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ORGANIC CHEMISTRY

VoL. I1I. HETEROCYCLIC COMPOUNDS

THE carbocyclic substances treated in the preceding volume belong to
the class of homocyclic compounds, which consist of rings of atoms of
one and the same element. Apparently, very few elements are adapted
to such a ring formation.*

However, substances are known in great number and complexity
which are based upon ring-skeletons consisting of atoms of various
elements. These bodies have been arranged under the designation
“ heterocyclic compounds.” It is true that a series of inorganic bodiest
can be included in this category, but it is our purpose to consider only
the ‘‘ organo-inorganic ’—i.e., those ring-systems which are formed
from carbon in union with other elements, the most important
of which are oxygen, sulphur, but especially nitrogen. In many
cases sulphur can be replaced by selenium, and there are some sub-
stances known in which phosphorus forms a ring with C-atoms. In
diphenylene iodonium iodide a trivalent iodine atom takes part in
forming a ring.}

From the standpoint of organic chemistry, the basal element of
these rings is carbon, and accordingly the members not produced by
C-atoms are designated as hetero-atoms, and distinguished as mono-,
di-, tri-, tetra-, etc., hetero-atomic rings, depending upon whether one,
two, three, four, or more hetero-atoms have participated in their
formation. To express the number of atoms constituting the entire
ripg, the rings are termed three, four, five, six, and poly-membered
rings.

Many heterocyclic compounds have been discussed in the preceding
chapters—for example, the polymeric modifications of aldehydes, like
trioxymethylene and paraldehyde, the cyclic ethers of the glycols and
thioglycols, like ethylene oxide, diethylene dioxide, diethylene disul-

* Nitrogen, mainly, in addition to carbon. The allotropic modifications of
many elements are probably due to the formation of isocyclic rings—e.g., that
of oxygen in ozone, O,. .

I See Bischoff, * Handbuch der Stereochemie,” p. 641.

Finally, rings are present in tife salts of dicarboxylic acids, sulphocarbonic
acids, disulphonic acids, glycols, etc., containing bi- and polyvalent metals.
Members are formed by the metal atoms. .

VOL. III, h B
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phide; thecyclic alkyleneimines,like tetramethyleneimine or pyrrolidine,
diethylenediimine, or piperazine; thecyclic esters of oxy-andamino-acids,
like the lactides, the lactones, the lactams; the cyclic derivatives of dibasic
carboxylic acids, like anhydrides, imides, alkylene esters, alkylenamides,
etc. (see I. 497; ring-shaped compounds). These bodies attached
themselves, as their names indicate, naturally to known classes of
compounds with open chains. They can be readily obtained from
substances with open chains, and be equally readily changed back
into them. In the succeeding sections, however, a series of hetero-
cyclic bodies will be described which manifest varying behaviour in
so far that the rings upon which they are constructed cannot be
resolved in a simple way. Such rings are rather nuclei to which
side chains are attached, the products being related to the funda-
mental substances in the same way as that in which the aromatic
substances are related to benzene. Usually, these substances, like
benzene, contain unsaturated linkages.

It has, therefore, been assumed that in these rings, as in benzene,
there is a particular kind of linkage—* potential valences”’ (see Vol. II,
P. 42 and B. 24, 1761). These explain the stability of these bodies. If
the potential valences are destroyed by the addition of hydrogen or some
such substance, then saturated bodies result; these possess the ‘ ali-
cyclic character”’ (see Vol. II, p. 3), and so far as their decomposability
is concerned, they in the main exhibit the character of the heterocyclic
substances discussed after the fatty bodies. A real fundamental
difference, however, between the two rings just described does not
exist. Compounds were studied in connection with the lactones and
dibasic anhydrides which offered great resistance to decomposition by
water absorption, etc. (see I. 310, 371, 374). On the other hand, there
are many bodies in which potential linkages are assumed, which are
very easily decomposed by certain reagents—e.g., pyrrole by hydroxyl-
amine, yielding succinaldehyde-dioxime (I. 355), and glyoxaline by
benzoyl chloride and sodium, forming dibenzoyldiaminoethylene, etc.

The heterocyclic rings containing five and six members are, like
the analogous carbon rings, the most stable and important. They
will be treated in this section. The tendency to the formation of six-
membered rings is shown also in the processes of polymerization ;
formaldehyde, by the coalition of three molecules, becomes six-mem-
bered trioxymethylene; acetaldehyde becomes the six-membered
paraldehyde, and the cyanogen compounds polymerize to derivatives
of a six-membered ring, consisting of 3C- and 3N-atoms, etc. (compare
Vol. II., p. 40). Three- and four-membered rings are usually formed
with extreme difficulty, and are ¢asily torn asunder. The seven-
membered rings are not well known, and are also unstable. In a few
compounds heterocyclic rings of eight or more members have to be
assumed.

A theory of the type of A. von Baeyer’s strain theory is made
difficult by the varying nature of the hetero-atoms entering the ring.
Certain facts can no doubt support some views regarding the spatial
relations of many hetero-atoms. .

Thiophene, with a ring of four CH-groups and one S-atom, very
greatly resemblgs benzene, containing six CH-groupsE Thiazole, con-
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sisting of three CH-groups, one N-atom, and one S-atom, similarly
resembles pyridine, which has five CH-groups and one N-atom. It
would therefore seem that a sulphur atom is capable of replacing the
bivalent group —CH =CH— in the ring:

CH CH

a Nen o T
"’("‘“‘ L)"‘ \/

N/
(o]
Pyudme

Benzene,

\/

Thxophen Thuzole

It is an almost universal rule that an N-atom can replace a methine
group in a ring without causing any essential loosening of the ring-
union. If we suppose a methine group in benzene to be replaced by
N, the product will be pyridine, which is about as stable a ring as we
have in benzene. And if the methine groups in pyrrole be successively
replaced by one, two, and three N-atoms, there also results a series
of derivatives in which ring stability is very evident:

CH=CH CH———\I\ N\ CH= N\
| NH ! /N I | /NH | /NH
CH=CH CH=CH N=—=CH N:

Pyrrole. Pyrazole. Pyrrodiazole. Tetrazole.

A general review of the many heterocyclic ring systems can be
obtained from two points of view. Homologous series are obtained by
arranging together the rings with similar hetero-atoms according to
the increasing number of C-members. The following series of rings
have been deduced in this way:

(2) WITH AN O-MEM3ER,

1 C—C: :C—C—C: $ C—C—C—C: § GG CeCmnC £
~o0~ ~No~ ~—0—— ~—o—
H,C——CH, H,C—CH,—CH, | HyC—CH,—CH,~—CH, |H,C—CH,—CH,—CH,—CH,
~o0~ ~—o0—" —_— ——
Ethylene Oxide | Trimethylene Oxide | Tetramethylene Oxide | Pentamethylene Oxide

H,C—CHy—CH,;—CO
\o_—-——""
® Butyrolactone
0C—CHy—CH,—CO
Succinic Anhydride

HC=CH-—CH=CH
\o_____._——-
o Furfurane

H,C—CH,—CH,—CH,—CO

0
Valerolactone

OC—CH;—CH;—CH,~—C0

—_———
Glutaric Anhydnde

HC = CH—CO—CH =CH

Pyrone
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(b) WITH AN S-MEMBER.

:C—C: :C—C—C: :C—C—C—C: ic—C—C—C—C:
\S/ ~S.~ ~S_— —S_—
H,C—CH, H,C—CH,—CH, H,C—CHy—CH,—CH, | H;C—CH,—CH,—CH,—CH,
S —~——S— — — —_— S

[Ethylene sulphide]

[Trimethylene sulphide]

Tetramethy—ler;e sulphide
CO—CH—CH,—CO
Sy P
Sulphosuccinyl
CH=CH—CH=CH

Thiophene

Pentamethylene sulphide

CH=CH—CHy—C(CH,)=CH
— =

Methyl-penthiophene

(¢) WitH ONE N-MEMBER.
.C—C: :C—C—C: :C—C—C—C: :C—C=C—C—C:
\Ny \N/ ——N_— —~—~.N_—
CH,—CH, CH;—CH,—CH CH,—CH,—CH,—CH,; | CH;—CH,—CH,—CH,—CH
NNH N s T SRl B S R
Ethylene-imine Trimethylene-imine Tetramethylene-imine Pentamethylene-imine
Pyrrohidine Piperidine
—_ — CHy—CHy—CH;—CO | CH;—CH,—CH,—CH,—CO
——-NH_— T NH_— "
Butyrolactam Valerolactam
0C—CO OC—CH,;—CO OC—CHy;—CH;—CO OC—CH,—CHy—CH,,—CO
\NH/ ~~NH— T—NH_— — NH ——
Oxal-imide (?) Malonimide Succinimide Glutarimide
(C. 1898 11., 858)
— —_— CH=CH—CH=CH CH—CH=CH—CH=CH
| Pyrrole Pyridine

Complication on account of isomerides arises in the case of rings

having two hetero-atoms.

These isomerides are occasioned by the

varying positions of the hetero-atoms with reference to one another

—e.g.:

RINGs WITH Two N-MEMBERS.
N :C—N. C—N :C—C—N.
el | I e 1 o
N :C—N. C—N. :C—C—N.,
Hy “5?:,‘5,,‘,’5‘,5’;’,‘,‘: ds, | Dimethylaziethane Pyrazole Group Pyridazine Group
£
. N—C: C—N . : C—ﬁ——c H
- I T o
:C—N. N—C: :C—C—N:
Ethidene Urea, " | Glyoxaline G imidin
h yoxaline Group, Pyrimidine Group,
Dicyan-compounds Cyclic Ureas Cyclic Ureas P
¢ : C—N—C:
— —_ f— | |
‘ : C—N—C:

Pyrazim;. Group,
Diethylene-dimide

[
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RINGS WITH AN O- AND AN N-MEMBER.

(o] :C—0 .(3—0 : C—E—O
: C< | [ : C< | | |
N. :C—N, C—N :C—C—N,
B-Benzaldoxime fther Betaine Isoxazole Group Orthoxazine Group
0—cC: :C—0—C:
— — : c< | | |
C—N. :C—C—N.
Oxazole Group Metoxazine Greup,

Pentoxazoline

c—o—C
—_ — — | ]

C—N—C
Paroxazine Group

The three- and four-membered systems naturally disappear in the
series of rings having three and four hetero-atoms. The branching of
the series in consequence of position isomerides with the hetero-atoms
becomes more frequent, so that the relations dependent upon homology
frequently become obscure. In the monohetero-atomic rings also the
homology usually appears solely in the case of the saturated (alicyclic)
ring-systems, whereas the more important unsaturated systems, with
more pronounced aromatic character, show at times very varying
behaviour—e.g., when in the homologous series with an N-member
the group of the five-membered pyrrole comes into juxtaposition with
that of the six-membered pyridine, although the representatives of
these two groups manifest very great differences in their behaviour.

Hence it is more practical to group the ring-systems according to
the number of members composing the ring. In this manner only
systems of rings of approximately like stability will come together,
and they will, therefore, very probably yield similar derivatives.
Hence to rings of three atoms will be added such as have four, five,
six, etc., members. Each of these groups will have subdivisions in
accordance with the number of hetero-atoms, so that, for example, in
the group of five-membered heterocyclic rings there will be discussed
first the monohetero-atomic, then the di-, tri-, and tetrahetero-atomic
systems. This might be called grouping according to fsologous series :

THREE-MEMBERED HPTEROCYCLIC SUBSTANCES.

: C—C: :C—cC: iC—C:
No” Ng” n
Ethylene Oxide [Ethylene Sulphide) [E%‘iiﬁ?;'ﬂéde]
! G N, 1c—LN, 3 C—N.
o/ Ne/ A
X . . - Diazomethane,
B-Benzaldoxime Ether Thialdolaniline Hydrazi-compounds
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FOUR-MEMBERED HETEROCYCLIC SUBSTANCES.

:C——C: :c—¢—C: :C—C—C:
No/ \s/ \N/
Trimethylene oxide - Trimethylene-imine
:C—C—N. :C—S—C: :C—C—N.
\o/ \S/ \N /
Betaine Dithio-acetone Dimethylazi-ethane
— :c—~C—0 :C—N—C:
\s/ \N/
Thetin Alkylideneureas
. Dicyano Compounds (?)
—_ :C—N—C: —
\s/

Alkylidene-y-thioureas

For Five-membeved and Six-membered Hetevocyclic Substances, see pp. 7, 8.

Just as indene, naphthalene, anthracene, etc., are derived from
benzene, so numerous di- and polycyclic condensed nuclei are obtained
from the heterocyclic rings that contain adjacent C-members. This
is possible by the fact that the two adjacent C-members participate
also in the formation of aromatic rings, like benzene, naphthalene,
phenanthrene, etc. These condensed nuclei unite, as a rule, the
properties of the carbocyclic with those of the heterocyclic ring. When
definite names are not assigned them, as in the indol and quinoline
groups, they are designated with the prefixes benzo- or phen-, dibenzo-
or diphen,- naphtho-, etc., before the name of the heterocyclic ring.

Quite frequently substances having such condensed nuclei have
the heterocyclic ring ruptured, and are then changed to ortho-sub-
stitution products of the carbon ring. Again, the heterocyclic ring
shows itself more stable toward oxidizing agents, so that it is possible,
by means of potassium permanganate, etc., to oxidize the condensed
nuclei with destruction of the carbon ring and the production of ortho-
dicarboxylic acids of the heterocyclic rings. Thus, acridine yields
quinoline dicarboxylic acid, quinoline a pyridine-dicarboxylic acid,
benzoglyoxaline a glyoxaline-dicarboxylic acid, benzotriazole a triazole-
dicarboxylic acid, and phenazone a pyridine-tetracarboxylic acid, etc.

Both the simple and condensed heterocyclic compounds have, as a
rule, been made by the internal condensation of suitable fatty or fatty-
aromatic bodies having open chains. Very often the intermediate
products, leading directly to the ring, cannot be isolated because of their
great inclination to the ring formaticen; ortho-substitution products of
benzene and naphthalene (Vol. II.) are especially well adapted for
the production of condensed heterocyclic nuclei. They have afforded
the starting-out material for the preparation of an immense number
of substances belonging in this group.*

Many heterocyclic bodies also occur in technical and natural
products. The large and importart family of vegetable alkaloids
belongs in the group of pyridine and the hydropyridines. Pyridines
and pyrroles occur in coal-tar and bone-tar. Thiophene and coumarone

* Compare Kiihling, ‘‘ Stickstoffhaltige Orthocondensationsproducte,” 1893.
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\s/ \N/
Triazsulpholes Tdraxo.le Group

are also present in coal-tar.

oFurfural and other derivatives of

furan have been found in the tar from wood. The important vege-
table dye, #ndigo, and its allied bodies, are derivatives of indole. Many
heterocyclic bodies prepared synthetically have been manufactured
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THREE-MEMBERED HETEROCYCLIC COMPOUNDS ¢

upon a technical scale, because of their colouring and therapeutic
properties. Thisis true of the dyes of the paroxarine, parathiazine, and
paradiazine series—e.g., resorufin, methylene blue, toluylene ved, safra-
nine, etc.; the dyes of the thiazole group, and also of the important
febrifuges, like antipyrine, salipyrine, tolypyrine, belonging to the
pyrazole-group, and piperazine or hexa-hydropyrazine, etc.

1. THREE-MEMBERED HETEROCYCLIC COMPOUNDS,

As a rule, bodies of this class manifest *“ ring-strain "’ to a greater
degree than the carbocyclic substances of the trimethylene series.
That is, they are inclined, in consequence of a rupture of the ring, to
take on additional atoms or atom groups. Hence, they are produced
only under the most favourable conditions, and many compounds
which formerly were regarded as based upon three-membered hetero-
cyclic rings have, as a result of more recent study and investigation,
had their formule doubled, or have been discovered to be still higher
steps in polymerization (compare ethylencimine, glycolide, etc.).

A. MONOHETERO-ATOMIC THREE-MEMBERED RINGS.

H
(4) Having an O-member: Ethylene oxide, Hz(lf>0. The method

2

of preparing this compound and its properties have already been
described in connection with glycol of the aliphatic series. It exhibits
a great inclination toward a rupture of the ring. This is shown by the
fact that it precipitates the hydroxides from solutions of the metals
with the simultaneous formation of glycolacidylhydrins. The same
tendency is observed with the substituted ethylene oxides, like fetra-
methylethylene oxide, the glycide derivatives, condensed nuclei containing
the ring of ethylene oxide—e.g., fetrahydronaphthylene oxide and
diketotetrahydronaphthylene oxide (Vol. 11, p. 686), etc.

H,C
(b) Having an S-member: Ethylene sulphide, H2 (|: > S, correspond-
ing to ethylene oxide, is apparently not capable of existing. It is
usually its polymerides which are obtained: (C,H,S) x and (C,H,S),
CH,C
diethylene disulphide; compare folane sulphide, CGHSICI>S. See also

the addition products of sulphur with ethylene and ascetylene deriva-
tives (B. 28, 1635; 30, 110).

H,C
(c) Having an N-member: Ethylene imine, H'(|:>NH, also appears

unstable. Ethylenediamine hydrochloride and’ others rather yield
the six-membered ring of piperazine. It is assumed that oxalimide,

C
éz>NH (I. 483), as well as the lactimides, e.g., benzoyl-amino-

; o .. CHCH:C ‘
cinnamic acid lactimide,® « Olc NCOC¢H,, contain a three-
membered ring consisting of two C-atoms and one N-atom.
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‘B. DIHETERO-ATOMIC THREE-MEMBERED RINGS.

_ Rings, consisting of C, N, and O, are assumed to be present in" the
nitrogen ethers of some of the aldoximes—e.g., the N-alkyl benzal-

RN
doximes, cH (I:H>O' which are resolved by acids into benzaldehyde

65"
and N-alkylhydroxylamines. The same ring occurs in different poly-
cyclic substances—e.g., the isatogen compounds, such as isatogenic
) CO—C.COOH :
acid, CaH4<N/ é) , and in the products obtained by reducing acy-
NH—CCH,
lated o-nitranilines with ammonium sulphide—e.g., C3H4< N/ J)

(see benziminazole), etc. Compare also anthranil and anthroxan
(CH,) .
aldehydes. Methyl anthranil, C.H.<fl\I a>O, phenyl anthranil,

anthroxan aldehyde, and anthroxanic acid ; compare also furoxan.
Thialdolaniline, CsHsN\——/CH-—CH(OH) .CH,, contains a ring consisting
S

of C, N, and S. The same may be observed of similarly formed
compounds (see Usébe’s green, Vol. II. 588).

Hydrazi- and Azimethylene-group : Substances consisting of two
N- and one C-atom are much better known. The hydrazi-derivatives
belong in this class. They are obtained from the hypothetical hydrazi-

methylene, J1>CH, (Curtius, J. pr. Ch. [2], 44, 169, 554). They are

produced in the action of hydrazine upon o-diketones and a-ketone
carboxylic esters (I. 328)—e.g., benzil, diacetyl, pyroracemic
ester:

Benzoyl-phenyl-hydrazimethylene, c.,H,.co.C(c.Hs)<E§, melts
with decomposition at 151°, and diphenyl-dihydrazimethylene,
EE>C(C4H5)-C(C.H.) E::, melts at 147°. Carboxylic acids of this
result from the reduction of esters of the diazo-fatty acids:

Hydraziacetic acid, 1tiE>CH~COOH (I. 405), and hydrazi-

HN .
propionic methyl ester, ° 111 >C(CH,).COOCH,, melting at 82°. The

HN

potassium salt of a sulpho-hydrazialetic ester, | JOH.CO.C/Hy
8

has been made by the action of potassium sulphite upon diazoacetic

ester (B. 28, 1848).

The hydrazo-compounds are readily changed by oxidation to the
azo-derivatives containing two atoms less of hydrogen.

The diazo-compounds of the aliphatic series are obtained from
azimethylene or diazomethane. The lafter is produced when nitroso-
methylurethane is digested with methyl alcoholic potash. Compare
Vol. 1. 213 for its properties. It also results from the reduction of
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methyl nitramine (I. 169; B. 29, g61), and from the action of hydroxyl-
amine upon methylchloramine (I. 169; B. 28, 1682).
Diazo-acetic ester (I. 402), diazopropionic ester (I. 410), diazo-

N.
succinic ester (I. 567), and diazomethane disulphonic acid, 1I\II\)C(SOgH):

(I. 454), are derivatives of diazomethane.

Aromatic derivatives are: Phenyl-diazo-methane, diazo-aceto-
phenone, azibenzil, and azo-camphor. Compare also diazo-indoles,
diazo-indazoles, and diazotetrazoles.

2. FOUR-MEMBERED HETEROCYCLIC SUBSTANCES.
A. MONOHETERO-ATOMIC FOUR-MEMBERED RINGS.

Trimethylene oxide, CH,<8g:>O (I. 318),is a homologue of ethylene

oxide. Its propertiés are not wellknown. The internal anhydrides of

certain aromatic S-hydroxycarboxylic acids, B-lactones of the common
:C—Co

formula | IO, also belong in this class. Compare also dimethyl

malic acid lactone, Vol. 1.
Trimethylene imine, CH,< 85:>NH, corresponding to trimethylene

oxide, is produced, together with B-methylpyridine, on heating tri-
methylenediamine hydrochloride.

B. DIHETERO-ATOMIC FOUR-MEMBERED RINGS.

1. The most important bodies containing four-membered rings
with two adjacent hetero-atoms are the cyclic salts, showing a structure
analogous to that of betaine, therefore grouped under the name
betaines. All carboxylic acids form betaines if they contain in the
a-position a group similar to ammonium hydroxide. Just as tri-
I(nethylglycocoll hydrochloride, CIN(CH,),.CH,.COOH, yields betaine,
CH,;),N — CH

o * so pyridine-chloracetic acid, CIN(C;H;)CH,.COOH,

0—Co
! (CsHy)N — CH, _ .
forms pyridine-betaine, (l) (I:0 (g.v.); triphenylphosphine-
((:hloracetic acid, CIP(C,H;),CH,COOH, triphenylphosphorbetaine,
CeHj),P — CH
N . O'(B. 27, 273), and methyl-ethyl sulphide-bromacetic acid,

O —
BrS(CH,)CH,.COOH, yields methyl ethyl thiobetaine, methyl ethyl
(CH,)(C,H,)S — CH,

thetine, .
0—CO
. . N=C(CH,) . .
Dimethylaziethane, | | , produced on mixing equimolecular
N =C(CH,)

quantities of hydrazine hydrate and diacetyl, and probably also

hydrazulmine and azulmic acid, formed by the interaction of ammonia

%Ind cyanogen, contain four-membered rings with two adjacent,
-atoms.
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2. The cyclic alkylidene-, carbonyl-, and thio-carbowyl-ureas, -thio-
ureas, and -y-thioureas, contain rings with alternating C- and hetero-
atoms:

NH

Methylene urea, CO <y >CH, and methylenethiourea, cs <\1i>cH,,

are obtained by the action of chlormethyl alcohol upon urea and
thiourea (M. 12, go); ethylideneurea and -thiourea are similarly
formed from acetaldehyde; methylene-diphenyl - ¢ - thiourea,

C,H,N:C<§m>CH2, from diphenylthiourea and CH,I, (Vol. II.

p. 102) ; carbonyl-thiocarbanilide, C,H,N: C <IS\I———(C6H5) >CO, melting at 87°,

from diphenylthiourea and COCl,, as well as by desulphurizing thiocar-

bonylthiocarbanilide, c,H,.N : C<IS\I CoHy >CSs melting at #9°, which
5

results from the interaction of CSCl, and diphenylurea (B. 25, 1459).

3. FIVE - MEMBERED HETEROCYCLIC SUBSTANCES.
A. MONOHETERO-ATOMIC FIVE-MEMBERED RINGS.

Furan (Furfurane),* Thiophen (Selenophen), Pyrrole.t

The members of the furan, thiophen, and pyrrole group contain
five-membered monohetero-atomic rings. They form a closely allied
family from the standpoint of methods of formation and chemical
behaviour. The parent compounds of these groups contain, in the
ordinary sense of the term, a chain of four CH: groups, which s closed
asaringby O :,S :or NH :

CH:CH\ CH:CII\ CH=CH

| /0 | S | NH

CH=CH CH=CH CH=CH
Furan. Thiophen. Pyrrole.

The parent bodies and their numerous derivatives, especially the
thiophens, manifest a great and, in the latter instance, a very remark-
able similarity to benzene and its compounds, inasmuch as many of
them show the reactions peculiar to benzene derivatives in contra-
distinction to the fatty substances.

The production of blue-violet and violet-red dyes in the action of
isatin and phenanthraquinone with sulphuric acid upon furan,
pyrrole, and thiophen compounds is particularly noteworthy.

The common methods of forming furan, thiophen, and pyrrole
derivatives from y-diketo-compounds have frequently been mentioned
after the description of the latter bodies:

Furans result by the elimination of water from the y-diketones;

Phosphorus sulphide (P,S;) converts y-diketones into thiophens.

CH=CH
* The compound | \0 is called furan, the name furfuryl representing
CH=CH” .
the group C,H,0 CH,, while C,H,0— is called furyl.
t Compare C. Paal, “ Furfuran, ThiopRen, und Pyrrolsynthesen,” Wiirz-
burg, 18g0.
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Pyrroles are produced by the action of ammonia or primary amines
upon y-diketones:
- CH=C——-<CH
—HO 5 | >0 ’

CH=C——CH,
Dimethylfuran.

CH,—COCH, - CH =C(OH)CH,- ps CH=C——CH,
| ——— — 2l > >S
CH,—COCH, - CH =C(OH)CHj,- CH=C——CH,
Acetonylacetone. (Enol form ) Dimethylthiophen.
NH, CH=C——CH,
=2 > | >NH

CH=C——CH,
Dimethylpyrrole.

Here the vy-diketones react as unsaturated ad-glycols. The
furans, the thiophens, and pyrroles may be considered as the cyclic
anhydrides, sulphides, and imines of the latter. Furans, thiophens,
and pyrroles are also obtained by distilling mucic and isosaccharic
acids alone or with BaS, and in the distillation of their ammo-
nium salts.

These syntheses harmonize with the accepted structural formulas
for furan, pyrrole, and thiophen.

The peculiar aromatic character of these compounds is intelligible
if Thiele’s views of the benzene nucleus are transferred to the present
ring systems, with the assumption that in the three five-membered
rings the sulphur, nitrogen, or oxygen atom can to some extent
assume the character of a double link by an exercise of its higher

c —C
valency (B. 37, 4254; C. 1905, II. 1797). On formule like |><,>S
c—<C
C _—C\
and E>< SN see B. 24, 1347, 1758. On desmotropic formule of
C-=C

pyrrole see below.

To distinguish the possible isomerides, the replaceable hydrogen
atoms of the methine groups in furan, thiophen, and pyrrole are
designated by numbers or letters, as with benzene:

CH=cH cH=CH
| O or | >O.
CH=CH CH=CH
4 5 I3 a
The positions 2 and 5 are eq’ual in value; also 3 and 4. The first
are also termed a-, the latter B-positions. It is obvious that the mono-
derivatives of furan, thiophen, and pyrrole can exist in two isomeric
forms (a-derivatives and S-derivatives).
The C-disubstitution products occur in four forms, as aa-, af3-, af8l-,
and BB-, derivatives.
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1. THE FURAN GROUP,

Furan (Furfurane), C,H,O, boiling at 32°, was first obtained by
distilling barium pyromucate (p. 18) (Limpricht, 1870; C. 1897, II.
268): (C;H,0.CO,H=C,H,0+CO,). It is present in the distillation
products of pine wood. It is a liquid insoluble in water, and has a
peculiar odour.

By conducting its vapours with hydrogen over finely divided
nickel heated to 170° it is reduced to tetrahydrofuran or tetra-
methylene oxide (C. 1908, I. 1630). With isatin and phenanthrene
quinone it forms dyes. It reacts very violently with hydrochloric
acid, and forms a brown amorphous substance (like pyrrole red, p. 28).
A pine shaving moistened with hydrochloric acid assumes a green colour
when brought in contact with the vapours of furan.

By means of methyl alcoholic HCl, furan can be split up to
form the tetramethylacetal of succindialdehyde (Ch. Ztg., 1900, 857%).

Bromo-furan can be obtained from brom-pyromucic acids, or
by the direct action of bromine upon furan. Addition products
result from an excess of bromine.

Di-iodo-furan, m.p. 47°, from the K salt of dehydromucic acid
with iodine at 100° (Am. Ch. J., 25, 439).

B(?)-Nitro-furan, m.p. 28° volatile with steam, is formed by
nitrating furan with fuming HNO, in acetic anhydride. An
aldehyde (nitro-succin-aldehyde ?) seems to be formed as an inter-
mediate product (C. 1902, I. 1106). A dinitro-furan, m.p. 101°, is
formed by nitrifying nitrofuran or nitropyromucic acid.

o-Amino-furan has been obtained in the form of its urethanes
from pyromucic azide by boiling with alcohols; also [(-amino-
furan in the form of its acetyl derivative, m.p. 112°, from acetamino-
pyromucic acid by splitting off CO,. The free amines could not be
obtained from these derivatives, since on saponification they split off
NH, (J. pr. Ch. [2], 65, 38; C. 1903, II. 292).

Methylturan, C,H,(CH,)O, is in all probability sylvane, which
occurs in pine-tar oil. It boils at 63° (B. 13, 879).

It can also be obtained from creosote from beechwood tar. On
splitting up with HCl it yields l@vulinaldehyde, CH;COCH,CH,CHO
(B. 81, 37).

a,a,-Dimethylfuran, C,H,(CH,),0, is formed by the distillation
of carbopyrotritartaric acid, and has been synthesized from acetonyl
acetone upon heating it with ZnCl, or P,0,. It boils at 94°.

It regenerates acetonylacetone when it is heated with dilute hydro-
chloric acid to 170°.

a,a,-Phenyl - methylfuran, CsH,.C,H,(CH,)O, is produced from
acetophenoneacetone (B. 17, 915 and 2759). It melts at 42° and boils
at 235°~240° C. Sodium and alcohol convert it into a tetrahydro-
compound. ’

Diphenylfuran, melting at 91° ¢is obtained from diphenacyl
(B. 23, R. 743; 28, 1447). Triphenylturan, melting at 93° is
formed from desylacetophenone (B. 21, 2933; 26, 61). Tetraphenyl-
furan, Lepidene (B. 22, 2880), melting at 175° is produced,
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together with benzil, when benzoin is heated with hydrochloric acid

to 130°

’%he acetate of a B-hydroxy-triphenylfuran, m.p. 135° is obtained
from dibenzoyl styrene with acetic-sulphuric acid (B. 31, 1248). The
so-called carlina oxide, obtained from the ethereal oil of Carlina
acaulis, m.p. 167°, is perhaps 1-phenyl-3,a-furylallene (B. 42, 2355).

Furfuro-stilbene, C,H,0—CH =CH—C,H,0, melting at 101°, is
the stilbene of the furan series. It results upon heating polymeric
thiofurfural (B. 24, 3591).

Furfuryl alcohol, C,H,0.CH,OH, is a colourless syrup, which is
coloured green by hydrochloric acid. It results from the action of
sodium amalgam and acetic acid upon the aldehyde furfurol, but more
easily by treatment with aqueous caustic potash (B. 19, 2154). Fur-
furane-carboxylic acid is produced at the same time (2C,H,0.CHO +
H,0 =C,H,0.CH,0H +C,H,0.CO,H) (B. 19, 2154).

Furfur alcohol is found in considerable quantities in the coffee oil
of roasted coffee; diphenyl carbaminie ester, C,H,O[CH,O0CON(CgH,),],
m.p. 98° (B. 35, 1846, 1855).

Furturyl methyl ether, (C,H,0).CH,.0.CHj,, boils at 134°-136°
(B. 28, R. 239).

Furfurylamine, C,H,0.CH,.NH,, boiling at 146° results in the
reduction of furfuronitrile and furfurol hydrazone (see below).

n-Propyl-o-furturyl carbinol (C,H,O)CH(OH).C,H;, b.p.;, 93°
form furfurol and propyl magnesium bromide (C. 1910, I. 450); several
tertiary o-furfuryl carbinols and ea’-furfuryl dicarbinols have been
obtained by the action of alkyl magnesium haloids upon pyromucic
esters and dehydro-mucic ester (C. 1906, 1. 851).

Furfural* (Furfuraldehyde), C,;H,0, =C,H,0.CHO, boiling at 162°,
with the sp. gr. 1.163, is the aldehyde of pyromucic acid, and is produced
in the distillation of bran (furfur, Fownes, 1849), or of sugar (Déber-
einer, 1831), and wood, as well as most carbohydrates and glucosides,
with dilute sulphuric acid. When present in even the merest traces
it can be detected by the red coloration given by aniline or xylidine
(B. 20, 541).

Furfural is produced quantitatively when pentoses like arabinose,
etc., are distilled with hydrochloric acid. Various analytical methods
for the estimation of the pentoses are based on this fact (B. 28, R. 629).
Glycuronic acid, when heated with hydrochloric acid, breaks down
into furfural, water, and CO, (B. 29, R. 280).

Furfural is a colourless liquid with an aromatic odour. It is fairly
soluble in water and very soluble in alcohol. It becomes brown on
exposure to the air, and shows all the properties of an aldehyde. It
combines with bisulphites, passes into furfuryl alcohol under the
influence of sodium amalgam, and is changed to pyromucic acid by
silverhoxide, and to the alcohol and acid through the action of caustic
potash.

