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apparent  in  the  detailed  description  and  examples 
which  follow. 

These  objects  are  achieved  by  using  an 
optically  active  a-amino-e-caprolactam  as  the 
resolving  agent  for  N-acetylindoline-2-carboxylic 
acid.  Additionally,  these  objects  are  achieved  by 
the  method  for  preparing  an  optically  active  N- 
acetylindoline-2-carboxylic  acid  which  comprises 
optically  resolving  N-acetylindoline-2-carboxylic 
acid  in  inert  solvent  with  an  optically  active  a- 
amino-e-caprolactam  as  a  resolving  agent. 

Description  of  the  preferred  embodiments 
The  resolving  agent  of  this  invention  is  an 

optically  active  a-amino-e-caprolactam  and  either 
D-  or  L-optical  isomer  thereof  can  be  used.  An 
optically  active  a-amino-s-caprolactam  is  readily 
prepared  by  conventional  standard  methods. 

For  example,  it  is  prepared  by  optical  resolution 
of  a-amino-e-caprolactam  with  inexpensive 
optically  active  carboxylic  acids,  such  as  L-2- 
pyrrolidone-5-carboxylic  acid,  or  by  dehydration 
with  ring  closure  of  L-lysine. 

N-Acetylindoline-2-carboxylic  acid  which  is  pre- 
pared  by  any  methods  can  be  used  for  the  optical 
resolution  in  this  invention.  For  example,  it  is 
prepared  by  N-acetylation  of  indole-2-carboxylic 
acid,  followed  by  hydrogenation.  Thus,  in  this 
invention,  it  is  general  to  use  a  chemically  syn- 
thesized  N-acetylindoline-2-carboxylic  acid. 
Additionally,  in  this  invention,  N-acetylindoline-2- 
carboxylic  acid  which  includes  excess  of  either  L- 
or  D-optical  isomer  thereof  can  also  be  used  for 
the  optical  resolution. 

The  optical  resolution  of  N-acetylindoline-2- 
carboxylic  acid  is  usually  carried  out  by  dissolving 
N-acetylindoline-2-carboxylic  acid  and  D-  or  L-a- 
amino-e-caprolactam  in  an  inert  solvent,  followed 
by  cooling  or  concentration. 

The  inert  solvent  used  in  this  invention  can 
dissolve  a-amino-e-caprolactam  and  N-acetylin- 
doline-2-carboxylic  acid,  and  is  inert  to  these 
compounds  and  can  precipitate  the  diasteromeric 
salt.  The  representative  examples  of  the  inert 
solvent  of  this  invention  may  be  water;  lower 
alkyl  alcohols,  such  as  methanol,  ethanol  or  prop- 
anol;  or  mixtures  thereof.  Preferably,  water  or 
lower  alkyl  alcohols,  more  preferably  water  or 
ethanol  may  be  used.  Especially  advantageous 
inert  solvent  of  this  invention  is  water.  When 
water  is  used  as  an  inert  solvent,  the  yield  and 
optical  purity  of  the  product  may  be  improved, 
and  economically  and  advantageously  optical 
resolution  can  be  carried  out  on  a  commercial 
scale. 

The  resolving  agent  in  this  invention  is  used  at 
a  ratio  of  0.1  to  2.0  moles,  preferably  0.5  to  0.9 
mole  based  on  one  mole  of  N-acetylindoline-2- 
carboxylic  acid.  When  N-acetylindoline-2-car- 
boxylic  acid  which  includes  excess  of  either  L-  or 
D-  optical  isomer  is  resolved,  the  resolving  agent 
is  used  at  a  suitable  ratio  according  to  the  D/L 
ratio  of  N-acetylindoline-2-carboxylic  acid. 

When  water  is  used  as  an  inert  solvent  in  this 
invention,  the  ratio  of  resolving  agent  can  be 

Description 

Background  of  the  invention 
(1)  Field  of  the  invention 

This  invention  relates  to  a  resolving  agent  for  5 
N-acetylindoline-2-carboxylic  acid  and  a  method 
for  preparing  an  optically  active  N-acetylindoline- 
2-carboxylic  acid. 

