathy  and 
impaired  neural  conduction.  Although  a  number  of  aldose  reductase  inhibitors  have  been  discovered  and 
clinically  evaluated,  there  is  a  continuing  need  for  alternative  inhibitors.  The  present  invention  is  based  in 
part  on  this  need  and  on  our  discovery  of  the  unexpected  inhibition  of  the  enzyme  aldose  reductase  by 

30  certain  benzheterocyclyl  sulphone  derivatives. 

Disclosure  of  Invention 

According  to  the  invention  there  is  provided  a  novel  benzheterocyclyl  sulphone  derivative  of  the  formula 
35  I,  set  out  hereinafter,  wherein  ring  A  may  be  unsubstituted  or  may  bear  one  or  more  substituents 

independently  selected  from  halogeno,  (1-4C)alkyl  and  fluoro(1-4C)-  alkyl;  X  is  an  oxygen  atom,  or  a  group 
of  the  formula  -S(0)n-  or  -NR1-  in  which  n  is  zero  or  the  integer  1  or  2  and  R1  is  hydrogen,  (1-4C)-  alkyl,  (1- 
6C)alkanoyl,  benzoyl  or  phenyl(1-4C)alkyl,  the  benzene  moiety  of  which  last  two  groups  may  be  unsub- 
stituted  or  bear  up  to  3  substituents  independently  selected  from  halogeno,  (1-4C)alkyl,  (1-4C)alkoxy  and 

40  fluoro(1-4C)alkyl;  Y  is  a  linking  group  of  the  formula  -(CH2)m-  ,  -CH2CH=CH-  ,  -(CH2)2.CH=CH-  or 
-CH2.CH=CH.CH2-  ,  in  which  m  is  an  integer  from  2  to  4  and  a  methylene  (-CH2-)  group  may  be  replaced 
by  carbonyl,  and  which  linking  group  may  bear  up  to  four  (1-4C)alkyl  substituents,  and  may  be  attached  at 
either  end  to  the  group  X;  and  wherein  the  group  -S02CH2N02  is  located  at  the  position  a,  b  or  c;  or  a  non- 
toxic  salt  thereof. 

45  In  this  specification  the  term  "alkyl"  includes  both  straight  and  branched  alkyl  groups  but  references  to 
individual  alkyl  groups  such  as  "propyl"  are  specific  for  the  straight  chain  ("normal")  version  only,  any 
branched  chain  isomer  such  as  "isopropyl"  being  referred  to  specifically.  An  analogous  convention  applies 
to  other  generic  terms. 

It  is  to  be  understood  that,  insofar  as  certain  of  the  compounds  of  formula  I  defined  above  may  exist  in 
50  optically  active  or  racemic  forms  by  virtue  of  one  or  more  substituents  containing  an  asymmetric  carbon 

atom,  the  invention  includes  any  such  optically  active  or  racemic  form  which  possesses  the  property  of 
inhibiting  the  enzyme  aldose  reductase.  The  synthesis  of  optically  active  forms  may  be  carried  out  by 
standard  techniques  of  organic  chemistry  well  known  in  the  art,  for  example  by  synthesis  from  optically 
active  starting  materials  or  by  resolution  of  a  racemic  form.  Similarly,  inhibitory  properties  against  aldose 

55  reductase  may  be  evaluated  using  the  standard  laboratory  tests  referred  to  hereinafter. 
Particular  values  for  an  optional  substituent  on  ring  A  include  the  following,  by  way  of  example:- 

for  halogeno:  fluoro,  chloro,  bromo  and  iodo; 
for  (1-4C)alkyl:  methyl,  ethyl,  propyl  and  t-butyl;  and 
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for  fluoro(1-4C)alkyl:  trifluoromethyl,  pentafluoroethyl,  2,2,2-trifluoroethyl  and  3,3,3-trifluoropropyl. 
Particular  values  for  the  group  R1  when  it  is  (1-4C)alkyl,  (1-6C)alkanoyl  or  phenyl(1-4C)alkyl  include  the 

following,  by  way  of  example:- 
for  (1-4C)alkyl:  methyl,  ethyl,  propyl  and  butyl; 

5  (1-6C)alkanoyl;  formyl  and  (2-4C)alkanoyl,  such  as  acetyl,  propionyl,  and  butyryl;  and 
for  phenyl(1-4C)alkyl:  phenylmethyl,  1-phenylethyl,  2-phenylethyl  and  3-phenylpropyl. 

A  particular  value  for  an  optional  substituent  on  a  phenyl  moiety  on  R1  when  it  is  benzoyl  or  phenyl(1- 
4C)alkyl  is,  for  example,  fluoro,  chloro,  bromo,  methyl,  ethyl,  methoxy,  ethoxy  and  trifluoromethyl. 

Particular  values  for  the  linking  group  Y  include  the  following,  by  way  of  example:-  ethylene, 
70  trimethylene,  tetramethylene  and  the  groups  -CO.CH2-  ,  -CO.CH2.CH2-  ,  -CH2.CO.CH2-  , 

-CO.CH2.CH2.CH2-  ,  -CH2.CH=CH-  and  -CO.CH=CH-  ,  any  of  which  linking  group  may  optionally  bear  up 
to  four  (1-4C)alkyl  substituents. 

Particular  values  for  a  (1-4C)alkyl  substituent  on  Y  include,  for  example,  methyl,  ethyl  and  propyl. 
Particular  values  for  X  include,  for  example,  oxygen  sulphonyl  and  a  group  of  the  formulae  -NR1-, 

75  wherein  R1  has  the  meanings  defined  above  and  is  preferably  hydrogen,  methyl,  ethyl  or  acetyl. 
A  particularly  preferred  value  for  X  is  for  example,  oxygen,  imino,  N-acetylimino  or  N-ethylamino. 
Preferred  values  for  an  optional  substituent  on  ring  A  include,  for  example,  fluoro,  chloro,  bromo, 

methyl,  ethyl  and  trifluoromethyl,  of  which  values,  methyl  is  particularly  preferred. 
A  particularly  preferred  value  for  ring  A  is,  for  example,  when  it  is  unsubstituted  or  bears  one  or  two 

20  methyl  substituents. 
Preferred  values  for  linking  group  Y  are,  for  example,  ethylene,  trimethylene,  and  the  groups 

-CO.CH2.CH2-  ,  -CH2.CH=CH-  ,  -CO.CH=CH-  and  -CH2.CO-  ,  which  linking  group  may  optionally  bear  up 
to  four  methyl  or  ethyl  substituents  as  defined  hereinbefore. 

A  particularly  preferred  value  for  a  (1-4C)alkyl  substituent  on  Y  is,  for  example,  methyl. 
25  In  general,  it  is  preferred  that  when  both  ring  A  and  linking  group  Y  bear  alkyl  substituents,  the 

combined  total  number  of  carbon  atoms  in  said  alkyl  substituents  is  not  greater  than  10. 
Specific  preferred  values  for  linking  group  Y  include,  for  example,  ethylene,  trimethylene,  and  the 

groups  -CH2.CH2.C(CH3)2-  ,  -CH2CH2CH2C(CH3)2-  ,  -CO.C(CH3)=C(CH3)-  ,  -CH=CH.C(CH3)2-  ,  -CH2.C- 
(CH3)2-  ,  -CO.CH2-  ,  -CO.C(CH3)2-  and  -CO.CH2.C(CH3)2-. 

30  One  group  of  compounds  of  particular  interest  comprises  indoline  derivatives  of  the  formula  II  wherein  Z 
is  carbonyl  or  a  group  CR2R3  wherein  R2  and  R3  are  independently  hydrogen  or  (1-4C)alkyl;  B1  and  B2  are 
hydrogen  or  (1-4C)alkyl;  R1  and  ring  A  and  the  optional  substituents  thereon  have  any  of  the  meanings 
defined  hereinbefore;  and  wherein  the  group  -S02CH2N02  is  located  at  the  position  a,  b  or  c;  and  the  non- 
toxic  salts  thereof. 

35  A  further  group  of  compounds  of  particular  interest  comprises  chroman  derivatives  of  the  formula  III 
wherein  W  is  methylene  (-CH2-)  or  a  carbonyl  group;  R+  and  R5  are  independently  hydrogen  or  (1-4C)alkyl, 
or  R+  together  with  R5  forms  a  direct  bond;  RG  and  R7  are  independently  hydrogen  or  (1-4C)alkyl;  ring  A  is 
unsubstituted  or  may  bear  one  or  more  substituents  selected  from  halogeno,  (1-4C)alkyl  and  fluoro(1-4C)- 
alkyl;  and  wherein  the  group  -S02CH2N02  is  located  at  the  position  a,  b  or  c;  and  the  non-toxic  salts 

40  thereof. 
A  particular  value  for  B1  or  B2,  or  R2-R7,  when  it  is  (1-4C)-alkyl  is,  for  example,  methyl  or  ethyl,  of  which 

methyl  is  preferred. 
A  preferred  position  for  the  location  of  the  -S02CH2N02  group  is  at  position  b  and  c  in  any  of  the 

above  compounds  of  the  formula  I,  II  or  III,  and  position  b  is  particularly  preferred. 
45  Particular  novel  compounds  of  the  invention  are  described  in  the  accompanying  examples  and  are 

provided,  together  with  their  non-toxic  salts,  as  a  further  feature  of  the  invention.  Compounds  of  particular 
interest  include,  for  example,  the  compounds  of  formula  I  described  in  Examples  8  and  16  hereinafter, 
which  compounds  are  provided  together  with  their  non-toxic  salts  as  a  further  feature  of  the  invention. 

The  invention  further  comprises  pharmaceutical  compositions  comprising  a  compound  of  the  formula  I 
50  or  a  non-toxic  salt  thereof,  defined  above,  together  with  a  pharmaceutically  acceptable  diluent  or  carrier. 

The  compositions  of  the  invention  may  be  in  various  conventional  forms.  Thus,  they  may  be  in  a  form 
suitable  for  oral  use  (for  example  as  tablets,  lozenges,  hard  or  soft  capsules,  aqueous  or  oily  suspensions, 
emulsions,  dispersible  powders  or  granules,  syrups  or  elixirs),  for  topical  use  (for  example  as  creams, 
ointments,  gels  or  aqueous  or  oily  solutions  or  suspensions)  or  for  parenteral  administration  (for  example  as 

55  a  sterile  aqueous  or  oily  solution  for  intravenous,  subcutaneous,  intramuscular  or  intravascular  dosing)  or  as 
a  suppository  for  rectal  dosing. 

The  compositions  of  the  invention  may  be  obtained  by  conventional  procedures  using  conventional 
pharmaceutical  excipients,  well  known  in  the  art.  Thus,  compositions  intended  for  oral  use  may  contain,  for 

3 
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example,  one  or  more  colouring,  sweetening,  flavouring  and/or  preservative  agents. 
Suitable  pharmaceutically  acceptable  excipients  for  a  tablet  formulation  include,  for  example,  inert 

diluents  such  as  lactose,  sodium  carbonate,  calcium  phosphate  or  calcium  carbonate,  granulating  and 
disintegrating  agents  such  as  corn  starch  or  alginic  acid;  binding  agents  such  as  gelatin  or  starch; 

5  lubricating  agents  such  as  magnesium  stearate,  stearic  acid  or  talc;  preservative  agents  such  as  ethyl  or 
propyl  p-hydroxybenzoate,  and  anti-oxidants,  such  as  ascorbic  acid.  Tablet  formulations  may  be  uncoated 
or  coated  either  to  modify  their  disintegration  and  the  subsequent  absorption  of  the  active  ingredient  within 
the  gastrointestinal  tract,  or  to  improve  their  stability  and/or  appearance,  in  either  case,  using  conventional 
coating  agents  and  procedures  well  known  in  the  art. 

io  Compositions  for  oral  use  may  be  in  the  form  of  hard  gelatin  capsules  in  which  the  active  ingredient  is 
mixed  with  an  inert  solid  diluent,  for  example,  calcium  carbonate,  calcium  phosphate  or  kaolin,  or  as  soft 
gelatin  capsules  in  which  the  active  ingredient  is  mixed  with  water  or  an  oil  such  as  arachis  oil,  liquid 
paraffin  or  olive  oil. 

Aqueous  suspensions  generally  contain  the  active  ingredient  in  finely  powdered  form  together  with  one 
is  or  more  suspending  agents,  such  as  sodium  carboxymethylcellulose,  methylcellulose,  hydroxypropyl- 

methylcellulose,  sodium  alginate,  polyvinylpyrrolidone,  gum  tragacanth  and  gum  acacia;  dispersing  or 
wetting  agents  such  as  lecithin  or  condensation  products  of  an  alkylene  oxide  with  fatty  acids  (for  example 
polyoxyethylene  stearate),  or  condensation  products  of  ethylene  oxide  with  long  chain  aliphatic  alcohols,  for 
example  heptadecaethyleneoxycetanol,  or  condensation  products  of  ethylene  oxide  with  partial  esters 

20  derived  from  fatty  acids  and  a  hexitol  such  as  polyoxyethylene  sorbitol  monooleate,  or  condensation 
products  of  ethylene  oxide  with  partial  esters  derived  from  fatty  acids  and  hexitol  anhydrides,  for  example 
polyethylene  sorbitan  monooleate.  The  aqueous  suspensions  may  also  contain  one  or  more  preservatives 
(such  as  ethyl  or  propyl  p-hydroxybenzoate,  anti-oxidants  (such  as  ascorbic  acid),  colouring  agents, 
flavouring  agents,  and/or  sweetening  agents  (such  as  sucrose,  saccharin  or  aspartame). 

25  Oily  suspensions  may  be  formulated  by  suspending  the  active  ingredient  in  a  vegetable  oil  (such  as 
arachis  oil,  olive  oil,  sesame  oil  or  coconut  oil)  or  in  a  mineral  oil  (such  as  liquid  paraffin).  The  oily 
suspensions  may  also  contain  a  thickening  agent  such  as  beeswax,  hard  paraffin  or  cetyl  alcohol. 
Sweetening  agents  such  as  those  set  out  above,  and  flavouring  agents  may  be  added  to  provide  a  palatable 
oral  preparation.  These  compositions  may  be  preserved  by  the  addition  of  an  anti-oxidant  such  as  ascorbic 

30  acid. 
Dispersible  powders  and  granules  suitable  for  preparation  of  an  aqueous  suspension  by  the  addition  of 

water  generally  contain  the  active  ingredient  together  with  a  dispersing  or  wetting  agent,  suspending  agent 
and  one  or  more  preservatives.  Suitable  dispersing  or  wetting  agents  and  suspending  agents  are  exempli- 
fied  by  those  already  mentioned  above.  Additional  excipients  such  as  sweetening,  flavouring  and  colouring 

35  agents,  may  also  be  present. 
The  pharmaceutical  compositions  of  the  invention  may  also  be  in  the  form  of  oil-in-water  emulsions. 

