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PREFACE TO VOL. III. PART VI

Tais part of the Treatise on Organic Chemistry contains a
description of the derivatives of naphthalene and the allied
hydrocarbons, as well as of the compounds consisting of two or
more Benzene-nuclei directly connected. The next part, now in
the press, will complete the description of the hydrocarbons and
their derivatives properly so called. The authors are much
indebted to Dr. H. G. Colman and Dr. A. Harden for the
assistance which they have given them in passing this volume

through the press.
' H.E. R.

C. S.
January, 1892,






CONTRACTIONS EMPLOYED IN THIS PART

alicyclic.
asymmetric.
aromatic,
meta,
normal,
ortho.

= para.

= symmetric.
= adjacent.
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ORGANIC CHEMISTRY

OR THE CHEMISTRY OF THE HYDROCARBONS AND THEIR
DERIVATIVES.

PART VL
THE INDENE GROUP.

2552 The compounds of this group are derived from indene,
a hydrocarbon which occurs in coal-tar. It is intermediate in
constitution between benzene and naphthalene.

Benzene. Indene. Naphthalene.

HC o CH
| j Hc/ "c CH,\ Hcl/ N \'CH
\ /(‘H \ /C CH HC\\ ~ CH

HC CH

The ortho-posxtlon is assigned to the carbon atoms combined
with the benzene nucleus in indene and its derivatives, because
they are either obtained from naphthalene or phthalic acid, or
are converted into the latter by oxidation.

All the indene derivatives at present known are derived from
the following :

Indene. Hydrindene.
CH,
N Mo
C.H, Ko _CH, C"H‘\CH, >cH
Indone, 7 Hydrindone. Diketohédrindene.

co
77N\ 77N 77N\
C AL POH CGH‘\CH2 JCH,  CHS | DCR

The letters of the Greek alphabet are used as shown to denote
the position of the carbon atoms in the indene chain.!
! Roser, Annalen, 247, 129.
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DERIVATIVES OF INDENE.

2553 Indene, CH,, occurs in the fraction of crude benzene
boiling at about 176—182°, from which it is isolated by means
of the picrate.! The latter forms golden-yellow needles melting
at 98°, and is decomposed by steam. Indene is a colourless
oil which has a sp. gr. of 1040 at 15° and boils at179-5—1805°
(corr.). It combines with bromine to form a dibromide, which
melts at 43—45°, and on treatment with water yields tndene
bromhydrin, which crystallizes in long white needles melting at
130—131°. On oxidation with nitric acid indene is converted
into phthalic acid.

m-Amido-B-methylindene, C,;Hy(NH,)CH,, is formed by the
action of tin and hydrochloric acid on m-nitro-a-methylcin-
namic aldehyde. ~m-Amido-a-methylhydrocinnamic aldehyde
is first formed, and then loses the elements of water :

c
H,N.C,H/o Ci>011—cn, = H,N.C, < H’>c _CH,
+ H0.

It crystallizes from ether in small lustrous plates, melting at
98°, sublimes readily, and boils in an atmosphere free from
oxygen at 271—272°, under a pressure of 718 mm. Its hydro-
chloride also crystallizes in small lustrous plates, and dissolves
readily in water, with some difficulty in cold hydrochloric acid.
Acetic anhydride converts the base into the acetyl derivative,

C,H (NH.CO. CH,)CH which crystallizes from a mixture of
ether and alcohol in aggregates of concentrically arranged prisms
and melts at 148°

The base is converted by Sandmeyer's diazoreaction into
chloro-B-methylindene, C;H,C1(CHy,), a dark yellow liquid, boiling
at about 240°, which is oxidized by nitric acid to as-chlorophthalic
acid.®

The following compounds have been prepared by similar
methods :

! Kramer and Spilker, Ber. 23, 3276.
? v. Miller and Kinkelin, Ber. 19, 1249,
3 v, Miller and Rohde, Ber. 22, 1830.
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m-Amido-S-y-dimethylindene, H,N. CeHs

lustrous plates . . . . . . . e e e e e e 62—63°

m-Amido-B-ethylindene, H,N.ce}:{,< H’\ C.H,

micaceous plates . . . . . . e e e e e 89°
m~-Amido-isopropylindene,

CHN | _CH,
Ce C—CH , small plates . °
N CHS g el st 84

oy-Methylindene-B-carboxylic acid, C;,H,O,, is formed when a
mixture of ethyl benzylaceto-acetate with 8 parts of concentrated
sulphuric acid is allowed to stand for several hours :

CH, _CH,
CHy CO>OH.OO.OC,H, = eB >cco0n

éﬁ, bHs

+ HO.C,H,.

The acid separates out when the mixture is poured into water.
It is almost insoluble in water, but readily dissolves in hot
alcohol, from which it crystallizes in small white needles, melting
at 200°. On heating with soda-lime it decomposes into carbon
dioxide and y-methylindene, C{H,:CH,.CHy, a highly refractive
liquid, which boils at 205—206°, has a disagreeable smell re-
sembling that of naphthalene, and changes on exposure to the
air into a yellow resinous mass. It is also formed in very small
quantity when benzylacetone is dissolved in concentrated
sulphuric acid.! The acid is converted by oxidation into phthalic
acid ; when it is fused with caustic potash and a little water, the
surface of the mass becomes coloured blue with a greenish yellow
metallic lustre, and a potassium salt is formed, which is only
stable in alkaline solution and appears to be a derivative of
complex constitution,

The methyl ester, C,)H,.CO.OCH,, crystallizes from methyl
alcohol in small, lustrous needles, melting at 78",

! Miller and Rohde, Ber. 23, 1883,
801
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If the acid be exposed to the vapour of bromine, its dibromide
is formed ; it separates from ether in white crusts and melts
with decomposition at 215°,

Its methyl ester, C,;H,Br,.CO.OCH,, forms long, white needles
melting at 157°,

a-Brom-a-methylindenecarboxylic acid, C,,HBrO,, is prepared
by adding the calculated quantity of bromine to methylindene-
carboxylic acid suspended in glacial acetic acid, the dibromide
which is first formed being decomposed in the following manner :

C
CGH4<C];[2 0B co H=0C H‘\ /

b, én,

It is insoluble in water, but is slightly soluble in alcohol, and
crystallizes from acetic acid in small, white needles, melting at
245°. Its methyl ester, CyH Br.CO.OCH,, is formed by the action
of hydrobromic acid on a solution of the acid in methyl alcohol
or may be prepared by dissolving the ester of the unbrominated
acid in chloroform, adding the calculated amount of bromine and
allowing to evaporate. It forms small, flat crystals, melting at
98—100°.

When the solution of the acid in methyl alcohol is saturated
with hydrochloric acid, the methyl ester of ckloromethylindene-
carboxylic acid is formed, perhaps according to the following
equation :

N\0.CO,H + HBr.

CH CHCL
77N\ o N
CHS , PCC0.0CH+HCI=CH  SCHCO.OCH,
<'m, by,

_/CHOI
= ‘\ \c CO.OCH, + HBr.

b,

1t crystallizes in long, silky needles, melting at 84°, and, like the
ester of the brominated acid, gives with alcoholic caustic soda a
splendid blue colouration, which on standing becomes green and
finally changes to brown (Roser).
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DERIVATIVES OF HYDRINDENE.

2554 Hydrindene, C;H,,, is obtained by reducing indene with
sodium in boiling alcoholic solution. It is a colourless oil
which has a sp. gr. of 0957 at 15° and boils at 173:5—174-5°
(corr.).!

Hydrindene-B-carbozylic acul, C,H,i0,, has already been
described as hydrindonaphthenecarboxylic acid (Pt. V. p. 263). It
was obtained by Baeyer and Perkin by adding o-xylylene bro-
mide to an alcoholic solution of ethyl malonate and sodium, the
ethyl ester of hydrindene-B-dicarboxylic acid being formed :

_CHBr _/C0.0CH,
Ncmp T H’\oo 0C,H,
SO, /CO0GH,

\CH,/ \co 0C,H,

The free acid liberated from this ester forms rhombic plates or
tablets, melts at 199°, and when heated above its melting point
decomposes into carbon dioxide and hydrindenecarboxylic acid.?
The latter may also be prepared by dissolving two atoms of sodium
in eight parts of alcohol, adding three parts of absolute ether,
then a molecule of ethyl acetoacetate and finally a molecule of
o-xylylene bromide dissolved in five times its weight of ether.
After standing for a few hours the product is hydrolized with
alcoholic caustic potash :

c.HS

c.HS + 2HBr.

CH,Br _/COCH,
/7
RN * H’\co OC,H, + 2Ne
CH,\ CO.CH,
- + 2NaBr +
‘\CH,/ \co OC,H, "+ B
co.C
cH o0 | sxom
\CH,/ \oo OC,H,
=C.H, <c o™ + HO.C,H, + KO.CO.CH,.
H,/ N\C0.0K w ’

1 Krimer and Spilker, Ber. 23, 8281. 2 Ber. 17, 122
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Hydrindenecarboxylic acid crystallizes from boiling water in
fascicular groups of needles, melts at 130°, and can be sublimed
without decomposition. It is oxidized by potassium perman-
ganate to o-carboxyphenylglyoxylic acid,! CO,H.C{H,.CO.CO,H.

oy-Methylhydrindene-B-carboxylic acid, C;,H,,0,, is prepared by
adding a large excess of sodium amalgam to a boiling alcoholic
solution of methylindenecarboxylic acid. It crystallizes from hot
water in small needles, melts at 80° and boils without decom-
position at 300—310°. The silver salt is a crystalline pre-
cipitate, and the barium salt, (C,,H,,0,),Ba + 4H,0, crystallizes
from alcohol in needles, which are very soluble in water.?

Trichdorohydroxyhydrindenecarboxylic acid, C,)H,Cl,0,, is
formed when trichlorodiketohydronaphthalene is dissolved in
cold, dilute caustic soda solution :

HO CO.0H
e 0P 0 CH>C<C
(3 ‘\CHCI—J}CI, + H;0 = G 4}106 Cl,

It is an oily liquid and yields a methy! ester which forms
lustrous monosymmetric crystals, melting at 150°. When heated
to 100° with acetyl chloride, a compound of the formula
C,H;Cl,(0CO.CH,)CO.OCH, is obtained, which crystallizes in
small needles and melts at 114—115°3

The acid is oxidized to trichlorohydrindone by a dilute solution
of chromic acid.

DERIVATIVES OF INDONE.

2555 Dichlorindone, C;H,CL0, was obtained by Zincke and
Frohlich by the oxidation of dichlorohydroxyindenecarboxylic
acid.* Roser and Haselhoff then found that it can readily be
prepared from dichlorocinnamic acid, which is itself obtained by
passing chlorine into a solution of phenylpropiolic acid in chloro-
form. When the product is dissolved in sulphuric acid, the
following reaction occurs :

CyH,CO=COLO0OH = CHL | 3001 + HO.

1 8cherke, Ber. 18, 878 ; Perkin, Journ. Chem. Soc. 1888, 1, 7.
? Roser, Annalen, 247, 165.
3 Zincke, Ber. 20, 2894. ¢ Ber. 20, 1267.
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The pure substance is obtained by precipitation with water and
distillation with steam.! It crystallizes from alcohol or acetic
acid in long, golden yellow, lustrous needles, has a characteristic
smell, somewhat resembling that of quinone, and melts at 90°.
When its alcoholic solution is boiled with potassium bromide,
chlorobromindone, CyH,CIBrO, is obtained ; it crystallizes in small
yellow needles and melts at 105°.

Dichlorindone-oxime, C;H,CL,(N.OH), is formed when an
alcoholic solution of dichlorindone is gently heated with hydroxy-
lamine hydrochloride ; it crystallizes in long, light yellow needles,
which are readily soluble in alkalis and warm alcohol.

Anilidochlorindone, C;H,CI(NH.C,H,)O, is prepared by heat-
ing dichlorindone or chlorobromindone with aniline dissolved in
alcohol or acetic acid :

Cco
‘\ \001 + NECH, = GH, N
7
C.NH.C.H,

+ HCl

It is only slightly soluble in alcohol and acetic acid, and crystal-
lizes in slender, deep red needles, melting at 203—204°, which
dissolve without decomposition in dilute alkalis, forming red
solutions; when such a solution is boiled, however, chlorohy-
droxyindone is formed.

The amines act upon dichlorindone in a similar manuer to
aniline : methylamine and dimethylamine, for example, form the
following compounds:

Melting-point.
cHL C0\001, long dark red needles . . . . . 195°
\¢g”?
1'\:(0}1,)1{
C,H,<CCO>CCI, thick red tablets . . . . . . . 140°
Yeemy,

Chlorokydrozyindone, C;H,(OH)CIO, is formed when the pre-
ceding compounds are heated with alkalis or acids, and may also

1 Annalen, 247, 129.
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be prepared by suspending dichlorindone in alcohol and gradually
adding caustic soda solution, the liquid being well stirred and
cooled throughout the operation ; the mixture is allowed to stand
for a day and the chlorohydroxyindone then precipitated by
hydrochloric acid. It crystallizes from dilute alcohol in broad,
thin plates, with a satin lustre, and separates from light petroleum
in small compact crystals, melting at 114°. It forms a red
solution in alkalis, from which it is precipitated by acids. If its
solution in alcohol or acetic acid be heated with aniline, the
anilido-compound described above is formed.

The chlorine atom which is removed in the formation of
chlorohydroxyindone and other derivatives from dichlorindone is
that which occupies the o-position. This follows from the fact
that chlorohydroxyindone is converted by the action of chlorine
into dichlorodiketohydrindene, CgH (CO),CCl;, which is de-
scribed below, a substance ‘which can also be obtained from
naphthoquinone and can readily be converted into phthalic
acid,

Dichlorohydroxyindenecarboxylic acid, C,jH,Cl,0,, is formed
when dichloro-8-naphthoquinone is treated with cold dilute
caustic soda solution, the mixture being frequently shaken until
it has dissolved :

HO, ,CO.OH
c,HS o= 0 = CH R 001
+
“Nccl= —écn H ‘\

It crystallizes in slender white needles containing water, which are
readily soluble in alcohol, but only slightly in water! As
already mentioned, it is oxidized to dichlorindone by chromic
acid :

\ /C0.0H

CH‘\ o +o0- CH< \001 + €O, + H,0.
i

Its methyl ester, C;H C1,0.CO,CHy, crystallizes from alcohol in
thick plates, and from ether in lustrous, six-sided tablets, which
melt at 137—138",

1 Zincke, Ber. 19, 2493.
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«y-Bromindone, C,;HBrO, is formed when dibrom-a-naphthol
is brought into well cooled fuming nitric acid. It forms small
ochreous scales, melting at 127—128°, Its constitution follows
from that of the dibrom-a-naphthol from which it is obtained :

OH
r\/\Br

Co
cHS  SCH
“\cB”
NN\
Br
Anilido—y-bromindone, CH,BrO(NCgH,), is obtained by
boiling the bromindone in concentrated alcoholic solution with
aniline; the hydro-derivative, which can be obtained by the
action of reducing agents on the amido-compound, is probably
first formed and is then oxidized on exposure to the air. It
dissolves very sparingly in boiling alcohol, readily in benzene
chloroform and sulphuric acid, with a magenta-red colour,
and separates in deep red scales, melting at 190°; it is
therefore isomeric with the compound obtained by Roser (see
below) which melts at 170° It readily forms salts with alkalis,
but is decomposed on boiling with caustic soda solution, with
formation of a bromchydroxyindone, isomeric with that obtained
by Roser and Haselhoff :

G0
4\ ’ r
(0B

| AN
N\CBr—"

H)
NC:N.C,H, + H,0 =

c.BEL C:0 + CH,NH,

This substance crystallizes from hot water, in dull orange coloured
stumpy needles, melting at 191—192°, It forms a characteristic
barium salt, crystallizing in slender orange needles.

«y-Bromindone also reacts with other amido-compounds form-
ing bodies which resemble the anilide.

Dibromindone, C,H,Br,0, is obtained from dibromocinnamic
acid, and crystallizes from alcohol in orange-yellow needles, which
melt at 123°; in its other properties it closely resembles dichlor-

1 Meldola and Hughes, Journ. Chem. Soc. 1890, 1, 393,
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indone. When its alcoholic solution is boiled with potassium
iodide, bromo-iodindone, C;H BrIO, is formed ; this substance
crystallizes in short, yellowish red pointed prisms, which are
odourless and melt at 163°.

Dibromindcne-oxime, CgH,CyBry(N.OH), crystallizes from
alcohol in fascicular groups of yellow, silky needles, and melts
at 198° with decomposition. Its sodium salt forms well-
developed yellow needles and is readily soluble in water, less
easily in caustic soda solution.

Tribromindone-oxime, CgHyBr.C,Bry(N.OH), is the product of
the action of bromine on the preceding compound, and crys-
tallizes from alcohol in small, golden-yellow, silky needles.

Anilidobromindone, C;H Br(NH.C,H;)O, crystallizes in light
red needles and melts at 170°; it is readily soluble in alcohol
and acetic acid, and resembles the chlorine compound in its
other properties,

Bromohydroxyindone, C;H,(OH)BrO, is formed by the action of
caustic soda on dibromindone and crystallizes in slender needles,
which have a very slight yellow tint. It melts at 119° is
readily soluble in alcohol, acetic acid and benzene, and forms
red solutions in the alkalis (Roser and Haselhoff).

HYDRINDONE AND ITS DERIVATIVES.

2556 Hydrindone, C;HO, is prepared by gently heating
ethyl o-cyanobenzylacetate with concentrated hydrochloric acid :

cH( oN + 2H,0 = CHL \CH
* *\CH,.CH,C0.0C,H, + 25 Neny”
+ NH, + CO, + HO.G,H,

As soon as the evolution of carbon dioxide has ceased, the
liquid is neutralized and distilled with steam. The hydrindone
passes over as an oil, which soon solidifies, and that which has
dissolved in the aqueous distillate separates on cooling in well-
developed rhombohedral tablets, which melt at 40°. It boils
at 243—2435°, has a characteristic smell resembling that of
phthalide, and is readily taken up by most solvents.

When hydrindone is heated to 100° for some hours with
concentrated hydrochloric acid, it is converted into tribenzylene-
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benzene, C,H,;,, water being eliminated. The formation of
this substance, which will be subsequently described, is quite
analogous to that of mesitylene from acetone.

Phosphorus pentachloride acts upon hydrindone when the
two are heated together with formation of dicklorindene,
C,H,Cl;, which crystallizes from methyl alcohol in lustrous
prisms melting at 29°,

Hydrindone-oxime, C;H,N.OH, crystallizes from alcohol in
lustrous white needles, melting at 146°.

Hydrindonephenylhydrazone, CCHN.NH.C;H,, separates from
alcohol in white prisms, which turn brown at 120° and melt at
a few degrees above this temperature. It changes in the air
into a brown oil, and when boiled with hydrochloric acid is
converted into benzylene-indol, C,;H;,N, which will be sub-
sequently described.!

Tnchbrokydnndom C,H,CLO, is formed by the oxidation of
tnchlorohydroxyhydnndenecarboxyhc acid :

HO\ CO,H

0
CH< \001, +0 =CH ‘<-C _>CCI,+H,O+CO
cha

It crystallizes from alcohol in thick, pointed needles or prisms,
melts at 58—59°, and has a characteristic smell, resembling that
of benzophenone. It is converted by methylamine into
dichlorindone, which then combines with the excess of the
amine to form the substance already described (Zincke).
Caustic soda solution dissolves it and thereby converts it into
dichlorovinylbenzoic acid, C,H‘<8(;_i%l

Tetrachlorohydrindone, C,H,Cl, O is prepared by passing
chlorine into a warm solution of dichlorindone in acetic acid,
and forms colourless transparent monosymmetric crystals or
thick white striated needles, which melt at 107—108° and
sublime at a somewhat lower temperature, yielding a vapour
which has a peculiar smell, resembling that of hexchlorethane,
When its solution in caustic soda, to which a little alcohol has
been added, is heated, trichlorovinylbenzoic acid is formed :

CO \o /CO .OH
CH‘ Cl; + H;0 = CH, + HC1
Nea,” \coi=ca,

! Hausmann, Ber. 29, 2019.
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This substance crystallizes from dilute alcohol in needles or
long plates, and melts at 163°. It is converted by the continued
action of sodium amalgam and water into o-ethylbenzoic acid.!

Dibromohydrindone, CyH Br;O, is obtained when bromine
diluted with chloroform is gradually added to a boiling solution
of hydrindone in chloroform. It crystallizes from alcohol in
white prisms, melts at 133—134°, and is readily taken up by
the usual solvents on heating.

Tetrabromohydrindone, C;H,Br,O, is prepared by adding
chloroform and an excess of bromine to dibromindone. On
evaporating the solution it crystallizes in colourless, lustrous
prisms, which melt at 124° with decomposition. Its alcoholic
solution becomes coloured yellow on heating, and dibrownindone
is again formed when it is boiled. If however it be added to
an excess of caustic soda solution, tribromovinylbenzoic acid,
CBr, = CBr.C;H,.CO,H, is formed. This substance crystallizes
from alcohol in lozenge-shaped tablets and melts at 196—198°.

