
Vol.36 No. 10 RUSSIAN CHEMICAL REVIEWS October 1967

162. Y.Kitahara and M.Funamizu, Jap. P. 11122 (1962); Chem.
Abs,, 59, 100126 (1963).

Institute of Organic-Inorganic
("Organoelemental") Compounds,
USSR Academy of Sciences,
Moscow

U.D.C. 547.751:747.753

SYNTHESIS OF SUBSTITUTED INDOLES
VIA INDOLINES

M. N.Preobrazhenskaya

CONTENTS

I. Introduction

Π. Methods of preparation of indolines

ΙΠ. Introduction of substituents into the benzene ring
of the indoline molecule

IV. Introduction of substituents into the pyrrole ring
of the indoline molecule

V. Conversion of indoline derivatives into indoles

I. INTRODUCTION

753

754

758

763

764

Indole derivatives play an important role in vital pro-
cesses x ' 2 . Of special importance are the essential amino-
acid tryptophan (I) and the products of its metabolism, for
example, 5-hydroxytryptophan (II), serotonin (III), 3-indo-
lylacetic (IV) and 5-hydroxy-3-indolylacetic (V) acids,
5-hydroxytryptophol (VI) and a number of other substances:

CHXHCOOH
HO,

-CHXH..NH,

Η
(I) X ^ H (II) X=OH

Η
(111)

-CHoCOOH
HO,

Η
(IV) X = H (V) X = O H

-CH.,CH,OH

(VI)

The structure of 5,6-dihydroxyindole (VII) is the basis
of the animal pigment melanin3. The processes involved
in the biosynthesis of melanin are closely related to the
metabolism of aminocatechols, including adrenalin and
tyrosine. One of the products of adrenalin metabolism is
adrenochrome (VIII)4. It has been shown recently5 that
ascorbic acid in plants exists in a bound form as two
diastereoisomeric ascorbigens A and Β (DC):

Many compounds containing the indole ring exhibit high
pharmacological activity. It is sufficient to recall reser-
pine and other Rauwolfia alkaloids, lysergic acid, brucine,
yohimbine, eserine, and other alkaloids, and also halucino-
genic compounds such as bufotenin (X) (a component of frog
venom), psilocin (XI), psilocybin (XII), and others1.

HO.
: H 2 C H 2 N ( C H 3 ) 2

(X)

H X H . , N ( C . , H 3 ) 2

Η

(XI) X=OH (XII) Χ=ΟΡΟ,Η2

The synthetic research on pharmacologically active com-
pounds in the indole series has proved extremely fruitful.
In particular, valuable medicinal substances have been
found—indopane6 (3-indolylisopropylamine) (ΧΙΠ), used as
a stimulating antidepressant in psychiatry and mexamine
(5-methoxytryptamine) (XIV)7, used in the prophylaxis of
radiation damage:

CH,O.
—ir-CH.2CH,NHn

ι ii II\/\N/
Η

(XIV)

Considerable interest was aroused by the discovery of
indole derivatives with high anti-inflammatory activity,
among which the most important is indomethacin—\-{P-
chlorobenzoyl)-5-methoxy-2-methylindole-3-acetic acid
(XV)8:

CH3O.

(XV) (XVI)

CH (CH,)—CH—C=O
I I

Ο Ν

I
NHCH3

Until recently indole derivatives with high antimicrobial
activity were unknown. However, the first communication
dealing with the antibiotic indolmycin (XVI), which inhibits
the development of strains of Staphylococcus aureus, a
micro-organism resistant to the most widely used antibio-
tics, appeared in 1961.9>10 Vigorous studies are being
made on the synthesis of the antibiotic mitomycin (XVII)
and related compounds which exhibit high cytostatic, bac-
teriostatic, and fungicidal activity11'12:

CH<0

(XVIII) R = Η

-(X^ | (XIX) R = CN

( I X )
ascorbigen 1)

The reports of the discovery of a new group of antibiotics,
tubercidin (XVIII) and toyokamycin (XDC)13, are extremely
interesting. These compounds are based on the 5,7-diaza-
indole (pyrimidinopyrrole) structure.

The structure of many indole compounds is based on
tryptophan, indole-3-acetic acid, or tryptamine (3-indolyl-
ethylamine). In this connection methods of synthesising
the side-chain in position 3 of the indole ring have been
developed in special detail. The method of introducing
substituents in position 1 have been investigated much less,
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although many 1-substituted indoles are of great interest—
for example, indomethacin (XV), tubercidin (XVm), and
others. The reason for the difficulty of introducing sub-
stituents in position 1 of the indole system is that the NH
group exhibits acid rather than basic properties, as a
result of which direct JV-alkylation or ΛΓ-acylation of indole
frequently cannot be achieved. Mercury or silver salts
(with one organic anion) of the type N-M, which are widely
used for synthetic purposes, for example in the purine
series, have not been described for indoles. Magnesium,
sodium, and lithium derivatives of indole usually react with
the formation of C2 or C3 derivatives. Serious difficulties
are also encountered in attempts to introduce substituents
into the benzene ring of the indole system. Under the
conditions of an electrophilic substitution reaction, most
indole derivatives decompose or react in different ways
simultaneously. The classical methods of synthesis (the
Fischer, Reissert, and other syntheses), in which the
molecule is synthesised from components already contain-
ing definite substituents, frequently prove cumbersome or
altogether inapplicable to indoles with substituents in the
benzene ring.

A method based on temporary exclusion of the pyrrole
ring has been proposed for the introduction of substituents
into the indole ring 1 4" 1 6. Indole is converted into 2,3-di-
hydroindole (indoline), which is an aromatic amine and can
be made to undergo various electrophilic reactions with
formation of indoline derivatives substituted both in the
benzene ring and at the nitrogen atom. Dehydrogenation
of these derivatives yields the substituted indole. Thus
instead of using unstable, readily decomposed, and diffi-
cult to isolate indole derivatives, the experiments are
performed with indolines, which are aliphatic-aromatic
amines:

Π. METHODS OF PREPARATION OF INDOLINESt

1. Preparation of Indolines by the Reduction of the Corres-
ponding Indoles

The most convenient method for the preparation of indol-
ine is hydrogenation of indole over Raney nickel at 80-100
atm and 75-150°C in an alcoholic or dioxan solution19.
Further temperature rise leads to the formation of octa-
hydroindole; in alcoholic solution the process is accom-
panied by JV-alkylation20'21. The method is suitable for the
preparation of substituted indolines22'23. A series of
indolines were obtained by hydrogenation over copper
chromite at 250-300 atm and 170-190°C. 2 4 " 2 6 The hydro-
genation of indole derivatives over PtO2 in an alcohol-
HBF4 mixture at 1 atm and room temperature has also been
described27. The hydrogenation of pyridinopyrrole, 7-aza-
indole (XXII), to the 2,3-dihydro-derivative (XXIII) is
carried out over a nickel catalyst at 200°C and 100 atm.
An increase of temperature results in cleavage of the pyr-
role ring2 8 '2 9:

y\ . s\.

\N/\N/
Η (XXII)

\ N / \ N / \

Η

(XXIII)

1-, 2-, or 3-alkylindoles can be reduced to the corres-
ponding dihydro-derivatives under the action of zinc or tin
in hydrochloric acid3 0"3 5. The ease of reduction of indoles
to 2,3-dihydro-derivatives in an acid medium, associated
with the formation of the indolenine structure (XXIV) as a
result of the protonation of indoles in position 3, is strik-
ing3 6 '3 7.

(XXIV)

Instead of dihydroindole, one can use in this reaction
also the unstable adduct of indole and sodium bisulphite, the
sodium salt of indoline-2-sulphonic acid (XX), which also
exhibits the properties of an aromatic amine1 7. Conver-
sion into indole derivatives is achieved by treatment with
alkali:

-OH

\/\N/\S0 3Na
Ε
(XX)

Η

(XXI)

In many cases indolines cannot be obtained from the
corresponding indole derivatives and they are synthesised
in other ways. This applies, for example, to 2,3-dihydro-
3-hydroxyindole, 3-indolinol (XXI), which is readily substi-
tuted and forms indole derivatives on dehydration18. In
this connection, intensive studies have been made in recent
years on the methods of synthesis of various indoline deri-
vatives from hydroxyindoles, isatins, and various aromatic
compounds.

This review deals with the methods of synthesis of indol-
ines, the substitution reactions in the indoline series, and
methods of conversion into the corresponding substituted
indoles.

However, in the reduction of unsubstituted indole in
hydrochloric acid it is impossible to isolate indoline, be-
cause dimerisation and trimerisation products form under
these conditions. In the reduction of indole with zinc in
85% phosphoric acid at 70-80°C in a stream of nitrogen it
is possible to avoid the polymerisation of indole and to
obtain indoline in 64-69% yield38. 2,3-Dimethylindole,
1,2,3,4-tetrahydrocarbazole, and its iV-methyl derivatives
have been synthesised under the same conditions. It has
been shown that in the reduction of 2,3-dimethylindole with
tin in hydrochloric acid the cis- and trans -isomerst are
formed in proportions of 3 :2, 2 5 and in the reduction with
zinc in 85% phosphoric acid the proportions are 65 :35. *
In hydrogenation over copper chromite only the trans -iso-
mer is formed25. In many cases it is possible to reduce
the 1-substituted indoles to indolines under the action of
lithium aluminium hydride in tetrahydrofuran40'41. Elec-
trochemical reduction of indole ** and reduction of indole
with diborane 4 3 have been described.

t The synthesis and properties of 2,2- or 3,3-disubstituted
indolines, which cannot be converted into the corresponding indoles
without the rupture of a C-C bond, will not be considered.

t Studies on the cis -irons-isomers of 2,3-dimethylindoline have
been described by Anet and Muchowski39.
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It is of very great interest to carry out the conversion
indole — indoline — substituted indoline -— substituted
indole using compounds containing the CHgCHjjNÎ  or
(CILĵ COOH residue in position 3 of the indole ring. Such
conversions have been achieved for indole-3-alkanoic
acids4 4 '4 5. 2,3-Dihydroindole-3-propionic (XXVI, A =
CH2CH2) acid was obtained by dehydrogenation of a salt of
indole-3-propionic acid (XXV, A = CH2CH2) over Raney
nickel at room temperature and 250 atm. 1 4 Esters of
2,3 -dihydroindole-3 -propionic [and -3-butyric? (Ed. of
Translation)] acids (XXVI, A = CH2CH2 or CH2CHCH3) have
also been obtained under these conditions46. The potas-
sium salt of indole-3-acetic acid (XXV, A = CH2) has been
hydrogenated over Raney nickel at 100°C and 70 atm in
order to obtain the dihydro-derivative44. 5-Methoxy-2-
methylindole-3-acetic acid (XXVn), the starting material
for the synthesis of indomethacin (XV), has been obtained
under the same conditions47:

CH.O.