(2)  Description  of  the  prior  art  10 
An  optically  active  N-acetylindoline-2-carboxy- 

lic  acid  is  used  as  the  intermediate  in  the  pre- 
paration  of  antihypertensive  agents,  for  example, 
1-carboxyalkanoyl-L-indoline-2-carboxylic  acids. 
N-Acetylindoline-2-carboxylic  acid  obtained  by  m 
chemical  synthesis  is  the  racemate  and  therefore 
it  is  necessary  to  resolve  the  racemate  in  order  to 
obtain  an  optically  active  N-acetylindoline-2-car- 
boxylic  acid. 

The  prior  method  for  preparing  of  an  optically  20 
active  N-acetylindoline-2-carboxylic  acid  includes 
the  use  of  l-cinchonidine  as  the  resolving  agent, 
as  shown  in  U.S.  Patent  Specification  No. 
4,374,847.  The  L-optical  isomer  of  N-acetylin- 
doline-2-carboxylic  acid  is  especially  important  as  25 
the  optical  intermediate  of  antihypertensive 
agents,  e.g.,  1-carboxylalkanoyl-L-indoline-2-car- 
boxylic  acids.  In  the  foregoing  method,  L-optical 
isomer  thereof  stays  in  the  mother  liquor  during 
the  optical  resolution,  and  therefore,  in  order  to  30 
obtain  L-isomer  with  high  optical  purity,  the 
cumbersome  operations  are  inevitable,  and  it 
results  in  undesirably  low  yield.  Additionally, 
natural  l-cinchonidine  used  as  the  resolving  agent 
is  a  relatively  expensive  and  not  readily  available  35 
material  on  a  commercial  scale. 

In  GB  —  A—  1  159  304  a  process  for  the  pre- 
paration  of  an  optically  active  a-aminolactam 
from  a  mixture  of  D-  and  L-isomers  is  disclosed. 
This  is  done  by  reacting  a-aminolactam  with  40 
optically  active  pyrolidoncarboxylic  acid  to  form  a 
precipitate.  But  pyrolidoncarboxyiic  acid  is  totally 
different  from  an  acetylindoline-2-carboxylic  acid 
in  a  lot  of  view. 

45 
Brief  summary  of  the  invention 

An  object  of  this  invention  is  to  provide  a 
resolving  agent  for  N-acetylindoline-2-carboxylic 
acid. 

Another  object  of  this  invention  is  to  provide  a  so 
resolving  agent  for  N-acetylindoline-2-carboxylic 
acid  wherein  N-acetyl-L-indoline-2-carboxylic 
acid  is  obtained  as  a  crystalline  salt. 

A  further  object  of  this  invention  is  to  provide  a 
resolving  agent  which  gives  an  optically  active  N-  55 
acetylindoline-2-carboxylic  acid  in  both  high  yield 
and  high  optical  purity. 

Still  another  object  of  this  invention  is  to  pro- 
vide  a  resolving  agent  which  is  not  expensive  and 
is  readily  available  on  a  commercial  scale.  60 

Other  important  object  of  this  invention  is  to 
provide  an  industrial  efficient  method  for  prepar- 
ing  an  optically  active  N-acetylindoline-2-car- 
boxylic  acid  with  simple  operations.  These  and 
other  objects  of  the  invention  will  become  more  65 
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tion,  the  second  salt  was  crystallized,  filtered, 
washed  and  dried.  It  weighed  3.35  g  and  corre- 
sponded  to  a  yield  of  10.3%  based  on  N-acetylin- 
doline-2-carboxylic  acid.  The  salt  was  suspended 

5  in  1  N  aqueous  hydrochloric  acid  and  filtered  to 
yield  1.90  g  of  N-acetyl-L-indoline-2-carboxylic 
acid; 

[a]  25=  _  135.7°  (C=1  in  ethanol). 
The  total  amount  of  N-acetyl-L-indoline-2-car- 

10  boxylic  acid  was  suspended  in  50  ml  of  2  N 
aqueous  hydrochloric  acid,  followed  by  refluxing 
for  3  hours.  It  was  cooled  to  room  temperature, 
neutralized  with  25%  sodium  hydroxide  solution 
and  filtered,  to  yield  6.20  g  of  L-indoline-2-car- 

15  boxylic  acid; 
[a]J5=-116.5°  (c=1  in  2  N  hydrochloric  acid). 