The  oily  phase  may  be  a  vegetable  oil,  such  as  olive  oil  or  arachis  oil,  or  a  mineral  oil,  such  as  for  example 
liquid  paraffin  or  a  mixture  of  any  of  these.  Suitable  emulsifying  agents  may  be,  for  example,  naturally- 
occurring  gums  such  as  gum  acacia  or  gun  tragacanth,  naturally-occurring  phosphatides  such  as  soya 

40  bean,  lecithin,  or  esters  or  partial  esters  derived  from  fatty  acids  and  hexitol  anhydrides  (for  example 
sorbitan  monooleate)  and  condensation  products  of  the  said  partial  esters  with  ethylene  oxide  such  as 
polyoxyethylene  sorbitan  monooleate.  The  emulsions  may  also  contain  sweetening,  flavouring  and  preserva- 
tive  agents. 

Syrups  and  elixirs  may  be  formulated  with  sweetening  agents  such  as  glycerol,  propylene  glycol, 
45  sorbitol,  aspartame  or  sucrose,  and  may  also  contain  a  demulcent,  preservative,  flavouring  and/or  colouring 

agent. 
The  pharmaceutical  compositions  may  also  be  in  the  form  of  a  sterile  injectable  aqueous  or  oily 

suspension,  which  may  be  formulated  according  to  known  procedures  using  one  or  more  of  the  appropriate 
dispersing  or  wetting  agents  and  suspending  agents,  which  have  been  mentioned  above.  A  sterile  injectable 

50  preparation  may  also  be  a  sterile  injectable  solution  or  suspension  in  a  non-toxic  parenterally-acceptable 
diluent  or  solvent,  for  example  a  solution  in  1  ,3-butanediol. 

Suppository  formulations  may  be  prepared  by  mixing  the  active  ingredient  with  a  suitable  non-irritating 
excipient  which  is  solid  at  ordinary  temperatures  but  liquid  at  the  rectal  temperature  and  will  therefore  melt 
in  the  rectum  to  release  the  drug.  Suitable  excipients  include,  for  example,  cocoa  butter  and  polyethylene 

55  glycols. 
Topical  formulations,  such  as  creams,  ointments,  gels  and  aqueous  or  oily  solutions  or  suspensions, 

may  generally  be  obtained  by  formulating  an  active  ingredient  with  a  conventional,  topically  acceptable, 
vehicle  or  diluent  using  conventional  procedures  well  known  in  the  art.  Topical  formulations  for  administra- 

4 
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tion  to  the  eye  will  generally  be  in  the  form  of  an  ointment,  gel  or  sterile  solution  buffered  at  an 
ophthalmically  acceptable  pH,  for  example  in  the  range  pH  7.0-7.6. 

The  amount  of  active  ingredient  that  is  combined  with  one  or  more  excipients  to  produce  a  single 
dosage  form  will  necessarily  vary  depending  upon  the  host  treated  and  the  particular  route  of  administra- 

5  tion.  For  example,  a  formulation  intended  for  oral  administration  to  humans  will  generally  contain  for 
example  from  0.5  mg  to  1g  of  active  agent  compounded  with  an  appropriate  and  convenient  amount  of 
excipients  which  may  vary  from  about  5  to  about  98  percent  by  weight  of  the  total  composition.  Dosage  unit 
forms  will  generally  contain  about  1  mg  to  about  500  mg  of  an  active  ingredient. 

Suitable  non-toxic  salts  include,  for  example,  pharmaceutically  acceptable  salts  such  as  alkali  metal 
io  (such  as  potassium  or  sodium),  alkaline  earth  metal  (such  as  calcium  or  magnesium)  and  ammonium  salts, 

and  salts  with  organic  bases  affording  physiologically  acceptable  cations,  such  as  salts  with  methylamine, 
dimethylamine,  trimethylamine,  piperidine  and  morpholine.  In  addition,  for  those  active  ingredients  which 
are  sufficiently  basic,  suitable  non-toxic  salts  include,  for  example,  pharmaceutically  and  physiologically 
acceptable  acid-addition  salts  such  as  salts  with  hydrogen  halides,  sulphuric  acid,  phosphoric  acid,  citric 

is  acid  and  maleic  acid. 
The  novel  compounds  of  the  invention  may  be  obtained  by  standard  procedures  of  organic  chemistry 

already  known  for  the  production  of  structurally  analogous  compounds,  for  example  by  one  or  more  of  the 
procedures  reviewed  in  the  paper  by  Zeilstra  et  alia  in  Rec.  Trav.  Chim.  Pays  Bas  1974,  93,  11-14.  Such 
procedures  are  provided  as  a  further  feature  of  the  invention  and  are  illustrated  by  the  following  procedures 

20  in  which  ring  A,  X  and  Y  have  any  of  the  meanings  defined  hereinbefore. 
(a)  Reacting  an  alkali  metal  sulphinate  of  the  formula  IVa  wherein  M+  is  an  alkali  metal  cation  and 
especially  sodium  or  potassium,  with  nitromethane  and  iodine  in  the  presence  of  an  alkali  metal  (1-6C)- 
alkoxide  such  as  potassium  t-butoxide  or  sodium  methoxide.  The  reaction  is  preferably  carried  out  in  the 
presence  of  a  suitable  polar  solvent,  for  example,  1  ,3-dimethyl-3,4,5,6-tetrahydro-2(1  H)-pyrimidinone 

25  (DMPU)  or  dimethylformamide  (which  are  preferred),  or  N-methyl-2-pyrrolidone,and  at  a  temperature  in 
the  range,  for  example,  -30  to  20  °C  and,  conveniently,  at  about  0°C.  The  nitromethane  is  generally 
present  in  an  excess. 

The  alkali  metal  sulphinates  may  be  obtained,  for  example,  from  the  corresponding  sulphinic  acids  of 
the  formula  IVb  (R  =  H)  by  reaction  with  the  appropriate  alkali  metal  hydroxide  or  (1-6C)alkoxide  such  as 

30  sodium  or  potassium  methoxide  or  ethoxide.  The  sulphinic  acids  may  themselves  be  obtained  from  the 
corresponding  sulphonyl  chlorides  of  the  formula  IVb  (R  =  CI)  by  a  conventional  reduction  using  aqueous 
sodium  sulphite  or  zinc  dust  and  water.  The  sulphonyl  chlorides  may  often  be  obtained  from  the 
appropriate  compound  of  the  formula  XIII  by  direct  chlorosulphonation  using  an  excess  of  chlorosul- 
phonic  acid,  or  by  sulphonation  to  give  the  sulphonic  acid  of  the  formula  IVb(R  =  OH)  which  is  then 

35  converted  to  the  sulphonyl  chloride,  for  example,  by  reaction  with  phosphorus  pentachloride. 
(b)  Reacting  a  sulphone  of  the  formula  V  with  a  (1-5C)alkyl  nitrate,  such  as  ethyl,  propyl,  iso-butyl  or  iso- 
amyl  nitrate  in  the  presence  of  a  strong  base. 

A  particularly  suitable  strong  base  is,  for  example,  an  alkali  metal  (1-6C)alkane  such  as  butyllithium. 
The  reaction  is  preferably  carried  out  in  the  presence  of  a  suitable  solvent  or  diluent,  for  example  an 

40  ether  such  as  tetrahydrofuran  or  t-butyl  methyl  ether,  and  at  a  temperature  in  the  range,  for  example,  -80 
to  10  °C.  The  necessary  sulphones  of  the  formula  V  may  be  made  by  standard  procedures  well  known  in 
the  art,  for  example  by  oxidation  of  the  corresponding  methylthio  compound  of  the  formula  VI  using 
analogous  conditions  to  those  described  for  process  (c)  below. 
(c)  Oxidising  a  thioether  of  the  formula  VII. 

45  Suitable  oxidising  agents  include  those  which  are  well  known  in  the  art  for  the  conversion  of  thio  to 
sulphonyl  groups  and  which  are  compatible  with  the  group  Y  and  the  presence  of  other  sensitive  functional 
groups  which  may  be  present  as  substituents  on  group  X  and  ring  A.  Thus,  for  example,  hydrogen 
peroxide,  an  organic  peracid  (such  as  perbenzoic  acid)  or  lead  tetraacetate  may  be  used.  Alternatively  an 
alkali  metal  periodate  (such  as  sodium  metaperiodate),  persulphate  (such  as  potassium  monopersulphate) 

50  or  permanganate  (such  as  potassium  permanganate),  or  gaseous  oxygen  in  the  presence  of  a  suitable 
catalyst  such  as  platinum,  may  be  employed.  The  oxidation  is  preferably  carried  out  in  a  suitable 
conventional  solvent  or  diluent  for  such  oxidations,  for  example  in  acetic  or  propionic  acid,  and  at  a 
temperature  in  the  general  range,  for  example  0  to  80  °  C. 

In  certain  cases,  the  corresponding  sulphoxide  derivative  of  the  thioether  of  formula  VII  may  be  formed 
55  as  an  isolable  intermediate.  The  process  of  the  invention  also  includes  the  oxidation  of  such  a  sulphoxide 

intermediate  to  a  sulphone  of  formula  I,  for  example,  by  reaction  with  an  alkali  metal  permanganate  (such  as 
potassium  permanganate)  in  a  suitable  solvent  such  as  aqueous  acetic  acid  and  at  a  temperature  in  the 
range,  for  example,  20  to  80  °  C. 

5 
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The  starting  thioethers  of  formula  VII  may  be  obtained  by  conventional  procedures  of  organic  chemistry, 
for  example,  from  a  potassium  or  sodium  salt  of  the  corresponding  thiols  of  the  formula  VIII  by  conversion 
to  the  corresponding  thioacetic  acids  of  the  formula  IX  (or  a  (1-4C)alkyl  ester  thereof,  such  as  a  methyl  or 
ethyl  ester)  by  reaction  with  chloro-  or  bromo-acetic  acid  (or  a  (1-4C)alkyl  ester  thereof)  in  the  presence  of  a 

5  suitable  base.  The  acid  IX  (or  a  (1-4C)alkyl  ester  thereof)  is  then  reacted  with  a  (1-5C)alkyl  nitrate  and  an 
alkali  metal  (1-6C)alkane,  for  example  isopropyl  nitrate  and  butyllithium,  under  similar  conditions  to  those 
used  for  process  (b)  above,  to  give  the  alkali  metal  salt  of  the  corresponding  2-nitro-acetic  acid  of  the 
formula  XI  (or  the  (1-4C)alkyl  ester  thereof).  The  acids  of  formula  XI  are  unstable  and  readily  decarboxylate. 
Acidification  of  the  alkali  metal  salt  of  an  acid  of  formula  XI  allows  the  isolation  of  a  thioether  of  formula  VII. 

io  An  ester  of  an  acid  of  formula  XI  may  be  hydrolysed,  for  example,  using  aqueous  base,  to  the  acid  of 
formula  XI  and  then  acidified  to  produce  a  thioether  of  formula  VII.  The  esters  of  the  acids  of  formula  XI 
may  also  conveniently  be  obtained  by  reacting  the  appropriate  (1-4C)alkyl  nitroacetate  with  the  required 
sulphenyl  chloride  of  the  formula  XII  in  the  presence  of  a  base  such  as  potassium  fluoride. 

Alternatively,  the  thioethers  of  formula  VII  may  conveniently  be  obtained,  for  example,  by  oxidative 
is  coupling  of  the  corresponding  thiol  of  formula  VIII  with  nitromethane  in  the  presence  of  an  oxidising  agent 

such  as  an  alkali  metal  ferricyanide  (conveniently  potassium  or  sodium  ferricyanide),  as  is  illustrated  in  the 
accompanying  Examples. 

The  thiols  of  formula  VIII  may  themselves  be  obtained  by  conventional  procedures  of  heterocyclic 
chemistry,  for  example  as  illustrated  in  the  accompanying  Examples. 

20  It  will  be  appreciated  that  in  the  formula  I  compounds  of  the  invention,  wherein  X  is  the  imino  group 
-NH-  ,  it  may  be  necessary  to  protect  the  nitrogen  atom  in  a  conventional  manner  at  some  stage  prior  to 
carrying  out  one  of  the  above  procedures  (a)-(c)  and  then  remove  the  protecting  group  at  the  final  stage. 
Thus,  for  example,  the  said  nitrogen  atom  may  be  protected  using,  for  example,  an  acyl  (such  as  acetyl  or 
benzoyl)  protecting  group.  The  appropriate  protecting  groups  and  the  procedures  necessary  for  the 

25  protection  and  deprotection  of  nitrogen  atoms  are  well  described  in  standard  text-books  of  organic 
chemistry.  The  invention  includes  a  development  of  one  of  the  processes  (a),  (b)  or  (c)  for  the  production  of 
a  novel  compound  of  formula  I  wherein  X  is  the  group  NH,  as  defined  hereinbefore,  which  is  characterised 
by  using  a  starting  material  of  the  formula  IV,  V  or  VII  wherein  X  is  a  nitrogen  atom  protected  with  an 
appropriate  protecting  group  and  carrying  out  the  appropriate  removal  of  the  protecting  group  as  a  final 

30  step. 
Whereafter,  when  a  compound  of  formula  I  in  which  R1  is  (1-4C)alkyl,  (1-6C)alkanoyl,  optionally 

substituted  benzoyl,  or  optionally  substituted  phenyl(1-4C)alkyl  is  required,  the  corresponding  compound  of 
formula  I  wherein  R1  is  hydrogen  is  alkylated  or  acylated,  for  example  by  reaction  with  a  (1-4C)alkyl 
optionally  substituted  phenyl(1-4C)alkyl  halide  (such  as  an  alkyl  iodide  or  bromide  or  a  phenylalkyl  chloride 

35  or  bromide)  or,  for  example,  by  reaction  with  a  (1-6C)alkanoyl  or  optionally  substituted  benzoyl  halide  (such 
as  an  alkanoyl  chloride  or  bromide  or  a  benzoyl  chloride  or  bromide).  The  reaction  may  also  optionally  be 
performed  in  the  presence  of  a  strong  base,  for  example  an  alkali  metal  hydride  (such  as  sodium  hydride) 
or  using  the  preformed  alkali  metal  salt  (such  as  the  lithium,  sodium  or  potassium  salt)  of  the  compound  of 
formula  I  in  which  R  is  hydrogen  and  in  a  suitable  solvent  or  diluent  such  as  N,N-dimethylformamide, 

40  tetrahydrofuran  or  t-butyl  methyl  ether  and  at  a  temperature  in  the  general  range,  for  example,  0-60  °  C. 
Whereafter,  when  a  compound  in  which  ring  A  bearing  a  halogeno  substituent  is  required,  it  may  be 

obtained,  for  example,  by  using  a  direct  halogenation  procedure  well  known  in  the  art,  for  example 
bromination  in  acetic  acid  at  a  temperature  in  the  general  range  0-40  °  C. 

Whereafter,  when  a  compound  in  which  X  is  sulphinyl  or  sulphonyl  is  required,  it  may  be  obtained,  for 
45  example,  by  conventional  oxidation  of  the  corresponding  thio  compound  in  which  X  is  sulphur.  Such  a 

procedure  may  be  conveniently  carried  out  in  combination  with  process  (c)  above,  for  example,  as 
described  in  Example  14. 