Dichlorodibromokydrindone, C;H,CLBr,0, has been obtained
from both dichlorindone and dibromindone. It crystallizes in
white prisms and is converted into dichlorindone by sulphurous
acid or boiling alcohol.

B-Methylhydrindone, C,)H, O, is formed when a-methyl-
hydrocinnamic acid is brought into concentrated sulphuric acid
heated to 150°. The reddish-brown solution is rapidly cooled,
poured into cold water, and made alkaline with caustic
soda, the methylhydrindone being then distilled off in a
current of steam.?

COOH Cco
CoH4< =
CH,—CH,.CH,

C‘,H,<CH >CH.CH, + H,0.
2

It is a colourless oil, somewhat heavier than water, which has
a strong characteristic odour resembling that of peppermint,
and boils at 244—246° at a pressure of 719 mm., with slight
decomposition. It is only slightly soluble in water but readily
in other solvents. Dilute nitric acid converts it into phthalic acid.

Its phenylhydrazone crystallizes from alcohol in yellowish
plates, melting at 116°.

A series of other substituted hydrindones has been prepared in

1 Zincke and Frohlich, Ber. 20, 2053.
2 Miller and Rohde, Ber. 23, 1888.
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a similar manner from the corresponding hydrocinnamic acids by
the same chemists.

O
m-Chlorohydrindone, 010,H,,< CH,, Bolling.  Molting
CH point. point.
whiteneedles . . . . . . . . .. 274° 95°
bydrindone, BrGES o 0
m-Bromohy one, °H3\0H2 ) H,,
whiteneedles . . . . . . . . .. — 122-123°
CO\
p-Bromohydrindone, BrC,H,\ /
white microscopic needles . . . . . — 111-112°
hydrindone, CE, G SCH
m-Methylhydrindone, CH,.C, 8\CH, CH,,
long white needles . . . . . . . . — 59°
drindone, CH,GHL - NOH
p-Methylhy one, CH,.C, g\CH, _CH,,
whiteneedles . . . . . . .. .. — 63°
m-Chloro-B-methylbydrindone,

CIC,H‘< H’\CHCH,,colourless oil 265-268°  —

DIKETOHYDRINDENE AND ITS DERIVATIVES.

2557 Diketohydrindene, C;HO,. The sodium compound of
ethyl diketohydrindenecarboxylate is prepared by heating 10
grms, of ethyl phthalate and 2 grms. of sodium, or the correspond-
ing amount of sodium ethylate, on the water-bath, and gradually
adding 7—10 grms. of ethyl acetate. The reaction is probably
expressed by the following equation :

/CO .0C, H,
20 oG, + 2CH,CO,C,H; + 6Na
aaN
= 26HL  JCQWCOCH, + 4NOCH, + IH,
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This substance crystallizes from water in slender, yellow needles,
The ester, which also crystallizes in fine yellow needles, is
precipitated by the addition of sulphuric acid to the aqueous
solution of the sodium salt, and on heating with an alkali
decomposes into diketohydrindene, alcohol and carbon dioxide,
a change which also occurs when its solution in ether which
contains water is allowed to stand :

co
7N\
B o, SCHCO,CH, + H0

=CH/CO\CH,+00 + HOG,H
(] 4\00/ ] by

It is, however, best to heat the acidified aqueous solution for
half an hour on the water-bath and filter the hot liquid.
Diketohydrindene forms colourless, lustrous needles, which melt
with decomposition at 129—130°. It is readily soluble in hot
alcohol and benzene, less readily in ether and hot light petroleum,
and is only very slightly soluble in water. Dilute alkalis
dissolve it readily, the solutions being of a deep yellow colour.
Bidiketohydrindene,C,gH, O,,is formed when diketohydrindene
is boiled with water. It crystallizes in difficultly-soluble, yellow-
ish rhombic tablets, which melt with decomposition at 206—208°,
All its salts are coloured deep red to violet, and it dyes wool
a violet red in a faintly acid bath, but not very readily. Its
formation is probably represented by the following equation :

CO /Ce N\
CH‘\ oH,+co H/co

co CH
= 6aL, \ <c “Nco + H,0.
C=N.NHC,H,

Diketohydrindenephenylhydrazone, C,H‘<>CH, , is
CO
obtained as a yellow flocculent precipitate when phenylhydrazine

hydrochloride is added to a solution of the diketone in alcohol
which contains a little water. It crystallizes from dilute alcohol
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in yellow, hair-like, matted needles, melting at 162—163°, and
yields a solution in concentrated sulphuric acid which is coloured
a deep bluish green by ferric chloride.

Diketohydrindenediphenylhydrazone, C,Hy(C=N,H.CgH,),, is
formed when the diketone is heated on the water-bath with the
necessary amount of phenylhydrazine. It crystallizes fromalcohol
in matted, light flesh-coloured needles, melting at 171°, and
its solution in cold sulphuric acid is also coloured dark bluish
green by a trace of ferric chloride.

Diketohydrindenediozime, C.H,(CH,)(C—=N.OH),, is formed
when a solution of hydroxylamine hydrochloride is added to a
solution of diketohydrindene in carbonate of sodium. It
crystallizes from hot dilute alcohol in very fine, matted needles,
which are readily soluble in alkalis.

Tsonitrosodiketohydrindene, CH,(CO),.C—=N.OH, is obtained
by the addition of dilute sulphuric acid to a solution of the
diketone and sodium nitrite in dilute caustic soda. It crystallizes
from glacial acetic acid in triangular plates, which melt with
decomposition at 197—198° and dissolve in alkalis, forming
solutions of a delicate pink colour.

Tri-isonstrosodiketohydrindene, C;H,(C—=N.OH),, is the pro-
duct of the action of hydroxylamine on the preceding compound,
and is a crystalline substance, melting at 197° with evolution
of gas!

Dichlorodiketohydrindene, CoH,CLO,, is formed by the action
of chlorine on a solution of chlorohydroxyindone in acetic acid :

0~ o\
‘\( >CCL+ O = CH‘\ >CCl, + HOL

It may also be obtained by the oxidation of dichloroketo-
hydroxyhydrindic acid, a substance which is described later on. In
order to avoid the purification of this substance the preparation
is most conveniently carried out by dissolving chlorohydroxy-
naphthoquinone in sodium carbonate solution, passing in chlorine
until the liquid becomes colourless, acidifying with acetic acid
and filtering. Hydrochloric acid is then added to the filtrate
and this heated with chromic acid.

Dichlorodiketohydrindene crystallizes from dilute alcohol in
small lustrous plates and from a mixture of ether and light petro-

1 Wislicenus, Annalen, 248, 847 ; Wislicenus and Kotzle, Annalen, 252, 72.
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leum in large, thin tablets, the corners of which are truncated ;
it melts at 125°.

When it is dissolved in caustic soda, phthalic acid and
dichloromethane are formed, the latter of which is converted
by the alkali into formaldehyde, so that the solution obtained
reduces ammoniacal silver nitrate :

% CO.ONa Gl
H 2
C, 0/001, + 4NaOH = C, < +

CO.ONa
+ CH,0 + H,0.

Alcoholic potash, on the other hand, converts it into dichlor-
acetophenonecarboxylic acid :

CO.CHCI,
CO.OK

When this substance is dissolved in sodium carbonate and
treated with chlorine, trichloracetophenonecarboxylic acid is
formed (Pt. V., p. 149).!

Dibromodiketohydrindene, CyH,Br,0,, is formed by the action
of bromine on dlketohydnndene (Wislicenus) or on bromo-
hydroxyindone (Roser and Haselhoff), as well as by the
oxidation of dibromoketohydroxyhydrindic acid (Zincke and
Gerland). It crystallizes from acetic acid in thick white plates,
which melt at 176°. Dilute alkalis convert it into bromohy-
droxyindone, phthalic acid and bromoform, the reactions which
occur being represented by the following equations :

PN
Nco”

CH<CO\001, + HOR = C,H
64 CO/ 64

cHC  \CBr, + HO = CH <— co H)\CBr + BrOH.
cad ON\cB H,0 = CH cooH CH,B
r, + 2 = + T,

o *\co.oH z

CH,Br, + BrOH = CHBr, + H,0.

Chlorobromodiketohydrindene, C;H,CIBrO,, is obtained by the
oxidation of chlorobromoketohydroxyhydrindic acid and also by
the action of chlorine on bromohydroxyindone or of bromine on
chlorohydroxyindone. It crystallizes from alcohol or acetic
acid in lustrous plates, melting at 147°, and is converted by

1 Zincke, Ber. 21, 491 ; Zincke and Gerland, Ber. 20, 3216 ; 21, 2379 and 2396.
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alkalis into a mixture of phthalic acid, dibromochloromethane
and chlorohydroxyindone.

2558 B-Methyldiketohydrindene, C,;H,O,, is prepared from
ethyl phthalate and ethyl propionate and has, therefore, the
constitution :

co
C,H,<CO>CH.CH,.

In this way the sodium compound, CgH,(CO),CNa.CH,, is
obtained, which crystallizes from hot water in small garnet
red or dark red prisms. When an acid is added to its
solution, methyldiketohydrindene separates out as a colourless
oil, which soon solidifies. It crystallizes from alcohol in small
obtuse pyramids, and from light petroleum in pointed needles,
which melt at 84—85° and form red solutions in the alkalis, It
can be distilled without alteration, no condensation product
being formed as is the case with diketohydrindene.

Methyldiketohydrindenephenylhydrazone forms small yellowish
crystals and melts at 142—162°,

Methyldiketohydrindenedioxime crystallizes from alcohol in
fine needles and melts at 116—117° with evolution of gas.

Methylbromodiketohydrindene, CgH,(CO),CBr.CH,, is formed
when a solution of methyldiketohydrindene in acetic acid is heated
with bromine. It crystallizes from alcohol in small white needles,
melts at 90—91° and forms yellowish red solutions in alkalis,

Dimethyldiketohydrindene, CgH (CO),C(CH,),, may be ob-
tained by heating the sodium compound of methyldiketohy-
drindene with methyl alcohol and methyl iodide to 100° It
crystallizes from alcohol in small white needles, melts at
107—108°, and boils almost without decomposition at 250°
It has no acid properties, both the hydrogen atoms of the
methylene group having been replaced by methyl. The
diphenylhydrazone forms thin, yellowish prisms, melting at
184—187°1

Benzidenediketohydrindene, C,H,O,, is prepared by heating
together molecular proportions of benzaldehyde and diketo-
hydrindene :

co co
C,H,<CO>CH, + OHC.CH, = C,H‘<CO>C:CH.C,H5.

1 Wislicenus and Kotzle, Annalen, 252, 80.
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It separates from alcohol in yellowish, lancet-shaped crystals,
which melt at 150—151°. On heating with alkalis it is
decomposed into its constituents,

Dichloroketohydroxyhydrindic acid, C,,H,CLO,. Zincke ob-
tained this acid by the action of sodium carbonate solution on
tetrachlorodiketohydronaphthalene :

0
H/CO_CO 2H,0 = CHL <Z g 9HCL

It may also be prepared from dichlorotriketohydronaphthalene,
which need not be isolated, by simply passing chlorine into an
alkaline solution of chlorohydroxynaphthoquinone ; the triketone
is thus formed and is converted into the acid by the alkali
present : .

- /co—('?.on CIOH = CHS _£0—Co
+ = |
6 4\0 al (3 4
HO\ , /CO.0H

= C,H‘< \001,

It crystallizes from hot water in small prisms or thick needles,
and from hot hydrochloric acid in long, almost rectangular
prisms, while it separates from a mixture of ether and light
petroleum in lustrous monosymmetric prisms. All these
crystals contain a molecule of water which can be removed by

careful heating, but is very readily re-absorbed. As already
mentioned, the acid is easily oxidized to dichlorodiketohydrin-
dene:

HO, ,COH
CH< CCl, +0= 0H<0/001 + CO, + H,0

Its methyl ester, C;H,CLLO(OH)CO,.CH,, forms large, lustrous,
transparent monosymmetric crystals, which melt at 121—122°,
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and its acetyl compound, C;H,CLLO(OC,H;0)CO,H, crystallizes
in small prisms, melting at 126°

Dibromoketohydroxyhydrindic acid, C,;HgBr,O,, has been ob-
tained from bromohydroxynaphthoquinone, and crystallizes in
needles or large monosymmetric prisms containing water of
crystallization, which become anhydrous at 130° and melt at
about 170°. Its methyl ester resembles the corresponding
chlorine compound, and melts at 137°,

Chlorobromoketohydroxyhydrindic acid, C,yHCI1BrO,, is formed
by the action of bromine on an alkaline solution of chloro-
hydroxynaphthoquinone and by that of chlorine on the cor-
responding bromine compound; it forms crystals which are
similar to those of the preceding compound and also lose a
molecule of water on heating. The anhydrous acid separates
from a mixture of ether and light petroleum in crystals, which
melt at 190°. The methy! ester melts at 134—135°.

1 Zincke, Ber. 21, 491 ; Zincke and Gerland, Ber. 21, 2379.
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THE NAPHTHALENE GROUP

NAPRTHALENE, C, H,.

2559 ON December 15th, 1819, A. Garden sent to T. Thomson
a short account of a peculiar crystalline substance which had
been formed in the distillation of coal-tar and which appeared
to be a kind of camphor! Thomson ascertained that it was
a hydrocarbon, and concluded from the results of his analyses
that it consisted of three atoms of carbon and two atoms of
hydrogen or of one atom of olefiant gas and one atom of
carbon.? J. Kidd then obtained the same substance by passing
the vapours of coal-tar through a red-hot tube and gave it the
name of naphthalene? soon after which Chamberlain showed
that it could be obtained in large quantity by simply distilling
the tar, the naphthalene being found in that portion of the
distillate which comes over towards the end of the operation.t
Its correct composition was first determined by Faraday,® and
although at first doubted, was eventually confirmed. Dumas
assumed that the naphthalene existed as such in the coal, but
Reichenbach showed that this idea was not accurate, but that
the naphthalene is a product formed by the dry distillation.?
Faraday, Berzelius, and more especially Laurent, were the next
to turn their attention to this substance. The last named found
that it unites with chlorine to form a tetrachloride, C,;H,Cl,,
which on oxidation yields dibasic phthalic acid, C;H,O,, a fact
which led Marignac to assume that naphthalene is a compound
of two hydrocarbons,” CgH,+ C,H,. This chemist subsequently
showed that phthalic acid on heating with lime decomposes into
carbon dioxide and benzene, from which it follows that naphtha-

! Thomson’s 4nn. Phil. 15, 74. 2 Ann. Phil. 186, 85.
3 Phil. Trans. 1821, 209. ¢ Ann. Phil. 11. @, 135.
8 Phil. Trans. 1828, II. 140, ¢ Pogg. Ann. 28, 484.

1 Annalen, 38, 18.
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lene is derived from the latter by the substitution of two
hydrogen atoms by the divalent group, C,H,.
Erlenmeyer then proposed the following formula :

CH CH )
/\c/ N\
HC CH

ab & a

\/\~Z
N G

According to this it consists of two aromatic nuclei, which
have two carbon atoms in common.! The accuracy of this view
was experimentally proved by Gribe, who showed that phthalic
acid can be obtained by the destruction of either of the two
nuclei. This cannot be ascertained in the case of the hydro-
carbon itself, since there is no way of distinguishing between the
two nuclei. One of them must therefore first be marked by
replacing one or more hydrogen atoms by other elements or
radicals, and it then becomes possible to ascertain which nucleus
has been destroyed by oxidation. Griibe actually found that
dichloronaphthoquinone, C,,H,CLO,, is converted by oxidation
into phthalic acid, so that its formula may be written CgH,.
C,CLO,. Phosphorus pentachloride converts the dichloro-
compound into pentachloronaphthalene :

C,H,CL0, + 2PCl, = C H,Cl, + 2POC], + HCL

This substance is converted on oxidation into tetrachlorophthalic
acid, so that its formula can be written C,H;C1LC,Cl,, and from
these facts it follows that naphthalene must have the sym-
metrical constitution assigned to it by Erlenmeyer.?

In addition to this proof several others have been brought
forward.

When the tetrachloride, C,,H,Cl,, which we have already
mentioned and which is converted by oxidation into phthalic
acid,? is heated, it decomposes into hydrochloric acid and two
dichloronaphthalenes, one of which is oxidized to dichloro-
phthalic acid,* which has also been obtained from monochloro-
naphthalene tetrachloride® C,)H,CLCl,, while monochloro-

1 Annalen, 187, 346. 1 Annalen, 149, 20.

3 Laurent, Ann. Chim. Phys. 81, 118. 4 Atterberg, Ber. 9, 547.
5 J. and E. Depouilly, Bull. Soc. Chim. 4, 10 ; Widman, ibid. 28, 505.
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naphthalene itself is converted by nitric acid into chloronitro-
phthalic acid (Atterberg). When monochloronaphthalene
tetrachloride is heated with alcoholic caustic potash, trichloro-
naphthalene, ,C,,H,Cl,, is obtained, and on oxidation yields
trichlorophthalic acid (Widman).

Mononitronaphthalene, C,;H,NO,, is oxidized by chromic
acid to mononitrophthalic acid! The same nitro-compound is
converted by reduction into amidonaphthalene, C, H,.NH,,
which is oxidized by potassium permanganate or chromic acid
to phthalic acid and not to amidophthalic acid.?

Amidonaphthalene can also be readily converted into dinitro-
naphthol, which also yields phthalic acid on oxidation.

2560 Erlenmeyer’s formula, moreover, explains the fact that
naphthalene differs from benzene, inasmuch as it yields two
isomeric mono-substitution products, which are distinguished
as a and B3

1 1
2'l/\/\g
3\/ 3

4 4

a=1=4=4=1
ﬁ=2=3=3’=2'

The a-compounds on oxidation yield naphthoquinone, C,,H,O,,
which 8o closely resembles benzo-quinone that an analogous
constitution was assigned to it and the oxygen atoms assumed
to occupy the position 1 :4. The discovery of a second naphtho-
quinone, however, rendered this conclusion somewhat doubtful
until its accuracy was fully proved by the following observations.
Phthalic acid yields two isomeric nitrophthalic acids of known
constitution :

NO,
N0, \—co,H /\_co,H
\a/—CO,H I\V/I—CO,H

The latter of these is, however, also formed by the oxidation of
a-nitronaphthalene and the a-position must therefore be next to
a carbon atom which is common to both nuclei. This also
1 Beilstein and Kurbatow, Ber. 13, 688.
2 Reverdin and Nalting, Constitution des Naphthalins. Genf, 1880 ; Constitu-
tion de la Naphthaline, Mulhouse, 1888, 3 Merz, Zeitsch. Chem. 1868, 394.
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follows from the synthetical formation of a-naphthol by heating
phenylisocrotonic acid : !

OH OH
e o cEG
o e, nf
Hl‘,gé)H=Hég(jJH+"
A\ VAV A\ VA
CH CH CH CH

It follows from the formula given above that the a- and 8-
positions each occur four times. Atterberg proved this for the
a-position after Liebermann had showed that it occurs twice.
a-Nitronaphthalene, C,)H;.NO,, is converted by reduction into
a-amidonaphthalene, C,)H,.NH,, which can readily be converted
into a-amidonitronaphthalene, C,;Hi(INOy )NH,. When the
amido-group of this compound is replaced by hydrogen, the pro-
duct is the original a-nitronapthalene. Moreover, the a-amido-
nitronaphthalene can easily be converted into a-naphthoquinone,
which on oxidation yields phthalic acid, thus proving that both
the substituent groups are situated in the same nucleus® If,
however, the amido-group of amidonitronaphthalene be replaced
by chlorine, a-chloronitronaphthalene, C,;JH,CI(NO,), is formed,
which is converted by phosphorus pentachloride into dichloro-
naphthalene, C,;H,CL. A substance which is isomeric with this is
obtained in a similar manner from a-nitronaphthalenesulphonic
acid, C,;Hy(NOy)SOH. The latter, however, is formed both by
the action of sulphuric acid on a-nitronaphthalene and of nitric
acid on a-naphthalenesulphonic acid. The two substituent
groups and therefore the two chlorine atoms in the dichloro-
naphthalene which is derived from it are consequently both in
the a-position. This is also the case in a third dichloronaphtha-
lene, obtained by the action of chlorine on a-nitronaphthalene,
for if another atom of hydrogen be replaced by chlorine in each
of these three dichloro-compounds, one and the same trichloro-
naphthalene is obtained. This proves the proposition that the
a-position occurs four times, Liebermann’s experiments showing
that it is found twice in one nucleus, and Atterberg’s that it
also occurs twice in the other :2

1 Fittig and Erdmann, dnnalen, 227, 245. 2 Liebermann, 4nnalen, 183, 235.
3 Atterberg, Ber. 9, 1734 ; 10, 547. :
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Cl Cl Cl Cl
JORNOSINeS
/ E{\/ S\

Cl Cl Cl Cl Cl
/\(\ NN\ /W/W

l | t
/
N N N

Naphthalene yields a-compounds when treated with chlorine,
bromine, or nitric acid, whilst both the a- and 8-monosulphonic
acids, as was found by Faraday, are formed by the action of
sulphuric acid. The substitution products of naphthalene are
naturally much more numerous than those of benzene. If two
hydrogen atoms are replaced by the same element or radical,
ten isomerides are possible :
a, a, 1 1 8 1

PV VIV AV

| L L

! 6
B AP 3\{\{3 N
a, a 5
Fzm. A.2 Fio. B. Fio. C.
1:2 1:9
1:3 1:4
1:4 2:3
1:1 2:2
1:2 2:3

To express these relations three plans have been proposed, which
are exemplified in the above figures. When the Greek letters
are employed, these are written close together when the two
substituents are both in the same nucleus, and separated by a
hyphen or sometimes by a double line when they are in different
nuclei. The dichloronaphthalenes mentioned above would
therefore be a,a,; a,—a, (or a,—a,), a,—a,. As this method
is very likely to cause mistakes both in writing and printing, it
is better to make use of numbers. The plan shown in Fig. B
is that adopted by the English chemists, while that shown in
Fig. C is frequently employed on the Continent.

