
2058060 - 1 - HETEROCYCLIC COMPOUNDS    - 2 - This invention relates to
heterocyclic compounds, more particularly to 2,3-dihydro-lH-indole
derivativesto processes for preparing them, intermediates used in such
processes and pharmaceutical compositions containing them. 5       In
pharmacological research on hypertension, recent attention has focused on
the study of the renin-angiotensin- aldosterone system, and, in particular,
on the development of an effective anti-hypertensive agent which would,
theoretically, achieve its result by inhibiting the action of angiotensin
10  converting enzyme in converting antiogensin I to angiotensin II.  The
inhibition of the production of angiotensin II became important because of
the discoveries    that angiotensin II is the most potent presser agent
(vasoconstrictor) present in the mammalian body and, in addition,
stimulates the adrenal cortex 15  to release aldosterone, thereby causing
excessive sodium retention and fluid retention, contributing further to the
hypertensive stats. Thus, inhibiting the conversion of angiotensin I to
angiotensin II is believed to work directly on the primary biochemical
mechanisms creating increased 20  blood pressure.  For a description of the
mechanisms and of the mammalian renal-angiotensin-aldosterone system, see
Hypertension, Genest et al., ed., Chapters 6.1,6.2, 7.1,7.2 and 7.3 (McGraw
Hill, 1977) and John H. Laragh, "The Renin System in High Blood Pressure,
From Disbelief to Reality: 25  Converting-Enzyme Blockade for Analysis and
Treatment", Prog. 



in Cardio. Vasc. Disease, XXI, No.3 159-166 (November, 1978). An extensive
list of angiotensin converting enzyme inhibitors is set forth in Suzanne
Oparil's article entitled "Angiotensin I Converting Enzyme and Inhibitors"
in Genest et 30  al., supra, Chapter 6.3, at pp. 159-161.  These inhibitors
are summarized in Table I, p. 161, thereof and include chelating agents,
sulfonylating agents, heavy metal ions, sulfhydryl binding reagents, and
various peptides. The polypeptides described therein as angiotensin
converting 35  enzyme inhibitors include hormones,, such as bradykinin;
products of substrate digestion such as His-Leu, Phe-Arg, and Arg-Pro-Pro;
and various snake venom polypeptide extracts.    -  3 - Two of the most
potent and most studied inhibitors are the Bothrops Jararaca snake venom
extract, the pentapeptide (Pyr-Lys-Trp-Ala-Pro), also referred to as [err],
and the nonapeptide (Pyr-Trp-Pro-Arg-Pro-Gin-Ile-Pro-Pro), also 5 referred
to as [err] (BPP stands for Bradykinin Potentiating Peptide).  [err]has
been shown to be. an effective anti- hypertensive agent in clinical studies
on humans with certain forms of hypertension.  However, [err]  is not
orally active as an anti-hypertensive agent.  For a summary of the clinical
10 aspects of [err] see Genest et al., supra, Chapter 6.3, pp. 163-4. More
recently, a series of proline derivatives has been found to be
significantly more potent as inhibitors of angio- tensin converting enzyme
and as anti-hypertensive agents than 15 [err]  Of these praline
derivatives, D-3-mercapto-2-methylpro- panoyl-L-proline has been reported
to be the most effective, in- 



cluding being effective when administered orally. These praline and
mercaptoproline derivatives and various pharmaco- logical test results
thereon are described in Cushman et al., 20 "Design of New
Anti-hypertensive Drugs:  Potent and Specific Inhibitors of Angiotensin
Converting Enzyme", Prog. in Cardio. Diseases, Vol. XXI, No.3 (Nov/Dec.,
1978), and in United States Patent Nos. 4,046,889 and 4,105,776, both to
Ondetti and Cushman. 25       This invention provides
N-(3-mercapto-2-alkyl-1-oxopropyl)- 2,3-dihydro-lH-indole-2-ca boxylic
acids and derivatives thereof having the formula: [err]    - 4 - wherein: n
is 1 or 0; R1is hydrogen, lower alkyl, aryl, or aralkyl; [err] is hydrogen
or lower alkyl; 5      [err]is. hydrogen, lower alkyl or aroyl; R5 is
hydroxy, amino, or lower alkoxy; X is hydrogen, hydroxy, lower alkyl, lower
alkoxy, or halogen; Y is hydrogen, lower alkyl, or aryl; [err] wherein L is
0, [err] or S (where [err] is hydrogen or lower alkyl); M is [err] or [err]
(where [err] is 15                       hydrogen, lower alkyl, aryl, or
aralkyl; and [err] and [err] are, independently, hydrogen, 



lower alkyl, or aryl); A is 0, NR13 or S; [err] and [err] are,
independently, hydrogen, alkyl, 20            aralkyl or aryl; R13 is
hydrogen or lower alkyl; m is 0, 1,2, or 3; R20 is hydrogen or aryl; and
R21 is hydroxy or lower alkoxy; 25 or pharmaceutically acceptable salts
thereof. This invention also provides 1H, 3H-[1,4]thiazepino- [4,3-a]
indoles and 1-H-[1,4]thiazino[4,3-a] indoles having the formula:    - 5 -
[err] where n, [err], X, and Y are the same as defined for Formula Ia. The
compounds of formula Ia and II (and disulphides of formula Ia) form a
single class of compounds represented by 5 the generic formula [err]
wherein X,Y,[err] and n are as defined above the dotted line represents an
optional bond, with the proviso that when the bond is present then T
represents S and [err] and R5 are absent and when the bond is absent T
represents [err] 10 or S and R24 and R5 are present, [err] is as defined
above [err] is                     and when T is [err] also represent   



- 6 - [err]   and when T is S, [err] also represents [err] wherein [err] ,
n and m are as defined above, and salts thereof. The compounds of Formulae
Ia and II (and disulfides of Ia) 5   act as inhibitors of angiotensin
converting enzyme and are useful as agents for the treatment of
hypertension and for the study of the renin-angiotensin-aldosterons system
of warm-blooded animals. Also within the scope of the. invention are
methods of treatment of hypertension utilizing the 10   compounds of the
invention, processes for the preparation of the compounds, and intermediate
compounds. As used herein, "lower alkyl" and "lower alkoxy" refer to groups
having up to 4 carbon atoms. "Aryl" refers to phenyl or phenyl substituted
by a halogen, lower alkyl, or 15   lower alkoxy group.  "Aralkyl" refers to
benzyl or benzyl substituted as above for phenyl.  "Aroyl" refers to
benzoyl or benzoyl substituted as above for phenyl. Halogen refers to
chlorine, bromine and fluorine. A preferred group (Ic) of compounds of
formula Ia are 20 those in which [err] is hydrogen or lower alkyl; and R is
-SH or [err]  Wherein L is 0, [err] or S (where [err] is hydrogen or lower
alkyl); and M is [err] or [err] (where [err] is hydrogen,    - 7 - lower
alkyl, aryl or aralkyl; and [err] and [err]   are, 



independently, hydrogen, lower alkyl,. or aryl). Another preferred group
(ID) of compounds of Formula I are those in which R  is [err] 5
[err] wherein m is 0,1,2 or 3; R13 is hydrogen or lower alkyl; R20 is
hydrogen or aryl; and 10        R   is hydroxy or lower alkoxy. Preferred
compounds of the latter group (ID) are those in which m is 2, R13 is
hydrogen, R20 is phenyl and R   is ethoxy, or hydroxy. Further preferred
compounds of Formula I include those 15   in which Y is hydrogen, lower
alkyl, or aryl; R1 is hydrogen or lower alkyl; [err] is thiol or
arylcarbonylthio; n is 1; n is 1 and R2 and R3 are hydrogen; n is 0 and R2
is hydrogen; and R5 is hydroxy.  Particularly preferred compounds of
Formula I include those in which X is hydrogen; Y is hydrogen; 20   R1 is
lower alkyl; R4 is thiol or benzoylthio; n is 1, R is lower alkyl, and R2
and R3are hydrogen; and n is 0, [err]  is lower alkyl, and R  is hydrogen.
A particularly preferred compound of Formula I is the compound of Example
40 (Formula Ia, X and Y = hydrogen, 25   [err] =OH, [err] is methyl,[err]
and [err]  are hydrogen, n is 1, [err] is SH and having S,S configuration
of chiral centres). A preferred g-oup of compounds of Formula II are those
in which R  is hydrogen or lower alkyl.  Further preferred compounds of
Formula II include those in which Y is 30   hydrogen, lower alkyl, or aryl;
R1 is hydrogen or lower alkyl; n is 1; n is 1 and [err]  and [err] are
hydrogen; and n is 0 and R  is hydrogen.  Particularly preferred compounds
of Formula II include those in which X is hydrogen; Y is 



hydrogen; [err] is lower alkyl; n is 1, [err] is lower alkyl, and 35
[err] and [err]  are hydrogen; and n is 0, R  is lower alkyl, and    -8- R
is hydrogen. Where either Y or R3 of Formula I or II is other than
hydrogen, the carbon atom to which it is attached is an asymmetric carbon
atom.  Similarly, where R  and R2 are 5    different, the carbon atom to
which they are attached is an asymmetric carbon atom.  Additionally, the
carbon atom designated 2 in Formula Ia and the carbon atom designated 11a
in Formula IIa below and the carbon atom designated 10a in Formula IIb
below are asymmetric. [err] 10   Where [err] is [err] the carbon atom to
which the -COR21 group is attached is asymmetric. Thus, the compounds of
the invention (including intermediate compounds) exist in stereoisomeric
forms or in racemic mixtures thereof, all of which are within the scope of
the invention. 15         In the Examples (vide infra) compounds of formula
I are. exemplified chiral wherein carbon atoms carrying [err] and [err]
have the S,S; SR; R;S and R.,R configurations respectively. The following
compounds of Formula IIa are preferred: The compounds in which X, Y, [err]
and [err]  are hydrogen and R 20   is methyl, which is 11,
11a-dihydro-4-methyl-1H,3H-[1,4]- thiazepino[4,3-a]indole; and the compound
in which X, Y, [err], R  and R  are hydrogen, which is
11,11a-dihydro-1H,3H[1,4]- thiazepino[4,3-a]indole. The following compounds
of formula IIb are preferred:  



- 9 - The compound in which X, Y, and R  are hydrogen and R  is methyl,
which is 10,10a-dihydro-3-methyl-1H-[1,4]thiazino- [4,3-a]indole; and the
compound in which X, Y, R1, and R2 are hydrogen, which is
10,10a-dihydro-lH-[1,4]thiazino[4,3-a] 5 indole. Also within the scope of
the invention are the inter- mediate compounds of the formula: [err]
wherein: R  is hydrogen, lower alkyl, aryl, or aralkyl; 10       R15 is
hydrogen or lower alkyl; X is hydrogen, hydroxy, lower alkyl, lower alkoxy,
or halogen; Y is hydrogen, lower alkyl, or aryl; and Z is a carboxylic acid
protecting group; *   15  or salts thereof. Further within the scope of the
invention are the intermediate compounds of the formula: [err]    - 10 -
wherein: R  is hydrogen, lower alkyl, aryl, or aralkyl; [err] is hydrogen
or lower alkyl; [err] is hydroxy, amino, or lower alkoxy; 5         X is
hydrogen, hydroxy, lower alkyl, lower alkoxy, or halogen;. 



and Y is hydrogen, lower alkyl, or aryl; or salts thereof. Further
intermediates within the scope of the 10    invention are those formed by
the reaction of the reactants of the Formula VII with the starting
materials III, which are represented by the formula: [err] wherein n, X, Y,
[err], and [err] are as previously defined; R3 is 15   hydrogen, lower
alkyl, or aroyl; [err] is [err] or OZ (where [err] and Z are as previously
defined); and W is Br, Cl, I, or tosyloxy.R3 is preferably hydrogen or
lower alkyl. Also included in the scope of the invention are the dimers
(disulfides) of the compounds of Formula Ia in which 20   [err] is -SH.
These compounds may be formed during the synthesis of the.parent mercapto
compound or may be made from the mercaptan by known methods.    This
invention also provides processes for preparing the compounds of this
invention.  Compounds of formula I and salts thereof may be prepared by the
following processes a)   reacting a compound of formula [err] 5
wherein X,Y,[err] and [err] are as defined above, R15 is hydrogen or lower
alkyl, with a compound of formula R4-H followed by deprotection when [err]
is [err] where [err] is [err]  wherein L and M are as defined above 10
to give a compound of formula I wherein  T is S and R24 



is    [err] n is 1, and [err] is hydrogen and R  is. hydrogen or lower
alkyl;. or b)   reacting a compound of formula: [err] wherein n, X, Y,[err]
and [err] are as defined above,W 15        is chlorine, bromine  iodine
or tosyloxy and R is    as defined above or OZ where Z is a carboxy
protecting group, with a compound of formula    -12- wherein [err] is [err]
wherein L and M are as defined above, and removing the protecting group Z
when presentto give a compound of formula I wherein T is S and R   is 5
or   c)   acylating a compound of formula III [err] wherein X and Y are as
defined above and [err] is as defined above excluding hydroxy with a
compound of formula: [err] or a reactive derivative thereof (such as an
acid or anhydride) 10    wherein n,[err] and [err] are as defined above and
R26 is L [err]   wherein L and M are as defined above, or R   is a thiol
protecting group, and removing the protecting groups when present, to give
a compound of formula I wherein T is S and R   is    L       or hydrogen,
-C-M .15    or    d)   subjecting a compound of formula [err]  



wherein n,[err] X and Y are as defined above R14 is R as defined above or
OZ where Z is a protecting group and R26 is a thiol protecting group or to
ammonolysis and/or hydrolysis or other 5       conditions known for the
removal of R26,and Z when present,to give a compound of formula I wherein T
is S and R24 is hydrogen; or      e) reacting a compound.of formul.a [err]
wherein n, [err],X and Y are as defined above, 10        R14is amino,.lower
alkyl or OZ wherein Z is a protecting group and [err]  is OH or [err] where
R   is as defined    above with a compound of formula [err] [err] wherein
[err] and [err] are as defined in Claim 1 excluding 15        hydrogen; or
[err] and/or [err] represent groups that can be converted to hydrogen by
catalytic hydrogenolysis;if necessary followed by catalytic hydrogenolysis
and/or deprotection to remove Z; to give a corresponding compound of
formula I wherein T is O or NR13 and R24 [err]    - 14 -      - or f)
reacting a compound of formula VIII as defined hereinbefore with a compound
of formula HSPO(0R11)(0R 2)               (XIII) wherein R11 and R12 are as
defined herein, to 5           give a corresponding compound of formula I
wherein 