In  addition,  it  will  be  appreciated  that  when  a  compound  of  the  formula  I  in  which  R1  is  (1-4C)alkyl  or 
optionally  substituted  phenyl(1-4C)alkyl  is  required,  the  corresponding  compound  of  the  formula  I  wherein 

50  R1  is  (1-4C)alkanoyl  or  optionally  substituted  benzoyl  or  phenyl(2-4C)alkanoyl  may  be  reduced  using  a 
suitable  reducing  agent  (such  as  tetrabutylammomium  borohydride),  in  a  suitable  solvent,  such  as 
dichloromethane,  and  at  a  temperature  in  the  general  range  of  20  to  80  °  C. 

Whereafter,  when  a  non-toxic  salt  is  required,  a  compound  of  formula  I  may  be  reacted  with  an 
appropriate  base  having  a  non-toxic  cation,  or,  when  the  compound  of  the  formula  I  is  sufficiently  basic  by 

55  virtue  of  the  nature  of  the  group  -NR1-  ,  a  non-toxic,  acid-addition  salt  may  be  prepared  by  reaction  with  an 
appropriate  acid  having  a  non-toxic  anion. 

Many  of  the  starting  materials  referred  to  herein  are  novel,  for  example  the  sulphinic  acids  of  formula 
IVb(R  =  H)  and  the  thioethers  of  formula  VIII  and  are  provided  as  a  further  feature  of  the  invention. 
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As  stated  previously,  the  compounds  of  formula  I  inhibit  the  enzyme  aldose  reductase.  The  compounds 
are  thus  of  value,  for  example,  in  treating  those  diseases  or  conditions  which  are  caused  by  excessive 
quantities  of  the  products  such  as  sorbitol  formed  in  the  body  by  processes  catalysed  by  the  enzyme 
aldose  reductase. 

5  The  property  of  inhibiting  the  enzyme  aldose  reductase  in  vivo  may  be  demonstrated  in  the  following 
standard  laboratory  test- 

Rats  are  made  diabetic  (as  evidenced  by  severe  glucosuria  being  present)  by  dosing  with  strep- 
tozotocin.  The  animals  are  then  dosed  daily  with  the  test  compound  for  one,  two  or  five  days.  The  animals 
are  then  sacrificed  2-6  hours  after  the  final  dose  and  the  eye  lenses  and/or  sciatic  nerves  are  removed. 

io  After  a  standard  work-up  procedure  the  residual  sorbitol  levels  in  each  tissue  are  determined  by  gas  liquid 
chromatography  after  conversion  to  the  polytrimethylsilyl  derivatives.  Inhibition  of  aldose  reductase  in  vivo 
can  then  be  assessed  by  comparing  the  residual  sorbitol  levels  in  tissues  from  the  dosed  diabetic  group  of 
rats  with  those  of  an  undosed  group  of  diabetic  rats  and  an  undosed,  normal  group  of  rats. 

The  property  of  inhibiting  the  enzyme  aldose  reductase  may  also  be  demonstrated  in  vitro.  Thus,  in  a 
is  standard  procedure  partially  purified  aldose  reductase  is  isolated  in  known  manner  from  bovine  lenses.  The 

percentage  inhibition  of  this  enzyme's  ability  in  vitro  to  catalyse  the  reduction  of  aldoses  to  polyhydric 
alcohols,  and  particularly  to  reduce  glucose  to  sorbitol,  caused  by  a  test  compound  can  then  be  determined 
using  standard  spectrophotometric  methods. 

By  way  of  illustration  of  the  aldose  reductase  inhibitory  properties  of  compounds  of  formula  I,  the 
20  compound  of  Example  2  had  an  IC50  of  1.3  x  10_8M  in  the  above  in  vitro  test. 

In  general,  compounds  of  the  formula  I  show  significant  inhibition  in  the  above  mentioned  in  vivo  test  at 
a  dose  (generally  p.o.)  of  100  mg/kg  or  much  less  with  no  evidence  of  overt  toxicity,  and  have  an  IC50  in 
the  above  mentioned  in  vitro  test  of  10_GM  or  much  less. 

The  compounds  of  formula  I  will  primarily  be  administered  systemically  (generally  by  mouth)  to  a 
25  warm-blooded  animal  to  produce  a  therapeutic  or  prophylactic  effect  mediated  by  inhibition  of  the  enzyme 

aldose  reductase,  for  example  at  a  daily  dose  in  the  range  of  1  to  40  mg/kg.  In  man  it  is  envisaged  that  a 
total  daily  dose  in  the  range  15  to  800  mg.  per  man  will  be  administered,  given  if  necessary,  in  divided 
doses.  However,  the  precise  amount  of  compound  administered  will  naturally  vary  somewhat,  for  example, 
with  the  age  and  sex  of  the  patient  and  the  severity  and  extent  of  the  condition  being  treated. 

30  The  compounds  of  formula  I  may  also  be  administered  topically,  for  example  by  topical  administration 
direct  to  the  tissue  or  organ  in  which  inhibition  of  the  enzyme  is  required,  for  example  by  topical 
administration  to  the  eye.  The  precise  amount  of  compound  administered  will  necessarily  depend  on  the 
formulation  used.  Thus,  for  example,  when  a  solution  is  administered  a  concentration  of  the  compound 
containing  up  to  0.01%  by  weight  will  generally  be  used.  Similarly,  when  an  ointment  is  administered  a 

35  concentration  of  the  compound  of  up  to  2%  by  weight  will  generally  be  used.  Topical  formulations  of 
compounds  of  formula  I  may  be  administered  to  the  eye  of  an  animal,  for  example,  man  or  dog,  requiring 
treatment  and/or  prevention  of  diabetic  cataracts  or  retinopathy,  in  a  conventional  manner,  for  example, 
using  a  drop  or  eyewash  topical  formulation. 

The  compositions  may  also  contain  one  or  more  other  agents  which  are  known  to  have  a  useful  effect 
40  in  the  treatment  of  diabetes  or  galactosemia,  for  example  a  hypoglycaemic  agent  such  as  tolbutamide, 

chlorpropamide  or  glybenclamide. 
The  invention  will  now  be  illustrated  by  the  following  non-limiting  Examples  in  which,  unless  otherwise 

stated  :- 
(i)  Solvents  were  removed  by  rotary  evaporation  in  vacuo  with  a  bath  temperature  of  40-50  0  C; 

45  (ii)  all  operations  were  carried  out  at  room  temperature,  that  is  in  the  range  18-26°C; 
(iii)  column  and  flash  chromatography  was  carried  out  on  silica  (Merck  Art.  7736)  and  medium  pressure 
liquid  chromatography  (MPLC)  on  silica  (Merck  Art.  9385),  both  materials  available  from  E  Merck  and 
Co.,  Darmstadt,  West  Germany;  and  preparative  layer  chromatography  (PLC)  was  carried  out  on  silica 
coated  plates  (Schleicher  &  Schull  Art.  G1505/LS254),  available  from  Schleicher  &  Schull,  Dassel,  West 

50  Germany; 
(iv)  the  purity  of  chemical  products  was  assessed  by  nuclear  magnetic  resonance  (NMR)  spectroscopy, 
thin  layer  chromatographic  analysis,  mass  spectroscopy  and/or  microanalysis; 
(v)  NMR  spectra  were  determined  in  deuterochloroform  (CDCb)  at  200  MHz  and  are  given  in  delta 
values  (parts  per  million)  relative  to  tetramethylsilane  as  standard;  conventional  abbreviations  for  signal 

55  types  are  used,  such  as  s,  singlet;  d,  doublet;  dd,  doublet  of  doublets;  br,  broad;  et  cetera; 
(vi)  petroleum  ether  (b.p.  60-80  °C)  is  referred  to  as  "petrol  60-80  °C"; 
(vii)  yields  are  for  illustration  only  and  are  not  necessarily  the  maximum  attainable  by  diligent  process 
development;  and 
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(viii)  all  end-products  had  microanalyses  and  NMR  spectra  consistent  with  the  indicated  structures. 

Example  1 

5  Nitromethane  (0.92  ml,  17  mmol)  was  added  dropwise  to  a  stirred  solution  of  potassium  t-butoxide  (0.84 
g,  8.4  mM)  in  N,N-dimethylformamide  (DMF;  40  ml)  at  -5°C.  When  the  addition  was  complete,  stirring  was 
continued  for  30  minutes  at  -5°C.  Sodium  2,3-dimethyl-4-oxo-4H-chromene-6-sulphonate  (2.2  g,  8.5  mM) 
was  then  added,  followed  immediately  by  iodine  (1.07  g,  4.2  mM).  The  mixture  was  allowed  to  attain 
ambient  temperature  and  stirred  overnight.  The  reaction  mixture  was  then  added  to  a  solution  of  citric  acid 

io  (15  g)  and  sodium  metabisulphite  (3  g)  in  water  (150  ml).  The  aqueous  mixture  was  extracted  with 
dichloromethane  (3  x  50  ml)  and  the  combined  organic  extracts  were  washed  with  sodium  chloride  solution. 
The  solvent  was  removed  by  evaporation  and  the  residual  semi-solid  purified  by  flash  vacuum  chromatog- 
raphy  on  silica,  eluting  with  ethyl  acetate/hexane  (1:1  v/v),  to  give  2,3-dlmethyl-6-(nltromethylsulphonyl)- 
4H-chromen-4-one  as  a  solid  (178  mg,  7.1%  yield),  m.p.  206-209  °C  [after  recrystallisation  from  toluene]; 

75  NMR  (dGDMSO):  2.0(3H,s),2.45(3H,s),  7.5(2H,s),  7.75(1  H,d),  8.1(1H,dd),  8.45(1  H,d);  microanalysis,  found: 
C49.0;  H.3.6;  N,4.7%;  C^HnNOeS  requires:  C.48.5;  H.3.6;  N,4.7%. 

The  starting  material  was  obtained  as  follows:- 
2,3-Dimethyl-4-oxo-4H-chromene-6-sulphonyl  chloride  (obtained  as  desribed  in  J.  Org.  Chem.,  1956, 

page  1104)  (3.05  g,  11.2  mM)  was  added  in  small  portions  to  a  vigorously  stirred  solution  of  sodium 
20  hydrogen  carbonate  (1.88g,  22.4  mM)  and  anhydrous  sodium  sulphite  (2.54  g,  20.2  mM)  in  water  (14  ml)  at 

75  °C.  When  the  addition  was  complete,  the  mixture  was  vigorously  stirred  at  75  °C  for  45  minutes.  The 
clear  solution  was  allowed  to  cool  to  ambient  temperature,  diluted  to  20  ml  with  water,  and  acidified  with  2M 
hydrochloric  acid  at  0°C.  The  precipitated  solid  was  collected  by  filtration,  washed  with  a  minimum  of  cold 
water,  and  air  dried  to  give  2,3-dimethyl-4-oxo-4H-chromene-6-sulphinic  acid  as  a  white  solid  (2.16  g).  This 

25  acid  was  converted  to  its  sodium  salt  by  addition  of  a  methanolic  solution  of  sodium  methoxide  [prepared 
from  sodium  (0.12  g)  and  methanol  (100  ml)],  and  evaporation  of  the  solution.  The  resultant  sodium  salt, 
obtained  as  a  cream  solid,  was  used  immediately  without  further  purification. 

Example  2 
30 

Using  a  similar  procedure  to  that  described  in  Example  1  ,  there  was  obtained  2,2,5,7,8-pentamethyl-6- 
(nltromethylsulphonyl)chroman  as  a  solid  (3.7%  yield),  m.p.  98-1  00  °C  (after  recrystallisation  from 
cyclohexane);  NMR:  1.35(6H,s),  1.85(2H,t),  2.15(3H,s),  2.55(6H,s),  2.65(2H,t),  5.65(2H,s);  microanalysis, 
found:  C.55.3;  H.6.4;  N,4.3%;  C15H21NO5S  requires:  C.55.0;  H.6.5;  N,4.3%. 

35  The  starting  sodium  sulphinate  was  obtained  by  an  analogous  procedure  to  that  described  for  the 
preparation  of  the  starting  material  in  Example  1,  but  using  2,2,5,7,8-pentamethylchroman-6-sulphonyl 
chloride,  itself  obtained  as  described  in  Tet.  Lett.,  1987,  28,  2287). 

Example  3 
40 

Using  a  similar  procedure  to  that  described  in  Example  1,  there  was  obtained  2,2-dlmethyl-6- 
(nltromethylsulphonyl)chroman  as  a  solid  (6.1%  yield),  m.p.  85-86.5  °C  (after  recrystallisation  from 
isopropanol;  NMR:  1.4(6H,s),  1.85(2H,t),  2.85(2H,t),  5.55(2H,s),  6.95(1  H,m),  7.6-7.7(2H,m);  microanalysis, 
found:  C.50.8;  H.5.4;  N,4.7%;  Ci2H15N05S  requires:  C.50.5;  H.5.3;  N,4.9%. 

45  The  starting  sodium  sulphinate  was  obtained  by  an  analogous  procedure  to  that  described  for  the 
preparation  of  the  starting  material  in  Example  1  ,  but  using  2,2-dimethylchroman-6-sulphonyl  chloride,  itself 
obtained  as  follows:- 

A  solution  of  2,2-dimethylchroman  [obtained  by  an  analogous  procedure  to  that  described  in  Chem. 
Ber.,  1904,  37,  494,  for  the  preparation  of  2,2-dimethyl-2H-chromene,  but  using  dihydrocoumarin  as  starting 

50  material  in  place  of  coumarin]  (50  g,  308  mM)  in  dichloromethane  (250  ml)  was  added  dropwise  to  a 
solution  of  chlorosulphonic  acid  (40  ml,  602  mM)  and  phosphorus  pentachloride  (50  g,  204  mM)  in 
dichloromethane  (250  ml),  cooled  to  5°C  under  an  atmosphere  of  argon.  The  colour  of  the  solution  changed 
from  pale  yellow  to  orange.  When  the  addition  was  complete,  the  mixture  was  slowly  allowed  to  attain 
ambient  temperature  and  stirred  for  2  hours.  The  reaction  mixture  was  poured  onto  ice-water  and  the 

55  organic  phase  was  separated.  The  aqueous  layer  was  extracted  with  dichloromethane  (3  x  20  ml),  and  the 
combined  organic  extracts  were  washed  with  water  and  dried  (MgSO+).  The  solvent  was  removed  by 
evaporation  to  give  2,2-dimethylchroman-6-sulphonyl  chloride  as  a  pale  purple  solid  (42.6  g,  53%  yield), 
m.p.  89-92  °C  (after  recrystallisation  from  hexane). 
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Example  4 

Using  a  similar  procedure  to  that  described  in  Example  1,  there  was  obtained  1-acetyl-5-(nitromethyl- 
sulphonyl)lndollne  as  a  pale  yellow  solid,  m.p.  210  'C;  NMR  (dG-DMSO):  2.2(3H,s),  3.2(2H,t),  4.2(2H,t), 

5  6.2(2H,s),  7.7-7.9(2H,m),  8.1-8.4(1  H,br);  microanalysis,  found:  C.46.5;  H.4.3;  N,9.6%;  CiiH12N205S  requires: 
C.46.5;  H.4.2;  N,9.8%;  starting  from  1-acetyl-5-indolinesulphonyl  chloride,  itself  obtained  by  the  procedure 
described  in  Zhur.  Obs.  Khim.  1960,  30(4),  1218-1222. 