In order to determine the constitution of the di-substitution
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products, Erdmann has employed the following method.! In
the naphthylaminesulphonic acids, C,(H,(NH,)SO,H, either the
amido- or the sulphonic-group is replaced by hydrogen, the pro-
ducts thus obtained being either a- or 8-naphthylamine or a- or
B-naphthalenesulphonic acid. The naphthalenesulphonic acids
are converted into dichloronaphthalenes, naphtholsulphonic acids,
dihydroxynaphthalenes, &c.; the oxidation of the dichloro-
naphthalenes, &c., to phthalic acid or a substituted phthalic
acid, decides whether the two substituents are in the same nucleus
(homonucleal) or in different nuclei (heteronucleal). To deter-
mine the constitution of the heteronucleal di-substitution
derivatives, Armstrong and Wynne start with a-chloro-8-
naphthylamine,which is converted by sulphonation into a mixture
of chloronaphthlaminesulphonic acids? These can be converted
into dichloronaphthalenes by two methods; either by reducing
the substance and thus replacing the chlorine by hydrogen and
then converting the resulting B-naphthylaminesulphonic acid
into a dichloro-compound by means of the diazo-reaction followed
by treatment with phosphorus pentachloride, or by first re-
placing the amido-group by hydrogen and then treating the .
chloronaphthalenesulphonic acid thus obtained with phosphorus
pentachloride. They have thus succeeded in connecting the
chloronaphthylaminesulphonic acids with compounds of known
constitution, and in establishing the constitutional formulae both
of the acids themselves and of numerous di- and tri-substitution
products which are derived from them.

Another method for the determination of the constitution of
the di-substitution products of naphthalene is their synthesis
from benzene derivatives of known constitution. Phenylpara-
conic acid, for example, yields a-naphthol on distillation, and
the chlorophenylparaconic acids in the same manner yield
chlorinated a-naphthols of known constitution.®

CCl CH CCl CH
ZN\/I\ NN
HC % l CH.CO H HC (( CH
é Il J} = ([} I + CO, + H,0.
H CHI H, HC C
N/ I/ A VAN
CH CO CH C.OH.
o-Chloroparaconic Acid. 1 : 4 Chlorohydroxynaphthalene,
! Annalen, 247, 306. * Proc. Chem. Soc. 1889, pp. 84, 48.

3 Annalen, 247, 366.
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An important factor in all these conclusions is the supposition
that no intermolecular changes take place in the reactions
employed. Erdmann has carefully investigated this question,
and has found that the di-substitution products of naphthalene
are very stable and show no tendency to isomeric change.

Five naphtholsulphonic acids, or the corresponding naphtha-
lenedisulphonic acids, for example, are converted by fusion with
caustic potash into five different dihydroxynaphthalenes, while
the three phenolsulphonic acids, on the other hand, are thereby
converted into the same dihydroxybenzene (resorcinol). More-
over the dihydroxynaphthalenes are converted into five different
diamidonaphthalenes by heating with ammonia.

The sulphonic acids of naphthalene, of the naphthols and of
the naphthylamines appear to form an exception, as they are con-
verted into isomerides when heated with sulphuric acid, water
being probably taken up, the sulpho-group split off, and fresh
sulphonation then taking place.! A similar tendency to isomeric
change has been observed in the sulphonic acids of the halogen-
substituted naphthalenes.?

In the replacement of the sulphonic acid group by chlorine
by means of phosphorus pentachloride, however, no such
isomeric change appears to occur, even in the apparently
somewhat violent reaction in which the nitroxyl group is also -
replaced by chlorine. This is shown by the fact that the nitro-
naphthalenesulphonic acids yield the same dichloronaphthalenes
as are obtained from the corresponding diamidonaphthalenes by
converting these into diazo-compounds and decomposing the
latter by a boiling solution of cuprous chloride in hydrochloric
acid. It follows, therefore, that the reactions carried out by
Atterberg (p. 25), yield correct results, and that the method
adopted by Armstrong and Wynne is also reliable. The results
obtained by Erdmann’s synthetical methods are, moreover, in
perfect agreement with those obtained by the last-named
chemists.

Substitution products which contain the substituents in the
position 1:1' — 4 : 4’ show a very characteristic behaviour,
and in many respects are very similar to ortho-compounds.
Bamberger and Philip have therefore proposed to give the prefix
“peri” (mep(, round about) to such substances.®

! Weinberg, Ber. 20, 3354.

3 Armstrong and Wynne, Proc. Chem. Soc. 1889, 119, &c.
3 Ber. 20, 297.
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When more than two atoms of hydrogen are replaced in
naphthalene by the same element or radical, the following
cases of isomerism are possible :

Triderivatives . . . . . . . 14
Tetraderivatives . . . . . . 22
Pentaderivatives . . . . . . 14
Hexderivatives . . . . . . . 10
Heptaderivatives . . . . . . 2
Octoderivative . . . . . . . 1

2561 Bamberger ! has been led by the study of the reduction
products of naphthalene and its derivatives to propose a formula
for this hydrocarbon, which differs from that of Erlenmeyer in
the same way as the centric formula for benzene differs from
that of Kekulé (Part IIL., p. 67).

0

Naphthalene, Benzene.

He has found that the tetrahydro-derivatives of naphthalene,
in which the four hydrogen atoms have been added to the same
nucleus, behave as true benzene substitution products, whereas
the unreduced naphthalene compounds, although they behave
in a general way like those derived from benzene, yet differ
from the latter in many important respects.

He therefore assumes that naphthalene consists of two similar
nuclei, neither of which is a benzene nucleus, and that when
four atoms of hydrogen are added to one of these the other
becomes a true benzene nucleus. The reduction of a-naphthol,
for example, is represented by the following equation :

HC C.OH HC COH
o
e g
" HC
HC CH H,C CH

2562 Naphthalene is frequently found among the products of
the decomposition of organic substances by heat. It was even

1 Annalen, 287, 1; Ber. 23, 1124,
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observed by Reichenbach that it is formed when the vapour
of alcohol is passed through a red-hot tube, and it is obtained in
the same way from ether, acetic acid, ethereal oils, camphor, &e.,!
as well as from ethylene, acetylene, toluene, and especially from
a mixture of benzene and acetylene! When the vapour of
wood-tar is passed through an iron tube filled with coke and
heated to a bright red heat, a product resembling coal-tar is
formed, which in addition to benzene hydrocarbons contains
much naphthalene.? The same compounds are formed when
the residues obtained from the distillation of Baku petroleum
are employed* Naphthalene is also found in wood-tar, in
bone-oil and in rock-oil from Rangoon.®

Aronheim obtained it synthetically by passing the vapour of
phenyl-B-butylene bromide over red-hot lime :

C.H,CH,Br, = C;H,.CH, + 2HBr + H,.

It has been obtained in a similar manner from phenyl-a-butylene
bromide,” and is also formed when the vapour of isobutylbenzene
is passed over heated oxide of lead ® and when equal molecules of
dimethylaniline and bromine are heated together to 120°? The
following synthesis, carried out by Baeyer and Perkin, is of
theoretical interest on account of the ease with which the
reactions proceed.’® When o-xylylene bromide is heated with
the sodium compound of ethyl acetylenetetracarboxylate, the
ethyl ester of tetrahydronaphthalenetetracarboxylic acid is
formed :

CH,Br NaC(CO,C,H
C,H‘<H2B + (CO,C;Hy), — oNaBr
CHBr = NaG(COCH),

o.xp ST CCOCH,
+ .
* \CH,—C(CO,C,H)),

1 Berthelot, Juhresh. Chem. 1851, 437, 504.

3 Berthelot, Bull. Soc. Chim. 7, 218, 278 and 306.
3 Atterberg, Ber. 11, 1222.

4 Letux, Ber. 11, 1210.

8 Warren and Storer, Zeitsch. Chem. 1868, 232

¢ Annalen, 171, 233.

7 Radziszewski, Ber. 9§, 260.

8 Wreden and Znatowicz, Ber. 9, 1606.

* Brauner and Brandenburg, Ber. 11, 697.

3 Ber. 17, 448. \
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This is converted by saponification into tetrahydronaphthalene-
dicarboxylic acid, and the silver salt of the latter decomposes on
heating into the anhydride and naphthalene :

CH,—CH.CO.0Ag CH—CH
CH,—CH.CO.0Ag CH—CH

01 T TEONG 4 200, + 4ag + HO
+ + 200, + 4Ag + H,0.
‘ ‘\CH,—J’H.CO/ » TR

A considerable amount of naphthalene is also formed when
the vapour of the anhydride is passed through a red-hot tube.

Pechmann ! has also succeeded in obtaining naphthalene by a
different method. Dihydronaphthoic acid is formed by the
action of sulphuric acid on ethyl benzylacetacetate :

CH,—CH—CO.0C,H,
C,H,
\CH,—tlzo

o _/CH,—~CH—CO.0H HOGE,
= + X .
" \CcH= éH :

This substance is converted by loss of carbon dioxide into
dihydronaphthalene, which can be readily converted by the
elimination of hydrogen into naphthalene.

Naphthalene is obtained on the large scale from the fraction
of coal tar which boils between 180—250°, and which partially
solidifies on cooling and standing, owing to the crystallization
of naphthalene. It is then treated with caustic soda solution
to remove phenol, and again distilled; the distillate thus
obtained solidifies to a crystalline mass which is separated
from adhering oils by the filter-press. The crude naphthalene
still contains quinoline bases and it is therefore successively
washed with dilute sulphuric acid, water and caustic soda solu-
tion, after which it is again distilled or sublimed by means of
superheated steam.

The product still contains impurities which cause it to turn
red in the air. To remove these it may be heated with a little
sulphuric acid to 185°, and distilled in steam, this treatment

1 Ber. 18, 516.
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being repeated until a sample dissolves in sulphuric acid without
colouration.! The admixed substances may also be removed by
heating it with sulphuric acid and a little manganese dioxide.?
In this process, however, a large amount of sulphur dioxide is
evolved and a considerable loss of naphthalene is experienced.
A pure product can easily be prepared by boiling crude naphtha-
lene with 0°5—2 per cent. of sulphur, according to the purity of
the sample ; the impurities are thus converted into substances
of high boiling point and can then be easily separated. A little
sulphuretted hydrogen is evolved during the reaction, which is
absorbed in caustic soda solution or milk of lime?

2563 Properties. Naphthalene crystallizes in plates or mono-
symmetric tablets, and has a characteristic, unpleasant smell
and a burning taste. It melts at 79-2°, boils at 218°, and readily
sublimes below this temperature, condensing in such a voluminous
mass when the sublimation is slowly carried out that 025
grammes of it are sufficient to fill a litre flask.* Its specific
gravity compared with water at 4° is:

At 4 80° 98°
1145 09777 09621

One hundred parts of absolute alcohol dissolve 529 parts at 15°,
whilst 100 parts of toluene dissolve 31'94 parts at 16-3°, and the
two substances are miscible in all proportions at the boiling
point ; it is also readily soluble in ether and benzene, but only
slightly in light petroleum. In the liquid state it dissolves
indigo, sulphur, phosphorus and other substances.

A characteristic property of naphthalene is the formation of
the compound 3SbCl; + 2C,(H; when it is fused with antimony
trichloride ; ® this substance crystallizes in deliquescent mono.
symmetric tablets. If the naphthalene contains the least trace
of impurity the fused mass becomes coloured carmine red.®
When pure naphthalene is dissolved in chloroform and the
solution heated with anhydrous aluminium chloride, a deep
greenish blue colouration is produced, and the liquid then
solidifies to a brown mass.”

! Stenhouse and Groves, Ber. 9, 688. ? Lunge, Ber. 14, 1755.

3 Dehnst, Ber. 22, 362 c.

* Handwdrterbuch, 1st Edition, §, 432.

8 Watson Smith and Davis, Journ. Chem. Soc. 1882, 1, 411.

¢ Smith, Ber. 12, 142. 7 Schwarz, Ber. 14, 1532.
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Naphthalene is technically employed for the manufacture of
phthalic acid and colouring matters, and is also used for
carburetting water-gas, which is manufactured by passing
steam over red-hot coke, and is then passed over melted
naphthalene, which imparts illuminating power to the flame.

Naphthalene is a powerful antiseptic and is used for pre-
venting mould, and also, as it is fatal to the lower animals, for
driving away moths and phylloxera and to protect specimens of
butterflies. It is also employed as a dressing for wounds, and a
mixture of equal parts of naphthalene and vaseline is used as
a remedy for the itch.

In 1857 Fritsche found that naphthalene combines with picric
acid, yielding a substance of the formula C,,H; + C;Hy(NO,),0,
which crystallizes from ether in golden-yellow needles or mono-
symmetric prisms, melting at 149° and only slowly decomposed
by boiling water! It has since then been found that it also
combines with the following nitro-derivatives : 2

Melting-point.
m-Dinitrobenzene, thick prismatic needles . . 52—53°
p-Dinitrobenzene, long, fine, white needles . . 118—119°

Trinitrobenzene, very long, fine, white needles . 152°

m-Dinitrotoluene, thick prismatic needles . . 60—61°
a-Trinitrotoluene, needles . . . . . . . . . 97—98°
B-Trinitrotoluene, yellowish-white needles . . 100°

«-Trinitrotoluene, fine, yellowish-white needles  98—99°
Trinitro-aniline, thick orange-yellow prisms . . 168—169°

m-Dinitrophenol, yellow needles . . . . . . 213°
B-Trinitrophenol, yellow needles . . . . . . 72—73°
«-Trinitrophenol, golden-yellow needles . . . 100°
Trinitro-o-cresol, small yellowish needles . . . 106°

Trinitro-m~cresol, lemon-yellow needles . . . 126—127°

1 Jahresb. Chem. 1857, 456 ; Bodewig, Jahresb, Chem. 1879, 376.

? Hepp, Annalen, 215, 357 ; Henriques, 4nnalen, 215, 321 ; Gruner, Zeitsch.
Chem. 1868, 213 ; Liebermann and Palm, Ber. 8, 877 ; Willgerodt, Ber. 11,
601 ; Nolting and Salis, Ber, 15, 1858 ; Nilting and Collin, Ber. 17, 268.
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ADDITION PRODUCTS OF NAPHTHALENE.
THE HYDRONAPHTHALENES,

2564 Dihydronaphthalene, C,oH,,, occurs, according to Berthe-
lot, in coal-tar, and is formed when naphthalene is heated to
280° with hydriodic acid. It is probably formed in this reaction
by the action of the liberated iodine on the higher reduction
products which are first formed.! Gribe and Guye obtained
dihydronaphthalene by adding rather more than a molecule
of bromine to one molecule of tetrahydronaphthalene dissolved
in carbon disulphide and treating the product with alcoholic
potash.? It may also be prepared by treating an alcoholic
solution of naphthalene with sodium, and is obtained, together
with tetrahydro-a-naphthomethylamine, C, ,H,,.CH, NH,, from
a-naphthonitrile : 3

C,H,CN + 4H = C,H,, + HCN.

It is a liquid, which has a faint odour of naphthalene, boils
at 212°, and on cooling solidifies in large tablets, which have
a vitreous lustre and melt at 155°. At ared heat it decom-
poses into hydrogen and naphthalene ; it combines with bromine
to form dikydronaphthalene dibromide, C,H,Br,, which crystal-
lizes in large, monosymmetric prisms with a vitreous lustre,
melts at 73:5—74°, and decomposes into hydrobromic acid and
naphthalene when it is heated above its melting-point or
treated with alcoholic potash :

_/CH,—CH, o CH—CH
= + 2HBr.
\CHBr—(JJHBr ¢ ‘\CH:&[

a-Tetrahydronaphthalene, C\gH,,. was obtained by Baeyer by
heating naphthalene to 170—190° with phosphonium iodide.¢
It is also formed when 10 grms. of naphthalene are heated
with 3 grms. of amorphous phosphorus and 9 grms. of hydriodic
acid of boiling-point 127° for 7—8 hours at 210—225°, The
product of these reactions is a liquid which has a characteristic,

C,H,

! Ber. 18, 3032. 2 Ibid.
3 Bamberger and Lodter, ibid. 20, 1703, 8075. 4 Annalen, 155, 276.
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but not penetrating odour, boils at 203°, and has a sp. gr.
of 0981 at 125°. It does not combine with picric acid, absorbs
oxygen from the air, is more readily oxidized than naphthalene
to phthalic acid and decomposes into naphthalene and hydrogen
at a red heat. When it is heated with sulphuric acid, tetra-
hydronaphthalenesulphonic acid, C,H,;SO.H, is formed as a
crystalline substance which is decomposed into the hydrocarbon
and sulphuric acid, when it is mixed with three parts of sul-
phuric acid and one of water and heated to 170° by superheated
steam.! Since the sulphonic acid of naphthalene itself is
decomposed by water at 160°, this process can be used to
separate tetrahydronaphthalene from naphthalene. The tarium
sulphonate, 2(C,,H,,80,),Ba + H,0, crystallizes in tablets.?

B-Tetrahydronaphthalene, is formed when a-tetrahydronaph-
thylhydrazine is suspended in boiling water and a hot saturated
solution of copper sulphate slowly added until the liquid is
permanently coloured blue :

C, H, NH—NH, + 2Cu0 = C.H, + N, + Cu,0 + H,0.

It is also obtained when sodium is added to a boiling solution
of naphthalene in amyl alcohol.® It is a transparent, colourless
oily liquid, which has a strong smell of naphthalene, boils at
205°, and has a sp. gr. of 0978 at 17°. It dissolves in hot
sulphuric acid, forming a monosulphonic acid, the soluble darium
salt of which crystallizes in small hemispherical aggregates
which effloresce in the air. Its constitution follows from that
of tetrahydro-a naphthylamine, which will be subsequently
discussed, and is expressed by the following formula : ¢

On oxidation it yields o-carboxyhydrocinnamic acid, CgH,(CO.
OH)CH,.CH,.COOH.

Hexhydronaphthalene, C, H,,, was first obtained by Wreden and
Znatowicz who heated 4 grms. of naphthalene with 20 grms. of
hydriodic acid saturated at 0° and 05 grms. of amorphous

1 Griibe, Ber. §, 677 ; Gribe and Guye, Ber. 16, 8028.
? Friedel and Crafts, Bull. Soc. Chim. 42, 66.

3 Bamberger and Kitschelt, Ber, 23, 1561.

4 Bamberger and Bordt, Ber. 22, 625.
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phosphorus! According to Gribe and Guye it is prepared by
heating 6'7 grms. of naphthalene with 10 grms. of hydriodic
acid of boiling-point 127° and 3 grms. of phosphorus to 240—
250° for 8—10 hours. It is a liquid which boils at 200°, has a
specific gravity of 0°942 at 0°, absorbs oxygen from the air, and
does not combine with picric acid. On treatment with sulphuric
acid it yields two sulphonic acids.?

Octokydronaphthalene, C,,H,q, was obtained by Guye by heating
5 grms. of naphthalene with 9 grms. of hydriodic acid and
phosphorus to 260—265° for 15—20 hours. It is a liquid
which boils at 185—190°, has a specific gravity of 0'910 at 0°,
and has a smell resembling that of oil of turpentine.

Dekahydronaphthalene, C, H,q, is formed, according to Wreden,
when naphthalene is heated with 5 parts of hydriodic acid
saturated at 0° and some phosphorus for 36 hours to 260°. It
smells like petroleum, boils at 173—180°, and has a specific
gravity of 0'851 at 0°.

When naphthalene is heated with aluminium chloride, a
series of hydrocarbons is formed which boil between 70° and
250°. The fraction, boiling at about 200°, chiefly contains
tetrahydro- and dekahydronaphthalene, in addition to some
unaltered naphthalene. The mixture is then repeatedly treated
with sulphuric acid which converts the naphthalene and its
tetrahydro-derivative into sulphonic acids, but does not attack
the deka~compound. In order to obtain the hydrocarbons from
their sulphonic acids, the latter are converted into their sodium
salts which are mixed with a concentrated solution of phosphoric
acid and distilled in steam. This method is much better
adapted for the decomposition of sulphonic acids in general
than the older one, because when sulphuric acid is employed
a portion of the monosulphonic acid is converted into the very
stable disulphonic acid. If several sulphonic acids are present
which are decomposed with different degrees of readiness, the
temperature is raised at intervals, and the products at each
temperature collected separately.?

Dodekahydronaphthalene, C,gHy, is formed when naphthalene
is heated with an excess of saturated hydriodic acid for 50 hours
to 280° It is a colourless, mobile liquid, which smells like
petroleum, boils at 153—158°, and has a specific gravity of

! Beilstein’s Zehrbuch, 2, 187.