By the oxidation of furfurol with hydrogen peroxide or Caro’s acid
we obtain oxyfurturals, C,H,0(OH)(CHO), which give characteristic
colour reactions with phenols (B. 83, 3132). It yields furfuraldoxime
with hydroxylamine; this melts at 89° and boils at 205°. It unites

* This is often, called furfurol, but this name is better avoided, as it implies
the presence of a hydexy group.
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similarly with phenylhydrazine, forming a hydrazone, melting at 96°.
With orthoform1c ester it yields the acetal, C;H,0.CH(OC,Hj),, boiling
at 187° to 190° (B. 29, 1008).

Furthermore, furfural manifests all the condensation reactions of
benzaldehyde (see below). (1) It combines with dimethylaniline to
form a green dye-stuff, corresponding to malachite green. (2) It con-
denses with aldehydes and ketones of the fatty series to furfurane
aldehydes and ketones with unsaturated side-chains. This reaction
occurs quite readily on digesting with dilute caustic soda (B. 13, 2342).
Thus, with acetaldehyde it forms furtur-acrolein, C,H,0.CH : CH.-
CHO, melting at 51°; with acetone, furfur-acetone, C,H,0.CH: -
CH.CO.CHj,; with acetophenone, furfural-mono- and diacetophenone,
and difurfural triacetophenone (B. 29, 2248). (3) Just as potassium
cyanide in alcoholic solution changes benzaldehyde to benzoin, so it
converts furfurol into furoin, C,,H,O,, melting at 135°; 2C,H,0.-
CHO =C,H,0.CH(OH).CO.C,H,;0. This is in every way similar to
benzoin. Furoin is oxidized in alkaline solution by the oxygen of the
air to furil, C,H,0.CO.CO.CH;O. This corresponds to benzil.
Tin and hydrochloric acid reduce it to desoxyfuroin, (C,H,0)CH,.-
CO(C,H,0) (B. 28, R. 992). Furil digested with caustic potash
becomes furilic acid, (C,H,0),C(OH)COOH, analogous to benzilic acid.
Compare B. 25, 2843, for the condensation products of furoin with
o-diamines.

Furfurane acids, with unsaturated side-chains, are produced, in
the condensation of furfural and fatty acids, on heating it with the
anhydrides and sodium salts of the fatty acids. This is analogous to
the formation of cinnamic acid from benzaldehyde. Furyl-acrylic acid
results on heating furfurane with acetic anhydride and sodium acetate:

C,H,0.CHO +CH,.CO,Na=C,H,0.CH : CH.CO,Na +H,0.

Furyl-acrylic Acid, C,H,O,, melting at 141° is also formed from
Sfurfur-malonic acid, the condensation product of furfurol and malonic
ester (B. 24, 143; 27, 283). Furyl-acrylic acid, like cinnamic acid,
occurs in a stereotsomeric modification (B. 28, 129). The acid, when
heated with hydrochloric acid, has its ring decomposed, and acetone
diacetic acid results. Sodium amalgam converts it into

Furyl-propionic Acid (1), C,H,;0.CH,.CH,.CO,H, melting at 51°.
Bromine-water disrupts the furfurane ring in this compound, and the
product is furon-aldehyde (2), which can be gradually converted step
by step into furonic acid (3), hydrofuronic acid, or, y-ketopimelic
acid (4) and pimelic acid (5):

(1) (2)
CH =CH CH.CHO
| >0 —> |l (3)
CH =C—CH,.CH,.COOH CH.CO.CH,.CH,.COOH \ CH.COOH
(4)
é‘,H .COOH CH,.COOH / CH.CO. CH,.CH,.COOH

CHz CH,.CH,.CH,. Coon CH,.CO.CH,. CH, COOH

This conversion of furfural into n-plmehc acid proves that the
aldehvde groub is in the a-position.
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Furyl-angelic Acid, C,H,0.CH : C(CH,.CH,).COOH, from furfural
and butyric acid, melts at 88°, and passes into the corresponding
Furyl-valeric Acid under the influence of sodium amalgam.

Furfural condenses with levulinic acid, depending upon whether
alkaline or acid solvents are employed, either to 8- or S-Furfur-
leevulinic Acid, C,H,0.CH: CH.CO.CH,.CH,.COOH, or C,H,0.CH:-
C(CO.CH,).CH,COOH. The latter changes readily with benzene ring
formation into hydroxyacetocoumarone (p. 40).

From furfural and sucdnic acid the following have been obtained
under different conditions:

Furtursuccinic acid, (C,H,0)CH: C(CO,H).CH,CO,H; diturfursuc-
cinic acid, (C,H,0)CH : C(CO,H).C(CO,H) : CH(C,H,0); and difurfur
propionic acid, (C,H,0)CH : CH.C(CO,H) : CH(C,H,0) (B. 34, 1626;

, C. 1904, 1. 925).

Hydrofurfuramide, (C;H,0),N,, melting at 117°, results from the
action of aqueous ammonia upon furfural (as hydrobenzamide from
benzaldehyde; g.v.).

Boiling water decomposes it into furfural and ammonia. If boiled
with KOH it undergoes a transposition into the isomeric base, Furfurin,
melting at 116° (compare glyoxalines).

By the action of primary aromatic amines and their salts upon
furfural, the furfurane ring is broken up, and strongly coloured
arylamine derivatives of 8-oxyglutaconic aldehyde are formed. Their
hydrochlorides, on boiling with alcohol, split off 1 mol. arylamine and
pass into N-aryl-8-oxy-pyridinium salts (B. 38, 4112):

clﬁ : C—CHO CH : C(OH).CH : NC¢H; HCl CH : C(OH).CH
>0 —> —_— Il
CH:CH CH ; CH.NHCH, CH : CH——N(CH;)Cl.

a-Methyl furfural, C,H,(CH,)O.CHO, boiling at 184°-186°, occurs
together with furfural in wood oil (B. 22, 608). It is also present in
the product obtained by distilling varec with sulphuric acid. When
rhamnose (I. 619) is distilled with sulphuric acid, it results, just as
furfural is obtained from arabinose (B. 22, R. 752).

0-0xy-o-methylturtural, (C,H,0)(CH,0H)CHO, b.p., 70°, is formed
in the dry distillation of cellulose, and on heating hexoses with
aqueous oxalic acid under pressure. The corresponding halogen
hydride esters, chloro- and bromo - methylfurfural, m.p. 60°, are
obtained by the action of HCl and HBr upon ketoses or cellulose
(B. 43, 2795).

Ketones of the Furfurane Series.—o-Acetyl-furan, C,H,0(COCH,),
m.p. 33° b.p., 67° is found W wood-tar, and is obtained syn-
thetically by the splitting up of furoyl acetic ester, C,H;0.CO.CH,-
CO,C,H;, b.p.;y 143° the condensation product of pyromucic ester
and acetic ester (C. 1898, I. 327; B. 83, 492; C. 1911, I 8I).
o-Furyl-acetone, (C,H,0)CH,COCH,, bp. 180° (C. 1906, I. 669). a-
Benzoyl-turan, C,H,0(COC,H;), b.p.,, 164°, is obtained from’ pyro-
mucic chloride, benzene, and Al€l; (C. 1900, I. 299). aa,-Dibenzoyl
furan, m.p. 107°, from dehydro-mucic chloride with benzene and
AlCl;. qa,-Phenyl-methyl-B-acetyl-furan, m.p. 57°, from phenacyl-
diacetyl-methane (C. 1902, I. 1164).

VOL. III. B c
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Carboxylic Acids of Furfurane—Furan-a-carboxylic Acid (com-
pare C. 1897, II. 268), C,H,0.CO,H, pyromucic acid, melting at 134°
with sublimation, is obtained by the oxidation of furfural, and in the
distillation of mucic and ssosaccharic acids (Vol. I.); it therefore
contains the carboxyl group in the a-position.

History.—Scheele, in 1780, observed pyromucic acid as a product
of the distillation of mucic acid. Pelouze (1834) determined its com-
position, and v. Baeyer established its constitutional formula.

Its ethyl ester, C;H,0.CO,.C,H;, melts at 34° and boils at 210° C.
Its chloride, C,H,0.COCI, boils at 170°. Ammonia converts this into
an amide, C,H;0.CO.NH,, which is changed into pyromuconitrile,
CH3O.CN, by PCl,. The nitrile can also be obtained from furfural-
doxime by the exit of water. See C. 1897, I. 1024, for the kydrazide,
azide, etc.

Bromine vapour converts pyromucic acid into a tetrabromide,
C4H;OBr,.CO,H, which is oxidized to dibromsuccinic acid by chromic
acid. Fumaric acid results on evaporating pyromucic acid with
bromine water. An excess of bromine or chlorine water produces
mucobromic acid and mucochloric acid (I, 402).

a-Brom-pyromucic Acid, C,H,BrO.CO,H, is formed by heating the
tetrabromide, and by brominating pyromucic acid in glacial acetic acid
solution. It melts at 184° (B. 19, R. 241). [B-Brompyromucic Acid,
from) the two dibrompyromucic acids and zinc, melts at 129° (B. 117,
1759)-

Nitropyromucic Acid, C,H,(NO,)O.CO,H, melting at 183°, is formed
by nitrating furan-dicarboxylic acid and by oxidizing w-nitrovinyl-
nitrofuran (B. 18, 1362).

Its ethyl ester, on reduction with Al amalgam, gives amino-pyro-
mucic ester, C,H,0(NH,)CO,C,H;. Its acetyl derivative is saponified
?%r pogash to acetamino-pyromucic acid (C. 1902, II. T097; 1903,

. 292).

a,a,-Furan dicarboxylic Acid, C,H,0(CO,H),, dehydromucic acid, is
produced by heating mucic acid to 100° with hydrochloric acid. It
dissolves with difficulty in water, and when heated breaks down into
carbon dioxide and pyromucic acid. The esters are all solid, and show
interesting melting-point regularities: Dimethyl ester, m.p. 112°,
b.p.;5 155°; diethyl ester, m.p. 44°; chloride, m.p. 80°.

f3;-Furan dicarboxylic acid, m.p. 266°, dimethyl ester, m.p. 110°,
is formed from bromo-cumalinic ester with potash {B. 84, 1992):

CH—O0—CO _KoH _ CH—O—CCOOH
CO,R.C—CH =CBr Z«CO,H.C CH

Homologous furan-carboxylic acids can be obtained synthetically
from y-diketone carboxylic esters by the removal of water.

Methylpyromucic Acid, C,H,(CH,)0.COOH, melting at 109°
obtained from methyl furfural by oxidation; its chloride, m.p. 28°,
b.p. 202°, gives on bromination a dibromo-substitution product, which
on treatment with water gives aldehydo-pyromucic acid, C,H,O-
(COOH)(CHO) + H,0, m.p. 202°, which oxidizes to dehydromucic
acid (C. 1898, I. 933).
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a,a,-Dimethylfuran-g3-carboxylic Acid, Pyrofritaric Acid, C,H(CH,),0.
CO,H (B. 20, 1074), Uvinic Acid, melting at 135° C., may be ob-
tained (1) from acetonylacetoacetic ester; (2) from carbopyrotri-
taric acid and from methronic acid by the splitting-off of carbon
dioxide; (3) from tartaric acid by distillation; (4) from pyroracemic
acid by protracted boiling with baryta-water or sodium acetate, etc.

When heated to 150°-160° with steam it breaks up into carbon
dioxide and acetonylacetone. Rapidly distilled, it decomposes into
carbon dioxide and dimethylfuran.

a,3,-Dimethylfuran-G-carboxylic Acid, melting at 122° is iso-
meric with pyrotritaric acid. It is formed (1) from bromisode-
hydracetic acid instead of the expected af3;-dimethyl-Ba,-furfurane
dicarboxylic acid; (2) by the condensation of acetoacetic ester with

* chloracetone; (3) from (-methyl-furan-c-acetic-3-carboxylic acid, m.p.

196°, by elimination of CO, (B. 35, 1545).

a,0,-Methylphenylturan-3-carboxylic Acid, C,H(CH,)(C,H;)0.CO,H,
from acetophenone-acetoacetic ester, melts at 181°, and when heated
breaks down into CO, and methylphenylfuran (B. 17, 2764).

a,a,-Dimethylturan-3,8,-dicarhoxylic Acid, C,(CH,),0(CO,H),, carbo-
pyrotritaric acid, melting at 261° results upon boiling diacet-
succinic ester with dilute sulphuric acid (Knorr, B. 17, 2864 ; 22, 146).
Carbopyrotritartaric acid at higher temperatures breaks up into carbon
dioxide and pyrotritartaric acid.

Methronic acid, o-methylfuran -«, - aceto - 3 - carboxylic acid,
CgHO;, m.p. 204°, is isomeric with carbopyrotritaric acid, and
also yields on splitting off CO, pyrotritaric acid. It is formed
(1) from acetoacetic ester and Na succinate in the presence of
acetic anhydride (B. 18, 3410), which may be formulated as follows
(B. 39, 2120):

CO,H .CH, + CO(CH,)CH,CO,R CO,H.C = C—CHj + CH,CO,H
> | >0
CH, —COOH + CH,(CO,R)COCH, HC = C—CH,CO,H +HO.COCH,

Similarly, acetoacetic ester and pyrotartaric acid gives methyl
methronic acid.

(2) By condensation of acetoacetic ester with glyoxal, together
with sylvane-acetic ester containing less CO, (B. 21, R. 636; 22, 152;
A. 250, 166).

Hydrofurans.—But few hydrofuran derivatives have been obtained
by the reduction of furans—e.g., tetrahydro - o,a, - methylphenylfuran,
C4H¢(CH,)(C4H;)O, boiling at 230° from methylphenylfuran, fteira-
hydrodiphenylfuran (B. 28, R. 744), etc.

By reduction of dehydromucic acid with sodium amalgam at o°
in a current of CO, we get the so-called (o) (cis)-Dihydro-c,o,-furan-

CH—CHCO,H

dicarboxylic acid, | >0 m.p. 150° which is transposed in
CH—CHCO,H

alkaline solution to the (8) (trans) form, m.p. 179°. The latter
can be resolved by cinchonine into its optically active components,
m.p. 144°. With bromine, both acids combine to form dibromides,
which, on treatment with baryta-water, yield pyromucic acid. On
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prolonged boiling with alkali, the (¢) and (B) acids yield (y) Dihydro-

) i .. CH,—CHCO,H ) .
furan - dicarboxylic acid, | >0 (?); in contrast with the
CH = CCO,H

(«) and (B) acid, this acid is further reduced by sodium amalgam to
tetrahydrofuran-o,«,-dicarboxylic acid, C,H,O(CO,H),,(«) form, m.p.95°,
(B) form, m.p. 124° (C. 1901, II. 271; 1905, I. 1558).

Synthetically, by reduction of erythritol we obtain dihydro-
furan, C,H,O, b.p. 67°, which is transformed by PCl; into furan
(Bull. soc. chim., 85, 418). a-Methyl-dihydrofuran, C,H (CH,)O, is
formed from aceto-propyl alcohol (see Vol. I. and B. 22, 1196).
aa,-Diphenyl-dihydrofuran, C,H,(C,H;),0, m.p. 89°, is obtained from
a-phenyl-cinnamyl-acrylic acid dibromide with alkalies (A. 308, 210).
Further dihydrofuran derivatives have been obtained synthetically
from a-chloro-crotonic ester and chloro-fumaric ester by condensation
with sodium acetoacetic ester and sodium benzoyl-acetic ester
(B. 29, R. 8509).

CH,—CH,

hyl ide, , its homol L
Tetramethylene oxide clH,——CH,>O and its homologues (I. 299)

are tetrahydrofurans; the 7 -lactones—e.g., butyrolactone,
CH,—CO,

| >O (I. 345)—and the anhydrides of the succinic acid

CH,—CH;,
) CH,—CO\ )
series—e.g. clH,—-C O/O (I. 447), etc.—are keto- and diketotetra-

) CO—CH, _

hydrofurans. Tetronic acid, C|H Co>0 (I. 544), and its homo-

logues are isomeric with the latter.
Co . CO '

Also the o-ketolactones of the formula (l; cH >O, which are

2

.

obtained by the condensation of a-ketonic acids with aldehydes

(B. 81, 2218). p,’-Diketo-tetrahydrofuran-aq«’-dicarboxylic acid
CO.CH—CO,C,H,

diethyl ester, | >0 , m.p. 189° is formed by the oxida-
CO.CH—CO,C,H,

tion of oxalic ester and ethyl glycollic ester by means of sodium

ethylate (C. 1906, II. 1433).

2. THIOPHEN GROUP.*

Thiophen, C,H,S, an analogue in constitution of furan, C,H,O,
exhibits the greatest similarity to benzene. It may be viewed as
benzene, in which one of the three acetylene groups, CH : CH, has
been replaced by S. By the replacement of the 4-H-atoms in thio-
phen by other elements or groups we obtain innumerable derivatives,
in all respects analogous to those derived from benzene. All thiophen
compounds give an intense blue coloration—the indophenin reaction
(B. 168, 1473)—when mixed with a little isatin and concentrated
sulphuric acid.

* V. Meyer, ‘Die Thiophengruppe,’” 1888,
[ 5
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History.—Thiophen, as well as the methylated thiophens, are
invariably associated with the benzene hydrocarbons which are pre-
pared technically from coal-tar. Therefore, before thiophen was
discovered, the indophenin reaction was considered as characteristic
of benzene hydrocarbons. V. Meyer (1883) observed an absence of
this reaction when working with a benzene preparation made from
benzoic acid, and that it reappeared when commercial benzene con-
taining sulphur was employed in the test. This led to the discovery
of thiophen. The same investigator ascertained the constitution of
the latter and its kinship to furan and pyrrole. Thionessal, discovered
by Laurent in 1841, is a thiophen derivative, but it was only in 1891
that Baumann and Fromm proved it to be tetraphenylthiophen.

The synthetic methods of producing thiophen compounds from
y-dicarbonyl derivatives have been discussed (I. 348; III. 13). The
more special procedures are the ready conversion of y-ketone acids into
hydroxythiophens by means of P,S;, and thiophens result when the
primary hydroxythiophens are reduced with P,S; (B. 19, 551; 23, 1495):

CH,—CO—CH, CH=C.CH, CH=C.CH,
—> | >0 > | >$
CH,—COOH CH=C.OH CH=CH
Lavulinic Acid. 2.5-Oxythiotolene. 2- or a-Thiotolene.

Thiophen, C,H,S, boiling at 84°, with sp. gr. 17062 (23°), occurs
in coal-tar (B. 28, 492), just as do the methylthiophens; indeed, the
individual thiophens are present (to upward of 0'6 per cent.) in the
corresponding commercial benzene hydrocarbons, as they have the
same boiling-points. Thiophen is found in benzene, methylthiophens
in toluene, etc.  Thiophen is also formed in considerable quantity
by heating a mixture of sodium succinate and phosphorus trisulphide
(Volhard and Erdmann, B. 18, 454):

(3) (2)
CH,—COONa CH=CH\_
| > | /S- (1)
CH,;—COONa CH=CH

@ )

Thiophen also results upon heating crotonic acid, butyric acid,
paraldehyde, etc., with phosphorus trisulphide; by conducting ethyl
sulphide through tubes heated to redness or passing illuminating gas
over heated pyrites, FeS,, and acetylene or ethylene over boiling
sulphur.

Unsaturated aromatic hydrocarbons, when heated with sulphur,
yield phenyl thiophens. Thus, styrene forms diphenylthiophen; stil-
bene, tetraphenylthiophen; also acetylenedicarboxylic acid, thiophen
tetracarboxylic acid (B. 28, 1635; 80, 110). Thiophen is obtained
from crude benzene by shaking it with a little concentrated sulphuric
acid (B. 117, 792).

It can also be extracted by boiling with Hg acetate, in which case
the thiophen separates out as thiophen-mercuro-oxy-acetate, which
can be fairly easily split up into thiophen and mercuric chloride by
boiling with HCI (B. 82, 758; 38, 2208).

Thiophen is a colourless liquid with an odour resembling that of
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benzene. It becomes crystalline when exposed to a mixture of solid
carbon dioxide and ether. Sodium has no effect upon it, even when
it is heated. Mixed with a little sulphuric acid and isatin, it becomes
dark blue in colour. The same occurs when its solution in sulphuric
acid is added to phenanthraquinone in glacial acetic acid (reaction of
Laubenheimer, B. 19, 673; 87, 3343).

It is remarkable that thiophen, which from its formula can be
regarded as a cyclic, unsaturated alkylene sulphide, does not exhibit the
additive power of normal alkyl sulphides for methyl iodide, oxygen,
etc. When thiophen is heated to 200° with piperidine, sulphur is
eliminated and a base produced which yields tetramethylenedipiperi-
dine, C;H;oN(CH,),NC;H,,, upon reduction (B. 28, 2217).

This very striking analogy existing between bodies of the thiophen
series and the benzene series may be observed with the following
representatives of both groups, the boiling and melting points of which
compounds are presented in the table. The benzene derivatives have
already been discussed; those of thiophen will receive attention in the
succeeding pages.

BENZENE SERIES. | THIOPHEN SERIES.

B.P. B.P.
Benzene .. .. .. 8o-5¢, Thiophen .. .. .o 84°
To)l(uelne .. . .+ 110-3° | Thiotolen .. .. R 132

-Xylene .. .. .. 138° | 2:5-Thioxen .. .. .. 13§
EsoPropylbenzene .. .. 153° | soPropylthiophen .. .o 154°
Diphenyl .. .. .. 254° | Dithienyl .. .. .. 200°
Diphenylmethane .. .. 261° ' Dithienylmethan .. .. 267°
Chlorbenzene .. .. 132° 1 a-Chlorthiophen .. .o 130°
p-Dichlorbenzene .. .. 172°  Dichlorthiophen .. ..o 170°
Brombenzene .. .. 155° | a-Bromthiophen .. .. 150°
Tetrabrombenzene .. .. 329°  Tetrabromthiophen .. .. 320°
p-Dinitrobenzene .. .. 299° | Dimitrothiophen .. .. 290°
Benzoic Acid .. .. 230° ! a-Thiophencarboxylic Acid .. 2060°
Benzonitrile .. .. .. 191° ' Thiophen-nitrile . .. 190°
%:etoptlllenone .. .. 202: ] %ﬁgﬁtothienone .. .. 21 g:
nzophenone .. .. 307 ienone .. .. o332

Cinnamic Acid .. mp. 133° ; Thienylacrylic Acid .. m.p. 138°

1. Thiophen Homologues.—Homologous thiophens, in addition to
their synthetic formation from y-dicarbonyl compounds, are prepared
from thiophen according to methods perfectly similar to those used
in the production of the corresponding benzene hydrocarbons from
benzene; thus, from iodthiophen and an alkyl iodide by means of
sodium; from thiophen, alkyl bromides and aluminium chloride, etc.
The behaviour of the thiophen homologues, when subjected to oxida-
tion, etc., is analogous to that of the corresponding benzenes.

Methylthiophens.

o-Thiotolen, from iodthiophen by the aid of methyl iodide and
sodium, is converted into a-thiophencarboxylic acid by oxidation.

3-Methylthiophen, 3-Thiotolen, is formed when sodium pyrotar-
trate is heated with P,S,. Both thiotolens occur in coal-tar.
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Dimethylthiophens or thioxens occur in crude xylene (B. 29,
2560). 2,3-Dimethylthiophen boils at 136°. 2,4-Dimethylthiophen
boils' at 138°. 2,5-Thioxen boils at 135°. 3,4-Dimethylthiophen
boils at 145°. ssoPropylthiophen, boiling at 154°, is formed when
aluminium chloride acts upon thiophene and #sopropyl bromide.

«-Phenylthiophen, melting at 41°, is prepared by heating benzoyl
propionic acid with phosphorus sulphide (B. 19, 3140).

«,a,-Diphenylthiophen, melting at 153° results from diphenacyl
and P,S; or from styrene or cinnamic acid with sulphur (B. 28, 89o),
together with ,3,-diphenyl-thiophen, melting at 119°. Tetraphenyl-
thiophen, Thionessal, C,(C,H;),S, melting at 184°, is produced when
thiobenzaldehyde is heated; also from stilbene and sulphur (A. 38,
320; B. 24, 3310), just as thiophene is formed from ethylene and
. sulphur (see above).

Dithienyl, C,H,S.C,H,S, melting at 83° and boiling at 266°, is
obtained, like diphenyl, by conducting the vapours of thiophen through
tubes heated to redness. An isomeric a,a,-Dithienyl, melting at 33°,
results in the action of sulphuric acid upon thiophen, and also by the
interaction of a-iodthiophen and silver (B. 27, 2919; 27, 2385).
Dithienylmethane, (C,H,S),CH,, melting at 43° and boiling at 267° is
formed from thiophen and methylal. Thienyldiphenylmethane,
(C,H,S).CH(C4H,),, melting at 63° and boiling at 335°, is prepared
from thiophen and benzhydrol. Thienyltriphenylmethane, (C,H;),-
C(C,H,S), melting at 237°, is formed when P,0, acts upon triphenyl-
carbinol and thiophen. The homologous thiophens may also be as
readily condensed with triphenyl carbinol (B. 29, 1402).

Dithienylphenylmethane, C,H,.CH(C,H,S),, melting at 75° has
been prepared by the condensation of benzaldehyde and thiophen
(B. 29, 2205).

as-Dithienylethane, CH,CH(C,H,S),, b.p. 270° to 280°. sym.-Di-
thienylethylene, m.p. 125° (see B. 30, 2041).

2. Halogen Derivatives.—Chlorine and bromine attack thiophen in
the cold. The action is even more energetic than with the benzenes.
Todine, in the presence of mercuric oxide, also attacksit at the ordinary
temperature. The three halogens first enter the a-position. In proper-
ties the haloid thiophens are very similar to the benzene haloids. When
the brominated thiophenes are oxidized with strongly cooled, concen-
trated nitric acid, the ring is ruptured, and there result dibromomaleic
acid, brom-citraconic acid, dibromacetoacrylic acid, etc. (B. 24,74, 1347).

a-Alkylthiophens yield on chlorination and bromination, even in
sunlight and at boiling-point, almost exclusively nuclear substitution
products; but in B-methylthiophen, especially on heating, substitu-
tion takes place mostly in the side-chain (C. 1905, II. 1796).

a-Chlorthiophen, C,H,CIS, boils at 130° and dichlorthiophen,
C,H,CLS, at 170°. Tetrachlorthiophen, C,Cl,S, melts at 36° and
boils from 220°-240°.

a-Bromthiophen boils at 150°. «,a,-Dibromthiophen boils at.211°.
Its formation serves for the complete isolation of all the thiophen that
may be present in a thiophen-benzene (B. 18, 1490). Tribromthio-
phen melts at 29° and boils at 260°. Tetrabromthiophen, C,Br,S,
melts at 112° and boils at 326°. It is also produced in the energetic
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bromination of substituted thiophens when the substitutes are dis-
placed (B. 26, 2457). .

ao-Todthiophen, C,H,IS, boils at 182°. ) .

3. Nitro-derivatives.—The action of nitric acid upon thiophen 1s
so very energetic that, in order to moderate the reaction, air charged
with thiophen vapour is conducted into the fuming nitric acid. Mono-
and dinitrothiophen are then produced (B. 17, 2648).

Nitrothiophen, C,H,(NO,)S, melts at 44° and boils at 225°. .

Dinitrothiophen, C,H,(NO,),S, melts at 52° and boils at 290"
Caustic potash colours its alcoholic solution dark red. The same
coloration of dinitrobenzene, caused in the same way, is due to admixed
dinitrothiophen (B. 17, 2778).

4. Amino-derivatives.—Nitrothiophen is reduced with much more
difficulty than the nitrobenzenes. The reduction succeeds when zinc
and hydrochloric acid are allowed to act upon the dilute alcoholic
solution (B. 18, 1490).

Aminothiophen, thiophenine, C,H,S.NH,, is a bright yellow oil.
It resinifies on exposure to the air. Its HCl-salt consists of deliques-
cent needles. It does not yield a diazo-derivative. It combines with
salts of diazobenzene, forming stable, mixed azo-dyestufis—e.g.,
CeH;.N : N—C,H,S.NH,.HCI (B. 18, 2316).

Acetyl-amino-thiophen, (C,N,SYNHCOCH,, is obtained from aceto-
thienone oxime, (C,H,S).C(NOH)CH,, by Beckmann'’s transformation
(Ch. Ztg. 23, 266). o-Thienyl-urethane, m.p. 48°, from a-thiophencar-
boxylic azide with alcohol, decomposes on saponification (J. pr. Ch.
[2], €5, 7).

5. Sulphonic Acids—Like the benzene sulphonic acids, the thio-
phen sulpho - derivatives are produced by dissolving thiophen in
sulphuric acid. In this reaction the thiophen must be diluted with
petroleum ether, benzene, or some other agent. They can also be
prepared from the thienyl-ketones by displacing the ketone groups by
sulpho-residues (B. 19, 674, 1620, 2623; 29, 2562).

6. Hydroxythiophens—Hydroxythiophen is not known. «-Hydroxy-
o,=methyl-thiophen, C,H,(CH,)S.OH, is synthetically prepared from
levulinic acid. «-Thienylsulphydrate, C,H,S.SH, is prepared by
reducing e-thiophen-sulphonic chloride, C,H;S.S0,Cl. It is present
in the crude thiophen product obtained by distilling succinic acid
with P,S;. It boils about 166°.

7. Alcohols—Tertiary a-thienyl carbinols (C,H,S)C(OH)R,, like
dimethyl-, methyl phenyl-, and diphenyl-z-thienyl carbinol, m.p. 33°,
50°, and 125° have been obtained by the reaction of a-thienyl
magnesium iodide with ketones (C. 1908, I. 1784).

8. Aldehydes and Ketones.—a-Thiophenaldebyde, C,H,S.CHO,
results from the distillation of thienylglyoxylic acid. It boils at 198°.
See B. 24, 47; 25, 2588, for the thiophene aldoximes.

If oxidized, even in the air, it forms «-thiophenic acid. Aqueous
caustic potash converts it into thiophenic acid and thienylcarbinol:
2CH,S.CHO + KOH =C,H,S.CO,K +C,H,;S.CH,.OH.

o-Thienylearbinol is an aromatic liquid boiling at 207°.

Thiophenaldehyde condenses with sodium acetate and acetic
anhydride to thienylacrylic acid, C;H,S.CH : CH.COQH, melting at

.138°  This acid corresponds to cinnamic acid.
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The ketone derivatives of thiophen are obtained very easily by
the action of acid chlorides upon thiophen in the presence of alu-
minium chloride.

o-Thienyl methyl ketone, C,H,S.CO.CH,, Acetothienone, is an oil
boiling at 213°. If it be oxidized with permanganate, it first forms
Thienyl-glyoxylic Acid, C,H,S.CO.CO,H, melting at 91°, and then
a-thiophenic acid.

Compare B. 24, 232, R. 627, 952, for the condensation products of
acetothienone with oxalic ester. Dithienyl ketone, Thienone, CO-
(C4H,S),, melting at 88° and boiling at 326°, is obtained from thiophen
and COCl,. Thienyl phenyl ketone, C,H,S.CO.C;H;, melting at 55°
and boiling at 360° results from thiophen, benzoyl chloride, and
Al Cl,.

Sge B. 28, 1804, for the brominated thiophen ketones.

9. Thiophen Carboxylic Acids.— Thiophen carboxylic acids are
formed by methods which are perfectly analogous to those employed
in the preparation of the aromatic acids:

(1) By the oxidation of the alkyl thiophens with a solution of
alkaline potassium permanganate. a-Ethyl-thiophen first yields
thienylglyoxylic acid, but this changes to thiophenic acid.

(2) By the action of chloroformic ester and sodium amalgam upon
iod- or bromthiophen, or by the interaction of the same reagent and
thiophen, or the latter, urea chloride, and Al,Cl,.

o-Thiophencarboxylic acid (T4iophenic acid), C,H,S.CO,H, melting
at 126° and boiling at 260°, is also formed upon heating mucic acid
with barium sulphide; from a-iodo-thiophen with chloroformic ester
and Na-amalgam; and by oxidizing aceto- or propiothienone with
permanganate (J. pr. Ch. 2, 65, 6).

Its wnitrile, C,H,S.CN, is produced when a-thiophene sulphonic
acid is distilled with KCN, or by the elimination of water from thiophen
aldoxime (B. 25, 1311).

Ethyl ester, b.p.,; 115°; hydrazide, m.p 136°; azide, m.p. 37° (]J.
pr. Ch. [2], 65, 1).

p-Thiophencarboxylic acid is produced when g-methylthiophen is
oxidized. It melts at 136°.

2: 3-Thiophendicarboxylic acid, C,H,S.(CO,H),, melts at 260°
with decomposition. Like phthalic acid, it forms a fluorescein with
resorcinol.

The 2:4-acid melts at 118°. The 2:5-acid sublimes at 300°.
Sodium amalgam reduces it to—

Tetrahydro-thiophendicarboxylic acid, C,H,S(CO,H),, melting at
162°. This reduces ammoniacals silver solutions, especially upon
warming. It resembles the hydrophthalic acids (B. 19, 3274) in its
entire behaviour.

Thiophentetracarboxylic methyl ester, C,(COOCH,),S, melting at
12%°, is obtained when acetylenedicarboxylic methyl ester is heated
with sulphur to 150°-155° in a sealed tube (B. 28, 1635).

CH———C CH

Thiophthen, | | 0,

CH—S—C—S—CH
nuclei having two C-members in common. It boils at 225°. It results
when citric acid is heated with P,S; (B. 19, 2444).

consists of two thiophen
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Tetrahydrothiophens are represented by tetramethylene sulphide,
CH,—CH

S
H,—CH,”
paraffins by the action of K,S (B. 48, 545, 3220).

and its homologues, obtained from a8-dihalogen

3. SELENOPHEN.

The selenophens are constituted analogously to the thiophens.
They contain an atom of selenium for sulphur. Selenophen,
CH =CH
(!,H CH>Se, itself has not yet been prepared in a pure condition.
It probably is formed when selenium ethide is conducted through tubes
heated to redness (B. 18, 1772).

a,a,-Dimethylselenophen, selenoxen, C,H,(CH,),Se, boiling at 153%*
155°, is produced when acetonylacetone is heated with phosphorus
selenide (B. 18, 2255). Isatin and sulphuric acid colour it a carmine
red. It also shows the Laubenheimer reaction (p. 22).