Example  2 
To  the  suspension  of  20.0  g  of  N-acetylindolme- 

20  2-carboxylic  acid  and  6.24  g  of  L-a-amino-e-cap- 
rolactam  in  60  ml  of  water  was  added  2.76  g  of 
concentrated  ammonium  hydroxide  solution  and 
warmed  until  a  solution  was  formed.  The  solution 
was  cooled  to  43°C  and  seeded  with  0.01  g  of  N- 

25  acetyl-L-indoline-2-carboxylic  acid  •  L-a-amino-s- 
caprolactam  salt. 

It  was  cooled  to  15°C  over  a  2  hours  period  and 
the  stirring  continued  for  additional  30  minutes  at 
15°C.  The  precipitated  salt  was  filtered,  weighed 

30  9.58  g  and  corresponded  to  a  yield  of  29.5% 
based  on  N-acetylindoline-2-carboxylic  acid.  The 
first  salt  was  then  suspended  in  96  ml  of  1  N 
aqueous  hydrochloric  acid.  The  precipitate  was 
filtered,  washed  with  water  and  dried  to  yield  5.43 

35  g  of  N-acetyl-L-indoline-2-carboxylic  acid; 
[a]J5=-136.1°C  (c=1  in  ethanol). 
The  mother  liquor  from  the  above  first  crystalli- 

zation  was  evaporated  to  47.0  g,  then  seeded  and 
cooled,  according  to  the  method  of  the  first 

40  crystallization.  The  precipitated  salt  was  filtered, 
washed  with  cold  water  and  dried.  The  weight  of 
the  second  salt  was  2.31  g  corresponding  to  a 
yield  of  7.1%  based  on  N-acetylindoline-2-car- 
boxylic  acid.  It  was  treated  with  1  N  aqueous 

45  hydrochloric  acid  to  yield  1.31  g  of  N-acetyl-L- 
indoline-2-carboxylic  acid; 

[a]25=-i34.6°  (c=1  in  ethanol). 
The  total  N-acetyl-L-indoline-2-carboxylic  acid 

weighed  6.74  g  was  refluxed  in  40  ml  of  2  N 
so  aqueous  hydrochloric  acid  for  3  hours.  After 

cooling  to  room  temperature,  a  solution  was 
neutralized  with  25%  sodium  hydroxide  solution, 
the  resulting  precipitate  collected,  washed  with 
water  and  dried,  to  yield  4.93  g  of  L-indoline-2- 

55  carboxylic  acid; 
[a]|5=  -116.0°  (c=1  in  2  N  hydrochloric  acid). 

Example  3 
The  mixture  of  10.0  g  of  N-acetylindoline-2- 

60  carboxylic  acid  and  3.12  g  of  L-a-amino-e-capro- 
lactam  in  320  ml  of  ethanol  was  warmed  until  a 
clear  solution  was  obtained.  After  cooling  to  50°C, 
0.01  g  of  N-acetyl-L-indoline-2-carboxylic  acid  •  L- 
a-amino-e-caprolactam  salt  was  seeded. 

65  The  stirred  mixture  was  cooled  to  25°C  over  the 

decreased.  Namely,  when  the  resolving  agent  is 
used  at  a  ratio  of  less  than  1  .0  mole,  preferably  0.5 
to  0.9  mole  based  on  one  mole  of  N-acetylin- 
doline-2-carboxylic  acid,  bases  can  be  used  at  a 
suitable  ratio,  preferably  of  0.5  to  0.1  mole.  Bases 
used  in  this  invention  can  dissolve  the  N-acetylin- 
doline-2-carboxylic  acid  which  do  not  form  salt 
with  a-amino-e-caprolactam  in  water.  Repre- 
sentative  examples  of  the  base  are  sodium 
hydroxide,  potassium  hydroxide  and  ammonia. 
Preferably  ammonia  may  be  used. 