3 Ber. 18, 796.
3 Friedel and Crafts, Compt. Rend. 109, 95.
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0802 at 0°. Wreden gave it the name of hexhydrocymene.!
It certainly contains an open carbon chain, and may be butyl-
hexhydrobenzene, C;H,,.C H, ; o-diethylhexhydrobenzene, C;H,,
(CgH,),, or o-methylpropylhexhydrobenzene, C;H,,(CH,)C,H,.

CHLORIDES OF NAPHTHALENE AND THEIR
DERIVATIVES.

2565 Naphthalene dichloride, C,,H,Cl, is obtained, together
with naphthalene tetrachloride and substitution products, by
the direct action of chlorine on naphthalene.? It is more con-
veniently prepared by making a mixture of naphthalene and
potassium chlorate into pellets by the aid of a little water and
bringing them into hydrochloric acid. A mixture of the two
chlorides is thus formed from which the liquid dichloride can
be separated by pressing; the crude product is then cooled to
a low temperature at which it is kept until the greater part
of the residual tetrachloride has crystallized out. The last
traces of this are separated by mixing the liquid with ether and
alcohol and fractionally precipitating with water, which causes
the separation of the tetrachloride before the dichloride.

The latter is a light yellow oil which has a characteristic
- smell somewhat resembling that of naphthalene. It begins to
lose hydrochloric acid at 40—50°, and at 250° decomposes
completely into a-chloronaphthalene and hydrochloric acid.®

Naphthalene tetrachloride is also formed when chlorine is
passed into a solution of naphthalene in chloroform.t To pre-
pare it, dry chlorine is passed into a glass bell jar in which a
number of shallow basins containing naphthalene are arranged
one above the other.® The oily product is freed from dichloride
and other products by extraction with light petroleum and with
alcohol, the residue being then recrystallized from chloroform.
The tetrachloride is thus obtained in large rhombohedra, which
melt at 182°° are only slightly soluble in boiling alcohol and
light petroleum, but dissolve somewhat more readily in ether.

1 Annalen, 187, 164. 2 Laurent, Annalen, 8, 8.
3 E. Fischer, Ber. 11, 735. ¢ Schwarzer, Ber. 10, 379.
® Grimaux, Bull. Soc. Chem. 18, 207 ; 19, 896.

¢ Faust and Saame, Annalen, 160, 65.

303
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When it is heated alone or with alcoholic potash, three isomeric
dichloronaphthalenes are formed (p. 41).

Dichloronaphthydrene glycol, C,;H,Cl;(OH),, is obtained by
the continued boiling of the tetrachloride with a large quantity
of water. It crystallizes from dilute alcohol in small, indistinct
prisms, melting at 155—156°, whilst larger crystals of the same
character are deposited from its solution in ether. Zinc and
dilute sulphuric acid convert it into a-naphthol,* C,;H,.OH.

Naphthalenedichlorohydrin, C,;H,Cl,(OH),, is- isomeric with
the preceding compound and is formed when naphthalene is
brought into a tolerably concentrated solution of hypochlorous
acid and allowed to stand for a considerable time. It crystallizes
from alcohol in prisms which melt at a low temperature. When
it is heated with a solution of caustic potash in dilute alcohol,
naphthene alcohol, C,;Hy(OH),, is formed. This substance crys-
tallizes in prisms, which are soluble in alcohol and ether, and
rapidly turns brown in the air. It is oxidized by very dilute
nitric acid to naphthoxalic acid, C,(H;O4 and on heating
with hydriodic acid is converted into naphthalene.?

CHLORINE SUBSTITUTION PRODUCTS OF
NAPHTHALENE,

MONOCHLORONAPHTHALENES.,

2566 a-Chloronaphthalene, C,H,C], is formed when the di-
chloride is heated or boiled with alcoholic potash® It is also
obtained by the action of phosphorus pentachloride on a-naph-
thalenesulphonic acid,* and on a-nitronaphthalene : 5

CyH,NO, + PCl, = C,H,Cl + POCl, + NOCL

Atterberg prepared it by saturating a-nitronaphthalene with
chlorine and distilling the oily addition-product.® It is also
formed, together with a-naphthol, when a-naphthylamine is

! Grimaux, Bull. Soc. Chim. 18, 207 ; 19, 396.

* Neuhoff, Annalen, 136, 342.

3 Laurent, loc. cit. ; Faustand Saame, Annalen, 168, 6s.
4 Carius, Annalen, 114, 145.

¥ De Koninck and Marquart, Ber. 5, 11.

¢ Atterberg, Ber. 9, 316 and 926,
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diazotized and the product heated with hydrochloric acid.! It
is best obtained by passing the calculated amount of chlorine
through boiling naphthalene and fractionating the product ? or
by acting with chlorine in the cold in the presence of antimony
chloride® It is an oily liquid, which does not solidify in a
freezing mixture, boils at 263°* and has a specific gravity of
12025 at 15°. Its compound with picric acid crystallizes in
lemon yellow needles,® melting at 137°.

a-Chloronaphthalene tetrachloride, C{H,.C H,Cl,, is obtained
when chlorine is passed into fused naphthalene (Faust and
Saame) or into a-chloronaphthalene® It crystallizes from
chloroform in monosymmetric prisms, melts at 131-5°, and is
oxidized by nitric acid to phthalic acid.

B-Chloronaphthalene has been prepared by the action of
phosphorus pentachloride on B-naphthol ? and by the diazo-
reaction from S-naphthylamine.® It is best obtained by tritur-
ating equal molecules of sodium B-naphthalenesulphonate and
phosphorus pentachloride together, and as soon as the reaction is
over distilling the product with another molecule of phosphorus
pentachloride (Rymarenko).

B-Chloronaphthalene crystallizes from alcohol in nacreous
plates, melts at 56°, boils at 264—266°, and has a specific
gravity of 1'2656 at 16°. It is also formed, accompanied by a
large amount of tarry products, when the a-compound is heated
with aluminium chloride.

On treatment with chlorine it yields the tetrachloride,
C.H,Cl,.C H,CL

} Gasiorowski and Wayss, Ber. 18, 1936,

* Rymarenko, Beilstein's Handb. Q, 139.

3 Reverdin and Nolting, Const. de la Naphthaline, &c., 30.

4 Atterberg, Bull. Soc. Chim. 28, 509.

* Roux, Bull. Soc. Chim. 45, 515 Ann. Chim. Phys. V1. 12, 347.

¢ Widman, Bull. Soc. Chim. 28 506

7 Cleve and Juhlin, Bull. Soc. C'Ium. 25, 258 ; Rymarenko, Ber. 9, 663.

8 Liebermann and Palm, Annalen, 188, 267 Gaslorowsh and Wayn, Ber. 18,
1936 ; Reverdin and Nélting, Const. d¢ [a Naphthalmo,
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THE DICHLORONAPHTHALENES, C, H/CL.
a-a-DICHLORONAPRTHALENES,

2567 1:4-Dichloronaphthalene. Faust and Saame by boiling
naphthalene tetrachloride with alcoholic potash obtained a-
dichloronaphthalene,! which was more closely examined by Wid-
man? It crystallizes in needles, melting at 38°, and combines
with chlorine to form two tetrachlorides, one of which is solid,
the other liquid. Armstrong and Wynne have however shown
that it is & mixture of 1 : 3- and 1 : 4-dichloronaphthalenes.® The
latter was obtained by Faust and Saame, who named it B8-di-
chloronaphthalene, by the continued and vigorous boiling of
naphthalene tetrachloride. It is also formed, according to
Widman, when chlorine is passed into a solution of a-chloro-
naphthalene in chloroform,* and by the action of phosphorus
pentachloride on 1 :4-chloronitronaphthalene® 1 :4-nitronaph-
thol,® 1 :4-chloronitronaphthalenesulphonic acid,” 1 :4-bromo-
naphthalenesulphonic acid,® and 1 : 4-diazonaphthalenesulphonic
acid.?

1: 4-Dichloronaphthalene crystallizes from alcohol, in which
it is only slightly soluble, in silky needles. It is more readily
soluble in glacial acetic acid, and very readily in acetone, from
which it separates on the spontaneous evaporation of the solvent
in large needles or prisms. It melts at 67—68°, readily sub-
limes, boils at 286—287°, and is oxidized by nitric acid to
dichlorophthalic acid.

It combines with chlorine to form the tetrachloride, C,,H,Cl,,
which crystallizes in monosymmetric prisms, melting at 172",

1: 4'-Dichloronaphthalene was obtained by Atterberg, who
named it ¢-dichloronaphthalene, by the action of chlorine on
fused a-nitronaphthalene, and by heating a-dinitronaphthalene
with phosphorus pentachloride.® Cleve prepared it in a similar

1 Annalen, 160, 65 ; Krafft and Becker, Ber 9, 1089,

3 Ber. 15, 2160.

$ Proc. Chem. Soc. 1888—1889, 104.

4 Reverdin and Nolting, loc. cit. 18.

5 Atterberg, Ber. 9, 1157 ; Gasiorowski and Wayss, loc. cif.

¢ Ibid. 7 Cleve, Bull. Soc. Chim. 28, 242.
8 Jolin, Bull. Soc. Chim, 28, 561. ® Erdmann, Annalen, 247, 850,
10 Ber. 9, 816 and 1187,
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manner from the corresponding chloronaphthalenesulphonic acid,
and Erdmann from 1 : 4-diazonaphthalenesulphonic acid, and
from 4'-chloro-a-naphthol! It crystallizes from alcohol or
glacial acetic acid in small plates, melts at 107°, and sublimes in
very thin, broad prisms. When chlorine is passed into its solu-
tion in chloroform, the tetrachloride is formed,? which crystallizes
in large prisms, and melts at 85°. Chromic acid oxidizes 1 :4'-
dichloronaphthalene in acetic acid solution to v-chlorophthalic
acid® The constitution of this dichloronaphthalene follows from
its formation from a-dinitronaphthalene (Atterberg), and from
4’ : 1-chloronaphthol (Erdmann).

1:1'-Dichloronaphthalene, was prepared by Atterberg, who
distinguished it as ¢-dichloronaphthalene, from 1:1'- or 8-
dinitronaphthalene by treatment with phosphorus pentachloride,
and also by the diazo-reaction from the corresponding chloro-a-
naphthylamine, It forms large, rhombobedral crystals and
melts at 83°4

a-83-DICHLORONAPHTHALENES.

2568 1 :2-Dichloronaphthalene, was prepared by Cleve from
a-chloro-8-naphthylamine by means of the diazo-reaction. It
crystallizes from alcohol in rhombic tablets, melts at 84—35°5
and does not form an additive product with chlorine.®

1:3-Dichdoronaphthalene was termed 6@-dichloronaphthalene
by Cleve, who obtained it from the corresponding nitronaphtha-
lenesulphonic acid and from dichloronaphthylamine.” As already
mentioned, it is formed, together with 1 :4- and 2 : 3-dichloro-
naphthalenes, when naphthalene tetrachloride is boiled with
alcoholic potash, and Erdmann has obtained it from 2'-4’-di-
chloro-a-naphthol® It crystallizes from alcohol in fine white
needles, which melt at 61'5° (Armstrong and Wynne), and is
oxidized to phthalic acid by nitric acid, whilst chromic acid
converts it into monochloronaphthoquinone and phthalic acid.?

1: 3'-Dichloronaphthalene, which Cleve termed #-dichloro-
naphthalene, is obtained by treating the corresponding nitro-

1 Annalen, 247, 368 and 1187. * Atterberg and Widman, Ber. 10, 1841.
3 Guareschi, Ber. 20, Ref. 509. 4 Ber. 9, 1730 ; 10, 547.

& Ber. 20, 1989. ¢ Hellstrom, Ber. 21, 3267.

7 Ber. 19, 2179 ; 20, 448. 8 Ber. 21, 3444.

® Cleve, Ber. 23, 954.
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naphthalenesulphonic acid! and 3'-chloro-a-naphthol?® with
phosphorus pentachloride. It crystallizes in long, slender,
lustrous ribbons, melting at 48°. On oxidation with nitric acid
it yields a-chlorophthalic acid. Its constitution follows from its
synthesis by Erdmann and Kirchhoff from the chloronaphthol
obtained by the distillation of m-chlorophenylparaconic acid, and
has been confirmed by Armstrong and Wynne,? who have obtained
this dichloronaphthalene from chloronaphthylaminesulphonic
acid, (SO,H:NH,:Cl =1:3:4), by acting upon it with
sodium amalgam to replace the chlorine by hydrogen, and then
converting the 3':1-naphthylaminesulphonic acid thus formed
into dichloronaphthalene.

1 : 2"-Dichloronaphthalene was considered to be identical with
the 1 :3-compound until Armstrong and Wynne showed that
this was not the case. Itisformed when 8-naphthol-a-sulphonic
acid,* B-chloronaphthalene-a-sulphonic acid,® and 2'-chloro-a-
naphthol,® are treated with phosphorus pentachloride, and
crystallizes from alcohol in small, lustrous plates, melts at 63—
63'5° (Armstrong and Wynne), and boils at 286°.

B-B-DICHLORONAPHTHALENES,

2569 2 :3-Dickloronaphthalene or - Dichloronaphthalene is
formed in small quantity, accompanied by the 1:3- and 1:4-
isomerides, when naphthalene tetrachloride is boiled with
alcoholic potash (Widmann), or heated to 200° with moist silver
oxide.” It crystallizes from alcohol in thin scales and melts at
119'5°. Its constitution is proved by the fact that it is formed
by the partial reduction of 1:2:3-trichloronaphthalene (Arm-
strong and Wynne).

2 : 3'-Dichloronaphthalene was obtained by Cleve, who named
it e-dichloronaphthalene, from A-naphthalenedisulphonic acid.®
Claus and Zimmermann prepared it from B-naphthol-83-sulphonic

1 Bull. Soc. Chim. 28, 448 ; 29, 499 ; Ber. 20, 75.

? Erdmann and Kirchhoff, Annalen, 247, 879.

3 Armstrong and Wynne, Proc. Chem. Soc. 1889, 34, 48 ; Chem. News, 1889,
59, 140, 188.

¢ Claus and Volz, Ber. 18, 3154 ; Forsling, Ber. 20, 2100.

8 Arnell, Bull. Soe. Chim. 45, 184.

¢ Erdmann and Kirchhoff, Annalen, 247, 879.

7 Leods and Everhart, 4m. Chem. Journ. 2, 211.

8 Bull. Soc. Chim. 28, 244
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acid,! and Arnell from S-chloronaphthalenesulphonic acid. It
crystallizes from alcohol in long narrow ribbons, and from
benzene in large monosymmetric tablets, melting at 135°. It
boils at 285°, and is converted by nitric acid into a-chlorophthalic
acid.

Its constitution has been determined by Armstrong and
Wynne, who obtained it from chloronaphthylaminesulphonic acid
(NH,:SO;H:Cl=2:3":1) by eliminating chlorine and then
replacing the amido- and sulphonic-groups by chlorine.?

2 : 2'- Dichloronaphthalene, termed the 8-compound by Cleve,
was prepared by him from a-naphthalenedisulphonic acid, and
by Erdmann from AB-diazonaphthalene-8-sulphonic acid® by
heating with phosphorus pentachloride. It crystallizes from
alcohol in large, thin, rhomboid tablets, melting at 114°. It is
also oxidized by nitric acid to a~chlorophthalic acid.

Armstrong and Wynne have obtained it from chloronaphthyl-
aminesulphonic acid (NH, : SO,H:Cl=2:2' :1) in the manner
described above, and have thus determined its constitution.

TRICHLORONAPHTHALENES, C,H,Cl,

2570 1:2:3- or a-Trickloronaphthalene was obtained by
Faust and Saame from a-chloronaphthalene tetrachloride by
heating with alcoholic potash. It is also formed when a-
naphtholdisulphochloride ¢ or a-8-dichloro-8-naphthol 8 is heated
with phosphorus pentachloride. It crystallizes from alcohol in
long slender needles, melting at 81°. Nitric acid converts it into
trichloronitrophthalic acid,® its constitution being thus proved.

1:2:4- or «Trichloronaphthalene, was prepared by Cleve
from dichloro-a-naphthol by the action of phosphorus penta-
chloride, and has also been obtained from the corresponding
dichloro-a-naphthylamine (Armstrong and Wynne), and by the
action of chlorine on 1:3-dichloronaphthalene dissolved in
chloroform.” It is only slightly soluble in alcohol, from which it
crystallizes in tufts of slender flat needles, melting at 92°.8

! Ber. 14, 1477 3 Proc. Chem. Soc. 1889, 34, 48.

3 Ber. 20, 3185; 21, 637, 4 Claus and Mielke, Ber. 19, 1182.

* Armstrong and Wynne, Proc. Chem. Soc. 1890, 76 ; Chem. News, 1890
61, 272.

¢ Widinan, Bull. Soc. Chim. 28, 611.
7 Cleve, Ber. 23, 954. S Ber. 21, 891.
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1:2:2"-Trichloronaphthalene is formed by the action of
phosphorus pentachloride on the dichloronaphthalenesulphonic
acid which is prepared from chloronaphthylaminesulphonic acid.!
(Cl:NH,:S0,H=1:2:2"). It crystallizes from alcohol in
hemispherical aggregates of microscopic needles, melting at
83—84°.

1:2:3’-Trichloronaphthalene is obtained in a similar manner
from 1:2:3'-chloronaphthylaminesulphonic acid (Armstrong
and Wynne), and by the action of phosphorus pentachloride on
the corresponding chloro-8-naphtholsulphonic acid. It crystal-
lizes from alcohol in tufts of short, slender needles, melting at
91°

1:2: 4'-Trichloronaphthalene has been prepared by Armstrong
and Wynne from 1 : 2 : 4'-chloronapthylaminesulphonic acid.
It crystallizes from alcohol in long slender needles, melting at
785° ‘

1:3:2'- or n-Trichloronaphthalene was obtained by Alén from
nitronaphthalene-8-disulphonic acid.? Armstrong and Wynne
have obtained it from the monosulphonic acids yielded by
3 :2'-and 1: 3-dichloronaphthalenes and from 8-naphthylamine-
disulphonic acid G (2:1':3’), and have thus settled its con-
stitution. It is readily soluble in hot alcohol and benzene, and
crystallizes from glacial acetic acid in needles, melting at
112:5—113°,

1:3:4'- or y-T'richloronaphthalene is formed by the action of
chlorine on heated a-nitronaphthalene,® and by the action of
phosphorus pentachloride on dichloronaphthalene-a-sulphonic
acid.* Its constitution follows from the fact that it can be
obtained from the monosulphonic acids of both 1:3- and 1:4'-
dichloronaphthalene (Armstrong and Wynne). It crystallizes
in lustrous, brittle prisms, or from alcohol in long slender needles,
melting at 103",

1:4:1'- or 3-Trichloronaphthalene has been prepared by the
action of phosphorus pentachloride on S-dinitronaphthalene
(1:1"), nitro—y-dichloronaphthalene (4:1’), the a-dinitrochloro-
naphthalene melting at 106°, B-dinitrochloronaphthalene,’
nitro-8-dichloronaphthalene ® (1 : 4), and 1 :1’'-dichloronaphtha-

! Armostrong and Wynne, Proc. Chem. Soc. 1889, 48.
? Beilstein’s Handb, 2nd Edit. 2, 140.

8 Atterberg, Ber. 9, 816 and 926.

¢ Widman, Bull. Soc. Chim. 193, 2228

8 Atterberg, Ber 9, 1187 and 1730.

¢ Widman, Zoc. cit,
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lenesulphonic acid. It crystallizes from hot alcohol in soft, very
long flat needles, melting at 131°, Nitric acid converts it into
dichloropthalic acid.

1:4 : 2'-Trichloronaphthalene has been obtained by Armstrong
and Wynne from the monosulphonic acids of 1:4-, 1:2'-, and
1:3'-dichloronaphthalenes. It crystallizes from alcohol in
slender flat needles, which, on standing in the solvent, become
opaque, and melt at 66°. If the melting point be redetermined
immediately after solidification, it is found to be 56°, but after a
longer interval it becomes 66° as at first. This substance is
identical with that obtained by Widman! from dichloro-
naphthalene-8-sulphonic acid? (¢-trichloronaphthalene), and
with the e-trichloronaphthalene obtained by Cleve from nitro--
dichloronaphthalene ® (1:3'). It is converted by nitric acid
into nitrodichlorophthalic acid.

2:3: 1'-Trichloronaphthalene is prepared from the monosul-
phonic acid of 2:3-dichloronaphthalene. It crystallizes from
alcohol in long, very slender needles, melting at 109°5° (Armstrong
and Wynne). Only two heteronucleal trichloronaphthalenes
derived from 2 : 3:dichloronaphthalene are possible, and since the
compound described below has the constitution 2 : 3 : 2/, the con-
stitution of this substance is fixed.