-A—COOR

• \ N /
Η

(XXV)

-A—COOR

CH.COOH

Η

(XXVI) (XXVII)

The disodium salt of indole-3,4-diacetic acid has been
hydrogenated over Raney nickel at 80cC and 100 atm andthe
corresponding indoline diacid (XXVin) has been obtained48:

CHoCOOH
i

CHoCOOH

\o/=o

Η

(XXVIII)

Η

(XXIX)

The conversion of esters of indole-3-alkanoic acids into
the 2,3-dihydro-derivatives by hydrogenation over platinum
oxide at the normal pressure and room temperature has
been described49'50. The ester of 5-methoxy-2-methyl-
indoline-3-acetic acid (XXVII) has been obtained under the
action of tin in hydrochloric acid51. There is no informa-
tion about the reduction of amino- and hydroxy-acids of the
indole series, with the exception of the reduction of
y-(indol-3-yl)-y-oxobutyric acid into indolinylbutyrolactone
(XXIX)52. The data on 2,3-dihydro-5-hydroxytryptophan
as well as the information on 2,3-dihydro-5-hydroxytrypt-
amine (dihydroserotonin) appears to be unreliable53. The
reduction of tryptamines to 2,3-dihydrotryptamines has
been almost not investigated. Tryptamine (XXXI) forms
in the hydrogenation of indole-3-acetonitrile (XXX) over
Raney nickel at room temperature and 90 atm, an increase
of temperature to 100°C resulting in partial conversion of
tryptamine into dihydrotryptamine (XXXII), whose dipicrate
has been isolated54.

-CH.CN -CH.,CH.,NH.,

Η

(XXX)

Η

(XXXI)

CH.,CH.,NH.,

In the hydrogenation of 3-nitroisopropylindole (ΧΧΧΙΠ,
R = H) over PtO2 in alcoholic hydrochloric acid it proved
possible to obtain the dihydro-derivatives (XXXIV, R = H)

and (XXXV, R = H) and on further hydrogenation 3-amino -
isopropyl-2,3-dihydroindole (XXXVI, R = H)5 5:

\ / \ N / \
Η

:H.,C (CH3) NHOH

R

(XXXV)

CH,C (CH3) NO2

R

(XXXIV)

/ \ I
-CH2C (CH,)NH.

|
R

(XXXVI)

3-Nitroisobutylindoline (XXXIV, R = CH3) has been ob-
tained similarly from 3 -nitroisobutylindole (XXXIII, R =
CH3). Octahydroindole derivatives are formed together
with these substances 5 5 . The pyrrole ring is reduced
more readily than the nitro-group as a result of the easier
reduction of the corresponding indolenine structure formed
in an acid medium. The introduction of a methyl group
into the pyrrole ring of the tryptamine molecule facilitates,
as for indolealkanoic acids, the reduction of the double
bond in the pyrrole ring. NN' -dimethyltryptamine can be
converted into the dihydro-derivative (XXXVII) by zinc in
hydrochloric acid56:

COOH

,CH,NHCH,

/
\ _
/

/ \

\
/
\
/

(XXXVII)

R

(XXXVIII)

The conversion of lysergic acid derivatives into dihydro-
lysergic acid derivatives (XXXVIII) has been achieved
similarly57.

2. Syntheses of Indoline Derivatives Based on Isatins,
Indoxyls, and Hydroxyindoles

The direct electrolytic reduction of isatin and hydroxy-
indole into indoline has been described58. It is more con-
venient to obtain indoline (XXXIX) from hydroxyindoles (XL)
via mercaptoindoles (XLI)59»60:

( X L )

where X = H, 4-CH3O, and 6-CH3O.

A mixture of indoles and indolines (with the indoles pre-
dominating) is usually formed in the reduction of iV-substi-
tuted hydroxyindoles with lithium aluminium hydride4 0 '6 1"6 5.
The hydroxyindole unsubstituted at the nitrogen atom can-
not be converted either into indole or indoline by the action
of lithium aluminium hydride40. The formation of a cer-
tain amount of 1-alkylindolines in the reduction of 1-alkyl-
hydroxyindoles with lithium aluminium hydride can probably
be accounted for by further reduction of the 1-alkylindoles
formed. The reduction of hydroxyindole derivatives with
diborane leads to a mixture of the corresponding indoles
and indolines43, but this reaction does not appear to be of
preparative value.
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Depending on the reaction conditions, 1-acetylindoline
(XLDI) or l-acetyl-3-hydroxyindoline (XLIV) are formed in
the catalytic reduction of 1-acetylindoxyl (XLII)66'67:

COCH,
(XLI1I)

= 0

I

COCHS

(XLII)

1// \ N / \
COCH,

(XLIV)

-OH

The hydrogenation of CW-diacetylindoxyl at 100 atm and
90°C over a nickel catalyst results in the formation of
1-acetylindoline in 90% yield, and from the reaction per-
formed under milder conditions it is possible to isolate
l-acetyl-3-hydroxyindoline (10% yield). In the hydrogena-
tion of 3-acetoxy-l-acetyl-2-ethoxycarbonyl indole (XLV)
over Raney nickel at 85 atm and 110°C the product was an
ester of l-acetylindoline-2-carboxylic acid (XLVI) and at
60 atm and 60°C an ester of l-acetyl-3-hydroxyindoline-
2-carboxylic acid (XLVII)68:

\/\M/\

OH

COOq,H6

COCH3
(XLVI)

COCH,

(XLV)

It proved possible to achieve the same reaction in the
hydrogenation of an ester of l-acetylintioxyl-2-carboxylic
acid (XLVIII) over nickel chromite at room temperature
and a lower pressure 6 8:

\ / \ N / ĈOOH

COCH3

(XLVIII)

—OH

/
\ / \ N / \

COOH

COCH,
(XLIX)

-OH

The most convenient method for the preparation of
3-hydroxyindoline is the reduction of isatin with lithium
aluminium hydride (yields of 21%7 0 and 14%ω). 3-Hydroxy-
1-methylindoline cannot be obtained by the reduction of
1-methylisatin. 3-Hydroxy-l-methylindoline (L) has been
obtained by the methylation of 3-hydroxyindoline71. In the
reduction of dihydroxyindole 3-hydroxyindoline is formed
in 15% yield and in the reduction of indoxyl in 5% yield72.
3-Hydroxy-2-methylindoline (LI) has been obtained in good
yield by the reduction of 2,2'-dimethyl-2,2'-di-indoxyl (LII)
with NaBH4 in methanol73:

-OH

(LII) (LI)

Analysis of the NMR spectrum showed that compound (LI) is
a mixture of the cis- and trans -isomers in proportions of
1:4.73

Another example of the conversion of indoxyl derivatives
(LIU) into 3-hydroxyindoline derivatives (LIV) with the aid
of metal borohydrides has been described74:

= 0

I
COCH,

x—I
COOCH.

COCH,

Hydroxyindoline derivatives (LVI) and (LV) have also
been obtained from l-acetyl-2-alkylindoxyls (LVII) by the
Grignard and Reformatskii reactions7 5:

OH

—CH2COOC2HS

OH

R

COCH,

(LVI)

COCH,

(LVII)

V\N/\R

COCH,

(LV)

In the synthesis of various indole derivatives from
indoxyl, compounds whose structure is based on 3-hydroxy-
indoline (see, for example, Nenitzescu and Dan Raileanu7e)
are often formed as intermediates. Here only those
cases are considered where these compounds have been
isolated and identified.

3. Adducts of Indoles and Sodium Bisulphite and Indole
Dimers

The "exclusion of the pyrrole ring" of indole can also be
achieved by the conversion of indole into the sodium salt of
indoline-2-sulphonic acid (XX)17'77:

XX

\ / \ N /

Η
COCHj

(LVIII)

The product of the acetylation of a salt of indoline-2-sul-
phonic acid (LVHI) is used in electrophilic substitution
reactions. The advantage of this method is the ease of
preparation of the adduct (the yields are quantitative) and
the ease of reconversion into indole derivatives. How-
ever, the instability of the reaction products and the im-
possibility of purifying and identifying the intermediates
greatly reduce the value of this method.

Indole dimers, which have the structure of indolinyl-
indoles (LLX) 78>79 and the adduct of indole and maleic anhydr-
ide (LX)80 should also be mentioned.

\

\ N / \ /

Η

\ / \ N / ~

HC=CH—C=O

COOH

(LIX) (LX)

4. Synthesis of Indolines by the Closure of the Pyrroline
Ring

The studies on the cyclisation of ο -aminophenylethy 1
halides (LXI)81'82 should be mentioned in the first place:

χ/\/\Ν/

Η

(LIU) (LIV)

X N-NH 2

(LXI) (LXII)

where X = H, RHNSO2.

The mechanism of this reaction has not been investi-
gated. The method has been used to prepare indoline-6-
sulphonamides (LXII, X = RHNSO2)

83>84. It is particularly

756



Vol.36 No. 10 RUSSIAN CHEMICAL REVIEWS October 1967

valuable, since direct sulphonyl chlorination of indolines
leads to 5-derivatives (see Section m). The cyclisation is
achieved under the action of aqueous alkali. Indoline and
its derivatives have also been obtained from o-amino-
styrene (LXIII)85 or o-aminophenylethanol (LXIV) β5>8β>87:

\

—CH2CH2OH

—NH 2

(LXIV)

- C H = C H j

—NH2

(LXIII)

Indolines are formed when halogeno-derivatives of
/3-phenylethylamine are acted upon by reagents such as
CeH5Li, (C2H5)2NLi, NaNHj, and others. The intermediate
aryne structure (LXV) is formed, this being followed by
intramolecular nucleophilic addition to the triple bond of
the dehydrobenzene ring65»88»89.