Example  5 
10 

Tetrabutylammonium  borohydride  (3.85  g,  15  mM)  was  added  to  a  solution  of  1-acetyl-5-(nitromethyl- 
sulphonyl)indoline  (1.45  g,  5  mM)  in  dichloromethane  (30  ml),  and  the  mixture  was  stirred  at  reflux  for  18 
hours.  The  solvent  was  removed  by  evaporation,  2M  hydrochloric  acid  (30  ml)  was  added,  and  the  mixture 
was  heated  at  reflux  for  20  minutes.  The  solution  was  then  poured  into  sufficient  of  an  ice-cold  saturated 

is  solution  of  sodium  hydrogen  carbonate  to  adjust  the  mixture  to  pH  6.  The  mixture  was  then  extracted  with 
dichloromethane,  the  combined  extracts  were  dried  (MgSCU),  and  the  solvent  was  removed  by  evaporation. 
The  resultant  yellow  oil  was  purified  by  vacuum  flash  chromatography  on  silica,  eluting  with  dich- 
loromethane,  to  give  1-ethyl-5-(nltromethylsulphonyl)lndollne  as  a  solid,  m.p.  122  °C;  NMR  (de-DMSO): 
1.1(3H,t),  3.0(2H,t),  3.3(2H,m),  3.6(2H,t),  6.3(2H,s),  6.6(1  H,d),  7.4(1  H,d),  7.5(1  H,dd);  microanalysis,  found: 

20  C.49.3;  H.5.1;  N,10.4%;  CnHi  +  N20+S  requires:  C.48.9;  H.5.2;  N,10.4%. 

Example  6 

1-Acetyl-5-(nitromethylsulphonyl)indoline  (5.41  g,  19  mM)  was  added  in  one  portion  to  a  boiling  mixture 
25  of  2M  hydrochloric  acid  (60  ml)  and  ethanol  (20  ml).  The  mixture  was  heated  at  reflux  until  a  clear  solution 

formed,  and  then  for  a  further  5  minutes.  The  hot  reaction  mixture  was  poured  into  ice-cold  saturated 
sodium  hydrogen  carbonate  solution  (100  ml)  and  then  extracted  with  ethyl  acetate.  The  combined  extracts 
were  dried  (MgSCU)  and  the  solvent  was  removed  by  evaporation.  The  resultant  yellow  oil  was  purified  by 
vacuum  flash  chromatography  on  silica,  eluting  with  dichloromethane,  to  give  5-(nltromethylsulphonyl)- 

30  Indollne  as  a  pale  yellow  solid,  m.p.  139  'C;  NMR(dG-DMSO):  3.0(2H,t),  3.6(2H,t),  6.3(2H,s),  6.5(2H,s),  6.9- 
(1H,s),  7.4-7.5(2H,m);  microanalysis,  found:  C.44.5;  H.4.1;  N,11.4%;  C9H10N2O+S  requires:  C.44.6;  H.4.1; 
N,11.6%. 

Example  7 
35 

Using  a  similar  procedure  to  that  described  in  Example  1,  there  was  obtained  3,3-dlmethyl-5- 
(nltromethylsulphonyl)-2-oxo-2,3-dlhydrolndole  as  a  white  solid,  m.p.  204  °C  (after  recrystallisation  from 
methanol);  NMR(dG-DMSO):  1.3(6H,s),  6.5(2H,s),  7.1(1H,d),  7.8(1  H,dd),  7.9(1  H,d),  11.0(1H,s);  microanalysis, 
found:  C.46.6;  H.4.5;  N.9.5;  CnH12N205S  requires:  C.46.5;  H.4.2;  N,9.8%. 

40  The  starting  3,3-dimethyl-2-oxo-2,3-dihydroindole-5-sulphonyl  chloride,  was  obtained  as  a  solid,  m.p. 
126°C  (decomp.)  using  a  similar  procedure  to  that  described  in  Zhur.  Obs.  Khim.  1960,  30(4),  1218-1222, 
but  using  10  equivalents  of  chlorosulphonic  acid,  starting  from  3,3-dimethyl-2-oxo-2,3-dihydroindole,  itself 
obtained  as  a  solid  m.p.  149°C  (after  recrystallisation  from  cyclohexane)  by  a  similar  procedure  to  that 
described  by  A  Endler  and  E  Becker  in  Org.  Syn.,  Coll.  Vol  IV,  1963,  page  657,  but  using  isobutyric 

45  anhydride  in  place  of  propionic  anhydride. 

Example  8 

A  solution  of  potassium  peroxymonosulphate  ('Oxone'  trade  mark;  10.5  g,  17.1  mM)  in  water  (40  ml) 
50  was  added  in  one  portion  to  a  vigorously  stirred  solution  of  2,2,5,7-tetramethyl-6-(nitromethylthio)- 

chroman(3.24  g,  11.5  mM)  in  methanol  (100)  and  the  reaction  mixture  was  placed  in  an  oil  bath  pre-heated 
to  70  °C  and  stirred  under  reflux.  Solid  'Oxone'  (15.75  g,  25.7  mM)  was  added  after  5  hours  and  the 
reaction  mixture  was  cooled  after  7  hours,  diluted  with  water  (500  ml)  and  extracted  with  ethyl  acetate.  The 
combined  extracts  were  washed  with  brine,  the  solvent  removed  by  evaporation  and  the  solid  residue 

55  purified  by  flash  chromatography,  eluting  with  ethyl  acetate/toluene  (2:98  v/v),  to  give  2,2,5,7-tetramethyl-6- 
(nltromethylsulphonyl)chroman  as  a  solid  (1.92  g,  53%  yield),  m.p.  110-111  °C  [after  recrystallisation 
from  cyclohexane/toluene];  NMR:  1.3(6H,s),  1.85(2H,t),  2.54(3H,s),  2.55(3H,s),  2.65(2H,t),  5.6(2H,s),  6.65- 
(1H,s);  microanalysis,  found:  C.53.8;  H.6.2;  N,4.4%;  C1  +  H19NO5S  requires:  C.53.7;  H.6.1;  N,4.5%. 
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The  starting  material  was  obtained  as  follows:- 
(i)  Copper  thiocyanate  (prepared  as  described  in  Chem.  Ber.,  67B,  944)  (23.6  g,  131  mM)  was  added  to 
a  solution  of  2,2,5,7-tetramethylchroman  (prepared  by  the  method  described  in  J.  Org.  Chem.,  1939,  4, 
311  starting  from  3,5-dimethylphenol  and  carrying  out  the  reaction  in  formic  acid)  (9.95  g,  52  mM)  in 

5  ethyl  acetate  (110  ml)  and  the  reaction  mixture  was  stirred  at  60  °C  for  90  minutes,  adding  a  further 
portion  of  copper  thiocyanate  (9.4  g,  52  mM)  at  60  minutes  to  complete  the  reaction.  After  cooling,  solid 
was  removed  from  the  reaction  mixture  by  filtration  through  diatomaceous  earth.  The  filtrate  was  washed 
with  saturated  sodium  bicarbonate  solution  and  brine  and  then  evaporated.  The  yellow  residue  was 
recrystallised  from  hexane  to  give  2,2,5,7-tetramethyl-6-thiocyanatochroman  (A)  (8.62  g,  67%  yield)  as  a 

w  white  solid,  m.p.  96-97  °C;  microanalysis,  found:  C.67.9;  H.6.8;  N,5.6%;  C1  +  H17NOS  requires:  C.68.0; 
H.6.9;  N,5.7%. 
(ii)  Lithium  aluminum  hydride  (2.65  g,  69.6  mM)  was  suspended  in  anhydrous  ether  (165  ml)  under  an 
atmosphere  of  argon  with  external  cooling  to  15°  C.  A  solution  of  the  thiocyanate  (A)  (8.6  g,  34.8  mM)  in 
anhydrous  ether  (100  ml)  was  added  dropwise  during  30  minutes  and  the  mixture  was  then  heated  under 

15  reflux  for  30  minutes.  The  reaction  mixture  was  cooled  and  ether  (80  ml)  was  added.  Water  (80  ml)  was 
then  added  cautiously  dropwise  followed  by  2M  hydrochloric  acid  (120  ml).  The  organic  layer  was 
separated  and  combined  with  a  further  extract.  The  combined  organic  phase  was  washed  with  saturated 
sodium  bicarbonate  solution  and  then  with  brine.  Evaporation  of  the  solvent  gave  2,2,5,7-tetramethylch- 
roman-6-thiol  (B)  as  a  clear  oil  which  was  used  without  further  purification. 

20  (iii)  The  thiol  (B)  was  added  to  a  solution  of  sodium  hydroxide  (2.8  g,  70  mM)  in  water  (30  ml)  and  stirred 
vigorously  for  30  minutes.  Nitromethane  (2.3  ml,  42.5  mM)  was  added,  followed  immediately  by  ether 
(75ml).  The  reaction  mixture  was  cooled  to  15  °C  in  a  cold  water  bath,  then  a  solution  of  potassium 
ferricyanide  (17.2  g,  52.3  mM)  in  water  (43  ml)  was  added  in  a  steady  stream  and  the  reaction  mixture 
was  stirred  at  ambient  temperature  overnight.  The  mixture  was  acidified  with  2M  hydrochloric  acid  and 

25  extracted  with  ethyl  acetate.  The  extracts  were  washed  with  water,  brine,  then  dried  (Na2SO+)  and 
evaporated.  The  residual  oil  was  purified  by  flash  chromatography,  eluting  with  hexane/toluene  (4:1  v/v, 
increasing  in  polarity  to  2:1  v/v),  to  give  2,2,5,7-tetramethyl-6-(nitromethylthio)chroman  (3.1  g,  32%  yield) 
as  a  gum;  NMR:  1.3(6H,s),  1.82(2H,t),  2.4(6H,2d),  2.61  (2H,t),  5.18(2H,s),  6.6(1  H,s). 

30  Example  9 

Using  a  similar  procedure  to  that  described  in  Example  8,  but  starting  from  2,2,4,6-tetramethyl-5- 
(nitromethylthio)coumaran,  there  was  obtained  2,2,4,6-tetramethyl-5-(nltromethylsulphonyl)coumaran,  in 
84%  yield,  m.p.  144-1  46  °C  [after  flash  chromatography  using  ethyl  acetate/toluene  (2:98  v/v)  as  eluant, 

35  followed  by  trituration  with  hexane];  NMR:  1.5(6H,s),  2.5(3H,s),  2.6(3H,s),  3.0(2H,s),  5.6(2H,s),  6.6(1  H,s); 
microanalysis,  found:  C.52.4;  H.5.6;  N,4.7%;  C13H17NO5S  requires:  C.52.2;  H.5.7;  N,4.7%. 

The  required  thioether  was  obtained  by  an  analogous  procedure  to  that  described  for  the  starting 
material  in  Example  8,  but  starting  from  2,2,4,6-tetramethylcoumaran,  itself  obtained  by  an  analogous 
procedure  to  that  described  in  J.  Org.  Chem.,  1970,  35  2904,  starting  from  3,5-dimethylphenol. 

40 
Example  10 

Using  a  similar  procedure  to  that  described  in  Example  8,  there  was  obtained  5,7-dlmethyl-6- 
(nltromethylsulphonyl)chroman  as  a  white  solid  (41%  yield),  m.p.  136.5-1  38  °C  (after  flash  chromatog- 

45  raphy  using  dichloromethane  as  eluant,  followed  by  trituration  with  ether/hexane);  NMR:  2.05(2H,m),  2.55- 
(3H,s)  2.6(3H,s),  2.65(2H,t),  4.18(2H,t),  5.58(2H,),  6.65(1  H,s);  microanalysis,  found:  C.50.6;  H.5.2;  N,4.8%; 
Ci2H15N05S  requires:  C.50.5;  H.5.3;  N,4.9%. 

The  required  thioether  was  obtained  by  an  analogous  procedure  to  that  described  for  the  starting 
material  in  Example  8,  starting  from  5,7-dimethylchroman,  itself  obtained  by  an  analogous  procedure  to  that 

50  described  in  J.  Amer.  Chem.  Soc,  1920,  42,  157,  starting  from  3,5-dimethylphenol. 

Example  11 

Using  a  similar  procedure  to  that  described  in  Example  8,  there  was  obtained  5,7,8-trlmethyl-6- 
55  (nltromethylsulphonyl)chroman  as  a  cream  solid  (27%  yield),  m.p.  104-1  06  °C  (after  flash  chromatog- 

raphy  using  dichloromethane  as  eluant,  followed  by  trituration  with  ether/hexane);  NMR:  2.05(2H,m),  2.15- 
(3H,s),  2.5(3H,s),  2.55(3H,s),  2.68(2H,t),  4.22(2H,t),  5.62(2H,s);  microanalysis,  found:  C.52.5;  H.5.6;  N,4.5%; 
Ci3H17N05S  requires:  C.52.2;  H.5.7;  N,4.7%. 

10 
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The  required  thioether  was  obtained  by  an  analogous  procedure  to  that  described  for  the  starting 
material  in  Example  8,  starting  from  5,7,8-trimethylchroman,  itself  obtained  by  an  analogous  procedure  to 
that  described  in  J.  Amer.  Chem.  Soc,  1920,  42,  157,  starting  from  2,3,5-trimethylphenol. 

5  Example  12 

An  aqueous  solution  of  potassium  permanganate  (3%  w/v,  25  ml;  4.7  mM)  was  added  dropwise  to  a 
stirred  solution  of  2,3,4,5-tetrahydro-2,2,6,8-tetramethyl-7-(nitromethylthio)-1-benzoxepi  n  (1.1  g,  3.7  mM)  in 
acetic  acid  (28  ml).  After  1  hour,  further  potassium  permanganate  solution  (3%  w/v,  20  ml)  was  added 

io  dropwise.  After  2  hours,  the  reaction  mixture  was  poured  into  a  solution  of  sodium  metabisulphite  (10  g)  in 
water  (100  ml)  and  extracted  with  dichloromethane.  The  combined  extracts  were  washed  with  brine,  dried 
(NazSCU),  the  solvent  removed  by  evaporation,  and  the  solid  residue  purified  by  flash  chromatography, 
eluting  wih  dichloromethane  to  give  2,3,4,5-tetrahydro-2,2,6,8-tetramethyl-7-(nltromethylsulphonyl)-1- 
benzoxepln  as  a  solid  (360  mg,  25%  yield),  m.p.  100-101  °C  (after  recrystallisation  from  cyclohexane); 

75  NMR:  1.30(6H,s),  1.68(4H,m),  2.60(3H,s),  2.62(3H,s),  2.84(2H,t),  5.60(2H,s),  6.75(1  H,s);  microanalysis,  found: 
C54.9;  H.6.5;  N,4.2%;  C15H21NO5S  requires:  C.55.0;  H.6.5;  N,4.3%. 