2 : 3 : 2'-Trichloronaphthalene has been obtained by the same
chemists from 2 : 2’-dichloronaphthalenemonosulphonic acid, and
from B-naphthylarinedisulphonic acid R. (NH, : SO,H :SO,H =
2:3:2'). It crystallizes from alcohol in minute plates, and melts
at 90-5—91°,

B-Trichloronaphthalene was obtained by Atterberg by the
action of chlorine on heated a-nitronaphthalene ; it crystallizes
from hot alcohol in long, lustrous needles, melting at 90°4 A
trichloronaphthalene which is dimorphous, crystallizing from
alcohol in long needles, melting at 87°, or large flat prisms,
melting at 90°, has been prepared by Armstrong and Wynne
from the so-called a-naphthylamine-e-disulphonic acid (1:3:1").

0-Trichloronaphthalene was obtained by Alén from nitro-
naphthalene-a-disulphonic acid; it crystallizes from glacial
acetic acid in small needles, which are readily soluble in alcohol,
very readily in benzene, and melt at 75:5—76°.5

1 Ber. 19, 926,
3 Armstrong and Wynne, Proc. Chem. Soc. 1890, 81 ; Chem. News, 81, 93.
3 Bull. Soc. Chim. 29, 500. 4 Bull. Soc. Chim. 9, 316 and 926.

§ Beilstein's Handd. 2nd Edit, 2, 140.
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a-Trichloronaphthalene dichloride, C,,;H,Cl;, was obtained by
Atterberg and Widman, together with 1 : 4-dichloronaphthalene
tetrachloride ; it forms large lustrous crystals, melting at 93°.

B-Trichloronaphthalene dichloride, is formed when chlorine is
passed into a solution of a-monochloronaphthalene in acetic
acid ; it crystallizes in short prisms, melting at 152°.

TETRACHLORONAPHTHALENES, C,H,Cl,

2571 a-Tetrachloronaphthalene is obtained by boiling 1 :4-
dichloronaphthalene tetrachloride with alcoholic potash (Faust
and Saame), or in the same manner from B-trichloronaphthalene
dichloride (Widman). It crystallizes in long needles, melting
at 130°, and is oxidized by nitric acid to dichlorophthalic acid.

B-Tetrachloronaphthalene was obtained by Atterberg together
with 1 :4'-dichloronaphthalene and B-trichloronaphthalene ; it
crystallizes in needles, and melts at 194°,

«v-Tetrachloronaphthalene is also formed by the action of
alcoholic potash on 1 :4-dichloronaphthalene tetrachloride, and
crystallizes in flat needles, melting at 176° (Widman).

8-Tetrachloronuphthalene was obtained in a similar manner
from the tetrachloride of 1 : 4’-dichloronaphthalene and from a-
trichloronaphthalene dichloride ; it forms slender, pliable needles,
melting at 141°

e- Tetrachloronaphthalene is formed when dinitro-y-dichloro-
naphthalene is heated with phosphorus chloride, and crystallizes
in long needles, melting at 180° (Atterberg and Widman).

t-Tetrachloronaphthalene, which is obtained from e-dichloro-
dinitronaphthalene, forms needles, melting at 160°.2 ’

2572 a-Pentachloronaphthalene, C,(H,Cl;, is formed when a-
dichloronaphthoquinone is heated with phosphorus pentachloride,?
the temperature being gradually raised to 250°, and then main-
tained for several hours at 200—250°¢ It crystallizes from hot
alcohol in needles, melts at 168°5°, and boils above 360°. It i3
oxidised by nitric acid to tetrachlorophthalic acid.

B-Pentachloronaphthalene was obtained by Atterberg and
Widman from nitro-8-tetrachloronaphthalene by the action of

! Widman, Bull. Soc. Chim. 28, 507.

? Alén, Bull. Soc. Chim. 38, 435.

3 Griibe, Annalen, 149, 1.

4 Claus and v. der Lippe, Ber. 16, 1016.
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phosphorus pentachloride. It crystallizes in spherical aggregates
of needles, melts at 177°, and is oxidised by nitric acid to
trichlorophthalic acid.

Hexchloronaphthalene, C,;H,Cl,, is, according to Laurent, con-
tained in the products of the continued action of chlorine on
heated naphthalene, and crystallizes in six-sided prisms, which
can be moulded like wax, melts at 143°, and may be distilled
without decomposition.!

Heptachloronaphthalene, C,;HCl,, is formed when tetrachloro-
a-naphthoquinone is heated to 250° with phosphorus penta-
chloride and crystallizes in small needles, which melt at 194°.
Nitric acid oxidises it to tetrachlorophthalic acid.?

Perchloronaphthalene, C, Cl;, was first obtained by Laurent,
but not in the pure state. It is formed when naphthalene is
treated for a long time with chlorine in presence of antimony
chloride® and when a-naphtholtrisulphochloride is heated to
150° with chloride of phosphorus (Claus and Mielke). It crys-
tallizes in long, thin needles, melting at 203°, boils at 403°, and
is soluble in benzene, light petroleum and chloroform, less
readily in alcohol and acetic acid. When it is heated with
antimony pentachloride to 200—300°, tetrachloromethane,
hexchlorethane and hexchlorobenzene are formed.*

COLI=CCl co, e
c,0, | +80=co + é
\cei=cal cal, Cl,
C
0,01,<CCC:: + 4C1 = C,Cl, + 200,

BROMINE SUBSTITUTION PRODUCTS OF
NAPHTHALENE.

2573 a-Bromonaphthalene, C,)H,Br, is formed by the action
of bromine on naphthalene,® and on mercury naphthyl® It is
also obtained when naphthalene is heated to 250° with cyanogen

1 @melin’s Handb. 4, 60.

? Claus and v. der Lippe, Ber. 16, 1019 ; Claus and Wenzlik, Ber. 19, 1165.
3 Berthelot and Jungfleisch, Bull. Soc. Chim. 9, 446,

¢ Ruoff, Ber. 9, 1486.

® Laurent, Ann. Chim. Phys. 59, 215 ; Wahlfors, Zeitsch. Chem. 1865, 3.

¢ Otto, Annalen, 147, 176.
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bromide,! and has been prepared from a-naphthylamine by
means of the diazo-reaction? It is best obtained by adding the
calculated quantity of bromine to a solution of naphthalene in
carbon disulphide,? or by covering finely-powdered naphthalene
with a solution of bromine in caustic soda and then allowing
dilute hydrochloric acid to flow to the bottom of the well-stirred
mixture.*

It is a strongly refractive liquid which boils at 280°, mixes
with absolute alcohol, ether and benzene in every proportion
and has a specific gravity of 1'503 at 12°. It solidifies in a
freezing mixture and then melts at 4—5°5 Sodium amalgam
added to its alcoholic solution converts it into naphthalene ; it is
not attacked by alcoholic potash, and is oxidised to phthalic acid
by a solution of chromium trioxide in acetic acid® When it is
dissolved in hot toluene and treated with aluminium bromide,
double decomposition occurs, p-bromotoluene and naphthalene
being formed (Roux). Its compound with picric acid crystallizes
from benzene in lemon-yellow needles, melting at 134—135°,

a-Bromonaphthalene dichloride, C,,H,BrCl,, was obtained by
Laurent from bromonaphthalene by the action of chlorine; it
crystallizes from ether in rhombic tablets, and melts at 165°.

B-Bromonaphthalene was prepared by Liebermann from B-
naphthylamine by means of the diazo-reaction,” whilst Brunel
obtained it by the action of phosphorus pentabromide on
B-naphthol® When a solution of a-bromonaphthalene in
carbon disulphide is heated with a little aluminium chloride, it
is partially converted into the 8-compound, dibromonaphthalene,
a small amount of naphthalene and other products being also
formed (Roux).

B-Bromonaphthalene crystallizes in lustrous white rhombic
plates, which melt at 59°. It boils at 281—282°, has a specific
gravity of 1605 at 0°, and is readily soluble in ether, chloroform
and benzene, less readily in alcohol. Its compound with picric
acid crystallizes from alcohol in yellow needles and melts at 79°

1 Merz and Weith, Ber. 10, 755. ? Rother, Ber. 4, 850.

3 Glaser, Annalen, 135, 41. 4 Gnehm, Ber. 15, 2721.
8 Roux, Bull. Soc. Chim. 45, 511 ; Ann. Chim. Phys. 11. 12, 342
6 Beilstein and Kurbatow, Annalen, 203, 216.

7 Annalen, 183, 268 ; Gasiorowski and Wayss, Ber. 18, 1941.

® Ber. 17, 1179.
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DIBROMONAPHTHALENES, C,H,Br,

2574 Laurent was the first to obtain a substance having the
composition of dibromonaphthalene, but this was subsequently
shown to be a mixture.

a-a-DIBROMONAPHTHALENES,

1 : 4-Dibromonaphthalenc was found by Glaser among the
products of the bromination of naphthalene.! It is also formed
by the action of bromine on a-nitronaphthalene? as well as by
heating 1 : 4-bromonitronaphthalene or 1 : 4-bromonaphthalene-
sulphonic acid with phosphorus pentabromide,® and has also been
obtained from 1 : 4-bromonaphthylamine by means of the diazo-
reaction® In order to prepare it, air saturated with bromine
vapour is passed over naphthalene, contained in a long, well-
cooled tube; the isomerides formed at the same time are
separated by recrystallization from alcohol.®

It forms long needles, which melt at 81—82°, and dissolve in
76 parts of alcohol of 93'5 per cent. at 11'4°, -and in 16'5 parts
at 56°. It is converted by nitric acid into dibromophthalic acid
and by an acetic acid solution of chromic acid into dibrom-a-
naphthoquinone and dibromophthalide, C;H,Br,0, (Part IV.
p- 444).

a-Dibromonaphthalene tetrabromide, C,,H,Br, Br,, is formed,
together with the 8-compound, when 1 : 4-dibromonaphthalene
is treated with bromine at 0°. It is insoluble in ether, and
crystallizes from chloroform in rhombic prisms, melting at
about 100°. :

B-Dibromonaphthalene tetrabromide is soluble in ether and
crystallizes in prisms, which melt with decomposition at
173—174°8

1 : 4'-Dibromonaphthalene is, according to Guareschi, obtained,
together with the 1 : 4-compound and an isomeride melting at

! Annalen, 135, 40 ; Gasiorowskiand Wayss, Ber. 18, 1936.
? Guareschi, Ber. 10, 204

3 Jolin, Bull. Soc. Chim. 28, 514,

¢ Meldola, Journ. Chem. Soc. 1888, l, 1; 1885, 1, 508.

8 Guareschi, Annalen, 222, 262.

¢ Guareschi, Ber. 19, 564 R.
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67:5—68° by allowing bromine to drop on to naphthalene. The
product is first washed with alcohol to remove a-bromonaphtha-
lene and then dissolved in boiling alcohol. On cooling this
solution, 1 : 4-dibromonaphthalene is first deposited and then a
mixture of the two other isomerides. This mixture is warmed
with alcohol to remove the compound melting at 68°, and the
residue finally purified by recrystallization from alcohol.

1 : 4'-Dibromonaphthalene is also formed by the action of
phosphorus pentabromide on a-dinitronaphthalene and 1 : 4'-
bromonaphthalenesulphonic acid! It crystallizes in lustrous
tablets, which melt at 1305—131°5°, and dissolve at 56° in 50
parts of alcohol of 93-5 per cent. It is oxidized by nitric acid
to bromonitrophthalic acid, and by an acetic acid solution of
chromium trioxide to v-bromophthalic acid® It forms no
addition compound with bromine.

a-8-DIBROMONAPHTHALENES,

2575 1 : 2-Dibromonaphthalene was obtained by Meldola from
bromo-8-amidonaphthalene. It crystallizes from alcohol in
oblique rhombic prisms and melts at 63°.

It is probably identical with the dibromonaphthalene described
above as melting at 68°,

1 : 3-Dibromonaphthalene has been prepared by Meldola from
dibrom-a-naphthylamine ; it crystallizes from alcohol in needles,
melting at 64°,

1 : 2'-Dibromonaphthalene is formed, together with the 1 : 4'-
compound, by the action of bromine on a-naphthalenesulphonic
acid,® as well as by the distillation of 1 : 2'-bromonaphthalene-
sulphonic acid with phosphorus pentabromide! It crystallizes
from alcohol in needles, melting at 76—77°.

! Jolin, Bull. Soc. Chim. 28, 54.

? Guareschi, Ber. 21, 628 ¢. This acid melts at 178°6° and not at 138—140°
as stated by Faust and Pechmann (Pt. IV. p. 472), who actually had a mixture of
the v- and a-acids.

3 Darmstidter and Wichelhaus, Annalen, 152, 803.

¢ Forsling, Ber. 22, 1400.
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B-B-DIBROMONAPHTHALENE.

2 : 2'-Dibromonaphthalene was obtained by Forsling from the
bromide of the corresponding bromonaphthalenesulphonic acid ;
it crystallizes from a mixture of ether and chloroform in four-
sided tablets, melting at 158°.

TRIBROMONAPHTHALENES, C,H,Br,

2576 a-T'ribromonaphthalene is obtained, together with other
products, when naphthalene is treated with bromine. It crystal-
lizes from alcohol in needles, melts at 75° and solidifies in
rosettes resembling the mineral wavellite.!

B-Tribromonaphthalene (1 : 4 : 1') was prepared by Jolin from
nitro-8-dibromonaphthalene by the action of phosphorus penta-
bromide, It is very readily soluble in alcohol and crystallizes
in long, pliable needles, melting at 85°,

«-Tribromonaphthalene was obtained by the same chemist in
a similar manner from dibromo-B-naphthalenesulphonic acid ;
it crystallizes in short, brittle needles, and melts at 865°.

8-Tribromonaphthalene (1 :2 :4) was prepared by Meldola
from the corresponding dibromonaphthylamine. It is also
formed when nitrobromonaphthylamine is heated with hydro-
bromic acid and glacial acetic acid to 130°2 It is readily soluble
in ether, less readily in alcohol, crystallizes in small lustrous
needles and melts at 113—114°.

e-Tribromonaphthalene (1 : 3 : 2' or 1: 3 : 3') was obtained by
Meldola from dibromo-S-amidonaphthalene. It crystallizes from
alcohol in short needles, melting at 110°.

&-Tribromonaphthalene (1 :3 :1' or 1 : 3 : 4') was obtained in
the same way from dibrom-a-amidonaphthalene ; it forms small
needles, melting at 105°,

! Griibe, .4nnalen, 185, 43. 3 Prager, Ber. 18, 2163.
3 Journ, Chem. Soc. 1885, 1, 497.
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TETRABROMONAPHTHALENES, C,H,Br,

2577 a-Tetrabromonaphthalene (1 : 4 : 3’ : 2') is formed by the
action of an alcoholic solution of sodium ethylate on 8-dibromo-
naphthalene tetrabromide, and crystallizes from hot alcohol in
long, silky needles, which melt at 175°, sublime in pearly tablets,
and are only slightly soluble in ether. An acetic acid solution
of chromium trioxide oxidises it to tetrabrom-a-naphthoquinone
and dibromophthalide.

B-Tetrabromonaphthalene is obtained, together with the a-
compound, from a-dibromonaphthalene tetrabromide. It is
readily soluble in ether and crystallizes from alcohol in small
needles, melting at 119—120°1

2578 Pentabromonaphthalene, C,;H;Br,, is obtained by heating
a-tetrabromonaphthalene with bromine to 150° in the form of
colourless crystalline granules, which are insoluble in alcohol
(Griibe).

Hexbromonaphthalene, C,;H,Br,, is formed by very gradually
heating naphthalene to 350° with bromine and a little iodine.
It formsslenderneedles, melts at 245—246°, and may be sublimed.
It is insoluble in alcohol and ether, and only slightly soluble in
benzene and chloroform.?

Bromochloronaphthalene, C,)H BrCl, is only known in three
isomeric forms.

a-Bromochloronaphthalene (Br : Cl =1 : 4') is obtained from
the corresponding bromonaphthalenesulphochloride by the action
of phosphorus pentachloride; it crystallizes in needles and
melts at 115°3

B-Bromochloronaphthalene is formed, together with the y-com-
pound, by the action of chlorine on a-bromonaphthalene or of
bromine on a-chloronaphthalene. It crystallizes in thin, lustrous
tablets, and yields chlorophthalic acid on oxidation.

«y-Bromochloronaphthalene is more readily soluble in alcohol,
melts at 66—67°, boils at 303°, and sublimes in needles. On
oxidation it yields bromochlorophthalide.*

Several other substitution and addition products containing
both chlorine and bromine, most of which were prepared by
Laurent, are also known,

1 Guareschi, Gazzetta. 16, 142. 3 Gessner, Ber. 9, 1510.

3 Cleve, Bull. Soc. Chim. 26, 540.
¢ Biginelli and Guareschi, Chem. Centralbl, 1887, 518.
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IODINE SUBSTITUTION PRODUCTS OF
NAPHTHALENE.

2579 a-Iodonaphthalene, C,;H,I, was obtained by Otto by the
action of iodine on a solution of mercury dinaphthyl in carbon
disulphide,! and by Nolting from diazonaphthalene sulphate by
boiling its solution with the calculated quantity of hydriedic
acid, or by simply heating the solution with potassium iodide.?
It is a thick oily liquid, which does not solidify in a freezing
mixture, is miscible with alcohol, ether, benzene, &c., and boils
at 305°.% On boiling with hydriodic acid it is quantitatively
converted into naphthalene (Nolting), which is also formed,
together with tarry products, when its solution in carbon disul-
phide is boiled with aluminium chloride (Roux). Its picric acid
compound forms golden yellow needles, which melt at 127°,

B-Iodonaphthalene was prepared by Jacobsen from B3-naphthyl-
amine by the diazo-reaction; it crystallizes in small plates,
melts at 54°5°, is volatile with steam, and readily dissolves in
alcohol, ether, &c.*

1 : 4-Di-sodonaphthalene, C,HL,, was obtained by Meldola
from 1 : 4-iodonaphthylamine by the diazo-reaction ; it crystal-
lizes from alcohol in needles, melting at 109—110°

1 : 2-Di-todonaphthalene is formed in a similar manner from
2 : 1-iodonaphthylamine ; it forms white scales, melting at 81°.

Meldola has also prepared the following bromiodonaphtha-
lenes from the corresponding bromonaphthylamines : ®

Br:I Melting-point.
1:4 long flat needles . . . . 835°
1:3 longneedles . . ... . 68
1:2 thick white needles . . . 94°

1 Annalen, 147, 178. 2 Ber. 19, 185.
3 Roux, Bull. .Soc. Chim. 45, 517 ; Ann. Llum Phys. V1. 12, 860.
4 Ber. 14, 808. s Jowrn. Chem. Soc. 1885, 1, ba1.
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FLUORINE SUBSTITUTION PRODUCTS OF
NAPHTHALENE.

2580 a-Fluonaphthalene, C,,H,F, is formed when a-naphthyl-
amine is dissolved by the aid of heat in strong hydrofluoric
acid and sodium nitrite gradually added to the mixture. The
reaction is accompanied by a vigorous evolution of gas, and con-
siderable quantities of resinous products are formed. a-Fluo-
naphthalene is a colourless liquid, smelling like the chlorine
compound ; it boils at 212° has the specific gravity of 1:135 at
0°, and is readily soluble in alcohol, benzene, chloroform and
glacial acetic acid.

B-Fluonaphthalene has been prepared in a similar manner
from B-naphthylamine ; it crystallizes from alcohol in lustrous
plates, melting at 59°, boils at 212-5°, and dissolves in the same
solvents as the a~compound.!

NITROSO-SUBSTITUTION PRODUCTS OF
" NAPHTHALENE.

2581 Nitrosonaphthalene, C,(H,NO, was obtained by Baeyer
by acting upon a solution of mercury dinaphthyl in carbon
disulphide with the calculated amount of a mixture of bromine
and carbon disulphide saturated with nitric oxide at 20°:

(CioH;),Hg + NOBr = CH,NO + C,H,HgBr.

It forms yellow granular crystals, which meltat 89° rapidly
become red in the air, and decompose at 134° with energetic
evolution of gas. It volatilizes with steam, forming a vapour
which has a sharp odour, very similar to that of nitrosobenzene,
and its solution in phenol is coloured blue by sulphuric acid.?

1 : 2-Dinitrosonaphthalene, C,(Hy(NO),, is formed when an al-
coholic solution of 1 : 2-naphthoquinonedioxime, C,;Hy(N.OH),,
is oxidised with potassium ferricyanide or bromine. It
crystallizes in lustrous, flat needles, which melt at 127° and
readily volatilize with steam. It is insoluble in water and

1 Ekbom and Mauzelius, Ber. 22, 1846. * Ber. 7, 1639 ; 8, 615
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alkalis, but is slightly soluble in alcohol and light petroleum, and
does not give Liebermann’s reaction.!

1 : 4-Dinitrosonaphthalene is formed by the oxidation of
1: 4-naphthoquinonedioxime. It is a yellow odourless powder,
which detonates on heating.?

NITRO-SUBSTITUTION PRODUCTS OF
NAPHTHALENE.