T is S and [err] is [err] and removing the protecting group Z when present;
and if required converting [err] and/or [err] to hydrogen by catalytic
hydrogenolysis; 10   or g)   reacting a compound of formula (XXI) [err]
wherein n, X, Y, [err] and [err]  are as defined above and [err]  is [err]
as defined above or OZ wherein Z is a carboxy protecting group; with (i) a
compound of formula: [err] or (ii) a compound of formula: [err]
(XVI)    - 15 - under reductive alkylation conditions; in which formulae
[err] and m are as defined above and hal represents bromine, chlorine or
iodine; followed by removal of Z when present, to give a compound of
formula I 5          wherein T represents NR13 and R24 is [err] or h)
oxidising (e.g. using iodine) a compound of formula I wherein  R24 is -H to
give a disulphide 10          compound of formula I wherein R   is [err] or
i)   cyclising (A).a compound of formula [err] wherein n, X, Y, [err] and
[err] are as defined above and 



one of a and b represents 0 while the other one of a 15        and b
represents 1 or a reactive derivative thereof,    - 16 - or (B) a compound
of formula XXI I I C OR27 or a salt thereof wherein X and.Y are as defined
above and R27 is a group having the formula -CR 1R2-(CHR3)-R28 or 5
[err] where n, [err] and [err] are as defined above, R15 is hydrogen or
lower alkyl, and [err] is a leaving group or atom; to. give a corresponding
compound of formula I wherein T is S andthe dotted line is a single bond;
10                or j) acylating a compound of formula III is defined
above with a compound of formula: [err] wherein n is 1, [err] and [err] are
as defined above and removing.the protecting group Z when present to give a
corresponding.compound of formula I wherein T is S 15        and R24 is
hydrogen; or k) reacting a compound of formula I wherein at least one of
R11 and R12 is trichloroethyl with an alkanol or aralkanolin the presence
of CsF to give a    - 17 - 



compound of formula I wherein at least one of R and R12 is alkyl or
aralkyl; or 1)  converting an acidic compound of formula I to a salt with
an inorganic or organic base, 5       or m)  neutralising a salt of a
compound of formula I with an insoluble acid to give the free.acid form of
the compound of formula I. With reference to process (a) above the thio
acid or thiol of formula R- H is coupled to the side chain of the inter- 10
mediate compound of formula (Va).  This reaction may be effected in an
inert organic solvent such as methylene chloride. Preferred R4 groups are
arylcarbonylthio, especially benzoylthio, and lower alkylcarbonylthio, e.g.
acetylthio. 15 With reference to process (b)  above the thio acid or thiol
of formula R  -H is coupled to the intermediate of.formula (VIII).
Preferably W represents bromine.  This reaction may be effected in an inert
solvent e.g. methylene chloride, THF or dioxane, preferably in the presence
of base, eg. an 20 alkali metal carbonate such as K2CO3..  Methods for
effecting processes (a) and (b) are described in US Patent No.4,105,776
cited above. In process c) acylation using an acid of formula XVIII may be
effected in the.presence of a coupling agent, e.g.
dicyclohexylcarbodiimide.  Reactive derivatives 25 of the acid may be used
to effect acylation, such as an acid halide, e.g. chloride or an anhydride.
Protecting.groups useful as R26 include p-methoxybenzyl, 2-pyranyl and
acetamidomethyl.. Removal of such groups by known methods after the
acylation gives compounds of formula I wherein 30 R24 is hydrogen.  Methbds
for effecting process c) and deprotection are also described in US Patent
No. 4,105,776 and references cited therein.  Similarly in process d) when
R26 



is a protecting group as described above, it can be removed by known
deprotection procedures.  When [err] is [err]  then    ammonolysis, e.g.
using methanolic ammonia solution followed by acidification, or hydrolysis
e.g. using an alkali metal hydroxide followed by acidification gives a
compound of formula I where R24 is hydrogen. 5          Preferably L is 0
and M is aryl, e.g. phenyl. The following flow diagram shows a preferred
general method of preparation of the compounds of the invention in which n
is 1, [err] is hydrogen, and R is hydroxy, which utilizes processes a),b)
and  d)above. 10                                  Chart I [err]    - 19 -.
[err] where X, Y, [err], and [err] are as defined above and Z is a
carboxylic acid protecting group (including a lower alkyl group). The
preparation of the starting material (IIIa) is .5  described by Corey et
al., J. Am. Chem. Soc., 92, 2476-2488 (1970).  The desired X and Y
substituents may be obtained on starting material III in a manner known to
those skilled in the art. The compounds of the invention in which [err] is
an amino 10   group may be obtained from the appropriately substituted
2,3-dihydro indole, 2-carboxylic acid or ester in a known 



manner. Where the starting material III then represents the amide or where
the carboxylic acid protecting group (Z) is the desired lower alkyl group,
the deprotection step. 15   (B) is not required.  In such cases, [err] is
as desired in the end product. In step A of Chart I, the protected compound
IIIa is reacted with an acryloyl of the formula [err] wherein R  and R15
are as defined above and [err] is an 20   activated carboxyl group such as
an acyl halide, an active ester, or mixed anhydride.  The acyl halide group
is preferred. This reaction is run in an inert organic solvent, such as
ether or methylene chloride, in the presence of an acid scavenger, such as
triethylamine,. where an acid is formed 25   durin g the reaction.    -20-
Alternatively, in step A a substituted alkyl acyl compound of the. formula
[err] wherein n, [err] and [err] are as previously defined, may be reacted
with the starting material (IIIa). In this procedure, 5 the carboxylic acid
group need not be protected, and step B may, therefore, be eliminated.  Use
of this route (i.e. utilizing reactant VII in step A) allows the
preparation of all the compounds of the invention with respect to n, [err]
and R3. ("hal" is chlorine, bromine or iodine in formula VII). 10       The
carboxylic acid protecting group may be chosen from any known carboxylic
acid protecting, for example, methyl, ethyl, and t-butyl esters and various
amide groups.  Various carboxylic acid protecting groups and their use as
described in McOmie, ed., Protective Groups in Organic Chemistry, 



Chapter 5(Plenum Press, 1973).  An appropriate protective group should be
selected on the basis that (1) the reagent by which it is introduced does
not react with another part of the molecule; (2) protective group does not
interfere with subsequent reactions; and (3) the process by which it is 20
removed does not affect other portions of the molecule. In step B of Chart
I, the carboxyl group is deprotected. For removal of an alkyl protecting
group by hydrolysis treatment of the intermediate IV, first, with an
aqueous dimethylsulfoxide-potassium hydroxide solution, followed by 25
treatment with a dilute mineral acid, such as hydrochloric or sulfuric
acid, is a convenient method.  Other methods for deprotecting carboxylic
acid groups are described in the literature, e.g. in McOmie, Id. In step C,
the thio group [err] of the formula 30         -S-C-M,  [wherein L is 0,
NR7 or S (where R7 is hydrogen or lower alkyl); and M is [err] or [err]
(where [err] is hydrogen, lower alkyl, aryl, or aralkyl; and R and [err]
are, independently, hydrogen, lower alkyl, or aryl)] is coupled to the
side-chain of the intermediate compounds (Vb)    -21- or to the
intermediate compounds (VIII) resulting from the reaction of the starting
material IIIa with the reactant VII. The reactants utilized in step C to
form the desired [err] thio group (except where R  is -SH) are thio acids
and thiols. 5   These form a thioacyl or thio group by addition to the
third carbon atom of the alkene side-chain (intermediates V) or by
substitution for the bromine at the second or third carbon atom of the
side-chain where the reactant VII was used. 



These reactions may take place in an inert organic solvent, 10   such as
methylene chloride, THF, or dioxane. In order to form the compounds of the
invention of Formula I in which R  is SH, a benzoylthio compound is
preferably formed in step C and removed by hydrolysis or ammonolysis in
step D.  Such ammonolysis may be accomplished 15   by first treating the
appropriate intermediate Ib with a methanolic ammonia solution and
thereafter treating the resultant product  with acid, such as HCl, to a pH
of about 2. With reference to process i) the compounds having formula XXII
where a is 1 and b is 0 are novel compounds provided by 20   the invention.
They can be prepared by methods described hereinafter. They can be cyclised
by means of any of many coupling reagents used in peptide synthesis, for
example, dicyclohexylcarbodiimide to give compounds of formula II. Addition
of a small amount of 4-dimethylamino-pyridine as 25    catalyst is
recommended.  Alternatively the compounds having formula XXII may be used
in the form of their reactive derivatives. Such reactive derivatives may be
prepared in manner known per se. As examples there may be mentioned the
derivatives with an activated carboxyl group, for instance, 30    acyl
halides, acid anhydrides and active esters. The compounds having formula
XXII where a is 0 and b is I are 1-(mercaptoacyl)indoles derivatives of
formula Ia. The cyclisation of the 1-(mercaptoacyl)indole  derivatives can
be carried out as hereinafter described, in particular by means of a
coupling agent. Alternatively, the reactive derivatives of
1-(mercaptoacyl)indoles, for example,    - 22- 



derivatives with activated carboxyl groups, can be prepared in known manner
and used to form the oxo-thiolactone of formulaII by cyclisation.  In a
preferred process to form the compounds of Formula II of the invention, a
thioester 5   cyclization of the mercapto compounds of Formula Ia is
utilized.  The formation of these thiolactones (i.e. the
1H,3H-[1,4]thiazepino[4,3-a]indoles and 1-H-[1,4]thiazino- [4,3-a]indoles
of formula II) can be accomplished by a coupling reagent used widely in the
peptide synthesis, such 10   asdicyclohexylcarbodiimide (DCC) or
N-ethyl-N'-(3-dimethyl- aminopropyl)carbodiimide and related reagents.
Example of such reagents are found in pp. 116-121 "Peptide Synthesis" (2nd
Ed.) by M. Bodanszky, Y. S. Kalusner, and M. A. Ondetti, Wiley Interscience
Publication, New York, 1976. The presence 15   of small amounts of
4-dimethylaminopyridine is used to accelerate the reaction and increase the
yield. The preferred reagent for the reaction is DCC in the presence of
4-dimethyl- aminopyridine used at room temperature for several hours in a
methylene chloride medium. The same thioester cycliz- 20   ations can be
accomplished by treatment of  the reactants with diethyl phosphocyanidate
(DEPC) or diphenyl phosphorazidate (DPPA) in dimethylformamide in the
presence of triethylamine [Yamada et al. J. Org. Chem., 39, 3302 (1974)],
or by means of carbonyldiimidazole or carbonyl-di-1,2,4-triazole 25
[Gais, Angew,, Chem. Int. Edit. Engl., 16, 244 (1977)]. In formula XXIII
R27 preferably represents a halogen atom or a sulphonate ester such as
tosylate or mesylate. The compounds having the formula XXIII and their
salts can be prepared in known manner. For instance, a carboxy- 30
protected indole having the formula IIIa is acylated to introduce the acyl
group having the formula -COR27 wherein R27 is as defined above, the
carboxylic acid protecting 



group is removed in known manner, the resultant carboxylic acid is
converted into its acid chloride by reaction with 35   phosphorus
pentachloride or thionyl chloride and the acid chloride is reacted with
hydrogen sulphide to form the desired thioacid. The thioacid of formula
XXIII where R27    - 23 - is a group having the formula [err] or its salt
can be cyclised by standard procedures for the alkylation of thioacids.
The thioacids of formula XXIII where R27 is - CR1=CHR15 or a salt thereof,
can be cyclised by an internal 5 Michael Addition by standard procedures to
obtain a compound having formula II where R is hydrogen and n is 1. [See,
for instance, Methoden Der-Organischen Chemie (Houben-Weyl), Volume IX,
pages 749-752, published by Georg Thieme Verlag, Stuttgart (1955)]. 10
The compounds of formula XXII (a=1) can be prepared by acylation of a
compound having the general formula' [err] (wherein [err], and n are as
defined above) or a derivative thereof with an acid having the general
formula [err] 15   (wherein X and Y. are as defined above) or a derivative
thereof e.g. the acid halide to form a thioester. It will be appreciated by
the skilled reader that formulae XXX  and XXXI present two sites liable to
be acylated, the mercaptan group in formula XXX and the nitrogen 20   atom
in the formula XXXI, and also two carboxyl groups capable of effecting
acylation. Undesired acylation reactions can be avoided by standard
procedures of peptide 



chemistry.  In particular groups that are not intended to react may be
protected (e.g. the nitrogen atom by t-butyloxy- 25   carbonyl and the
carboxyl in the compound of formula XXX by t-butyl) which groups are
removed following the acylation. Such routes for preparing cyclic compounds
of formula III and intermediates therefor  are described in our co-pending
European Patent Appln. No. 80300845.7,filed 19th March 1980.    - 24 - It
will be appreciated that the various compounds of Formula Ib in which [err]
is  [err]   (where L and M are as defined above).are intermediates useful
in the preparation 5 the mercapto compounds of Formula Ic (where [err] is
-SH). With reference to process (e) above the compounds of formula XX in
which [err] is [err] may be made by first reacting an amine of the formula
[err] with the appropriate intermediate of Formula VIII..  Intermediate XX
may then be 10 reacted with a chlorophosphate. of the formula
ClPO(OR11)(0R12) [where R11 and R   are not hydrogen] (XII) to form the
desired substituted amino phosphate end product. To form such end product
where one or both of R   and R12 is hydrogen requires appropriate selection
of R   and R12 to resist or be 15 amenable to later catalytic
hydrogenolysis. For example [err] and/or [err] can be trichloroethyl which
is replaced by hydrogen using Zn/Cu hydrogenolysis.  Other groups for R
(and [err]) are described in the literature e.g. McOmie, ibid. In order to
make those compounds of the invention in which A 20  of Formula Ia is 0. an
intermediate of the Formula XX(which can be formed from the appropriate
intermediate  of Formula VIII) is reacted with the appropriate
chlorophosphate of 