H,CH2NHCH3
HtCH,NHCH,

A halogen in a position meta to the side-chain forms the
aryne more readily than the halogen in the ortho -position,
which leads to higher yields of indolines when meta -deri-
vatives are used. However, it proved possible to obtain
1-methy Undo line from /3-(o-chlorobenzyl)ethylmethyl-
amine in 50% yield90. When the benzene ring contains
halogens in positions ortho and meta to the side-chain
(LXVI), a mixture of 4- and 5-halogeno-derivatives
(LXVIH) and (LXVII) is formed, 4-chloroindoline (the pro-
duct of the cyclisation of m-chlorophenylethylamine)
(LXVIII) predominating considerably:

— CH2CH2NHR

(LXVI)

This method has been used to prepare 4-methoxyindol-
ines (LXLX) and 6-methoxyindolines (LXX)91:

OCH3 OCH3

;—CH2CH2NHR

Λ/
Cl

/ \ N / \

(LXIX)

where R = H, CH3, and CH2C6H5;

CHbi

-CH 2 CH 2 NHR

(LXX)

where R = H, CH3, and C2H5.

4- and 6-methoxyindolines have been converted into 4-
and 6-hydroxyindolines. 3-(j3-Dimethylaminoethyl)-4-
methoxy-l-methyl-2,3-dihydroindoline (LXXI) has also
been obtained91:

OCH,

- C H - C H 2 C H 2 N (CH,)2

CHjNHCH,

(LXXI)

1-Methylindoline has been isolated after the reaction
between aluminium chloride and (/3-bromoethyl)methyl-
aniline (LXXn)92. 2-Methylindolines (LXXTV) are formed
(together with small amounts of 2-methylindoles) when
JV-allylanilines (LXIII) are cyclised under the action of
acid reagents25»93:

'NH—CH2CH=CHR

(LXXIIO

where R = Η and CH3 and X = H, 7-CH3, 5-CH3, and 5-F.
o-Allylaniline (LXXV) is an intermediate in this reaction25.

The possibility of obtaining indoline systems by the
oxidation of aminocatechols should be recalled. Adreno-
chrome (VIII), which was isolated after adrenalin had been
subjected to the action of catechol oxidase, silver oxide,
and other agents94, has already been mentioned. Amino-
chromes (LXXVI), analogues and derivatives of adreno-
chromes, have also been prepared:

—R"

(LXXVI)

Among the ether derivatives of adrenalin, the amino-
chromes (LXXVI, R = CH3, R' = H, R" = alkoxy-group)
have been obtained95.

Adrenalin analogues have been prepared from 3-hydroxy-
indolinequinones (LXXVI, R = R' = alkyl residues and R" =
OH)96. By oxidising dihydroxyphenylalanine derivatives,
indolinequinonecarboxylic acids (LXXVI, R = CH3, C2H5,
etc., R' = COOH, and R" = H) were synthesised98. Among
the phenylethylamine derivatives, the indolinequinones
(LXXVI, R = CH3, C2H5, etc. and R' = R" = H) were pre-
pared96. Other compounds synthesised are aminochromes,
which are indoline-6,7 -o-quinones (LXXVII), some of which
have been used in the synthesis of polyhydroxylated indol-
ines (LXXVin)97:

OCH,
I

Br—/>,—CH 2 CH 2 NH 3

OCH3 OCH3

Br

V
OH

/

ο H

(LXXVII)

OH H

(LXXVIII)

It has been shown that the action of potassiun iodate and
other halogen-containing oxidising agents on adrenalin and
its analogues leads to the preparation of 7-halogeno-deri-
vatives of adrenochrome98"100. Adrenochrome derivatives
have been used as the starting materials in the synthesis
of certain indole systems.
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It proved possible to close the indoline ring (LXXEX) by
cyclisation under the conditions of the Michael reaction101:

ΙΠ. INTRODUCTION OF SUBSTITUENTS INTO THE BENZ-
ENE RING OF THE INDOLINE MOLECULE

O2N.

Λ/\Ν/

CH=CHCOOR

CH2COOCH3

O.N.
CH2C0OR

(LXXIX)

In recent years an increasing number of studies have been
devoted to the methods of synthesis of pyridino- or pyrimi-
dino-pyrroles (aza- or diaza-indolines)§. These investi-
gations were stimulated by the discovery of the high biolo-
gical activity of the aza-analogues of nucleosides and
nucleotides and the discovery of new antibiotics of the type
of tubercidin and toyokamycin. An especially large num-
ber of studies are concerned with the development of
methods of synthesis of pyridinopyrrolines (azaindolines).
It has been established that, when 3-(0-chloroethyl)pyrid-
ines containing halogen atoms in positions 2 or 4 (LXXX)
are condensed at a high temperature with ammonia and
primary or secondary amines, indolines (LXXXI) are
formed. Using various chloropyridines and amines, it
proved possible to prepare by this method more than 30
substituted 7- and 5-azaindolines102"114. The first stage of
the reaction1 0 5 '1 0 9 is the replacement of the aromatic chlor-
ine by the NH2 residue, this being followed by the forma-
tion of the quaternary salt (LXXXII) and the removal of an
alkyl halide:

CH2CH2CI

(LXXX) (LXXXII)

The reaction of 2,4,6-trichloro-3-(|3-chloroethyl)pyridine
(LXXXm) with amines takes place with the formation of a
mixture of 5- and 7-azaindolines, (LXXXIV) and (LXXXV)
respectively, in proportions of 34.6:42.2. ΙΟΒ,ΙΜ 5_ a n ( j
7-indolines were obtained by the dechlorination of these
compounds.

—CHjCH2Cl

(LXXXIII)

αΛΝ/\ΝΑ
Η

(LXXXV)

Ν

α-1
\ / \ N / \

Η

(LXXXIV)

The formation of pyrimidinopyrrolines (5,7-diazaindol-
ines) (LXXXVI) by the action of phosphorus pentachloride
and then alkali on pyrimidines containing j3-dialkylamino-
and hydroxy-groups in the ortho -position (LXXXVII) has
been described1 1 5 '1 1 6:

R'

Ν II

IIjv—CH2CH2NR2

I—OH

(LXXXVII)

1/

R = C H S , CjHs

R ' = C H S , NHCOCH3

(LXXXVI)

§ The present review deals only with pyridino- and pyrimidino-
pyrroles and -pyrrolines, which can be regarded as 4-, 5-, 6-, or
7-aza-analogues of indole or indoline.

The behaviour of indolines in electrophilic substitution
reactions has been investigated with the aim of introducing
substituents into the benzene ring of the indoline molecule.
The question of the site of substitution in these reactions
could not be solved by analogy between indoline (LXXXVIH)
and JV-methyl-o-toluidine (LXXXIX):

n-t\/\N/\Η

(LXXXVIH)

\/\N/CH°
Η

(LXXXIX)

It has been established that these compounds and their
JV-acyl and N-alkyl derivatives behave in different ways in
electrophilic substitution reactions1 1 7. The different
behaviour of these systems was accounted for by the fact
that in JVN-disubstituted o-toluidine the CH3 and NR2 groups
cannot lie in the plane of the benzene ring due to steric
hindrance117. This leads to weakening of the conjugation
between the NR2 group and the benzene ring. In disubsti-
tuted ο -toluidine electrophilic substitution takes place in
the para -position with respect to the methyl group. As a
result of the formation of the ring, the indoline molecule is
coplanar and there is no weakening of the conjugation be-
tween the p -electrons of the nitrogen and the π-electrons
of the benzene ring. Therefore electrophilic substitution
takes place in the para-position with respect to the amino-
(or acetamido-) group (i.e. position 5), since these groups
have a more powerful directing effect. When reactions
are carried out in a strongly acid medium, indoline is con-
verted into the indolinium cation, as a result of which the
substituents enter the meta -position with respect to the
ammonium group, i.e. position 6. In the synthesis of
7-substituted indolines, position 5 is blocked by substituents
which are readily eliminated and 1-acetylindoline is used
as the starting material1 1 8:

X — <' Χ—ί

\ / \ N / \

COCH3 COCHS

The introduction of substituents into position 4 of the indol
ine ring, after protection of position 6, was not investi-
gated.

1. Nitration, Nitrosation, and Azo-Coupling of Indolines

When indolines are nitrated with the nitrating mixture
in sulphuric acid, the nitro-group enters into position 6. A
number of 6-nitroindolines (XC) have been obtained in high
yields Μ,Μ,ΙΜ-Ι».

O2N

A 6-nitro derivative of 2,3-dimethyl-1,7-trimethyleneindol-
ine, which is in all probability a mixture of cis- and trans-
isomers, has also been obtained123'124. The nitration of

\ N /

R

(XC)

κ
R=R'=R'
R=CHS;

R=R«=H;

=H

R'=R»=H.

R'=CHS.

R=R'=H;

R=C2H5;

R=R'=CH

R"=CHS.

R', R'=(CH2)4

s ; R"=H.
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1-acylindolines gave a series of l-acyl-5-nitroindolines
(XCI), which were then converted into 5-nitroindolines
(XCII) 16,44,45,119,125-127;

OjN

R'

COR
(XCI) (XCII)

R=R'=H. R=CH,; R'=H. R, R'=(CH2)4. R=H; R'=(Ci

The nitration of N-acylindolines of complex structure
(XCin) has been described128:

NO, NO,

Strychnine (XCV), which is a complex acylindoline, is
nitrated in position 2 which corresponds to position 5 in the
indole ring (oxidation and hydrolysis take place simul-
taneously)129:

(XCV)

It is interesting to note that 5-nitro-derivatives are
formed exclusively; the formation of 7-isomers has not
been observed. However, after nitration of 1-acetylindol-
ine, a certain amount of the 5,7-dinitro-derivative (XCV1)
was isolated119. By further nitration of l-acetyl-5-nitro-
indoline, the derivative was obtained in 42% yield as:

CH,OCNH

1/
, / \ N / \

MO2 COCH,

(XCVI)

O,N

COC.H,

(XCVII)

The nitration of 5-acetamido-l-benzoylindoline gave
probably the 6-nitro-derivative (XCVTI), while the product
of the nitration of l-benzoyl-6-diacetamidoindoline was
probably the 4-nitro-derivative. The structure of the
products obtained was not proved16. 5-Bromo-7-nitro-
indolines (XCIX), the key substances in the synthesis of
7-aminoindolines (C) and indoles, have been synthesisedby
the action of nitric acid on l-acetyl-5-bromoindolines
(XCVHI) *Μ5> "8,126,130.

r \ / -R

\ / \ N / \

COCH,

(XCVI II)

where R = H, CH2COOH, and CH2CH2COOH.