2582 The direct nitration of naphthalene yields as first
product, a-nitronaphthalene, from which the higher substitution
products are derived in the following manner :

/omnlmmphthneno

/- -Dinitr ,‘ﬂnlm: «-Tetranitronaphthalene
a-Nitronaphthalen, Trinitronaphthalene
O\J-Dlnlhvnnphmlono —E’l‘rlnltronaphthlleno—p-i‘emuron-phthﬂem

a-Nitronaphthalene, C,; H,NO,, was obtained by Laurent in
1835 by boiling naphthalene with nitric acid? Piria then
showed that it is also formed in the cold,* and Beilstein and
Kuhlberg then pointed out that in this case it is the only
product® It has also been obtained from a-, - and &-nitro-
naphthylamine by means of the diazo-reaction. It is best
prepared on the small scale by adding concentrated nitric acid
to a solution of naphthalene in glacial acetic acid and hea.ting
the mixture for half-an-hour.® Technically it is prepared in a.
similar manner to nitrobenzene (Pt. IIL p. 101), 10 parts of
naphthalene, 10 parts of sulphuric acid of sp. gr. 1'84 and
8 parts of nitric acid of sp. gr. 1'4 being employed. After
removing the excess of acid, the still liquid product is run into
cold water and washed with water and dilute caustic soda
solution.

a-Nitronaphthalene crystallizes in long, fine, lustrous, yellow
needles or prisms, melts at 61°7 and boils at 304°% It has a

1 Koreff, Ber. 19, 183 ; Ilinski, Ber. 19, 849.
3 Nietzki and Guitermann, Ber. 2], 428.

3 Ann Chem. Phys. 59, 376 ; 66, 1562.

4 Ann. Chim. Phys. 111. 81, 217.

5 Annalen, 169, 81.

® Fittig, Grundriss, 9, 892.

7 Aguiar, Ber. §, 870.

® De Koninck and Marquart, Ber. 5, 11.
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characteristic, unpleasant smell, readily dissolves in benzene,
ether, carbon disulphide and hot alcohol. One hundred parts
of alcohol of 875 per cent. dissolve 2:81 parts at 15° (Beilstein
and Kuhlberg). Chromium trioxide in acetic acid solution
oxidizes it to v-nitrophthalic acid and o-nitrophthalide.

The following addition-products, accompanied by some sub-
stitution-products, are formed by the action of bromine.!

a-Nitronaphthalene a-tetrabromide, C,)H,NO,Br,, crystallizes
in druses of needles, which melt at 130-5°,

a-Nitronaphthalene B-tetrabromide is formed, accompanied by
monobromonitronaphthalene when the substance just described
is heated to 135—137°. It crystallizes from boiling alcohol in
short prisms, which melt at 142—143-5°.

a-Nitronaphthalene y-tetrabromide is obtained together with
the a-compound, which is itself converted by continued boiling
with alcohol into the «- derivative. The latter forms short
prisms and melts with decomposition at 172—173°.

B-Nitronaphthalene, C,,H,NO,, is not formed by the action of
nitric acid on naphthalene. Lellmann and Remy obtained it
from a-naphthylamine by converting the latter into acetonaph-
thalide, C,,H, NH(COCH,) and nitrating this, the 1 : 2-and 1:4-
nitro-compounds being formed. The two nitronaphthylamines,
C,Hy(NO,) NH,, were then prepared from the mixture and
separated ; the amido-group of the 1 : 2-compound being finally
replaced by hydrogen by means of the diazo-reaction.?

It can be much more simply prepared from S-naphthylamine,
which is manufactured by heating 8-naphthol with ammonia.
Seven parts of the amido-compound are dissolved in a boiling
mixture of 15 parts of nitric acid of specific gravity 14 and
250 parts of water, the solution rapidly cooled and a solution
of 12 parts of sodium nitrite in 40 parts of water added to the
paste thus formed. A clear solution of S8-diazonaphthyl nitrite
is thus obtained, which is added to cuprous oxide suspended
in water, prepared by the reduction of copper sulphate
by means of grape sugar and caustic soda solution. A
vigorous evolution of nitrogen occurs, and the solution is
allowed to stand for some time ; a little alcohol is then added to
remove the voluminous froth which has been formed, and the
B-nitronaphthalene finally distilled off with steam. Sandmeyer
assumes that a compound of 8-diazonaphthyl nitrite with cuprous

1 Guareschi, 4nnalen, 222, 284. 2 Ber. 19, 236 ; 20. 891.
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oxide is formed, which readily decomposes with loss of nitrogen,
the oxynitrosyl group being converted into nitroxyl :!

CyoH—N—N—0—N=0 = C,;H,—N<J> + Cu,0+ N,
.0.Cu

B-Nitronaphthalene is readily soluble in alcohol and glacial
acetic acid and crystallizes in small, yellow needles, which have
a smell of cinnamon and melt at 79°.

2583 Dinitronaphthalene, C,)H,(NO,),, was obtained by
Laurent by boiling naphthalene with nitric acid and further in-
vestigated by Marignac and other chemists, who considered the
substance to be homogeneous, until Darmstidter and Wichelhaus
proved that it is a mixture of two isomerides.?

a-Dinitronaphthalene (1 : 4') is prepared by covering 100 grms.
of naphthalene with 200 cc. of crude nitric acid, adding 160 ce.
of sulphuric acid after 24 hours and heating the mixture for a
day on the water-bath. The product is ground up, washed with
water, and extracted with a little boiling carbon disulphide to
remove a small amount of mononitronaphthalene; it is then
washed with acetone and repeatedly boiled up with fresh
quantities of the latter to free it from the S-compound, the
residue being finally recrystallized from boiling xylene.®

a-Dinitronaphthalene is scarcely soluble in carbon disulphide
and only slightly in the other usual solvents; it crystallizes
from glacial acetic acid in six-sided needles, which melt at
216°4 It is converted by hot dilute nitric acid into v-nitro-
phthalic acid, 8-dinitrobenzoic acid and picric acid. On heating
with phosphorus pentachloride it is converted into 1 : 4'-dichloro-
naphthalene.

B-Dinitronaphthalene (1 : 1') is more readily soluble in acetone,
glacial acetic acid, benzene and chloroform than the a-compound
and crystallizes in rhombic tablets, melting at 170° (Aguiar).
It is oxidized by dilute nitric acid, heated to 150° to dinitro-
phthalic acid, 8-dinitrobenzoic acid and picric acid, whilst when
treated with phosphorus pentachloride it yields &-trichloro-
naphthalene (1:4:1") accompanied by a small quantity of
1 : 1'-dichloronaphthalene.

«y-Dinitronaphthalene (1 : 3) has been prepared by Liebermann

1 Ber. 20, 1494. 2 Annalen, 152, 298.
3 Beilstein and Kurbatow, Annalen, 202, 219 ¢ Aguiar, Ber. §, 870.
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from dinitro-a-amidonaphthz;.lene by means of the diazo-reaction.
It crystallizes in small pale yellow needles, which melt at 144°
and readily sublime.!

8-Dinitronaphthalene is prepared in the same manner from
dinitro-8-amidonaphthalene, and forms light yellow needles,
melting at 161-5°.2

Naphthocyamic acid, CH ([N,O,, is obtained by boiling a
mixture of a- and S-dinitronaphthalenes with a solution of
potassium cyanide :

2C,H,N,0, + 12CNH + 9H,0 =
CeH N0, + 4CO, + 8NH,,

The free acid, liberated from the potassium salt by hydrochloric
acid, is a dark brown precipitate, which dries to a lustrous
black mass. This is only slightly soluble in water, more readily
in alcohol, to which it imparts a brownish-yellow colour, whilst
it i8 freely soluble in amyl alcohol, forming a dark reddish
brown solution. The solutions are coloured green or blue by
a very small amount of any alkali.

Potassium naphthocyamate, CoxH,N,O K + H,0, is a dark
blue mass which has a cupreous lustre and explodes on heating.
It forms beautiful blue solutions in hot water and alcohol, but
is decomposed with evolution of ammonia when the solution is
boiled with caustic potash.?

2584 a-Trinitronaphthalene, C,;H,(NO,), is formed when
a-dinitronaphthalene is boiled for several hours with 15 parts
of nitric acid of specific gravity 1'42; it crystallizes from
glacial acetic acid or chloroform in monosymmetric pyramids
and from alcohol in serrated plates, which melt at 122°4

B-Trinitronaphthalene is obtained in a similar manner from
B-dinitronaphthalene (Aguiar) ; it has also been obtained from
trinitro-a-amidonaphthalene ‘and trinitro-8-amidonaphthalene,®
but is best prepared by gently boiling 1 part of B-dinitro-
naphthalene with 5 parts of fuming nitric acid and 5 parts
of sulphuric acid. The solution is then poured on to snow,
the precipitate washed with ether and finally recrystallized
from hot nitric acid® It forms monosymmetric crystals and
melts at 218", '

! Annalen, 188, 274. * Gribe and Drews, Ber. 17, 1170.
3 Miihlhiiuser, Annalen, 141, 214. 4 Aguiar, Ber. §, 870 and 897.

8 8tiidel, Ber. 14, 898.

¢ Beilstein and Kuhlberg, Annalen, 169, 96.
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o-Trinitronaphthalene is obtained by boiling a-dinitro-
naphthalene with a mixture of nitric and sulphuric acids
(Beilstein and Kuhlberg). It crystallizes in light .yellow
lustrous plates, which melt at 154° (Aguiar).

a-Tetranitronaphthalene, C,)H,(NO,),, is formed by the further
nitration of a-dinitronaphthalene (Aguiar), and is best prepared
by boiling this substance for several hours with a mixture of
10 parts of fuming nitric acid and fuming sulphuric acid
(Beilstein and Kuhlberg). It is only slightly soluble in the
usual solvents, and separates from chloroform in rhombic crystals,
which melt at 259° and detonate violently on heating.

B-Tetranitronaphthalene is obtained by heating B-dinitro-
naphthalene to 100° in a sealed tube with fuming nitric acid.
It crystallizes from alcohol in very long, thin needles, which melt
at 200° and explode violently when quickly heated.!

THE CHLORONITRONAPHTHALENES.

2585 1 : 4-Chloronitronaphthalene, C,HCI(NO,), was ob-
tained by Atterberg by the action of cold nitric acid on
a-chloronaphthalene. It crystallizes from alcohol in extremely
slender light yellow needles, melting at 85°. It is gradually
reduced to a-amidonaphthalene by tin and hydrochloric acid,
and is converted into 1 :4-dichloronaphthalene by phosphorus
pentachloride.?

2' : 1-Chloronitronaphthalene is formed when rather more than
two molecules of nitric acid of specific gravity 1'42 are added
to a solution of one molecule of B-chloronaphthalene in
glacial acetic acid, and the mixture allowed to stand for a few
days. It crystallizes from alcohol in sulphur-yellow needles,
melting at 116°, and is converted into 1 : 2'-dichloronaphthalene
by distillation with phosphorus pentachloride.®

a-Chlorodinitronaphthalene, C,JHCI(NOy,(1:4 :1'), is ob-
tained when a-chloronaphthalene is gently heated with nitric
acid ; it is readily soluble in alcohol and crystallizes in long,
yellow, soft needles, which melt at 106° (Faust and Saame,
Atterberg).

1 Aguiar and Lautemann, Bull. Soc. Chim. 3, 261.

* Ber. 9, 926.
3 Armstrong and Wynne, Proc. Chem. Soc. 1889, 71.
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B-Chlorodinitronaphthalene (1 : 4 : 4) is formed, together with
the a-compound, when a-chloronaphthalene is strongly heated
with fuming nitric acid. It is only slightly soluble in alcohol,
and crystallizes from glacial acetic acid in short, pale-yellow,
brittle needles, which melt at 180°.

Both these compounds are converted into 8-trichloronaphtha-
lene (1:4:1') by phosphorus pentachloride (Atterberg).

B-Dichloronitronaphthalene, C,;H,CL,NO,, (1 : 4 : 1) has been
prepared by the nitration of 1 : 4-dichloronaphthalene ; it forms
crystals which melt at 92°.!

«-Dichloronitronaphthalene (1:4':4) is formed when 1:4'-
dichloronaphthalene is nitrated with cold nitric acid. It is only
slightly soluble in alcohol, and crystallizes in short, sulphur-
yellow prisms, melts at 142°, and also yields &-trichloronaphtha-
lene (Atterberg).

n-Dinstrochloronaphthalene was obtained by Cleve from 1 :3'-
dichloronaphthalene by the action of nitric acid on its solution
in acetic acid. It crystallizes in golden-yellow needles, which
melt at 119°, and are readily soluble in boiling alcohol and glacial
acetic acid. Phosphorus pentachloride converts it into e-tri-
chloronaphthalene.?

Several other isomerides of unknown constitution have also
been prepared.?

The most important of the other chloronitronaphthalenes are
given in the following table :

- DICHLORODINITRONAPHTHALENES, C, H CL(NO,),

Melting-point.
B-,long yellow needles*. . . . . . . . .. 158°
«-, light-yellow prismatic needles® . . . . . - 246°
8-, light-yellow prisms®. . . . . . . . .. 246°
e-, pale-yellow, slender needles” . . . . . . 252°
pale-yellow flat needles® . . . . . . . . 169-5°
yellowish tabular crystals® . . . . . . . 150°
very small, white needles® . . . . . . . 158°
! Widman, Bull. Soc. Chim, 28, 605. * Bull. Soc. Chim. 29, 499.
3 Alén, tbid. 36, 433. ¢ Widman, ibd. 28, 510.
6 Atterberg, Ber. 9, 1730. 6 Alén, loc. cit.

7 Ikd. :
8 From 1 : 2-Dichloronaphthalene, Hellstrom, Ber. 21, 3267.
? From 1 : 3-Dichloronaphthalene, Cleve, Ber. 23, 956.
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TRINITRODICHLORONAPHTHALENE, C, H,CL(NO,),

Melting-point.
Pale-yellow compact needles® . . . . . . 178

TRICHLORODINITRONAPHTHALENES, C, H,CL(NO,),

a-, yellow prisms® . . . . . .. ... .. 178°
3-, light-yellow, slender needles® . . . . . . 200°
e-, light-yellow, flat needles¢. . . . . . . . 200°

TETRACHLORONITRONAPHTHALENE, C,,H;C1,NO,

8-, large rhombic tablets® . . . . . . . L. 154°

THE BROMONITRONAPHTHALENES.

2586 1: 4-Bromonitronaphthalene, C,(H.BrNO,, was obtained
by Jolin by the nitration of a-bromonaphthalene ; it crystallizes
in yellow needles, melts at 85°, and is converted by phosphorus
bromide into 1 : 4-dibromonaphthalene.®

1 : 8-Bromonitronaphthalene, was prepared by Liebermann and
Scheiding from nitrobromamidonaphthalene. It forms yellow
needles, melting at 132° and yields B-amidonaphthalene on
reduction with tin and hydrochloric acid.”

3 : 1- Bromonitronaphthalene, which was prepared by Meldola
from the isomeric nitrobromamidonaphthalene, crystallizes in
needles and melts at 131°. It is converted into phthalic acid
by oxidation, and yields 1 :3-dibromonaphthalene when the
nitroxyl group is replaced by bromine.*

m-Bromonitronaphthalene (NOg:Br=1:3" or 1:2') is formed
by the action of bromine on a-nitronaphthalene, and crystallizes
from alcohol in yellow needles, which are only slightly soluble
in cold alcohol and melt at 122:5°. It is oxidized by potassium
permanganate to a-bromophthalic acid and v-nitrophthalic acid.?

! Cleve, loc. cit. 2 Widman, be. cit. 3 Alén, loc. cit. 4 Ibid,
% Atterberg and Widman, Ber. 10, 1842. 8 Bull. Soc. Chim. 28, 515.
7 Annalen, 188, 262. 8 Journ. Chem. Soc. 1885, 1, 507.

® Guareschi, Annalen, 229, 290.
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Bromodinitronaphthalene, C,;H,Br(NO,),, is formed in two
modifications by the action of cold, fuming nitric acid on
a-bromonaphthalene :

Melting-point.
a-, slender needles with a vitreous lustre . . 170°5°
B-, slender needles or tablets . . . . . . . 143°

Both these substances are oxidized by dilute nitric acid to
v-nitrophthalic acid, whilst they are converted by the action of
a mixture of concentrated sulphuric acid and nitric acid into the
isomeric bromotetranitronaphthalenes! C,;H,Br(NO,),.

Melting-point.
amneedles . . . . . ... ... ... 189°
B-, lustrous needles . . . . . e e e e .. 245°

Dibrom-a-nitronaphthalene, yellow needles,? melting at 98°
B-Dibromonitronaphthalene, yellow needles® melting at 116-5°

THE IODONITRONAPHTHALENES, C,H/JINO,

2587 These substances were obtained by Meldola from the
amidonitronaphthalenes.

2 : 1-Jodonitronaphthalene crystallizes from alcohol in yellow
scales, melts at 108'5°, and is readily reduced to S-naphthyl-
amine.

1: 2-Todonitronaphthalene forms light-yellow, lustrous needles,
melting at 88-5°,

1: 4-Jodonstronaphthalene crystallizes in microscopic needles,
and melts at 123°.¢

THE SULPHONIC ACIDS OF NAPHTHALENE.

2588 a-Naphthalenesulphonic acid is formed, as was found by
Faraday, together with the B-compound, by the action of
sulphuric acid on naphthalene,® and also when it is treated with
sulphur trioxide ¢ or chlorosulphonic acid.? In order to prepare

1 Merz and Weith, Ber. 15, 2708. 2 Guareschi, loc. cit.

3 Jolin, loc. cit. ¢ Journ. Chem. Soe. 1885, 1, 497.
8 Phil Trans. 1826, 2, 140 ; Pogg. Ann. 7, 104,

6 Wohler and Liebig, Pogg. Ann. 24 169.

7 Armstrong, Zcilsch. Chem. 1871, 322 ; Proc. Chem. Soc.i 1887-1888, 146
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it, 4 parts of naphthalene are heated to 80° with 3 parts of
sulphuric acid for 8 to 10 hours, and the mixture then poured
into ten times its weight of hot water. After cooling, the un-
altered naphthalene is filtered off and the solution neutralized
with lead carbonate. On evaporation, the salt of the B-acid
crystallizes out first and then that of the a-acid, which is dis-
solved in 10 to 12 parts of boiling alcohol, the greater part of the
adhering B-salt being thus left undissolved.* The acids can also
be separated by means of their calcium salts, but these cannot,
like the lead salts, be distinguished by their appearance.?

a-Naphthalenesulphonic acid is a deliquescent crystalline mass,
which melts at 85—90°3 and dissolves readily in alcohol, but is
almost insoluble in ether. When it is heated to 200° with con-
centrated hydrochloric acid it decomposes into sulphuric acid and
naphthalene, and it is to a large extent converted into the J-
acid by heating with sulphuric acid. Potassium permanganate
oxidizes it to phthalic acid.*

Its salts have been investigated by Regnault and Merz.

Caleiwm  a-naphthalenesulphonate, (C,,H,S0,),Ca + 2H,0,
crystallizes in plates, which dissolve at 11° in 16'5 parts of
water and 19°5 parts of 85 per cent. alcohol.

Barium a-naphthalenesulphonate, (C,,H,SO;),Ba+H,0, also
crystallizes in plates, and dissolves at 10° in 87 parts of water
and 350 parts of alcohol.

Lead a-naphthalenesulphonate, (C,H,SO,),Pb + 3H,0, forms
small lustrous plates, and dissolves at 10° in 27 parts of water
and 11 parts of alcohol.

a-Naphthalenesulphochloride, C,;H,SO,Cl, crystallizes from
ether in small plates, which melt at 66° and are gradually de-
composed by cold water.® When chlorine is passed into its solu-
tion in carbon disulphide, the tetrackloride, C,;H,Cl,.SO,C], is
formed as a yellow oil which is decomposed by alcoholic potash
into hydrochloric acid and dichloronaphthalenesulphonic acid.®

When sodium amalgam is added to a hot ethereal solution of
the sulphochloride, the sodium salt of a-naphthalenesulphinic acid,
Cy,0H,;.80,H, is formed. The free acid crystallizes in lustrous
scales, which are only slightly soluble in water acidulated with

1 Merz, Zeitsch. Chem. 1868, 394 ; Merz and Weith, Ber. 3, 195.
3 Merz and Miihlhiuser, Ber. 3, 709.

3 Regnault J. Pr. Chem. 12, 99.

4 Beilstein and Kurbatow, Annalen, 202, 216.

8 Maikopar, Zeitsch. Chem. 18689, 711 ; Kimberly, Annalen, 114, 131,
4 Widman, Ber. 12, 2220.
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‘hydrochloric acid and are decomposed at 180° by dilute hydro-
chloric acid into sulphur dioxide and naphthalene.!

a-Naphthalenesulphamide, C,,H,(SO,.NH,), is a crystalline
mass, which melts at 150°, is very readily soluble in water and
is oxidized by potassium permanganate to v-sulphophthalic acid
and v-sulphaminephthalic acid.

B-Naphthalenesulphonic acid is obtained, according to Merz
and Weith, when the mixture employed for the preparation of
the a-acid is heated to 160°. The hot solution is diluted with
water, treated with milk of lime and then with chalk until neutra-
lized, and finally filtered. On cooling, calcium S8-naphthalene-
sulphonate separates out, a further crop being deposited when
the mother liquors are concentrated. The last deposit contains,
in addition to the 8- and a-salts, calcium naphthalenedisul-
phonate and tarry products.

B-Naphthalenesulphonic acid crystallizes in plates, which are
not deliquescent, and is not decomposed by hydrochloric acid
even at 200°. Potassium permanganate oxidizes it in acid or
neutral solution to phthalic acid (Beilstein and Kurbatow).