Formula XII (with subsequent hydrogenolysis as described herein where
necessary to obtain [err] or [err] as hydrogen).. In 25  order to make
those compounds of the invention in which A is 0 and [err] is H, the
intermediate of the formula XX ([err] =OH) may be reacted with an
appropriate chlorophosphate of Formula XII in the presence of a base, such
as pyridine or.triethyl- amine.  Again, where R11 or R   is hydrogen is
desired, this 30  reaction will have to be followed by a catalytic
hydrogen- olysis. When R11 (and R12) represent trichloroethyl then then
they may be converted  to alkyl and aralkyl groups by reaction with an
alkanol or aralkanol and fluoride ion (CsF) see J. Am. Chem., Soc., 99,
1277 (1979).  In process (f) 35   R11 and R12 can be hydrogen but where
such compounds are    -25- desired it is preferred to use catalytic
hydrogenolysis as described above.  Also, it is preferred to use a.
starting compound of formula  VIII in which the carboxy function is
protected. However, when. R is hydroxy in processs (f) 5   cyclisation
conditions should be avoided.  The reactants and reaction conditions
utilized in forming the intermediates for and final products of those
compounds of formula Ia in which [err] is [err] are known to those skilled
in the art. Further description of such methods of preparation 10   may be
found in European Patent No. 9-183 to Merck & Company Inc., dated April 2,
1980 (Derwent No. 25743C/15). In process (g) compounds in which R4 is
-NR13CH(COR21) [err] may be prepared from intermediate XXI by condensation
with compounds of the formulae [err] 15   or [err].  When XVa is the
reactant, 



conditions fostering nucleophic displacement may be used (for example, a
polar solvent such as dimethyl formamide in the presence of a base, with or
without the addition of catalytic quantities of potassium iodide.
Preferably hal 20   is bromine.  When XVI is the reactant, conditions
fostering reductive alkylation may be employed. For example XXI may be
condensed with XVI in a solvent in the presence of hydrogen and a
hydrogenation catalyst according to the general procedures described in
W.E. Emerson, Organic 25   Reactions IV, 174 (1948).  Alternatively XXI may
be con- densed reductively with XVI in an acidic buffered solvent with an
alkali metal cyanoborohydride.  General procedures for such condensations
are described in R.F. Borch, M.D.Bernstein and H.D.Durst, J.Am.Chem.Soc.,
93 2897 (1971). 30   When R3 is aroyl, the nucleophilic displacement type
condensation is preferred. A preferred method of making optically active
1-(S)-2,3- dihydro- 1-[(S)-3-mercapto-2-methyl-1-oxopropyl]-1H-indole-2-
carboxylic acid, the 3-benzoylthio precursor thereof, or the
dicyclohexylamine salts of the latter comprises the following steps:
-26- a)   Preparing l-3-benzoylthio-2-methyl propionyl chloride by
admixingl-3-benzoylthio-2-methyl propionic acid with thionyl chloride in
the presence of a catalytic amount of trialkyl amine at room temperature
and evaporating the volatile 5 components in vacua, b)   Condensing the
said propionyl chloride with d,l-2,3-dihydro-1H-indole-2-carboxylic acid in
a water 



immiscible solvent solution in the presence of two equivalents of
trialkylamine at 0-10 for 2-15 minutes and room temperature 10  for 1-5
hours, c)   Isolating the crude condensation product by acidification,
extraction, dehydration and evaporation, d))  Precipitating
l-(S)-2,3-dihydro-1-[(S)-3-benzoyl-
thio-2-methyl-1-oxopropyll-1H-indole-2-carboxylic acid dicyclo- 15
hexylamine salt from an acetonitrile solution by the addition of
dicyclohexylamine to an acetonitrile solution of the said crude
condensation product. e)   Optionally recrystallizing said dicyclohexyl-
amine salt from a lower alkanol, 20           f)   Regenerating the
l-(S)-2,3-dihydro-1-[(S)-3-ben-
zoylthio-2-methyl-1-oxopropyl)-1H-indole-2-carboxylic acid by acidification
with potassium hydrogen sulfate, extraction with a water immiscible
solvent, dehydration and evaporation, and g)   Cleaving the benzoyl-thio
bond by contacting, in 25   an inert
atmosphere,.1-(S)-2,3-dihydro-1-[(S)-3-benzoylthio-
2-methyl-1-oxopropyl]-lH-indole carboxylic acid with an alkoxy lower alkyl
amine, such as 2-methoxyethylamine, followed by acidification, extraction
into a water immiscible solvent, dehydration and evaporation to give the
desired 30   l-(S)-2,3-dihydro-1-[(S)-3-mercapto-2-methyl-1-oxopropyl]-1H-
indole-2-carboxylic acid, which can be further purified by
recrystallization from ethyl acetate-hexane. The starting
1-3-benzoylthio-2-methyl propionic acid may be obtained by a resolution of
the racemic acid. The    - 27 - starting d,l-2,3-dihydroindole-2-carboxylic
acid is described 



in the literature. The compounds of this invention form basic salts with
various inorganic and organic bases which are also within the 5   scope of
the invention.  Such salts include ammonium salts, alkali metal salts like
sodium and potassium salts (which are preferred), alkaline earth metal
salts like the calcium and magnesium salts, salts with organic bases, e.g.,
dicyclo- hexylamine salt, benzathine, N-methyl-D-glucamine, hydrabamine 10
salts, salts with amino acids like arginine, lysine and the like.  The
non-toxic, physiologically acceptable salts are preferred, although other
salts are also useful e.g., in isolating or purifying the product, as
illustrated in the examples in the case of the dicyclohexylamine salt. 15
The compounds-of Formula XXI form acidic salts with various inorganic and
organic acids, for example hydrochloric acid methanesulfonic acid
(mesylate), and toluenesulfonic acid (tosylate).  Such compounds and salts
are also within the scope of the invention. 20         The salts are formed
in conventional manner by reacting the free acid form of the product with
one or more equivalents of the appropriate base providing the desired
cation in a solvent or medium in which the salt is insoluble, or in water
and removing the water by freeze drying. By neutralizing the 25  salt with
an insoluble acid like a cation exchange resin in the hydrogen (e.g.,
polystyrene sulfonic acid resin like Dowex 50) or with an aqueous acid and
extraction with an organic solvent, e.g. ethyl acetate, dichloromethane or
the like, the free acid form can be obtained, and if desired, another salt
30  formed .  (DOWEX is a Registered Trade Mark). The angiotensin
converting enzyme (ACE) inhibitory property of the compounds is measured in
vitro and in vivo. The  in vitro assay utilizes rabbit lung extract and a 



specific tripeptide substrate, hippuryl-L-histidyl-L-leucine 35  being
preferred, and follows the method of Cushman et al., Biochem. Pharmacol.,
20, 1637-1648 (1971).    -28- The in vivo ACE inhibitory activity of the
compounds is measured according to the procedure described in Rubin et al.,
J. Pharmacol. Exp. Ther., 204, 271-280 (1978), which utilizes the conscious
normotensive rat as a subject.  In this procedure, 5  the jugular vein and
carotid artery cannulae are placed in an ether-anaesthetized, normotensive,
male, Sprague-Dawley rat for injection or oral dosage of compounds and
direct recording of systemic arterial pressure, respectively.  The blood
pressure responses to I.V. injections of angiotensin I (300 10  ng/kg.),
angiotensin II (100 ng/kg.) and bradykinin (10[err]/kg.) are recorded and
compared with identical doses administered at various time intervals after
oral dosing of a prospective angiotensin converting enzyme inhibitor.  An
angiotensin converting enzyme inhibitor would not be expected necessarily
to lower arterial pressure in the normotensive rat, but would be expected
to block angiotensin I pressor responses without grossly altering
angiotensin II responses. Additionally, the vasodepressor response to
bradykinin would be expected to be augmented since angiotensin converting
enzyme is known to 20 inactive bradykinin normally. When administered
orally and intravenously according to this procedure, compounds of Formulae
Ia and II (and disulfides) showed an ability to inhibit angiotensin
converting enzyme at doses of 0.1-10 mg/kg. 25       This invention also
provides processes for preparing 



intermediate compounds of formula IVa [err]    - 29 - 5  wherein:  [err] is
a group of formula [err]   or n, [err] and [err]  are as defined above
[err] is hydrogen or lower alkyl; X is hydrogen, hydroxy, lower alkyl,
lower alkoxy, or 10         halogen; [err]  is chlorine, bromine, iodine,
hydroxy, tosyloxy or benzyloxy or -NHR13 where       is hydrogen or alkyl;
Y is hydrogen; lower alkyl, or aryl; and [err] is [err] as defined in Claim
I or OZ wherein 15       Z is a carboxylic acid protecting group;
- or salts thereof; which comprises: (a)   acylating a compound of formula
III as defined  here- in where [err]  is other than hydroxy with a compound
of formula 20             (i)  [err]             (VI) (ii)  [err]
VII (iii)  [err]                 VIIa or (iv)  [err]                 VIIb
wherein n, [err] and [err] are as defined above, [err] 25  represents an
activated carboxyl group and hal is bromine, chlorine or iodine;,if desired
followed by deprotection to remove carboxyl protecting group Z; to give a
compound of formula IVa:wherein [err] is [err] or [err] where [err] is
chlorine, bromine, iodine, 30  tosyloxy or benzyloxy or   (b).
hydrogenolysis (e.g. using H2/Pd)of a compound of 



formula IVa wherein [err]  is benzyloxy to give a compound of formula IVa
wherein [err]  is hydroxy, or   (c)   reacting a compound of formula IVa
wherein Z  is chlorine, bromine or iodine with an amine of formula [err] to
give a compound of formula IVa wherein Z  is [err] wherein [err]  is as
defined above.    -30- The anti-hypertensive effect of the compounds of the
invention is measured in the spontaneously hypertensive rat.  In this
procedure systolicpressure of male spontan- eously hypertensive rats is
measured by an indirect technique 5  using the Decker Caudal Plethysmograph
or other appropriate sensor.  Groups usually consist of 4 or more rats.
Drugs are usually administered orally.  Pressures are usually read prior to
drug administration and at 1.5, 4 and 24 hours thereafter.  This schedule
may be altered depending upon the 10   behaviour of the drug. This
procedure measures the hypotensive effect of the subject compounds in a
hypertensive subject using single dose and measuring the response over a 24
hour period.  When administered orally according to this procedure,
compounds of the invention produced a significant decrease in blood
pressures in doses of 1-50 mg/kg. When used to treat hyper- tension in
warm-blooded animals doses of less than 15 mg/kg./ day would be utilized,
and preferably doses of less than 5 mg/kg./day.  Such effective-treatment
doses would generally 20   be administered in long-term antihypertensive
therapy. Angiotensin converting enzyme inhibitors when utilized as
anti-hypertensive agents are most effective upon  such 



extended administration and exhibit no significant side- effects when
administered at moderate or low doses.  As noted 25   earlier, the
compounds of the invention exhibit a hypotensive (depressor) response only
when administered to hypertensive subjects and would not be expected to
lower blood pressures significantly in normotensive subjects. The compounds
of Formulae Ia and II (and the disulfides 30   of Formula I compounds) may
be administered orally, intra- venously, intraperi toneally,
intramuscularly, or subcutaneously. Oral administration is preferred. When
employed to lower blood pressures in hypertensive subjects the effective
dosage of the compound being utilized 35   for such treatment will vary
according to the particular compound being employed, the severity and
nature of condition being treated, and the particular subject being
treated.    -31- Therapy should be initiated at lower doses(in mg/kg./day)
in the effective ranges given above, the dosage thereafter being increased,
if necessary, to produce the desired anti- hypertensive effect. 5
Further, when employed as anti-hypertensive agents or as angiotensin
converting enzyme inhibitors., the. compounds of the invention may be
administered alone or in combination with pharmaceutically acceptable
carriers. The proportion and nature of such carriers would be determined by
the solubility 10 and other chemical properties of the compound selected,
the chosen route of administration, and standard pharmaceutical practice.'
Accordingly this invention also provides a pharmaceutical 



composition comprising a compound of formula I or a pharmaceut- 15 ically
acceptable salt thereof and a pharmaceutically acceptable 'carrier.    - 32
- The methods of making and using the compounds of the invention are
further illustrated in the following Examples: Example 1 5
2,3-Dihydro-l-(2-methyl--oxo-2-propenyl)-1H-indole-2- carboxylic acid ethyl
ester To a chilled and stirred mixture of 2,3-dihydroindole- 2-carboxylic
acid ethyl ester (4.78 g., 25.0 mmole)., triethylamine (2.7 g., 26.7
mmole), and anhydrous ether 10  (500 ml) was added dropwise methacrybyl
chloride (2.9 g., 27.7 mmole) dissolved in a small amount of ether. After
the completion of the addition, the ice bath was removed, and the reaction
mixture was stirred for 4 hours. The precipitate which separated was
removed by filtration, 15  and the filter residue was washed with ether.
The combined filtrate and washing were washed with water (two 700-ml
portions), then with saline, and dried over anhydrous magnesium sulphate.
Evaporation of the solvent under reduced pressure on a rotary evaporator
gave the product 20  as an oil.  The product was purified by preparative
HPLC (Prep LC/System 500, Waters Associates), using a micro porasil column
eluted with a mixture of hexane (95%) and ethyl acetate (5%). The crude oil
may be used directly in the following reaction.' 25
Example 2 



2,3-Dihydro-1-(2-methyl-1-oxo-2-propenyl)-lH-indole-2- carboxylic acid A.
A mixture of 2,3-dihydro-1-(2-methyl-1-oxo-2-
propenyl)-1H-indole-2-carboxylic acid ethyl ester (3.9 g.., 30 15.0 mmole),
80% aqueous dimethylsulfoxide (90 ml) and potassium hydroxide (86% pellets,
1.3 g., 19.9 mmole), was stirred under nitrogen atmosphere for 2 days at
room temperature, then evaporated under reduced pressure on a rotary
evaporator to give an oily residue. The residue    33. was dissolved in
water (any insoluble material was removed by filtration), and the aqueous
solution was made acidic by careful addition of dilute hydrochloric acid,
whereby an oil separated. The oily product was 5 extracted with ether, and
the ether extract was washed with water (3 times), then with saline.  The
ether solution was dried over anhydrous magnesium sulphate, and evaporated
under reduced pressure to give an oily product.  The oil was dissolved in
dry acetonitrile, 10  and dicyclohexylamine was added dropwise until the pH
of the solution reached approximately 8.5. A crystalline precipitate was
filtered.  The mixture was allowed to stand overnight at room temperature,
and the precipitate was collected on a filter, and the filter residue was
15  washed with ether several times to give 3.46 g of 2,3-
dihydro-1-(2-methyl-1-oxo-2-propenyl)-lH-indole-2- carboxylic acid
dicyclohexylamine salt (m.p. 185-190). Recrystallisation from 2-propanol
gave 3.1 g (50.0%) of the title product as the dicyclohexylamine salt (m.p.