4. PYRROLE GROUP.*

In pyrrole, C,HyN, there is a four-membered carbon chain united
to a ring by the bivalent imine group. It is, therefore, a secondary
amine, and, like its derivatives, possesses a feeble basic nature, as it
dissolves in dilute acids. The pyrrole bodies, on the other hand, show
great similarity in their behaviour to the phenols; the imine hydrogen
can be easily replaced by potassium. The great reactivity of the
methine hydrogen in pyrrol is quite remarkable. It can be as readily,
and in some instances more easily, replaced than the imine hydrogen by
the most varied groups and atoms. The constitution of pyrrole and
its relations to furan and thiophen are deduced from its analogous
syntheses from the y-dicarbonyl compounds.

The great reactivity of the methine hydrogensin pyrrole is remark-
able. ey can be replaced by the most diverse atoms and groups
with the same facility as the imine hydrogens, or even more. The
constitution of pyrrole and its relations to furan and thiophen result
from the synthetic formations from y-dicarbonyl compounds.

A rather remarkable occurrence is the reversal of these syntheses
—i.e., the decomposition of the pyrrole ring with elimination of the
imine group. This is induced by the action of hydroxylamine.
Dioximes are thus produced. Thus, pyrrole yields succindialdoxime
B. 22, 1968):

CH=CH\_ CH,.CH:N.OH
| NH +2H,N.OH= |

+NH,.
CH=CH” CH,.CH:N.OH  ©

The homologous pyrroles—e.g., a-methylpyrrole, g-isopropyl, ctc.
—react similarly. This decomposition can be applied in determining
the position of the substituents im the homologous pyrrols, as the
a-alkyl pyrroles yield the oximes of ketones, while aldoximes are

* Ciamician, ‘‘ Il Pirrolo ed i suoi derivati,”” Roma, 1888.
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obtained from the pg-derivatives. These can be readily converted
into dibasic acids (B. 24, R. 649, 830).

In contrast to furan and thiophen there is a possibility of a dis-
placement of hydrogen in the formulation of pyrrole, so that, beside
the normal Formula I., the desmotropic Formula II. and III. must be
considered:

(4) (3)
CH——CH
" CH.NH.CH
(5) (1) (2

From Formula II. the pentachloro-pyrrole is no doubt derivable.
The nitroso-, nitro-, and benzene-azo-pyrroles are possibly referable to
the desmotropic Formula II. and IIIL )

The position of the substituents in the methine groups of pyrrole
is indicated, as in furan and thiophen, by numbers 2, 3, 4, 5,
or letters @, a;, B, f;. Derivatives in which the imido-hydrogen
atom is replaced are distinguished as N -derivatives, from the
C-derivatives.

As the furan derivatives, on account of their relation to the
hydrocarbons, so also the pyrroles and hydro-pyrroles possess physio-
logical interest on account of their relation to albumen bodies, as
exemplified by the formation of pyrrol derivatives from animal oil,
glue, and the colouring matter of blood and leaves. They are also
related to some alkaloids, such as those of coca and nicotine.

Pyrrole, boiling at 131°, with sp. gr. 0'9752 (12'5°), received its name
from its property of imparting a fiery red (wvppés) colour to a pine
shaving moistened with hydrochloric acid. It was first found in coal-
tar and bone oil (Runge, 1834; Anderson, 1858). It also is present
in the distillation products of bituminous shales.

Bone oil, freed from the strongly basic substances (chiefly pyridine
bases), consists of nitriles of the fatty acids, which are saponified upon
boiling them with caustic potash, and in addition benzene hydro-
carbons, pyrrole and its homologues. The pyrrole is contained in that
portion of the oil boiling at 115°-130° which is treated with metallic
potassium, whereupon solid potassium-pyrrole separates.

The oil obtained free from bone-glue by distillation is composed
almost entirely of pyrrole compounds.

Pyrrole can be obtained synthetically (1) by the distillation of
ammonium saccharate or mucate, or upon heating glycerol to 200°;
(2) when acetylene and ammonia ‘are conducted through tubes heated
to redness: 2C,H, + NH, =C,H,NH +H,; (3) from various acid imides
and lactams, which may also be regarded as keto-derivatives of hydro-
pyrroles. Thus, succinimide is reduced to pyrrole when it is distilled
with zinc dust (or sodium):

CH,—CO. - CH=CH
NH——————> | NH.
H,—C . CH =CH

Succinimide and dichloromaleinimide, when heated with PCl;,
yield perchlorinated products, which, upon reduction, become tetra-

CH,—CH

gH_—::CH
‘CH:N.CH

I tH,.N:CH

III
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chlorpyrrole. The latter can be changed through tetraiodpyrrole into
pyrrole: .

—>C.Cle
cc:-—co\ Pentachlorpyrrol CCl-—CCl\ > I\ CH= (.l{\
[ ' ! s 3 aangl /M
cC1—Co s c,cpN_H cci=ccCl CI=C1 cu—cu
chhllr:l;gualcm- Hepta-chloride Tetrachlorpyrrol lodol Pyrrol.
e

Pyrroleis also produced when pyroglutaminic acid (I. 559) isheated:

CO,H CH=CH
NH.

~d
CH,—CO H—CH:
Pyroglutaminic Acid.

Pyrrole is a colourless liquid with an odour resembling that of
chloroform. It becomes brown on exposure to the air. It is but
slightly soluble in water, but dissolves very readily in alcohol and
ether. It yields an indigo blue coloration with isatin and sulphuric
acid, or with phenanthraquinone, etc. (B. 17, 142, 1034; 19, 106; 40,
2492). Chromic acid oxidizes pyrrole to maleinimide (C. 1904, II.
305). Pyrrole is a very feeble base. It is dissolved very slowly in the
cold by dilute acids, but is rapidly resinified by strong acids. When
its solutions in dilute acids are heated, ammonia is disengaged, and
an amorphous red powder of varying composition is precipitated.
This is pyrrole red.

The resinifying action of acids upon pyrroles is probably due to
polymerization changes (B. 26, 1711). Thus, dry hydrochloric acid
gas precipitates (C,H;N),HCl from the ethereal solution of pyrrole.
This must be regarded as the salt of a polymeric tripyrrole, (C,H;N).,.
Crystalline tripyrrole is obtained by neutralizing the solution of pyrrole
in dilute aqueous hydrochloric acid with ammonia, and then extracting
with ether. Tripyrrole polymerizes further on standing, but when
heated it breaks down into NH,, indole, and pyrrole, according to the
following equation (B. 27, 476):

CH——CH-——CH—CH—CH—CH CH=CH—C—CH CH—CH
é_& o+ Il +NH,
CH CH—CH H H H=CH—C CH CH CH
\/ \/ N/ N/
NH NH

The transition of the pyrrole ring to that of pyridine is very remark-
able.

B-Chlorpyridineis formed upon heating potassium-pyrrole, or pyrrole
and sodium alcoholate, with chloroform:

CH=CH CH=CCl . CH
>NK +CHCl,= +KCI +HCL
H —

Bromo pyrfdme.

Similarly, bromoform yields ',G-brompyridine and methylene
iodide. The homologous alkyl pyrroles, when heated alone to higher
temperatures, also form pyridine derivatives.
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It is probable that dichloro-methylpyrroles, (C,H,N)CHCl,, occur
as intermediate products, which, under the conditions of reaction,
pass into chloropyridines. This is supported by the fact that, in some
cases, pyrrole aldehydes are obtained (C. 1910, I. 654), thus resembling
the action of chloroform and alkali upon phenols. A similar migration
of the pyrrol nucleusinto the pyridin nucleus takes place in conducting
the vapours of N-alkyl- and a-alkyl pyrroles through incandescent
tubes; here, also, the C-atom, newly entering the ring, takes up the
m-position towards the N-atom. N-methylpyrrole yields pyridine, and
N-benzylpyrrole, g-phenylpyridine (B. 88, 1946).

CH=CH\

. CH =C(C¢Hy) CH

.CH,C,H——>
N.CH,CeH, CH=CH——N

N-Derivatives of Pyrrole.—Potassium dissolves in pyrrole with an

energetic evolution of hydrogen. It forms Potassium-pyrrole,
CH =CH.
CHNK= - CH>NK. a crystalline mass. This compound may also

be obtained by boiling pyrrole with solid caustic potash. Water
regenerates pyrrole and caustic potash. Sodium does not act like
potassium.

A series of N-derivatives of pyrrole maybe prepared from potassium-
pyrrole. They are characterized by the fact that they change, on
heating, to C-derivatives. Thisis analogous to the formation of homo-
logous anilines from the alkyl anilines:

Alkyl iodides yield N-Alkylpyrroles, C,H,: NR, which can be
directly formed if in the pyrrole syntheses primary amines be substi-
tuted for ammonia, and also in the distillation of the alkylamine salts
of mucic acid, etc.

N-Methylpyrrole boils at 113°. N-Ethylpyrrole boils at 131°
N-Isoamylpyrrole boils at 180°~184°.

N-Phenylpyrrole, from aniline mucate, melts at 62°.

N, g-Pyridylpyrrole, C,H,N.C,H,N, boiling at 251°, is obtained from
f-amino-pyridine mucate (B. 28, 1907).

With acetyl chloride the product is: N-Acetylpyrrole, C;H,N.CO.-
CH,, boiling at 178°. It is also produced (together with pyrryl methyl
ketone) upon heating pyrrole with acetic anhydride.

Phosgene converts potassium-pyrrole into N-carbonylpyrrole,
Co<11§: E:E:, melting at 63° and distilling at 238°. When heated, it
is converted into isomeric dipyrryl ketone, co< 8:2: ﬁg

N-Pyrrolecarboxylic ester, C,H,N .CO,.C,Hj, is formed when chlor-
carbonic ester acts upon potassium-pyrrole. Itis an oil boiling at 180°.
It passes into pyrryl carbamide, C,H,N.CO.NH,, if it is heated with
aqueous ammonia.

N-Cyano-pyrrole, C,H,N.CN, is produced in the action of cyanogen
chloride upon potassium-pyrrole. It rapidly polymerizes to a melamine
derivative. »

With benzoyl chloride, N-benzoylpyrrole is formed, C;H, : N.-
COC4H;, b.p. 276°. It is converted by heating into a-pyrryl-phenyl
ketone.
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With Si-tetrachloride, silico-tetrapyrrole, Si(NC,H,),, is formed,
colourless prisms, m.p. 173° (C. 1909, I. 1657). .

Like aniline, pyrrole also reacts with methyl magnesium iodide,
with production of methane and formation of a pyrryl magnesium
todide, (C;H,N)MgI, in which the Mg seems to be attached to the
a-carbon atom, since with CO, it yields a-pyrrolecarboxylic acid; with
acid chlorides, a-pyrryl ketone; and with oxalyl chloride, aa-dipyrroyl
(B. 48, 1012; C. 1911, I. 1548).

N-Amnilino-derivatives of the pyrroles, C,R,N.NHC,H;, have been
synthetically obtained from 1,4-diketo compounds and phenylhydrazine
(compare A. 289, 312).

C-Derivatives of Pyrrole.—1. C-Alkylpyrroles, komologous pyrroles,
occur in bone oil. They are artificially produced:

(@) Onconducting the vapours of pyrrole and alcohols over zinc dust.

(6) Upon heating pyrrole or potassium-pyrrole with alkyl iodides.
N-Alkylpyrroles result at first, but they immediately change to C-alkyl
pyrroles. .

(c) By splitting off carbon dioxide from the homologous pyrrole
carboxylic acids.

(@) By direct synthesis from y-diketones—e.g., acetonyl acetone,
etc.—upon heating with ammonia.

(¢) On conducting N-alkylpyrroles through incandescent tubes
(B. 817, 2792).

We must note the synthesis of gg,-dimethyl-ea,-diethylpyrrole on
heating bis-diethyl azimethyglene (diethyl ketazine, compare Vol. 1.)
with ZnCl, (B. 43, 493):

CH,.CH, (I‘.H,.CH, Zacly CH,.!('D—I?.CH,,
“NH:" ,H,.C.NH.C.C,H,.

CsH;.C: N.N: C.C,H,

This reaction is analogous to Fischer’s indole synthesis.

Behaviour—The C-alkylpyrroles yield the corresponding pyrrole
carboxylic acids when they are fused with caustic potash, while acid
oxidizers give imides of the maleic acid series or their monoximes
(C. 1903, 1. 838; B. 42, 4964). Like pyrrole itself, they are readily
resinified by acids. Gaseous hydrogen chloride precipitates com-
pounds like [C,H,(CH;)NH],HCI, [C,H,(CH,),NH],HCI, from the
ethereal solutions of the mono- and a,g-dialkylpyrroles. In aqueous
solution dilute sulphuric acid changes these salts, with the elimination
of ammonia, into alkylindoles. The reaction completes itself by the
assumption of a structure for polymeric alkyl pyrroles similar to that
attributed to tripyrrole (B. 24, 2562; 26, 1711):

CH,.C—CH—HC—CCH, CH,.C=CH—C—CCH,

| | Il = Il +NH,.
CH,.C CH—HC CCH, CH,.C=CH—C CCH,
Vv
NH NH NH
Tetramethyle Dipyrrole Tetramethyl Indole.

a-Methylpyrrole boils at 148°, while the g-variety boils at 143°.
a, f-Dimethylpyrrole boils at 165°. These three have been obtained
from bone oil. a,a,-Dimethylpyrrole, boiling at 165°, ax}d a,,-Dimethyl-
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py;'(tl'ole, boiling at 160°, have been prepared from their dicdrboxylic
acids.

aa,-Dimethylpyrrole is split up by the action of nitrous acid to the
dioxime of dimethyltetraketone: CH,CO.C(NOH).C(NOH).COCH,;
while ap,-dimethylpyrrole is oxidized by chromic or nitrous acid to
citraconimide or 1ts monoxime (C. 1903, I. 838; B. 42, 4694).

a-Ethylpyrrole, boiling at 165°, and a-isoPropylpyrrole, boiling at
175°, are produced in the action of aldehyde or acetone and zinc
chloride upon pyrrole. See B. 30, 434, for a,a,-Methylisopropylpyrrole.

aa, B-Trimethyl-pyrrole, b.p. 180°, from its carboxylic acid (B. 38,
1130). B,B,-Dimethyl-o,q, -diethyl-pyrrole, b.p.;; 134° (see above).

Heemopyrrole, o, 3,-Dimethyl-B-ethylpyrrole (?) CHIfIg NH. CC : ((::ﬁ{: (),

b.p. 198° is a very important compound in biochemistry. It is
formed besides an isomeric dimethylethylpyrrole (isohamopyrrole) and
the so-called phyllopyrrole, a trimethylpyrrole, by reduction from
Hemin (Nencki and Zaleski, B. 34, 997), or better, from Hemato-
porphyrin, two disintegration products of hemoglobin (A. 368, 250),
and from various derivatives of chlorophyll (A. 385, 188); it is also
formed by reduction from Bilirubin, a bile dye (C. 1905, I. 1254).
During oxidation with nitrous acid, hamo-pyrrole eliminates the
methyl group standing in the a-position, and forms methyl-ethyl-
malein-imide or its monoxime (B. 42, 4693). By recently elaborated
synthesis of of;-dimethyl-B-ethylpyrrole, which is identical neither
with hamopyrrole nor with ssoh@mopyrrole, the constitution of h&mo-
pyrrole and its connections has again become uncertain (B. 44, 3707).

o-Phenylpyrrole, melting at 129° and boiling at 272°, is formed by
the rearrangement of N-phenylpyrrole upon the application of heat
(B. 28, 1905).

a,a,-Methylphenylpyrrole melts at zo1°.

Tetraphenylpyrrole, from aqa!-dibenzoyldibenzyl with ammonia,
melts at 211° (B. 22, 553).

o,3-Pyridylpyrrole, melting at 72°, is formed by the rearrangement
of N,B-pyridylpyrrole. The methyl iodide of its N-methyl ether
appears to be identical with nicotyrine iodmethylate obtained from
nicotine (¢.v.) (B. 28, 1912).

With aromatic aldehydes the lower pyrroles react very violently,
with resinification and dye formation; the higher ones partly give
ArCH(Pyrr), (B. 35, 1647).

2. Halogen Substitution Products.—The halogens react very ener-
getically with the pyrrole compounds. To prevent the formation of
tar it is necessary to operate*with yery dilute solutions. Even then,
as arule, all the available hydrogen atoms of the pyrrole nucleus will
be immediately replaced. Chlorine and bromine oxidize pyrrole in
alkaline solution at once, and convert it into dichlor- or dibrom-malein-
imides.

In the action of sulphuryl chloride, SO,CI, (z, 2, and 3 mol.) upon
ether solution of pyrrole, a-mono-, aa,-di-, and aa,B-trichloro-pyrroles
are first formed as very unstable liquids; with 4 mol. SO,Cl, tetrachloro-
pyrrole is formed, and further action also replaces the fifth H-atom ;
pentachloropyrrole is formed, which was also obtained from succin-



32 ORGANIC CHEMISTRY

imide and dichloro-maleinimide with PCl;, and yields dichloro-malein-

imide again on boiling with water. Pentachloropyrrole therefore has
C Cl—C (I ’

the formula || DN, and is derivable from the desmotropic
CCl—CCl,

Formula II. (A. 295, 82; C. 1902, II. 522, go1).

Tetrachlorpyrrole, C,C1,NH, melting with decomposition at 110° is
also obtained by the reduction of the product resulting from the action
of PCl, upon succinimide and dichlormaleinimide—the so-called pyrrole
pentachloride, C,CI;N, and the heptachloride, C,CL,N (I. 463). It de-
composes very rapidly spontaneously, and cannot be directly converted
into pyrrole by a reverse substitution. Potassium iodide converts it
into iodol (B. 19, 3027%).

a-Chloro-a,33,-tribromopyrrole, C,CIBr,NH, m.p. 96°-100°, and
aa,-dichloro-~3[3;~dibromopyrrole, C,Cl,Br,NH, m.p. 100°, from pyrrole
by successive action of SO,Cl, and Br; their N-methyl compounds,
m.p. 120° and 126° give on oxidation with HNOQ,, dibromo-maleic
methyl imide, which settles their constitution as well as that of chloro-
pyrrole (C. 1905, II. 828). aa,B-Trichloro-B-bromo-pyrrole (see C. 1904,
I1. 994). Tetrabromopyrrole (compare C. 1901, I. 1323).

Todol, Tetraiodopyrrole, C,I,NH, melting at 104° with decomposi-
tion, crystallizes in yellowish-brown needles. It is best made by the
action of iodine upon pyrrolein the presence of alkalies. Itisodourless.
It is applied as an antiseptic, having the same action as iodoform
(B. 20, R. 220).

3. Nitroso- and Nitro-pyrroles.—Since pyrrole and its homologues
are easily resinified by acids, these compounds can only be obtained
indirectly, and are easily decomposed. Under the action of amyl
nitrite and Na ethylate, pyrrole and its homologues with a free
CH group in the B-position give Na salts of fB-iso-nitroso-pyrroles,

_/CH—C : NONa )
N ! » derivable from the desmotropic Formula III. of
CH=CH

pyrrole.

Sodium ssonitrosopyrrole, (C,H,;N): NONa, of3;- and aa,~-sodium
dimethyl 7sonitrosopyrrole (see C. 1901, II. 778; 1902, IL. 704; 1904, L.
1150; 1905, II. 626).

Nitropyrrole, (C,H,N)NO,, light yellow rhombohedra, m.p. 63°. TIts
sodium salt, (C;H;N) : NOONa (?), is obtained from pyrrole and
ethy§ nitrate. Nitro-o3,-dimethylpyrrole, m.p. 111° (C. 1011, L
1420). _

Dinitropyrrole, C,H,(NO,),H,NH, melting at 152° is obtained
from pyrryl methyl ketone. Dinitrodibromopyrrole, C,Bry(NO,),NH,
is formed from dibromopyrrole dicarboxylic acid. It decomposes very
readily with liberation of NO into dibrommaleinimide:

CBr=C(NOp\__ CBr—CO
NH=|| o>NH +2NO.
CBr=C(NO,)”  CBr—C

Nitrotriiodopyrrole, C(NO,)L,NH, and dinitrodiiodopyrrole, gold-
yellow needles forming salts with alkalies, from iodol with fuming
HNO, in acetic acid (C. 1901, I. 946).
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4. Amino- and Diazo-pyrroles.—Hitherto only the A-amino-aa,-
diphenyl- and ae,S,-triphenyl-pyrroles, m.p. 188° and 184°, have been
prepared. With HNO, they yield stable red-brown diazo-pyrroles,
m.p. 123° and 159° (C. 1905, II. 9o0).

5. Pyrrole-azo-compounds.—Azo- and Disazo-compounds, perfectly
analogous to the benzene azo-dyes, result from the interaction of
benzenc diazo-salts and pyrrole or homologous pyrroles. One and two
molecules of the diazo-bodies enter the reaction (B. 19, 2251):

ot e, e <X XL

Pyrroleazobenzene. Pyrroledisazobenzene.

6. Pyrrole Aldehydes.—a-Pyrrolealdehyde (C,H,NH)CHO, m.p. 45°,
has been obtained by the action of chloroform and aqueous potash
upon pyrrole. Oxime, m.p. 164°; phenyl hydrazone, m.p. 139°. Passes
into e-pyrrolecarboxylic acid on oxidation (B. 383, 536). «a,-Dimethyl-
B-pyrrolealdehyde, (C,H,N)(CH,;),CHO, m.p. 144° (C. 1910, I. 654).

7. Pyrrole Ketones.—These (together with the isomeric N-acetyl
pyrroles) are produced by heating the pyrroles with acetic anhydride,
and are also prepared by a molecular rearrangement of the N-acetyl
pyrroles on being heated.

Potassium permanganate oxidizes the C-acetyl pyrroles to pyrrole-
glyoxylic acids, which molten caustic potash converts into pyrrolecar-
boxylic acids. The former condense with benzaldchyde to cinnamoyl-
pyrroles—e.g., C;H,NH.CO.CH : CHC;H;.  The latter serve to
characterize the acyl pyrroles.

a-Pyrryl methyl ketone, C,H,(CO.CH,)NH, melts at go° and boils
about 220°. Its oxime melts at 146°. Potassium permanganate
oxidizesit to pyrrylglyoxylic acid, C,H,(NH).CO.CO,H, meclting at 15°.

a-Pyrryl ethyl ketone, C,H,NH.COC,H;, m.p. 112°. a-Pyrryl
phenyl ketone, C,H,NH.COC,H;,, m.p. 78°.

Pyrryl dimethyl diketone, C,H,(CO.CH,),NH, melts at 162°.
Potassium permanganate oxidizes it to pyrrole carboxylicglyoxylic
acid, C,H,NH(COOH)CO.COOH.

Dipyrryl ketone, CO(C,H,.NH),, melting at 100° is formed,
together with N-Pyrroylpyrrole, C,H,N.CO.C,;H;NH, melting at 63°,
upon heating N-carbonylpyrrole.

ae-Dipyrroyl, NHC,H,.CO.CO.C,H;NH, yellow crystals, m.p. 200°,
from pyrryl magnesium iodide and oxalyl chloride.

8. Pyrrole Carboxylic Acids.—These resemble the phenol carboxylic
acids, and are produced by perfectly similar methods:

(1) By the oxidation of the homologous pyrroles when fused with
caustic potash.

(2) By the action of carbon dioxide upon the potassium derivatives
of the pyrroles:

CHNK +CO,=C,H,(NH) .CO,K.

(3) By the action of carbon tetrachloride and alcoholic potash upon
pyrrole.
(4) The esters of the homologous pyrrole carboxylic acids may be

synthesized by the action of alcoholic ammonia upon y-diketocar-
VOL. 1L ' D
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boxylic and dicarboxylic esters. The ammonia can be replaced by
primary amines, amino-acids, hydroxylamines, phenyl-hydrazine
(R=H, CH,;, OH, NHC-H,, CH,COOH, etc.):

C,H,0.CO.CH—COCH,  yyp C3H;0.CO.C =c—N—R—CH,
— T >
C,H,0.CO .éH—COCH, C,H,;0.CO A =C——CH,

(5) By the reduction of a mixture of isonitrosoacetoacetic ester with
acetoacetic ester (similar reactions: B. 26, R. 597; 27, R. 586):

CH,CO H _ CH,CO CH,CO,R

H _ CH,C—CCO,R.
RO.CO.C:NOH =~ >

RO.CO.CHNH; ' COCH,4 RO.CO.C.NH.CCH,

According to this method, numerous pyrrolecarboxylic acids and
their pyrrole derivatives have been formed—e.g., from ssonitroso-
acetonedicarboxylic ester and acetonedicarboxylic ester: Pyrrole-af,-
diacetic-a,B-dicarboxylic ester; from ¢sonitroso- (or amino-) acetophe-
none and aceto-acetic ester: of,-Methylphenylpyrrole-G-carboxylic
ester; from zsonitroso- (or amino-) acetophenone and acetone dicar-
boxylic ester: g,-Phenylpyrrole-ap-acetic-carboxylic ester; from iso-
nitrosoacetylacetone and acetylacetone: «g,-Dimethyl-a, g-diacetyl-
pyrrole; from isonitrosodesoxybenzoin and acetodcetic ester: aa«,f;-
Methyldiphenylpyrrole-3-carboxylic ester, ctc. (B. 35, 2998).

(58) Similar to this method is the formation of pyrrolecarboxylic
acids from B-aminocrotonic acid with a-ketols, or with e-diketones and
a reducing agent:

RO.CO.CH . COCH, _ RO.CO.C-  CCgHj,
CH,CNH, ¥ CH(OH)CH, 7> CH,C.NH.CCeH,’

from the condensation products of aminocrotonic ester with diketo-
succinic ester we obtain by reduction with zinc dust a-methylpyrrole-
tricarboxylic ester (B. 85, 1545).

In the formation of pyrrolecarboxylic esters by condensation of
a-chloroketones, acetoacetic ester, and ammonia (B. 23, 1474), -
aminocrotonic ester also seems to occur as an intermediate product,
and to react with the a-chloroketones in a manner similar to the «-
ketols (B. 88, 1125; compare also B. 44, 493).

The pyrrolecarboxylic acids readily part with carbon dioxide upon
the application of heat, and yield the corresponding pyrroles.

o-Pyrrolecarboxylic acid, C,H,NH.COOH, melting with decom-
position at 192°, is obtained in the form of its amide, melting at 176°,
together with pyrrole when ammonium mucate is heated.

Hydrazide, m.p. 232°; azide, C;H,NH.CON,, is transformed by
boiling with alcohol into a-pyrrylurethane, (C,H,NH)NH.CO,C,H;,
m.p. 56°, which, like the urethanes of amino-furan and -thiophen
cannot be saponified to pyrryl amine (C. 1902, I. 1229).

A cyclic double acid amide of a-pyrrolecarboxylic acid is Pyrocoll,

CO<§%I§’>CO, melting at 268°, It is produced in the distilla-

tion 6fagelatin (x6AAa), and is artificially prepared by heating
pyrrolecarboxylic acid with acetic anhydride. When it is heated with
PCY;, perchlorpyrocoll, C;oClgN,0,, is produced. The latter absorbs
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eight additional chlorine atoms, and passes into the chloride,
(C4C1;NCO),, which becomes tetrachlorpyrrole upon reduction (p. 32).

B-Pyrrolecarboxylic acid, melting at 162° is obtained by fusing
methylpyrrole with caustic potash.

Methylpyrrolecarboxylic acids, C,H,(CH,)NH.COOH. The a-acid
melts at 169°; the B-acid at 142°. a,a,-Dimethylpyrrole-3-carboxylic
acid, C,H(CH,),.NH.COOH, melts at 118°. Its ester is derived
from the corresponding dicarboxylic esters by the removal of carbon
dioxide.

a,a,=Diphenylpyrrolecarboxylic acid, C,H(C,N;),NH.COOH, melting
at 261° is obtained from phenacylbenzoylacetic ester, C;H,.CO.-
CH(CO,R)CH,.CO.CsH; (p. 636). «,a,-Pyrroledicarboxylic acid,
C,H,NH(COOH),, from carboxypyrrylglyoxylic acid (p. 33), decom-
poses at 200° into carbon dioxide and pyrrole.

n-Phenylpyrrole-a-mono- and «a,-dicarboxylic acids are formed on
heating aniline mucate, and easily split off CO, (B. 35, 2520).

a,a,-Dimethyl-g, 8,-pyrroledicarboxylic acid, C,(CH,),NH(COOH),,
from diacetosuccinic ester, breaks down at 251° into 2CO, and «,e,-
dimethylpyrrole. «,3,-Dimethyl-3,a,-pyrroledicarboxylic acid, from
acetoacetic ester with ssonitrosoacetoacetic ester, decomposes at 197°
into 2CO, and «,B,-dimethylpyrrole. aa-Diphenyl-343,-pyrroledi-
carboxylic ester, melting at 152°, is produced when ammonia acts upon
dibenzoylsuccinic ester (A. 298, 107).

aa,-Methyl- and o« -phenylpyrryl propionic acid and a« -pyrryl
dipropionic acid, from the fission product of furfural condensation
products, acetonyl- and phenacyl-levulinic acid and di-leevulinic acid
with NH, (B. 35, 2009).

Phonopyrrolecarboxylic acid, Hemopyrrolecarboxylic acid, of3-Di
methylpyrryl-g,-propionic acid CO“H'CH"CHI;%'NH. CEE:P) white
needles, very easily oxidized, m.p. 125°. On treatment with HNO,
it passes into the imide of the tribasic A@ematinic acid (Vol. 1.) or its
monoxime (A. 366, 255; 377, 316.)

Pyrrolene-phthalide, co <C£)H‘ >C <§¢(§f;ﬁ>c <C5)H‘>CO, is pro-
duced when phthalic anhydride and pyrrole are heated togcther
(B. 19, 2201). Its formula is probably analogous to that of
pyrocoll.

Hydropyrrole Derivatives.—When pyrrole is reduced (zinc dust and
acetic acid) two hydrogen atoms are added and dihydropyrrole or
pyrroline, C;H;N, is produced. Further addition of hydrogen (by
means of HI and phosphorus) leads to tetrahydropyrrole or pyrrolidine,
C,HgN. The latteris formed direct by reduction of pyrrol with H and
finely divided Ni (C. 1906, I. 1436). The nature of pyrrole is very
essentially altered by this addition of hydrogen. Whereas pyrroleis a
very feeble base, pyrroline and pyrrolidine, to even a greater degree,
manifest the strong basic properties of the secondary amines of the
aliphatic series.

The addition of hydrogen probaBly occurs in the aa,- or 2: 5-position
in the transformation of pyrroles into pyrrolines, similarly to other
substances with conjugate ethylene linkages (B. 34, 3954).
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2:3-Dihydropyrroles have been obtained synthetically from the
unstable y-aminoketones and y-bromoketones with NH; and primary

amines. CH,—CH,Br  NH; _ CHy—CH,— xp
CH,—CO.CH; — = CH=C(CH,)

They are only distinguished from the 2:5-dihydropyrroles obtained
in the reduction of pyrroles by the fact that they easily resinify in air,
and are reduced to the corresponding pyrrolidines by tin and HCl alone.
By treatment with benzoyl chloride and soda the 2:3-dihydropyrroles
are easily split to y-benzoylaminoketones. This splitting is especially
easy in the case of the N-arylated-z:3-dihydiopyrroles, which are

only stable in the form of their salts (J. pr. Ch. [2], 75, 329).
CH =CH

Pyrroline, 'CH —cn >NH, is a liquid that dissolves readily ir}
water and boils at 91%. It has an alkaline reaction, smells like am-
monia, and unites with acids to form salts. It is a secondary base.
Nitrous acid converts it into a nitrosamine, C;HN(NO), melting at 38°.

Pyrroline and methyl iodide unite to dimethyl-pyrrolinium iodide,
C,H N(CH,),I. )

N-Methylpyrroline, C,H,N.CH,, is formed by the reduction of

methylpyrrole. It boils at 80°.
CH,—CH, )
Pyrrolidine, Tetramethylene-imine, ICH en >NII, as wcll as its
homologues, have already been described in’ connection with the
aliphatic bodies. In addition to the methods there given for its pro-
duction, another may be introduced at this point. It represents a
transition of the six-membercd piperidine ring into the five-membered
pyrrolidine ring.  Piperidine or pentamcthylenc-imine combines with
alkyl iodides, forming dimethyl-piperidinium iodide, the hydroxide of
which, upon distillation, changes to a compound with an open chain,
A8, pentenyldimethylamine. The hydrochloride of the latter readily
rearranges itself into the methochloride of N,a-dimethylpyrrolidine:

CHy—CH,~-N(CHy);0H CH,—CH,—N(CHg); CH,—CH,—N(CH,); CH;—CHg—
> : ~ >N(c11,),c1.
CH;—CH,—CH, CH;—CI1=CH, CH,;—CHCLCH, Hy—CH(CH,)

Other unsaturated amines analogous in constitution to A%-pentenyl-
dimethylamine can be changed by HCI to pyrrolidine bases (Merling,
A. 264, 310; 278, 1; compare B. 33, 365). In a manner resembling the
above conversion of piperidine, pyrrolidine is broken up by treatment
with methyl iodide and distillation of the resulting dimethyl pyrroli-
dinium iodide with caustic potaslt. This gives Ar-butenyldimethyl-
amine and the methiodide of the latter, distilled with potash, gives
trimethylamine and an unsaturated hydrocarbon, the so-called
pyrrolylene, C,H, (B. 19, 569). Similarly, g-methylpyrrolidine (see
Vol. 1) has been broken down to g-methyl divinyl or isoprene (C.
1898, I. 247); N-benzoyl pyrrolidine, b.p.,, 191°, is split up by PCl; or
PBry to ad-dichloro- and «8-dibronfobutane respectively (B. 89, 1419):

(CH,) N .COC,H,

> (CH,),N.CCL,CH,

> C1(CH,),C1 +NC.CH,,
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Compare the action of PCl; upon dimethylbenzamide; also
piperidine.

a-Methylpyrrolidine, b.p. 95° from y-amino-valerolactam by
reduction with sodium and amyl alcohol, and from y-methyl-dihydro-
pyrrole with tinand HCl. On heating with zinc dust it yields a-methyl
pyrrole (C. 1904, I. 42, 292). a g -Dimethylpyrrolidine, b.p. 115°-117°;
aa, N-trimethylpyrrolidine, b.p. 109°-113° (B. 34, 3498). N-Methyl
pyrrolidine, (CH,),NCH,, b.p. 79°, has been obtained from methyl-n-
butylamine: CH,.CH,.CH,.CH,NHCH; by successive bromination
with sodium hypobromite and splitting off of HBr by mecans of con-
centrated H,SO, (B. 42, 3427; 43, 2035). It is also formed by the
breaking up of the alkaloid nicotine (g.v.), an «,2-pyridyl-N-methyl
pyrrolidine, with silver oxide (B. 38, 1951), and by heating hygrinic acid
({see below).