Sodinm B-naphthalenesulphonate, C,)H,SO,;Na,is manufactured
by heating equal parts of naphthalene and sulphuric acid for
several hours to 200°, pouring the product into water, filtering
and neutralizing the boiling solution with milk of lime. The
filtrate is precipitated with a solution of sodium carbonate and
the solution evaporated. The sodium salt is thus obtained in
small plates which are freed from their mother liquor on the
centrifugal drier. It is employed for the preparation of 8-
naphthol.

Calcium B-naphthalenesulphonate, (C,,H,S0,),Ca, crystallizes
in small plates, which dissolve at 10° in 76 parts of water and
437 parts of 85 per cent. alcohol.

Barium B-naphthalenesulphonate, (C,,;H,S0O,),Ba + H,0, dis-
solves at the same temperature in 290 parts of water and 1950
parts of alcohol ; it also crystallizes in small plates.

Lead B-naphthalenesulphonate, (C,(H,SO,),Pb, crystallizes in
small hard scales, which contain varying amounts of water. It
dissolves at 10° in 113 parts of water and in 305 parts of alcohol.

B-Naphthalenesulphochloride, C,,H,(SO,CI), forms small plates,
melting at 76°, which are less readily soluble in ether than those
of the a-compound (Maikopar). Like the latter it forms a
tetrachloride, which crystallizes from chloroform in hard, lustrous

1 Gessner, Ber. 9, 1500. .
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cubes, melting at 131°, and is converted by alcoholic potash into
a dichlorosulphonic acid (Widman).

Sodium amalgam added to an ethereal solution of the sulpho-
chloride converts it into B-naphthalenesulphinic acid, C,\H,SO.H,
a dull, microcrystalline powder, which is rather freely soluble in
pure water, and is decomposed into sulphur dioxide and naph-
thalene by hydrochloric acid at 170° (Gessner).

B-Naphthalenesulphamide, C,,H,(SO,NH,), ecrystallizes in
small, thin plates, melting at 217°, which are only slightly
soluble in water and ether, and are oxidized by potassium per-
manganate to a-sulphophthalic acid and a-sulphaminephthalic
acid.!

2589 Naphthalenedisulphonic acids, C,;H,(SOH),. Berzelius ?
obtained an acid of this composition by heating naphthalene
with sulphuric acid, and Dusart,® employing a different method
of purification, obtained a similar substance. This led Ebert and
Merz to think that these acids were probably isomeric, a sup-
position which was confirmed by their investigations* Later
researches have shown that a third acid is simultaneously
formed. In order to prepare them, naphthalene is heated to 160°
for four hours with five times its weight of sulphuric acid, the
product converted into a mixture of calcium salts, and the solu-
tion of these evaporated to a small bulk. Common salt is then
added, and the liquid heated to boiling and filtered from the
residue, which consists of the salt of the B-acid ; the filtrate on
cooling deposits the a-salt as a crystalline paste, and the mother
liquors from this yield the «-salt on further evaporation.® The
pure acids are obtained by converting the calcium salts into
potassium salts, and preparing from these the corresponding
sulphochlorides, which are purified by recrystallization from
benzene, and finally converted into the acids by the action of
hydrochloric acid at 150°

2:2'- or a-Naphthalenedisulphonic acid, is formed in large
quantity when naphthalene is heated to 180° with sulphuric
acid. It crystallizes in long deliquescent needles, which are only
slightly soluble in cold concentrated sulphuric acid. Its salts are
more readily soluble in water and alcohol than those of the 8-
acid. On fusion with caustic potash it yields 2:2'-hydroxy-
naphthalene.

1 Maikopar, loc. cit. ; Cleve, Bull. Soc. Chim. 25, 258. ! Annalen, 28, 9.

3 Compt. Rend. 84, 859. ¢ Ber. 9, 592,
6 Landshoff and Meyer, Chem. Zeit. 13, 1162.
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a-Ne thalemdmlphoahlondc C,0He(SO,Cl),, is readily soluble
in benzene, and crystallizes in transparent four- or six-sided
tablets, melting at 162! When it is heated with phosphorus
pentachloride it yields 2 : 2'-dichloronaphthalene.

The amide forms lustrous needles and melts at 242—243°,

2:8'- or B-Naphthalenedisulphonic acid crystallizes in small
plates, which deliquesce slowly in the air. Like the a-compound,
it is decomposed at 200° by water into sulphuric acid and naph-
thalene. Phosphorus pentachloride converts it into 2:3'-
dichloronaphthalene.

B-Naphthalenedisulphochloride is slightly soluble in benzene,
and crystallizes in small needles, which melt at 226°.

The amade is only very slightly soluble in water and does not
melt below 305°.

1:4'- or «-Naphthalenedisulphonic acid was obtained by
Armstrong by the action of chlorosulphonic acid on naphthalene ;
it is also formed when an intimate mixture of naphthalene,
sulphur trioxide and sand is well shaken up® It crystallizes
from water in lustrous, white plates, which are not hygroscopic.?
On fusion with caustic potash it is converted into 1:4'-di-
hydroxynaphthalene, whilst with phosphorus pentachloride it
yields 1 : 4'-dichloronaphthalene, melting at 107°.

The sodium salt of the acid crystallizes in thin tablets or forms
large, monosymmetric crystals. When the acid is very gradually
heated to 170—180°, naphthalene sublimes and B-naphthalene-
sulphonic acid remains behind.4

The o-disulphonic acid is therefore formed at a low tempera-
ture from the a-naphthalenesulphonic acid, which is the first
product, but passes at a higher temperature into the B-acid,
from which the other disulphonic acids are then derived.

y-Naphthalenedisulphochloride, forms small prisms, which be-
come opaque in the air and melt at 183°,

1: 8- or m-Naphthalenedisulphonic acid has been obtained by
Armstrong and Wynne from B8-naphthylaminedisulphonic acid G,
by the replacement of the amido-group by hydrogen. It
forms a very soluble potassmm salt, which crystallizes with
two molecules of water in small prisms.

m-Naphthalenedisulphochloride crystallizes from benzene in

! Armstrong, Ber. 15, 204.

? Armstrong and Wynne, Proc. Chem. Soc. 1888, 42.
3 Ewer and Pick, Schultz, Steinkohlentheer, 2, 1012,

¢ Armstrong and Wynne, Proc. Chem. Soc. 1887, 146.
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prisms, and from acetic acid in prismatic needles, melting at
147°. On distillation with phosphorus pentachloride it yields
1 : 3-dichloronaphthalene.!

1 : 3'-Naphthalenedisulphonic acid is formed by the action of
chlorosulphonic acid on B-naphthalenesulphonic acid? Its
sodium salt C,\Hy(SO;Na), + TH,O, crystallizes in long, broad
needles and its chloride in aggregates of small needles, melting
at 127°. On heating with phosphorus pentachloride it is con-
verted into 1 : 3'-dichloronaphthalene, melting at 48°,

1 : 2'- Naphthalenedisulphonic acid has been obtained from
1: 4 : 3'-naphthylaminedisulphonic acid by replacement of the
amido-group by hydrogen. Its chloride crystallizes from ben-
zene, in which it is readily soluble, in prismatic forms, and from
acetic acid in beautiful glistening plates. It melts at 122'5°,
and on distillation with phosphorus pentachloride yields 1 : 2'-di-
chloronaphthalene.?

Naphthalenetrisulphonic acid has been obtained by Baeyer’s
hydrazine reaction from a-naphthylaminetrisulphonic acid. Its
chloride crystallizes from a mixture of benzene and light petro-
leum in small prisms melting at about 191°.¢

Naphthalenetetrasulphonic acid, C,\H,(SOH), + 4H,0, was
obtained by Senhofer by heating naphthalene with sulphuric
acid and phosphorus pentaxide to 260°% It is also formed
when naphthalene is heated for some time to 160° with five
times its weight of fuming sulphuric acid, containing 40 per
cent. of trioxide.®

It crystallizes in coarse prisms, which are readily soluble in
water but with difficulty in cold alcohol, and are insoluble in
ether. The barium salt forms oblique prisms containing water
of crystallization.

Dinaphthylsulphone, (C,oH,)ySO,, was obtained by Berzelius,
together with naphthalenesulphonic acid by heating naphthalene
with sulphuric acid.” It was, however, found by Stenhouse and
Groves that two isomerides are thus formed, which separate out
with the unaltered naphthalene in the preparation of B-naph-
thalenesulphonic acid.®

! Armstrong and Wynne, Proc. Chem. Soc. 1890, 13 ; Chem. News, 81, 92.

* Proc. Chem. Soc. 1888, 231 ; 1889, 10; 1890, 17 ; Chem. News, 61, 93.

3 Armstrong and Wynne, Proc. Chem. Soc. 1890, 126.

4 Armstrong and Wynne, Proc. Chem. Soc. 1890, 125.

$ Ber. 8, 1486 ; Monatsh. Chem. 8, 112,

¢ Farbenfab. vorm. Baeyer and Co. ; Schultz, Steinkohlentheer, 2, 1003

7 Annalen, 28, 9 ; Gercke, Annalen, 100, 216. ® Ber. 9, 682,
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In order to prepare them, naphthalene is heated with three
times its weight of sulphuric acid to 180° until no more water is
given off ; the mixture is then allowed to cool to 100°, four parts
of boiling water added and the upper layer distilled with steam
until no more naphthalene comes over. The residue is finally
extracted with boiling carbon disulphide.

a-3-Dinaphthylsulphone separates from this solution in oblique,
hard, transparent prisms, which are moderately soluble in hot
alcohol and melt at 123°.

B-B-Dinaphthylsulphone is insoluble in carbon disulphide and
crystallizes from boiling alcohol, in which it is only slightly
soluble, in silky needles, which melt at 177°. When it is heated
to 180° with phosphorus pentachloride, B-naphthalenesulpho-
chloride and B-chloronaphthalene are formed.!

The a-8- and B-B-sulphones can also be obtained by the
oxidation of the corresponding sulphides.

a-a-Dinaphthylsulphazide, (C,JH,),SO, is obtained by the
partial oxidation of the corresponding sulphide. It separates
from alcohol in coarse white crystals and melts at 164°5°.

a-a-Dinaphthylsulphone melts at 187°2

a-Naphthylphenylsulphone, C,,H,SO,C,H,, is formed, together
with the following compound, when naphthalene is heated
to 170—190° with benzenesulphonic acid and phosphorus pent-
oxide® The two substances are separated by recrystallization
from a mixture of ether and alcobol, from which the a~com-
pound is the first to separate. It forms dull, rhombohedral
crystals, melting at 99°5—100-5°,

B-Naphthylphenylsulphone is also obtained by heating
B-naphthalenesulphonic acid with benzene and phosphorus
pentoxide. It crystallizes in fan-shaped aggregates of lustrous
needles, which melt at 1156—116°,

! Cleve, Bull. Soc. Chim. 25, 25.
? Krafft, Ber. 28, 2367. Cf. Ekstrand, Ber. 17, 2601.
? Michsel and Adair, Ber. 10, 583. -
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CHLORONAPHTHALENESULPHONIC ACIDS.

2590 1:4-Chloronaphthalenesulphonic acid,C,\H C1(SO.H), was
obtained by Zinin by heating a-chloronaphthalene to 140° with
sulphuric acid,' and has been prepared by Cleve from naph-
thionic acid.? It forms a soft, buttery mass, readily soluble in
water and alcohol ; its salts and other derivatives have been
investigated by Arnell.3

1: 4-Chloronaphthalenesulphochloride, C,,H,C1(SO,Cl), crys-
tallizes from benzene in prisms, melting at 95°, and is converted
into 1:4-dichloronaphthalene by heating with phosphorus
pentachloride.

The amide melts at 196—197°. The ethyl ester forms mono-
symmetric tablets, melting at 67-5°, whilst the methyl ester
crystallizes in needles and melts at 70°.

1: 4'-Chloronaphthalenesulphonic acid has been obtained by
Armstrong and Wynne from chloro-8-naphthylaminesulphonic
acid (1:2:4') by replacing the amido-group by hydrogen ¢ and
by Cleve from diazo-a-naphthalenesulphonic acid.® It is also
formed, together with the preceding compound, by the direct
sulphonation of a-chloronaphthalene at 160°, and is probably
derived from the 1 :4-acid, which is formed at lower tempera-
tures, by isomeric change.® Its chloride crystallizes from benzene
in small prisms, melting at 93°. Phosphorus pentachloride
converts it into 1 : 4’-dichloronaphthalene.

«y-Chloronaphthalenesulphonic acid was obtained by Cleve by
heating «-diazonaphthalenesulphonic acid with hydrochloric
acid. Its chloride forms crystals, melting at 106°7 It is
probably the 1 : 3-derivative.

1 : 1'-Chloronaphthalenesulphonic acid is formed by the action
of phosphorus pentachloride on the potassium salt of 1:1'-
nitronaphthalenesulphonic acid suspended in carbon disulphide.®
The barium salt crystallizes with two molecules of water in
soluble, pearly scales. The sulphochloride separates from
benzene in thin, colourless plates, melting at 101°.

! J. Pr. Chem. 38, 36. 3 Ber. 20, 73.

3 Beilstein's Handb, 2, 153. 4 Proc. Chem. Soc. 1888, 105, 49.
® Ber. 20, 72.

¢ Armstrong and Wynne, Proc. Chem. Soc. 1890, 87 ; Chem. News, 61, 285.
7 Ber. 21, 3271. 8 Cleve, Ber. 23, 962.
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. 1:2'-Chlorosulphonic acid was obtained by Armstrong and
Wynne from 1:2:2'-chloronaphthylaminesulphonic acid. It
yields a chloride which crystallizes from a mixture of benzene
and light petroleum in long prisms, melting at 93—94°, and
is converted by phosphorus pentachloride into 1 :2'-dichloro-
naphthalene.

1 : 3'-Chloronaphthalenesulphonic acid was prepared in a similar
manner from 1 :2:3-chloronaphthylaminesulphonic acid, and
has also been obtained from B-nitronaphthalenesulphonic acid.!
Its chloride crystallizes from benzene in small plates which
unite to form opaque hemispherical aggregates, melting at
112—113°, and yields 1 : 3'-dichloronaphthalene, melting at 48°,
on treatment with phosphorus pentachloride.

2 : 8'-Chloronaphthalenesulphonic acid is formed, together with
the following compound, when B-chloronaphthalene is heated
with slightly fuming sulphuric acid ; the two acids are separated
by means of their lead salts, that of the 2:3"-acid being the
less soluble.? 1Its chloride crystallizes in prisms, which melt at
108:5—109-5°, and is converted into 2 :3'-dichloronaphthalene
by heating with phosphorus pentachloride.

2 : 1'-Chloronaphthalencsulphonic acid has also been prepared
from the corresponding naphthylaminesulphonic acid by the
diazo-reaction® Its chloride crystallizes in needles, melts at
129° and yields 1 : 2'-dichloronaphthalene.

This acid, accompanied by a smaller quantity of the 2:3'-
acid, is the product of the action of chlorosulphonic acid on
B-chloronaphthalene in the cold.

2 : 2'-Chloronaphthalcnesulphonic acid has been obtained from
the corresponding naphthylaminesulphonic acid by means of the
diazo-reaction (Armstrong and Wynne). The chloride crys-
tallizes from benzene in prisms, melting at 86°, and yields 2: 2'-
dichloronaphthalene (melting at 114°) on heating with phos-
phorus pentachloride.

2 : 4'-Chloronaphthalenesulphonic acid is prepared in the same
way as the preceding compound. The ckloride crystallizes from
a mixture of benzene and light petroleum in prisms, melting at
70°. On heating with phosphorus pentachloride it is converted
into 1 : 3'-dichloronaphthalene, melting at 48°,

1: 4 : 2'-Dichloronaphthalene-B-sulphonic acid, C,,H,CL(SO,H)

! Cleve, Ber. 20, 74. '

? Arnell, Bull. Soc. Chim. 45, 184.
$ Forsling, Ber. 19, 1715 ; 20, 2100 ; 21, 2802.
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was obtained by Widman! from the tetrachloride of B-
naphthalenesulphonic acid, C;H,Cl,.C H;(SO,H), by the action
of alcoholic potash, and is also formed by the action of chloro-
sulphonic acid on 1: 4-dichloronaphthalene.! It solidifies to a
gelatinous mass when its solution is cooled and gives a chloride
which melts at 132°, and is converted into 1 :4:2'-trichloro-
naphthalene (¢) by distillation with phosphorus chloride.

1: 3 : 4'-Dichlor-a-naphthalenesulphonic acid, is obtained from
the a-sulphonic acid in a similar manner? and is also formed
by the sulphonation of 1 : 3-dichloronaphthalene. It crystallizes
in long, flat, lustrous needles, and is converted by phosphorus
pentachloride into a chloride which crystallizes in prisms or
needles, melting at 148'5°, and yields the corresponding 1:3 : 4'-
trichloronaphthalene ().

The following dichloronaphthalenesulphonic acids are ‘also
known, They are formed by the sulphonation of the dichloro-
naphthalenes, and yield the corresponding trichloronaphthalenes
on distillation with phosphorus pentachloride.*

Cl:Cl: SO.H Chloride. bR
1:1':4 minute aggregates. . . . . . . . . . 114°
1:4:3 longthinplates. . . . . . ... .. 1395°
1:2 :4' large prismatic crystals . . . . . . . . 104°
1:2 :3" aggregatesofsmall prisms . . . . . . 167-5°
1:3 :2' long four-sided prisms . . . . . . . . 121°
1:2':4 slender needles becoming opaque in the air  118°
1:3 :4 magnificentprisms. . . . . . . ... 151°
2:3 :1' lustrous slender ribbons . . . . . . . 142°
2:2':3 elongated prisms . . . . . ... .. 163'5°
2 : 3 : 4 radiate groups of slender prismaticneedles  136°

In addition, a number of chloronaphthalenedisulphonic acids
has been prepared by the sulphonation of the chloronaphthalene-
sulphonic acids.®

Cl:SOH : SO.H Chloride. N hE Rt

2: 3 : 4 bundles of slender needles . . . 148°

2: 2 : 4 radiate groups of flat prismatic

needles . . . . . . . . .. 174°
1 Ber. 12, 963.
? Armstrong and Wynne, I'roc. Chem. Soc. 1890, 81 ; Chem. News, 61, 273.
3 Ber. 12, 2231. . Armxtrong and Wynno, loc. eit.

s Amstrong and Wynne, Proc. Chem. Soc. 1890, 131.

.
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Several isomerides have moreover been obtained from the
corresponding naphthylaminedisulphonic acids by means of the
diazo-reaction :1!

Cl: SO,H : SO,H Chloride. R
1: 4 : 3 minuteneedles . . . . . . . 126—127°
1: 4 : 1 glistening flat plates. . . . . 135°
2: 3 2" small opaque aggregates . . .  176°
2: 1 3 meedles . . .. ... ... 169°
2: 4 2" radiate groups of small prisms  156°
2: 1 4 flatmeedles . . . . .. .. 158°
2: 1 3 smallprisms . . . .. .. 124:5—125°

a-Chloronaphthalenetrisulphonic acid, C,H,CI(SO;H),, has
been obtained from a-naphthylaminetrisulphonic acid by the
diazo-reaction. Its chloride crystallizes from benzene in minute
Pprisms, melting at 215°,

BROMONAPHTHALENESULPHONIC ACIDS.

2591 1: 4-Bromonaphthalenesulphonic acid, C,,H Br(SOH),
was obtained by Laurent by heating a-bromonaphthalene with
fuming sulphuric acid,? and was further investigated by Otto and
Mories® and by Darmstidter and Wichelhaus* Tt crystallizes
in broad, smooth needles, which melt at 138—139°, and are
readily soluble in water and alcohol, but only very slightly in
ether. When its potassium salt is heated with an excess of
phosphorus bromide, 1 : 4-dibromonaphthalene is formed (Jolin).

1 : 4-Bromonaphthalenesulphochloride, C,\HgBr(SO,Cl), crystal-
lizes from benzene in well developed prisms, melting at 86—87°.5
In attempting to prepare this substance by the action of phos-
phorus pentachloride on the sodium salt, Gessner obtained the
isomeric chloronaphthalenesulphobromide, C,yHyC1(SO,4Br), which
crystallizes in needles and melts at 115—116°8

1: 4-Bromonaphthalenesulphobromide, C,;H Br(SO,Br), crystal-
lizes in rhombic tablets which melt at 114-5° (Jolin).

1 Armstrong and Wynne, Proc. Chem. Soc. 1890, pp. 125 et scq.

3 Annalen, 72, 298. 3 Annalen, 147, 184.

4 Annalen, 152, 302. & Bull. Soc. Chim. 28, 516.
¢ Ber. 9, 1514,
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1 : 4'-Bromonaphthalenesulphonic acid is formed, together with
1:4'- and 1:2'-dibromonaphthalenes, when bromine is added
to a solution of a-naphthalenesulphonic acid. On evaporation
of the solution it remains as a syrup, which solidifies in a
vacuum to a crystalline mass, readily soluble in alcohol but
almost insoluble in ether (Darmstidter and Wichelhaus). When
its potassium salt is heated with an excess of phosphorus
pentabromide, 1 : 4'-dibromonaphthalene is formed (Jolin).
Its chloride crystallizes from benzene in prisms, melting at
90°.