The  starting  material  was  obtained  as  follows:- 
(i)  Trifluoromethanesulphonic  acid  (0.2  ml,  2.3  mM)  in  dichloromethane  (0.5  ml)  was  added  dropwise  to  a 
solution  of  the  epsilon-lactone  of  3-(2-hydroxy-4,6-dimethylbenzoyl)propionic  acid,  [m.p.  77  °C;  prepared 

20  by  the  method  described  in  Acta.  Chem.  Scand.  1972,  26,  2372,  but  starting  from  3-(2-hydroxy-4,6- 
dimethylbenzoyl)propionic  acid,  itself  prepared  as  described  in  Liebigs  Ann.  Chem.  1985,  560]  in 
dichloromethane  (1  ml)  at  0°C  under  argon,  followed  by  a  solution  of  triethylsilane  (200  mg,  1.7  mM)  in 
dichloromethane  (0.5  ml).  Ater  5  minutes,  a  further  portion  of  trifluoromethanesulphonic  acid  (0.2  ml,  2.3 
mM)  in  dichloromethane  (0.5  ml)  was  added  followed  by  triethylsilane  (200  mg;  1.7  mM)  in  dich- 

25  loromethane  (0.5  ml).  The  reaction  mixture  was  stirred  for  2  hours  at  ambient  temperature,  then  poured 
into  saturated  sodium  hydrogen  carbonate  solution  and  extracted  with  dichloromethane.  The  combined 
extracts  were  washed  with  brine,  dried  (NazSCU),  and  the  solvent  was  removed  by  evaporation.  The 
residual  oil  was  purified  by  flash  chromatography,  eluting  with  hexane/dichloromethane  (1:1  v/v  increas- 
ing  in  polarity  to  1  :3  v/v),  giving  the  epsilon-lactone  of  4-(2-hydroxy-4,6-dimethylphenyl)butyric  acid  (C) 

30  as  a  colourless  oil;  NMR:  2.10(2H,tt),  2.29(6H,s),  2.43(2H,t),  2.79(2H,t),  6.75(1  H,s),  6.86(1  H,s);  I.R  (thin 
film)  1720  cm-1. 
(ii)  A  3M  ethereal  solution  of  methylmagnesium  iodide  (8  ml,  24  mM)  was  added  dropwise  to  a  stirred 
solution  of  the  lactone  (C)  (1.8  g,  9.5  mM)  in  ether  (42  ml)  at  5°C.  Stirring  was  continued  at  ambient 
temperature  for  12  hours.  The  mixture  was  then  cooled  to  5°C,  treated  with  excess  saturated  ammonium 

35  chloride  solution  and  extracted  with  ether.  The  combined  extracts  were  washed  with  brine,  dried 
(Na2SO+)  and  the  solvent  removed  by  evaporation.  The  residual  oil  was  purified  by  flash  chromatog- 
raphy,  eluting  with  dichloromethane/ethyl  acetate  (9:1  v/v  increasing  in  polarity  to  8:2  v/v)  to  give  5-(2- 
hydroxy-4,6-dimethylphenyl)-2-methylpentan-2-ol  (D)  (1g,  48%  yield),  m.p.  128°C  (after  recrystallisation 
from  cyclohexane);  NMR(de-DMSO):  0.95(6H,s),  1.33(4H,m),  1.97(3H,s),  2.01  (3H,s),  2.37(2H,s),  6.24- 

40  (1H,s),  6.28(1H,s);  microanalysis,  found:  C.75.6;  H,10.2%;  C1  +  H22O2  requires:  C.75.6;  H,10.0%. 
(iii)  A  solution  of  the  diol  (D)  (100  mg,  0.45  mM)  and  p-toluenesulphonic  acid  (10  mg)  in  benzene  (20  ml) 
was  heated  for  1  hour  under  reflux  in  an  apparatus  for  the  azeotropic  removal  of  water.  The  reaction 
solution  was  cooled,  and  washed  with  aqueous  sodium  hydroxide  (2M),  followed  by  brine.  The  dried 
(Na2SO+)  solution  was  concentrated  in  vacuo.  The  residual  oil  was  purified  by  flash  chromatography, 

45  eluting  with  toluene/hexane  (1:1  v/v),  to  give  2,3,4,5-tetrahydro-2,2,6,8-tetramethyl-1-benzoxepin  (E)  as  a 
colourless  oil  (90  mg,  98%  yield);  NMR:  1.25(6H,s),  1.63(4H,m),  2.23(3H,s),  2.25(3H,s),  2.73(2H,m),  6.57- 
(1H,s),  6.69(1  H,s). 
(iv)  Lead  thiocyanate  (6.0  g,  18  mmol)  in  methyl  acetate  (30  ml)  was  treated  with  bromine  (0.86  ml,  17 
mmol)  at  -10°C.  After  30  minutes,  stirring  was  stopped  and  the  thus  formed  solution  of  thiocyanogen 

50  decanted  into  a  solution  of  the  benzoxepin  (E)  (2.5  g,  12.2  mM)  in  methyl  acetate  (30  ml)  at  -10°C.  The 
mixture  was  allowed  to  warm  slowly  to  ambient  temperature  and  stirring  was  continued  for  16  hours. 
Solid  material  was  removed  by  filtration  through  diatomaceous  earth.  The  filtrate  was  then  washed  with 
saturated  sodium  hydrogen  carbonate  solution,  followed  by  brine.  The  dried  (Na2SO+)  soution  was 
concentrated  in  vacuo,  the  solvent  removed  by  evaporation  and  the  residual  oil  was  purified  by  flash 

55  chromatography,  eluting  with  toluene,  to  give  2,3,4,5-tetrahydro-2,2,6,8-tetramethyl-7-thiocyanato-1  -ben- 
zoxepin  (F)  as  a  yellow  oil  (2.9  g,  91%);  NMR:  1.27(6H,s),  1.64(4H,m),  2.53(3H,s),  2.58(3H,s),  2.82(2H,t), 
6.76(1  H,s). 

11 
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(v)  Using  a  similar  procedure  to  that  described  in  part  (ii)  of  Example  8,  2,3,4,5-tetrahydro-2,2,6,8- 
tetramethyl-1-benzoxepin-7-thiol  (G)  was  obtained  in  essentially  quantitive  yield;  mass  spectrum:  m/e 
(chemical  ionisation)  254  (M  +  NhU)+;  starting  from  the  thiocyanto  compound  (F). 
(vi)  Using  a  similar  procedure  to  that  described  in  part  (iii)  of  Example  8,  2,3,4,5-tetrahydro-2,2,6,8- 

5  tetramethyl-7-(nitromethylthio)-1-benzoxepin,  was  obtained  as  a  solid  in  38%  yield;  NMR:  1.27(6H,s), 
1.64(4H,m),  2.45(3H,s),  2.53(3H,s),  2.82(2H,t),  5.2(2H,s),  6.76(1  H,s). 

Example  13 

io  Using  a  similar  procedure  to  that  described  in  Example  12,  2,2,7,8-tetramethyl-6-(nltromethylsul- 
phonyl)chroman  was  obtained  in  50%  yield  as  white  needles,  m.p.  98.5-99.50  °C  (after  vacuum  flash 
chromatography,  using  dichloromethane  as  eluant,  followed  by  recrystallisation  from  cyclohexane);  NMR: 
1.37(6H,s),  1.83(2H,t),  2.15(3H,s),  2.55(3H,s),  2.8(2H,t),  5.6(2H,s),  7.65(1  H,s);  microanalysis,  found:  C.53.6; 
H.6.2;  N,4.4%;  Ci  +  H19N05S  requires:  C.53.7;  H.6.1;  N,4.5%. 

is  The  required  thioether  was  obtained  using  an  analogous  procedure  to  that  described  for  the  preparation 
of  the  starting  material  in  Example  8,  starting  from  2,2,7,8-tetramethylchroman,  itself  obtained  by  an 
analogous  procedure  to  that  described  in  J.  Amer.  Chem.  Soc,  1920,  42  157,  but  starting  from  2,3- 
dimethylphenol. 

20  Example  14 

A  35%  w/v  solution  of  peracetic  acid  in  acetic  acid  (3.2  ml)  was  added  in  a  slow  stream  to  a  stirred 
solution  of  5,7-dimethyl-6-(nitromethylthio)thiachroman  (500  mg,  1.86  mM)  in  chloroform  (25  ml).  The 
solution  was  then  stirred  and  heated  at  60  °  C.  Two  further  quantities  of  35%  w/v  peracetic  acid  solution  (3.2 

25  ml)  were  added  after  2  hours  and  3.5  hours,  respectively.  After  7.5  hours,  the  reaction  mixture  was  cooled 
and  a  solution  of  sodium  metabisulphite  (5  g)  in  water  (50  ml)  was  added  slowly  with  further  cooling.  The 
organic  layer  was  separated  and  the  aqueous  layer  extracted  with  chloroform.  The  combined  extracts  were 
dried  (Na2SO+)  and  evaporated.  The  white  solid  obtained  was  recrystallised  from  toluene  to  give  5,7- 
dlmethyl-6-(nltromethylsulphonyl)thlachroman-1,1-dloxlde  (290  mg,  47%  yield),  m.p.  168-1  70  °C; 

30  NMR:  (de-DMSO):  2.38(2H,m),  2.56(3H,s),  2.65(3H,s),  2.91  (2H,t),  3.55(2H,m),  6.65(2H,s),  7.79(1  H,s); 
microanalysis,  found:  C.43.3;  H.4.1;  N,4.1%;  Ci2Hi5NOgS2  requires:  C.43.2;  H.4.5;  N,4.2%. 

The  required  thioether  was  obtained  as  follows:- 
(i)  Phosphorus  pentoxide  (30  g,  210  mM)  was  added  to  methanesulphonic  acid  (350  g,  3.65  M)  and  the 
mixture  stirred  until  solution  was  attained.  Solid  3-[(3,5-dimethylphenyl)thio]propionic  acid  (obtained  by  a 

35  similar  procedure  to  that  described  in  Boll.  Sci.  Fac.  Chim.  Ind.  Bologna,  1966,  24,  75,  but  starting  from 
3,5-dimethylthiophenol)  (16.2  g,  77  mmol)  was  added  to  this  solution  and  the  mixture  stirred  for  5  hours, 
before  being  added  to  ice/water  (600  ml).  The  aqueous  mixture  was  extracted  with  ethyl  acetate.  The 
extracts  were  washed  with  saturated  sodium  bicarbonate  solution,  then  brine  and  evaporated.  The 
residue  was  purified  by  distillation  in  a  Kugelrohr  apparatus  to  give  5,7-dimethyl-4-oxothiachroman  (H)  as 

40  a  solid  (oven  distillation  temperature:  150°C,  at  0.01  millibar  pressure)  (13.46  g,  98%  yield);  NMR:  2.27- 
(3H,s),  2.58(3H,s),  2.99(2H,m),  3.17(2H,m),  6.78(1  H,s),  6.95(1  H,s). 
(ii)  The  ketone  (H)  (12.83  g,  67  mM)  was  dissolved  in  trifluoroacetic  acid  (25.7  ml,  333  mM)  and 
triethylsilane  (23.4  ml,  146  mM)  was  added.  The  mixture  was  stirred  and  heated  at  80  °C  for  8  hours, 
then  cooled,  diluted  wth  water  (500  ml)  and  extracted  with  ether.  The  extracts  were  washed  with 

45  saturated  sodium  bicarbonate  solution,  then  brine  and  evaporated.  The  mobile  oil  obtained  was  purified 
by  flash  chromatography  eluting  with  hexane/toluene  (9:1  v/v),  followed  by  distillation  in  a  Kugelrohr 
apparatus  to  give  5,7-dimethylthiachroman  (I)  as  a  solid  (oven  distillation  temperature:  75  °C,  at  0.6 
millibar  pressure)  (11.4  g,  96%  yield);  NMR:  2.17(3H,s),  2.2(3H,s),  2.66(2H,t),  2.95(2H,m),  6.69(1  H,s), 
6.78(1  H,s). 

50  (iii)  Using  a  similar  procedure  to  that  described  in  part  (iv)  of  Example  12,  but  starting  from  5,7- 
dimethylthiachroman  (I),  5,7-dimethyl-6-thiocyanatothiachroman  (J)  was  obtained  as  a  pale  yellow  solid, 
in  64%  yield;  NMR  (CGDG):  1.56(2H,m),  2.06(2H,t),  2.2(3H,s),  2.25(3H,s),  2.5(2H,m),  6.88(1  H,s). 
(iv)  Using  similar  procedures  to  that  described  in  parts  (ii)  and  (iii)  of  Example  8,  but  starting  from  5,7- 
dimethyl-6-thiocyanatothiachroman(J),  5,7-dimethyl-6-(nitromethylthio)thiachroman  was  obtained  in  44% 

55  yield  as  a  pale  yellow  gum  which  slowly  solidified;  NMR:  2.17(2H,m),  2.4(3H,s),  2.43(3H,s),  2.69(2H,t), 
2.95(2H,m),  5.19(2H,s),  6.91  (1H,s). 

12 
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Example  15 

Using  a  similar  procedure  to  that  described  in  Example  1  ,  there  was  obtained  in  3%  yield  2,2-dlmethyl- 
6-(nltromethylsulphonyl)-chromene  as  a  solid,  m.p.  81  °C  (after  recrystallisation  from  cyclohexane); 

5  NMR:  1.5(6H,s),  5.55(2H,s),  5.75(1  H,d),  6.35(1  H,s),  6.9(1  H,d),  7.5(1  H,d),  7.65(1  H,dd);  microanalysis,  found: 
C51.1;  H.4.6;  N,4.7%;  Ci2H13N05S  requires:  C.50.9;  H.4.6;  N,4.9%. 

The  required  sulphinate  salt  used  as  starting  material  was  prepared  as  follows:- 
A  1.5M  solution  of  butyllithium  in  hexane  (5.2  ml)  was  added  to  a  stirred  solution  of  2,2-dimethyl-6- 

bromochromene  [prepared  by  the  procedure  described  in  Bull.  Chem.  Soc.  Jap.,  1982,  55(4)  1153]  (2.0  g, 
io  8.4  mM)  in  sodium  dried  ether  (24  ml).  The  mixture  was  stirred  for  3  hours,  then  cooled  to  -20  °C  and 

treated  with  excess  gaseous  sulphur  dioxide,  whereupon  the  lithium  sulphinate  salt  immediately  began  to 
separate  out  as  a  solid.  The  resultant  suspension  was  stirred  rapidly  for  one  hour  and  then  allowed  to  attain 
ambient  temperature.  The  solid  precipitate  of  lithium  2,2-dimethylchromene-6-sulphinate  was  collected  by 
filtration  and  washed  with  dry  acetone  and  sodium  dried  ether.  The  lithium  salt  was  then  dissolved  in  water 

is  and  the  solution  acidified  to  pH  1  and  extracted  with  ethyl  acetate.  The  combined  extracts  were  dried 
(Na2S04)  and  evaporated.  The  resultant  2,2-dimethylchromene-6-sulphinic  acid  was  dissolved  in  methanol 
(10  ml)  containing  sodium  methoxide  (400  mg,  7.3  mmol).  After  10  minutes,  the  methanol  was  removed  in 
vacuo  to  leave  a  solid  residue  of  sodium  2,2-dimethylchromene-6-sulphinate,  which  was  dried  by  azeotropic 
distillation  with  toluene  in  vacuo  and  used  directly  in  the  above  reaction. 