20  193-[err]) [m.p. means melting point in degrees centigrade,
uncorrected.] Analysis for:  [err] Calculated:    C, 72.16;  H, 8.60;  N,
6.73 Found:          C, 72.05;  H, 8.83;  N, 6.64 25  B.   The salt was
partitioned between 5% aqueous potassium bisulphate solution (50 ml) and
ethyl acetate (3 times), and the ethyl acetate extract was washed with
water, then dried over anhydrous magnesium sulphate. Evaporation of the
ethyl acetate solution under reduced pressure on a 30 rotary evaporator
afforded 1.8 g of free 2,3-dihydro-1-
(2-methyl-1-oxo-2-propenyl)-1H-indole-2-carboxylic acid in resinous form
which solidified on standing.  The solid was dissolved in ether, and the
ether solution was evaporated in open air, whereby a precipitate separated.
35 The mixture was chilled in ice, and the precipitate was collected on a
filter and washed with ether. The product    melted at 138-140. Analysis
for: [err] Calculated:    C, 67.52;  H, 5.67;  N, 6.06 Found:         C,
67.15;  H, 5.75;  N, 5.76 5.                               EXAMPLE 3
1-(3-Benzoylthio-2-methyl-1-oxopropyl)-2,3-dihydro-1H- indole-2-carboxylic
Acid A.   Thiobenzoic acid (95%, 0.75 g, 5.2 mmole) dissolved in dry
methylene chloride (ca. 3 ml) was added to a solution 10  of
2,3-dihydro-1-(2-methyl-1-oxo-2-propenyl)-1H-indole-2- carboxylic acid (1.2
g, 5.2 mmole) in dry methylene chloride (25 ml) chilled in an ice bath.
The ice bath was removed, 



and the reaction was stirred at room temperature for 0.5 hr. The reaction
mixture was then immersed in an oil bath 15  maintaining the temperature of
85 [err] for 3 hrs., and evaporated under reduced pressure using a rotary
evaporator to give a resinous residue. Addition of a small amount of
ethanol to the residue  caused a partial solidification of the residue.
The. solid material was separated by filtration, 20 and recrystallized from
ethanol to give 0.4 g (21%) of a product which melted at 187-188.
Analytical sample which was obtained by recrystallization from ethanol
melted at 0 188-190.  Thin-layer chromatography carried out on a Merck
silica gel plate using a mixture of methylene 25 chloride (8), ethanol (2),
triethylamine (1), and toluene (1) showed one spot with [err] 0.7. (MERCK
is a Registered Trade Mark). Analysis for: [err] Calculated:    C,  65.02;
H, 5.18;  N, 3.79 30  Found:          C,  64.63;  H, 5.27;  N, 3.69 B.
The mother liquors from the above recrystallizations were evaporated to
give a resinous material.  The residue was dissolved in ether, and the
ether solution was evaporated under a slow nitrogen stream to cause a
crystalline material 35    - 35 - to be deposited.  The crystalline deposit
was filtered and recrystallized from ether to give 0.5 g (25%) of the
product containing a 1/4 mole.of ether solvate, m.p. [err]  This product is
the racemic diastereoisomer 



5  of the material that melted at .188-[err] (Example 3A). Thin-layer
chromatography carried out on a Merck silica gel plate using a mixture of
methylene chloride (8), ethanol (2)., triethylamine (1), and toluene (1) as
a developing solution showed one spot with R  0.6.. f 10  Analysis for:
[err] .Calculated:    C, 65.01;  H, 5.59;  N, 3.61 Found:         C, 64.71;
H, 5.51;  N, 3.32 Example 4
2,3-Dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-1H- 15  indole-2-carboxylic
acid A.   A mixture of 1-[3-(benzoylthio)-2-methyl-1-
oxopropyl]-2,3-dihydro-lH-indole-2-carboxylic acid (Example 3A, m.p.
188-[err]) (0.6 g, 1.6.mmole) and methanolic ammonia 5.5 N solution, 9 ml.)
was stirred 20  at room temperature for 2.5 hours, then evaporated under
reduced pressure on a rotary evaporator to give a resinous material.  The
residue was dissolved in water, and then the aqueous solution was washed
with ether three times.  The aqueous layer was made acidic by dropwise 25
addition of dilute hydrochloric acid until pH of the solution reached
approximately 2 (by a pH paper). The oil thus separated was extracted with
ethyl acetate (twice) and the ethyl acetate extract was washed with water,
then with saline, and dried over anhydrous 30 magnesium sulphate.
Evaporation of ethyl acetate on a rotary evaporator under reduced pressure,
then in.vacuo gave an oil. The residue was dissolved in dry aceto- nitrile,
and dicyclohexylamine was added dropwise until pH of the solution reached
ca. 8.5.  The resulting  



- 36 - mixture was kept at room temperature for 2 hours, then in a cold
room for ca. 0.5 hour.  The precipitate that separated was collected on a
filter, and washed with acetonitrile to give
2,3-dihydro-1-(3-mercapto-2-methyl- 5  1-oxopropyl)-1H-indole-2-carboxylic
acid, dicyclohexyl- amine salt (yield, 0.63 g, m.p. 203-205 ).  The
melting. point of a mixture of this salt and the DCHA salt of Example 5 was
depressed. Analysis for:  C25H38N203S 10  Calculated:    C, 67.22;  H,
8.58;  N, 6.27 Found:          C, 66.88;  H, 8.33;  N, 6.29 B.   The salt
(0.6 g) was added to 5% aqueous potassium bisulphate solution (10 ml), and
was shaken vigorously. .The free acid thus formed was extracted with ethyl.
acetate (.17 ml. in 2 times).  The extract was washed 15 successively with
water and saline, and dried over anhydrous. magnesium sulphate.
Evaporation of ethyl acetate on a rotary evaporator under reduced pressure
afforded a glassy residue. The residue was dissolved in a small amount of
ether and the ether solution was 20  added dropwise, under vigorous
stirring, to a large volume of hexanes chilled in ice. The fluffy white
precipitate that separated was collected on a filter, and dried in vacuo,
giving 0.12 g. of 2,3-dihydro-1-
(3-mercapto-2-methyl-1-oxopropyl)-1H-indole-2- 25 carboxylic acid. Analysis
for: [err] Calculated:   C, 58.84;  H, 5.70;  N, 5.28 Found:         C,
59.24;  H, 5.95;  N, 5.16 



Example 5 30 2,3-Dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-1H-
indole-2-carboxylic acid A.   A mixture of
1-[3-(benzoylthio)-2-methyl-1-oxopropyl]-    - 37 -
2,3-dihydro-lH-indole-2-carboxylic (Example 3B, m.p. 116-117) isolated with
a 1/4 mole of ether from the mother liquor of Example 3A (1.0 g, 2.6 mmole)
and methanolic ammonia (5.5 N solution 100 ml) was stirred 5 at room
temperature for 2.5 hours then evaporated under reduced pressure on a
rotary evaporator to give a resinous material.  The residue was dissolved
in water (20 ml), and the aqueous solution was made alkaline by addition of
five drops of 2N aqueous sodium hydroxide 10  solution.  The alkaline
solution was washed with ether three times, then was made acidic by
addition of dilute hydrochloric acid.  The oily product thus separated was
extracted with ether (110 ml. in 3 times).. The ether extract was washed
with water, then with saline, and 15  dried over anhydrous magnesium
sulphate.  Evaporation of ether under reduced pressure on a rotary
evaporator gave a resinous material which was dissolved in aceto- nitrile
.(15 ml.). The dropwise addition of dicyclohexyl- amine (ca. 0.65 g) to the
acetonitrile solution under 20  stirring until pH of the solution reached
8.5 (by a pH paper).,.and subsequent cooling in a cold room overnight
caused. separation of 2,3-dihydro-1-(3-mercapto-2-methyl-
1-oxopropyl)-1H-indole-2-carboxylic acid, dicyclohexyl- amine salt as a
precipitate.  The precipitate was 



25 collected on a filter and washed with acetonitrile to give 1.0 g. of
material which melted at. 190-[err] Recrystallization from 2-propanol
improved the. melting point to 193-195.  The melting point of a mixture of
this salt and the DCHA salt of Example 4 compound was 30 depressed.
Analysis for: [err] Calculated:    C, 67.22;  H, 8.58;  H, 6.27 Found:
C, 67.09;  H, 8.58;  N, 6.33    -38- B.   The salt (0.744 g) was added to
5% aqueous potassium bisulphate solution (10 ml), and was shaken
vigorously. The free acid thus formed was extracted with ethyl acetate (25
ml. in 2 times).  The extract was washed successively 5   with water and
saline, and dried over anhydrous magnesium sulphate.  Evaporation of ethyl
acetate on a rotary evaporator under reduced pressure afforded a glassy
residue.  The residue was dissolved in 25 ml. of ether, and the ether
solution was added dropwise under vigorous 10  stirring to a large volume
of hexanes (300 ml.) chilled in ice.  The white solid precipitate which
separated was collected on a filter, and washed with hexanes, giving 280
mg. of the title compound.  The mass spectrum obtained using an AEI MS
902-Kratos DS 50 S 15  spectrometer showed peaks at m/c 265 (M+), 163 and
118. (KRATOS is a Registered Trade Mark). Analysis for:  [err] Calculated:
C, 58.64;  H, 5.70;  N, 5.28 Found:         C, 58.61;  H,.5.62;  N, 1.88 



20                               EXAMPLE 6
2,3-Dihydro-l-(1-oxo-2-propenyl)-1H-indole-2-carboxylic acid ethyl ester To
a chilled and stirred mixture of 2,3-dihydroindole- 2-carboxylic acid ethyl
ester (14.34 g.), triethylamine 25  (7.65 g.) and anhydrous ether (600 ml.)
was added dropwise acryloyl chloride (7.1 g.) dissolved in a small amount
of ether.  The ice:bath was removed, and the reaction mixture was stirred
at room temperature for 4 hours.  The reaction mixture was chilled in ice,
then a 30  precipitate was removed by filtration.  The filter residue was
washed with ether.  The combined filtrate and washing were washed with
water, then with saline, and dried over anhydrous magnesium sulphate.
Evaporation of the solvent under reduced pressure on a rotary 35    - 39 -
evaporator gave the titled compound (14.4 9.) as an oil. Example 7
2,3-Dihydro-1-(1-oxo-2-propsnyl)-lH-indole-2- carboxylic acid 5       A
mixture of 2,3-dihydro-l-(1-oxo-2-propenyl)-1H- indole-2-carboxyl.ic acid
ethyl ester (14.4 go), 80% aqueous dimethylsulfoxide (200 ml.) and
potassium hydroxide (86% pellets, 3.83 g) was stirred under nitrogen
atmosphere for 2.5 days at room temperature, 10  then evaporated under
reduced pressure on a rotary evaporator to give an oily residue.  The
residue was dissolved in water with the aid  of a small amount of 



dilute sodium hydroxide solution. The aqueous solution was washed with
ether twice, then made acidic by 15  addition of dilute hydrochloric acid
to pH ca. 2.  The oil thus separated was extracted with ether three times.
The combined ether extract was washed with water, then with saline, and
dried over anhydrous magnesium sulphate. Evaporation of the ether on a
rotary evaporator under 20  reduced pressure gave a solid residue which
melted at 158-160, and weighed 9.2 g.  Recrystallization from ethyl acetate
improved the melting point to 167-1690. Analysis for: [err] Calculated:
C, 66.35;  H, 5.11;  N, 6.45 25  Found:          C, 66.16;  H, 5.10;  N,
6.33. Example.8 1-[3-(Benzoylthio)-1-oxo-propyl]-2,3-dihydro-lH-indole-
2-carboxylic acid To a stirring mixture of 2,3-dihydro-1-(1-oxo-2- 30  pro
penyl)-lH-2-carboxylic acid (6.52 g.) and methylene chloride (160 ml.) was
added dropwise thiobenzoic acid    - 40 - (95%, 4.36 g.) dissolved in a
small amount of methylene chloride.  During the addition, the reaction
mixture was chilled in ice.  The ice bath was removed    10 minutes after
the completion of the addition, but the 5  stirring was continued for 1
hour.  The reaction mixture was then immersed in:an oil bath maintained at
[err] for 2.5 hours. The reaction mixture was concentrated on a rotary
evaporator under reduced pressure to ca. 30 ml., and kept in a refrigerator
for 1 day. A precipitate 



10  was collected on a filter and washed with methylene chloride to give
the title compound which melted at 173-175, and weighed 11.0 g. Analysis
for:  [err] Calculated:    C, 64.21;  H, 4.82;  N, 3.94 15  Found:
C, 64.38;  H, 4.93;  N, 3.96 Example 9
2,3-Dihydro-1-(3-mercapto-1-oxopropyl)-lH-indole-2- carboxylic acid A.   A
mixture of 1-[3-(benzoylthio)-1-oxopropyl]-2,3- 20
dihydro-lH-indole-2-carboxylic acid (3.0 g.) and methanolic ammonia (5.5 N
solution, 45 ml.) was stirred at room temperature for 2.5 hours, then
evaporated under reduced pressure on a rotary evaporator to give a resinous
material. The residue was dissolved in water, and the 25  aqueous solution
was washed with ethyl acetate three times. The aqueous phase was acidified
to pH ca. 2 by dropwise addition of dilute hydrochloric acid, whereby an
oil separated.  The oil was extracted with ethyl acetate (two times). The
combined extract was washed with water, 30 then with saline, and dried over
anhydrous sodium sulphate. The ethyl acetate was evaporated on a rotary
evaporator under reduced pressure to give an oily residue which was placed
under high vacuum to give a solid material. The crude product was dissolved
in a small amount of warm    - 41 - ethyl acetate with warming on a steam
bath (there was some insoluble solid material which was removed by
filtration).  The ethyl acetate solution was kept under 



mild nitrogen stream until a precipitate started to 5  separate.  The
mixture was chilled in ice, then kept in a refrigerator. The precipitate
was collected on a filter and washed with acetonitrile to give 1,1'-
dithiobis-[3-oxo-1,3-propanediyl]bis[2,3-dihydro-1H- indole-2-carboxylic
acid], m.p. 213-216. 10  Analysis for:. C24H24N206S2 Calculated:    C,
57.58;  H, 4.83;  N, 5.60 Found:          C, 57.56;  H, 4.96;  N, 5.13 B.
The mother liquor and washings were combined, and evaporated on a rotary
evaporator under reduced pressure 15  to dryness.  The residue was
dissolved in acetonitrile with warming on a steam bath.  Dicyclohexylamine
was added to the solution until pH of the solution reached ca. 8.0 (by a pH
paper).  The dicyclohexylamine salt thus formed was collected on a filter,
and recrystallized 20  from ethanol.  The salt melted at 203-205. Analysis
for:  C12H13N03S Calculated:    C, 66.63;- H, 8.39;  N, 6.18 Found:
C, 66.35;  H, 8.14;  N, 6.06 C.   The salt was shaken with 5% aqueous
potassium 25  bisulphate solution (70 ml.), and the free acid thus
separated was extracted with ethyl acetate (70 ml. in two times). The
combined extract was washed with water, then with saline, and dried over
anhydrous sodium sulphate. Evaporation of ethyl acetate on a rotary
evaporator under 30 reduced pressure gave a solid residue which was
recrystallized from ethyl acetate. The title compound melted at 146-148
dec.    