In contrast to 2,3-dihydroindoles, the N-acetylated
adduct of indole with sodium bisulphite (LVin) forms on
nitration a mixture of 5- and 7-derivatives, which ontreat-
ment with alkali yield a readily separated mixture of 5-
and 7-nitroindoles 17»77. On azo-coupling with phenyldiazo-
nium salts in the presence of sodium acetate, 2-methyl-
indoline forms diazoamino-compounds (CI); in a strongly
acid medium the products are the diazo compounds (CII)31:

><C6H,N=N

ICII)

On coupling with diazotised sulphanilic acid, 1-methyl-
indoline also forms the azo-dye (CDI). It proved possible
to isolate the sodium salt of the dye from a strongly alkal-
ine medium131. The nitrosation of indoline and 2-methyl-
indoline yields iV-nitroso-derivatives30»122»132. 2-Methyl-
1-nitrosoindoline (CIV) undergoes the Fischer-Hepp
rearrangement with formation of 2-methyl-5-nitrosoindol-
ine (CV). l-Methyl-5-nitrosoindoline (CVI) was obtained
in the reaction between butyl nitrite and 1-methylindolinei22.

ON ON

I
NO

(CIV)

Η

(CV)

\ / \ N / \

CH3

(CVI)

2. Aminoindolines

Aminoindolines have been investigated very thoroughly
because, apart from their possible conversion into amino-
indoles, they may serve as the starting materials for the
preparation of alkoxy-, fluoro-, and other substituted
indolines. Elimination of the nitro-group protecting posi-
tion 5 or 6 also proceeds via the aminoindoline state.
5- and 6-aminoindolines, (CVH) and (CVIII) respectively,
have been obtained by the reduction of the corresponding
readily available nitroindolines15»16»44»119»122»133-135:

-R'

R
(CVII)

R = R ' = R » = H .

R=R"=H; R'=CH3;

R=COC,H5; R'=R"=H;

R=R'=H; R ^

(CVIII)

R=R'=R'=H.

R=R'=H; R"=CH3.

R==COCHS; R'=R"=H.

R=R'=H; R'=CHS.

R'=R"=H; R=CHS.

R'=R'=H; R=COC,,H6.

Hydrazine hydrate in the presence of Raney nickeln 9 and
also stannous chloride15»133 have been used as the reducing
agents. Nitroindolines have been hydrogenated over
palladium on charcoal134»135, over the Adams catalyst16,
and over Raney nickel44. Certain 5-aminoindolines have
been obtained by the reduction of 5-nitroso- or 5-sulpho-
phenylazo-derivatives31»122. This method of synthesis is
particularly valuable for 5-amino-l-methylindoline, be-
cause a method of preparation of 1-methyl-5-nitroindoline
has not been described131. When bromonitroindolines are
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hydrogenated ov"er palladium on charcoal, the bromine
atom is eliminated and aminoindolines are produced. The
method is suitable for the preparation of 7-aminoindolines.

5-Bromo-l-methylindoline131, l-acetyl-7-iodoindoline125,
l-acetyl-6-fluoroindoline134, l-acetyl-5-fluoroindoline m ,
l-acetyl-6-chloroindoline134, and l-acetyl-5-chloroindol-
ine 1 3 4 have been obtained from the corresponding amino-
indolines by the Sandmeyer reaction. The replacement of
the amino-group by fluorine and chlorine takes place in
high yields, the corresponding halogenoindolines being ob-
tained on deacetylation. The conversion of l-acetyl-5-
amino-, l-acetyl-6-amino-, and 1-acety 1-7-amino-indol-
ines (CK) into the corresponding hydroxy-derivatives (CX)
(in yields of 77, 82, and 42% respectively) has been
achieved133»135. 5-, 6-, and 7-methoxyindolines (CXI) have
been obtained by the methylation of the hydroxy-group. The
methylation yield is low in the case of 7-hydroxyindoline
(CXII); the authors attribute this to the presence of a
hydrogen bond in this compound135.

elimination of the amino-group gave 1-acety 1-7-bromo-
indoline (CXVI)l26:

COCHg COCH8

(CXVI)

There are data indicating high physiological activity of
l-acyl-5-halogenoindolines139.

HjN CHaO

cocH3

(CXI)

3. Halogenation of Indolines

5-Bromo-derivatives (CXIII) are formed when indolines
are brominated in acetic acid or in the bromination of
1-acetylindolines «,«,118,119,126,127,131,136,137.

R=R'=R"=H.

R=R"=H; R'=CH3.

R=CH 3;R'=R"=H.

(CXIII)

R=COCeH6; R'=H; R"=CH2COOH.

R=H;R',R"=(CH2)4.

R=H; R'R'=(CH2)8.

R=H; R'=R"=CH3.

The non-protonated indoline species appear to react in the
bromination of indolines in a mixture of sulphuric and
acetic acids. 6-Bromo-2,3-dimethylindoline has been ob-
tained by the bromination of 2,3-dimethy Undo line in a
strongly acid medium137. The paper describing the syn-
thesis was the first communication about the possibility of
a direct synthesis of 6-bromoindolines. It was not stated
whether the 5- and 6-bromo-2,3-dimethylindolines were
pure substances or mixtures of cis- and trans -forms137.

The bromination of the sodium salt of 1-acety Undo line -
2-sulphonic acid (LVIII) followed by treatment with alkali
gave 5-bromoindole in 70% yield17»77. When IC1 is allowed
to act on compound (LVDI), the 5-iodo-derivative is pro-
duced and from the latter 5-iodoindole can be obtained by
the action of alkali17»77. 5-Iodoindoline has been obtained
by the action of IC1 on 1 -acetylindoline with subsequent
hydrolysis of the acetyl group138. The attempt to prepare
5-chloroindole by the action of chlorine on the adduct of
indole and sodium bisulphite (LVm) was unsuccessful17»77.
Chloro- and fluoro-indolines have been obtained, as stated
above, from the corresponding 1-acetamidoindolines134.
The attempt to prepare fluoroindolines from bromoindol-
ines was unsuccessful134. The 7-bromo-derivative (CXV)
has been obtained by the bromination of l-acetyl-5-nitro-
indoline (CXIV). The reduction of the nitro-group and the

4. Thiocyanato- and Mercapto-Derivatives of Indoline

5-Mercapto-derivatives of indoles and indolines, the
thio -analogues of hydroxy indole derivatives which exhibit
high pharmacological activity, have been investigated very
little so far. 5-Thiocyanato-derivatives (CXVTI), which
are both of intrinsic interest and are important as key sub-
stances for the synthesis of 5-mercaptoindoline or 5-mer-
captoindole derivatives, have been obtained by the thio-
cyanation of indoline derivatives140:

C e H 5 COS

\ / \ N / \

(CXVII,R=H, CH3) (CXVIII, R=H, CH8)

7\N/\

CH,

(CXIX)

The treatment of 5-thiocyanatoindolines (CXVII) with alkali
gave the corresponding disulphides (CXVIII) and the reduc-
tion of l-methyl-5-thiocyanatoindoline with tin in hydro-
chloric acid led to 5-mercapto-l-methylindoline, which
was isolated as the S-benzoyl derivative (CXIX)140.

5. Chlorosulphonation of Indolines and Sulphonamides of the
Indoline Series

By the chlorosulphonation of 1-acetylindoline, 1-acetyl-
indoline-5-sulphonyl chlorides (CXX) were obtained, from
which a number of indoline-5-sulphonamides (CXXI)117>138>
Mi-143 a n ( i indoline-5-sulphonic acids were synthesised117:

C1SO,—j RR'NSOj

V/\N/\R

Η

(CXXI, R=H, CHS)

As stated above, indoUne-6-sulphonamides (LXII) have
been obtained by the cyclisation of the indoline ring. The
sulphoureides (CXXII) and (CXXm) have been prepared
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from indoline-5-sulphonamides and indoline-6-sulphonam-
ides1 4 1 '1 4 3:

R.NCONHSCV.

\ / \ N / \

(CXXII)

RaNCONHSOa

\

/ \ / \ Ν / \ ,

Η

(CXXIII)

6. Acylation and Alkylation of Indolines

Intramolecular C-acylation of derivatives of indoline-
alkanoic acids has been investigated in connection with
studies on the synthesis of indole alkaloids. The first
stage in the synthesis of lysergic acid consists in the con-
version of l-acylindoline-3-propionic acid into the acid
chloride (CXXIV) which is cyclised under the conditions of
the Friedel-Crafts reaction with the formation of the
corresponding tricyclic derivative1 4'1 4 4'1 4 5 (CXXV):

—CH,CH,COCI

V\NA

COR

(CXXIV)

The intramolecular cyclisation of indoline-1-propionic
acid (CXXVI) by heating with perfluoroacetic anhydride led
to the corresponding tricyclic ketone (CXXVII)146. The same
oxo-derivative (CXXVII) was obtained from iV-(j3-cyano-
ethyl)indoline (CXXVIII)147:

/
\

HOOC CH..
\ /

CH.,
(CXXVl")

ο
\

I
CH,CH,CN

(CXXVII)

The syntheses of alkyl C-indolyl ketones and especially
methyl 5-indolyl ketone has been attracting attention in
recent years in connection with the discovery of the phar-
macological activity of 5-acetyltryptamine and its deriva-
tives1 4 8. A series of 5-acetyl- and 5-chloroacetyl-indol-
ines (CXXIX) have been obtained by the Friedel-Crafts
acylation of 1-acetylindolines149'150:

XCH..CO XCH,CO

COCHa

R^R-^H; X=H.