20 
Example  16 

Using  a  similar  procedure  to  that  described  in  Example  1  ,  except  that  an  equimolar  amount  of  sodium 
methoxide  was  used  in  place  of  potassium  t-butoxide,  there  was  obtained  in  49%  yield  1-acetyl-2,4- 

25  dlmethyl-5-(nltromethylsulphonyl)lndollne  as  a  solid,  m.p.  157°C;  NMR(dG-DMSO):  1.2(3H,d),  2.3(3H,s), 
2.5(3H,s),  2.7(1  H,s),  3.3(1  H,d),  4.8(1  H,m),  6.5(2H,s),  7.8(1  H,d),  8.0(1  H,m);  microanalysis,  found:  C.49.7; 
H.4.8;  N,9.0%;  Ci3HiGN2S05  requires:  C.50.0;  H.5.2;  N,8.9%;  starting  from  the  corresponding  5-indolinesul- 
phonyl  chloride.  The  initial  starting  material,  2,4-dimethylindoline,  was  itself  obtained  by  a  similar  procedure 
to  that  described  in  Syn.  Comm.,  1983,  13(6)  489-493,  starting  from  2,4-dimethylindole. 

30 
Example  17 

Using  a  similar  overall  procedure  to  that  described  in  example  16,  there  was  obtained  in  13%  yield  1- 
acetyl-4,6-dlmethyl-5-(nltromethylsulphonyl)lndollne  as  a  solid,  m.p.  204  °C;  NMR(dG-DMSO):  2.2- 

35  (3H,s),  2.45(3H,s),  2.6(3H,s),3.1  (2H,t),  4.15(2H,t),  6.4(2H,s),  7.8-8.0(1  H,br);  microanalysis,  found:  C.49.9; 
H.5.2;  N,8.3%;  Ci3HiGN2S05  requires:  C.50.0;  H.5.2;  N,8.9%;  starting  from  the  corresponding  5-indolinesul- 
phonyl  chloride,  itself  obtained  from  1-acetyl-4,6-dimethylindoline. 

Example  18 
40 

Using  a  similar  procedure  to  that  described  in  Example  16,  there  was  obtained  in  20%  yield  1-acetyl-7- 
(nltromethylsulphonyl)-1,2,3,4-tetrahydroqulnollne  as  a  solid,  m.p.  155°C;  microanalysis,  found:  C.48.5; 
H.4.7;  N,9.2%;  Ci2H1  +  N2S05  requires:  C.48.3;  H.4.7;  N,9.4%;  NMR:  (dG-DMSO):  1.9(2H,m),  2.2(3H,s),  2.9- 
(2H,t),  3.7(2H,t),  6.5(2H,s),  7.5(1  H,d),  7.6(1  H,dd),  8.3(1  H,s). 

45 
Examples  19-23 

Using  a  similar  reduction  procedure  to  that  described  in  Example  5,  the  following  compounds  of  formula 
I  were  obtained  starting  from  the  appropriate  cyclic  amide:- 

50  (Example19):  3,3-dlmethyl-5-(nltromethylsulphonyl)lndollne,  as  an  oil;  NMR:1  .3(3H,s),  3.4(2H,s),5.45- 
(2H,s),  6.5(1  H,d),  7.4(1  H,d),  7.5(1  H,dd);  m/e  (M-H)-  269;  obtained  in  25%  yield  starting  from  3,3-dimethyl-5- 
nitromethylsulphonyl-2-oxo-1  ,2-dihydro-3H-indole  (Example  7); 
(Example  20):  1-ethyl-7-(nltromethylsulphonyl)-1,2,3,4-tetrahydroqulnollne  as  a  pale  yellow  solid,  m.p. 
74°C;  microanalysis,  found:  C.80.8;  H.5.4;  N,9.7%;  Ci2H1GN2SO+  requires:  C.80.7;  H.5.7;  N,9.8%;  NMR: 

55  1.2(3H,t),  2.0(2H,m),  2.8(2H,t),  3.4(4H,m),  5.5(2H,s),  6.9(1  H,d),  7.0(1  H,dd),  7.  1(1  H,d);  obtained  in  39%  yield 
starting  from  1-acetyl-7-(nitromethylsulphonyl)-1  ,2,3,4-tetrahydroquinoline  (Example  18); 
(Example  21):  1-ethyl-4,6-dlmethyl-5-(nltromethylsulphonyl)lndollne  as  a  pale  yellow  solid,  m.p. 
116°C;  microanalysis,  found:  C.52.5;  H.6.0;  N,9.0%,  Ci3H18N2SO+  requires:  C.52.3;  H.6.1;  N,9.4%;  NMR: 
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1.2(3H,d),  2.4(3H,s),  2.6(3H,s),  3.0(2H,t),  3.3(2H,q),  3.6(2H,t),  5.5(2H,s),  6.1(1H,s);  obtained  in  35%  yield, 
starting  from  1-acetyl-4,6-dimethyl-5-(nitromethysulphonyl)indoline  (Example  17); 
(Example  22):  1-ethyl-2-methyl-5-(nltromethylsulphonyl)lndollne  as  a  pale  yellow  solid,  m.p.  92  °C; 
microanalysis,  found:  C.50.7;  H.5.6;  N,9.8%;  Ci2H1GN2SO+  requires:  C.50.7;  H.5.6;  N,9.5%;  NMR:  1.2(3H,t), 
1.3(2H,d),  2.7(2H,dd),  3.3(2H,m),  4.0(1  H,m),  5.5(2H,s),  6.3(1  H,d),  7.4(1  H,d),  7.6(1  H,dd);  obtained  in  29% 
yield  starting  from  1-acetyl-2-methyl-5-(nitromethylsulphonyl)indoline  (Example  30);  and 
(Example  23):  1-ethyl-2,4-dlmethyl-5-(nltromethylsulphonyl)lndollne  as  a  pale  yellow  solid,  m.p.  93  °C; 
microanalysis,  found:  C.52.2;  H.6.2;  N,9.3%;  Ci3H18N2SO+  requires:  C.52.3;  H.6.1;  N,9.4%,  NMR:  (200 
MHz,  CDCI3):  1.1(3H,t),  1.3(3H,d),  2.4(3H,s),  2.5(1  H,dd),  3.2(1  H,dd),  3.3(2H,q),  4.0(1  H,m),  5.5(2H,s),  6.2- 
(1H,d),  7.7(1  H,d)  in  19%  yield,  starting  from  1-acetyl-2,4-dimethyl-5-(nitromethylsulphonyl)indoline  (Example 
16). 

Examples  24-28 

Using  a  similar  procedure  to  that  described  in  Example  6  the  following  compounds  of  formula  I  were 
obtained  by  hydrolysis  of  the  corresponding  N-acetyl  derivatives:- 
(Example  24):  7-(nltromethylsulphonyl)-1,2,3,4-tetrahydroqulnollne,  as  a  pale  yellow  solid,  m.p.  99  °C; 
microanalysis,  found:  C.47.1;  H.4.7;  N,10.5%;  Ci0H12N2SO+  requires:  C.46.9;  H.4.7;  N,10.9%;  NMR:  2.0- 
(2H,m),  2.8(2H,t),  3.4(2H,t),  4.1  (1H,  broad),  5.5(2H,s),  6.9(1  H,d),  7.1(2H,m);  obtained  in  60%  yield,  starting 
from  1  -acetyl-7-(nitromethyl-sulphonyl)-1  ,2,3,4-tetrahydroquinoline; 
(Example  25):  2-methyl-5-(nltromethylsulphonyl)lndollne,  as  a  pale  yellow  solid,  m.p.  91  °C;  micro- 
nalysis,  found:  C.47.2;  H.4.8;  N,10.8%,  Ci0H12N2SO+  requires:  C.46.9;  H.4.7;  N,10.9%;  NMR:  (dG-DMSO): 
1.2(3H,s),  2.5(1  H,dd),  3.2(1  H,dd),  4.1(1H,m),  6.2(2H,s),  6.5(1  H,d),  7.0(1  H,s),  7.4-7.5(3H,);  obtained  in  38% 
yield,  starting  from  1-acetyl-2-methyl-5-(nitromethylsulphonyl)indoline; 
(Example  26):  4,6-dlmethyl-5-(nltromethylsulphonyl)lndollne,  as  a  pale  yellow  solid,  m.p  123°C; 
microanalysis,  found:  C.48.8;  H.5.3;  N,10.3%;  CiiH1  +  N2SO+  requires:  C.49.0;  H.5.2;  N,10.3%;  NMR:  2.4- 
(3H,s),  2.5(3H,s),  3.0(2H,t),  3.5(2H,t),  4.2-4.4(1  H,  broad),  5.5(2H,s),  6.3(1  H,s);  obtained  in  48%  yield,  starting 
from  1  -acetyl-4,6-dimethyl-5-(nitromethylsulphonyl)indoline; 
(Example  27):  2,4-dlmethyl-5-(nltromethylsulphonyl)lndollne,  as  a  pale  yellow  solid,  m.p.  118°C; 
microanalysis,  found:  C.49.3;  H.5.4;  N,10.1%;  CiiH1  +  N2SO+  requires:  C.48.9;  H.5.2;  N,10.4%;  NMR:  1.1- 
(1H,d),  2.4(3H,s),  2.6(1  H,dd),  3.2(1  H,dd),  4.2(1  H,m),  4.3-4.6(1  H,  broad),  5.5(2H,s),  6.4(1  H,d),  7.7(1  H,d); 
obtained  in  55%  yield,  starting  from  1-acetyl-2,4-dimethyl-5-(nitromethylsulphonyl)indoline; 
(Example  28):  2,4,6-trlmethyl-5-(nltromethylsulphonyl)lndollne,  as  a  pale  yellow  solid,  m.p.  110°C; 
microanalysis,  found:  C.50.8;  H.5.7;  N,9.6%;  Ci2HiGN2SO+  requires:  C.50.7;  H.5.6;  N,9.85%;  NMR:  1.3- 
(3H,d);  2.4(3H,s);  2.5(3H,s);  2.55-2.7(1  H,dd);  3.1-3.3(1  H,dd);  4.0-4.3(1  H,m);  5.5(2H,s),  6.3(1  H,s),  obtained  in 
55%  yield,  starting  from  1-acetyl-2,4,6-trimethyl-5-(nitromethylsulphonyl)indoline. 

Example  29 

Using  a  similar  procedure  to  that  described  in  Example  16,  1-acetyl-2,4,6-trImethyl-5-(nItromethylsul- 
phonyl)lndollne  was  obtained  in  22%  yield  as  a  cream  solid,  m.p.  175°C;  microanalysis,  found:  C.51.7; 
H.5.3;  N,8.5%;  Ci  +  H18N205S  requires:  C.51.5;  H.5.6;  N,8.6%;  NMR  (dG-DMSO):  1.2(3H,d),  2.25(3H,s),  2.4- 
(3H,s),  2.6(3H,s),  2.6-2.8(1  H,d),  3.2-3.4(1  H,dd),  4.6-4.8(1  H,m),  6.4(2H,s),  7.7-8.0(1  H,br).  The  original  starting 
material  2,4,6-trimethylindole,  was  itself  obtained  as  a  yellow  oily  solid,  NMR:  2.39(3H,s),  2.40(3H,s),  2.46- 
(3H,s),  6.15(1H,s),  6.7(1  H,s),  6.9(1  H,s),  7.6(1  H,br)  using  a  similar  procedure  to  that  described  in  J.  Org. 
Chem.,  1981,  46(4),  781,  starting  from  2-bromo-1  ,1-diethoxypropane  and  3,5-dimethylaniline.  The  intermedi- 
ate  2,4,6-trimethylindoline  was  obtained  by  a  similar  procedure  to  that  described  in  connection  with  4,6- 
dimethylindoline  in  Example  17.  It  was  converted  to  the  corresponding  1  -acetyl  derivative,  m.p.  75  °C 
without  characterisation. 

Example  30 

Using  a  similar  procedure  to  that  described  in  Example  16,  1-acetyl-2-methyl-5-(nItromethylsul- 
phonyl)lndollne,  was  obtained  in  40%  yield  as  an  off-white  solid,  m.p.  276  °C;  microanalysis,  found: 
C48.6;  H.4.9;  N,9.5%;  Ci2H1  +  N2S05  requires:  C.48.3;  H.4.7;  N,9.4%;  NMR  (dG-DMSO):  1.3(3H,d),  2.3- 
(3H,s),  2.8(1  H,d),  3.5(1  H,dd),  4.7(1  H,m),  6.5(2H,s),  7.7-7.9(2H,m),  8.0-8.3(1  H,6),  starting  from  1-acetyl-2- 
methylindoline. 

14 
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Example  31 

The  following  illustrate  representative  pharmaceutical  dosage  forms  containing  a  compound  of  the 
formula  I,  for  example  a  compound  exemplified  hereinbefore,  or  a  non-toxic  salt  thereof  (hereafter  referred 

5  to  as  "compound  X"),  for  therapeutic  or  prophylactic  use  in  humans: 
(a) 

Tablet  I 

mg/tablet 

Compound  X  100 
Lactose  Ph.  Eur  182.75 
Croscarmellose  sodium  12.0 
Maize  starch  paste  (5%  w/v  paste)  2.25 
Magnesium  stearate  3.0 

(b) 

Tablet  II 

mg/tablet 

Compound  X  50 
Lactose  Ph.  Eur  223.75 
Croscarmellose  sodium  6.0 
Maize  starch  15.0 
Polyvinylpyrrolidone  (5%  w/v  paste)  2.25 
Magnesium  stearate  3.0 

30 
(C) 

Tablet  III 

mg/tablet 

Compound  X  1  .0 
Lactose  Ph.  Eur  93.25 
Croscarmellose  sodium  4.0 
Maize  starch  paste  (5%  w/v  paste)  0.75 
Magnesium  stearate  1  .0 

(d) 

Capsule 

mg/capsule 

Compound  X  10 
Lactose  Ph.  Eur  488.5 
Magnesium  stearate  1  .5 

(e) 

55 
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Injection  I 

(50  mg/ml) 

Compound  X  5.0%  w/v 
1M  Sodium  hydroxide  solution  15.0%  v/v 

0.1  M  Hydrochloric  acid  (to  adjust  pH  to  7.6) 

Polyethylene  glycol  400  4.5%  w/v 

Water  for  injection  to  100% 

(f) 

Injection  II 

(10  mg/ml) 

Compound  X  1  .0%  w/v 
Sodium  phosphate  BP  3.6%  w/v 
0.1  M  Sodium  hydroxide  solution  15.0%  v/v 

Water  for  injection  to  100% 

(g) 

Injection  III 

(1  mg/ml,  buffered  to  pH6) 

Compound  X  0.1%  w/v 
Sodium  phosphate  BP  2.26%  w/v 
Citric  acid  0.38%  w/v 
Polyethylene  glycol  400  3.5%  w/v 

Water  for  injection  to  100% 

The  above  formulations  may  be  obtained  by  conventional  procedures  well  known  in  the  pharmaceutical 
art.  The  tablets  (a)-(c)  may  be  enteric  coated  by  conventional  means,  for  example  to  provide  a  coating  of 
cellulose  acetate  phthalate. 