CH,—CH (COOH)

Proline, Pyrrolidine - o - carboxylic acid, | >NH .
CH,—CH,—

m.p. 203° (see Vol. 1), is found in its l@vo-rotatory form among the
hydrolytic decomposition products of numerous protcins—e.g., casein
(C. 1904, 1. 293) and gelatin (B. 87, 3071). Synthetically, ¢-proline,
whose m-nitrobenzoyl compound has been split up into its optically
active components by means of cinchonine (B. 42, 2992), has been
obtained from «,8-dibromo-propylmalonic ester, BrCH,CH,CH,.
CBr(CO,R),, with ammonia and subsequent saponification with HCI
or baryta-water (A. 326, 91); also from §-bromo-e-amino-valerianic
acid, the fission product of bromo-propyl-phthalimido-malonic ester
(C. 1908, II. 800); and from 8-benzoyl-amino-e-bromovalerianic acid
(B. 42, 1022). We may note the conversion of pyro-glutaminic acid
pyrrolidone-a-carboxylic acid, Vol. I.) into proline by reduction of its
cster with Na and alcohol (B. 44, 1332). A dipeptide (also obtained

.
synthetically)—viz., Il-prolyl--phenyl-alanine, NH.CH,.CH,.CH.-
CONHCH(CO,H)CH,C H,—has been found among the hydrolytic
fission products of gliadin (B. 42, 4752). An oxyproline, C;H,O,N,
which on reduction with HI and P passes into proline, is found besides
proline in the hydrolysis of numerous proteins (B. 41, 1726).

N-Methyl-pyrrolidine-«-carboxylic acid, 4ygrinic acid, m.p. 169°, is
obtained by oxidizing Aygrin, the alkaloid found in coca leaves;
synthetically, it is formed similarly to proline (see above) from
ad-dibromopropylmalonic ester with methylamine (A. 326, 91).
Heat decomposes it into CO, and N-methylpyrrolidine (see above).

The methyl betaine of hygrinic acid is stachhydrine,
CH—CH-——CON\ ] _
éH cH /N(CHs)z/ , which has been isolated from the bulbs of

| - 2
Séac})zys tuberifera and from the leaves of Citrus aurantium (B. 42,
4654).
N-Methylpyrrolidine-a«,-dicarboxylic acid, m.p. 274° with dec.,
from aa’-dibromoadipinic ester with methylamine (B. 85, 2065).

N-Methylpyrrolidine-aa,-acetic-carboxylic acid is identical with the
tropinic acid formed by the oxidation of tropine and ecgonine (B. 31,
1534; 32, 1290).
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- . .2 HOCOCH—C(CH,),\
aa -Tetramethylpyrrolidine-s-carboxylic acid, CH,—C(CH), /NH.
m.p. 220° with dec. The amide of this acid is formed from tetra-
methylpyrrolinecarboxylic amide by reduction with sodium amalgam.
With KOBr the amide yields g-aminotetramethylpyrrolidine, b.p. 174°,
a strong di-acid base. On splitting the ring by means of CH,lI the
amide yields the open chain compound, I(CH,),N.C(CH,),CH,-
C(CONH,):C(CH,),; the free acid, even on heating only, splits off
CO, and opens the ring, forming the compound, H,N.C(CH,),.CH,-
.CH: C(CH,), (B. 36, 3351).

The lactams of the y-amino-acids, like butyrolactam, a-Pyrro-

lidone, 83::2%02 >NH, must be regarded as a-keto-pyrrolidines.

These have already been described in Vol. 1.

A p-keto-pyrrolidine is found in tetramethyl-g-ketopyrrolidine,
gg;—ccégg:;’?m{ b.p. 175°, obtained from tetramethyl-g-pyrroline
carboxylic acid with Br and alkali, and shown to be a lower ring
homologue of triacetoncamine. It has a decidedly basic character;
its oxime, m.p. 172° reduces to p-aminotetramethylpyrrolidine
(A. 322, 77). o . o -

aa;-Diketopyrrolidines are found in the imides of the succinic
series, like succinimide S:HZ_CO>NH (Vol. 1)

> CH,—CO )

a, f-Diketopyrrolidines are produced by the reduction of the ag-
dikctopyrrolines with Zn dust and acetic acid; also in the condensa-
tion of oxalacctic ester with aldehydes and ammonia or primary

amines — e.g., «,f-diketo-a,-phenyl-g,-pyrrolidine carboxylic ester,
CO CcO
HN¢ | ,
N\CIH (C,l1;)—CH (CO,R)

melting at 185° (B. 380, 6oz; C. 1907, IL

0 —Co
1787).  Xanthoxalanil, | __CO>N.C.,H5 (B. 24, 1252), the anil of

oxalacetic acid, is a triketofpyrrolidine.

CONDENSED NUCLEI OF THE FURAN, THIOPHEN, AND
PYRROLE GROUPS.

When two adjacent C-atoms of a furan, thiophen, or pyrrole
nucleus participate in the formation of a benzene, naphthalene, etc.,
group, condensed nuclei result, which bear the same relations to the
simple heterocyclic rings that the condensed nuclei of the naphthalene,
phenanthrene, and anthracene groups bear to benzene.

The following condensed nuclei are derived from fufan, thio-
phen, and pyrrole:

4 4 4
3K\ g 37 B 37 TB
s 1ol . L
\ N Y
H I 1 H

Benzofuran, Coumarone. Benzothiophen. Benzopyrrole, Indole,
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Dibenzofuran, Dibenzothiophen, Dibenzopyrrole, Diphenylenimine ,
Diphenylene oxide. Diphenylene sulphide. Carbazole.

Condensed nuclei further are known in which two heterocyclic
rings also participate in the formation of a benzene nucleus—e.g.,
benzodifuran and benzodipyrrole derivatives.

Coumarone and indole should be especially mentioned as the parent
substances of important groups. Indole is the mother substance of
indigo. These two bodies will be considered together with benzo-
thiophen. Next will follow the groups of dibenzo-compounds:
diphenylene oxide, diphenylene sulphide, and carbazole.

5. BENZOFURAN OR COUMARONE GROUP.

The coumarone compounds, as their name would imply, are pro-
duced:

(1) By the action of alcoholic potash upon coumarin dibromides or
a-brom-coumarins (Fittig, A. 216, 162):

CH:CB CH. é@&

‘CBr

c KOl , NC.COH ——— CH SCH

M LR s cand >e.co, > et pCH (@)
a-Bromocoumarin, Coumarilic Acid. Coumarone.

Other coumarins react similarly—e.g., umbclliferone, @sculetin,
and daphnetin.

It is very certain that a-brom-o-hydroxycinnamic acid and its
homologues occur as intermediate products. These split off HBr and
form the coumarone ring. The formation of benzoylcoumarone,

CH
CeH4< o >C-C0C6Hs, from o-acetoxybenzalacetophenone dibromide

and caustic potash, as well as by the condensation of salicylaldehyde
and o-bromacetophenone by means of caustic potash, proceeds
analogously (B. 29, 237, R. 290).

(2) Other o-disubstitution products of benzene combine to yield
a coumarone ring. Caustic potash converts o-hydroxy-e-chlorostyrene
into coumarone (B. 26, R. 678):

V% CH =CHCI

: CH
e B c.H.< o >CH.

(3) By heating o-aldehydo-phenoxy-acetic acid with sodium
acetate, coumarilic acid results (B. 17, 3000):

/CHO

cH
H —3cu DcH.cooH.
*No0.CH,.COH B o’
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An analogous reaction is presented by the acetic-acid derivatives
of o-hydroxyketones (B. 42, 9o1). )

(4) The synthesis of hydroxyacetocoumarone, however, from fur-
fural-leevulinic acid represents a benzene ring formation (B. 26, 345):

CH—CH HO.CO—CH, _/OH—C[f]—C(OH) =CH
cal | | —>cu |
O0—C—CH C.COCH, 0 —C[al—CH-—=-=C.COCHj,
Furfural-levulinic Acid. Hydroxyacetocoumarone, m.p. 190°.

(5) The action of zinc chloride in glacial acetic acid upon phenoxy-
acetal produces coumarone:

H
CH

CH
. >C°H4< Sew.
OCH,.CII(0C,Hj), o)

By this method numerous alkylated coumarones are obtained by
condensation of the homologues of phenoxy-acetal and of phenoxy-
acetone, C;H;.0.CH,COCH,, and its homologues by means of sul-
phuric acid (A. 312, 237).

(6) Just as the coumarins are formed from phenol and malic acid
or acetoacetic ester, so the coumarones are obtained from the sodium
salts of the phenols with a-chloracetoacetic ester (Hantzsch, B, 19,
1291):

/CH,
H CO.CH, c
oca o+ > c,.,m< NC.co,R
ONa CICH.CO,R o’
Sodmim a-Chloraceto- B-Methylcoumarilic
Phenate. acetic Ester. Lster.

Resorcinol and two molecules of the ester yicld a benzodifuran,
pyrogallol with three molecules of the ester form a benzotrifuran,
while a naphthofuran is obtained from naphthol.

A perfectly similar reaction is noticeable in the production of
coumarone and benzodifuran derivatives from quinones and
chlorinated quinones—e.g., chloranil, when heated with acetoacetic
ester (J. pr. Ch. [2], 45, 67; A. 288, 245).

Coumarone, C;H,O, boiling at 17%°, is formed by distilling coumarilic
acid with lime. It is obtained from o-hydroxy-w-chlorstyrene; from
phenoxylacetal with zinc chloride (B. 80, 1703), as well as from coal-
;ar, wh)ich also yields scveral methylcoumarones (B. 33, 3014; C. 1907,

. 1426).

Coumarone polymerizes casily, especially under the influence of
concentrated sulphuric acid, to so-called coumarone resims, which
regenerate coumarone on dry distillation, with partial carbonization
and formation of phenol. Similar behaviour is shown by the homo-
logous coumarones (B. 83, 2257, 3013). Heating with alcoholic potash
to 200° splits up coumarone, forming o-ethylphenol and o-hydroxy-
styrene, as well as 0-hydroxyphenyl acetic acid and o-hydroxyphenyl-
ethyl alcohol, and its anhydride, hydrocoumarone (B. 34, 1806;
35, 1630). a

With chlorine and bromine, coumarone gives dihalogen addition
products, CgHX,0, the dibromide melting at 86°. They easily pass
into monochloro- and monobromo-coumarone. The monochloro-
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coumarone is probably a mixture of a- and g-chlorocoumarone, since on
heating with alcoholic alkali to 180°-190° it yields, among other
products, p-keto-dihydro-coumarone, c,i1,<<$>cH,, and o-hydroxy-

phenyl-acetic acid, whose lactone, c;H L CHZ\Co, ields with PCl,
No_/0 Y

pure o-chlorocoumarone. On treating coumarone dichloride with
sodium acetate, it splits up to form o-hydroxy-mandelic aldehyde,
et B omcio, mP- 64° (A. 313, 79). Heated by itself,
coumarone dibromide gives exclusively a-bromocoumarone, liquid,
b.p. 221°-223° which is also formed from o-hydroxyphenylacetic
acid lactone and POBr,, and which splits up to o-hydroxyphenyl-
acctic acid on heating with alcoholic potash. With alcoholic
potash, on the other hand, coumarone dibromide yields chiefly
p~bromocoumarone, m.p. 39°, b.p. 219°-220°, which on heating
with alcoholic potash gives g-ethoxycoumarone, but also a-ethoxy-
coumarone and o-oxyphenylacetic acid (B. 35, 1633).
Nitrocoumarones.—If a-bromocoumarone is exposed toN,O, vapour,
bromine is liberated and a-nitrocoumarone is formed, m.p. 134°; it is
also obtainable in small quantity by the nitration of coumarone;
whereas f-bromocoumarone with N,O, yiclds a-nitro-g-bromocouma-
rone, m.p. 132°. On treatment with Na ethylate solution, e-nitro-
coumarone is changed into the monoxime of coumaranedione,

CQII4{8P_I>CNOE—-> C‘,H,{gg/\c:NOH. Compare the analogous trans-

formations of 7-nitrostilbene, a- and f#-nitronaphthalene, g-nitro-
phenanthrene, and g-nitro-anthracene (B. 85, 1633).

Numerous coumarones alkylated in the benzenc nucleus and in the
furan nucleus have been synthesized by the above method: a-methyl
coumarone, b.p. 190°, from a-phenoxypropionic acetal; and g-methyl
coumarone, b.p. 193°, from phenoxy-acetone, and from methylcouma-
rilic acid. Out of fiftcen possible dimethyl coumarones, eleven are
known: ap-gimethylcoumarone, b.p. 210° from dimethylcoumarilic
acid. Others are two ethyl-, four trimethyl-, one ssopropyl-, one

tetramethyl-, and two methyl-¢sopropyl-coumarones, as well as an

a- and a p-naphtho-furan, CNH‘,{E%QH>CH and cwHG{EggI_“}CH.

m.p. 7° and 61° resp., b.p. 283° and 285° (A. 312, 237). a-Phenyl
coumarone, m.p. 121°, from sodium salicylaldehyde and phenyl chloro-
acetic acid by method 3 (B. 886, 3979).
p-Phenylcoumarone, two modifications, m.p. 13° and 42° resp.,
b.p.s 163°, from o-hydroxy-as-diphenylethylene by treating its dibro-
mide with Na alcoholate (B. 86, 4004). Both phenylcoumarones are
also formed from o-hydroxy-diphenyl acetic acid lactone by heat'ing
with PBr, (B. 36, 4006). ap-Diphenyl coumarones—e.g., methyl-zso-
propyl-diphenyl coumarone—m.p. 116°, have been obtained by the
condensation of phenols and benzoin by means of sulphuric acid
(C. 1899, II. 250):
(CH,) (C4H;)CgH, { EH gH + (O}])gggzg? (CH,) (C,,H,)CaHa{E;]]g(C“H:‘ ')>c .CeH,.
_a-Acetylcoumarone, C,H,O(COCH,), m.p. 75°, is obtained from
salicylaldehyde by means of chloracetone.” With Br it gives a bro-
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mide, C;H,O(COCH,Br1), which condenses with a second molecule of
salicylaldehyde to dicoumaryl ketone, (C;H,0),CO, m.p. 154° (A. 812,
333). Acetylcoumarone is reduced by Na and alcohol to hydro-
coumarylmethylcarbinol and to O-hydroxyphenyl-sec-butyl alcohol,
HO.CH,CH,CH,CH(OH)CH, (B. 886, 2863). .
a-Benzoylcoumarone, C,H;O(COC,H,), melting at 91°, obtained
from o-acetoxybenzalacetophcnone dibromide, as well as in the
condensation of salicylaldchyde with phenacyl bromide, is decom-
posed by fusion with caustic potash into coumarone and benzoic acid
(B. 29, 237, R. 290).
a-Coumarilic acid, C;H ;0. COOH, melting at 190°, is obtained from
a-bromocoumarin. Ester, amide, chloride, hydrazide, azide (see
B. 84, 773). The azide, with alcohol, gives coumaryl urethane, which
on saponification splits up to o-hydroxyphenyl acetic acid. )
f-Methyl-a-coumarilic acid melts at 189°. Its ethyl ester is produced
on heating sodium phenoxide with acetoacetic ester (see above). It
melts at 51°,
C—CIH;
1,2,4-Trichloro-3-0xy-g-methyl-coumarilic Acid, c,c1,(o11) <O>c .CO.H,

melting at 258°, is prepared from chloranil and acetoacetic est{er.
Hydrocoumarones.—Dihydro-coumarone, coumaran, c,H.<C(I) 2> CH,,

b.p. 189° is formed with o-ethylphenol by reducing coumarone with
sodium and alcohol (B. 25, 2409). Synthetically, it is obtained from
the HBr ester of o-hydroxyphenylethyl alcohol with soda, and from
o-bromo-phenylbromethyl ether, BrC;H,OCH,CH,Br, with Na in
ether. The latter method has also been used for forming Bz-methyl-
coumarans (B. 36, 2873). «-Phenylcoumaran, C;H,0(C,H,), m.p. 32°,
from a-phenylcoumarone with Na and alcohol, together with o-hydroxy-
dibenzyl. g-Phenylcoumarane, m.p. 38°, b.p.,, 167°, from g-chloro-f-
phenylcoumarone, C;H,CIO(C;H;), the result of the action of PCl; upon
o-hydroxydiphenylacetic acid lactone (B. 36, 3992).
p-Aminocoumaran, C,H,0.NH,, b.p.,, 122° by reduction of
B-coumaranone oxime (B. 39, 496). Coumaran-a-carboxylic acid, /ydro-
coumarilic acid, C;H,0.CO,H, m.p. 1165°, is obtained by reducing
a-coumarilic acid with Na amalgam. A derivative of coumarane is
probably represented by catechin, already mentioned in connection
with tannins, for which the following constitution has been suggested:

CH,0),[3.5] CH
(CH,0),(3,41CoH,[1 C}f((%ﬁ;'[i]} C,H {%ﬂ o> CH, (B. 89, 4007).

Compounds resembling catechin in constitution have been obtained
by the condensation of coumarane with benzoyl chloride and AICl,
and subsequent reduction with zinc dust and alkali (B. 41, 1330;
42, g11).

a-Keto-dihydro-coumarone, a-coumaranone, C,H 8Ii'>co, is prob-
ably represented by o-hydroxyphenylacetic acid lactone.

p-Keto-dihydro-coumarone, 8-coumaranone, C.H.<88>CH2, m.p. 97°,

is obtained (x) from o-hydroxy-w-chloracetophenone, C,H, Eﬂg%CH“Cl’

on heating with sodium acetate (B. 88, 1081; 41, 4273; 43, 214); (2) by
the condensation of phenoxy-acetic acid, C;H;0.CH,CO,H with P,0;
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(B. 83, 3176); (3) from its carboxylic acid, whose ester, f-coumaranone-
a-carboxylic ester, C,H.<8?/\CHCO,C,H5, m.p. 66° is obtained by
condensing phenoxy-acetic-o-carboxylic ester by means of sodium
(B. 82, 1867; C. 1900, I. 495; A. 812, 258). 1I-, 3-, and 4-methyl-
coumaranones,CH,c.H,<8°>CH,, m.p. 102°, 85° and 54° respectively;
1,4-dimethyl coumaranone, m.p. 75°. Bz-dihydroxy-coumaranone, m.p-
226°, from pyrogallol and chloracetic acid with POCI, (B. 87, 817).

Naphthocoumaranone, C,,H,(C,H,0,), m.p. 92°, from 2-bromaceto-
a-naphthyl acetate (B. 30, 1408).

a-Mono- and aq,-dibromo-coumaranones, m.p. 86° and 142°, are
produced by brominating coumaranone.

a-Nitro-coumaranone is obtained in the form of its potassium salt,

.CGI{J<(C)S>C:NOOI{, from a-nitro-g-bromocoumarone by reaction

with dialkylamines and heating the resulting compounds with
alcoholic potash (B. 42, 200); with benzaldehyde, coumaranone
condenses to a benzylidene compound, m.p. 108°, with p-nitroso-
dimethylaniline to a dimethyl anil of coumarandione (sce below).
Numerous substituted benzal coumarones have been obtained from sub-
stituted benzal-o-hydroxy-acetophenone dibromides (B. 31, 699, 1759;
32, 309, 2257). The dibromides of the benzal coumaranones are changed
by dilute alkali into flavonol (B. 43, 4233). On acylating coumaranones

C—OCOR
in alkaline solution we obtain g-acyloxycoumarones, C,H,<O>cu ;

the isomeric C-acyl compounds, C,H¢<8(OH)>C.COR, are obtained

by the action of potassium carbonatc upon o-acyloxy-w-chloraceto-
phenones, C,H,<cOChA" (B. 48, 2192).

Coumaranone dissolves in alkalies with formation of salts of
p-oxycoumarone; in air, this solution rapidly takes a blood-red
colour by simultaneous condensation and oxidation, the first pro-

duct being a keto-dihydro-bis-coumarone, c,H,{ G »CH—C{EH >0,
which absorbs oxygen and easily passes into dioxy-bis-coumarone,
C,I{.<%(Lm>c4<gzgﬁ)>o, m.p. 185° orange-yellow needles.
The latter, on further oxidation with H,0,, yields the
oxygen analogue of Indirubin, the so-called Oxindirubin,
C,H.<88>C : C<86H_‘>0' m.p. 215° orange-yellow needles subliming
without decomposition, also obtained by condensation of f-coumara-

none with coumarandione or hydroxyphenylglyoxylic acid with
concentrated sulphuric acid (B. 48, 212; 44, 114).

Coumarandione,* C.H, CONCo, yellow lates, m.p. 134°, is the
o/ y P P

lactone of o-hydroxyphenylglyoxylic acid, from which if is obtained
by heating with P,0O; in benzene solution or by vacuum distillation
(B. 45, 154). Coumarandiones alkylated in the benzene nucleus have

* The particulars concerning coumarandione given on p. 390, Vol. IL., have
turned out to be erroneous (see B. 45, 162).
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been obtained from substituted o-hydroxyphenylglyoxylic acids by
heating with P,O; in benzene solution.

2- and 3-Methylcoumarandxones, m.p. 112° and 149° (see B. 42,
234).

Coumarandione-a-p-dimethylaminoanil, CH G »>C:NCHN(CH,),.

from B-coumaranone and p-nitroso-dimethyl aniline, unites with T mol.
p-coumaranone to form a compound, Cy,Hy,O,N,, m.p. 203° with dec.,

which is split up by HCl into p-amino-dimethylaniline and the oxygen
analogue of indigo:

Ozxindigo, ««-bis-coumaran-p3-dione, C;H < O c\co\can..

lemon-colourced prisms, m.p. 276°, subliming without dec. in the form
of a yellow vapour. Itis alsoformed from potassium a-nitrocoumarone
on boiling with water or treating with Br or I (B. 44, 124, 315).

C.

CH,
Dimethyl - benzo - difuran - dicarboxylic ester, c,H, \cco R}
o/

from resorcinol and chloracetic acid ester, e-compound, m.p. 186°, f-
compound, m.p. 141° Trimethyl-benzo-trifuran-tricarboxylic ester,
CH

C.
CG{O>C802R am.p. 297° with dec. From phloroglucinol and

chloracetic ester.

6. BENZOTHIOPHEN OR THIONAPHTHEN GROUP.

The most important substances of this group have only recently
become known through the investigations of P. I'riedlinder, who dis-
covered in the sulphur analogue of indigo blue—viz., thio-indigo
red and its derivatives—a class of commercially important vat dyes.
The compounds of this group bear the same remarkable resemblance
to the naphthalene derivatives as do the compounds of thiophen

to the benzene derivatives.
/CH(B)
Thionaphthen, Benzothiophen, QH.\ \CH(a), m.p. 32°, b.p. 221°

(C. 1897, II. 270) has an odour resembhng naphthalene; it is formed
like coumarone from o - hydroxy- @ - chlorostyrene (see above), through
the o-sulphydryl-e-chlorostyrene, which has only been isolated in the
form of its xanthogenic ester (B. 26, 2809):

CH =CHCl CHN
CGH,<SH —>cu M on.

It is formed by reducing the easily accessible -hydroxy-thionaph-
then with zinc dust and glacial acetic acid (B. 41, 230). It has also
been found in tar from lignite (C. 1902, II. 804).

4-Hydroxy-thionaphthen, C;H,(OH)S, m.p. 72°, is formed by con-

densing thiophenaldehyde w1th succinic acid, as is acetoxycoumarone
from the condensation of furfural and lzevulinic acid (B. 19 1619):

CH—CH HOCO' CH, _—00; . CH—C.C(OH):CH
CH.S.CCHO CH,COOH —H0 ~ (CH.S.C.CH==CH.
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p-Hydroxy-thionaphthen, Thioindoxyl, CHLSOWNcn, mp. 71,
colourless needles. Modes of preparation: (1) From g-hydroxy-thio-
naphthen-a-carboxylic acid, by elimination of CO, (A. 351, 408);
(2) from g-amino-thionaphthen or its carboxylic acid on boiling with
dilute mineral acids; (3) from phenylthioglycollic acid by treating with
fuming sulphuric acid or chlorosulphonic acid; but this last reaction
is only suitable for forming substituted p-hydroxy-thionaphthens
from those phenylthioglycollic acids iniwhich sulphonation is excluded
by the substituents present. A better method is (4) from phenyl-
thioglycollic acid chloride and AICI; (C. 1908, I. 1811):

csH‘<IS{—CH,.coa —> C0H4<g_(cﬁ\)CHF
(5) from methyl-thiosalicylic acid on melting with caustic alkalies,
best by adding a condensation agent like disodium cyanimide, lead
sodium, etc. (C. 1908, II. 552):

~ /COOH /C(OH)\
CaH g cyy, —> CH g JCH.

p-Hydroxy-thionaphthen behaves like a-naphthol. It smells
similarly, volatilizes in steam, and yields with diazonium salts, azo-
dyes resembling the azo-derivatives of a-naphthol. In alkaline solu-
tion it oxidizes even in air, morc easily with potassium ferricyanide,
ferric chloride, etc., forming thio-indigo red:

zcsH.<g~(3*i)>CH +20 :CGH4<S?>C : c< §?>C5H4 +211,0.

a-Bromo-g-hydroxy-thionaphthen, C;H,OSBr., m.p. 88°, and a-di-
bromo-g-keto-dihydro-thionaphthen, C,H,OSBr,, m.p. 132°, by
bromination of g-hydroxy-thionaphthen (B. 41, 227). Both easily
pass into thio-indigo red by splitting off HBr and Br, respectively
(M. 29, 371).

In many cases g-hydroxy-thionaphthen reacts in the desmotropic
form as g-keto-dihydro-thionaphthen, CeH.<gS>CH2. Thus it yields
with aldehydes and ketones coloured condensation products built like
the indogenides (see below), and therefore called Thio-indogenides.
The benzylidene compound, CGH,<gO>C : CHC H;, m.p. 127°, occurs
in yellow needles (M. 30, 347); with thionaphthenquinone, g-hydroxy-

thionaphthen unites to form thiosindirubin, C.,H,<§O>C : C<gg1‘ S;
w%th isatin to form thio-indigo scarlet, C,I—I,<(S:E)>C:C<86H_‘>NH; and
with acenaphthenequinone to form the orange-coloured q-thio-
naphthen acenaphthene indigo or ciba scarlet G, C,H,<g'(_)>c : c<g°_

oH
(B. 44, 3331; M. 29, 373). . 1
_With nitrous acid, g-hydroxy-thionaphthen yields thionaphthen-
quinone-q-monoxime, and with aromatic nitroso-compounds thio-
naphthen-quinone-q-anils.
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—CHO
a~-Hydroxy-thionaphthen-g-aldehyde, C.H.<(S:>C(OH), m.p. 130°, is
formed on splitting up g-thionaphthene-a-indole indigo with alkalies
(B. 41, 1038). .
p-Hydroxy-thionaphthen - a - carboxylic acid, C,H‘<(S: (OH)>C .CO,H,
methyl ester, m.p. 104°, is formed from o—carboxyphenmoglycollic

acid on melting with caustic alkalies or on heating with acetic anhy-
dride and sodium acetate to 40° to 50° (A. 351, 405):

COOH C(OH) \
CQH‘<S__CH’ COOH > CH, <S NC.CO,H.

It easily splits upinto CO, and g-hydroxy-thionaphthen, and there-
fore yields with aldehydes, HNO,, etc., the same reaction products:
Oxidation also yields thio-indigo red.

p-Amino-thionaphthen, cH,(S™H) NcH, oily, with an aceto-
compound mclting at 169°, smells like e-naphthylamine. It is formed
by splitting off CO, from g-amino-thionaphthen-a-carboxylic acid,
CgH,S(NHL,)CO,H, m.p. 146°, without dec. The latter is obtained by
saponifying o-cyanophenylthioglycollic acid by means of dilute
alkalies or cold concentrated H,SO,:

H(SN CONH SCNH,\ A
C“H‘<S—CH, .CO,H™ [CcHt S—CH, .CO.‘,H]_> CeHl g% DC.CO.IL

On heating with dilute mineral acids, g-amino-thionaphthen

easily passes into pg-hydroxy-thionaphthen (A. 851, 412; C. 1908,
1. 424).
Thionaphthenquinone, o~ Diketo - dihydro - thionaphthen,
C,H‘<CS?>CO, yellow prisms, m.p. 121° b.p. 247°. (It should not be
called “ thio-isatin”’ ; see thio-isatin, p. 63.) Preparation: (1) From
thionaphthenquinone-g-anil (see below) by splitting up with dilute
mineral acids (C. 1909, II. 1603; B. 43, 1370); (2) from thionaphthen
quinone-a-oxime (zsonitroso-thio-indoxyl) by hydrolysis with 50 per
cent. H,SO,, or better by reducing to a-amino-g-hydroxy-thionaphthen
and oxidizing with ferric chloride; (3) from the a-dibromo-g-keto-
dihydrothionaphthen by boiling with water or lead acetate solution
(B. 41, 234; C. 1909, II. 767).

Thionaphthenquinone resembles isatin in its behaviour. Like
the latter, it gives, with thiophen and concentrated H,SO,, a dark-blue
coloration. With hydroxylamine and phenylhydrazine it reacts to
form thionaphthenquinone g-oxime, C;H,0S(: NOH), m.p. 186°, and
thionaphthenquinone g-phenylhydrazone, CyH,0S(: N.NHC,H;),
m.p. 166°. No dioxime or diphenylhydrazone is formed. On the
other hand, the thionaphthenquinone «-0Xime or isonttroso-thio-

indoxyl, C,H‘<(S:O\C :NOH, m.p. 172° with dec., obtained from
p-hydroxy-thionaphthen with HNO,, yields with phenylhydrazine the
thionaphthenquinone q-oxime g-phenylhydrazone, CgH,S(: NOH)-
(: NNHC.H;), m.p. 154° (C. 1909, II. 1393).
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Thionaphthenquinone - anil, C,H,{§°>C:NCH,, mp. 151°,
from a-dibromo-p-keto-dihydro-thionaphthen and aniline; the p
mono-and dialkylamino-a-aniles of thionaphthenquinone have been
obtained by the condensation of pg-hydroxy-thionaphthen with
p-nitrosoalkylanilines (B. 43, 1370).

With g-hydroxy-thionaphthen, indoxyl, and similar compounds with
reactive methylene groups, thionaphthenquinone unites with elimina-
tion of water to formindigoid dyes, the carbonylin the g-position always
coming into reaction. Thio-indirubin, ap-bisthionaphthen-pa-dione

CoH, c;c<go CeH,, red needles, m.p. 206° (M. 29, 373), f-Thio-

5o
naphthen-q-indole-a g-dione, s (C:gi‘>c : c<§?{>c,}1‘.

. The isomeric dyes are formed by the reaction of the same com-
pounds with e-dibromo-g-keto-dihydro-thionaphthen or thionaph-
then quinone-e-anils (see thio-indigo red).

Thio-indigo red, ¢,H, {5 >¢: SO DC,H, (P. Friedlinder, B. 39),

the sulphur analogue of indigo blue, is, like the latter, a vat dye,
colouring the fibre in dull violet tones, and industrially valuable
on account of its permanence. It crystallizes from nitrobenzene
in brownish-red, shining needles, melting above 280°, and subliming
even below that temperature. At higher temperatures it changes
into an orange vapour and distils almost without decomposition.
Its solutions show a strong yellowish-red fluorescence.

Modes of preparation (see Chem. Ind. 32, 565): (1) By the oxida-
tion of g-hydroxy-thiophenaphthen or its carboxylic acid in alkaline
solution by atmospheric oxygen, or better by potassium ferricyanide,
ferric chloride, etc.:

2C.H.<§(OH)>CH ;:%'0> csH.<§(_)>c : c<(s:(j>c,H4.

(2) By condensing the acetylenebis-thiosalicylic acid obtained
from dichloroethylene and thiosalicylic acid by means of acid con-
densing agents such as chlorosulphonic acid (C. 1909, I. 605):

COOH HOCO. co, co
. :2_}_{.20_> RN
CGH‘<S /CH : CH( S>c.H. CGH‘<S>C : c\s_/csH,.