- 42 - Analysis for:  [err] Calculated:    C, 57.35;  H, 5.21;  N, 5.57
Found:         C, 57.39;  H, 5.27;  N, 5.37 Example 10 5  Resolution of
d,l-2,3-dihydro-1-(2-methyl-1-oxo-2- propenyl)-lH-indole-2-carboxylic acid
into d-2,3-dihydro- 1-(2-methyl-1-oxo-2-propenyl)-1H-indole-2-carboxylic
acid and 1-2,3-dihydro-1-(2-methyl-1-oxo-2-propenyl)-1H-indole-
2-carboxylic acid 10  A.   To a hot vigorously'stirred methanolic solution
of dl-2,3-dihydro-1-(2-methyl 1-oxo-2-propenyl)-lH-indole- 2-carboxylic
acid of Example 2(29 g. in 300: ml. of methanol) was added slowly a warm
methanolic solution of dehydroabietylamine  (DHAA, 18.9 g. in 60 ml. of
methanol). 15  The stirring was continued for additional 5 minutes, then
allowed to set at room temperature for 10 minutes.  The mixture was
reheated to boiling, ahd to the hot, vigorously stirred solution was added
hot water (240 ml.). The resulting mixture was placed in a refrigerator
over- 20 night. The white precipitate that separated was collected on a
filter, and washed with cold aqueous methanol solution [methanol (300
ml.)/water (250 ml.)] 5 times, giving
d-2,3-dihydro-l-(2-methyl-l-oxo-propenyl)-1H-indole- 2-carboxylic acid,
DHAA salt (27.9 g.), m.p. 207-209 C. 25 The combined filtrate and washings
were set aside for isolation of
1-2,3-dihydro-l-(2-methyl-l-oxo-2-propenyl)- 1H-indole-2-carboxylic acid.
Recrystallization of the DHAA salt (filter residue) from methanol improved
the m.p. to 218-[err]=84.24 (c=0.985%, EtOH). 30 Analysis for:  [err]
Calculated:    C, 76.70;  Hi 8.58;  N, 5.42 



Found:         C, 76.15;  H, 8.53;  N, 5.19    - 43 - The salt was
pulverized with a mortar and pestle and partitioned.between 1N aqueous
sodium hydroxide solution and ether. The aqueous layer was collected, and
washed with ether twice, and acidified with dilute hydrochloric 5  acid.
The free acid that separated was extracted with ether 3 times. The combibed
extracts were washed with water, then with saline twice, and dried over
anhydrous sodium sulphate. Evaporation of ether under reduced pressure gave
a solid residue which was recrystallized 10  from ether, giving
d-2,3-dihydro-1-(2-methyl-1-oxo-2- propenyl)-1H-indole-2-carboxylic acid,
m.p. 148-150 C, [err]=+133.45 (c=1.11%, EtOH). Analysis for:  [err]
(231.24) Calculated:    C, 67.52;  H, 5.67;  N, 6.06 15  Found:          C,
67.36;  H, 5.71;  N, 5.96 B.   The original combined filtrate and washing
(aqueous methanol solution) were evaporated carefully on a rotary
evaporator under reduced pressure to ca. 120 ml., then placed in a
refrigerator overnight.  The solid material 20 which separated was
collected on a filter, washed with cold water, and dried in vacuo.  The
dried filter residue (18.7 g., m.p. 130-1340C) was pulverized with a mortar
and pestle, and dissolved in warm anhydrous ether (600 ml.).  The
supernatant liquid was filtered through 25 a coarse folded filter paper.
The insoluble residue was warmed with anhydrous ether (ca. 300 ml.), and
supernatant liquid was combined with the original filtrate filtering 



through the same filter pape.r. This ether extraction was repeated two
additional times (ca. 200 ml., and ca. 100 ml. 30 in each time).  The
combined ether extracts were allowed to set at room temperature overnight.
A small amount of fluffy material that deposited was removed by filtration,
and the filtrate was concentrated on a rotary evaporator to a slurry.  The
residue was chilled, and filtered on a    - 44 - suction filter.  The
filter residue was washed with cold ether to give crude
1-2,3-dihydro-l-(2-methyl-1-oxo-2- propenyl) -1H-indole-2-carboxylic acid
(12.3 g., m.p. 140-143 C).  The crude product was dissolved in 5  anhydrous
ether (ca. 600 ml. in 3 portions), filtered, and the filtrate was
concentrated-to ca. 300 ml.  The concentrated solution was refiltered, and
the filtrate was diluted with hexane until it became cloudy.  The mixture
was stored in a freezer overnight.  The 10  precipitate that separated was
collected on a filter, and washed with cold ether, giving the l-isomer (10
g.) with m.p. 147-148 C and [err] (c=0.835, EtOH). Further purification by
recrystallization in the above fashion gave
1-2,3-dihydro-1-(2-methyl-1-oxo-2-propenyl)- 15  1H-indole-2-carboxylic
acid with m.p. 152-[err] and [err]=135.9 (c=0.935, EtOH). Analysis for:
[err] Calculated:    C, 67.52;  H, 5.67;  N, 6.06 Found:         C, 67.33;
H, 5.68;  N, 6.04 20                           Example 11
l-(S)-1-[(S)-3-(benzoylthio)-2-methyl-1-oxopropyl]-2,3- 



dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine salt To a stirred
solution of thiobenzoic acid (95% purity; 8.0 g.) in acetone (450 ml.)
under nitrogen atmosphere was 25 added 4-dimethylaminopyridine (0.61 g.).
The resulting mixture was stirred for 5 minutes and then 1-2,3-dihydro-
1-(2-methyl-1-oxo-2-propenyl)-1H-indole-2-carboxylic acid (11.56 g.,
Example 10B) was added. The resulting mixture was heated under reflux for 6
hours. Evaporation of the 30 acetone in vacua gave a resinous residue which
was dissolved in methylene chloride. The methylene chloride solution was
washed twice with cold 1N hydrochloric acid, twice with saline, and dried
over anhydrous magnesium sulphate.  Evaporation of methylene chloride
solution on    - 45 - a rotary evaporator under reduced pressure gave a
foamy resinous material. The residue was dissolved in dry acetonitrile (250
ml.) and the solution was chilled in ice.  Dicyclohexylamine (9.2 g.) was
added slowly to the 5  cold acetonitrile solution with agitation, and the
resulting mixture was chilled for 2 hours.  The precipitate was collected
on a filter, and washed with acetonitrile 5 times, then with ethanol
repeatedly, giving crude 1-(S)-1-[(S)-3-(benzoylthio)-2-methyl-1-oxo- 10
propyl]-2,3-dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine salt
(17.76 g., m.p. 193-[err]). (The filtrate and washings were combined, and
set aside for isolation of d-(S)-1-[(R)-3-(benzoylthio)-2-methyl-
1-oxopropyl]-2,3-dihydro-1H-indole-2-carboxylic acid, 15  dicyclohexylamine
salt.)  Recrystallization of the crude 



product from ethanol improved the m.p. to 219-221 C (yield, 12.13
g.),[err]= -69.16 (c=1.035%, EtOH).  The sample which melted at 222-224
showed             766 (c=1.135%, EtOH). 20 Analysis for: [err] Calculated:
C, 69.78;  H, 7.69;  N, 5.09 Found:          C, 69.53;  H, 7.73;  N, 5.14
Example 12 d-(S)-1-[(R)-3-(benzoylthio)--2-methyl-1-oxopropyl]-2,3- 25
dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine salt A mixture of
1-2,3-dihydro-l-(2-methyl-l-oxo-2- propenyl)-1H-indole-2-carboxylic acid
(5.78 g. of Example 108), thiobenzoic acid (95% purity, 5 g.) and methylene
30 chloride (70 ml.) was refluxed under nitrogen atmosphere for 8.5 hours,
then evaporated on a rotary evaporator under reduced pressure to give a
resinous residue.  The residue was dissolved in acetonitrile (50 ml.) and
ca. 5.0 g. of dicyclohexylamine was added dropwise to    46 - the
acetonitrile solution (pH of the mixture was ca 6.5 .       when tested by
a wet pH paper).  The resulting mixture. was chilled in a refigerator for
1.5 hours.  (The precipitate was collected on a filter, and the filter 5.
residue was washed with acetonitrile, giving crude
l-(S)-1-(S)-3-(benzoylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-lH-indole-2-carboxylic acid, dicyclohexylamine salt as in Example
11).  The combined filtrate and washings were placed in a hood overnight,
and chilled 



10  in ice.  The precipitate that separated was removed by filtration, and
the mother liquor was treated with an additional amount of
dicyclohexylamine until the pH of the solution reached8. ..The resulting
solution was concentrated by allowing to evaporate in a hood overnight, 15
then chilled in ice.  The precipitate that separated was collected on a
filter and washed with acetonitrile, giving crude
d-(S)-[(R)'-3-(benzoylthio)-2-methyl-1-oxo-
propyl]-2,3-dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine salt
(7.39 g., m.p. 127-130)... 20  Purification by recrystallization from
acetonitrile improved the m.p. 132-134, [err]=+26.00 (c=1.04%, EtOH).
Analysis for:  [err] Calculated:   C, 69.78;  H, 7.69;  N,.5.09 Found:   .
C, 69.83;  H, 7.64;  N, 5.01 *   25                            Example 13
d-(R) 1-[(R)-3-(benzoylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine salt A mixture of
d-2,3-dihydro-l-(.2-methyl-l-oxo-2- 30 propenyl)-1H--indole-2-carboxylic
acid (2.31g ., Example  10A) thiobenzoic acid (9'5% purity, 1.60 g.), and
methylene chloride (50 ml.) was heated under. reflux for 6 hours, then
evaporated on a rotary evaporator under reduced pressure to give a resinous
material.  The    - 47 - residue was dissolved in acetonitrile and chilled.
The cold solution was treated with ca 2.0 g. of dicyclohexyl- amine until
pH of the mixture became approximately 8.5. 



The resulting mixture was chilled in ice for 1.5 hours, 5 and a precipitate
was collected on a filter and washed with acetonitrile, giving crude
d-(R)-1-[(R)-3-(benzylthio)
-2-methyl-1-oxopropyl]-2,3-dihydro-1H-indole-2-carboxylic acid,
dicyclohexylamine salt (2.65 g., m.p. 201-[err]). (The filtrate and
washings were combined, and set aside 10  for isolation of
1-(R)-1-[(S)-3-(benzoylthio)-2-methyl-
1-oxopropyl]-2,3-dihydro-1H-indole-2-carboxylic. acid, dicyclohexylamine
salt.) Recrystallization of the crude product from ethanol improved the
m.p. to 219-[err] (yield 1.4 g.). Another recrystallization from ethanol is
gave an analytical sample, m.p. 222-224, [err]=+70.59 (c=0.975%, EtOH).
Analysis for:  [err] Calculated:    C, 69.78;  H, 7.69;  N, 5.09 Found:
C, 69.52;  H, 7.64;  N, 5.09 20                            Example 14
1-(R)-1-[(S)-3-(benzoylthio)-2-methyl-l-oxopropyl]-2,3-
dihydro-1H-indole-2-carboxylic acid., dicyclohexylamine salt After the
combined acetonitrile filtrate and washings from Example 13 were allowed to
set at room temperature 25  for several days, the precipitate that
separated was collected on a filter and was washed with acetonitrile,
giving crude 1-(R)-1-[(S)-3-(benzoylthio)-2-methyl-1-
oxopropyl]-2,3-dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine salt
(0.94 g., m.p. 131-133). 30       Recrystallization from acetonitrile, then
from ethyl acetate improved the m.p. to 133-135 ,[err]   = -20.18 (c=1.02%,
EtOH).    



- 48 - Analysis for:  C20H19N04  . C12 23 Calculated:    C, 69.78;  H,
7.69;  N, 5.09 Found:          C, 69 96;  H, 7.63;  N, 5.02 Example 15 5
l-(S)-1-[(S)-3-(benzoylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-1H-indole-2-carboxylic acid Powdered
1-(S)-1-[(S)-3-(benzoylthio)-2-methyl-1-
oxo-propyl]-2,3-dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine
salt*(2.0 g.) was shaken vigorously 10  with a mixture of 5% aqueous
potassium hydrogensulphate (50 ml.) and ethyl acetate (45 ml.) in a
separatory funnel, and the ethyl acetate layer was separated. The aqueous
layer was extracted two additional times with ethyl acetate (20 ml. and 10
ml.) The combined ethyl 15  acetate extracts were washed with water, then
with saline, and dried over anhydrous sodium sulphate. Evaporation of the
solvent on a rotary evaporator under reduced pressure gave an oily residue
which solidified on standing. Recrystallization from ether and hexanes 20
gave 1-(S)-l-[(S)-3-(benzoylthio)-2-methyl-l-oxopropyl]-
2,3-dihydro-1H-indole-2-carboxylic acid, (1.25 g.), m.p. 144-146, [err]=
-183.6 (c=1.07%, EtOH). [* of Example Analysis for: [err] 25  Calculated:
C, 65.02;  H, 5.18;  N, 3.79 Found:          C, 65'.03;  H, 5.39;  N, 3.78
Example 16 d-(S)-l-[(R)-3-(benzoylthio)-2-methyl-l-oxopropyl]-2,3-
dihydro-1H-indole-2-carboxylic acid 30       The title compound was
obtained in resinous form from the corresponding dicyclohexylamine salt of
Example 12  



- 49 - (2.5 g.) by the treatment with 5% aqueous potassium hydrogen
sulphate solution as described in Example 15 [err]= +65.29 (c=1.145%,
EtOH). Analysis for: [err] 5  Calculated:    C, 65.02;  H, 5.18;  N, 3.79
Found:          C, 64.90;  H, 5.30;  N, 3.51 Example 17
d-(R)-1-[(R)-3-(benzoylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-1H-indole-2-carboxylic acid 10        The title compound (0.38 g.)
was obtained from the corresponding dicyclohexylamine salt of Example 13
(0.7 g.) by the treatment with 5% aqueous potassium hydrogen sulphate
solution as described in Example 15, m.p. 143-[err] ,[err]= +179.33
(c=1.04%, EtOH). 15  Analysis for:  [err] Calculated:    C, 65.02;  H,
5.18;  N, 3.79 Found:          C, 64.92;  H, 5.32;  N., 3.79 Example 18
l-(R)-1-[(S)-3-(benzoylthio)-2-methyl-1-oxopropyl]-2,3- 20-
dihydro-1H-indole-2-carboxylic acid The title compound was obtained from
the corresponding dicyclohexylamine salt of Example 14 by the treatment
with 5% aqueous potassium hydrogen sulphate solution as described in
Example 15. 25                            Example 19
d,l-1-[3-(Acetylthio)-2-methyl-1-oxopropyl]-2,3-dihydro-
1H-indole-2-carboxylic acid, dicyclohexylamine salt A.   A mixture of
2,3-dihydro-1-(2-methyl-1-oxopropenyl)- 1H-indole-2-carboxylic acid (6.94
g.), thioacetic acid 



- 50 - (95% purity, 3.9 g.), and methylene chloride (90 ml.) was heated
under reflux for 5.5 hours, then evaporated on a rotary evaporator under
reduced pressure to give a resinous residue. The residue was dissolved in
aceto- 5  nitrile (70 ml.) and chilled in ice.  Dicyclohexylamine (ca. 5
g.) was added dropwise to the cold acetonitrile solution until pH of the
solution reached about 8.  The resulting mixture was allowed to set at room
temperature for 2 hours, then in a refigerator for 1 hour. A 10
precipitate was collected on a filter and washed with acetonitrile 4 times.
(The filtrate .and washings were combined, and stored for isolation of the
diastereoisomer of the product which precipitated first.)  Several
recrystallizations of the residue from ethanol gave 15
d,l-1-[3-(acetylthio)-2-methyl-l-oxopropyl]-2,3-dihydro-
IH-indole-2-carboxylic acid, dicyclohexylamine salt (2.65 g.) with m.p.
218-220. Analysis for: [err] Calculated:    C, 66.36;  H, 8.25;  N, 5.73 20
Found:         C, 66.60;  H, 8.08;  N, 5.62 B.   The combined acetonitrile
filtrate and washings were concentrated to ca. 30 ml., then allowed to set
at room temperature for several days.  The precipitate that separated was
collected on a filter, and recrystallized 25  from ethanol several times,
giving d,l-1-[3-(acetylthio)-
2-methyl-1-oxopropyl]-2,3-dihydro-1H-indole-2-carboxylic acid,
dicyclohexylamine salt (1.66 g.) with m.p. 201-203. The latter product is
the diastereoisomer of the product 



which isolated first and melted at 218-220. 30 Analysis for:  [err]
Calculated:    C, 66.36;  H, 8.25;  N, 5.73 Found:         C, 66.41;  H,
8.41;  N, 5.66    -51 - Example 20
d,l-1-[3-(acetylthio)-2-methyl-1-oxopropyl]-2,3-dihydro-
1H-indole-2-carboxylic acid Treatment of d,l-1-[3-(acetylthio)-2-methyl-l-
5  oxopropyl]-2,3-dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine
salt from Example 19 with a m.p. 218-[err] (1.93 g.) with 5% aqueous
potassium hydrogen sulphate solution as described in Example 15 afforded
the title compound (0.6 g.) which melted at 125-126. 10  The product was
purified by recrystallizations from ethyl acetate and hexane. Analysis for:
[err] Calculated:    C, 58.61;  H, 5.58;  N, 4.56 Found:          C, 58.39;
H, 5.59;  N, 4.51 15                            Example 21 d,
l-1-[3-(Acetylthio)-2-methyl-1-oxopropyl]-2,3-dihydro-
1H-indole-2-carboxylic acid, the racemic diastereoisomer of Example 20 The
title compound was obtained from d,l-1-[3- 20
(acetylthio)-2-methyl-1-oxopropyl]-2,3-dihydro-1H-indole- 2-carboxylic
acid, dicyclohexylamine salt from Example 19 with m.p. 201-203 by the
treatment with 5% aqueous potassium hydrogen sulphate solution as described
in Example 15.  The product, purified by recrystallization 