The  reactions  of  the  resolving  agent  with  N- 
acetylindoline-2-carboxylic  acid  in  this  invention 
are  carried  out  according  to  the  following  stan- 
dard  methods.  N-acetylindoline-2-carboxylic  acid 
and  the  resolving  agent  are  separately  dissolved 
in  each  inert  solvent  and  then  both  solutions  are 
mixed.  As  another  method,  both  compounds  are 
dissolved  by  turns  in  the  inert  solvent.  As  the 
other  method,  the  salt  which  are  formed  in 
advance  between  N-acetylindoline-2-carboxylic 
acid  and  the  resolving  agent  is  dissolved  in  the 
inert  solvent. 

The  resulting  solution  is  cooled  or  concentrated 
and  diastereomeric  salts  are  separated.  This  frac- 
tional  crystallization  is  run  at  the  temperature 
between  the  freezing  point  and  the  boiling  point 
of  the  solvent  used,  preferably  0°C  to  80°C. 

The  resulting  diastereomeric  salts  can  be  con- 
verted  into  the  free  compounds,  by  liberating  the 
latter  with  stronger  acids  or  bases.  Thus  liberated 
optically  active  N-acetylindoline-2-carboxylic  acid 
can  be  converted  into  the  corresponding  optically 
active  indoline-2-carboxylic  acid  according  to 
conventional  methods,  e.g.,  by  hydrolyzing  with 
aqueous  hydrochloric  acid.  The  resulting  L- 
indoline-2-carboxylic  acid  can  be  converted  to  1- 
carboxylalkanoyl-L-indoline-2-carboxylic  acid 
which  is  antihypertensive  agent. 

The  invention  will  be  more  clearly  understood 
with  reference  to  the  following  Examples. 

Example  1 
20.0  g  of  N-acetylindoline-2-carboxylic  acid  and 

12.5  g  of  L-a-amino-e-caprolactam  were  dissolved 
in  136  ml  of  hot  water.  A  solution  was  cooled  to 
45°C  and  seeded  with  0.01  g  of  N-acetyl-L- 
indoline-2-carboxylic  acid  •  L-a-amino-s-caproiac- 
tam  salt.  The  stirred  mixture  was  further  cooled  to 
15°C  over  the  period  of  2  hours  and  the  stirring 
continued  at  15°C  for  additional  30  minutes. 

The  white  precipitate  was  filtered,  washed  with 
cold  water  and  dried.  The  first  salt  weighed  1  1.6  g 
and  corresponded  to  a  yield  of  35.7%  based  on  N- 
acetylindoline-2-carboxylic  acid.  The  salt  was  sus- 
pended  in  116  ml  of  1  N  aqueous  hydrochloric 
acid  and  the  resulting  precipitate  was  filtered, 
washed  with  water  and  dried,  to  yield  6.57  g  of  N- 
acetyl-L-indoline-2-carboxylicacid; 

[a]|5=-135.6°(c=1  in  ethanol). 
The  mother  liquor  from  the  above  first  crystalli- 

zation  was  evaporated  to  71.4  g,  then  seeded  at 
48°C  with  0.01  g  of  N-acetyl-L-indoline-2-carboxy- 
lic  acid  •  L-a-amino-e-caprolactam  salt. 

According  to  the  method  of  the  first  crystalliza- 
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[a]  as=  -102.8°  (c=1  in  2  N  hydrochloric  acid). 

Claims 

1.  The  use  of  a-amino-s-caprolactam  as  a  resolv- 
ing  agent  for  N-acetylindoline-2-carboxylic  acid. 

2.  A  method  for  preparing  optically  active  N- 
acetylindoline-2-carboxylic  acid  which  comprises 
optically  resolving  the  mixture  of  L-isomer  and  D- 
isomer  of  N-acetylindoline-2-carboxylic  acid  in  an 
inert  solvent  selected  from  the  group  consisting  of 
water  and  alcohol  to  obtain  L-isomer  as  a  precipi- 
tated  salt  with  using  L-isomer  of  a-amino-e-cap- 
rolactam  and  D-isomer  as  a  precipitated  salt  with 
using  D-isomer  of  a-amino-e-caprolactam. 