R = R ' = H ; X=CI.

R = CH3; R".= X=H.

R = CH3; X=.ci ; R'=H.

R, R ' - (CH2) j ; X=H.

V \ N / \ R

Η

(CXXIX)

The acylation yields mainly the 5-derivative, but in the
chloroacetylation of 1-acetylindoline 3% of a product, which
was probably l-acetyl-7-chloroacetylindoline, was isolated
in addition to 83% of the 5-chloroacetyl derivative149.

Acetamidoindolines have been obtained from the oximes of
indolinyl ketones by the Beckmann reaction149. For
example:

C H 3 - C —
II
NOH

y \ CH3CONH

COCHo

Clemmensen reduction of 5-acetyl- and 5-chloroacetyl-
indolines gives 5-ethylindolines149.

The Vilsmeier reaction has been used to prepare indol-
ine-5-aldehydes. Indoline-5- and indole-5-aldehydes are
of interest as key substances in the synthesis of various
5-analogues of tryptamine and tryptophan. A series of
l-alkyl-5-formylindolines (CXXX) have been obtained by
the formylation of N-alkylindolines with methylformanilide
and phosphorus oxychloride151:

R' R=n-C4H9; R'=CH3; R"=H. R=CH.,CH.,CN; R' = CH3; R"=H.
O H C -

R=R'=Cri3) R ̂ ^H. R=CH,CeH5; R'=C 6H 5; R"=H.

R=C 2H 5; R'=CR3; R ' = H . R=H; R'R"= (CH,)4.

(CXXX)

The formylation of indoline and 1-methylindoline with
dimethylformamide gives the corresponding 5-formyl
derivatives (CXXX, R = R" = H, R = Η or CH 3) 1 5 2 ' 1 5 3.
1-Methylindoline yields also a certain amount of the 5,7-di-
formyl derivative153. The antitubercular activity of the
thiosemicarbazone of 1-methylindoline-5-aldehyde has been
described154. When phosphorus oxychloride or phosgene
are allowed to act on 1-formylindolines, the latter are con-
verted into 5-formylindolines. The authors call this reac-
tion the migration of the formyl group to position 5,
although it can be supposed that intermolecular formyla-
tion actually takes place. A number of aldehydes [CXXX,
R = R" = H, R' = CH3; R = R" = H, R' = C6H3;
R = Η and R', R" = (CH2)J have been obtained by this
method155. 4-(Indolin-5'-ylmethylene)-2-phenyl-5-
oxazolone (CXXXII) has been obtained in the reaction of
chloro- or ethoxy-methylene-2-phenyl-5-oxazolone (CXXXI)
while the reaction of indoline with 4-ethoxymethylene-2-
mercapto-l,3-thiazol-5-one (CXXXin) gave the correspond-
ing derivative of indoline and thiazolone (CXXXIV)152:

-C=CHX y\_

H5Q-C c=o

ο

(CXXXI, X=C1, OC,H5)

Ν C=CH

H5C6-C C=O

ο

(CXXXII)

o=c—
1
s
\

c
|
1c

—C=CHOC,H 5

1
Ν +

y \

\/\N/
I_T Η

/
\

/
\

(CXXXIII)

O=C C=CH
I 1
S Ν

V

(CXXXIV)

Similar C -substitution of indoline takes place with high
yield on heating in a neutral medium. Indolinylmethylene-
phenylazlactone (CXXXH, R = H) has been used as the
starting material for the synthesis of 5-isotryptophan
(5-indolylalanine)152.

The C-alkylation of indolines has been almost not in-
vestigated. It has been shown that the reaction of the
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quaternary salt of gramine with indoline yields 5-scatyl-
indoline (CXXXV)156»157:

CHal5(CH,), />, /

/\NX
CH.

Λ/\Ν
Η

\/\NX
Η

(CXXXV)

Indoline can probably be alkylated also by other ammonium
derivatives.

The reaction of 1-alkylindolines with 1-acylpyridinium
salts in the presence of Lewis acids leads to l-alkyl-5-
(pyrid-4'-yl)indolines. l-Alkyl-5-benzoylindolines are
formed as side-products158:

C.HtCON<(==>]ci-- \

\NX
i

1-Acylquinolinium salts react with 1-alkylindolines
without catalysts with formation of l-alkyl-5-(l'-benzoyl-
l/,2'-dihydroquinolin-2'-yl)indolines, which are converted
by alkaline hydrolysis into l-alkyl-5-(quinolin-2'-yl)indol-

mes

7. Synthesis of Tricyclic Systems Based on Indolines

In connection with studies on the structure of indole
alkaloids, the possibility of synthesising condensed indole
and indoline systems has been investigated. When
l-bromo-3-chloropropane was allowed to react with indol-
ine, lilolidine and its derivatives (CXXXVI) were obtained160.
Similarly 9,10-dimethyl-lilolidine (CXXXVI, R = R' = CH3)
is formed from 2,3-dimethylindoline161. It is not clear
whether the authors dealt with pure substances or with
mixtures of cis- and trans -isomers. The decomposition
of diazotised derivatives of ο -aminobenzoylindoline
(CXXXVn) under the conditions of the Pschorr reaction
leads to tricyclic systems of the type (CXXXVin)118>162:

(CXXXVU

A similar cyclic system could not be obtained from
7-amino-1-benzoylindoline. The cyclisation can only be

achieved in the presence of several alkoxy-groups in the
benzene residue.

The use of indoline derivatives for the synthesis of
cyclic systems by the Fischer reaction has also been des-
cribed. 1-Aminoindolines (CXXXK), prepared by the
reduction of 1-nitrosoindolines (CXL), form withcarbonyl
compounds the hydrazones (CXLI), from which the tri-
cyclic indole derivatives (CXLII), (CXLIII), and (CXLIV)
were obtained163"166:

\ / \ N / \ R

NO

(CXL)

V \ N X R

NH2

(CXXXIX)

\/\NXR
Ν

R'CH2—C

R'

(CXLI) (CXLII)

CH 8 —C=N

ICOOQHs

(CXLIII) (CXLIV)

8. Substitution Reactions of Azaindolines

The substitution reactions in the series of pyridinopyr-
rolines (7-azaindolines) have been investigated with the aim
of synthesising 7-azaindole derivatives167. 5-Nitro-7-
azaindoline (CXLV) has been obtained by the nitration of
7-azaindoline (CXLVI). l-Nitro-7-azaindoline (CXLVII)
forms as an intermediate. 5-Amino-l-benzoyl-7-azaindo-
line (CXLVm) has been prepared167:

N / \ N / \
Η

(CXLVI)

\ N / \ N / \
Η

(CXLV)

\ / \

\N/\NX
C

(CXLVIII)

By allowing peracetic acid to react with 7-azaindoline,
the corresponding N-oxide (CXLIX) was obtained andundei
the action of acetic anhydride the oxide was converted
into a readily separated mixture of 5-acetoxy-l-acetyl-7-
azaindoline (CL) and 6-acetoxy-l-acetyl-7-azaindoline
(CLI). On hydrolysis, these compounds gave 5- and
6 -hydroxy -7 -azaindolines:

y\ /
\

CH 3COOX /
\

(CXLIX)

COCH3

(CL)

C H 3 C O O / \ N / \ N / \ '

I
COCHS

(CLI)
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It has been shown that 4-methyl-7-azaindoline deriva-
tives are capable of forming 4-styryl derivatives105. The
halogen in halogeno-7-azaindolines has been replaced by
a methoxy-group and iodine 1 0 \ The conditions of the
dehalogenation of 6-chloro-7-azaindoline, 2,4-dichloro-7-
azaindoline, and 4,6-dichloro-5-azaindoline have been
investigated U 3 .

IV. INTRODUCTION OF SUBSTITUENTS INTO THE PYR-
ROLE RING OF THE INDOLINE MOLECULE

The capacity of indolines to form N-derivatives, a pro-
perty characteristic of all aromatic amines, was used to
produce JNT-acyl- and JV-alkyl-indoles, JV-glycosylindoles,
and also a quaternary indole salt, dimethylindolium per-
chlorate, which are difficult to obtain.

1 - A c y l i n d o l i n e s . When acted upon by acylating
agents, indoline, sodium indoline-2-sulphonate, and
3-hydroxy-indoline form iST-acyl derivatives. An enormous
number of a wide variety of indoline derivatives, obtained
by the action of acid anhydrides, arenesulphonyl chlorides,
diketen139, etc., have been described. We shall examine
only those JV-acy Undo lines which have been converted into
the corresponding indole derivatives. In recent years
much work has been done on the study of 1-benzoy Undo line -
3-alkanoic acids [for example, compound (CLII)]. These
compounds have been converted into indomethacin (XV) and
its analogues. The Merck Co. has published a number of
patents dealing with the synthesis of compounds of this

CH;

COC,H4X

(CLII)

COCHRNH2

(CLIII)

N-Aminoacyl derivatives of indoline (CLIII) have been
investigated with the aim of converting them into the amino-
acid derivatives of indole168. The principal difficulties
arising in the preparation of JV-acylindoles from Af-acyl-
indolines are encountered in the dehydrogenation stage.
Probably the study of the JY-acylation of the readily dehy-
drated 3-hydroxyindoline derivatives would prove very
useful.