25  from ether and hexane, melted at 94.5-96. Analysis for: [err]
Calculated:    C, 58.61;  H,. 5.58;  N, 4.56 Found:          C, 58.93;  H,
5.66;  N, 4.37    - 52 - Example 22
2,3-Dihydro-5-methoxy-lH-indole-2-carboxylic acid ethyl ester A three neck
3-litre round bottom flask equipped 5  with a mechanical stirrer, water
condenser, and a gas inlet tube was charged with 500 ml. of absolute
ethanol and chilled in a dry ice-acetone bath.  Dry hydrogen chloride gas
was added at a rapid rate for 0.5 hours. Fifty grams of
5-methoxyindole-2-carboxylic acid ethyl 10  ester (B. Heath-Brown and P.G.
Philpott; J. Chem. Sod. 1965, 7185) followed by 100 g. of tin metal (30
mesh) were added to the solution with stirring. With the dry ice bath in
place, but with no additional cooling the reaction mixture was stirred
gently for 6 hours.  The 15 cystalline solid that separated was removed by
filtration.  The mother liquor was evaporated under reduced pressure to
give an oil. The oil dissolved in 500 ml. of absolute ethanol, was placed
in a 3-litre round bottom flask equipped with a stirrer and 0 20
thermometer, and chilled to 10.  Gaseous ammonia was bubbled into the
mixture until the pH was 9 (by wet pH paper) and the mixture was allowed to
stand at [err]  for one hour. The white precipitate was filtered and the 



filtrate was evaporated on a rotary evaporator to dryness. 25 The initial
white precipitate and the residue from the evaporation were combined and
triturated repeatedly with warm ether. The combined ether triturates were
washed with a sodium chloride solution (a water: saturated salt solution,
1:1) with vigorous shaking; whereupon most 30  of the basic tin salts were
suspended and separated in the aqueous phase.  Both phases were filtered
through Celite and separated. The ether solution was dried over magnesium
sulphate and evaporated under reduced pressure on the rotary evaporator.
The oily residue was dried 35 in vacua to give 22 g. of
d,l-2,3-dihydro-5-methoxy-1H- indole-2-carboxylic acid ethyl ester.    - 53
- Analysis for:[err] Calculated:    C, 65.14;  H, 6.83;  N, 6.33 Found:
C, 64.70;  H, 6.75;  N, 6.32 Example 23 5
2,3-Dihydro-5-methoxy-1-(2-methyl-1-oxo-2- propenyl)-lH-indole-2-carboxylic
acid ethyl ester By substituting 2,3-dihydro-5-methoxy-lH-indole-2-
carboxylic acid ethyl ester for 2,3-dihydro-indole-2- -carboxylic acid
ethyl ester in the procedure of Example 1. 10
2,3-dihydro-5-methoxy-1-(2-methyl-1-oxo-2-propenyl)-lH- indole-2-carboxylic
acid ethyl ester was obtained as a thick oil. Analysis for: C16H19N04
Calculated:    C, 66.42;  H, 6.62;  N, 4.-84 15  Found:          C, 66.25;
H, 6.65;  N, 4.70. 



Example 24 2,3-Dihydro-5-methoxy-1-(2-methyl-1-oxo-2-propenyl)-1H-
indole-2-carboxylic acid To a solution of
2,3-dihydro-5-methoxy-1-(2-methyl- 20
1-oxo-2-propenyl)-1H-indole-2-carboxylic acid ethyl ester from Example 23
(8.5 g.) in 45 ml. of reagent-grade methanol was added a solution of 1.32
g. of sodium hydroxide (98% purity) in 16 ml. distilled water with hand
swirling.  This reaction mixture was stirred at 25  room temperature for 2
hours.  With vigorous mechanical stirring, the reaction solution was poured
into brine and the slightly turbid mass was acidified with concentrated
hydrochloric acid.  The resulting mixture was stirred, chilled in an
ice-water-salt-bath for one 30  hour and the solids were collected on a
sintered-glass funnel and washed twice with cold water, to give 2,3-
dihydro-5-methoxy-1-(2-methyl-1-oxo-2-propenyl)-1H-    - 54  -
indole-2-carboxylic acid (7.32 g., m.p. 108-111). Recrystallization from
ethyl acetate improved the m.p. to 115-118. Analysis for:   [err] 5
Calculated:'   C, 64.35;  H, 5.79;  N, 5.36 Found:          C, 63.89;  H,
5.76;  N, 5.22 Example 25
1-[3-(Benzoylthio)-2-methyl-1-oxopropyl]-5-methoxy-2,3-
dihydro-1H-indole-2-carboxylic acid,'dicyclohexylamine salt 10
2,3-Dihydro-5-methoxy-1-(2-methyl-1-oxo-2-propenyl)- IH-indole-2-carboxylic
acid from Example 24 (2.61 g.) was 



added to a stirring mixture of 4-dimethylaminopyridine (0.122 g.),
thiobenzoic acid (95% purity, 1.6 g.), and acetone (70 ml.) under a
nitrogen atmosphere. The 15 reaction mixture was heated at reflux for 8
hours and then chilled in a freezer. The precipitate was removed by
filtration. The filtrate was evaporated on a rotary evaporator under
reduced pressure to give a resinous material. The residue was dissolved in
methylene chloride, 20  and the methylene chloride solution was washed
twice with IN cold hydrochloric acid, then twice with saline, and dried
over anhydrous sodium sulphate. Evaporation of the methylene chloride
solution on a rotary evaporator under reduced pressure gave a resinous
material which was 25 dissolved in acetonitrile. Dicyclohexylamine was
added dropwise to the chilled acetonitrile solution until the pH of the
solution reached to approximately 8. The resulting mixture was chilled in
ice, and a precipitate was collected on a filter, and washed with
acetonitile. 30 Recrystallization of the filter residue from ethanol gave
1-[3-(benzoylthio)-2-methyl-1-oxopropyl]-5-methoxy-
2,3-dihydro-1H-indol'e-2-carboxylic acid, dicyclohexyl- amine salt (0.9 g.)
which melted at 204-206.    - 55- Analysis for:  [err] Calculated      C,
68.24;  H, 7.64;  N, 4.82 Found:         C, 68.28;  H, 7.62;  N, 4.95
Example 26 5  1-[3-(Benzoylthio)-2-methyl-1-oxopropyl]-5-methoxy-2,3-
dihydro-1H-indole-2-carboxylic acid 



The title compound was prepared from the corres- ponding dicyclohexylamine
salt obtained in Example 25 (m.p. 204-206) by treatment with 5% aqueous
potassium 10  hydrogen sulphate solution as described in Example 15.
Example 27 2,3-Dihydro-1-(3-mercapto-2-methyl-1 -oxopropyl)-5-methoxy-
1H-indole-2-carboxylic acid T.he title compound was prepared from
1-[3-benzoylthio)- 15
2-methyl-1-oxopropyl]-5-methoxy-2,3-dihydro-1H-indole-2- carboxylic acid of
Example 26 by treatment with methanolic ammonia as described in Example 5.
Example 28 2,3-Dihydro-5-methoxy-1-(1-oxo-2-propenyl)-1H-indole-2- 20
carboxylic acid ethyl ester By substituting 2,
3-dihydro-5-methoxy-1H-indole-2- carboxylic acid ethyl ester for
2,3-dihydro-1H-indole-2- carboxylic acid ethyl ester in the procedure for
Example 6, 2,3-dihydro-5-methoxy-1-(1-oxo-2-propenyl)-lH-indole- 25
2-carboxylic acid ethyl ester was prepared.    -56- Analysis for:  [err]
Calculated:    C, 65.44;  H, 6.22;  N, 5.09 Found:          C, 65.45;  H,
6.14;  N, 4.89 Example 29 5
2,3-Dihydro-5-methoxy-l-(l-oxo-2-propenyl)-1H-indole-2- carboxylic acid By
substituting 2,3-dihydro-5-methoxy-l-(1-oXo-2-
propenyl)-1H-indole-2-carboxylic acid ethyl ester from Example 28 for
2,3-dihydro-5-methoxy-1-(2-methyl-l-oxo- 



10  2-propenyl)-1H-indole-2-carboxylic acid ethyl ester in the procedure
for Example 24, the title compound was obtained. Example 30
1-[3-(Benzoylthio)-1-oxo-propyl-2,3-dihydro-5-methoxy- 15
1H-indole-2-carboxylic acid By substituting
2,3-dihydro-5-methoxy-1-(1-oxo-2- propenyl)-1H-indole-2-carboxylic acid
from Example 29 for 2,3-dihydro-l-(l-oxo-2-propenyl)-H-indole-2- carboxylic
acid in the procedure of Example 8, the title 20  compound was prepared.
Example 31 2,3-Dihydro-l-(3-mercapto-l-oxopropyl)-5-methoxy-lH-
indole-2-carboxylic acid The title compound was prepared from
1-[3-(benzoyl- 25 thio)-l-oxopropyl]-2,3-dihydro-5-methoxy-lH-indole-2-
carboxylic acid from Example 30 by treatment with methanolic ammonia as
described in Example 4.    - 57 - Example 32
5-Chloro-2,3-dihydro-1H-indole-2-carboxylic acid ethyl ester By
substituting 5-chloroindole-2-carboxylic acid 5  ethyl ester (B.
Heath-Brown and P.G. Philpott, J. Chem. Soc., 1965, 7185) for
5-methoxyindole-2-carboxylic acid ethyl ester in the procedure of Example
22, 5-chloro-2,3- dihydro-1H-indole-2-carboxylic acid ethyl ester (m.p.
51-53) was prepared. 10  Analysis for:  [err] 



Calculated:    C, 58.54;  H, 5.36;  N, 6.21 Found:         C, 58.57;  H,
5.23;  N, 6.31 Example 33
5-Chloro-2,3-dihydro-(2-methyl-1-oxo-2-propenyl)-1H- 15 indole-2-carboxylic
acid ethyl ester By substituting 5-chloro-2,3-dihydro- H-indole-2-
carboxylic acid ethyl ester from Example 32 for 2,3- *
dihydroindole-2-carboxylic acid ethyl ester in the procedure of Example 1,
5-chloro-2,3-dihydro-(2-methyl- 20
1-oxo-2-propenyl)-1H-indole-2-carboxylic acid ethyl ester was obtained as
an oil. Analysis for:  C15H16ClN03 Calculated:    C, 61.33;  H, 5.49;  N,
4.77 Found:         C, 60.94;  H, 5.60;  N, 4.64 25
Example 34 5-Chloro-2,3-dihydro-1-(2-methyl-1-oxo-2-propenyl)-1H-
indole-.2-carboxylic acid .By substituting
5-chloro-2,3-dihydro-1-(2-methyl-1- oxo-2-propenyl)-lH-indole-2-carboxylic
acid ethyl ester from 30 Example 33 for
2,3-dihydro-5-methoxy-1-(2-methyl-1-oxo-2-    - 58 -
propenyl)-1H-indole-2-carboxylic acid ethyl ester in the procedure of
Example 24, 5-chloro-2,3-dihydro-l-(2-
methyl-1-oxo-2-propenyl)-1H-indole-2-carboxylic acid was prepared. 5
Example 35 1-[3-(Benzoylthio)-2-methyl-1-oxopropyl]-5-chloro-2,3-
dihydro-1H-indole-2-carboxylic acid By substituting
5-chloro-2,3-dihydro-l-(2-methyl-1- 



oxo-2-propenyl)-1H-indole-2-carboxylic acid from Example 10 34 for
2,3-dihydro-5-methoxy-1-(2-methyl-l-oxo-2-propenyl)- 1H-indole-2-carboxylic
acid in the procedure of Example 25,
1-(3-(benzoylthio)-2-methyl-l-oxopropyl]-5-chloro-2,3-
dihydro-1H-indole-2-carboxylic acid, dicyclohexylamine was obtained. The
latter salt was then treated with 5% 15  aqueous potassium hydrogen
sulphate as in Example 15 to give the title compound. Example 36
5-Chloro-2,3-dihydro-l-(3-mercapto-2-methyl-l- oxopropysl)
1H-indole-2-carboxylic acid 20       Treatment of
1-[3-(benzoylthio)-2-methyl-1-oxopropyl]-
5-chloro-2,3-dihydro-1H-indole-2-carboxylic acid from Example 35 with
methanolic ammonia as described in Example 4, gave the title compound.
Example 37 25 2,3-Dihydro-1H-indole-2-carboxylic acid METHOD A 2,3-Dihyd
ro-H-indole-2-carboxylic acid ethyl ester (19.1 g.) was partly dissolved in
methanol (200 ml.) at room temperature. An aqueous potassium hydroxide
solution    - 59 - obtained by dissolving 6.56 g. of KOH pellets (86%
purity) in 70 ml. of water was added to the methanolic solution. The
resulting solution was stirred under nitrogen atmosphere at room
temperature for 1.5 hours. The reaction mixture was concentrated on a
rotary evap- orator under reduced pressure to approximately 100 ml., then
transferred into an Erlenmyer flask. The chilled 



solution was acidified first with chilled concentrated, then with dilute
hydrochloric acid to pH ca. 5. 10 Scratching of the resulting mixture while
chilling caused separation of a precipitate which was collected on a filter
and washed with cold water repeatedly to give 12.7 g. (76% yield) the
product, m.p. 165-170 dec. Analysis for:  [err] . 1/4H20 (167.67) 15
Calculated:    C, 64.47;  H, 5.71;  N, 8.35 Found:          C, 64.64;  H,
5.78;  N, 8.25 METHOD B A mixture of 2,3-dihydro-1H-indole-2-carboxylic
acid ethyl ester (9.56 g.), 80% aqueous DMSO (250 ml.) and 20 potassium
hydroxide (86% pellets, 3.26 g.) was allowed to stir under nitrogen
atmosphere at room temperature overnight, then evaporated on a rotary
evaporator under vacuum to give a thick oily residue. The residue was
dissolved in water (100 ml.). Several drops of 2N aq 25  NaOH solution was
added to the solution to make it slightly alkaline. The aqueous solution
was washed with ether several times to remove any unreacted starting
material, then acidified while chilling in ice first with concentrated,
then with dilute hydrochloric acid to 30 pH ca. 5, whereby a precipitate
separated. The mixture was chilled in ice, the precipitate was collected on
a filter and washed with cold water.  The product thus obtained melted at
176-179 dec. and weighed 8.73 g. (100%).    - 60 - Analysis for:  C9H9N02 .
1/[err] (166.17) 