(3) By oxidation of o-thiolacetophenone by atmospheric oxygen in
alkaline solution (C. 1908, I. 2118);

2CeH, :z—CHs —> CeHa<‘§?>C3C<Z?>CeH4~

~ This method is specially suitable for obtaining the industrially
important alkoxy-derivatives of thio-indigo red (C. 1908, II. 1650).
The following modes of preparation have only a theoretical interest :
(4) Treatment of thionaphthenquinone a-anil with CS, in acetic
acid solution, with elimination of sulphur (M. 29, 371).
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(5) Condensation of a-dibromo-g-keto-dihydro-thionaphthen or
thionaphthenquinone a-anil with g-hydroxy-thionaphthen.

On treating thio-indigo red with zinc dust and alkali, or an alkaline
hydrosulphlte solution, we obtain a feebly yellow solution from which
acids precipitate thio-indigo white, C,gH,,0,S,, insoluble in water,
easily soluble in alkalies, and returning to thio-indigo red by oxidation
in air. Since it is also obtainable by moderate oxidation of g-hydroxy-
thionaphthen (thio-indoxyl) with FeCl, or NaClO, it must be regarded

as bis-thio-indoxyl, c.H‘<g(OH)>c—c<C(_O_If_)>C H,. Its diacetyl

compound melts at 240° (M. 29, 372).

Numerous substitution products of thio-indigo red are technically
important, especially the halogen, alkoxy- and alkyl thio-derivatives.
It is found that substitution in the p-position to the carbonyl dis-
places the shade towards the yellow, while a substitution in the -
position to the S-atom displaces it towards the green (Ch. Ztg. 35,

1159).

Peri - Naphtho - thioindigo, CyoH, {[;%CS e C<C8[[§% JCull,, a
blue-black powder, from peri-carboxynaphthylthioglycollic acid
(C. 1908, I. 1815).

7. BENZOPYRROLE OR INDOLE GROUP.

The most important substances belonging in this group have been
obtained from ¢ndigo blue, to which the indole derivatives bear an
intimate kinship. Like the pyrroles, indole and its derivatives are of
physiological importance as decomposition products of albumin.
Indole, and especially the methylindoles, as derivatives of pyrrole, show
most of the reactions of the latter (B. 19, 2988). By a rupture of the
ring the indole bodies are converted mainly into orthoamino-acids of
benzene. Our knowledge of the constitution of indole and its deriva-
tives, and their relations to indigo, is based chiefly upon the investiga-
tions of A. v. Baeyer (p. 64 ¢t seq.).

/CH(B)\ . ° o

Indole, CsHyN=C,HS (" JCH (a), melting at 52° and boiling
at 245° with decomposition, is contained in coal-tar, and can be
liberated from the fraction distilling at 240°-260° (B. 48, 3520). It
is also obtained:

(1) By the distillation of oxygen-containing derivatives—e.g.,
oxindole, indigo blue—with zinc dust; or, better, from indoxyl by
reduction with Na-amalgam or zinc dust and alkali (B. 87, 1134;
C. 1904, II. 166; 1909, II. 31). .

(2) By condensation of various o-amino-substitution products of
benzene, or by the reduction of o-nitro-compounds; for example,
the action of sodium alcoholate upon o-aminochlorstyrene,
C°H‘<§II:1 CHCL__ C.H,<CH>CH analogous to coumarone (p. 39)
and benzothlophen (p- 44); also ky the reduction of o-nitrophenyl-

CH,.CHO CHy
acetaldelyde or o-nitrocinnamic acid, C¢H, < CH <NH >
It is very probable that the production of mdole from plzenyldycocoll
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C¢H;NH.CH,COOH, and calcium formate proceeds in a similar
manner (B. 23, R. 654).

(3) The pyrogenic formation of indole from alkyl anilines, tetra-
hydroquinoline, and especially from cumidine when the vapours are
conducted through tubes heated to redness, are due to ortho-con-
densations.

(4) Finally, indole is formed (together with skatole, ¢.v.) from
albuminates in the pancreatic fermentation (method of production), or
when they are fused with caustic potash. It is found in jasmine and
other flowers.

Behaviour.—Indole crystallizes from water in shining leaflets.
It possesses a peculiar odour, resembling that of naphthyla-
mine, and is readily volatile in steam. Its vapour density (under
diminished pressure) corresponds to the formula CgH,N. A pine
splinter moistened with hydrochloric acid and dipped into its alcoholic
solution or the vapours acquires a cherry-red colour. Indol possesses
but very feeble basic properties (similar to pyrrole), and is casily resini-
fied by acids. Asin pyrrole, the imine hydrogen can be replaced by
K or Na. Methyl Mg iodide converts it into indyl magnesium iodide
(C. 1911, I. 1852).

With picric acid it forms a compound which crystallizes in red
needles (see also B. 32, 2615; 39, 2516).

The substituents of indole in the pyrrole ring are termed N-, a-, -, or
Py(1,2,3); those in the benzene ring, 1,2,3,4 or Bz(1,2,3,4) (A. 236, 121)
(see p. 38). Many indole derivatives are referable to a desmotropic form

called Indolenine, c.H,{ <*>cH (C. 1908, II. 605).
N=/ 9

N-Nitrosoindole, C,H,N .NO, melting at 172°, formed from indole
and sodium nitrite, probably has the doubled formula (C. 1891, II. 62).
Various acetylindoles are produced when indole and acetic anhydride
are heated together (B. 28, 1359, 2296).

Homologous Indoles are produced:

1. Like indole from o-amino-compounds of the benzene series by
the formation of closed rings:

H,.CO.CH /CH
CH : > C,lI NC.CH,.
elly NH, 6 G\NH/ 3
o-Aminobenzyl methyl ketone. a-Methylindole.

Similarly, o-amino-desoxybenzoin yields e-phenylindole, and o-
methylamino-o-chlorstyrene, N-methylindole.

2. By heating the anilines with compounds containing the group
CO.CHCL. For example, aniline and chloracetone yield a-methyl
indole; with g-bromolavulinic acid, a, f-dimethylindole is the product.
A simultaneous evolution of CO, occurs here. This reaction is parallel
to that of the so-called quinaldine synthesis. For its course see B. 25,
2860; 28, 1336, 2638; 87, 867. Aniline and bromacetophenone yield
a-phenylindole. .

3. A noteworthy method for the production of the alkylindoles
consists in condensing the phenylhydrazones of the aldehydes, ketones,
and ketonic acids by heating them with hydrochloric acid or zinc

VOL. III, E
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chloride (E. Fischer, B. 19, 1563; 22, R. 14), when ammonia is
split off: .

/CH,4
C=
CH,.NH.N : CH.CH,.CH,—>C{ __ YCH
\NH
Propionaldchyde phenylhydrazone. B-Methylindcle.

CHj CH == AN
CeH;. N(CHy)N : c<C — CGH4< Dc.CH,
H N(CH

Acctone pheuylmethylhydrazong. N,a-Dlmcth)?lindole.
CH, CH
CH,.NH.N: c<c —> c,H.< >c. CO,.R
0,.R NH
Pyruvic ester phenylhydrazone. a-Indole carboxylic ester.

The wunsym.-alkylphenylhydrazine derivatives react very easily
with pyroracemic acid upon warming them with dilute hydrochloric
acid, sulphuric or phosphoric acid; the products are N-alkylindole-
carboxylic acids. The phenylhydrazoncs of the p-ketonic acids—
e.g., acetoacetic ester—are principally converted into pyrazole com-
pounds. Some, when heated with concentratéd sulphuric acid, yield
indol compounds (B. 27, R. 793). This is especially truc of the
unsym.-alkylphenylhydrazones. In aldehydes and kctones containing
methine groups adjoining CO groups, the condensations usually take
place in a modified manner, with expulsion of the tertiary H-atom.
The phenylhydrazones yield pseudo-indole or indolenine derivatives;
the unsym.-alkylphenylhydrazones give derivatives of a dihydroindole
or indoline (B. 31, 1488, 1948. M. 21, 156; C. 1900, I. 867. Sce
also Indolinones).

CH(CHy,) C(CH,)
(1) CeH,NHN : c< s CGH,,< : >ccna
CH, N ===
Trimethyl-indolcnine.
CH(CH C(CH,)
(2) CeHN(CHy)N : ¢ CHah__ o e C:CH,
615 3 \ 6 4\
CH, N(CHjy)
Trimcthyl-methylene-indoline.
CH(C1l,) C(CHj,) Ol
(3) CeHN(CH,)N : C< (Cths s C,H,< ? 2>c<
H N(C Hy) H

Trimethyl-indolinol.

4. The polymeric alkylpyrroles, upon standing with dilute sulphuric
acid, part with ammonia and pass into alkylindoles—e.g., tetra-
methyldipyrrole changes to q,f,2,3-tetramethylindole.

5. On the formation of indoline or benzopyrrole derivatives from
11:>yrroles with 1,4-diketones, see B. 85, 2607; C. 1902, II. 1472; 1905,

. 1154. :

Behaviour.—The alkylindoles substituted in the pyrrole nucleus
possess generally a fecal odour, and can be distilled without decom-
position. The phenylindoles and indolecarboxylic acids are non-
volatile and odourless. They aré more stable towards acids than
indole, dissolve in concentrated acids, and are reprecipitated unaltered
by water. Picric acid unites with all of them, forming compounds
crystallizing in red needles. Most of the indole derivatives give the
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pine-shaving reaction, the exceptions being the indolecarboxylic acids
and the-q,p-dialkylindoles. The alkylindoles, like the alkylpyrroles,
yield indolecarboxylic acids when they are fused with caustic potash.
The indoles, like pyrrole, combine with nitrous acid, acid anhy-
drides, and diazo-compounds, hydrogen atoms of the pyrrole nucleus
being replaced by the #sonitroso, the acidyl, benzene-azo group, etc.
With aldehydes (1 mol.), the a-substituted indoles condense with
expulsion of the H-atom in the g-position to form compounds of the

C——-CHR!—<C
type, C.H,{ >CR RC< }C,H, (B. 86, 4326; 317, 322, 1221; J. pr.
NH HN

Ch. [2], 61, 249).

Oxidation converts these condensation products into dyes resem-
bling fuchsin, so-called Rosindoles, which are also obtained direct by
the condensation of the corresponding indoles with benzoyl chloride
and ZnCl, (B. 20, 815). The keto-group of the p-diamino-benzo-
phenones also reacts like the aldehydes, forming red to violet dyes

(C. 1902, I. 610). Methylindole unites with aldehydes in molecular
C=CHR
proportion to the compound, C°H’{N§C'CH3 (B. 36, 308; 38, 2640).

In this desmotropic form methylindole also recacts with aromatic
nitroso-compounds (C. 1908, II. 650).

A peculiar behaviour is shown by indole and the alkylated indoles on
thorough treatment with alkyl iodides. Thus, in the cases of indole and
methylindole, treated with mecthyliodide, the mcthylation of the H-
atoms of the pyrrole nucleus is followed by the addition of a further
methyl group:

N pp-Trimethyl-a-methyleneindoline is formed, the constitution
being proved by its synthesis, by its oxidation to trimethyl indoli-
none, and by its disintegration to form synthetic trimethylindolenine,
from which latter it can be recovered by methylation (B, 81, 1488;
C. 1898, II. 542; 1899, I. 280):

i

[
C(CH,)> C(CH)N\ - {(:(cu,),\ JCCEARN
CH CCHy—>CyH c: CH CCH, CH co.
¢ ‘{N(CH,) s ‘{N(Clia)/ O Sl /% Sl yeny

Trimethylmethylencindoline gives on further methylation ethyli-
dene- and isopropylidenc-trimethyl-indoline, also obtained synthetically
from ethyl ssopropyl ketone and diisopropyl ketone methylphenyl
hydrazones by method 3:

C(CHy)y\ c(CH,),>’ Cﬂa CH(CHy)g
H C: CHCH,——>C,H c: ¢ P HN(CHN : C
“ '{N(CH.)/ e ‘{N(CH,) H, (CHy) <CH(CH,),

Similar processes take place during the ethylation of methylated,
ethylated, and phenylated indoles, in which isomerization has also
been observed, due to migration of the alkyl groups (C. 1899, I. 282;
1900, I. 867; 1902, II. 1322). *

.. On heating with chloroform and sodium alcoholate the alkylindoles,
like pyrrole and indole, enlarge the ring and yield g-chloroquinolines
and indole aldehydes.
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ap-Dimethylindole yields as a primary product g-dichloromethyl-
af-dimethyl-indolenine, which, on heating with sodium ethylate, passes
into g-chloro-ay-dimethylquinoline (C. 1905, I. 1155):

C(CHy)

C(CHCl,)(CH,) C(CH,) : CCl
C,H4< >c.CHa>c6H.< : a\C.CH3>CGII4\ ? e
NH— N N—<---C.CH,

N-Methylindole, C;H,N(CH,), boiling at 239°; N-Ethylindole, boiling
at 247°; N-Allylindole, boiling at 252°(B. 26,2174) ; and N-Phenylindole,
CgH¢N(C,H,), are obtained from their carboxylic acids by the elimina-
tion of carbon dioxide. Bromine in sodium hydroxide oxidizes
N-methyl and N-ethyl indole to methyl and ethyl-y-isatin.

a-Methylindole, C;H,(CH,)NH, Methylketole, arises from o-amino-
benzyl methyl ketone, and acetone phenylhydrazone. Its odour is
like that of indole, and its reactions are similar. M.p. 59°, b.p. 268°.
Fused with caustic potash, it forms a-indolecarboxylic acid. By
oxidation with KMnO, the indole ring is split and acetanthranilic acid
is formed. Passed through incandescent tubes it is transposed into
quinoline (B. 38, 1949). With chloroform and sodium alcoholate it
yields p-chloro-quinaldine (B. 21, 1940).

B -Methylindole, Skatole, C;H;(CH,;)NH, occurs in human feces
(with a little indole). It may be obtained, together with indole, from
reduced indigo, by the putrefaction of albuminoids, or (with indole) in
the fusion of the same with potassium hydroxide. It can be prepared
without difficulty by heating propaldchyde-phenylhydrazone with zinc
chloride. It melts at g5° and boils at 265°. It has a penetrating
faecal odour. With chloroform and Na alcoholate it yields g-chloro-
lepidine (B. 89, 4388). B-Ethylindole, m.p. 43°, from indyl magnesium
iodide and C,H,MgI. Also from N-butyraldehyde phenylhydrazone
(C. 1905, II. 677).

ap-Dimethylindole, m.p. 106°, from mecthyl ethyl ketone phenyl
hydrazone (A. 236, 128).

N ,a,p-Trimethylindole boils at 280° (sec above). «,f,2,3-Tetra-
methylindole melts with decomposition at 285° (B. 22, 1924). It is
obtained from tetramethyldipyrrole. o-Phenylindole, C;H;(C,H;)NH,
melting at 187° has been prepared from acetophenone phenylhydra-
zone, from o-nitrodesoxybenzoin, from bromacetophenone and aniline
(see above), and, lastly, by the rearrangement of p-Phenylindole,
CgH,(C,H,)NH, melting at 89° upon heating it to 170° with zinc
chloride (B. 21, 1811). Similar rearrangements are manifested by
the different methylphenylindoles (B. 22, R. 44). o-Thienylindole,
melting at 162°, and «-Naphthylindole, melting at 180°, are obtained
from the phenylhydrazones of naphthyl and thienyl methyl ketones
(B. 88, 217).

ap-Naphthopyrrole, C.oH{ [$ i VCH, is obtained from its sulpho-
acid (B. 81, 251).

. . . ¢ / C(CHa)z\

B,8,3-Trimethyl-indolenine, CHSC,,H,,\N JCH, m.p. 143°, from

isobutyraldehyde p-tolylhydrazone, is polymerized on standing. On
boiling with HCI it transposes into ,8,3-trimethylindole, m.p. 190°
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_ ‘ ) _/C(CHy),
(M. 27, 731). q,p,p-Trimethylindolenine, CHA N

229° (C. 1899, II. 436), from methyl isopropyl ketone phenylhydra-
zone (see above) ; a, B-dimethyl-B-ethyl-indolenine, m.p. 243°, from methyl
ethyl ketone phenylhydrazone (compare C. 1900, I. 867).

aa-Methyl-gg-diethyl indolenine is obtained by the ethylation of
methylindole (C. 1899, I. 280).

2. Chloro-substitution products of the indoles are formed by the
action of sulphuryl chloride upon the ether solutions of indoles or from
the oxygen derivatives, oxindole and dioxindole, with PCl;. a-Chlor-
indole, C;H,CINH, m.p. 91 5°, heated with mineral acids, easily passes
into oxindole.

a, p-Dichlorindole, C;H,CI,NH, m.p. 104°. a~-Chloro-g-bromindole,
CH,CIBrNH, m.p. 92° with dec. (C. 1905, II. 1346; 1906, I. 854).
p-lodindole, C;H,INH, m.p. 72° (sce B. 41, 4005). p-Iodo-a-methyl-
indole, m.p. 82° (see C. 1909, II. 282).

3. Sulpho-acids of the indoles and naphthindcles, containing the
sulpho-group in the pyrrole nucleus, have been prepared synthetically
from methyl and ethyl aniline and from the naphthylamines by con-
densation with glyoxal bisulphite (B. 27, 3258; 31, 250; 41, 1367);
N . oo 7 B N\c.soH o

-methyl-indole-a-sulphonic acid, CeH J 3% on Dboiling
N(CH
with HCI, splits off SO, and passes easily into n)-amethyl oxindole.

4. Nitroso-, Nitro-, and Benzeneazo-Derivatives.—With nitrous acid,
obtained from sodium nitrite and glacial acetic acid or, better, amyl-
nitrite and sodium alcoholate, and with nitric acid obtained from
ethyl nitrate and sodium in ether, smooth reactions are only shown by
those indoles in which the H-atom in the g-position is not substituted,
like indole, methylindole, and a-phenylindole; the latter gives nitroso-
and nitro-derivatives, which, however, also react in the tautomeric
form of ¢sonitroso- and #sonitro-bodies (see the tautomerism of the
nitrosophenols).

Cc—NO C=NOH C—NoO, C=NOOH
C,H,{ NeH or ceH,{ >CH ; CGH‘{ NeH or CH, pre:
NH N NH N

>CCH31 m.p.

Permanganate oxidizes the nitroso-bodies into nitro-bodies.
p-Nitroso-indole (?) decomposes at 170° (C. 1907, I. 1543).

p-Nitroso-methylindole, m.p. 198° with dec. Nitroso-a-phenylindole,
m.p. 250°. B-Nitro-indole, yellow peedles, m.p. 210° is formed from
B-nitro-indole-a-carboxylic acid, wﬁich proves its constitution. On
further nitration with nitric acid in glacial acetic acid it yiclds af-
dinitro-indole, decomposing at 260°. pg-Nitro-methylindole, yellow
scales, m.p. 248°, p-nitro-ac-phenylindole, m.p. 239°-241°. Perman-
ganate oxidizes this nitromethylindole to g-nitro-indole-a-carboxylic
acid (C. 1903, II. 121; 1904, I. 1216, II. 710).

The a-substituted indoles also react excellently with the diazo-
benzene salts: p-benzeneazomethylindole, (C,H,N)N: NC,H;, m.p. 115°;
B-benzeneazo-a-phenylindole, m.p. 166° (C. 1903, I. 839).
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5. Amino-indoles.—a-Amino-indole, C;H,N(NH,), brilliant prisms
(di-aceto-compound, m.p. 142°), is formed by the transposition
of o-aminobenzyl cyanide on heating with alcoholic sodium éthylate:

C,H.<§§§='CN——> c,H.<§g>c.NH, (B. 48, 2543), f-Amino-methyl-

indole, C:HsN(CHa)(NHz), m.p. 113° and p-Amino-a-phenylindole,
m.p. 180° from the corresponding nitroso-compounds (see above)
by reduction; with nitrous acid the g-amino-indoles yield yellow
diazo-compounds of remarkable stability, probably derivable from
the desmotropic formula of indole, §>C<g'(’g)‘>N (¢f. Quinondiazine,
Vol. 1II., and C. 1905, II. 99; 1906,8 II. 1127). a-Amino-indole and
N-ethyl-g-aminophenylindole, accordingly, form no diazo-compounds
with HNO,.

6. Indolealdehydes have been obtained by the action of chloroform
and Na ethylate upon indoles, besides g-chloro-quinolines (see phenol
aldehyde synthesis). g-Indolealdehyde, C;H,N.CHO, m.p. 195°, is
also formed by the oxidation of tryptophane with FeCl, (see below).
Oxime, m.p. 200°. KMnO, oxidizes it to g-indolecarboxylic acid. On
heating with dilute mineral acids it forms a red dye (B. 89, 2516; C.
1911, I. 1420).

a=-Methyl-g-indolealdehyde, C;H,N(CH,).CHO, m.p. 198°, has also
been obtained by the action of amyl formate and sodium ethylate upon
a-methylindole (C. 1907, I. 1135; 1908, I. 739).

7. Indoleketones are formed by the reaction of indyl magne-
sium iodide with acid chlorides (C. 1911, I. 1853). p-Indyl methyl
ketone, C;H,N.COCH,;, m.p. 189°, and g-indyl ethyl ketone, C;H,N .-
COC,H;, m.p. 158°, yield g-indolecarboxylic acid on melting with
caustic potash. p-Indyl phenyl ketone, C;H,N.COC H;, m.p. 170°.

8. Indole Carboxylic Acids.—These are produced by the following
syntlietic methods: (1) from the phenylhydrazones of the pyroracemic
acids, by reactions perfectly similar to those employed for the pyrrole-
carboxylic acids; (2) when the indoles are heated with sodium and
carbon dioxide; (3) by fusing the alkylindoles with caustic alkali.
Ordinary oxidizing agents do not attack them (B. 21, 1925). Heated
alone, or with lime, they break down into carbon dioxide and indoles.

a-Indolecarboxylic acid, C;H,N.CO,H, melting at 200° with decom-
position, has been prepared from pyroracemic phenylhydrazone, from
a-methylindole by the potash fusion, and by the latter process from
tetrahydrocarbazole.

The acid also results in the reduction of o-nitrophenyl pyroracemic
acid with zinc dust and glacial acetic acid, whereas the product will
be N-hydroxyindolecarboxylic acid when sodium amalgam is used (see
B. 30, 1045). It yields an #mide anhydride (B. 22, 2503) corresponding
to pyrocoll if heated with acetic anhydride.

For derivatives of the acid, such as the hydrazide, azide, etc.,,
see C. 1902, I. 1230.

p-Indolecarboxylic acid, C;H,N.CO,H, m.p. 218° with dec., from
skatole by potash fusion and from indole with CO, and Na (B. 43, 3526),
forms no imide anhydride (B. 23, 2296). Its nitrile, m.p. 178° 1is
formed by the action of formic acid ester and sodium upon o-
amino-benzyl cyanide, and from pg-indole aldoxime by means of
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acetic anhydride (B. 48, 2548). N,a-Dimethylindole-g-carboxylic acid,
CsH,N(CH,),COOH, m.p. 200°, from aceto-acetic ester methylphenyl
hydrazone, C;H;N(CH,).N: C(CH,).CH,.COOR.

B-Indylacetic acid, skatole-w-carboxylic acid, (CgHgN)-8-CH,CO,H,
m.p. 165° synthetically from the phenylhydrazone of pg-formyl
propionic ester (Vol. I.), C;qH,NHN: CHCH,CH,COOC,H;, by method 3
{B. 37, 1801), is found in the putrefaction products of albumen, besides
indole, skatole, and indyl-g-propionic acid, skatoleacetic acid, (CgHgN)-
B-CH,CH,COOH, m.p. 134°, obtained synthetically from the phenyl
hydrazone of y-aldehydo-butyric acid ester (B. 88, 2884). Both acids
are obtained in the disintegration of /-Tryptophane, g-Indylalanine,

C—CH,CH (NH,)CO,H

CaH¢<>CH , m.p. about 289° a hydrolytic fission pro-
' NH

duct of most proteins. Iron chloride oxidizes it to g-indole alde-
hyde, which formed the basis for its synthetic preparation. On the
analogy of hippuric acid, it combines with benzaldehyde, sodium
acetate, and acetic anhydride to form a-benzoylaminoindylacrylic
acid lactone, which, on splitting up with caustic potash and reduction
with Na and alcohol, splits off the benzoyl group and yields racemic
tryptophane (Ellinger, B. 40, 3029; C. 1908, I. 2180).

CgHN.CH:C—N:C.C4H, CgH(N.CH:C.NH.COC(H; CgH(N.CH,CH.NH,
€0—0 COONa COOH

Under the influence of the bacteria of putrefaction, tryptophane
splits off CO, and passes into w-amino-p-ethylindole, C;H,N.CH, .-
CH,NH,, m.p. 146° also obtained synthetically from the phenyl
hydrazone of y-aminobutyraldehyde by heating with ZnCl, (C. 1911,
I. 1061). In the dog’s body tryptophane is converted into kynurenic
acid, or y-hydroxyquinoline-g-carboxylic acid (¢.v.).

On polypeptides of tryptophane, see B. 42, 2331, 4320.

N-Methylindyl-g-acetic acid, m.p. 129°, from N-Methylindole with
diazoacetic ester (C. 1899, I. 1073).

o o C(CH)

A pp-Diethylindolenine-a-carboxylic acid, CaHa\N

obtained from pg-diethyl-a-methyl-indolenine by oxidation, or from
the corresponding aldoxime, produced from ppg-diethyl-a-methyl-
indolenine with N,0, (C. 1899, I. 280; 1900, I. 867).

9. Oxyindole Derivative.—Indoxyl, p-Hydroxyindole, C,1, G0 Ycr,

yellow crystals, m.p. 85°, is formedfrom indoxylic acid on heating with
water, with rejection of CO, (B. 85, 1701). By direct synthesis,
indoxyl is obtained from methylanthranilic acid, CH,NHC,H,COOH,
and from phenyl-glycine, CCH;NHCH,COOH, by fusing with sodium
amide (compare indigo syntheses and C. 1903, I. 110, 1II). The
indigo-forming ¢ndican contained in the indigo plant is probably a
glucoside of indoxyl (C. 1900, I. 1204; II. 874; 1910, I. 450). Indoxyl
dissolves in water with a yellow fluorescence. It is rather unstable,
and easily resinifies. In concentrated HCl it dissolves with a red

2
"\CCOOH. is
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colour. In alkaline solution it soon oxidizes in air to indigo blue; the
oxidation is accelerated by ferric chloride:

2CsH,ON +20 = (CgH;ON), +2H,0.
Indoxyl. Indigo Blue.

On heating with potassium pyrosulphate, indoxyl forms the
potassium salt of indoxylsulphuric acid, CgH{N.0.SO,K, also found
in the urine of plant-eating animals, and in human urine (urine indican)
after the consumption of indole. On heating with acids the salt dis-
integrates with re-formation of indoxyl, which, on treating in the cold
with a little FeCl,, forms indigo blue (test for indoxylsulphuric acid
in urine). Synthetically, the potassium salt of indoxylsulphuric acid
has been obtained from phenylglycine-o-carboxylic acid by fusion with
potash and subsequent treatment with potassium pyrosulphate. .

On shaking up the potash melt of phenylglycine-o-carboxylic acid
with benzyl chloride, ON-dibenzyl-indoxyl is formed, m.p. 166° (C. 1897,
I. 862). Acetic anhydride and free indoxyl yield N-acetyl indoxyl,
CgH,ON(COCH,), m.p. 136°, and in alkaline solution O-acetyl indoxyl,
C,HN(OCOCH,), m.p. 126°. ON-Diacet-indoxyl, m.p. 82° {from
N-acetylindoxyl, and also from anthranilino-acetic acid with acetic
anhydride (B. 34, 1854; C. 1902, II. 491).

For the action of halogens upon indoxyl, see C. 1902, I. 1344.
Indoxylaldehyde, CGH.<§(OH) MC.CHO, brilliant necedles decom-

posing at 160°, is formed on fusing indigo blue with caustic alkalies,
besides anthranilic acid, with which it combines in the presence of
acids with elimination of water to form the so-called chrysanilic acid,
C¢H,ON.CH : NC;H,.COOH (B. 43, 1971).

Indoxylic acid, ceH4<§(§H)>c.c00H, m.p. 123° with dec., is
formed by fusion of its ethyl ester with caustic soda. The ester is
prepared:

1. By (NH,),S reduction of o-nitrophenylpropiolic ester or its
transposition product isatogenic acid ester. An intermediate member
of this series is indoxanthenic acid ester (B. 15, 745), obtained by oxidiz-
ing indoxylic acid ester:

C=C.CO,R C(OH)
C°H'{No, s CSH‘{ NH‘><: .CO;R.

2. By condensation of anilino-matonic ester on heating to 260°-
265° (B. 81, 1816).

COOR . C(OH)
> CeH CCOOR.

COOR ¢ ‘{NH—>

3. Industrial importance attaches to the formation of indoxylic

acid from phenyl-glycine-o-carboxylic acid by heating with caustic
alkalies:

C,H,NHCH

(2

/COOH NaOH

C(OH)\,
CH H.
**\NHCH,CO0H

>C, < e _JCCOOH.



BENZOPYRROLE GROUP 57

The esters of phenylglycine-o-carboxylic acid are condensed to in-
doxylic acid esters by merely treating with Na ethylate solution. The
N-acidyl and N-alkyl derivatives act even more easily. From the
latter we obtain N-alkyl indoxylic acid ester (B. 85, 1683, 1699).

On heating with conc. H,SO,, indoxylic acid ester gives indigo-
sulphonic acid quantitatively; this is converted into indigo by heating
with alkali and blowing air through. On heating indoxylic acid ester
to 240°-260° it is, like indole-a-carboxylic acid, converted into a
bimolecular imide anhydride (B. 85, 524).

It possesses a phenol character, which is indicated by its solution
in alkalies, from which it is again precipitated by carbon dioxide.
Ethyl iodide converts the salts of indoxylic ester into ethyl indoxylic
ester, CgH;(OC,H,)N.CO,R, which by saponification with baryta-
water forms ethyl-indoxylic acid. This acid loses CO, when it is
heated, and becomes O-ethylindoxyl, C;Hy(OC,H,)N, which resembles
indole in its chemical behaviour and in its odour. When digested with
hydrochloric acid, ethylindoxylic acid yields sndoxyl, and by nitrous
acid is converted into pseudoisatoxime.

In many reactionsindoxyl, as well asindoxylic acid, yields products
which are derived from pseudoindoxyl, or g-ketodihydroindole, an iso-
meride of indoxyl, so that it may be assumed that in these instances
CeH, Cﬁg}{>CH changes to C.H.<;(;>CH, (compare dihydro-
resorcinol, phloroglucinol, etc.).

In the second form indoxyl and indoxylic acid react with aldehydes,
ketones, and ketonic acids—e.g., benzaldehyde, pyroracemic acid, etc.
—with the production of so-called indogenides. The bivalent group,

C‘.H‘<§(}){>C=, is termed indogen (B. 16, 2197):

co Co N,
C,,H‘<NH>C —CH.CH, c,H,.,<NH C=C(CH,)CO,H.
Indogenide of Benzaldehyde. Indogenide of Pyroracemic Acid.

The indogenides of protocatechualdehyde and of the amino-
benzaldehydes have the character of dyestuffs (C. 1903, I. 34).

Isatin and benzene hydrocarbons also yield indogenides. Isatin
may be viewed as ¢ndogen oxide. Isatin converts indoxyl (B. 17, 976)
into the indogenide indirubin:

CO C¢H CO CeH
C"H‘<NH>CH’ * OC<cuo ‘>NH—> C‘H‘<NH>C =C<c:) ‘> NH,
¥-Indoxyl. Isatin, Indirubin.

which is isomeric with indigo blue. The latter is also produced by
the oxidation of indoxyl (p. 55); hence it may be viewed as diindogen:

CO CO N\
= H,.
C"H‘<NH C=Can /Ol
Indigo Blue (Diindogen).
.

Similarly, from indoxyl-and thionaphthenquinone we obtain

p-thionaphthen-a-indole indigo, CGH.<§I(I_)I>C=C<§:)}E>S (M. 29,
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375), and from indoxyl and acenaphthenequinone the violet
acenaphthene-a-indole indigo, C,H,<{%>C:c< ng, (B. 41, 3332).

p-Ethoxy-a-methylindole, C;H;N(O.C,H,)(CH,), melting at 142°, is
obtained from ethoxyacetone phenylhydrazone, CCH;NHN : C(CH,)CH,-
OC,H; (B. 25, R. 417).

N-Hydroxyindole-a-carboxylic acid, melting at 159° with decom-
position, is isomeric with indoxylic acid. It results on boiling
o-nitrobenzylmalonic acid with sodium hydroxide:

NO, /N(OH)
C°H‘<CH,—CH(COOH), > CH cn >C(COOH)'

as well as by the reduction of o-nitrophenylpyroracemic acid with
sodium amalgam. It is readily reduced to a-indole carboxylic acid.
Potassium permanganate oxidizes it, with the possible intermediate
production of phenylhydroxylamine-o-carboxylic acid, to o-azoxy-
benzoic acid, while with chromic acid it yields isatin. It can be very
easily acidylated or alkylated in the NOH-group.

N-Methoxyindole-a-carboxylic acid, melting at 185° with decom-
position, is also reduced to indolecarboxylic acid, and oxidized by

. . e g CO— o e

chromic acid to N-methoxy-y-isatin, C.H, N(OC Ha)>co' consisting
of red needles, melting at 110°. Bleaching powder, hydrogen peroxide,
etc., convert N-hydroxyindolecarboxylic acid into indoxin. This is a
blue-coloured, unstable dye, very similar to indigo, but soluble in
alkalies. When it is dissolved in concentrated sulphuric acid and the
diluted solution is allowed to stand exposed to the air, indigo separates.
The yield is good (B. 29, 639; 30, 1045, 1052).

a-Phenyl-hydroxyindole, C;H;N(C,H;)(OH), melting at 175° is
formed in the action of concentrated sulphuric acid upon benzoin
oxime.