1 - Alky l i n d o l i n e s and q u a t e r n a r y i n d o l i n -
iu m s a It s. iV-alkylation of indolines and 3-hydroxyin-
dolines has been investigated in great detail. Particular
attention has been devoted to the preparation of derivatives
of l-(/3-aminoethyl)indolines (CLIV), used for the synthesis
of 1-isotryptamines (CLV)169"172:

CHXH..N (CO)2C,H4

(CLIV)

\ / \

CH2CH2N (CO)2C,H4

•Ν

CH2CH,NH3

(CLV)

The quaternary 3-hydroxyindolinium salt (CLVI) has
served as the starting material for the preparation of the
quaternary indolium salt (CLVII)18:

CIO,

Like other aromatic amines, indoline is capable of adding
to the activated double bond of acrylonitrile "Μ™, vinyl-
pyridines m , and also acetylenedicarboxylic acids175:

/ \ N / \
Η

+ CH2=CHR

\ / \ N / \

CH2CH2R

\ C—C
+ III

/ C-COOQHj
\ N / \

Η

\ / \ N / \

OH

H6C,(.ooc—c=CHCOOCjH,

: / \ N / \ /

R-C=CR'R'

(CLVIII)

However, in the conversion to indole derivatives difficul-
ties are encountered in this case in the dehydrogenation
stage. When the corresponding hydroxyindoline derivative
(CLVIII) is used, the conversion into indoles presents no
difficulties175. The addition of indoline to the -C=N bond
has been described176:

\/\NA
Η

HN=C—NHC=N

NHj

/

\

/ \ N / \

Ηΐί ΝNH

A
NH2

1 - G l y c o s y l i n d o l i n e s . In connection with the
discovery of the antiviral activity of nucleoside and nucleo-
tide analogues, the study of the properties of 1-glycosyl-
indoles is of great interest. The investigations have
acquired special importance after the discovery of the anti-
biotics tubercidin and toyokamycin. 1-Glycosylindolines
have been used as the starting materials for the synthesis
of 1-glycosylindoles177"182. 1-Glycosylindolines belong to
the class of arylaminoglycosides, which have been little
investigated. They are formed when indoline reacts with
a hexose or pentose. l-(D-/3-Glucopyranosyl)indoline
(CLIX, R = H) 1 7 7 ' 1 7 8, l-(D-/3-galactopyranosyl)indoline
(CLX, R = H)1 7 9, l(D-j3-ribopyranosyl)indoline (CLXI,
R =H) 1 8 0 , l-(D-]3-ribopyranosyl)-6-nitroindoline (CLXII,
R = H)1 8 1, and their O-acetyl derivatives (CLIX, CLX,
CLXI, CLXII, R = COCH3) have been obtained.

(CLXI, X = H); (CLXII, X = NO2).
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The pyranoside structure of the products obtained has
been confirmed by the fact that they have also been isolated
in the reaction between O-acetylated pyranosyl acetates or
acetohalogenopyranoses and indoline. Furthermore, in
the hydrolysis of O-acetylated glycosylindolines it proved
possible to isolate the corresponding O-acetylated pyra-
noses. The conclusion that 1-glycosylindolines and their
derivatives have the β -configuration is based on the analy-
sis of the molecular rotation and the infrared spectra. The
formation of a -anomers could not be observed. Tetra-
O -benzylglucopyranosyl bromide (CLXIII) has also been
allowed to react with indoline, the tetra-0-benzyl deriva-
tive of glucopyranosylindoline (CLXIV) being obtained182:

H 7 C 7 O

(CLXIII)

H7C7OCH2

H7C7O

(CLXIV) .

OC,H7

V. CONVERSION OF INDOLINE DERIVATIVES INTO
INDOLES

1. Dehydrogenation of Indolines

A wide variety of dehydrogenating agents are used to
convert indolines into indoles—quinones with high oxidation
potentials (chloranil, 2,3-dichloro-4,5-dicyano-/>-benzo-
quinone), the pyridine complex of CuCLj, Hg(OCOCH3)2,
NiO2, MnO2, and others. The oxidation of indolines with
atmospheric oxygen under various conditions and also
catalytic dehydrogenation in the presence of Raney nickel,
the Adams catalyst, palladium black or palladium on
charcoal, nickel chromite, and other catalysts has also
been described. The specific properties of the indole ring
preclude the use of dehydrogenating agents such as sulphur
and selenium, since indoles react with these substances183.

The mechanism of the effect of quinones and other
dehydrogenating agents on indoline has not been investi-
gated. However, on the basis of general hypotheses184,
one can assume that at the beginning of the dehydrogenation
process a hydride ion is removed, this being facilitated by
the high-electron-donor capacity of the >NR group. The
transition complex (CLXV) thus produced is then converted
into indole and hydroquinone.

/ \/\/

o-

OH

OH

/ \ / \

C.

(CLXV)

It can be assumed that in other cases too, for example in
heterogeneous catalysis^· the initial dehydrogenation step is
the removal of a hydride ion and the overall dehydrogena-
tion mechanism is as follows:

indoline + Λ ^ r indole. H+.AH"-» indole + AH,,

A being the dehydrogenating agent. In the dehydrogenation
with chloranil and in catalytic dehydrogenation electron-
donor substituents, which favour the removal of a hydride
ion, also facilitate the dehydrogenation. In the dehydro-
genation with quinones the trans -configuration of the hydro-
gen ion eliminated is not obligatory, since cis-2,3-di-

methylindoline forms 2,3-dimethylindole in 38% yield93,
which is consistent with the proposed mechanism of dehy-
drogenation by quinones. In dehydrogenation with pallad-
ium on charcoal selective trans -dehydrogenation is also
not observed25.

The most widely used dehydrogenating agent is chlor-
anil. Dichlorodicyanoquinone, which has a higher redox
potential, is finding increasing application in organic syn-
thesis. Yet another property makes it a valuable dehydro-
genating agent—dichlorodicyanohydroquinone formed in the
reaction is sparingly soluble in benzene and xylene, which
facilitates the isolation of the reaction products. As
already mentioned, chloranil has been used to dehydro-
genate 2,3-dimethylindoline93, unsubstituted indoline and
other alkylindolines40, and also 5-ethoxy-l-methylindol-
ine3 5. This agent has been used in the dehydrogenation of
halogenoindolines. The following 5-bromoindoles (CLXVI)
have been obtained119'121»127:

Br
\ / \ .

\ / \ N /

R=R'=R"=H.

- R " R=CH3; R'=R"=H.

—R' R'=CH3; R"=R=H.

R
(CLXVI)

R'=R»=CH3. R=H.

6-Bromo-2,3-dimethylindole has also been prepared1 3 7.
The dehydrogenation of 5-iodoindoline138, 5- and 6-chloro-
indolines, and fluoroindolines134 has been described. A
number of nitroindoles (CLXVII and CLXVm) have been
synthesised by boiling with chloranil in xylene15»119'123'124:

0 2 N

O.N—

-R"

\ / \ N /

R

(CLXVIII)

- R '

R" R=R'=R"=H.

—R' R=R"=H; R'=CH3.

R=R'=R"=R'"=H.

R=R"=R"'==H; R'=CH3.

R=CH3; R'=R"=R'" = H.

R, R ' " = (CH2)3; R'=R"=CH3.

When a second nitro-group is introduced into the indoline
molecule, the redox potential of chloranil proves insuffici-
ent and dinitroindoline cannot be dehydrogenated by boiling
with chloranil in xylene125.

In the dehydrogenation of aminoindolines with quinones
it is necessary to protect the amino-group in order to
avoid its undesirable interaction with chloranil. The fol-
lowing method for the conversion of 5-amino-l-methyl-
indoline (CLXIX) into the corresponding indole (CLXX) has
been described131:

H,N Q H 4 (CO)2N ^

CH3

(CLXIX)

Ο,Ηι (CO)CN

CH3

H2N

I
CH3

CH3

(CLXX)
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5-Thiocyanatoindoles (CLXXI) have been obtained by
boiling 5-thiocyanatoindolines with chloranil in xylene.
5-Benzoylmercapto-l-methylindole (CLXXII) has been ob-
tained similarly140:

NCS CeHsCOS

\ / \ N /

R CH3

(CLXXI, R = H , CH3) (CLXXII)

The 5,5'-disulphide of 1-methylindole has been des-
cribed 140_ Indoles containing an acyl group in the benzene
ring have also been synthesised by dehydrogenating the
corresponding indolines with chloranil. Chloranil has
been used in the synthesis of the ketones (CLXXHI)149:

\

XCH.CO,

"-R

(CLXXIII, R = H :
X = H R = C H 3 ; X = H .

R = H ; X=C1-R=CH 3 ; X=CI)

| \

\ / \ N / \

Η

(CLXX1V)

OCH RR 'NSO,

CHS

(CLXXV) (CLXXVI)

Heat is used in the dehydrogenation with quinones. At
room temperature the ketone (CLXXIV) could not be de-
hydrogenated with chloranil and dichlorodicyanoquinone gave
the corresponding indole in 5% yield only185. In contrast
to 4-(indolin-5'-yl)methylene-5-oxo-2-phenyloxazole
(CXXXII, R = H), l-methylindoline-5-aldehyde was con-
verted into 1-methylindole-5-aldehyde (CLXXV) on boiling
with chloranil in xylene. The dehydrogenation of indoline -
5-sulphonamides yielded a series of indole-5-sulphonam-
ides (CLXXVI)117'138'141. Convenient solvents for the
dehydrogenation of indolinesulphonamides and other indol-
ine derivatives which are sparingly soluble in xylene are
1,2-dimethoxyethane141, diglyme, and dimethylformam-
ide 1 8 1 .

The reaction with chloranil or dichlorodicyanoquinone
also constitutes a general method for the dehydrogenation
of l-alkyl(aryl)-7-azaindolines103'105'106. A large number
of 7-azaindole derivatives have been obtained. As with
indolines, the introduction of electron-acceptor substitu-
ents into the azaindoline molecule hinders dehydrogenation,
while electron-donor substituents facilitate i t i n . It is
noteworthy that, as a result of the lower electron density
of the pyridine ring compared with the benzene ring, aza-
indolines are dehydrogenated under more severe conditions
than indolines. In their capacity for dehydrogenation aza-
indolines are similar to nitroindolines. N-Acylation of
indolines also hinders dehydrogenation, since the electron
density of the pyrrole ring is thereby reduced. However,
it has proved possible to obtain a number of ΛΓ-acylindoles
from the corresponding indolines. N-Aminoacyl deriva-
tives of indole (CLXXVH) have been synthesised from the
JV-aminoacyl derivatives of indoline (CLIH) by boiling with
chloranil in xylene168. The last stage in the synthesis of
indomethacin (XV) consists in the dehydrogenation with
chloranil of l-(/>-chlorobenzoyl)-2,3-dehydro-5-methoxy-
2-methylindole-3-acetic acid (CLII)47. Probably the pres-
ence of the methoxy-group in position 5 facilitates the
dehydrogenation despite the opposed effect of the p-chloro-
benzoyl residue. l-Acetyl-5-bromoindoline-3-acetic and
l-acetyl-5-nitroindoline-3-acetic acids could not be
dehydrogenated with chloranil44.