16 
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Note:  Formula  X  is  not  used]  

7 
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Claims 

1.  A  nitromethane  derivative  of  the  formula  I: 

10 

45 

50 

55 

S02CH2N02 

wherein  ring  A  may  be  unsubstituted  or  may  bear  one  or  more  substituents  independently  selected 
from  halogeno,  (1-4C)alkyl  and  fluoro(1-4C)alkyl;  X  is  an  oxygen  atom,  or  a  group  of  the  formula  -S(O)- 

15  „-  or  -NR1-  in  which  n  is  zero  or  the  integer  1  or  2,  and  R1  is  hydrogen,  (1-4C)alkyl,  (1-6C)alkanoyl, 
benzoyl  or  phenyl(1-4C)alkyl,  the  benzene  moiety  of  which  last  two  groups  may  be  unsubstituted  or 
bear  up  to  3  substituents  independently  selected  from  halogeno,  (1-4C)alkyl,  (1-4C)alkoxy  and  fluoro(1- 
4C)alkyl;  Y  is  a  linking  group  of  the  formula  -(CH2)m-,  -CH2CH=CH-  ,  -(CH2)2.CH=CH-  or 
-CH2.CH=CH.CH2-  ,  in  which  m  is  the  integer  2,  3  or  4  and  a  methylene  (  -CH2-  )  group  may  be 

20  replaced  by  a  carbonyl  group,  and  which  linking  group  may  optionally  bear  up  to  four  (1-4C)alkyl 
substituents  and  may  be  attached  at  either  end  to  the  group  X;  and  wherein  the  group  -S02CH2N02  is 
located  at  position  a,  b  or  c  in  ring  A;  or  a  non-toxic  salt  thereof. 

2.  A  compound  as  claimed  in  claim  1  wherein  ring  A  may  be  unsubstituted  or  may  bear  one  or  more 
25  substituents  independently  selected  from  fluoro,  chloro,  bromo,  iodo,  methyl,  ethyl,  propyl,  t-butyl, 

trifluoromethyl,  pentafluoroethyl,  2,2,2-trifluoroethyl  and  3,3,3-trifluoropropyl;  X  is  oxygen,  sulphur, 
sulphinyl,  sulphonyl  or  a  group  of  the  formula  -NR1  -  in  which  R1  is  hydrogen,  methyl,  ethyl,  propyl, 
butyl,  formyl,  acetyl,  propionyl,  butyryl,  phenylmethyl,  1-phenylethyl,  2-phenylethyl  and  3-phenylpropyl, 
the  benzene  moiety  of  which  last  four  groups  may  be  unsubstituted  or  bear  up  to  3  substituents 

30  independently  selected  from  fluoro,  chloro,  bromo,  methyl,  ethyl,  methoxy,  ethoxy  and  trifluoromethyl; 
and  Y  is  a  linking  group  selected  from  ethylene,  trimethylene,  tetramethylene  and  groups  of  the 
formula:  -CO.CH2-  ,  -CO.CH2.CH2-  ,  -CH2.CO.CH2-  ,  -CO.CH2.CH2.CH2-,  -CH2CH=CH-and 
-CO.CH=CH-  ,  any  of  which  linking  groups  may  optionally  bear  up  to  four  methyl,  ethyl  or  propyl 
groups. 

35 
3.  A  compound  according  to  claim  1  wherein  the  optional  substitutents  on  ring  A  are  selected  from  fluoro, 

chloro,  bromo,  methyl,  ethyl  and  trifluroromethyl;  X  is  oxygen,  sulphonyl  or  a  group  of  the  formula 
-NR1-  in  which  R1  has  any  of  the  meanings  defined  in  claim  1  or  2;  and  Y  is  a  linking  group  selected 
from  ethylene,  trimethylene  and  groups  of  the  formula:  -CH2.CH2.C(CH3)2-  ,  -CH2.CH2.CH2.C(CH3)2-, 

40  -CO.C(CH3)=C(CH3)-  ,  -CH2.C(CH3)2-  ,  -CO.CH2-  ,  -CO.C(CH3)2-  ,  -CO.CH2.C(CH3)2-  and 
-CH=CH.C(CH3)2-  . 

4.  A  compound  according  to  claim  1,  2  or  3  wherein  ring  A  is  unsubstituted  or  bears  1  or  2  methyl 
substituents;  and  X  is  oxygen,  imino,  N-acetylimino  or  N-ethylimino. 

An  indoline  derivative  of  the  formula  II: 

"   4  J  A - t h S ° 2 C H 2 N 0 2  
c  
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wherein  Z  is  carbonyl  or  a  group  of  the  formula  -CR2R3-  in  which  R2  and  R3  are  independently 
hydrogen  or  (1-4C)alkyl;  B1  and  B2  are  independently  hydrogen  or  (1-4C)alkyl;  R1  and  ring  A  have  any 
of  the  meanings  defined  in  claim  1;  and  wherein  the  group  -SO2CH2NO2  is  located  at  position  a,  b  or  c 
in  ring  A;  or  a  non-toxic  salt  thereof. 

A  chroman  derivative  of  the  formula  III:- 

wherein  W  is  methylene  or  carbonyl;  R+  and  R5  are  independently  hydrogen  or  (1-4C)alkyl,  or  R+ 
together  with  R5  forms  a  direct  bond;  RG  and  R7  are  independently  hydrogen  or  (1-4C)alkyl;  ring  A  has 
any  of  the  meanings  defined  in  claim  1;  and  wherein  the  group  -SO2CH2NO2  is  located  at  position  a,  b 
or  c  in  ring  A;  or  a  non-toxic  salt  thereof. 

.  A  compound  as  claimed  in  any  preceding  claim  in  which  the  group  -SO2CH2NO2  is  located  at  position 
b  in  ring  A. 

.  1-Acetyl-2,4-dimethyl-5-(nitromethylsulphonyl)indoline,  2,25,7-tetramethyl-6-(nitromethylsulphonyl)- 
chroman,  or  a  non-toxic  salt  thereof. 

.  A  pharmaceutical  composition  comprising  a  compound  of  the  formula  I,  or  a  non-toxic  salt  thereof,  as 
defined  in  claim  1  ,  together  with  a  pharmaceutically  acceptable  carrier  or  diluent. 

0.  A  process  for  the  manufacture  of  a  compound  of  the  formula  I,  or  a  non-toxic  salt  thereof,  as  defined  in 
claim  1  which  is  characetrised  by: 

(a)  reacting  an  alkali  metal  sulphinate  of  the  formula: 

wherein  M+  is  an  alkali  metal  cation  with  nitromethane  and  iodine  in  the  presence  of  an  alkali  metal 
(1-6C)alkoxide; 
(b)  reacting  a  sulphone  of  the  formula  V: 

I I I  

IVa 

V 

with  a  (1-5C)alkyl  nitrate  in  the  presence  of  a  strong  base; 

19 
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(c)  oxidising  a  thioether  of  formula  VII; 

SCH2N02 

(d)  for  a  compound  in  which  X  is  imino,  deprotecting  a  corresponding  compound  of  formula  I  in 
io  which  X  is  a  protected  imino  group;  or 

(e)  for  a  compound  in  which  X  is  a  group  of  the  formula  -NR1-  in  which  R1  is  (1-4C)alkyl  or  optionally 
substituted  phenyl(1-4C)alkyl,  reducing  the  corresponding  compound  of  formula  I  wherein  R1  is  (1- 
4C)alkanoyl  or  optionally  substituted  phenyl(2-4C)alkanoyl;  and  whereafter: 
when  a  compound  in  which  ring  A  bears  a  halogeno  substituent  is  required,  the  corresponding 

is  compound  of  formula  I  in  which  ring  A  is  unsubstituted  is  halogenated; 
when  a  compound  in  which  X  is  sulphonyl  is  required,  the  corresponding  compound  of  formula  I  in 
which  X  is  sulphur  is  oxidised;  and 
when  a  non-toxic  salt  is  required,  the  compound  of  formula  I  is  reacted  with  the  appropriate  base 
having  a  non-toxic  cation,  or  when  the  compound  of  formula  I  is  basic  by  virtue  of  the  nature  of  the 

20  group  -NR1-,  said  compound  may  be  reacted  with  the  appropriate  acid  having  a  non-toxic  anion;  and 
wherein  ring  A,  X  and  Y  have  any  of  the  meanings  defined  in  any  of  claims  1-8. 

Patentanspruche 

25  1.  Nitromethan-Derivate  der  Formel  I 

30 S02CH2N02 

35  worin  der  Ring  A  unsubstituiert  sein  oder  einen  oder  mehrere  Substituenten  tragen  kann,  die  unabhan- 
gig  ausgewahlt  sind  aus  Halogeno,  (1-4C)Alkyl  und  Fluoro(1-4C)alkyl;  X  fur  ein  Sauerstoffatom  oder 
eine  Gruppe  der  Formel  -S(0)n-  oder  -NR1-steht,  worin  n  null  oder  eine  der  Ganzzahlen  1  oder  2 
bedeutet  und  R1  Wasserstoff,  (1-4C)Alkyl,  (1-6C)Alkanoyl,  Benzoyl  oder  Phenyl(1-4C)alkyl  bedeutet, 
wobei  der  Benzol-Teil  der  letzten  beiden  Gruppen  unsubstituiert  sein  oder  bis  zu  3  Substituenten 

40  tragen  kann,  die  unabhangig  ausgewahlt  sind  aus  Halogeno,  (1-4C)Alkyl,  (1-4C)Alkoxy  und  Fluoro(1- 
4C)alkyl;  Y  fur  eine  Bruckengruppe  der  Formel  -(CH2)m-,  -CH2CH  =  CH-,  -(CH2)2.CH  =  CH-  oder 
-CH2.CH  =  CH.CH2-  steht,  worin  m  eine  der  Ganzzahlen  2,  3  oder  4  bedeutet  und  eine  Methylen- 
Gruppe  (-CH2-)  durch  eine  Carbonyl-Gruppe  ersetzt  sein  kann  und  wobei  die  Bruckengruppe  gegebe- 
nenfalls  bis  zu  4  (1-4C)Alkyl-Substituenten  tragen  und  mit  jedem  Ende  an  die  Gruppe  X  gebunden  sein 

45  kann;  und  die  Gruppe  -S02CH2N02  an  der  Stellung  a,  b  oder  c  im  Ring  A  angeordnet  ist;  sowie  die 
nichtgiftigen  Salze  davon. 

2.  Verbindungen  nach  Anspruch  1,  worin  der  Ring  A  unsubstituiert  sein  oder  einen  oder  mehrere 
Substituenten  tragen  kann,  die  unabhangig  ausgewahlt  sind  aus  Fluoro,  Chloro,  Bromo,  Jodo,  Methyl, 

50  Ethyl,  Propyl,  t-Butyl,  Trifluoromethyl,  Pentafluoroethyl,  2,2,2-Trifluoroethyl  und  3,3,3-Trifluoropropyl;  X 
fur  Sauerstoff,  Schwefel,  Sulfinyl,  Sulfonyl  oder  eine  Gruppe  der  Formel  -NR1  -  steht,  worin  R1 
Wasserstoff,  Methyl,  Ethyl,  Propyl,  Butyl,  Formyl,  Acetyl,  Propionyl,  Butyryl,  Phenylmethyl,  1-Pheny- 
lethyl,  2-Phenylethyl  oder  3-Phenylpropyl  bedeutet,  wobei  der  Benzol-Teil  der  letzten  4  Gruppen 
unsubstituiert  sein  oder  bis  zu  3  Substituenten  tragen  kann,  die  unabhangig  ausgewahlt  sind  aus 

55  Fluoro,  Chloro,  Bromo,  Methyl,  Ethyl,  Methoxy,  Ethoxy  und  Trifluoromethyl;  und  Y  fur  eine  Brucken- 
Gruppe  steht,  die  ausgewahlt  ist  aus  Ethylen,  Trimethylen,  Tetramethylen  und  Gruppen  der  Formel 
-CO.CH2-,  -CO.CH2.CH2-,  -CH2.CO.CH2-,  -CO.CH2.CH2.CH2-,  -CH2CH  =  CH-  und  -CO.CH  =  CH-,  wobei 
jede  der  Brucken-Gruppen  bis  zu  4  Methyl-,  Ethyl-  oder  Propyl-Gruppen  tragen  kann. 

20 
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3.  Verbindungen  nach  Anspruch  1  ,  worin  die  fakultativen  Substituenten  am  Ring  A  ausgewahlt  sind  aus 
Fluoro,  Chloro,  Bromo,  Methyl,  Ethyl  und  Trifluoromethyl;  X  fur  Sauerstoff,  Sulfonyl  oder  eine  Gruppe 
der  Formel  -NR1-  steht,  worin  R1  eine  der  in  Anspruch  1  oder  2  angegebenen  Bedeutungen  besitzt;  und 
Y  fur  eine  Brucken-Gruppe  steht,  die  ausgewahlt  ist  aus  Ethylen,  Trimethylen  und  Gruppen  der  Formel 

5  -CH2.CH2C(CH3)2-,  -CH2.CH2.CH2.C(CH3)2-,  -CO.C(CH3)  =  C(CH3)-,  -CH2.C(CH3)2-,  CO.CH2-,  -CO.C- 
(CH3)2-,  -CO.CH2.C(CH3)2-  und  -CH  =  CH.C(CH3)2-. 

4.  Verbindungen  nach  Anspruch  1,  2  oder  3,  worin  der  Ring  A  unsubstituiert  ist  oder  1  oder  2  Methyl- 
Substituenten  tragt;  und  X  fur  Sauerstoff,  Imino,  N-Acetylamino  oder  N-Ethylimino  steht. 

10 
5.  Indolin-Derivate  der  Formel  II 

2 

worin  Z  fur  Carbonyl  oder  eine  Gruppe  der  Formel  -CR2R3-steht,  worin  R2  und  R3  unabhangig 
25  Wasserstoff  oder  (1-4C)-Alkyl  bedeuten;  B1  und  B2  unabhangig  fur  Wasserstoff  oder  (1-4C)Alkyl  stehen; 

R1  und  der  Ring  A  die  in  Anspruch  1  angegebenen  Bedeutungen  besitzen;  und  die  Gruppe 
-SO2CH2NO2  an  der  Stellung  a,  b  oder  c  im  Ring  A  angeordnet  ist;  sowie  die  nichtgiftigen  Salze  davon. 