Calculated:    C, 65.05;. H, 5.66;  N, 8.43 Found:          C, 65.23;  H,
5.67;  N. 8.28 Example 38 5  R-3-Benzoylthio-2-methylpropanoyl Chloride To
a stirred mixture of thionyl chloride (30 ml., Aldrich Chemical Co.) and
l-S-3-benzoylthio-2-methyl- propanoic acid (13.44 g.) in a 100 ml. round
bottom flask capped with a calcium chloride drying tube was 10  added two
drops of triethylamine.  The stirring was continued at room temperature for
7 hours, and the reaction mixture was evaporated on a rotary evaporator
under reduced pressure.The liquid residue thus obtained was kept under high
vacuum for several hours. 15                            Example 39
l-(S)-1-[(S)-3-(Benzoylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-lH-indole-2-carboxylic acid (Method B) To a stirred suspension of
2,3-dihydro-lH-indole-2- carboxylic acid (9.79 g.) in methylene chloride
(250 ml.) 20 was added triethylamine (12.3 g.). The clear solution thus
obtained was chilled in ice. R-3-Benzoylthio-2- methylpropanoyl chloride
(the entire amount obtained from 13.44 g. of the corresponding acid in
Example 38) dissolved in 50 ml. of methylene chloride was added 25 slowly
under vigorous stirring. The ice-bath was removed in 15 minutes, and the
stirring was continued for 2.5 hours. The reaction mixture was washed with
5% aqueous potassium hydrogen sulphate solution 3 times (250 ml., 200 ml.
and 150 ml.), then with saline (twice), and dried over 30 anhydrous sodium
sulphate. Evaporation of the methylene. chloride on a rotary evaporator
under reduced pressure   



- 61 - (in a large round bottom flask) gave a resinous residue which was
kept under high vacuum for ca. 1 hour. The residue was dissolved in
acetonitrile (150 ml.), and the solution was chilled.  Dicyclohexylamine
(DCHA, 11g., 5 to pH 7.5-8.0) was added slowly with good stirring to the
cold solution, and the resulting mixture was kept in a refrigerator for 1.5
hours. The precipitate was collected on a filter, and the filter residue
was washed with aceto- nitrile repeatedly. The DCHA salt melted at
212.5-215, 10 and weighed 16.1 g. (98% of theory). Recrystallization from
ethanol improved the m.p. to 219-221, giving 12.9 g. of the product, [err]=
-68.93 (c=1.5%, EtOH). Analysis for:  C20H19N04S.C12H23N Calculated:    C,
69.78;  H, 7.69;  N, 5.09 15  Found:          C, 69.38;  H, 7.58;  N, 5.26
The salt (38.0 g.) was powdered in a mortar and pestle to fine particles,
and shaken vigorously with aqueous 5% KHS04 solution (450 ml.) and ethyl
acetate (200 ml.) in a separatory funnel. The ethyl acetate layer 20  was
collected and the aqueous layer was extracted with ethyl acetate two more
times using 150 ml. and 100 ml. each time.  The combined ethyl-acetate
extracts were washed with water, then with saline, and dried over anhydrous
sodium sulphate (or magnesium sulphate).  The 25  ethyl acetate was
evaporated on a rotary evaporator under reduced pressure. In the later
states of the evaporation the concentrated solution was seeded with the
product of Example 15, and the evaporation was continued to dryness whereby
a crystalline product was obtained as a large 30  mass.  The mass was
broken into small pieces and dissolved 



in ca. 100 ml. of hot ethyl acetate. The filtered solution was diluted with
hexane until it became cloudy, and was first chilled in ice then in a
freezer.  The precipitate was collected on a filter and washed with
anhydrous ether 35 giving 21.6 g. of
l-(S)-1-[(S)-3-(benzoylthio)-2-methyl-1-
oxopropyl]-2,3-dihydro-lH-indole-2-carboxylic acid., m.p. 140.5-[err],
[err]= -184.9 (c=1.156%, EtOH).    -62- TLC obtained on a precoated Silica
gel 60F-254 (available from Brinkmann) by developing with a solution of
[err](8)/EtOH(2)/Toluene(1)/[err](1) showed a spot at Rf 0.635 when
detected under UV light. The diastereomer 5  from the reaction showed its
spot at Rf 0.54. Analysis for: [err] (369.42) Calculated:    C, 65.02;  H,
5.18;  N, 3.79 Found:          C, 65.05;  H, 5.04;  N, 3.81 Example 40 10
1-(S)-2,3-Dihydro-1-(S)-3-mercapto-2-methyl-1-oxopropyl]-
1H-indole-2-carboxylic acid A mixture of
1-1-[3(benzoylthio)-2-methyl-1-oxo-
propyl]-2,3-dihydro-1H-indole-2-carboxylic acid (5.0 g.) and
2-methoxyethylamine (40 ml.) in a 500 ml. round 15  bottom flask was
stirred under nitrogen atmosphere for 15 minutes at [err], then for 10
minutes at room temperature. The excess amine' was evaporated on a rotary
evaporator under reduced pressure to give an oil which was kept under high
vacuum for 15 minutes. The residue was dissolved in 20  ca. 200 ml. of cold
oxygen-free water, and the aqueous solution was washed with freshly opened
anhydrous ether 



3 times.    - 63 - Immediately (to avoid disulfide formation in alkaline
conditions), the aqueous layer was acidified with dilute hydrochloric acid
to pH ca. 1.   The oily product thus separated was extracted with ether 3
times (150 ml., 100 ml., 5 and 50 ml. in each extraction). The combined
ether extracts were washed with saline 3 times and dried over anhydrous
sodium sulphate for 1 hour. The ether was evaporated on a rotary evaporator
under reduced pressure, and the residue was kept under high vacuum for 20
minutes. 10 The solid product thus obtained was dissolved in ca. 30 ml. of
hot ethyl acetate.  The ethyl acetate solution was transferred
quantitatively to filter paper using a pipette and was carefully filtered
using Reeve Angel filter paper.  The filtrate was diluted with hexane until
15  it became cloudy (total volume of hexane used for the dilution was
approximately 110 ml.), and kept at room temperature for 1 hour, then
chilled in ice for several hours.  The precipitate was collected on a
filter and washed with a mixture of ethyl acetate and hexane (3:10 20  by
volume), giving 2.95 g. (82%) of l-(S)-2,3-dihydro-1-
[(S)-3-mercapto-2-methyl-1-oxopropyl]-1H-indole-2- carboxylic acid, which
melted at 140.5-142 [err]= -178.1 (c=1.135% EtOH). TLC obtained as
previously described showed a spot at Rf 0.45.  There was also a very faint
25  spot at Rf 0.25, which is believed to come from a trace amount of the
disulfide impurity. Analysis for: [err] (265.3) 



Calculated:    C, 58.84;  H, 5.70;  N, 5.28 Found:          C, 58.65;  H,
5.73;  N, 5.46 30                            Example 41
d,i,3,4,11,lla-Tetrahydro-4-methyl-1H,5H-[1,4]thiazepino-
[4,3-a]-indole-1,5-dione
d,l-2,3-Dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)- 1H-indole-2-carboxylic
acid (1.247 g.) from Example 4 was    - 64 - dissolved in dry methylene
chloride (700 ml.), and the resulting solution was chilled in ice and
stirred under nitrogen atmosphere.' To this solution was added 4-
dimethylaminopyridine (60 mg.), and the resulting mixture 5  was stirred
for 5 minutes;.  Dicyclohexyl-carbodiimide (1.02 g.) dissolved in ca. 10
ml. of methylene chloride was added, and the stirred reaction mixture
was-chilled in ice for 15 minutes, then allowed to warm at room temperature
and stirred for 4 hours.. The reaction 10 mixture was concentrated on a
rotary evaporator under reduced pressure to approximately 100 ml. and
chilled in dry ice-acetone. The precipitate that separated was collected on
a filter, and washed with methylene chloride. The combined filtrate and
washings were evapo- 15 rated under reduced pressure to give an oily
residue which solidified on standing. The solid material was recrystal-
lized from ether to give 3,4,11,lla-tetrahydro-4-methyl-
1H,5H-[1,4]-thazepino[4,3-a]indole-1,5-dione (0.7 g.), m.p. 108-110. 20
Analysis for  [err] Calculated:    C, 63.13;  H, 5.30;  N, 5.66 



Found:           C, 63.29;  H, 5.11;  N, 5.73 Example 42
d,l-3,4,11,lla-Tetrahydro-4-methyl-lH,5H-[1,4]thiazepino- 25
[4,3-a]-indole-1,5-dione Treatment of
dl-2,3-dihydro-1-(3-mercapto-2-methyl- 1-oxopropyl.)-1H-indole-2-carboxylic
acid from Example 5 which is diastereoisomeric with the 'starting material
used in Example 41 with dicyclohexylcarbodiimide according 30  to the
procedure of Example 41 gives dl-3,4,11,11a-
tetrahydro-4-methyl-1H,5H-[1,4]-thiazepino[4,3-a]indole-    - 65 -
1,5-dione which is the diastereoisomer of the-compound described in Example
41. Example 43 (4S,1l aS)-3,4,11,11a-Tetrahydro-4-methyl-lH,5H-[1,4]- 5
thiazepino-[4,3-a]indole-1,5-dione By substituting
l-(S)-2,3-dihydro-1-[(S)-mercapto-2-
methyl-l-oxopropyl]-1H-indole-2-carboxylic acid for 2,3-
dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-lH-indole-2- carboxylic acid in
the procedure for Example 41, (4S, 10
llaS)-3,4,11,11a-tetrahydro-4-methyl-1H,5H-[1,3]-
thiazepino[4,3-a]indole-1,5-dione was obtained. Example 44
(4R,llaS)-3,4,11,11a-Tetrahydro-4-methyl-1H,5H-[1,4]-
thiazepino-[4,3-a]indole-1,5-dione By substituting
d-(S)-2,3-dihydro-1-[(R)-mercapto-2-
methyl-1-oxopropyl]-1H-indole-2-carboxylic acid for 2,3-
dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-1H-indole-2- carboxylic acid in
the procedure of Example 41, (4R, 11aS)- 



3,4,11,11a-tetrahydro-4-methyl-1H, 5H-[1,4]thiazepino- 20
[4,3-a]indole-1,5-dione was obtained. Example 45 (4S,
11aR)-3,4,11,11a-Tetrahydro-4-methyl-lH,5H-[1,4]-
thiazepino-[4,3-a]indole-1,5-dione By. substituting
l-(R)-2,3-dihydro-1-[(S)-mercapto-2- 25
methyl-1-oxopropyl]-1H-indole-2-carboxylic acid for 2,.3- dihydro-1-
(3-mercapto-2-methyl-1-oxopropyl)-1H-indole-2- carboxylic acid in the
procedure of Example 41, (4S,11aR)-
3,4,11,1la-tetrahydro.-4-methyl-1H,5H-[1,4]thiazepino-
[4,3-a]indole-1,5-dione was obtained.    66 - Example 46
(4R,11R)-3,4,11,11a-Tetrahydro-4-methyl-1H,5H-[1,4]- thiazepino-[4,3-a
]indole-1,5-dione By substituting l-(R)-2,3-dihydro-1-[(R)-mercapto-2- 5
methyl-1-oxopropyl]-lH-indole-2-carboxylic acid for 2,3-
dihydro-1-mercapto-2-methyl-1-oxopropyl)-1H-indole-2- carboxylic acid in
the procedure of Example 41, (4R,llaR)-
3,4,11,1la-tetrahydro-4-methyl-1H,SH-[1,4]thiazepino- [4,
3-a]indole-1,5-dione was obtained.. 10                           Example 47
3,4,11,1la-Tetrahydro-lH,5H-[1,4.]thiazepino[4,3-a]- indole-1,5-dione By
substituting 2,3-dihydro-1-(3-mercapto-1- oxopropyl)-1H-indole-2-carboxylic
acid for 2,3-dihydro- 15
(3-mercapto-2-methyl-1-oxopropyl)-1H-indole-2-carboxylic acid in the
procedure of Example 41, 3,4,11,lla-tetrahydro-
1H,5H-[1,4]thiazepino[4,3-a]-indole-1,5-dione was prepared. 



Example 48 Similarly the following compounds are prepared.
9-Methoxy-3,4,11,11a-tetrahydro-4-methyl-1H,5H-[1,4]
thiazepino-[4,3-a]indole-1,5-dione
9-Chloro-3,4,11,lla-tetrahydro-4-methyl-lH,5H-[1,4]
thiazepino-[4,3-a]indole-1,5-dione.    - 67- CLAIMS 1. A compound of
formula: Y [err] wherein n is 1 or 0; [err] is hydrogen, lower alkyl, aryl,
or aralkyl; [err] is hydrogen or lower alkyl; R  is hydrogen, lower alkyl
or aroyl;  R5 is hydroxy, amino, or lower alkoxy; X is hydrogen, hydroxy,
lower alkyl, lower alkoxy, or halogen; Y is hydrogen, lower alkyl, or aryl;
the dotted line represents an optional single bond, with the proviso that
when the bond is present then T represents S and [err] and [err] are absent
from formula I and when the bond is absent then T represents 0, [err] or S
and [err] and [err] are present;  [err] is [err]  and when T is [err] also
represents [err]  , and when T is S, [err] also represents [err] wherein X,
Y, [err] and n are as defined above;    



- 68 - L is 0, [err] or-S (where [err] is hydrogen or lower alkyl);  M is
[err] or [err] (where R8 is hydrogen, lower alkyl, aryl or aralkyl; and
[err] and [err] are, independently, hydrogen, lower alkyl or aryl);  [err]
and [err] are, independently, hydrogen, alkyl, aralkyl or aryl; [err] is
hydrogen or lower alkyl;  m is 0, 1, 2, or 3;  [err] is hydrogen or aryl;
and R21. is hydroxy or lower alkoxy;  or a pharma- ceutically acceptable
salt thereof. 2.  A compound of formula: Y [err] wherein n, [err] X and Y
are as defined in Claim 1, [err] is hydrogen or lower alkyl;  and R  is -SH
or [err] wherein L is O, [err] or S (where R7 is hydrogen or lower alkyl);
and M is [err] or [err](where [err] is hydrogen, lower alkyl, aryl, or
aralkyl;  and [err] and [err] are, independently, hydrogen, lower alkyl, or
aryl); or a pharmaceutically accept- able salt thereof. 3.  A compound as
claimed in Claim 2 wherein R  is thiol or arylcarbonylthio. 4.  A compound
of formula Ia as shown in Claim 2, in which [err] is [err] wherein m is 0,
1, 2 or 3;  R   is hydrogen or lower 13    a1kyl; R20 is hydrogen or aryl;
and R21 is hydroxy or lower alkoxy, and n, [err], X and Y are as 



defined in Claim 1. 5.   A compound as claimed in Claim 4 in which m is 2,
R13 is hydrogen, R20 is phenyl and R   is ethoxy. 6.  A compound as claimed
in Claim 4 in which m is 2,[err] is hydrogen, R20 is phenyl and R   is
hydroxy. 7.   A compound as claimed in any one of Claims l to 5 wherein
[err]  is hydrogen or lower alkyl, Y is hydrogen, X is hydrogen and n is 1.
8.   A compound as claimed in any one of Claims l to 6 wherein [err] is
lower alkyl, n is 1 and  2 and R3 are hydrogen or n is 0 and 2 is hydrogen.
9.   A compound as claimed in any one of Claims 1 to 7 wherein R  is
hydroxy. 10.  A compound as claimed in any one of Claims 1 to 8 wherein R.
is methyl. 11.  A compound as claimed in Claim 10 wherein chiral carbon
atoms carrying the [err] methyl group and the [err] group both have the
S-configuration. 12.
1-(3-Benzoylthio-2-methyl-1-oxopropyl)-2,3-dihydro-lH- indole-2-carboxylic
acid. 13.  1-(3-Benzoylthio-1-oxopropyl)-2,3-dihydro-1H-indole-2-
carboxylic acid. 14.  2,3-Dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-1H-
indole-2-carboxylic acid. 15.
2,3-Dihydro-1-(3-mercapto-1-oxopropyl)-1H-indole-2- carboxylic acid. 16.
1,1'-Dithiobis-[3-oxo-1,3-propanediyl]bis[2,3-dihydro-
iH-indole-2-carboxylic acid]. 17.  1-(S)-1-[(S)-3-(benzoylthio)-2-methyl-1
-oxopropyl]-2, 3-dihydro-lH-indole-2-carboxylic acid.   