The dehydrogenation of JV-glycosylindolines has been
investigated in detail. The dehydrogenation of l-(D-/3-
tetra-O-acetylglucopyranosyl)indoline (CLK, R = COCH3)
by boiling with chloranil in xylene gives the corresponding
indole in 32% yield (CLXXVin, R = COCH3)

177'178. When
dichlorodicyanoquinone is used in the synthesis, the yield
is quantitative ω 2 . Dichlorodicyanoquinone has also been
used to synthesise l-(D-jS-tetra-O-benzylglucopyranosyl)-
indole (CLXXVm, R = CH2C6H5) "»2.

CO
1

COCHRNH,

(CLXXVII)

ROCHs

1 OR

(CLXXVIII)

ROCH2

OR OR

(CLXXIX)

>-οχ

RoN^—f
OR OR

(CLXXX)

This reagent has also been employed in the synthesis of 1-(D-
/3-tetra-0 -acetylgalactopyranosyl)indole (CLXXIX, R —
COCH3)

179 and l-(D-/3-tri-O-acetylribopyranosyl)indole
(CLXXX, X = H, R = COCH3)ω0. In the dehydrogenation
of 6 -nitr ο -1 - (D-j3 -tr i - Ο -acety lr ibopy rano sy l)indoline
(CLXH, R = COCH3) even boiling with chloranil in xylene
is insufficient to complete the reaction. The reaction
mixture consists of the indoline (CLXII, R = COCH3) and
the indole (CLXXX, X = NO2, R = COCH3), which can be
separated after deacetylation. The yield of indole (CLXXX,
X=NO 2 , R = H)is 19%. ω ι

Dichlorodicyanoquinone has been used as the dehydro-
genating agent in the conversion of l-(D-j3-5'-O-trityl-
2/,3'-di-O-acetylribofuranosyl)indoline into the corres-
ponding indole derivative which is a key substance in the
synthesis of l-(D-j3-ribofuranosyl)indole, an indole ana-
logue of nucleosides186:

( C 6 H 5 h C O C H

9,10-Phenanthroquinone has also been used as a dehy-
drogenating agent for indolines185.

The catalytic dehydrogenation of indoline derivatives has
been extensively studied. There is great scope for syn-
thesis using Raney nickel as the catalyst. In the conver-
sion of dehydrolysergic acid (XXXVin, R = H) into lysergic
acid (CLXXXI, R = H) the former was boiled in water with
Raney nickel and sodium arsenate1 4. In contrast to this
catalyst, which aromatises the pyrrole ring, the use of
palladium on charcoal leads to the aromatisation of the
naphthalene ring. 4-Hydroxy-3-(/3-dimethylaminoethyI)^
1-methylindole (CLXXXII) has been obtained by the dehy-
drogenation of the corresponding indoline over Raney nickel
in water91.

COOH
_ !

A

J _
^)N—CH S

\ /

Γ
SA N /

R
(CLXXXI)

OH

/ \
—L.M2CM2N(CH8)2

I
CH3

(CLXXXII)
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In those cases where the indoline molecule contains a
group capable of being reduced, Raney nickel causes
simultaneous dehydrogenation of the pyrroline ring and
reduction of this group. Thus on being boiled with Raney
nickel or with the Raney alloy, nitroindolines are converted
into aminoindoles. 5- and 6-Aminoindoles, 5-aminoindole-
3-acetic acid and 5-aminoidnoie-3-propionic acid have been
obtained by this method44»45. In the presence of a halogen
in the indoline molecule, dehydrogenation is accompanied
by the elimination of the halogen. By boiling bromonitro-
indoline with Raney nickel, 7-aminoindole and 7-amino-
indole-3-acetic acid (CLXXXin) have been obtained in one
stage from l-acetyl-5-bromo-7-nitroindoline and 5-bromo-
7-nitroindole-3-acetic acid (CLXXXIV) respectively44'45:

CH2COOH

(CLXXXIV)

-CHXOOH

y\N/
(CLXXXIII)

It is interesting that, using Raney nickel, it is difficult
to reduce the substituent without the simultaneous dehydro-
genation of the pyrroline ring. Thus neither aminoindoline
nor nitroindole can be obtained from nitroindoline in the
presence of Raney nickel. The nitro-group is reduced
even when the reaction is carried out in nitrobenzene or in
the presence of added maleic acid. The same phenomenon
has been observed in the dehydrogenation of l-(D-/3-tetra-O-
benzylglucopyranosyl)indoline (CLXXXV, R = CH^CeHg)M1.
Dehydrogenation and debenzylation take place simultane-
ously. The indole (CLXXXVI, R = H) forms in 39% yield.
Chromatographic analysis of the reaction mixture showed
the absence of the corresponding debenzylated glucosyl-
indoline (CLXXXV, R = H).

Even hydrogenation of compound (CLXXXV, R = gg
over Raney nickel at 50°C and 50 atm is accompanied by
the formation of the indole derivative (CLXXXVI, R = H).
In contrast to the Ο -benzyl derivative, the acetylated glu-
copyranosylindoline (CLXXXV, R = COCH3) and also the
unprotected glucopyranosy Undo line (CLXXXV, R = H) are
not completely dehydrogenated on boiling with Raney nickel.
Thus the presence in the molecule of a reducible group
greatly facilitates the dehydrogenation. Probably intra-
molecular transfer of a hydride ion to the reducible group
takes place very readily in the complex indole.H*\AH"
formed in the heterogeneous catalytic dehydrogenation.

Palladium black and palladium on charcoal are also
widely used in the dehydrogenation. Hydrogen acceptors—
nitrobenzene, cinnamic acid, and maleic anhydride— are
frequently added in such reactions. Thus indoline has
been converted into indole by heating with palladium black
and cinnamic acid57. 5- and 6-nitroindoles l 6 , 6-benzam-
ido-1-methylindole15, l-methyl-6-phthalimidoindole15, and

a series of indole-5-sulphonamides (CLXXXVI)42 have been
obtained under the same conditions:

V \ N /
Η

-CH, -

\ / \ N /

Η

/N\/

(CLXXXVII) (CLXXXVIII)

The dehydrogenation of indoline derivatives in the
presence of catalysts without using hydrogen acceptors has
also been described. The following products have been
obtained: 5-scatylindole (CLXXXVII)156 from 5-scatylindo-
line (CXXXV)156, 2,3'-di-indolyl (CLXXXVEI) from the
indole dimer (LIX)79, 5-, 6-, and 7-methoxyindoles from
the corresponding methoxyindolines135, and the ketone
(CLXXXIX, R, R' = O) from the ketone (CLXXIV)184.
5-Aminoindoline has been converted into 5-aminoindole by
heating with palladium on charcoal in the absence of solvent
at 190°C.44 Alkylindolines have also been dehydrogenated
by heating with palladium on charcoal up to 200° C.2 5

4-(Indolin-5'-yl)methylene-5-oxo-2-phenyloxazole (CXXXII,
R = H), which could not be dehydrogenated with chloranil,
gave the corresponding indole derivative (CXC) after boil-
ing for two days with palladium black in xylene152. 5,7-Di-
nitroindoline could not be converted into dinitroindole by
boiling with palladium black in mesitylene125. The
attempt to dehydrogenate 1,1-dimethylindolinium chloride
by boiling with palladium black in xylene did not yield the
corresponding quaternary indolium sa l t a .

The dehydrogenation of indoline on the Ni/NiCrO2 cata-
lyst at 200°C has been described187. The pyridine com-
plex of CuCLj has also been used as the oxidising agent for
indolines91'142. The yields of indole and 1-methylindole
when the corresponding indolines were heated with cupric
chloride in pyridine were 55-60%.142 Similarly a number
of 4- and 6-methoxyindolines have been converted into the
corresponding indoles91. So far, it has not proved possi-
ble to use this reagent in the synthesis of indoles contain-
ing electron-acceptor groups.

Oxidation with manganese dioxide in benzene ω 8 or
methylene chloride ω 5 has also been described. The yield
of indoline was 56-59%. The following compounds
(CLXXXIX) have been obtained by shaking the correspond-
ing indolines with manganese dioxide in methylene chlor-
ide ω 5 :

R=OH; R'=CHS.

R=OH;R'=CaH5.

R=OH; R'=C6H5.R = H ; R ' = N R "

(CLXXXIX) (CXC)

Indole-3-propionic acid has also been synthesised by the
oxidation of indoline-3 -propionic acid185. 2-Methylindol-
ine, 2,3-dimethylindoline, and 1-acyl derivatives of indol-
ine could not be dehydrogenated by this method ω 5 . At-
tempts have been made to oxidise indolines with nickel
peroxide185. The dehydrogenation of 2- and 3-methyl-
indolines by distillation from silver sulphate has been des-
cribed139.

The classical dehydrogenating agent Hg(OCOCH3)2 is
relatively unsuitable for the indoline series, since indole
compounds are mercurated by mercury salts, probably with
formation of 1,3-dimercuri-derivatives190. However, in
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some cases dehydrogenation has been achieved. The
dehydrogenation of dihydrolysergic acid derivatives
(XXXVm) with Hg(OCOCH3)2 has been described57.

Dinitroindolines can be oxidised to indoles with nitric
acid, the oxidation being accompanied by the nitration of
the pyrrole ring of indole. 3,5,7-Trinitroindole has been
obtained from 5,7-dinitroindoline125 and 5-nitro and 5,7-di-
nitroindolecarboxylic acid (XCV) (see p. 756) have been ob-
tained from strychnine.