Hydro-indole Derivatives.—Indole may, though with some difficulty,

be reduced electrolytically to dihydro-indole, ¢ndoline, C.H.<§I;I{'>CH,.

b.p. 221°, which can also be obtainedfrom N-methylindoline by heating
with HI and phosphorus (C. 1905, II. 335; 1908, 1I. 1263). IN-Benzoyl
indoline, m.p. 119°; nifroso-indoline, m.p. 84°. The reduction of the
alkylated indoles is more easily effected electrolytically or with Sn and
HCl. The hydro-indoles or indolines show a behaviour differing con-
siderably from the mother substance. They closely approach the
alkylated awilines, and are related to the tetrahydro-quinolines (g.v.)
containing a six-membered hydrogenated pyridine ring condensed
with the benzene nucleus (cyclic homology; compare B. 26, 1285).
By means of silver sulphate the dihydro-indoles can be oxidized back
to indoles (B. 27, 827). N-Methylindoline, C;H,N(CH,;), b.p. 216°
(A. 239, 246).

Dihydromethylindole, a-methyl-indoline, C,H,,N, b.p. 227° has
been split up into optically active’ components by means of bromo-
camphorsulphonic acid (C. 1904, IL. 1657). On heating with HI
and phosphorus it yields o-propyl-aniline (C. 1898, II. 714). With



BENZOPYRROLE GROUP 59

malonic acid ester it yields a tricyclic condensation product (B. 26,

1298): -
'3 2 >CHCH

Cch{[X]CH’ CHCH,+ ROOC\CH >CGH3{[2]N‘“/‘_1 8
[3]CO.CH,.CO

[2INH ROOC /%

a, f-Dimethylindoline, C, H;;N, b.p. 229°. N-Methyldihydro-3-
naphtho-pyrrole, C,,H,,N(CH;), m.p. 41° (see B. 39, 3140).

a,a=Dimethylindoline, C.H.<§%’>C(CH.)1, b.p. 210° is formed
on distilling o-isopropylaminobenzyl alcohol. The isomeric pg-di-
methylindoline, m.p. 35°, b.p. 228° is obtained by the reduction of
Bp-dimethylindolinone, or, better, from the condensation product of

isobutylidene phenylhydrazone, thetrimolecular g g-dimethylindolenine,
C(CH
C.H‘<N(_I)’\CH} by reduction (M. 18, 115).

N, B, ﬁ-Trialkyl-a-al’kylideneindolines such asTrimethylmethyleneindo-
line, C,H, (Ii'((%}III’,))'>C :CH,, b.p.y; 129°; N-Phenyl-g, f-dimethyl-a-methy-
leneindoline, b.p.;, 208°, and others, have been obtained synthetically
from the unsymmetrical alkyl-phenyl-hydrazones of suitable ketones,
and by the thoroughalkylationof indoline ; N, 8 8-trimethyl-a-benzylidene
indoline, m.p.93°,from N g g-trimethylindolinone and benzyl magnesium
chloride (B. 38,1359). On oxidation they yield indolinones (see below).

Oxygenated Dervvatives of the Dihydro-indoles.—Indolinols and indo-
linones are also obtained synthetically from phenylhydrazine deriva-
tives (S. 743): N, p,p-Trimethylindolinole, C,, <{{Cl>c <y, mop.
95°, and N-Phenyl-g, g-dimethylindolinole, m.p. 125°, are obtained from
the unsym. phenylmethyl- and the diphenyl-hydrazone of #sobutyr-
aldehyde with alc. HI or SnCly or HCl. On heating with HCl, one
methyl group migrates, and they are ‘converted into trimethyl- and
phenyldimethylindole respectively (M. 21, 156).

N gp-Trimethyl-a-phenylindolinole, m.p. 120°, from N gg-trimethyl
indolinone with C;H;MgBr (M. 27, 1223).

a-Indolinones can also be regarded as lactams of the o-amino-
phenylacetic acid series, and have been to some extent already
described as such. In this connection, special interest attaches to the
synthesis from acidyl phenylhydrazides on heating with lime (M. 18, 95,

. . CH,\((.
527; ¢f. C. 1910, I. 876): C,H,NH.NH.COCH,——> c.H.{NH1 >co;
Similar reactions are shown by the propionyl, butyryl, ¢sobutyryl,
and phenacetyl phenylhydrazides, and by the propionyl- and #sobu-
tyryl methylphenylhydrazides: B-methyl-a-indolinone, m.p. 123°.
p-Ethyl- and B-phenyl-indolinone, m.p. 102° and 183°; p-isopropyl-
indolinone, m.p. 106° (C. 1903, II. 887). pAp-Dimethyl indolinone,
m.p. 151°. N gp-Trimethyl indolinone, m.p. 47°, b.p. 265°, is formed
from the corresponding indolinol, and from the trimethyl alkylidene
indolines by oxidation.

Among the oxygenated hydroindole derivatives we may specially
mention the following substances, forming a transition to indigo blue
or indigotin:
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1. Oxindole, a-tndolinone, C.H, <§¥{’>CO, obtained from aceto-
phenylhydrazide with lime. It was first obtained by the reduction of
dioxindole, and easily reverts to the latter in air. It therefore reduces
ammoniacal silver solution. With N,O, it forms isatoxime, which on
reduction becomes amino-oxindole and by subsequent oxidation isatin:

CH, J C:(NOH) CH(NH,) co
c.H.< '>co N30 -»"GH,< ¢ >co H,eul ™ ’>c09—>c.H.< >co.
NH NH NH NH

Oxindol. Isatoxime, Aminooxindole, Isatin.

Oxindole combines with aldehydes and ketones with elimination of
water to form coloured compounds showing geometrical isomerism
with the indogenides from indoxyl. These are called iso-indogenides.

Benzal-oxindole, NH<86H‘>C : CHC¢H,, sulphur - yellow needles.

melting at 176°. From oxindole and isatin we obtain a substance
isomeric with indigo blue and indirubin.

Isoindigotin, NH g°H‘\C'C<80H‘>NH (C. 1909, L. 1575; I1. 832).

Oxindolealdehyde, CGH4<§§HO N\CoH, yellow needles, m.p. 213°, is
formed, besides thio-salicylic acid, in the fission of thio-indigo scarlet
with alkali (B. 43, 1974).

2. Dioxindole, C,H.<§I£II‘_O_I:I>CO, is obtained from nitromandelic

acid and from isatin by reduction with zinc dust and acetic acid (B. 87,
038). Oxidation converts it back into isatin and isathide (see below).

p-Alkyl- and aryl-dioxindoles, CH <C (OH) R>Co have been obtained

by transforming isatin by means of organo-magnesium compounds
(C. 1910, II. 1140). -

CH
3. N,a=Dioxindole, C, H y N(OH >CO colourless rhombic plates, aceto-

compound, m.p. 101°, is obtamed by reducing o-nitrophenyl acetic acid
with zinc dust and sulphurlc acid. With HNO, it yields N-hydroxy-
isatoxime, m.p. 223°, from which by successive reductlon and oxida-
tion NV -hydroxyisatinis obtained. This easily transposes into the isomeric
anthroxanic acid under the influence of acids and alkalies (B. 41, 3921):

/CHy™ )> /C: (NOH) /C0—> /C COOH
CeH, CO—CH CO— CO—CgH,
() .\N(OH 6 ‘\N (OH) Cs I\ N(OH) 6 d\
N-a-Dioxindole, N-Hydroxyisatoxime. N- Hydroxyxsatm Anthroxanic acid.

4. N ,a,p-Trioxindole, C,H‘<§I({(§?1.I){)>CO m.p. 172° with dec., the

anhydride of o-hydroxylamino-mandelic acid, is formed by the re-
duction of o-nitromandelic acid with zinc dust and ammonia. On
heating by itself or warming with acetic anhydride it splits off water
and passes into isatin, while, on careful oxidation with KMnO,, it
passes into N-hydroxyisatin (B. 42, 470).

Isatin, C.H‘<§’I%>CO, or C.,H,<(§?>C.OH. Its properties are given

in Vol. I1., p. 389. The following methods for its formation may be
especially mentioned:
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1. The oxidation of indigo with nitric acid (Method of preparation,
J. pr. Ch. [2], 24, 11; 25, 434).

2. The oxidation of oxindole and dioxindole.

3. The action of alkali upon o-nitrophenylpropiolic acid, when there
occurs at first a rearrangement into ssafogenic acid, which then loses
carbon dioxide and becomes isatin:

CO

— CO.
C=C.COOH 7N\
H PR C. > .
CHi<No, > C,H4< N >O COptt— CH HCOH)
o-Nitrophenylpropiolic Acid. Isatogenic Acid. Isatin,

If a reducing agent be added to the alkaline solution of the o-nitro-
phenylpropiolic acid, indigo will result instead of isatin (see below).
4. From the easily synthesized isatin-e-anil, C6H4<§% >C: NCgH,,
isatin is obtained by heating with dilute mineral acids (C. 1900,
II. 929).
5. Oxanilide chloride, C;H;N : CIC1.CCl : NCgH;, on warming with
conc. H,SO,, passes into isatin (C. 1908, I. 1001).
Technicalimportance attaches only to the processes with trioxindole
and isatin-a-anil.
N .COOH
Behaviour.—(1) Isatoic Acid, CGH,< | , is formed when isatin
CO

is oxidized with chromic acid in glacial acctic acid solution.
Isatin yields wnitrosalicylic acid when oxidized with nitric acid.
(2) When reduced with ammonium sulphide we get first isatide,
C;6H,,N,0,, then dioxindole and oxindole.
(3) Ammonia and primary amines form Imesatins of the general

formula CsH.<N;I ~co» Which, when digested with alkalies, decompose

again into isatin and amines.

o-Phenylenediamine yields indophenazine (B. 29, 194, 1030) ; piperi-
dine yields a dipiperidyl isatin, CCH,NO(NC;H,,),, which can be con-
verted into a dye—isatin blue—similar to indigo (B. 24, 1366). (4) Isatin
condenses, further, with benzene hydrocarbons, phenols, etc., with
loss of water. It forms with thiophen the blue dye ¢ndophenin,
(C¢H;NO, +C,H,S ~H,0). Similar products are obtained with furan
and pyrrole (B. 40, 2492). (5) The dark violet alkali salts of isatin
are derivable from its lactam formula, since benzoyl chloride con-
verts them into N-benzoyl-y-isatin, m.p. 206°, and methyl and ethyl
iodides give N-methyl-y-isatin and N-ethyl-y-isatin respectively, m.p.
134° and 95°, also formed from N-methyl- and N-ethyl-indole by means
of NaOBr (B. 40, 1291). N-Acetyl-y-isatin, C;H,(C,0,)N.CO.CH,,
from isatin and acetic anhydride. (6) The hydroxyl or lactim formula-
of isatin furnishes alkali salts; from the solution of the latter silver
nitrate precipitates silver isatin, C;H,(OAg)NO, with which alkyl
iodides yield O-alkyl isatins: methylisatin, C;H,(OCH;)NO, melting
at 102°; ethylisatin, C;H,(OC,Hg)NO, melting at 88°, which can be
resaponified to isatin or isatinates. (7) Similarly, fwo isomeric

isonstroso-compounds are derived from isatin: isatoxime and pseudo-
1satoxime.
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C =NOH .
Isatoxime, C"H‘<N>COH, melts at 202° with decomposition. It

is prepared from isatin and hydroxylamine; or from oxindole by
action of nitrous acid, and when reduced it yields so-called amino-
oxindol, which can be oxidized to isatin. By the successive action of
cthyl iodide upon the silver salt we obtain a mono- and a diethyl deriva-
tive from which isatin (B. 18, 1706) is formed after saponification,
which would indicate that the ethyl groups are combined with
oxygen.

pseudo-Isatoxime, C,H.<§%>C=N.OH, melting with decomposi-
tion at 200° is prepared by the action of nitrous acid upon ethyl
indoxylic acid. Ethyl iodide converts it into (1) a mono- and (2) a
diethyl derivative. The first alone yiclds isatin, whereas the second is -
converted into N-methyl-y-isatin:

CO.C(N.O.C.Hy) CO.C(N.0.CH,)
L el and II. c.H,<
NH H .C,H,
Psgudoisatin-ethoxime. N,-Ethyl-y-isatin-ethoxime.

The reduction of N-ethyl-y-isatin-ethoxime produces N-diethyl
indigo (B. 16, 2201).

A dioxime is formed by N-acetyl-y-isatin and hydroxylamine. See
B. 29, 1030, for isatin semicarbazone, C;H,NO(: NNHCONH,).

Isatin - § - phenylhydrazone, C,H,NO(: N.NHC.H,), m.p. 211°
from isatin and phenylhydrazine; the isomeric pseudo-isatin phenyl
hydrazone, isatin-a-phenylhydrazone, m.p. 236°, has been obtained by
transposition of o-methylisatin with phenylhydrazine or by the action
of diazobenzene chloride upon indoxyl (B. 40, 1298).

(8) In a similar manner, two position-isomeric isatin anils are

. o . . C (NCgH\ i
derived from isatin: Isatin=- g -anil, C‘H‘<NH /CO, golden
yellow prisms, m.p. 221° and isatin-g-anil, occurring in two modi-
fications, yellowish-brown flakes and violet prisms respectively, m.p.
216°, probably corresponding to the lactam and lactim forms of isatin

. O C
according to the formulea: C“H‘<I(~:IH>C :NCgH;and CGH4< NO>C .NHC,Hj;

on heating, the former passes into the latter. Isatin-e-anil is obtained
from isatin chloride or O-methylisatin with aniline, or from indoxyl or
indoxylic acid with nitrosobenzene (B. 42, 4269). Industrially, a start
is made with diphenyl thiourea, which, on eliminating sulphur by
means of lead carbonate, gives carbo-diphenylimide. This passes into
its hydro-cyanide on treating with alkaline cyanide and HCN. The
hydro-cyanide, treated with yellow Am,S, yields a thiamide, which on
heating with conc. H,;SO,, condenses to isatin-a-anil (C. 1900, II. 928,
929, 1250; 1901, I. 71; D.R.P. 113979):

CoH, NH: _m,s  CsHsNH\ CeHsNHN {co \
— A C.CN— C.CSNH,~C H C:NCH;.
C¢H,NH +HCN C‘H,N/ C.!'ISN 7/ R P etlp

Finally, isatin-e-anil is also obtained by condensation of the body
resulting from the action of aniline and hydroxylamine upon chloral.
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isoNitroso-ethenyldiphenylamidine, g:g:N}I}I}C.CH:NOH. with  conc.

H,SO, (C. 1900, II. 929).

With H,S in ‘acid solution, isatin-a-anil yields a-thio-isatin,
C4H,(C,0SNH), which easily gives up sulphur and yields indigo, and
in alkaline lead solution gives isatin (C. 1902, I. 1429).

Am,S reduces isatin anil in the cold to indoxyl, and on heating to
indigo (B. 48, 1379). Reduced with sodium hydrosulphite, the isatin
amles take up two H-atoms and pass into the colourless isatin-lenca~
nils, C;H,NO.NHC,H;, which re-oxidize to isatin anils in air (B. 43,
1370). Isatindianil, C;H,(C : NC,H,),NH, m.p. 210°.

(9) On heating isatin with PCl, in benzene solution we obtain isatin
chloride, ¢, S >ccl m.p. 180° with dec., which dissolves in

ether with a blue colour. Reduction with HI in glacial acetic acid or
zinc dust converts it into indigo blue :

CO CO CO
\ <4HV / \ — / \ 2
zc,H,<N: pcci! >CH pe=C{ POl 2HOL

Similarly, the isatins substituted in the benzene nucleus give rise
to substitution products of indigo blue: Dibromo-, dinitro-, dimethyl
indigo blue.

(10) With substances containing a rcactive methylene group, isatin
condenses with climination of water to form indigoid dyes, resem-
bling indigo in structure and bchaviour. Thus, isatin and indoxyl

give Indirubin, C°H4<1(\:I(})I>C : C<g'g{‘>NH, and isatin and g-hydroxy-

thionaphthene give the industrially important Thioindigo-scarlet-R,
e (§O>c eCdlednm (M. 29, 376); while in tl f isati
H s )C: 3y ) . 29, 376); while in the case of isatin
itself it is always the carbonyl in the p-position which reacts;
a-isatin derivatives like isatin chloride, isatin-q-anil, and O-methyl
isatin split off HCl, C,;H;NH,, and CH,OH, and yield the geometric-
ally isomeric dyes. Thus, indoxyl gives indigo blue, and g-hydroxy-
thionaphthen yields a-thionaphthen-a-indole indigo, Ciba = Violet,
50 0c: S e, (M. 29, 377 31, 55).
Reactions with isatin chloride and isatin anilide are also shown by
phenols which tend to pass into the keto form, like e- and g-naphthol,
anthranol, «- and g-anthrol, resorcinol, etc. They usually form blue

to bluish-violet indigoid vat dyes. (P. Friedlinder, M. 29, 375, 387;
30, 271, 871) e.g.:

co , co
CHCO—C=C<yj3>CeH, CH——CO—C=C <3y >CeH,

\CH=CH C(OH).CH =CH
apB-Naphthoquinone indogenide. Hydroxy-o-benzoquinone indogenide.

_ Alkalies break up these dyes more or less easily into anthranilic
acid and the corresponding aldehydes:

C(OH) : C.CHO , HOCO (. y
CH=—=CH + HgN o

Compare the analogous breaking up of indigo blue (below).

CO
CH, CO—C=C <nNH>CeH,

CH=CH > C'H‘<
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a- and g-Naphtisatin, C, H(C,0,)NH, m.p. 255° and 248° (sce B. 21,
117; 86, 1736; C. 1904, II. 71). o

Indigo blue (Indigotin), c.,H.<§I%>C=C <Nh >CeH,, constitutes

the principal ingredient of commercial Indigo, derived from different
Indigofere, from woad (Isatis tinctoria), and from the Sudan gara
(Lonchocarpus cyanescens). It occurs in these plants as probably
aglucose compound of indoxyl, CgH,ON(C,H,,0;), called tndican, which
splits up into glucose and indoxyl when boiled with dilute acids, or
if acted upon with a ferment. If the various portions of the plant be
covered with water and exposed to the action of the air, the indoxyl is
oxidized to indigo blue (C. 1898, II. 203; 1900, I. 1294; II. 874; 1909, II.
218; B. 85, 4338). Much synthetic indigo is now made in Germany,
and has largely displaced the plant indigo from Bengal, Java, and
Central America. )

Commercial indigo contains, in addition to 20-9o per cent. of
indigo blue, various other substances, which have not been well
studied, like indigo gluten, indigo brown, and indigo red, which are
removed by successive treatment with dilute acetic acid, caustic
potash, and hot alcohol.

A better procedure consists in first reducing indigo by means of
grape-sugar and sodium hydroxide to soluble indigo white, which can
then be oxidized to indigo blue by the exposure of the alkaline solution
to the air, when the indigo blue will separate in a pure condition (A.
195, 305).

History.—Indigo was in ancient times highly prized as a dye
by the Oriental nations (Dioscorides, Pliny: ivdwov, indicum). In
Europe it found general application in dyeing, from the opening up of
sea-intercourse with the East Indies in the sixteenth century. To-day
the production of indigo from plants, chiefly in Bengal, Java, Central
America, is about 8,300,000 kg., equivalent in money to about
$20,000,000.

In the period of the alchemists indigo was quite frequently con-
sidered in Europe as a mineral or metal (compare Schultz: Steinkohlen-
theer, 2 Auflg., II. 883), presumably because of its copper-like lustre.
More careful investigations into its chemical nature were first instituted
in the last century. Erdmann and Laurent observed simultaneously
(x841) that nitric acid oxidized indigo to isatin, while Fritzsche found
(1848) that aniline resulted when it was distilled with caustic potash.
Baeyer and Knop (1865) reduced it to dioxindole, oxindole, and indole.
The latter body Baeyer and Emerling (1869) obtained synthetically
from o-nitrocinnamic acid, and when Nencki (1874) succecded in
oxidizing indole to indigo with ozone, the first synthesis of this interest-
ing compound was achieved (compare, however, Engler, B. 28, 312).
Baeyer and his students (1870-78) demonstrated the constitution and
synthesis of oxindole or o-aminophenylacetic acid lactam, its conversion
into isatin, as well as various methods for the conversion of isatin into
indigo blue. Claisen and Shadwell (1879) also obtained isatin from
o-aminobenzoylformic acid. Baeyer (1880-82), by a series of new
syntheses of indigo, produced more certain evidence of its constitution
and found easy methods for its production.
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Out of the many indigo syntheses since devised, that of indigotin,
discovered by Heumann in 189o from phenylglycine or phenylglycine-
o-carboxylic acid with alkali fusion followed by oxidation, has gradu-
ally attained an industrial importance (see C. 1901, I. 1325).

SYNTHESES OF INDIGO BLUE.

Most methods in the direct synthesis of indigo start from isatin
or indoxyl and their derivatives; even plant indigo probably owes its
formation to an oxidation of indoxyl.

(1) Indoxyl is oxidized to indigo:

2C3H4<§(§fll>CH +20=CH,(§I c =GR OCH, +2H,0.

Indoxyl and its derivatives are prepared industrially in two ways:

(@) The first of these is based upon Heumann'’s discovery (1890) of
the formation of indoxyl from anilino-acetic acid or phenylglycine,
C¢H;NH.CH,COOH, by alkaline fusion. By an addition of sodium
amide the fusion-point is lowered and made suitable for large-scale
operations (C. 1903, I. 110).

Analogous to phenyl glycocoll are tolyl-, xylyl-, naphthyl-, and
phenyl methyl-glycocoll, which form derivatives of indigo blue; with
fuming sulphuric acid these bodies form the corresponding indigo
sulphonic acids (B. 23, 3043, 3431; 24, R. 380; 25, R. 488; 26, 2547,
R. 633). Hydroxyethylaniline, CCH.NH .CH,CH,OH (C. 1906, 11. 386),
Ethylendianiline, CH,NHCH,.CH,NHCH; (C. 1910, I. 1200), Phenyl-
hydantoin (C. 1902, II. 173), Bromacetanilide, C;H;NHCO.CH,Br,
and diphenyldiketo-piperazine, fused with potash, also yield indoxyl
(B. 28, 3289; C. 1900, II. 581; 1902, I. 476; 1904, I. 771). This
group of syntheses also comprises the formation of indigo from

ethyleneanthranilic acid, C.H4<§gggzcgg&{ >C4H,, by fusion with

potash (B. 28, 1685).

(5) Another method of preparing indoxyl and its derivatives starts
from anthranilic acid (g.v.). The latter is derived from the naphthalene
abundantly contained in coal-tar. On oxidation with H,SO, and
mercury, it gives phthalic acid anhydride, which is converted into
pl}thalimide with NH;, and then with bromine and alkali into anthra-
nilic acid:

: 0 COOH
cH (& SH— et E5>0—> H (LG ONH —> C,H, N
° .

The anthranilic acid is (1) heated with chloracetic acid; or (2) con-
densed with formaldehyde and HCN and then saponified; or (3) fused
with polyhydroxyl compounds like glycerine, mannitol, glucose, cellu-
lose, etc., and caustic potash (B. 48, 2774). The result of these pro-
cesses is anthranilino-acetic acid or phenylglycine-o-carboxylic acid,
CeH, < g%%ll-l{,COOH’ which on further fusion with p.otasl'l with
exclusion of air or by heating with acetic anhydride passesinto indoxyl

derivatives, and further into indigo, as sketched above (see also the
VOL. III, F
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syntheses of indoxyl carboxylic ester and its conversion into indoxylic
acid and indoxyl, above).

(2a) Isatin may be converted into isatin chloride and then with
Zn dust into indigo, or isatin-g-anil is reduced to indigo with Am,S
(C. 1901, 1. 867):

2C.H‘\NH>C NC.H, +4H= C.H‘\NH > c<NH DCJH, +2CH,NH,.

(2b) Isatin chloride and isatin-a-anil condense to indigo when
heated with indoxyl in benzene or glacial acetic acid, splitting off
HCI and aniline respectively:

C(OH) CcO (¢0]
{ NHL_ >C,H‘—C,H‘< H>C:C<NH>C,H4+C,H,NH,.

This method permits the preparation of unsymmetrically substi-
tuted indigotins.

The following older syntheses (3), (4), and (5) of indigo, carried out
by A. v. Baeyer and his assistants, have hardly more than a theo-
retical interest:

(3) o-Nitrobenzaldehyde condenses with acetone to form g-hydroxy-
o-nitrophenylethyl methyl ketone, which is by alkalies clearly split up
into acetic acid, water, and indigo blue:

2C,H, {CH(OH JCHLCOCH, _c. 1, { (2 oC: g CoH +2CH,CO0H +2H,0.

(4) o-Nitrophenylpropiolic acid is transposed into isatogenic acid
by alkaline reducing agents and, further, to indigo with loss of CO,.

C'CCOOH__ _ (CO_CCOOH co co
—>2C,H —>CH c:c H,.
L P et N‘_/é Cotle NH> Sxm) &

(s}
C,H‘\{ NH>C : NCgH; +CH{

(5) o-Nitrophenylpropiolic acids can also be converted into o-
nitrophenylacetylene by elimination of CO,, whereupon its Cu com-
pound is condensed by potassium ferricyanide to dinitro-diphenyl
diacetylene ; the latter is converted by alkali into di-isatogen, and by
reduction into indigo:

cc.CC C.C. O CcO N CO
C‘H‘ Cng" C.H4 / I ‘ 8H4—’CQH4 /C C\ C6H4
NO,NO O—N NH NH

IN 2
(6) On carefully heating o-mitro-acctophenone, CqH,(NO,)COCH,
with Zn dust a sublimate of indigg is formed in small quantities.
Benzylidene - o - nitroacetophenone, CgH,< COCH CHCHy mol.),
splits up into indigo and benzoic acid under the influence of sunlight
(B. 28, 2497).
(7) o- Nitrobenzoylacetic —acid, C4H,< %% CH,.COOH ' g its

esters pass into indigo on heating with caustic alkalies and adding
reducing agents (C. 1908, II. 920).

(8) N-Hydroxyindolecarboxylic acid, obtained from o-nitrobenzyl
malonic ester or from o-nitrophenylpyroracemic acid, passes into
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indigo on treating it with conc. sulphuric acid and oxidizing
in air:

CH,COCOOH

2CeHa o,

CH— co co
—>2C,H‘{N(o H)\/CCOOH—>C.H.{NH>C:C NH}C,H,.

Constitution of Indigo Blue.—The formula adopted for indigo is
based upon the following facts:

1. The vapour density corresponds to the molecular formula
C16H10N:05. . o . i

2. The ready formation of indigo blue from indoxyl and isatin, as
well as its easy conversion into these bodies and into other indole
derivatives, is an argument in favour of the view that the indigo

formula is produced by the union of two groups: C.H.<§>C.

3. That these two residues must be linked to each other by C-union
is evidenced by the synthesis from di-(o-nitrophenyl)-diacetylene (see
above), which would indicate that diphenyldiacetylene, C;H,C C—C -
C.CgH;, is the parent hydrocarbon of indigo.

4. The formation of N-diethyl indigo from N-ethyl-y-isatin shows
the presence of NH-groups.

Properties.—Indigo blue is a dark-blue powder with a reddish
glimmer; it becomes metallic and copper-like under pressure. It
sublimes in copper-red, metallic, shining prisms. It is insoluble in
water, alcohol, and ether, in alkalies and dilute acids, and is odourless
and tasteless. It dissolves in hot aniline with a blue, in molten
paraffin with a purple-red, colour (this behaviour recalls the various
colours of iodine solutions), and can be crystallized from these solvents
in rhombic, strongly dichroic crystals (C. 1900, I. 771). It crystal-
lizes from hot oil of turpentine in beautiful blue plates. Heated at
the ordinary pressure, it partially decomposes and is converted into a
dark-red vapour. The same occurs with decomposition under 30 to
40 mm. pressure. See B. 18, 1426, for the absorption spectrum of
indigo and its derivatives.

Woollen goods are dyed in two ways with indigo: (1) The wool is
immersed in the aqueous solution of indigotin sulphonic acid, which
fixes itself directly (Saxony blue dyeing); or (2) the indigo blue is
changed by fermentation to indigo white (indigo vat), the cloth
saturated with the latter and exposed to the air, when indigo blue
forms and sets itself upon the fibre.

Indigo combines with both acids and alkalies. Thus, by dissolving
indigo in glacial-acetic-sulphuric acid and adding ether, the crystalline
sulphate, C;¢H,,N,0,.50,H,, is obtained (A. 825, 196).

On treating indigo with conc. aqueous caustic soda or sodium
alcoholate solution at ordinary temperature, we obtain an addition
product, C;¢H;(N,0,.NaOH, in the form of a dark-green powder dis-
sociated by water, which, on strong action by alkali, splits up into
a-indoxyl aldehyde and anthranilic acid (B. 43, 1971):

HO
C(ON -
C.H.<N(H a)>c—c<§%>c.ﬁ.(e)—> C,H4<§(IEI)_I:I_)>C.CHO + H%fg>c.ﬂ..
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Derivatives and Substitution Products of Indigo Blue.—Compare
Ch. Ztg. 85, 1158.
The substituents are usually indicated by the following scheme:

4
N
5 —C CO—-
Eeie O
7

On treating with alkaline hydroxylarnme solution indigo gives a
monoxime, C,¢H; N,O(NOH), brownish-violet needles, m.p. 205° with
dec. (B. 31, 1252).

Symmetrical substitution products of indigo have been obtained
from substituted phenylglycines (B. 41, 3796), phenylglycine-o-car-
boxylic acids, isatins, o-nitroacetophenones, o-nitrophenyl lactic acid
ketones, etc.; unsymmetrical ones by condensation of substituted
isatin chlorides and a-isatin anils with indoxyl. Special technical
interest attaches to the halogenated indigotins, out of which those
substituted in the 5 and 7 positions are particularly distinguished by a
greenish tint and great permanence. Substitution in the 6-position
yields reddish-violet dyes: 5,7,5",7 -tetra-chlorindigo, Brilliant Indigo,
and 5,7,5',7'-tetra-bromindigo, Ciba Blue.

They can be obtained by the direct halogenation of indigo in the
absence of water, best in warm nitrobenzene solution (C. 1908, I. 1014);
or in conc. H,SO, or cold chloro-sulphonic acid; or by the action of
halogen upon the sodium bisulphite compound of dehydro-indigo
(B. 42, 4408; 43, 937). A special interest attaches to 6,6’-dibrom-
indigo, dark violet crystals with a coppery lustre, which has been
found to be identical with the purple of antiquity, gathered from the
secretion of the Purple Snail, Murex brandaris. It colours the fibre
a dark violet merging into red (Friedlinder, B. 42, 765). %,7'-Di-
methyl indigo (see B. 42, 3641). N-Dimethyl indigo, (C;H,: C,ON.-
C,Hj),, from ethyl-y-isatin ethyl oxime.

a- and p-Naphthindigo are produced from naphthylglycines by
fusing with alkali and subsequent oxidation according to method
(1a) for indigo blue (B. 26, 2547). Also from the naphthindoxylic acid
esters obtained from naphthyl-amino-malonic acid esters (B. 32, 1236).

In conc. sulphuric acid, indigo dissolves with a green colour. Only
after prolonged heating of the solution does indigo monosulphonic acid,
“ Pheenicinsulphuric acid,” C,;HgN,0,.S0O,H, appear, which is precipi-
tated by water as a blue powder, and forms salts soluble in water.
Indigo disulphonic and trisulphomnic acids (C. 1899, II. 1052) are pro-
duced by strongly fuming sulphuric acid; the disulphonic acid forms
alkali salts soluble with difficulty in salt solutions. It is used com-
mercially under the name of Indigo carmine as a kind of dough. That
the sulpho-groups of this acid are in the p-position towards the two
imino-groups results from the synthesis of disulphonic acid by means
of anthranilino-acetic-p-sulphonic‘acid (B. 34, 1860).

Indigo-dicarbozxylic acid, C,,H;N,0,(COOH), is formed from o-nitro-

phthalaldehydic acid, C.H,(COOH) <§%?, as indigo is formed from
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The oxidation of indigo with PbO,, Ag,0, or KMnO, in indifferent
solvents (best on adding a little glacial acetic acid) produces dehydro-

indigo, C,H.<({?>C——C<CI\? C.H,, m.p. 210°-215° with dec., dark

yellow plates. It is much more soluble in organic solvents than
indigo, has a strongly oxidizing character resembling quinone, and
easily reverts toindigo by reduction. It combines with two molecules
of acid to light yellow salts. With sodium bisulphite it yields a
beautifully crystailine addition product, C;yHgN,0,,2NaHSO, +2H,0,
of a brilliant” canary colour, from which halogenated indigotins are
obtained by halogenation in aqueous solution and subsequent decom-
position of the resulting bisulphite compounds by boiling in dilute
acids (B. 42, 3642, 3653).

. Indigo white, C,,H,,N,0,, is obtained by the reduction of indigo
blue with Zn dust and alkali, hydrosulphite, or electrolysis (C. 1899,
II. 235). It can be precipitated from its alkaline solution by hydro-
chloric acid (air being excluded) as a white crystalline powder, soluble
in alcohol, ether, and the alkalies, with a yellowish colour. As it
results from indigo by the addition of two hydrogen atoms, and
because of its phenol-like nature, it is represented by the formula of a

di-indoxyl : C,,H4<%I(I({)H~)>C—C<(§I(S_}_{_)>C.,H,. It rapidly re-oxidizes

to indigo blue by exposure to the air. On acyl derivatives of indigo
white, see B. 84, 1858; 38, 2762.