3.  A  method  according  to  claim  2,  in  which  said 
inert  solvent  is  water. 

4.  A  method  according  to  claim  3,  in  which  said 
resolution  is  carried  out  in  the  presence  of 
ammonia. 

5.  A  method  according  to  claim  4,  in  which  said 
optically  active  a-amino-e-caprolactam  is  used  in  a 
ratio  of  0.5  to  0.9  mole  and  said  ammonia  in  a  ratio 
of  0.5  to  0.1  mole  based  on  one  mole  of  N- 
acetylindoline-2-carboxylic  acid. 

Patentanspriiche 

1.  Verwendung  von  a-Amino-e-caprolactam  als 
Auflosungsmittel  fur  N-Acetylindolin-2-carboxyl- 
saure. 

2.  Verfahren  zur  Herstellung  von  optisch  aktiver 
N-Acetylindolin-2-carboxylsaure,  das  die  optische 
Auflosung  der  Mischung  des  L-lsomers  und  des  D- 
Isomers  von  N-Acetylindolin-2-carboxylsaure  in 
einem  inerten  Ldsungsmittel  umfalSt,  das  aus  der 
Gruppe  ausgewahlt  ist,  die  aus  Wasser  und  Alko- 
hol  besteht,  um  unter  Verwendung  des  L-lsomers 
von  a-Amino-s-caprolactam  das  L-lsomer  als  aus- 
gefalltes  Salz  und  unter  Verwendung  des  D- 
Isomers  von  a-Amino-e-caprolactam  das  D-lso- 
mer  als  ausgefalltes  Salz  zu  erhalten. 

3.  Verfahren  nach  Anspruch  2,  worin  das  inerte 
Ldsungsmittel  Wasser  ist. 

4.  Verfahren  nach  Anspruch  3,  worin  die  Auflo- 
sung  in  Gegenwart  von  Ammoniak  durchgefiihrt 
wird. 

5.  Verfahren  nach  Anspruch  4,  worin,  bezogen 
auf  ein  Mol  N-Acetylindolin-2-carboxylsaure,  das 
optisch  aktive  a-Amino-e-caprolactam  in  einem 
Verhaltnis  von  0,5  bis  0,9  Mol  und  der  Ammoniak 
in  einem  Verhaltnis  von  0,5  bis  0,1  Mol  verwendet 
werden. 

Revendications 

1.  Emploi  d'a-amino-e-caprolactame  comme 
agent  de  dedoublement  pour  i'acide  N-acetylindo- 
line-2-carboxylique. 

2.  Procede  de  preparation  d'acide  N-acetyiindo- 
line-2-carboxylique  optiquement  actif  qui  com- 
prend  le  dedoublement  optique  du  melange  de 
i'isomere  L  et  de  I'isomere  D  de  I'acide  N-acetylin- 
doline-2-carboxylique  dans  un  solvant  inerte 
choisi  dans  le  groupe  constitue  par  de  I'eau  et  un 

period  of  2  hours.  The  precipitated  salt  was 
filtered,  washed  with  cold  ethanol  and  dried.  It 
weighed  4.71  g  and  corresponded  to  a  yield  of 
29.0%  based  on  N-acetylindoline-2-carboxylic 
acid.  The  salt  was  suspended  in  30  ml  of  1N  5 
aqueous  hydrochloric  acid  and  then  the  precipitate 
was  filtered,  washed  with  water  and  dried,  to  yield 
2.61  g  of  N-acetyl-L-indoline-2-carboxylic  acid; 

[a]g5=-121.9°  (c=1  in  ethanol). 
The  suspension  of  the  precipitate  in  15  ml  of  2  N  w 

aqueous  hydrochloric  acid  was  refluxed  for  3 
hours.  It  was  cooled  to  the  room  temperature  and 
neutralized  with  25%  sodium  hydroxide  solution. 
The  crystalline  precipitate  was  filtered,  washed 
with  water  and  dried  to  yield  2.00  g  of  L-indoline-2-  w 
carboxylic  acid; 

[a]£5=-94.4°  (c=1  in  2  N  hydrochloric  acid). 