When 2-methylindoline was heated with concentrated
hydrochloric acid at 240°C, 2-methylindole was formed in
28% yield25. The mechanism of the process has not been
established. Probably atmospheric oxygen is involved.
Very interesting data have been obtained on dehydrogena-
tion with atmospheric oxygen in the study of the sodium
salts of indolines and azaindolines22»113. It has been found
that the formation of the JV-sodio-derivative of indoline in
liquid ammonia, toluene, or other solvents is accompanied
by the oxidation of this derivative with atmospheric oxygen.
Indole, 6-methoxy indole, and 5- and 7-azaindoles and their
derivatives have been obtained in high yields from the
corresponding indolines22»113. JV-Acyl and AT-benzyl sub-
stituents and halogen atoms are eliminated under the con-
ditions of the reaction. JV-Metallated secondary amines,
for example (C2H5)2NLi or C6H5N(CH2C6H5)Li, are known to
be the most powerful donors of hydride ions and can react
as reducing agents for the carbonyl group 1 9 1 > ω 2 :

(C eH5)2CO+C2H5N (Li) CH2CH3 ^ (CeH5)2CHOLi + C 2 H 5 N=CHCH 3

(CeH6)2CO + CeH6N (Li) CH2CeH6 ^ (C6H5)2CHOLi -~ QH 5 N=CHC e H 5

Evidently, like other N-metallated derivatives of secondary
amines, the N-sodio-derivative of indoline is also a very
powerful hydride ion donor, particularly since the removal
of a hydride ion leads in this case to indolenine, which is
converted into the more stable aromatic indole system:

The isomerisation of aminochromes (CXCI) into 5,6-di-
hydroxyindole derivatives (CXCII) constitutes an unusual
reaction involving intramolecular oxidation-reduction96»188:

CHS

HO

HO

OCH3

I Br
OCH.

(CXCI) (CXCII)
CH, ο H

(CXCIII)

OH

(CXCIV)

Η

The reaction takes place under the action of Zn2+ and Al3+

ions. 6,7-Indolinequinones (CXCIU) have been isomerised
to 6,7-dihydroxyindoles (CXCIV)97. Adrenochrome deri-
vatives (CXCV) give rise to 3,5,6-trihydroxyindoles
(CXCVI), «β»»9 whose reduction with the Raney nickel alloy
yields 5,6-dihydroxyindoles (CXCVII)96:

\ c

/ \

HO
\ / V

- HO

HO

-OR

CH,
(CXCV)

\ y v
SOR

HO

(CXCVI)

/\/\N/\

CH 3

(CXCVIII)

HO
\ / \ .

HO

(CXCVII)
CH3

3-Hydroxyindoline derivatives (CXCVIII) probably act as
intermediates. The work of Mattlock and Heacock200 can
also be quoted.

Analogous series of conversions have been described
for the semicarbazone of adrenochrome (CIC)201:

y v y\.

/
\ / \ N / \

OH

In this case atmospheric oxygen is the hydride ion accep-
tor 1Θ3. 2,3-Dimethyl-7-ethylindole forms in the reaction
of 2,3-dimethylindoline with aluminium anilide and ethylene
in aniline at 300°C and 250 atm. It is difficult to say
whether dehydrogenation or C-alkylation takes place first.
Probably the indoline derivative is dehydrogenated as a
result of the formation of an N-Al1/3 derivative which tends
to split off a hydride ion like N-Na derivatives194. The
oxidation of indoline with air in the presence of heavy
metal oxides yields indole ω 5 .

When potassium nitrosodisulphonate (NO)(SO3K)2 is
allowed to react with indolines, 5-hydroxyindoles and
o-quinones of the indole series are formed together with
indole derivatives; for example M 6 :

y\_ HO.'\A.

\ / \ / \ N /
Η

Similar reactions have been achieved with 2-phenylindoline,
2,3-dimethylindoline, and 3-methylindoline197.

OH H2/Pd
H,NCONHNH

(CIC)

2. Dehydration of 3-Hydroxyindolines

The use of 3-hydroxyindolines for the synthesis of sub-
stituted indoles is extremely promising. Unsubstituted
3 -hydroxyindoline is relatively stable in the cold to the
action of acids and alkalis but on heating to 70°C it is con-
verted into indole71. 3-Hydroxy-1-methylindoline is some-
what more stable to heat7 1. 3-Hydroxy-1,2-trimethyl-
indoline (CC) has been converted into the corresponding
indole (CCI) by boiling with acetic anhydride202:

\ / \

XOH

/

\
\ / \ N / \ /

^ \ !_OH

! / —COOR

(CC) (CCI)

COCH,

(CCII) (CCIII)

Derivatives of l-acetyl-3-hydroxyindoline-2-carboxylic
acid (CCII) are converted into derivatives of indole-2-
carboxylic acid (CCIII) under the action of mineral acids in
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the cold69 and on heating with alkalis69. Under acylation
conditions compounds (CCII) give rise to Ο -acylderivatives.
A number of 2,3-disubstituted l-acetyl-3-hydroxyindolines
(CCIV) have been converted into indoles (CCV) by heating
with phosphorus pentoxide in benzene75:

(CCIV)

R"

- R '

COCH3

(CCV)

R—C=CR'R"

(CCVI)

It has been possible to prepare indole derivatives of the
type (CCVI) by heating the corresponding 3-hydroxyindolines
(CLVni) with picric acid in methanol175.

1,1-Dimethylindolium perchlorate (CLVII) has also been
synthesised using the corresponding 3-hydroxyindoline
derivative (CLVI)18:

-OH

CH3 CH3

(CLVI)

—Cl

CH3 CH3

(CCVII)

CH3 CH3

(CLVII)

cio-

However, compound (CLVI) could not be dehydrated. The
3-hydroxyindoline (CLVI) was converted into 3-chloro-l,l-
dimethylindolinium chloride (CCVII), which was then
further converted into the indole derivative (CLVII) by being
passed through a column with Amberlite IRA-400. Evi-
dently, the use of 3-hydroxyindolines for the synthesis of
substituted indoles requires study of the method of prepara-
tion and reactivity of the trans- and cis-isomers of 2-sub-
stituted 3-hydroxyindolines.

As stated above, derivatives of the sodium salts of
indoline-2-sulphonic acid are converted into indoles in an
alkaline medium17:

The range of substances which can be used for the pre-
paration of compounds of the indole series is not restricted
to derivatives of indoline, indoline-2-sulphonic acid, and
3-hydroxyindolines. There are also methods, which
have been virtually not investigated, for the synthesis of
2-hydroxy- and 2-amino-indolines and for their conversion
into indoles. For example, in the condensation of quinone-
imines with enamines, the intermediates are 2-amino-
indoline derivatives, which are converted into indoles under
very mild conditions203:

JiN RNH

R'

—R"

\/\N/\N<

R

RNH.
R"

ILR'

The conversion of indoles into dihydro-derivatives with
the aim of altering the reactivity of substituents in posi-
tions 2 and 3 or in order to introduce substituents in posi-
tion 2 may prove very valuable. Thus 3-benzoyl-l-
methyl-2-pheny Undo line (CCIX) has been obtained by the
reaction of 3-benzoyl-l-methylindole (CCVm) with phenyl-
magnesium bromide. Its dehydrogenation over Pd/C gave
3-benzoyl-l-methyl-2-phenylindole (CCX)204:

] n-COC0Hs

% / \ N / + C 6 H s M g B r

CH 3

-COC0H5

NC 3H 5

CH3

(CCIX)

,/\N/
CH.

— COC6H5

- C 8 H 5 .

(CCX)
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The possibility of controlling the selectivity of the column
is one of the principal advantages of chromatography (in the
first place gas-liquid chromatography) over other methods
for the separation of substances, the nature of the station-
ary phase constituting the main factor which determines the
sequence of the elution of the components from the column
and the relative elution times of the peak maxima 1~s.
Furthermore, the effect of the stationary phase extends
also to the mode of spreading of the zones.

1. SELECTIVITY OF THE STATIONARY PHASE AND ITS
RELATION TO THE DEGREE OF SEPARATION AND THE
ERROR OF THE ANALYSIS

An investigator using gas chromatography is able to
solve the following groups of problems: (a) qualitative ana-
lysis of the mixture; (b) quantitative analysis of the mix-
ture; (c) isolation of a certain amount of pure substances
or fractions; (d) determination of certain physicochemical
characteristics of the test system.

In qualitative analysis the degree of separation must be
sufficient to obtain in the chromatogram separate peak
maxima of the individual components and the displacement
of these maxima under the influence of the neighbouring
components should be fairly small. In quantitative analy-
sis it is important that the analytical error associated with
the quality of the separation should be within the permis-
sible limits.

In preparative chromatography the main requirement is
to ensure the necessary purity of the fraction for a suffici-
ently large sample volume, which is also related to the
degree of separation. Finally, in the determination of
physicochemical characteristics the requirements are
determined by the actual problem. Regardless of the aim
of the chromatographic analysis, it is desirable that the
separation should be attained in a short time.

The ratio of the distance between the ordinates of the
maxima to the sum of the peak widths may serve as a mea-
sure of the separation of two components. Thus the degree
of separation Κ is defined by the formula1:

„ Δ/

μ°-5(ΐ)+μ°·5(2)

where ΔΖ is the distance between the ordinates of the maxi-
ma and μο.5(1) and μο.5(2) are the peak half -widths 1 ' 4 .
Κ can be found from the expression

ts = 0.212/0 Yn, (2)

where VR1 and VR2 are the retention volumes of the com-
ponents, ωο. 5 ( 1 ) and ω0 5 ( } the zone widths expressed in
volume units, Kc = 2&RZ - VR1)/(VR2 + VRJ is the selec-
tivity coefficient of the column, and η = 5.55(ν#/ω0 5 ) 2 the
number of theoretical plates characterising the efficiency
of the column. The coefficient Kc depends not only on the
nature of the stationary phase but also on the fraction of the
column volume occupied by this phase. This follows from
the equation

^ 1 ,

where kc = 2(VR2 - VRI)/(VR2 + VRX) is the selectivity co-
783 efficient of the stationary phase, VR1 and VR2 are the

reduced retention volumes of the components, and Vo is the
gas volume (the retention volume of the non-sorbed sub-
stance).

771