Indigo red and indigo purpurin are isomerides of indigo blue. The
first occurs in commercial indigo, while the second is produced, together
with indigo, from isatin chloride.

Indirubin, the indogenide of pseudo-isatin, and indin, formed from
isatide by fusion with caustic potash, or from dioxindole, are identical
with indigo purpurin (B. 28, 540).

8. Dibenzofuran, diphenylene oxide,
CH CH
e’ Ne /T NeH

| If [ )
CH\CH/C\O/C\CH/lH :

melting at 81° and boiling at 288°, occursin small quantities in “ stubb-
fat,” and may be obtained synthetically (1) by distilling phenyl
phosphate with lime; (2) by the same treatment of phenol with lead
oxide; (3) on conducting phenyl ether through tubes heated to redness;
(4) by decomposing the diazo-derivative of 0-amino-phenyl ether with
sulphuric acid (compare B. 29, 1876)4 and best by the action of dilute
acids upon the tetrazo-compound of o-diamino-diphenyl (B. 25, 2746):

NgOs

CQH‘\NHs NH’/"’GHC >CCHI\O/CGHI'

Bromine converts diphenylene oxide into dibromodiphenylene oxide,
melting at 185°. Fuming nitric acid changes to dinitrodiphenylene
oxide, melting at 200°. Diaminodiphenylene oxide, melting at 188°,
yields valuable substantive azo-dyes. Acetyldiphenylene oxide melts
at 81° (see B. 24, R. 744).
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9. Dibenzothiophen, diphenylene sulphide,
CH. H
@/ —
I .
CH C H
NewNgNen”

melting at 97° and boiling at 333°, is produced when phenyl disulphide,
(C¢Hy),S,, and phenyl sulphide, (C4H,),S, are distilled through tubes
heated to redness. Chromic acid oxidizes it, in contradistinction to
thiophen, to diphenylene sulphone, (C,H,),SO, melting at 230°.
Dinaphthothiophen, G f/cm ®, melting at 147° is constituted

S
analogously to dibenzothiophen. It results when concentrated sul-
phuric acid acts upon dioxydinaphthylene sulphide (B. 27, 3002).
10. Dibenzopyrrole, diphenyleneimine or carbazole,

H CH
e’ N\ ¢ Nen
o A A
Nen” Swr” Nen”’

’

melting at 238° and boiling at 351°, occurs in crude anthracene. It is
withdrawn from it as potassium carbazole by fusion with caustic
potash. It may be synthesized:

(1) By conducting diphenylamine through tubes heated to redness;
(2) by heating thiodiphenylamine with copper in powder form; (3) by
distilling o-aminodiphenyl with lime (B. 24, 306); (4) by heating o-
diaminodiphenyl with acids (B. 25, 133); (5) from o-aminodiphenyl-
amine through the diazo-compound. The phenylbenziminazole, pro-
duced at first, yields, when exposed to a higher temperature, nitrogen
and carbazole (A. 291, 16):

—CH,————CH

(1) CHe Nl /CoHs-\ Gy, C.-,!: )
s /—:»C,,H, e Ce et —CJ‘I‘W ot (4)

2)C,H C.H,— Carb 1 \

( ) (] I<N1{> ( et} arba2oi _CGH‘<11§.(E';I!2>N (S)

Behaviour—Carbazole gives the pine-shaving reaction and the blue
coloration with sulphuric acid and isatin, just the same as the pyrrole
and most of the indole derivatives. This and its other deportments
would justify the ¢onclusion that it is dibenzopyrrole or benzoindole—

e.g., tetrahydrocarbazole, when fused with potassium hydroxide, breaks
down into a-indolecarboxylic acid:

CH cH H H
HCI/ \i_—C/ Nen cn”MNe—° Nch, N
1 —> | I I -
H C C H  CH C H
e’ N’ Nen T New” Ny New,”t
CH
ca’ N __cu

| I I
CH\CH /c\NH /C.COH.
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Carbazole, like pyrrole, is a very feeble base. It forms a stable salt
with picric acid; the picrate melts at 182°. Nitrous acid converts it
into nitrosocarbazole, (C;H,),N.NO, melting at 84°. Heated with potash
it yields potassium carbazole, (C{H,),NK. Alkyl iodides convert this
into N-methylcarbazole, (C,H,)N.CH,, melting at 87°, and N-ethyl-
carbazole, (C;H,),N .C,H;, melting at 68°. Carbazole and acetic anhy-
dride yield N-acetylcarbazole,(C¢H,),N . COCH,, melting at 6g°. Chlorine
produces various chlorcarbazoles ; nitric acid, nitrocarbazoles (A. 202,27,
B. 29, R. 292, 650, 1112). When carbazole and oxalic acid are fused
together, Tricarbazylearbinol or Carbazole Blue results. Dimethyl
carbazole, (CH,.C,H,),NH, melting at 364°, is made from o-toluidine
by the pyrogenic method (B. 29, 2594).

Hydrocarbazoles.— Tetrahydrocarbazole, C‘H‘TH/C“H?' melting
it 119°, results from the reduction of carbazole, as well as from the
phenylhydrazone of ketohexamethylene, analogously to Fischer’s
‘indole synthesis. It behaves like an alkyl indole (compare hydro-
naphthalenes). When acted upon by alkyl 10dides or with chloroform,
it passes in a similar manner into acridine derivatives, just as the
indoles become quinoline compounds (Gaz. chim. ital. 24, 111). By the
potash fusion it, like the alkyl indoles, yields indolecarboxylic acid
(see above and B. 26, 2006). Tetrahydrocarbazolecarboxylic Acid,

C°H4\NH /C°H7‘COOH' melting at 230° is formed from the phenyl-
hydrazone of ketohexahydrobenzoic acid (B. 22, 2185). Hexahydro-
carbazole, C.,H\NH —~Cotlo: melting at 9g° and boiling at 267°, is a

strong base (A. 163, 352), just like the pyrrole and indole hydrides.
The following are similar to carbazole in method of production and
in their behaviour:

C,o)H CoH C;;H

“10 °\NH “10 °\NH C14 B\NH.

CH, ” CioHy” CH,”
Napht?;o-benzopyrrole. Dinaphtho-pyrrole. Phenanthro-benzopyrrole.

Of the three possible isomers [1,2]-, [2,1]-, and [2,3]-naphtho-
benzopyrrole, m.p. 225° 135° and 330° respectively, the first two
have been obtained from a- and g-naphthol with phenylhydrazine;
the second also from 2,3-hydroxy-naphthoic acid with phenylhydrazine
and subsequent elimination of CO, (C. 1901, II. 427); the last is found
in crude anthracene. Dinaphthopyrroles are known, with melting-
points at 155° [sym. 1,2 isomer], 231° [1,2,2",1'], and others (compare
C. 1903, I. 588, 883).

Phenanthro-benzopyrrole, ag-diphenylene indole, m.p. 189; phen=-
anthro-naphthopyrroles, m.p. 220*and 225°.

POLYHETERO-ATOMIC FIVE-MEMBERED RINGS.

The acetals and mercaptals of ethylene glycol—e.g., ethylene
ethylidene ether (L.), and ethylene ethylidene sulphide (I1.) (1. 317, 324)—
are five-membered rings with two O- or S-atoms. This is also the
case with the ethylene esters of the carbonic acid group—e.g., carbonic
ethylidene ester (111.), and trithiocarbonic ethylene ester (IV.) (I. 434),
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the ethylidene esters of a-oxyacids—e.g., lactic ethylidene ester (V.),
and chloralide, its chlorination product (VL.).

CH,—O\_ CH,—O\ CH, CH—O\_

L . CH.CH,. | IIL . co. | V. ) CH.CH,.
CH,—0/ : CH,—0/ co—o0/ :
CH,—S CH,—S\ CCl,.CH—ON

II. - H.CH,. | IV. . cs. | VI ; CH.CH,.
cH,—s/° : CH,—S/ co—o/ *

Several five-membered cyclic esters and amido-derivatives have
also been obtained from phosphoric acid (see B. 81, 1111, etc.).

AZOLES.

There is another group, of greater importance than those discussed.

It comprises the bodies containing polyhetero-atomic five-membered
rings, which are embraced under the name azoles (A. 249, 1; B. 24, 2824;
B. 22, R. 737). They contain as hetero-atoms N and O, N and S, or
only N-atoms. We may view them as derived from the monohetero-
atomic rings—furan, thiophen, and pyrrole—by the replacement of
methine groups by N-atoms, whereby, as previously indicated, the
stability of the ring is very slightly affected. Viewing the numerous
classes of bodies belonging here as nitrogen substitution products of
the monohetero-atomic rings, we arrive at a natural systematization
of the former, and also reach a simple nomenclature for them, which
in many instances is quite similar to the names which have become
peculiar to the individual groups. The individual azoles, depending
upon whether they are derived from furan, thiophen, or pyrrole, by
the replacement of one, two, or three CH-groups by N-atoms, are
designated as furo-monazoles, thio-diazoles, pyrro-triazoles. To dis-
tinguish the metameric rings the methine groups of furan, etc.,
¢ d 1 5L, (b [b]CH:CH[aI]{

are termed [a], [a,], [b], [b, [leCH:Cg[aJ
a, a5, B, By (p. 13), so that we distinguish furo-[a]-monazole, furo-[b]-
_monazole, pyrro-[aa,]-diazole, pyrro-[abl-diazole, pyrro-[ab,]-diazole, etc.
Retaining the names of the individual bodies and the groups introduced
by their discoverers, there will in the following pages be placed at the
beginning of each individual group the names resulting from the intro-
duction of the nomenclature just described. This will render the
constitution and the position of the azoles in the system, which follows,

, and the substituents as

very evident: .
CH =CH\ CH=CH CH=CH
| J/ (0] | S !: NH
CH=CH CH =CH H=CH
Furan. Thiophen. Pyrrole.
CH=N CH =N, CH=N
| > 0 L s | >NH
CH =CH: H=CH: CH=CH
Furo-[a]-monazole, Thio-éa]—monazole, Pyrro-fa)-monazole,
Isoxazole, Comp. Benzisothiazol Pyrazole.
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| >o ( >s ! NH
CH=CH CH=CH H =CH

Furo-[b]-monazole, Thio-[b]-monazole, Pyrro-[b]-monazole,
Oxazoles. Thiazoles. Imidazoles, Gly-
oxalines,
CH =N\ CH=N CH=N
| J (6) é S ‘l; NH
CH= H=N H=N
Furo-[aa;]-diazole, Thio-[aa,]-diazoles, Pyrro-[aa;]-diazole,
Furazans. Piazthioles. Osotriazole.
N—=N N -= N-=—N
| >o | >s ! NH
CH=CH CH=CH H=CH

Furo-[ab]-diazole,

Anhydrides of o-Diazo-

Thio-[ab]-diazole,
Phenylenediazo-

Pyrro-[abj-diazole.

phenols. sulphides.
N=CII\ N=CH N=CH
[ >0 | S | NH
N=CH N=CH N=CH
Furo-[bb,]-diazole, Thio-[bb, ]-diazole, Pytro-[bby ]-diazole.
Oxydiazoles. Thiodiazoles.
N-==CH. N-=—=CH N=—=:CH
d >o | . >s | >NH
H=N CH=N CH=N
Furo-[ab;)-diazole. Thio-[ab, ]-diazole. Pyrro-[ab,]-diazole,
riazoles.
N_N N==N NN
| o) | S | ONH
CH=N CH=N CH=N
Furo-[aa;b]-triazole. Thio-[aa;b)-tnazole. Pyrro-laab,]-triazole,
Tetrazoles.
N=CH\ N=CH N=CH
| >o >s | >nH
N=N N=N N=N
Furo-[abb;]-triazole Thio-[abb, ]-triazoles. Pyrro-[abb, ]-triazole,
(Comp. B. 29, 2492). Tetrazoles.
N=N N=N. N=N,
| o) [ S | NH
N =N N=N N=N
Furotetrazole. Thiotetrazole. Pentazole.

The parent substances of all the rings just given have not been
prepared. In most instances, however, their next homologues are
known; in some cases only the benzo-derivatives. Only single repre-
sentatives of the furo- and thiotriazoles are known at the present time.
It is, however, not impossible that by synthesis these rings, consisting
mainly of inorganic elements, may be multiplied and the system
extended. Indeed, we may succeed to such a degree that the purely
inorganic rings—e.g., those constructed from four N-atoms and an
NH-group—will be prepared. This would be a ring homologue of
hydrazoic acid. From the standpoint of a nitrogen chemistry the C-
containing rings could be as readily evolved from the nitrogen ring by
replacing the N-atoms with CH-groups, as was suggested above in the
reverse case. .

The derivation of these ring systems from furan, thiophen, and
pyrrole, enables us to regard the chief formation methods of the
azoles as the analogues of the general formation of furans, thiophens,
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and pyrroles from a8-diketones and e8-diolefine glycols. The ultimate
azole generators are obtained by making the “ azo-substitution ” in

the 1,4-diolefine glycol chain—e.g.:

.C=C(OH), (SH,NH,) .C=0C\
. > . O, (S,NH,
.C=C(OH) c=¢/ (S.NH)
ad-Diolefine glycols, alone, with Furans, Thiophens, Pyrroles.
P;S;, with NHj.
.C=N(OH), (NH C=N
C (OH), (NHy) > T >o, (S,NH)
.C= C(OH), (SH) .C=C
ay-Diketone-oximes (-hydrazones) Furo-, Thio-, Pyrro-[a]-monazoles.
(o-Nitrobenzylmercaptan).,
N = C(OH), (SH,NH N=C
A ( ): ( ’ ﬂ) ——— D A \O, (S,NH)
.C = C(OH) Cc=¢c/
Ketonyl derivatives of amides (-thiamides, -amidines). Furo-, Thio-, Pyrro-[b]-monazoles,
.C=N(OH), (NH .C=N
C=N(OH), (NH,) . C=N 6 Ny
.C=N(OH), (NH,) .C=N
aB-Diketone-oximes (-hydrazoximes, -osazones). Furo-, Pyrro-[aa,]-diazoles.
.C= N(OH), (NH .C=
C= N(OH), (NH,) =~ C=MN0, (sNH)
N = C(OH), (SH) N=C/
Acidyl-amidoximes (-hydrazidines, Furo-, Thio-, Pyrro-[ab, ]-diazoles.
Thioacidyl-amidoximes).
N=C(OH), SH,NH N=C
N=C(OH) ) s 3 c>0' (S,NH)
N= ?(OH) N=
Diacylhydrazines, alone, with P,S;, with NH;, Furo-, Thio-, Pyrro-[bb,]-diazoles.
.C= C(OH), (SH,NH C=C
C=C(OH), ( ) . C=EN¢ s
N= N(OH), (NH,) N=
o-Diazo-ketones (-thiophenols, -anilines, etc.). Furo-, Thio-, Pyrro-[ab]-diazoles.
.C= N(NH,) C=N\
. > . NH
N = N(OH) N=N/
Diazohydrazides. Pyrrotriazoles, etc,

It is useful to compare the above scheme with the processes
detailed below.

The numerous and important pyrazoles, together with their benzo-
derivatives, the indazoles, consisting of dihetero-atomic rings, will be
next discussed; then will follow the ssoxazoles, with their benzo-deriva-
tives, the bemzisoxazoles. After this will appear the glyoxalines or
iminazoles, the oxazoles, and the thiazoles, sometimes in conjunction with
their benzo-derivatives, which it is customary to consider under the
name of ankydro-bases, because they are formed from o-diamines,
o-aminophenols, and o-aminothiophenols with carboxylic acids by the
exit of water. In the trihetero-atomic rings, again, the groups of the
pyrrodiazoles or #riazoles are placed first; the azimides and pseudo-azi-
mides belong to their benzo-derivatives. Attached to these are the
furodiazoles: the furazams, diazo-oxides, oxydiazoles, azoximes; and
the thiodiazoles : azosulfimes, thiodiazolines, piazothioles (piaselenoles),
thio-[ab]-diazoles, and phenylenediazosulphides. The triazsulpholes and
tetrazoles conclude the list.
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1. PYRAZOLE OR PYRRO-[a]-MONAZOLE GROUP.

Pyrazole, C;H,N,, may be regarded as derived from pyrrole by
replacement of a methine-group adjacent to an NH-group by nitrogen
—pyrro-[a]-monazole (see above). See 3-methylpyrazole for details in
regard to the constitution of pyrazole. There are a dihydropyrazole or
pyrazoline and a tetrahydropyrazole or pyrazolidine corresponding to the
di- and tetrahydropyrrols.

Keto-substitution products of these hydrogenized pyrazoles are
ketopyrazoline or pyrazolone, among the derivatives of which is the
febrifuge antipyrine, ketopyrazolidine or pyrazolidone, and diketo-
pyrazolidine, corresponding to the butyrolactam or pyrrolidone and
succinimide. The subjoined diagram indicates the relations existing
.between these pyrazole and the pyrrole derivatives:

CH=CH: CH=CH CH =CH CH,—CH, CH,—CH, CH,—CO
i >NH ( N I Snm L TN, [T NN Swn
H=CH CH,.cH,”  CH,—c0/ H,—CH, ¢H,—co /  cH,—co/
Pyrrole. i'yxrolme. [Pyrrolonel.* Pyrrolidine, Tetra-  Pyrrolidone, Dﬁ(etopynol-
methylene immme. Butyrolactam. idine,

CH=N CH=N AN CH=N \ CHg—NH \ CH, . NH CO —NH
é >NH J’ NH é NH H (]: >NH | >NH
H=CH Hy—CH,” CHy—C0/  CH,—CH, H, . CO CHy—CO
Pyrazole. :’yrazoglme. Pyrazolone.  [Pyrazolidine]. ([Pyrazolidone]. 3,5-Diketo-
pyrazohdine,

Pyrazole, C;H,N,, melting at 70° and boiling at 187°, results from
epichlorhydrin, hydrazine hydrate, and zinc chloride (B. 28, 1105). A
better method consists in splitting off CO, from its carboxylic acids
(B. 26, R. 282), or in the action of bromine upon pyrazoline (B. 29,
775). Itis a feeble base; its salts are unstable. It does not combine
with methyl iodide. An ammoniacal silver solution precipitates
silver pyrazole, C;H;H,Ag, corresponding to potassium pyrrole. The
Platinum doudle salt, (C;H,N,.HCI),PtCl,, at 200°-210° loses four
molecules of hydrochloric acid and becomes (C,H,N,),PtCl, (B. 26,
R. 185). N-Acetylpyrazole, boiling at 156°, and N-benzoylpyrazole,
boiling at 281°, result from the action of acetyl chloride and benzoyl
chloride upon pyrazole (B. 28, 716).

The pyrazole derivatives are designated in the following manner:
(3) CH==N DN
(4) CH=CH () ,
group, beyond the second nitrogen atom.

1. Homologous Pyrazoles are formed:

(1) From the hydrazones of the g-diketones and g-ketone aldehydes
or hydroxymethylene ketones. As a rule, the reactions proceed

smoothly with the elimination of water, when the ketones are digested
with the hydrazines:

NH (1) (or N); the numbering proceeds from the imine

C¢H;.C—CH=C.CH,4
C¢H,CO.CH,.CO.CH, +C H;.NH.NH, = I 1|~r . + 2H,0.
N -
Benzoyl acetone. 5-Methyl-x,3~diphen;l p;razole.

By this procedure the unsymmetrical g-diketo-compounds yield
two isomeric pyrazoles; thisis because the two possible hydrazones are

* The parent substances, enclosed in brackets, are only known in the
derivatives.
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formed. In the example cited the 1,5,3-body is produced, together

with 1,3,5-diphenylmethylpyrazole. The oxalyldiketones (I. 597;

II. 640) and phenylhydrazine yield the bis-phenylalkylpyrazoles :
RC=CH—C—C—CH=CR

CH I!I---——IUI 1”1——— )Irc H (A. 278, 295)-

Zz) By the elimination of carbon dioxide from the homologous
pyrazolecarboxylic acids.

(3) By the loss of hydrogen from the pyrazoline. Frequently, in
reactions where pyrazolines may well be expected pyrazoles appear.
This is true of the interaction of the hydrazines and epichlorhydrin:

CH,—CH—CH,Cl + NH,.NHC,H, CH,—CH=CH  —.CH—CH=CH
N/ —> | | —> || |
NH—- N.C¢H; N —N.C¢H; .
Epichlorhydrin. (N-Phenylpyrazoline). N-Phenylpyrazole.

(4) Pyrazoles also result upon distilling pyrazolones or pyrazolidones
with zinc dust or P,S; (B. 26, 103), or on heating them with phosphorus
tribromide under pressure (A. 352, 322).

CH,—CO\_ s CH=CH
[ ONCGH-——5% -—> | ONCGH,
CH,.C—_ N CH,.C—=N
Phenylmethylpyrazolone, Phenylmethylpyrazole.

(5) Certain hydrazones of mono-ketoncs yield pyrazoles when they
are heated with acid anhydrides (Bull. Soc. Chim. [3], 11, 1I5; see
B. 28, 703, Anm. 4):

CH,.C:N—NHCGHG CH;.C=N
+(CH4.C0O),0 —> >N.C¢H; +CH,;.COOH.
CH, HC=C.CH,
Acetophenylhydrazone. 1,3,5-Phenyldimethylpyrazole.

Behaviour.—The homologous pyrazoles may be arranged in three
groups: (1) Pyrazoles with free imine-group; (2) N-alkyl substituted
pyrazoles, which can be obtained from the first class (or their silver salts)
by the action of alkyl iodides—best by the distillation of the iod-
alkylates (B. 28, 716) with an excess of alkyl iodide—or from g-dike-
tones and alkylhydrazines; (3) N-phenyl substituted pyrazoles, which
are made through the phenylhydrazines, and are chiefly distinguished
by their stability and power of crystallization.

All pyrazole homologues are feeble bases. They form double salts
with silver nitrate, mercuric chloride, and platinic chloride. The
platinum double salts, like that of pyrazole, part with 4HCl on heating,
and become R,PtCl, (R =the pyrazele residue). They usually com-
bine with alkyl iodide to form ammonium compounds (see above).

Potassium permanganate oxidizes the C-alkyl pyrazoles to pyrazole-
carboxylic acids, in contradistinction to the pyrroles, which are
destroyed by this reagent (B. 22, 172).

In the N-phenyl pyrazoles during the oxidation the phenyl group
is often split off and replaced by .hydrogen. This is particularly
true if it be aminated. The behaviour is quite different during reduc-
tion. Pyrazoles with the free imine-group are but slightly altered by
the reducing agents (A. 278, 266). N-Phenylpyrazoles are reduced to
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pyrazolines (p. 83), which yield intense colorations with ferric chloride,
chromates, etc. (Knor?’s pyrazoline reaction). In more energetic reduc-
tions trimethylenediamine derivatives are formed by the rupture of the
union between the N-members. In some N-phenylpyrazoles the
reduction is accompanied by the splitting off of the phenyl group as
benzene or some similar group.

The iodo-alkylates of the N-alkyl or aryl pyrazoles decompose on
boiling with KHO, splitting off symm. dialkylhydrazines (B. 89, 3257;
49, 3523): cu¢ CE=NCH:L_xon HNCH,

» 3523): H—NCH, “HNCH,

(1) Pyrazoles with Free Imine Hydrogen: 3- (or 5-) Methylpyrazole,

CHgN,=CH,.C—N N o
| (see below), is an oil boiling at 204°. It
CH——CH

Tesults—

() From the interaction of hydroxymethylene acetone and
hydrazine.

(6) From its carboxylic acids.

(¢) Aswell from 1,3- as from 1,5-phenylmethylpyrazole by elimina-
tion of the phenyl group through oxidation (A. 279, 217-225).

The last two methods show conclusively that 3-methylpyrazole and
5-methylpyrazole are identical. It is concluded, therefore, that
pyrazole, like benzene, possesses ‘‘ oscillating linkages’; the imine
hydrogen atom is capable of oscillating between the two N-atoms
(Knorr, A. 279, 188). The formula presented above for pyrazole is
supposed to represent this condition.

!

3,5 - Dimethylpyrazole, ILIH—N =C(CH,)—CH =C(C(CH,), melts at
107° and boils at 220°. Itisobtained from acetylacetone and hydrazine,
and from 1,3,5-phenyldimethylpyrazole by reduction (elimination of
the CgHg-group) (B. 25, R. 163, 744).

[ |
3,4,5-Trimethylpyrazole, NH—N = C(CH,)—C(CH,) =C(CH,), melt-
ing at 138° and boiling at 233°, is obtained from methylacetylacetone.

| J .
3.4,4,5-Tetramethylpyrazole, N = C(CH,)—C(CH,),—C(CH,) =N, melting
at 50°-55° and boiling at 243°, is formed from dimethylacetylacetone

CeH,C—N-2_N

A. 279, 244, 247). 3- (or 5-) Phenyl le, , melt-
( 244, 247). 3- (or 5-) Phenylpyrazole Ly |, me

ing at 78°, is formed from benzoylacetaldehyde (B. 28, 696).

Isomeric 4-Phenylpyrazole, melting at 228° is obtained from 1,4~
phenylpyrazolecarboxylic acid (A. 279, 254; B. 27, 3247; 28, 223, 699);

i

3,5~Phenylmethylpyrazole, N H—N=C(CH3)—CH=é(C6H5), melting
at 128° and boiling at 317°, has been prepared from benzoylacetone
(A. 279, 248), as well as from phenylmethylisoxazole, on heating with
alcoholic ammonia (B. 28, 2952).

(2) N-Alkyl Pyrazoles: N- (or 1-) Methylpyrazole, C,H,N,.CH,,
boiling at 127° is formed in the interaction of silver pyrazole and
methyl iodide (B. 28, R. 281; 28, 716). 1,3-Dimethylpyrazole,
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C,H,(CH,)N,.CH,, boils at 150° (A. 279, 231); 1,3,5-Trimethylpyrazole,
C,H(CH,),N,CH,, melting at 37° and boiling at 170°, crystallizes in
combination with one molecule of chloroform. 1,3,4,5-Tetramethyl-
pyrazole, C,(CH,),N,CH,, boils at 190° to 193°. These compounds are
also formed from acetylacetone and methylacetylacetone by the
action of methylhydrazine (A. 279, 232, 235).

(3) N-Phenyl Pyrazoles.—N=- (or 1-) Phenylpyrazole, C;H,N,.C.H;,
melting at 11° and boiling at 246°, with sp. gr. 1.1125, is obtained
from epichlorhydrin and phenylhydrazine (see above), as well as from
its carboxylic acids. It yields, upon reduction, phenylpyrazoline,
together with phenyltrimethylenediamine. N-Tolylpyrazole, C,H,-
N,.C,H,, melting at 33° and boiling at 259° yields in like manner
tolyltrimethylenediamine (Gaz. ch. ital. 18, 354). 1-Phenyl-3-methyl-
pyrazole melts at 37° and boils at 255°. Its todomethylate melts at 144°.
The first body is derived from phenylmethylpyrazolone (A. 238, 203;
B. 24,648), as well as from hydroxymethylene acetone, together with the

|
isomeric 1-Phenyl-5-methylpyrazole, C,;H.N—N =CH—CH = é(CHa).
Thisis an oil boiling at 255°. Itstodomethylate melts with decomposition

at 296°. 1-Phenyl-4-methylpyrazole, CGHSI\?—N =CH—C(CH,) =(':H,
boiling at 266°, is formed by a rearrangement of the iodomethylate
of 1-phenylpyrazole (B. 26, R. 327). 1-Phenyl-3,5-dimethylpyrazole,
C,(CH,),HN,.CH;, boiling at 273°, is obtained from acetyl acetone.
Upon reduction it yields dimethylpyrazole and benzene, together
with 1-Tetrahydrophenyl-3,5-dimethylpyrazole, which, by oxidation,
is decomposed into dimethylpyrazole and adipic acid (B. 26, R. 246).
1-Phenyl-3,4-dimethylpyrazole, boiling at 278°, results from hydroxy-
methylene methyl ethyl ketone, CHOH: C(CH,).CO.CH, (B.25,R. 943).
1,3~Diphenylpyrazole, C;H,(C,H;)N,.C,H;, melting at 56° and boiling
at 337° is obtained from benzoylacetaldehyde (B. 21, 1135); I,5-
Diphenylpyrazole, melting at 54° and boiling at 340° is derived
from its carboxylic acid (B. 25, 3145); 1,3,5-Triphenylpyrazole,
C,H(CgH,),.N,.CoH,, melting at 212° is made from its carboxylic
acid (B. 26, 1881). See A. 289, 332, for the production of 1,3,4-
triphenylpyrazole, melting at 185°, by the decomposition of 1,3,4,6-
tetraphenyldihydropyridazine (see A. 289, 332).

2. Haloid-, Nitro-, Nitroso-, Amino-pyrazoles, Benzeneazo-pyrazoles,
Pyrazole-sulphonic Acids.—The halogens replace the hydrogen atoms
in pyrazole. Bromine reacts most readily. The halogen atoms in the
4-position are most securely combined. Chloropyrazoles are formed
by the action of phosphorus oxychloride upon pyrazolone. In the
sulphonation and nitration of pyrazole the NO, and SO;H-groups also
enter the nucleus. N-Phenyl pyrazoles are nitrated and sulphonated
in the phenyl residue. N-Phenylpyrazolesulphonic acids have also been
prepared by the introduction of phenylhydrazine sulphonic acids in the
pyrazole syntheses (A. 278, 296). In the nitropyrazoles the basic
character of the pyrazoles disappears. They are acids, which form
stable sodium, potassium, etc., salts.

The amino-pyrazoles result in the reduction of the corresponding
nitro-bodies. They resemble the aromatic amines in their deportment.
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They have also been obtained by the action of hydrazines upon the
nitriles of g-ketone-carboxylic acids and upon malononitrile; also by
disintegrating the pyrazole carboxylic acids by way of the hydrazides,
azides, and urethanes by the method of Curtius. Nitroso- and benzene-
azo-pyrazoles are formed synthetically from ¢sonitroso- and benzeneazo-
p-diketones with hydrazines. °

4=Chloropyrazole, C,H,CIN,, m.p. 77°, is formed by the action of
sulphuryl chloride upon pyrazole in ether solution (C. 1906, II. 684).
4-Bromopyrazole, C,H,BrN,, m.p. 97°; 3-Methylbromopyrazole, m.p.
67°(A. 279, 227) ; 1,3,5-Triphenylbromopyrazole, m.p. 142°; 1-Phenyltri-
bromopyrazole, m.p. 107°; 4-Iodopyrazole, C;H,IN,, m.p. 108° (also from

yrazole-4-diazoniumchloride and KI (B. 26, R. 281; 37, 3522); 1,4~

Phenylchloropyrazole, m.p. 76° (A. 313, 21); 3,5-Phenylchloropyrazole,
m.p. 142° (A. 852, 150) ; 1,5-Phenylchloropyrazole, 1-Phenyl-3-methyl-5-
chloropyrazole, b.p., 142°, and 1~Phenyl-3,5-dichloropyrazole, m.p. 26°,
b.p.;4 I71° from 1-Phenyl-5-pyrazolone, 1,3-Phenylmethylpyrazolone
and phenyloxypyrazolone (B. 81, 3003; A. 320, 28). 1-Phenyl-5-methyl-
3~-chloropyrazole, b.p.,; 170° from 1,5-Phenylmethyl-3-pyrazolone.

4-Nitropyrazole, C,H,(NO,)N,, m.p. 162°, is also obtained syntheti-
cally from the results of the action of hydrazine upon nitromalonic
aldehyde; also 1-phenyl-4-nitropyrazole, m.p. 127°, from phenyl
hydrazine and nitromalonic aldehyde (C. 1899, II. 609). 3-Methyl-
4-nitropyrazole, m.p. 134°, b.p. 325°, from methylpyrazole or 3-methyl-
5-pyrazolecarboxylic acid with nitrosulphuric acid (A. 279, 228).
4-Nitro-1,3,5-trimethylpyrazole, m.p. 57°. 3,5-Dimethyl- and 1,3,5-
Phenyldimethyl-4-nitrosopyrazole, C,(CH,),(NO)N,H, blue needles,
m.p. 128° and C,(CH,),(NO): N,(C,H;), green flakes, m.p. 94°, are
formed from #sonitroso-acetylacetone (Vol. I.) with hydrazine and
phenylhydrazine. Thelatter isoxidized by nitric acid to 1,3,5-phenyl-
dimethyl-4-nitropyrazole, m.p. 103° (A. 325, 192; B. 40, 664).

4-Aminopyrazole, C;H,(NH,)N,, m.p. 81° sublimes easily. It is
prepared by reducing 4-nitropyrazole with zinc dust and acetic acid;
NH.CO.C—NH\N hich is f d
CONHC——CH/ , which 1S 1orme
from amino-methyluracil with N,O; (A. 823, 281; B. 37, 3520).
It is easily soluble in water, and rapidly absorbs atmospheric
oxygen, especially in alkaline solution, and acquires a dark colour.
More stability is shown by 3(5)-amino-pyrazole, b.p. 282°, and 3,5-di-
amino-pyrazole (dibenzoate, m.p. 207°), obtained by breaking up the
pyrazole carboxylic azides. 4-Amino-1,3,5-trimethylpyrazole, m.p. 103°,
by reduction of nitro-trimethyl-pyrazole. With nitrous acid the amino-
pyrazoles form remarkably stable diazonium salts, not decomposed by
boiling in water, which resemble the aromatic diazo-compounds in
their transformations, and may, for instance, be converted into azo-
dyes by combining them with anilines, phenols, etc. Other benzeneazo-
pyrazoles like 1-Phenyl- and 1,5-Phenylmethyl-4-benzeneazopyrazole,
C¢HyN : NC,H,N,.C,H;, m.p. 124°, and CgHN : NC;H(CH,)N,.C H;,
m.p. 112° have been obtained synthetically from the benzeneazo-com-
poundsof malonic diatdehyde and aceto-acetic aldehyde with phenyl hy-
drazine; while the 1,3-phenylmethyl-4-benzeneazo-pyrazole, m.p. 126°,
has been obtained from benzeneazo-phenyl-methyl-pyrazolone (B. 86,

also by splitting up isoxanthine,
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3596, 3660). 1,5,3-Diphenyl-methyl-4-benzeneazo-pyrazole, m.p. 136°,
from phenyl methyl triketone with phenylhydrazine (B. 35, 3317).
1-Phenyl-3-methyl-5-azopyrazole, m.p. 62°, from phenyl hydrazino-
pyrine by oxidation with HgO and subsequent heating (B. 42, 2765).