18  d-(S)-1-[(R)-3-(benzoylthio)-2-methyl-l-oxopropyl]-
-2,3-dihydro-1H-indole-2-carboxylic acid.
d-(R)-1-[(R)-3-(benzoylthio)-2-methyl-1-oxopropyl]-
2,3-dihydro-1H-indole-2-carboxylic acid. 20.  l.
(R)-1-[(S)-3-(benzoylthio)-2-methyl-1-oxopropyl]
-2,3-dihydro-lH-indole-2-carboxylic acid. 21.
1-[3-(Acetylthio)-2-methyl-1-oxopropyl)-2,3- dihydro-1H-indole-2-carboxylic
acid. 22.   1-[3-(Benzoylthio)-2-methyl-1-oxopropyl]-5-methoxy
-2,3-dihydro-1H-indole-2-carboxylic acid. 23.
2,3-Dihydro-1-(3-mercapto-2-methyl-1-oxopropyl)-5-
methoxy-1H-indole-2-carboxylic acid.. 24.
1-[3-(Benzoylthio)-1-oxopropyl]-2,3-dihydra-5-
methoxy-1H-indole-2-carboxylic acid. 25.
2,3-Dihydro-1-(3-mercapto-1-oxopropyl)-5-methoxy -1H-indole-2-carboxylic
acid. 26.   1-[3-(Benzoylthio)-2-methyl-1-oxopropyl)-5-chloro
-2,3-dihydro-1H-indole-2-carboxylic acid. 27.
5-Chloro-2,3-dihydro-1-(3-mercapto-2-methyl-1-
oxopropyl-1H-indole-2-carboxylic acid. 28.
l-(S)-2,3-Dihydro-1-[(S)-3-mercapto-2-methyl-1-
oxopropyl]-1H-indole-2-carboxylic acid. 29.
(4S,llaS)-3,4,11,lla-Tetrahydro-4-methyl-1H,5H
-[1,4]thiazepino[4,3-a]-indole-1,5-dione.    - 71 - 30.
(4R,llaS)-3,4,11,11a-Tetrahydro-4-methyl-1H,5H-
[1,4]thiazepino[4,3-a]-indole-1,5-dione. 31.
(4S,11aR)-3,4,11,11a-Tetrahydro-4-methyl-1H,5H- 



[1,4]thiazepino[4,3-a]-indole-1,5-dione. 32.
(4R,1laR)-3,4,11,11a-Tetrahydro-4-methyl-1H,5H-
[1,4]thiazepino[4,3-a]-indole-1,5-dione. 33.
3,4,11,11a-Tetrahydro-1H,5H-[1,4]thiazepino[4,3-a]- indole-1,5-dione. 34.
10,10a-Dihydro-3-methyl-1H-[1,4]thiazino[4,3-a] indole-1,4-dione. 35.
10,10a-Dihydro-1H-[1,4]thiazino[4,3-a]indole-1,4- dione. 36.   d,
1-l-[3-(Acetylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-1H-indole-2-carboxylic acid;the racemic pair having a melting point
94.5 to [err] 37.   d, 1-1-[3-(Acetylthio)-2-methyl-1-oxopropyl]-2,3-
dihydro-1H-indole-2-carboxylic acid;the racemic pair having a melting point
125-126 C. 38.   A compound as claimed in any one of Claims 1 to 35 when in
the form of an ammonium, alkali metal or alkaline earth metal salt or a
salt with dicyclo- hexylamine, benzathine, N-methyl-D-glucamine,
hydrabamine, arginine or lysine. 39.   A process for preparing a compound
of formula I as claimed in any one of Claims 1 to 36 which comprises: a)
reacting a compound of formula    - 72 - [err] wherein X, Y and [err] are
as defined in Claim 1, R14 is R as defined in Claim 1 or OZ wherein Z is a
carboxy pro- tecting group, [err] is hydrogen or Lower alkyl, with a 



compound of formula R4-H followed by deprotection when Z is present (where
[err] is  [err] wherein L and M are as defined in Claim 1)to give a
compound of formula I wherein T is S and [err]   is [err] n is 1, [err] is
hydrogen and [err] is hydrogen or lower alkyl; or b)  reacting a compound
of formula: [err] wherein n, X, Y,[err]  and [err]  are as defined in Claim
1, W represents Cl,Br,I or tosyloxy and R14 is R5 as defined in Claim 1 or
OZ where Z is a carboxy protecting group, with a compound of formula [err]
- 73 - wherein [err] is [err] wherein L and M are as defined in Claim 1,
and removing the protecting group Z when present to give a compound of
formula I wherein T is S and [err]   is [err] or c) subjecting a compound
of formula [err] wherein n, [err] X and Y are as defined in Claim 1, [err]
is [err] as defined in Claim 1 or OZ where Z is a protecting group and R26
is L -C-M 



wherein L and M are as defined in Claim 1, to ammonolysis and/or hydrolysis
or other conditions known for the removal of R   and Z when present to give
a compound of formula I wherein T is S and R24 is hydrogen, or    - 74 - d)
reacting a compound of formula [err] wherein n, [err], X and Y are as
defined in Claim 1, R   is amino, lower alkyl or OZ wherein Z is a
protecting group and Z  is OH or [err] where [err]   is as defined in Claim
1, with a compound of formula [err] wherein [err]   and [err]   are as
defined in Claim 1 excluding hydrogen; or R11 and/or R12 represent groups
that can be converted to hydrogen by catalytic hydrogenolysis; if necessary
followed by catalytic hydrogenolysis and/or deprotection to remove Z; to
give a corresponding compound of formula I wherein T is O or [err]  and
[err]  is [err] as defined in Claim 1; or e)  reacting a compound of
formula VIII wherein R14 is R  as defined in Claim 1 or OZ as defined above
with a compound of formula:  



- 75 - [err] wherein [err]  and [err]  are as defined in Claim 1, to give a
corresponding compound of formula I wherein T is S and [err] is [err],
and removing the [err] protecting group Z when present;  and if required
converting R11 and/or R12 to hydrogen by catalytic hydrogenolysis; or f)
reacting a compound of formula Y [err] wherein n, X, Y,[err] and [err]  are
as defined in Claim 1 and [err] is [err] as defined in Claim 1 or OZ
wherein Z is a carboxy protecting group, with (i) a compoun.d of formula:
[err] or (ii) a compound of formula: [err] under reductive alkylation
conditions;  in which formulae [err] and m are as defined in Claim 1 and
hal represents bromine, chlorine or iodine; followed by removal of Z when
present to give a    - 76 - compound of formula I wherein T represents
[err] and 



[err] or g) oxidising a compound of formula I wherein R24 is -H to give a
disulphide compound of formula I wherein [err] or h)  cyclising (A) a
compound of formula: Y [err] wherein n,X,Y,[err] and [err]  are as defined
in Claim 1 and one of a and b represents 0 while the other one of a and b
represents 1, or a reactive derivative thereof, or   (B) a compound of
formula [err] or a salt thereof, wherein X and Y are as defined in Claim 1
and R27 is a group having the formula    - 77 - [err] where n, R1, R2 and
R3 are as defined in Claim 1, R15 is hydrogen or lower alkyl, and R28 is a
leaving group or atom; to give a corresponding compound of formula I
wherein T is S and the dotted line is a single bond; or i) acylating a
compound of formula III as defined herein above with a compound of formula
[err] wherein n is 1, [err] and [err] are as defined in Claim 1 and
removing the protecting group Z when 



present to give a corresponding compound of formula I wherein T is S and
R24 is hydrogen; or j) reacting a compound of formula I wherein at least
one of R   and R   is trichloroethyl with 11      12 an alkanol or
aralkanol in the presence of CsF to give a compound of formula I wherein at
least one of [err] and [err] is alkyl or aralkyl; or k)  converting an
acidic compound of formula I to a salt with an inorganic or organic base,
1)  neutralising a salt of a compound of formula I with an insoluble acid
to give the free acid form of the compound of formula I.    -78 - 40. A
process for preparing a compound of formula I as defined in Claim 1 wherein
T is S and R   is [err] or hydrogen which comprises acylating a compound of
formula III [err] wherein X and Y are as defined in Claim 1 and R14 is R as
defined in Claim 1 (excluding hydroxy) or OZ wherein Z is a carboxy
protecting group with a compound of formula [err] or reactive derivative
thereof, wherein n, [err], R  and R  are as defined in Claim 1 and R26 is 



[err] wherein L and M are as defined in Claim 1, or R26 is a thiol
protecting group, and removing protecting groups when present. 41. A
process for preparing a compound of formula I wherein T is S and R   is
hydrogen which comprises subjecting a compound of formula    - 79 - [err]
wherein n,[err], X and Y are as defined Claim 1, [err] is [err] as defined
in Claim 1 or OZ where Z is a protecting group and R26 is a thiol
protecting group to ammonolysis and/or hydrolysis or other conditions known
for the removal of R and 2 when present.    - 80 - 42. A process for
preparing l-(S)-2,3-dihydro-1-[(S)-
3-mercapto-2-methyl-1-oxopropyl]-lH-indole-2- carboxylic acid which
comprises reacting 1-(S)-2, 3-dihydro-1-[(S)-3-benzoylthio-2-methyl-1-
oxopropyl]-1H-indole carboxylic acid with an alkoxy lower alkyl amine under
an inert atmosphere followed by acidification. 43  A process for preparing
a compound of formula I as claimed in Claim 1 substantially as hereinbefore
described with reference to any one of Examples 



3A, 3B, 4A, 4B, 5A, SB, 8, 9A, 9B, 9C, 11 to 18, 19A, 19B, 20, 21, 25, 26,
27, [err], 31, 35, 36, 39 and 40 to 47. 44   A compound of formula I as
defined in Claim 1 whenever prepared by a process as claimed in any one of
Claims 38 and 41 to 43. 45. A compound of formula I as defined in Claim 1
whenever prepared by a process as claimed in either Claim 39 or Claim 40
46.  A compound as claimed in any one of Claims 1 to 37 for use as a
pharmaceutical. 47. A pharmaceutical composition comprising a compound as
claimed in any one of Claims 1 to 37 and a pharmaceutically acceptable
carrier. 48. A compound of formula: [err]    - 81 - wherein R25 is a group
of formula [err]   or [err]; n, [err] and [err] are as defined in Claim 1;
[err] is hydrogen or lower alkyl; X is hydrogen, hydroxy, lower alkyl,
lower alkoxy,or halogen; [err] is bromine, chlorine, iodine, hydroxy,
tosyloxy, benzyloxy or -NHR13 where [err] is hydrogen or alkyl; Y is
hydrogen, lower alkyl, or aryl; and R is R  as defined in Claim 1 or OZ
wherein Z is a carboxylic acid protecting group; or salts thereof. 49.
2,3-Dihydro-1-(2-methyl-1-oxo-2-propenyl-1H- 



indole-2-carboxylic acid ethyl ester. 50.
1-2,3-Dihydro-1-(2-methyl-1-oxo-2-propenyl-1H- indole-2-carboxylic acid
ethyl ester. 51.   d-  2,3-Oihydro-1-(2-methyl-1-oxo-2-propenyl-1H-
indole-2-carboxylic acid ethyl ester. 52.
2,3-Dihydro-1-(1-oxo-2-propenyl)-1H-indole-2- carboxylic acid, ethyl ester.
53.   2,3-Dihydro-1-(1-oxo-2-propenyl)-1H-indole-2- carboxylic acid. 54.
2,3-Dihydro-5-methoxy-1-(2-methyl-1-oxo-2- propenyl)-1H-indole-2-
carboxylic acid ethyl ester. 55.
2,3-Dihydro-5-methoxy-1-(2-methyl-1-oxo-2- propenyl)-lH-indole-2-carboxylic
acid 56.   2,3-Dihydro-5-methoxy-1-(1-oxo-2-propenyl)-1H-
indole-2-carboxylic acid ethyl ester.    - 82 - 57.
2,3-Dihydro-5-methoxy-l-(1-oxo-2-propenyl)-1H- indole-2-carboxylic acid.
58. 5-Chloro-2,3-dihydro-(2-methyl-1-oxo-2-propenyl)-
1H-indole-2-carboxylic acid ethyl ester. 59.
5-Chloro-2,3-dihydro-(2-methyl-1-oxo-2-propenyl)- -1H-indole-2-carboxylic
acid. 60.  A process for preparing a compound of formula IVa as claimed in
any one of claims 48 to 59 which comprises: (a)   acylating a compound of.
formula III 14                    (III) H wherein X and Y are as defined in
claim 48 and 



R   is as defined in Claim 48 excluding hydroxy, 14 with a compound of
formula: (i)  [err]        (VI) (ii)  [err]  (VII) (iii)  [err]  (VIIa) or
(iv)  [err] (VIIb) wherein n, [err]and [err] are as defined in Claim 48,
[err] represents an activated carboxyl group-and hal is bromine, chlorine
or iodine; if desired followed by deprotection to remove carboxyl
protecting group Z; to give a compound of formula IVa wherein [err] is
[err] or [err] where [err]  is chlorine, bromine,    - 83 - iodine,
tosyloxy  or  benzyloxy; or  (b)      hydrogenolysis   of  a compound  of
formula  IVa  wherein  Z   is benzyloxy to  give  a compound  of  formula
IVa  wherein  [err] is hydroxy, or  (c)      reacting  a compound  of
formula  IVa wherein Z is chlorine, bromine or iodine with an  amine  of
formula  [err]  to  give  a compound  of formula  IVa  wherein  Z   is
[err] wherein  R is hydrogen or alkyl. The text of the specification has
been reproduced by photocopying the applicants original typescript.   It
may contain a few amendments which are difficult to read.    The original
typescript containing these amendments may be inspected on the premises of
the Patent Office  