Example  4 
10.0  g  of  N-acetylindoline-2-carboxylic  acid  and  20 

6.25  g  of  L-a-amino-e-caprolactam  were  dissolved 
in  700  ml  of  hot  ethanol.  After  cooling  to  50°C,  0.01 
g  of  N-acetyl-L-indoline-2-carboxylic  acid  •  L-a- 
amino-e-caprolactam  salt  was  seeded.  The  stirred 
mixture  was  cooled  to  25°C  over  the  period  of  2  25 
hours.  The  white  precipitate  was  filtered,  washed 
with  cold  ethanol  and  dried.  It  weighed  7.64  g  and 
corresponded  to  a  yield  of  47.0%  based  on  N- 
acetylindoline-2-carboxylic  acid.  The  salt  was  sus- 
pended  in  50  ml  of  1  N  aqueous  hydrochloric  acid  30 
and  the  resulting  precipitate  was  filtered,  washed 
and  dried  to  give  4.23  g  of  N-acetyl-L-indoline-2- 
carboxylic  acid; 

[a]|s=-65.5°  (c=1  in  ethanol). 
The  suspension  of  the  precipitate  in  25  ml  of  2  N  35 

aqueous  hydrochloric  acid  was  refluxed  for  3 
hours.  The  solution  was  cooled  to  room  tempera- 
ture  and  neutralized  with  25%  sodium  hydroxide 
solution,  the  resulting  precipitate  filtered,  washed 
with  water  and  dried,  to  give  3.10  g  of  L-indoline-2-  40 
carboxylic  acid; 

[a]|5=-57.3°  (c=1  in  2  N  hydrochloric  acid). 

Example  5 
10.0  g  of  N-acetylindoline-2-carboxylic  acid  (D:L  45 

ratio=33:67)  and  4.20  g  of  L-a-amino-e-caprolac- 
tam  were  dissolved  in  540  mi  of  hot  ethanol.  A 
solution  was  cooled  to  50°C  and  seeded  with  0.01  g 
of  N-acetyl-L-indoline-2-carboxylic  acid  •  L-a- 
amino-e-caprolactam  salt.  It  was  cooled  to  25°C  so 
over  the  period  of  2  hours  and  the  white  precipi- 
tated  salt  was  filtered,  washed  with  cold  ethanol 
and  dried.  The  salt  weighed  7.59  g  was  suspended 
in  50  ml  of  1  N  aqueous  hydrochloric  acid  and  the 
resulting  precipitate  was  filtered,  washed  with  55 
water  and  dried,  to  yield  4.20  g  of  N-acetyl-L- 
indoline-2-carboxylic  acid; 

[a]D25=-130.6°  (c=1  in  ethanol). 
The  precipitate  was  suspended  in  21  ml  of  2  N 

aqueous  hydrochloric  acid,  followed  by  refluxing  60 
for  3  hours.  The  solution  was  cooled  to  room 
temperature  and  neutralized  with  25%  sodium 
hydroxide  solution,  the  resulting  precipitated  crys- 
talline  was  filtered,  washed  with  water  and  dried  to 
give  3.07  of  L-indoline-2-carboxylic  acid;  65 
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on  met  en  oeuvre  le  dedoublement  en  presence 
d'ammoniaque. 

5.  Procede  selon  la  revendication  4,  dans  lequel 
on  utilise  I'a-amino-s-caprolactame  optiquement 
actif  en  un  rapport  de  0,5  a  0,9  mole  et  I'ammonia- 
que  en  un  rapport  de  0,5  a  0,1  mole  pour  une 
mole  d'acide  N-acetylindoline-2-carboxylique. 

alcool  pour  obtenir  I'isomere  L  sous  forme  d'un 
sel  ayant  precipite  en  utilisant  I'isomere  L  de  I'a- 
amino-s-caprolactame  et  I'isomere  D  sous  forme 
d'un  sel  ayant  precipite  en  utilisant  I'isomere  D  de 
I'a-amino-e-caprolactame. 

3.  Procede  selon  la  revendication  2,  dans  lequel 
le  solvant  inerte  est  I'eau. 

4.  Procede  selon  la  revendication  3,  dans  lequel 
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