6.  Chroman-Derivate  der  Formel  III 
30 

35 
I I I  2 

40 

worin  W  fur  Methylen  oder  Carbonyl  steht;  R+  und  R5  unabhangig  fur  Wasserstoff  oder  (1-4C)Alkyl 
stehen  oder  R+  zusammen  mit  R5  eine  direkte  Bindung  bildet;  RG  und  R7  unabhangig  fur  Wasserstoff 
oder  (1-4C)Alkyl  stehen;  der  Ring  A  die  in  Anspruch  1  angegebene  Bedeutung  besitzt;  und  die  Gruppe 

45  -SO2CH2NO2  an  der  Stellung  a,  b  oder  c  im  Ring  A  angeordnet  ist;  sowie  die  nichtgiftigen  Salze  davon. 

7.  Verbindungen  nach  einem  der  vorhergehenden  Anspruche,,  worin  die  Gruppe  -SO2CH2NO2  an  der 
Stellung  b  des  Rings  A  angeordnet  ist. 

50  8.  1  -Acetyl-2,4-dimethyl-5-(nitromethylsulfonyl)indolin,  2,2,5,7-Tetramethyl-6-(nitromethylsulfonyl)chroman 
sowie  die  nichtgiftigen  Salze  davon. 

9.  Pharmazeutische  Zusammensetzung,  welche  eine  Verbindung  der  Formel  I  oder  ein  nichtgiftiges  Salz 
davon,  wie  sie  in  Anspruch  1  definiert  sind,  zusammen  mit  einem  pharmazeutisch  zulassigen  Trager- 

55  oder  Verdunnungsmittel  enthalt. 

10.  Verfahren  zur  Herstellung  einer  Verbindung  der  Formel  I  oder  eines  nichtgiftigen  Salzes  davon,  wie  sie 
in  Anspruch  1  definiert  sind,  dadurch  gekennzeichnet,  dal3 

21 
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(a)  ein  Alkalimetallsulfinat  der  Formel  IVa 

5 

IVa 

w 
worin  M+  fur  ein  Alkalimetallkation  steht,  mit  Nitromethan  und  Jod  in  Gegenwart  eines  Alkalimetall(1- 
6C)alkoxids  umgesetzt  wird; 
(b)  ein  Sulfon  der  Formel  V 

15 

V 

20 

mit  einem  (1-5C)Alkylnitrat  in  Gegenwart  einer  starken  Base  umgesetzt  wird; 
(c)  ein  Thioether  der  Formel  VII 

25 

oxidiert  wird; 
(d)  zur  Herstellung  einer  Verbindung,  worin  X  fur  Imino  steht,  eine  entsprechende  Verbindung  der 
Formel  I,  worin  X  fur  eine  geschutzte  Imino-Gruppe  steht,  von  der  Schutzgruppe  befreit  wird;  oder 

35  (e)  zur  Herstellung  einer  Verbindung,  worin  X  fur  eine  Gruppe  der  Formel  -NR1-  steht,  worin  R1  (1- 
4C)Alkyl  oder  gegebenenfalls  substituiertes  Phenyl(1-4C)alkyl  bedeutet,  eine  entsprechende  Verbin- 
dung  der  Formel  I,  worin  R1  fur  (1-4C)-Alkanoyl  oder  gegebenenfalls  substituiertes  Phenyl(2-4C)- 
alkanoyl  steht,  reduziert  wird; 
worauf 

40  wenn  eine  Verbindung  gewunscht  wird,  worin  der  Ring  A  einen  Halogeno-Substituenten  tragt,  eine 
entsprechende  Verbindung  der  Formel  I,  worin  der  Ring  A  unsubstituiert  ist,  halogeniert  wird; 
wenn  eine  Verbindung  gewunscht  wird,  worin  X  fur  Sulfonyl  steht,  eine  entsprechende  Verbindung 
der  Formel  I,  worin  X  fur  Schwefel  steht,  oxidiert  wird;  und 
wenn  ein  nichtgiftiges  Salz  gewunscht  wird,  eine  Verbindung  der  Formel  I  mit  einer  entsprechenden 

45  Base,  die  ein  nichtgiftiges  Kation  aufweist,  umgesetzt  wird  oder,  wenn  die  Verbindung  der  Formel  I 
aufgrund  der  Natur  der  Gruppe  -NR1-basisch  ist,  diese  Verbindung  auch  mit  einer  entsprechenden 
Saure,  die  ein  nichtgiftiges  Anion  aufweist,  umgesetzt  werden  kann; 
wobei  der  Ring  A,X  und  Y  die  in  einem  der  Anspruche  1  bis  8  angegebenen  Bedeutungen  besitzen. 

55 
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Revendicatlons 

1.  Derive  de  nitromethane  de  formule  I 

5 

I  

10 

dans  laquelle  le  noyau  A  peut  etre  non  substitue  ou  peut  porter  un  ou  plusieurs  substituants  choisis 
independamment  entre  des  groupes  halogeno,  alkyle  en  Ci  a  et  fluoralkyle  en  Ci  a  Ct  ;  X 

is  represente  un  atome  d'oxygene  ou  un  groupe  de  formule  -S(0)n-  ou  -NR1-  dans  laquelle  n  est  egale  a 
zero  ou  au  nombre  entier  1  ou  2,  et  R1  represente  I'hydrogene,  un  groupe  alkyle  en  Ci  a  U,  alcanoyle 
en  Ci  a  Cg,  benzoyle  ou  phenyl-(alkyle  en  Ci  a  C+),  le  groupement  benzenique  de  ces  deux  derniers 
groupes  pouvant  etre  non  substitues  ou  porter  jusqu'a  3  substituants  choisis  independamment  entre 
des  groupes  halogeno,  alkyle  en  Ci  a  Ct,  alkoxy  en  Ci  a  et  fluoralkyle  en  Ci  a  ;  Y  represente 

20  un  groupe  de  jonction  de  formule  -(CH2)m-,  -CH2CH  =  CH-,  -(CH2)2.CH  =  CH-  ou  -CH2.CH  =  CH.CH2-, 
dans  laquelle  m  represente  le  nombre  entier  2,  3  ou  4  et  un  groupe  methylene  (-CH2-)  peut  etre 
remplace  par  un  groupe  carbonyle,  groupe  de  jonction  qui  peut  porter  facultativement  jusqu'a  4 
substituants  alkyle  en  Ci  a  et  qui  peut  etre  fixe  a  chaque  extremite  au  groupe  X  ;  et  dans  laquelle 
le  groupe  -S02CH2N02  est  situe  en  position  a,  b  ou  c  sur  le  noyau  A  ;  ou  un  de  ses  sels  non  toxiques. 

25 
2.  Compose  suivant  la  revendication  1  ,  dans  lequel  le  noyau  A  peut  etre  non  substitue  ou  peut  porter  un 

ou  plusieurs  substituants  choisis  independamment  entre  les  groupes  fluoro,  chloro,  bromo,  iodo, 
methyle,  ethyle,  propyle,  tertiobutyle,  trifluoromethyle,  pentafluorethyle,  2,2,2-trifluorethyle  et  3,3,3- 
trifluoropropyle  ;  X  represente  I'oxygene,  le  soufre,  un  groupe  sulfinyle,  un  groupe  sulfonyle  ou  un 

30  groupe  de  formule  -NR1-  dans  laquelle  R1  represente  I'hydrogene,  un  groupe  methyle,  ethyle,  propyle, 
butyle,  formyle,  acetyle,  propionyle,  butyryle,  phenylmethyle,  1-phenylethyle,  2-phenylethyle  et  3- 
phenylpropyle,  le  groupement  benzenique  des  quatre  derniers  groupes  pouvant  etre  non  substitue  ou 
porter  jusqu'a  3  substituants  choisis  independamment  entre  les  groupes  fluoro,  chloro,  bromo,  methyle, 
ethyle,  methoxy,  ethoxy  et  trifluoromethyle  ;  et  Y  represente  un  groupe  de  jonction  choisi  entre  les 

35  groupes  ethylene,  trimethylene,  tetramethylene  et  les  groupes  de  formules  :  -CO.CH2-,  -CO.CH2.CH2-, 
-CH2.CO.CH2-,  -CO.CH2.CH2.CH2-,  -CH2CH  =  CH-  et  -CO.CH  =  CH-  ;  I'un  quelconque  de  ces  groupes 
de  jonction  pouvant  porter  facultativement  jusqu'a  4  groupes  methyle,  ethyle  ou  propyle. 

3.  Compose  suivant  la  revendication  1  ,  dans  lequel  les  substituants  facultatifs  sur  le  noyau  A  sont  choisis 
40  entre  les  groupes  fluoro,  chloro,  bromo,  methyle,  ethyle  et  trifluoromethyle  ;  X  represente  I'oxygene,  un 

groupe  sulfonyle  ou  un  groupe  de  formule  -NR1-  dans  laquelle  R1  repond  a  I'une  quelconque  des 
definitions  mentionnees  dans  la  revendication  1  ou  2  ;  et  Y  represente  un  groupe  de  jonction  choisi 
entre  un  groupe  ethylene,  trimethylene  et  les  groupes  de  formules  :  -CH2.CH2.C(CH3)2-, 
-CH2.CH2.CH2.C(CH3)2-,  -CO.C(CH3)  =  C(CH3)-,  -CH2.C(CH3)2-,  -CO.CH2-,  -CO.C(CH3)2-,  -CO.CH2.C- 

45  (CH3)2-  et  -CH  =  CH.C(CH3)2-. 

4.  Compose  suivant  la  revendication  1  ,  2  ou  3,  dans  lequel  le  noyau  A  est  non  substitue  ou  porte  1  ou  2 
substituants  methyle  ;  et  X  represente  I'oxygene,  un  groupe  imino,  N-acetylimino  ou  N-ethylimino. 

50 
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Derive  d'indoline  de  formule  II 

10 

I I  

dans  laquelle  Z  represente  un  groupe  carbonyle  ou  un  groupe  de  formule  -CR2R3-  dans  laquelle  R2  et 
is  R3  represented  independamment  I'hydrogene  ou  un  groupe  alkyle  en  Ci  a  Ct  ;  B1  et  B2  represented 

independamment  I'hydrogene  ou  un  groupe  alkyle  en  Ci  a  ;  R1  et  le  noyau  A  repondent  a  n'importe 
lesquelles  des  definitions  mentionnees  dans  la  revendication  1  ;  et  le  groupe  -SO2CH2NO2  est  situe  en 
position  a,  b  ou  c  sur  le  noyau  A  ;  ou  un  de  ses  sels  non  toxiques. 

20  6.  Derive  de  chromane  de  formule  III  : 

111  s i c   L a # - s o 2 c h 2 n o 2  

30  ^  

dans  laquelle  W  represente  un  groupe  methylene  ou  carbonyle  ;  R+  et  R5  represented  independam- 
ment  I'hydrogene  ou  un  groupe  alkyle  en  Ci  a  C+,  ou  bien  R+  conjointement  avec  R5  forment  une 
liaison  directe  ;  RG  et  R7  represented  independamment  I'hydrogene  ou  un  groupe  alkyle  en  Ci  a  c*  ; 

35  le  noyau  A  repond  a  n'importe  laquelle  des  definitions  mentionnees  dans  la  revendication  1  ;  et  le 
groupe  -SO2CH2NO2  est  situe  en  position  a,  b  ou  c  sur  le  noyau  A  ;  ou  un  de  ses  sels  non  toxiques. 

7.  Compose  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  groupe 
-SO2CH2NO2  est  situe  en  position  b  sur  le  noyau  A. 

40 
8.  La  1-acetyl-2,4-dimethyl-5-(nitromethylsulfonyl)indoline,  le  2,2,5,7-tetramethyl-6-(nitromethylsulfonyl)- 

chromane,  ou  un  de  leurs  sels  non  toxiques. 

9.  Composition  pharmaceutique  comprenant  un  compose  de  formule  I,  ou  un  de  ses  sels  non  toxiques,  tel 
45  que  defini  dans  la  revendication  1,  en  association  avec  un  support  ou  diluant  pharmaceutiquement 

acceptable. 

10.  Procede  de  production  d'un  compose  de  formule  I,  ou  d'un  de  ses  sels  non  toxiques  ,  tel  que  defini 
dans  la  revendication  1  ,  qui  est  caracterise  par  : 

50  (a)  la  reaction  d'un  sulfinate  de  metal  alcalin  de  formule  : 

24 
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dans  laquelle  M+  represente  un  cation  de  metal  alcalin,  avec  le  nitromethane  et  I'iode  en  presence 
d'un  alcoolate  (en  Ci  a  Cg)  de  metal  alcalin  ; 
(b)  la  reaction  d'une  sulfone  de  formule  V  : 

(d)  pour  un  compose  dans  lequel  X  represente  un  groupe  imino,  I'elimination  de  la  protection  d'un 
compose  correspondant  de  formule  I  dans  laquelle  X  represente  un  groupe  imino  protege  ;  ou 
(e)  pour  un  compose  dans  lequel  X  represente  un  groupe  de  formule  -NR1-  dans  laquelle  R1 
represente  un  groupe  alkyle  en  Ci  a  ou  un  groupe  phenyl-(alkyle  en  Ci  a  U)  facultativement 
substitue,  la  reduction  du  compose  correspondant  de  formule  I  dans  laquelle  R1  represente  un 
groupe  alcanoyle  en  Ci  a  ou  phenyl-(alcanoyle  en  C2  a  C+)  facultativement  substitue  ;  puis 

lorsqu'un  compose  dans  lequel  le  noyau  A  porte  un  substituant  halogeno  est  requis,  I'halogena- 
tion  du  compose  correspondant  de  formule  I  dans  laquelle  le  noyau  A  est  non  substitue  ; 

lorsqu'un  compose  dans  lequel  X  represente  un  groupe  sulfonyle  est  requis,  I'oxydation  du 
compose  correspondant  de  formule  I  dans  laquelle  X  represente  le  soufre  ;  et 

lorsqu'un  sel  non  toxique  est  requis,  la  reaction  du  compose  de  formule  I  avec  la  base 
appropriee  possedant  un  cation  non  toxique,  ou,  lorsque  le  compose  de  formule  I  est  basique  en 
raison  de  la  nature  du  groupe  -NR1-,  la  reaction  dudit  compose  avec  I'acide  approprie  possedant  un 
anion  non  toxique  ;  A,  X  et  Y  repondant  a  n'importe  lesquelles  des  definitions  mentionnees  dans 
I'une  quelconque  des  revendications  1  a  8. 

V 

avec  un  nitrate  d'alkyle  en  Ci  a  C5  en  presence  d'une  base  forte  ; 
(c)  I'oxydation  d'un  thioether  de  formule  VII  ; 

25 
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