1,3-Phenylmethyl-5-amino-pyrazole, m.p. 116°, from diaceto-nitrile
with phenylhydrazine, is also formed by superheating antipyrine
chloride with ammonium carbonate (A. 339, 134).

1-Phenyl-3,4-ethylmethyl-5-aminopyrazole, m.p. 81°, from methyl-
propionylacetonitrile, C,H;COCH(CH,)CN, and phenylhydrazine (Bull.
soc. ch. [4], 4, 647).

Methylpyrazolesulphonic acid, C,H,N,(CH,)(SO,H), m.p. 258°, from
methylpyrazole with fuming sulphuric acid (A. 279, 230).

3. Hydroxypyrazoles.—The hydroxypyrazoles are desmotropic wit
the ketopyrazolines or pyrazolones: .

CH.C(OH):CH CH.CH:C(OH) C(OH).CH:Cl

Enol form : ; . (
notto — NH N N N NH
4-Hydroxypyrazole. s-Hydroxypyrazole. 3-Hydioxypyrazole.
Keto . CH.CO.CH, CH.CH,.CO CO.CH :CH
etofom- § NH N———NH NH——NH
4-Ketopyrazoline. 5-Pyrazolone. 3-Pyrazolone.

In the 4-hydroxypyrazoles the hydroxyl form seems to be the more
stable. They easily yield urethanes and benzoic acid esters with
phenyl ¢socyanate and with benzoyl chloride, and they yield benzene-
azo- and ssonitroso-compounds with diazo-benzo-salts and with N,O,
(A. 813, 1). But the 3- and 5-pyrazolones also yield on alkylation,
besides isomeric N-alkyl derivatives (antipyrines), alkoxypyrazoles, and
with acid halides esters of hydroxypyrazoles. With alkyl iodides, the
alkoxypyrazoles give addition products which can also be obtained
from the antipyrines with alkyl iodide. These revert to antipyrines
on slightly warming alone or with alkali. The acid esters of the oxy-
pyrazoles also give alkyl iodide addition products which, on splitting
up, yield antipyrines (]J. pr. Ch. [2], 54, 177; 55, 145; A. 293, 42; com-
pare also B. 82, 2399). Alkoxypyrazoles are also obtained by climina-
tion of H,O from the hydrazones of g-ketone acid esters by suitable
reagents.

4-Hydroxypyrazole, m.p. 118°, from its carboxylic acid, with benzoyl
chloride and soda, gives 1,5-dibenzoxypyrazole, m.p. 109°, and with
methyliodide tHeiodo-methylate of 1-methyl-4-oxypyrazole. 1-Phenyl-
4-hydroxypyrazole, m.p.120°, fromits carboxylic acid, gives with phenyl
tsocyanate, Co(OCONHCH)H,N,.C¢Hy, m.p. 168°.  3,5-Dimethyl and
3,5-phenyl-methyl-4-hydroxypyrazole, m.p. 173° and 188° respectively,
from dimethyl and phenyl methyl triketone with hydrazine (B. 85
3313, 3318). , , ,

1-Phenyl-5-ethoxypyrazole is obtained from its carboxylic ester,
the condensation product of oxal-acetic ester phenylhydrazone by
means of ZnCl, (B. 26, R. 550). On saponification of the ethoxy-
group with HCl it passes into N-phenylpyrazolone, m.p. 118° (B. 27,
407). 1-Phenyl-3-methyl-5-methoxypyrazole, b.p. 240° is formed
from phenylmethylpyrazolone with diazo-methane (B. 28, 1626) or
methyl iodide and sodium methylate, besides the isomeric antipyrine;
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also from aceto-acetic methyl ester with phenylhydrazine and HCIL.
On heating to 250° it is transposed into antipyrine (C. 1898, I. 812). Its
iodo-methylate, also from antipyrine and methyliodide, also yields pure
antipyrine on boiling with caustic soda (A. 293, 17).

1-Phenyl-3-methyl-5-ethoxypyrazole,m.p.38°, b.p. 301°, from aceto-
acetic ethyl ester phenylhydrazone with acetyl chloride and excess of
HCl, gives on saponification phenylmethylpyrazolone, and with Na
and alcohol phenylmethylpyrazoline (B. 28, 627, 635, 700). The two
last ethers have also been obtained by removal of CO, from phenyl-
methyl-carbomethoxy- and -carbethoxy-pyrazolones, the products
of the action of chloro-carbonic methyl and ethyl esters upon phenyl-
methylpyrazolone (J. pr. Ch. [2], 54, 180; 55, 149).

1-Phenyl-5-methyl-3-methoxypyrazole, b.p. 274°, from 1,5-phenyl-
methyl-3-pyrazolone with methyl iodide and sodium methylate
(A. 338, 282).

4. Pyrazole ketones, or C-Acyl Pyrazoles, are formed, like the thio-
phen, indole, and pyrrole ketones, on heating the pyrazoles with acid
chlorides:

(1) 1-Phenyl-4-acetyl-pyrazole, C,(COCH,)H,N,.C,H;, melting at
122°. Its oxtme melts at 130° and its phenylhydrazone at 143° with
decomposition. 1-Phenylbenzoylpyrazole, C,(COC,H;)H,N,C,H;, melts
at 123°; its oxime at 143° and its phenylhydrazone at 139° with decom-
position.

(2) Synthetically, from 1,3-diketones with suitable diazo-bodies:
4-Methyl-5-acetylpyrazole, b.p.,, 161°, from its carboxylic acid (see
below). 4-Methyl- and 4-phenyl-3,5-diacetylpyrazoles, m.p. 114° and
134°, from acetylacetone diazo-anhydride (Vol. I.) with acetyl- and
benzoyl-acetone respectively (A. 325, 183).

5. Pyrazole Carboxylic Acids are produced:

(r) By oxidizing alkyl pyrazoles with potassium permanganate.
When several alkyl groups are present they are gradually changed to
carboxyl.

(2) Pyrazole carboxylic esters are formed synthetically by the action
if hydrazinesupon the carboxylic estersof g-diketones or oxymethylene

etones:

| |
CsH;CO.CH,.CO.CO,R +NH,.NHCH; > C;H;N—N = C(C,H,;)—CH = C.CO,R

Acetophenoneoxalic Ester. 1,3-Diphenyl-s-pyrazolccarboxylic Ester.

The y-diketonic esters also, which result from the interaction of
bromacctone, bromacetophenone, etc., with sodium acetoacetic ester,
yield, by action of diazobenzene salts, with the splitting off of the acetyl
group, phenylhydrazones of g-diketone carboxylic esters, which con-
dense to pyrazole carboxylic esters (B. 26, 1881).

(3) Pyrazole carboxylic esters are formed by the addition of diazo-
acetic esters to mono- and dicarboxylic acids of the acetylene series
(B. 22, 2165; A. 273, 222):

CO,R—CH C.CO;R S CO,R.C—CCO4R
7\ + | _— I I
N=N C.CO,R N—NH.CCO,;R
Diazoacetic Acetylene 3,4,5-Pyrazoletricarboxylic Ester.
Ester. dicarboxylic Ester.

VOL, IIIL G
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(4) Monohalogen substitution products of the acrylic and fumaric
series and a, f-dihaloid substituted saturated acids—e.g., a,8-dibromo-
propionic acid, dibromosuccinic acid, etc.—react with diazo-acetic ester.

(b) With g-diketones like acetylacetone, diazo-acetic ester reacts
on heating with caustic soda with formation of such bodies as 4~methyl-
5-acetylpyrazole-3-carboxylic ester, m.p. 198° (B. 36, 1128):

CO,R—CH  COCH, CO,RC——-.CCH,

+ I I
N=N  CH,COCH, NH.N:CCOCH,

(¢) A similar reaction is shown By the diazo-anhydrides of g-dike-
tones (compare furo[ab]diazols), which, on treatment with NaHO, split
up intermediately into carboxylic acids and diazo-aliphatic bodies,
and when treated with g-diketones or g-ketone carboxylic esters into
diacylpyrazoles or acylpyrazolecarboxylic esters (A. 325, 177):

CoHsCO}_?—-N> +COCH, C.H,COC——CCH,
ICH,CO; CH,CO,R = HN.N:CCO,R
Benzoyl-acetone-diazo-anhydride. 3,4-Benzoyl-methyl-pyrazole-5-carboxylic Acid.

When the pyrazole carboxylic acids are heated carbon dioxide is
evolved and pyrazole results. The carboxyl group in the 3-position is
most easily split off. The next in order is that in the 5-position, while
the COOH-group in the 4-position is most firmly combined (A. 278,
273). There is no N-atom adjacent to it.

3- (or 5-) Pyrazolecarboxylic Acid, C,H,N,.COOH, meclting at 209°
with decomposition, is obtained from 3-methylpyrazole, as well as
from 3,5-pyrazolinedicarboxylic acid by the exit of carbon dioxide and
H, (A. 278, 237). 4-Pyrazolecarboxylic Acid, melting at 275° is
obtained from pyrazoletricarboxylic acid. 3,5-Pyrazoledicarboxylic
acid, C,H,N,(COOH),, melting at 289°, is made from methylpyrazole
carboxylic acid, dimethylpyrazole (A. 279, 218; B. 25, R. 744), as well
as from diazoacetic ester by means of dibfomopropionic ester. 3,4,5-
Pyrazoletricarboxylic acid, C,HN,(COOH),, melting at 233° is pre-
pared by methods 1 and 3.

3-Methyl-5-pyrazolecarboxylic acid, C,H,(CH,)N,.COOH, melts
at 236° (B. 25, R. 744; A. 279, 217). 3,5-Dimethyl-4-pyrazolecar-
bozylic acid, C,H(CH,),N,COOH, melting with decomposition at 290°,
is derived from acetyl- or ethidene-acetoacetic ester (A. 279, 239).
Two isomeric C-Phenylpyrazoledicarboxylic acids, C,(C,H;)HN,(CO,H),,
melting at 235° and 243°, have been obtained from diazo-acetic ester
by means of phenylpropiolic and a-bromocinnamic acid (B. 27, 3247).
N-Phenylpyrazolecarboxylic acids, C,H,N,(C,H;)COOH; the 3-acid
melts at 146°, and the 5-acid melts at 183° (B. 24, 1888). The 4-acid
melts at 220°. It is obtained from N-phenylpyrazoletricarboxylic acid
(B. 22, 179). N-Phenylmethylpyrazolecarboxylic acids, C,H(CH,)-
N,.C,H;(COOH). There are five known isomerides: (1) the 1,5,3-acid,
melting at 136°, results from the action of diazobenzene chloride upon
acetonylacetoacetic ester (method 2), as well as from acetoneoxalic
ester and phenylhydrazine, together with (2) the 1,3,5-acid, melting at
190°, which is also produced by a peculiar rearrangement of phenyl-
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methyloxpyridazone (A. 263, 54; 295, 305); (3) the 1,5,4-acid, melting
at 166°, is obtained from hydroxymethyleneacetoacetic ester (A. 278,
270; 295, 311); (4) the 1,4,3-acid, melting at 134°, and (5) the
1,3,4-acid, melting at 192°, have becn prepared by oxidation of
phenyldimethylpyrazole (B. 25, R. 943; 26, R. 245). 1,5-Diphenyl-
3-pyrazolecarboxylic acid, C,H(C,H;)N,.C;H;(COOH), melting at 185°,
is prepared from phenacylacetoacetic ester; phenylpyrazoledicar-
boxylic acids (compare A, 295, 306). 1-Phenylpyrazole-3,4,5-tricar-
boxylic Acid, C,N,.C,H;(COOH),, melts at 184° (B. 22, 172).

PYRAZOLINES.

Metallic sodium and alcohol reduce the pyrazoles, especially the
N-phenylpyrazoles, to dihydropyrazoles or pyrazolines. The latter are
also produced by rearrangement of the hydrazones of unsaturated
aldehydes or ketones, in that the amine residue of the hydrazine adds
itself to the unsaturated linkage:

CH,=CH—CH CH,—CH,—CH
Il > I
CH,NH— - --N C H,N N
Acrolein Phenylhydrazone. N-Phenylpyrazoline.

While this rearrangement proceeds with many hydrazones at lower
temperatures, with others it is only completed when they are distilled.
Frequently it occurs that the corresponding pyrazole is formed instead
of the pyrazoline, or is produced along with the latter.

The ketazine of acetone, bisdimethylazimethylene, is capable of a
rearrangement similar to the preceding. It is changed quite readily
by maleic acid into maleinate of trimethylpyrazoline:

CH;—C=N—N CH;—C=N—NH
I EE— |
H C(CH CH,—C(CH
Blsdimethy?-azimetﬂxyler?c)a.’ 3,5,S'Trimcﬁthyl-pyr(azollg)e?

Similar behaviour is shown by a series of homologous ketazines, and
by ethylidenealdazine; ¢sobutyraldazine is transposed by conc. HCl
into 4,4-dimethyl-5-isopropylpyrazoline (J. pr. Ch. [2], 58, 910; M. 20,
84); but compare the transformation of bisdiethylazimethylene into
dimethyldiethylpyrrole on heating with ZnCl, (B. 48, 493).

Behaviour.—The pyrazolines are feeble bases. They are, for the
most part, only soluble in concentrated acids. They are less stable
than the pyrazoles. Oxidizing agent’ convert them into very unstable
dye substances, which are probably derived from bispyrazolines (B. 26,
100; Knorr's pyrazoline reaction). . When reduced they frequently
yield trimethylenediamine derivatives; this is particularly true of the
/V-phenylpyrazolines.

]

Pyrazoline, C;H,N, =(]3H2——CH2—CH =N—NH, is an oil boiling at
144°. It is formed from acrolein and hydrazine hydrate (B. 28, 69;
29, 774). 3,5,5-Trimethylpyrazoline, C,H,(CH,),N,, boiling at 66°-69°
(20 mm.), is obtained from mesityl oxide and hydrazine, as well as from
bis-dimethylazimethyléne (see above); its picrate melts at 138° and its
maleinate at 127° (B. 217, 770). 5-Phenylpyrazoline, C,H (CsH;)N,, is
obtained from the hydrazone of cinnamic aldehyde (B. 27, 788), as
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well as from its dicarboxylic acid (B. 26, 261). N -Phenylpyrazoline,
C,H;N,.C,H;, melting at 52° and boiling at 274° is converted by
brommcmtoN phenyldibrompyrazoline, C;H,Br,N, CGHs, meltmgat 39°.
1,3,5~Triphenyl-pyrazoline, C,H,(C,H ) Ng, meltingat 135° ischanged
bybromine totriphenyltribrompymzoline,Cs(CGH 5)sBr3N,, meltingat179°.

-
1-Phenyl-3,4,4-trimethyl-5-hydroxypyrazoline, C,;H;N.N:C(CH,).C-

.
(CH,),.CH(OH), m.p. 118°, from the corresponding pyrazolone by
reduction, is converted by sulphuric acid inta 1-phenyl-3,4,5-trimethyl
pyrazole (B. 36, 1275).

Pyrazoline ketones have been obtained by attaching diazo-methane
to af-unsaturated ketones—e.g., 4-phenyl-5-acetylpyrazoline from
benzylidene acetone (C. 1906, II. 1130).

Pyrazolinecarboxylic acids are obtained from diazo-acetic ester or
diazo-methane by means of olefine mono- and dicarboxylic acids or
mono-haloid saturated acids. Diazo-methane actssimilarly. Identical
products are obtained with maleic and fumaric acids, citr- and mes-
aconic acids, crotonic and #socrotonic acids (B. 33, 3590):

CH, HC—COOR CH——CH.COOR

N\ + —==> |

N=N HC—COOR N—NH—CH.COOR
Diazomethane. Fumaric Ester. 4,5-Pyrazolinedicarboxylic Ester.

CH.CO,R CH, CO,R.C CR,

N\ + | > I |

N:==N CH.COOR N——NH—CH.CO,R
Diazoacetic Ester. Acrylic Ester. 3,4-Pyrazolinedicarboxylic Ester.

The pyrazolinecarboxylic acids show the rather remarkable pecu-
liarity that when they are heated alone they break down into nitrogen
and trimethylene carboxylic acids. Hydrazine is split off when they
are heated with hydrochloric acid. Upon oxidation they become
pyrazolecarboxylicacids;and when their silversaltsareheated, pyrazoles
are produced. Upon reduction they yield pyrazoline compounds in
part (E. Buchner, A. 273, 214).

Pyrazoline-3,5-dicarboxylic acid, C,H,N,(COOH),, meltswith decom-
position at 242°. Pyrazoline-4,5-dicarboxylic ester (B. 27, 1890), pyra-
zoline-3,4,5-tricarboxylic methyl ester, C,H,N,(COOCH,),, melting at
61°, and 3,4,5-tricarboxypyrazolylacetic tetramethyl ester, C,H,N,-
(CO,CH,),(CH,.CO,CH,), melting at 105°, are obtained from diazo-
acetic ester by means of fumaric and aconitic esters or from diazo-
succinic ester with fumaric ester; pyrazolinetricarboxylic ester is also
formed from diazo-acetic ester, cand tricarboxypyrazolylacetic ester
also from diazo-succinic ester on heating alone. In both cases a
portion of the diazo-ester decomposes with formation of fumaric ester,
and this then condenses with unchanged diazo-acetic ester or
diazo-succinic ester (B. 34, 345; 43, 1095). 4-Phenyl-3,5-pyrazoline
dicarboxylic acid ester, C,H;(C,H;)N,(COOR),, from cinnamic ethyl
ester and diazo-acetic methyl ester, or from cinnamic methyl ester and
dxazo-acetlc ethyl ester, which give isomeric products, m.p. 76° and
107° respectively; the isomerism disappears on oxidation to the
pyrazole derivatives (B. 35, 31).
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4-Phenyl-5-acetylpyrazoline-3,5-dicarboxylic ester, from benzylidene
aceto-acetic ester and diazo-acetic ester, does not give a trimethylene
derivative on heating, but an a-pyrone derivative (see B. 385, 782).

Pyrazolones.—Keto-pyrazolines or pyrazolones are, as already
stated, desmotropic with the hydroxypyrazoles. According to the
position of the CO-group, we distinguish 5- and 3-pyrazolones, among
which are the oldest known derivatives of pyrazole:

N.NH.CO or N.NH.C(OH) NH.NH.CH or N.NH.CH

CH—CH, CH—CH CO———CH ¢(OH).CH
5-Pyrazolone. 5-Hydroxypyrazole. 3-Pyrazolone. 3-Hydroxypyrazole.

The keto-form is generally ascribed to the pyrazolones, though
they behave in many reactions like hydroxy compounds. From the
hydroxyl form may be derived the alkoxy- and acyl-oxy-pyrazoles
formed by alkylation and acylation respectively.

The pyrazolones were discovered in 1883, and investigated
by L. Knorr. Different pyrazolones have been previously dis-
cussed at the conclusion of the hydrazones of the g-ketonic acids, of
which they are the inner anhydrides, and to which they sustain
the same relation as the lactams bear to the corresponding amino-
acids, hence the designation lactazams was suggested for the
pyrazolones (I. 4006).

They are produced (1) by the climination of alcohol from the hydra-
zones of p-ketonic esters:

CH,.C—CH,—COOC,H;  _cu 01 CH,C—CH,—CO
—E s

NH.CgH;, NC.H,
Acetoacetic Ester Phenylhydrazone. 1,3-Phenylmethyl-pyrazolone.

A number ®f these hydrazones, when acted upon with condensing
agents which eliminate water—e.g., hydrochloric acid, acetyl chloride,
etc.—yield alkoxypyrazoles, which subsequently are converted by
saponification of the alkoxy group into pyrazolones. Some of the
phenylhydrazones of the g-ketonic esters, when treated with con-
centrated sulphuric acid, yield indole derivatives.

(2) From ap-acetylene carboxylic esters and hydrazines (B. 27,
783; C. 1906, 1I. 434).

(3) By the oxidation of the corresponding pyrazolidones.

Behaviour—The pyrazolones, like the other pyrazole derivatives,
are feeble bases (see, however, antipyrine). They also manifest the
acid properties of the g-ketonic esters, and therefore yield unstable
salts with bases just as they do with acids. They also have a series
of reactions in common with the derivatives of g-ketonic acids. This
is due to the reactivity of the CH,-group standing between the two
CO-groups; they condense to benzylidene derivatives with benzalde-
hyde, and with nitrous acid form isonifroso- or #nifroso-compounds,
while with diazobenzene salts they yield more or less intensely coloured
azo-compounds, etc. (B. 27, 782; 28, 625).

POCI, converts the pyrazolones into chlorinated pyrazoles. Heated
with phosphorus tribromide under pressure, they immediately form
pyrazoles (A. 852, 322). On heating with P,S; in xylene solution the
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pyrazolones are converted into thio-pyrazolones, while on heating the
components to higher temperatures without solvents, pyrazoles are
formed direct (see B. 40, 3701; A. 361, 251).

[ |

s-Pyrazolone, CO.CH,.CH: N.NH, melting at 164° is best
prepared from formylacetic ester (I. 401) and hydrazine, but is also
produced from its carboxylic acids. It condenses with benzaldehyde,
nitrous acid, and diazobenzene chloride to 4-Benzal-pyrazolone,
(C4H,ON,): CHC,H;, melting at 200°, 4-isonitrosopyrazolone, (C;H,-
ON,): NOH, melting with decomposition at 181°, and 4-pyrazolone-
azobenzene, (C,H,0ON,): N.NHC,H;, melting at 196° (B. 29, 249).

3-Methylpyrazolone, C,(CH,)H,ON,, melting at 215° is obtained
by the action of hydrazine upon acetoacetic ester or dehydracetic ester

]
(J. pr. Ch. [2], 39, 132). n-Phenyl-5-pyrazolone, 2‘,0 .CH,.CH:N.N.-
C4H;, melting at 118°, is obtained both from A-phenyl-3- and 4-pyra-
zolone carboxylic acids and from 1-phenyl-5-pyrazolidone. N-Phenyl-

| |
3-pyrazolone, CH: CH.CO.NH.NC.H;, melting at 154° results upon
oxidizing 1-phenyl-3-pyrazolidone with ferric chloride, and by treating
N-phenyl-pyrazoline successively with bromine and caustic potash,
etc. (B. 28, 35, 630; 29, 519; J. pr. Ch. [2], 52, 138).

|
N-Phenyl-3-methylpyrazolone, (IJO .CH,.C(CH,): N.NC.H;, melting
at 127°, from acetoacetic ester, the g-chlorcrotonic esters (B. 29, 1654),
or tetrolic acid by means of phenylhydrazine, is that pyrazole deriva-
tive which is the best known, and, indeed, has been known for the
longest time (A. 238, 147). With benzaldehyde it yields the benzylidene

1
compound, éO.C(:CHCGHs)C(CHa):N.N.CsHs, melting at 107°; the
condensation products with hydroxybenzaldehydes are distinguished
by strong coloration (B. 33, 864). With POCl,;, phenyl-methyl
pyrazolone yields N-phenyl-3-methyl-5-chlorpyrazole, with P,S; in

| l
xylene N-Phenyl-3-methyl-5-thiopyrazolone,CS . CH,C(CH,): N.NC,H;,
m.p. 109° (A. 361, 261). N,O, produces an isoniéroso-derivative,

(IZO.C(NOH) .C(CH,): N.ILICGHS, m.p. 157°, which, on oxidation, yields
nitro-, and on reduction 4~-amino-N-phenyl-3-methyl-5-pyrazolone ;
the latter is also obtained by the reduction of N-phenyl-3-methyl-
5-hydroxypyrazoleazobenzene, obtained from phenylmethylpyrazolone
and diazobenzene chloride (Constitution, see A. 878, 218).

When the amino-derivative is‘oxidized it becomes rubazonic acid,
CyoH,,N;O,, melting at 181°. Itis a red-coloured compound, which in
its behaviour recalls the purpuric acid (I. 580) of the uric acid group.
A large excess of the oxidant converts aminopyrazolone immediately

N |
into 1-phenyl-3-methylpyrazoledione, C‘O.CO.C(CH,,): N.NCH;,
the isatin of the pyrazole group, which, by reduction, yields the
corresponding secondary alcohol: 4-hydroxy-1-phenyl-3-methyl-pyra-
zolone (A. 293, 50).
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Ferric chloride oxidizes phenylmethylpyrazolone, with the union
CeHN—CO—C- — - C—CO—NC,H,,
of two molecules, to Pyrazole Blue, |
N —~~==CCH; CH,C ~~ N
which resembles indigo blue in constitution and chemical behaviour.
Less energetic oxidants—e.g., phenylhydrazine, etc.—produce bis-
phenylmethylpyrazolone, which contains two atoms more of hydrogen.
This can also be prepared from phenylmethylpyrazolone silver and
iodine, as well as from the diphenylhydrazone of diacetosuccinic ester.
The interaction of diazomethane and phenylmethylpyrazolone
yields phenylmethylmethoxypyrazole (p. 80), and along with it, but
in small quantity, the isomeric antipyrine (compare B. 28, 1626).

P

N -Phenyl-4-methyl-5-pyrazolone, C,H,N.N:CH.CH(CH,) .Eo,
m.p. 148°, from a-formylpropionic ester and phenylhydrazine, and,
with the isomeric N-phenyl-4-methyl-3-pyrazolone, from bromo-
methacrylic ester, CHBr: C(CH,).COOR, and phenylhydrazine (B. 38,

I 1
3273). N=-Methyl-3-phenyl-5-pyrazolone, CH,N.N: C(C,H;).CH,.CO,
m.p. 207°, by methylation of 3-phenyl-5-pyrazolone, and by con-
densation of benzoylacetic ester with methylhydrazine, resembles in
its reactions the technically useful phenylmethylpyrazolone (A. 852,

I 1
152). 1,3-Diphenyl-5-pyrazolone, C;H;N.N : C(C,H,).CH,.CO, m.p.
137°, from benzoylacetic ester and phenylhydrazine (A. 858, 171).
Similarly to phenylmethylpyrazolone, it has been converted into
4-keto-1,3-diphenyl-5-pyrazolone and 4-hydroxy-1,3-diphenyl-5-pyra-
zolone (B. 36, 1132).

_ ) CH,N —CO—CH
Antipyrine, 1,2,3-Phenyldimethyl-5-pyrazolone, | It ,
[N CHN-————CCH,

melting at 114°, is obtained in the form of its hydriodide when phenyl-

methylpyrazolone is heated to 100°, together with methyl iodide and

methyl alcohol. It also results by the condensation of symmetrical

rlrzle‘%hyl)phenylhydrazine with acetoacetic ester (A. 238, 160; B. 20,
. 609):

C¢H;.NH RO.CO.CH, C,H,N—CO—CH
+ = [ i .
CH,.NH 0.CH,  CH,N——CHCH,

Homologues of antipyrine are formed, similarly to it, from phenyl-
methylpyrazolone: 2-Benzyl- and 2-Ethyl-x-phenyl-3-methylpyrazo-
lone, homoantipyrine, melting at 119° and 73° respectively (J. pr. Ch.
[2], 65, 153; A. 293, 3 footnote). ,

Antipyrine and its homologues are also produced by the heating of
the halogen alkylates of 5-alkoxypyrazoles, and from the halogen
alkylates of 5-chloro-pyrazoles with caustic alkalies; thus, the iodo-
methylate of 1,5-phenylchloropyrazole gives, with alkali, the lower
homologue of antipyrine: 1-Phenyl-z-methyl-5-pyrazolone, m.p. 117°,
also formed from 1-phenyl-5-pyrazolone with methyl iodide (A. 820,
28). Isomers of antipyrine are 1,2-dimethyl-3-phenyl-5-pyrazolone,
m.p. 108° and 1-phenyl-2,4-dimethyl-5-pyrazolone, m.p. 125°, formed
by methylating 1-methyl-3-phenyl- and 1-phenyl-4-methyl-5-pyrazo-
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lone respectively (A. 852, 175; B. 38, 3275). 1,2,3-Trimethyl-5-pyra-
zolone (see B. 43, 2106.)

Antipyrine is a strong monacid base. It is very soluble in water
and alcohol, and crystallizes from ether in shining leaflets.

It is highly prized in medicine as an antipyretic. Its salicylate,
salipyrine, acts similarly to it. This is also true of the homologue
tolypyrine or y-tolyldimethylpyrazolone, etc.

Transpositions of Antipyrine.—Antipyrine and its homologues give
with POCI,, antipyrine chloride, C,,H,,N,Cl,, m.p. 137°, which must be
regarded as I-phenyl-5-chloropyrazole-2-chloromethylate. The Cl-atoms
are mobile, especially the atom in the 5-position. Alkali regenerates
antipyrine, alkali hydrosulphide or sodium thio-sulphate yields thio-
pyrine (see below), while NH, and amines give smino-pyrines. These
compounds, like the antipyrines themselves, are all strongly basic,
which, in contrast with the other pyrazole and pyrazolone deriva-
tives, form very stable salts. The salts are therefore generally
regarded as quaternary ammonium salts, according to the formula:

Cl Cl g Cl \
>N.N(C.H,).COH >N.N(C,H,).CSH >N.N(C¢H,) .CNH
R (Cotl) .C CH) (Cetls) - cH, ) T (Ce 5) - ON I,

CH
CH C———CH  CH,C— CH CH,C— -CH

—i.e., as halogen alkylates of 5-hydroxy-, 5-thiol-, and 5-amino-
pyrazoles. The relations of these salts to their bases are, therefore
determined by an addition or splitting off of acids in 2,5-position in
the pyrazole nucleus, and A. Michaelis, therefore, also contemplates the
following formula for the free bases (A. 320, 1; 328, 78; 331, 197; 339,
117; B. 36, 3271):

CH,.C=(CHy)N CH,.C=(CH,)N CH,.C=(CH,)N
, o<>Nc.,H,, ] sCONCH, ] HN<>Ncens.
ClHl—=-C CH—==C CH—==C
Antipyrine, Thiopyrine, Iminopyrine.

From this point of view it is remarkable that the compounds
obtained from antipyrine chloride with p-toluidine and from toly-
pyrine chloride with aniline are nof identical (A. 339, 130; compare also
A. 352, 154).

All 1,2-dialkylated pyrazolones behave like antipyrine and its
homologues (A. 352, 175; 354, 55; B. 43, 21060).

Thiopyrines.—1-Phenyl-2-methyl-thiolpyrazole,C,H,SN,(CH,)(CH,),
m.p. 162°, from 1-phenyl-5-chloropyrazol-2-iodomethylate with KSH.
1-Phenyl-2,3-dimethyl-thiopyrazole, T#iopyrine, (CH,)C;HSN,.(CH,)-
(CeH;), m.p. 166°, from antipyrine chloride with KSH or Na,S,0, in
aqueous solution, acts physiologically like antipyrine. 1-Phenyl-
2-ethyl-thiolpyrazole, m.p. 171°, 1-phenyl-2,3,4~-trimethyl-thiolpyrazole,
m.p. 129°, etc. By repeated distillation or by heating their halogen
alkylates, the thiopyrines are converted by the migration of the alkyl
group from the N to the S-atom into.pseudo-thiopyrines or pyrazole alkyl
sulphides—e.g., CH3(IZ:N.N(C6H5).C(SCH3) :CH. Thiopyrines and

1

pseudo-thiopyrines are distinguished by their behaviour on oxidation.
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The former give trioxides, inner salts of sulphonic acids—e.g.,
o—- —-S0,

CH,,C:N(CH;).NC,,H,,.(I:,CH, the latter dioxides, sulphones, —e.g.,
| J
CHa(IZ :N.N(CeH,;).C(SO,CH,) CIH

Iminopyrines.—1-Phenyl-2,3-dimethyl-iminopyrazole, Iminopyrine,
C,H,N,(C,H,)(CH,),, from antipyrine chloride by heating with aqueous
H, or Am carbonate under pressure; its hydrochloride, on heating,
splits up into CH,Cl and 1,3-phenyl-methyl-5-amino-pyrazole, which
unites again with methyl iodide to form iminopyrine hydriodide.
Anilinopyrine, m.p. 59°, from antipyrine chloride and aniline, is trans-
formed on heating itsiodomethylate into 1,3-phenyl-methyl-5-methyl-
anilino-pyrazole. Phenyl-hydrazino-pyrine (see B. 42, 2765). Further
iminopyrines, sec B. 86, 3279, etc.

Like acids, alkyl iodides add themselves in the 2,5-position to
antipyrine, forming methiodides of the j5-alkoxypyrazoles, but at
higher temperatures antipyrine and methyl iodide produce 1-phenyl-
2,3,4-trimethyl-pyrazolone, methylantipyrine, m.p. 82° and on trans-
position 1-phenyl-3,3,4-trimethyl-pyrazolone, m.p. 56° (A. 293, 1).

4-Nitroso-antipyrine, (C,, H,;ON,).NO, from antipyrine with nitrous
acid, on reduction with Zn and acetic acid, give Iﬁ-ammo-antlpyrme,
m.p. 109°, from which dyes are easily obtained itl’ the form of diazo-
compounds (A. 293, 58). By