2 : 1'-Bromonaphthalenesulphonic acid was obtained from B-
naphthylamine-a-sulphonic acid; its potassium salt, C,)HBr
(SO4K) + H,0, forms a crystalline powder which is converted
by phosphorus pentabromide into the bromide, C,H Br(SO,Br).
The latter crystallizes from chloroform in broad needles, melting
at 151°, and when heated with phosphorus pentabromide yields
1: 2'-dibromonaphthalene.!

The same acid is the chief product of the action of sulphuric
acid on B-bromonaphthalene,? the 2:3'-acid being also formed
in small quantity.

2 : 3'-Bromonaphthalenesulphonic acid has been prepared from
B-naphthylamine-B8-sulphonic acid ; it is very soluble in water,
but, on the other hand, its salts are only slightly soluble;
the potassium salt, 2C, HBr(SOK) + H,0, is a crystalline
powder. The bromide crystallizes from a mixture of ether
and chloroform in prisms, which melt at 118°, and are converted
by phosphorus pentabromide into 2 : 3'-dibromonaphthalene
(Forsling).

2 : 4'-Bromonaphthalenesulphonic acid was obtained by Sindall
from B-naphthylamine—y-sulphonic acid ; its chloride crystallizes
from light petroleum in small prisms melting at 77°.

2 : 2'-Bromonaphthalenesulphonic acid was prepared in the
same way from the 3-sulphonic acid ; its ckloride separates from
benzene in compact oblique prisms, and melts at 100°.

Bromo-B-naphthalenesulphonic acid is obtained, unaccompanied
by any brominated naphthalenes, by the action of bromine on
B-naphthalenesulphonic acid. It forms a crystalline mass, which
is readily soluble in alcohol, water and ether, and melts at 62°
(Darmstidter and Wichelhaus).

Dikromo-B-naphthalenesulphonic  acid, C,,HBr,(SOH), is

! Forsling, Ber. 22, 1401.
? Sindall, Proc. Chem. Soc. 1889, 118.
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formed when an excess of bromine is employed, and is a
crystalline mass which is converted by phosphorus bromide into
«-tribromonaphthalene (Jolin).

IODONAPHTHALENESULPHONIC ACIDS,
C,,H,I(SO,H).

2592 These compounds have been prepared from the cor-
responding naphthylaminesulphonic acids.

2 : 4'-Iodonaphthalenesulphonic acid is also formed in small
quantity by the action of chlorosulphonic acid on B-iodonaph-
thalene ; its chloride melts at 92:5°,

2 : 1'-Todonaphthalenesulphonic acid is the chief product of the
action of chlorosulphonic acid on B-iodonaphthalene ; its chloride
melts at 164—165°.

2 : 8'-Todonaphthalenesulphonic acid forms a chloride, melting at
140°, and is the sole product when S-iodonaphthylamine is heated
to 150° with chlorosulphonic acid, both of the preceding iso-
merides being converted into it at this temperature.

2 : 2'-Todonaphthalenesulphonic acid, is not formed by the
sulphonation of B-iodonaphthalene; its chloride crystallizes
from benzene in small prisms, melting at 100°!

FLUONAPHTHALENESULPHONIC ACID.

2598 1: 4'-Fluonaphthalenesulphonic acid has been prepared
from the corresponding amido-acid by means of the diazo-
reaction. It crystallizes in small, lustrous plates, and is a
strong acid, but gives salts which crystallize badly. Its ethyl
ester forms large prisms, melting at 79°, and the chloride, which
crystallizes in rhombic prisms, melts at 122—123°. When it is
distilled with superheated steam, a-fluonaphthalene is formed.?

! Houlding, Proc. Chem. Soc. 1889, 74 ; Armstrong and Wynne, Proc. Chem
Soc. 1889, 119. * Mauzelius, Ber. 23, 1844.

-
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NITRONAPHTHALENESULPHONIC ACIDS.

2594 1:4'-Nitronaphthalenesulphonic acid, C,,;H(NO,)SOH
+ 4H,0, was obtained by Laurent by the action of fuming
sulphuric acid on a-nitronaphthalene and by Cleve, who named
it a-nitronaphthalenesulphonic acid, by the nitration of a-
naphthalenesulphonic acid.! It is readily soluble in alcohol and
water, less readily in dilute sulphuric acid, and crystallizes in
light yellow, flat needles, which have a very bitter taste and
lose two molecules of water over sulphuric acid. It is converted
by the action of sodium amalgam and water into a-naphthyl-
amine, whereas the nitrobenzenesulphonic acids when treated
in the same manner form azo-compounds, unaccompanied by a
trace of aniline.?

Its chloride, C,Hy(NO,SO,C], crystallizes from ether in
yellowish needles, melting at 113°.

The amide crystallizes either in scales or octohedra, melting
at 188°. The methyl ester forms small needles melting at 117°,
whilst the ethyl ester crystallizes from alcohol in large prisms,
melting at 101°,

1 :4-Nitronaphthalenesulphonic acid is formed in small quantity
together with the preceding compound, from which it is separated
by the greater solubility of its calcium salt. It forms a readily
soluble, yellowish crystalline mass, and yields a chloride, which
crystallizes from benzene in large yellow prisms, melting at 99°.
On reduction it yields 1 :4-amidonaphthalenesulphonic acid
(naphthionic acid).?

1: 1'-Nitronaphthalenesulphonic acid is also formed by the
nitration of a-naphthalenesulphonic acid, and is contained
in the mother liquor from the calcium salt of the 1:4-acid. Its
potassium salt crystallizes in pointed needles, and when suspended
in carbon disulphide and treated with phosphorus pentachloride
yields 1 : 1'chloronaphthalenesulphonic acid (Cleve).

1 : 3'-Nitronaphthalenesulphonic acid, which was termed
B-nitronaphthalenesulphonic acid, is formed, together with the
v- and @-compounds when A-naphthalenesulphonic acid is
nitrated, and is separated from the isomerides by means of

1 Bull, Soc. Chim. 24, 507. 2 Claus, Ber. 10, 1303.
3 Cleve, Ber. 23, 958.
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its difficultly soluble barium salt. It is also formed, together
with the 1:4'- and 1:2'-acids, by the action of sulphuric acid
on a-nitronaphthalene.! The acid is readily soluble in water
and alcohol, and crystallizes in bitter tasting, yellow needles.

Its chloride is readily soluble in acetic acid, crystallizes from
benzene in prisms, melting at 125°5°, and is converted by heating
with phosphorus pentachloride into 1 : 3'-dichloronaphthalene.

1: 2'-Nitronaphthalenesulphonic acid, termed by Cleve the
0-compound, forms yellow crystals, which are readily soluble
in water. Its chloride is only slightly soluble in acetic acid,
forms large prisms melting at 169°, and is converted by phos-
phorus pentachloride into 1 : 2'-dichloronaphthalene.?

1 : 3-Nitronaphthalenesulphonic acid was termed the o-com-
pound by Cleve, and is readily soluble in water, but forms salts
which are only slightly soluble. Its chloride crystallizes in pale,
yellow needles, which are soluble with difficulty in acetic acid,
and melt at 140°3

1 Palmaer, Ber. 21, 8260.

? Ber. 19, 1279; 20, 72; 21, 3271 ; Bull. Soc. Chim. 26, 444 ; Armstrong
and Wynne, Proc. Chem, Soc. 1889, 71 ; Chem. News, §9, 95.

3 Cf. Armstrong and Wynne, loc. cit.
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HYDROXYNAPHTHALENES AND ALLIED
COMPOUNDS.

TeE NapatrOLS, C,(H,.OH.

2595 These compounds are very closely related in their
chemical properties to the phenols, from which they differ
in forming esters when they are heated with organic acids,
and in some other respects in which they behave similarly to
the alcohols.

a-Naphthol was first obtained by Griess, who termed it
naphthyl alcohol, from a-naphthylamine by the diazo-reaction.!
It is more readily formed when a-naphthalenesulphonic acid
i3 heated with caustic potash? On the large scale it is manu-
factured by fusing sodium a-naphthalenesulphonate with caustic
soda. The melt is dissolved in water and the naphthol liberated
by hydrochloric acid and purified by distillation. Schulze
detected it in coal tar®and it has been prepared synthetically
by distilling phenylparaconic acid,* and by boiling phenyl-
isocrotonic acid (p. 25). It crystallizes in lustrous mono-
symmetric prisms or needles, has an aromatic smell resembling
that of phenol and a burning taste, and forms a powder which
causes violent sneezing. It is slightly soluble in cold, more
freely in hot water, and readily in alcohol, ether, &c., melts at
94°, boils at 278—280°, and has the specific gravity of 1'224 at 4°.°
When it is boiled for some time in the air, dinaphthylene oxide,
CyH,;0, is formed. A splinter of pine wood dipped into an
aqueous solution of a-naphthol and then into hydrochloric acid

1 Journ. Chem. Soc. 1867, 89.

? Eller, Annalen, 152, 275 ; Schiiffer, Annalen, 152, 279.
3 Annalen, 227, 148.

¢ Fittig and Erdmann, 4nnalen, 227, 242.

% Schrider, Ber. 12, 1613.
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rapidly becomes coloured green when exposed to sunlight, more
slowly in diffuse daylight, and then gradually changes to reddish-
brown (Schiffer). Bleaching powder colours the aqueous solu-
tion deep-violet and forms a flocculent precipitate of the same
colour. Ferric chloride produces a white precipitate of di-
naphthol, C,H,,(OH), which soon turns grey. When a-
naphthol is dissolved in an excess of caustic soda solution
and a little ammonia and some 1 : 4-diazonaphthalenesulphonic
acid added, a splendid dark-red colouration is produced.! If a
solution of a-naphthol in strong caustic potash solution be
heated to 50° with chloroform, a deep Prussian-blue colour-
ation is produced, which changes in the air to green and
then to brown.

a-Naphthol taken internally appears in the urine as
a-naphtholglycuronic acid, C,;H,;0; which is decomposed by
mineral acids into glycuronic acid, CgH,,0,, and a-naphthol?
At the same time a little a-naphthylsulphuric acid,
C,0H;.0.80,.0H, is also formed. When such urine is acidi-
fied with hydrochloric acid, distilled until half its volume has
passed into the receiver, and the distillate extracted with ether,
an ethereal solution is obtained which on evaporation yields a
residue with which chloroform in alkaline solution gives the
blue colouration already described, although in this case the
shade produced is more inclined to green, the alkaline solution
being generally tinged more or less deeply with brown. This
reaction can also be made use of to detect chloroform in urine
and other animal liquids, a-naphthol being used as the reagent
(Lustgarten).?

Potassium permanganate oxidizes a-naphthol in cold alkaline
solution to carboxyphenylglyoxylic acid (Pt. V. p. 153).¢

C(OH)=CH CO,H

+70=CH
CH:J:H o

c,H <
o \C0.Cco,H

+ CO, + H,O.

a-Naphthol is technically employed in the colour industry
and as an antiseptic. Camille Kochlin states that putrefaction
of the albumen employed in calico printing can be prevented by
adding to every 100 parts of the latter 2 parts of a solution
prepared by dissolving a-naphthol in an equal weight of alcohol,

1 Erdmann, 4nnalen, 247, 330. 3 Lesnik and Nencki, Ber. 19, 1634.
3 Monatsh. 3, 715. ¢ Henriques, Ber. 21, 1607.
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diluting with 4 parts of water, and adding a little ammonia.
When an alcobolic solution of picric acid which has been
saturated in the cold and then heated to boiling is added to a
solution of a-naphthol in a small quantity of alcohol, the
compound C,;H,0 + C,H,(NO,);OH separates out on cooling
in orange-coloured needles, melting at 189—190° a-Naphthol
forms crystalline naphthates with the alkalis, but is precipitated
from their solutions by carbon dioxide or ammonium chloride.
When a-naphthol is treated with iodine and aluminium foil
(Pt. IIL. p. 323), aluminium a-naphthate, (C,\H,0);Al, is formed ;
this substance has not been obtained pure, and decomposes on
heating into alumina, naphthalene, isodinaphthyl, and other
compounds.?

2596 a-Naphthyl methyl ether, C,;H,.OCH,, was obtained by
Hantzsch from a-naphthylamine by heating it with methyl
alcohol and zinc chloride to 180—200°: 3

C,H,NH, + HO.CH, = C,,H,0CH, + NH,,

Stédel prepared it by heating a-naphthol with caustic potash,
methyl iodide and methyl alcohol,* but it is best obtained by
acting upon sodium naphthate at 280° with methyl chloride.®
It is a strongly refractive liquid, which boils at 269—270° and
has a very pleasant odour like that of orange-flowers, so that
it may, perhaps, be used as a perfume. It combines with picric
acid to form a compound crystallizing in red needles.

a-Naphthyl ethyl ether, C,;H,;.OCH,, is a liquid, boiling at
2087, which has a characteristic odour (Schiffer).

a-Naphthyl ethylene ether, (C,,H,0),C;H,, is formed when a
solution of a-naphthol in caustic soda is heated with alcohol
and ethylene bromide; it crystallizes from alcohol in small
plates, melting at 125—126°.°

a-Dinaphthyl ether, (C,,H,),0, is formed, together with
naphthylene oxide, when a-naphthol is heated to 180—200°
with zinc chloride, and when hydrochloric acid is passed into
boiling a-naphthol. It crystallizes from alcohol in plates, and
from a mixture of ether and alcohol in thick, lustrous rhombic
tablets, melting at 110°. With picric acid it forms the com-

! Marchetti, Gazzetta, 12, 502.

? Gladstone and Tribe, Journ. Chem. Soc. 1882, 1, 5.

3 Ber. 13, 1847. ¢ Annalen, 217, 40.

§ Bull. Soc. Chim. 40, 1086. 8 Kolle, Ber. 13, 1953,
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pound, C,H, O + 2C;H;(NO,);0, which ecrystallizes in red
plates or prisms, melting at 115°}

Acid a-naphthyl sulphate, C,;H,0.80,.0H, is obtained, to-
gether with the isomeric a-naphtholsulphonic acid, when a
solution of a-naphthol in acetic acid is heated with sulphuric
acid, the temperature being kept below 75°. The solution is
diluted with water, neutralized with lead oxide and concen-
trated. Lead naphthyl sulphate separates out in small plates
and yields the free acid, which crystallizes, when placed over
sulphuric acid, in long, slender needles; it readily decomposes
into a-naphthol and sulphuric acid.

Claus and Knyrim looked upon this substance as a sulphonic
acid,’ but Beilstein pointed out 2 that its properties clearly prove
it to be naphthylsulphuric acid.

a-Naphthy! phosphate, (C,oH,),PO,, is formed when a-naphthol
is heated with phosphorus pentachloride to temperatures below
100°, whilst a-chloronaphthalene is formed when an excess of
chloride is used and the temperature allowed to rise to 150°¢
It is best prepared by heating a-naphthol with the requisite
quantity of phosphorus oxyehloride until the mixture boils
quietly.® It crystallizes from alcohol in lustrous needles, melt-
ing at 145°

a-Naphthyl silicate, (C,,H,)SiO,, is obtained by the action of
silicon chloride on a-naphthol. It crystallizes in needles, and
distils at 425—430° under a pressure of 130 mm.®

a-Naphthyl acetate, C,,H,.0.CO.CH,, is formed by the action
of acetyl chloride on a-naphthol (Schiffer), and also when the
latter is heated to 200° with acetic acid.” It is however best
prepared by heating a-naphthol with acetic anhydride and
anhydrous sodium acetate.® It crystallizes in broad needles or
tablets, melts at 49°, and is readily soluble in alcohol and ether.

a-Naphthyl ethylearbonate, CO(OC;H,;)OC, H,, is the product
of the action of ethyl chlorocarboxylate on potassium a-naphthate.
It is readily soluble in absolute alcohol and crystallizes, when
this solution is diluted with sufficient water to produce a slight
turbidity, in large rhombic tablets, melting at 31°. On boiling,
it decomposes into carbon dioxide, alcohol, a-naphthol and

1 Merz and Weith, Ber. 14, 195. 2 Ber. 18, 2924.

3 Handb. 2, 561. 4 Schiffer, loc. cit. ; Oehler, Ber. 15, 812
8 Heim, Ber. 16, 1769. ¢ Hertkorn Ber. 18, 1696.

T Griibe, Annalen, 209, 156.

* Tasinari, Gazetia, 10, 491. See also Miller, Annalen, 208, 247,
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dinaphthyleneketone-oxide, C4 H,,0,, which crystallizes from hot
alcohol in sulphur-yellow needles, melts at 240°, is not attacked
by caustic potash solution even at 280° and on fusion with
caustic potash only slowly decomposes into a-naphthol and
carbon dioxide :?!

co< °H°\o + 4HOK = CO(OK), + 2C,,H,OK + H,O0.
Cully”

a-Naphthyl phenylcarbamate, C,;H,0.CO.NH.C;H,, is formed
when a-naphthol is heated with phenyl carbimide. It crys-
tallizes from alcohol in needles, which melt at 1785° and
decomposes on distillation into its constituents.?

a-Naphthyl orthoxalate, C,)H,0.C(OH),.C(OH),.0C,H,, is
obtained by boiling a-naphthol and oxalic acid with acetic acid
for some time; it is a crystalline powder, which melts with
decomposition at 163°.3

a-Naphthoxyacetic acid, C,;H,0.CH,.CO,H, was prepared by
Spica by heating a-naphthol with chloracetic acid and caustic
potash. It crystallizes in small prisms, which are slightly soluble
in cold water, and melt at 190°. Its salts crystallize well;
the ethyl ester forms small crystals, melting at 173—174°4

a-Naphtholglycuronic acid, C,gH,O,, occurs in human urine
and in that of dogs after the administration of a-naphthol, and
crystallizes from water in long needles, melting at 202—203°.
Its aqueous solution gives with concentrated sulphuric acid a
deep emerald-green coloura.tlon, which gradually changes to a
dirty greyish-green.® It is decomposed by mineral acids into
a-naphthol and glycuronic acid, C;H,,0,.%

ar-Tetrahydro-a-naphthol, C, H,,,OH, was first obtained from
ar-tetrahydro-a-naphthylamine by means of the diazo-reaction.”
It is also formed when 20 grms. of sodium are gradually added
to a boiling solution of 10 grms. of a-naphthol in boiling amyl
alcohol® It melts at 68:5—69°, boils at 264'5—265°5° under a
pressure of 705 mm., and solidifies in large silvery tablets,

1 Bender, Ber, 13, 702 ; 19, 2266.

2 Leuckart and Schmidt, Ber. 18, 2338 ; Snape, Ber. 18, 2428.
3 Staub and Smith, Ber. 17, 1740. ¢ Gazzetia, 16, 437.
8 Lesnik and Nencki, Ber. 19, 1534.

¢ Spiegel, Ber. 15, 1964.

7 Bamberger and Althausse, Ber. 21, 1892.

§ Bamberger and Bordt, Ber. 23, 215.
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resembling those of naphthalene, which have a strong smell of
phenol. It is very slightly soluble in cold water and only
slightly in hot water, but very readily in alcohol, from which
it separates as an oily liquid, which soon solidifies in large
crystalline masses, If these are carefully broken up, cavities
are found lined by silvery rectangular monosymmetric tablets.
In the air its surface becomes coloured pink. Bleaching powder
produces a yellowish-white turbidity in its aqueous solution, and
ferric chloride gives a faint turbidity after some time, more
rapidly on warming : if the solution be boiled, the liquid becomes
coloured yellowish-red and a yellowish-white flocculent pre-
cipitate is formed.

Its constitution is that shown in the following formula, and
is proved by its formation from ar-tetrahydro-a-naphthyl-

amine :
OH
o, &
VA
C C CH

nt & lu

VA4
H, CH

ar-Tetrahydro-a-naphthol is soluble in alkalis and is pre-
cipitated from solution in them by carbonic acid. It also com-
bines with diazo-salts to form azo-colours. In its chemical
relations therefore it behaves as an aromatic hydroxyderivative,
and it has been found by Bamberger that whenever a tetra-
hydro-derivative of naphthalene contains the additional atoms of
hydrogen and the substituent group (OH,NH,, &c.) in different
nuclei, the substance retains the properties of an aromatic com-
pound, whereas when they are both in the same nucleus the
compound behaves as a benzene derivative containing fatty side
chains. To mark this difference of function, compounds of the
first class are termed aromatic, and those of the second alicyclic-
reduction-products (&\ecdap, fat, xvxhos, a ring; in practice
these terms are abbreviated to the prefixes ar- and ac-.)

ar-Tetrahydro-a-naphthol, like other ar-tetrahydro-derivatives
(p- 29), is more closely related to phenol than to a-naphthol
in several respects. Thus, like phenol, it does not readily form
a substituted sulphuric acid, is not converted into an ether
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when heated with hydrochloric acid and alcohol to 150°, and
does not form the oxide (dinaphthyl ether) when heated with
dilute sulphuric acid, whereas a-naphthol undergoes all of these
reactions.!

ar-Tetrahydro-a-naphthol ethyl ether, C,\H,,.0.C,H,, is formed
by the action of alcoholic potash and ethyl iodide on hydro-
naphthol, and also by the reduction of a-naphthol ethyl ether.
It is a viscid, heavy oil, which boils at 259° under a pressure of
705 mm., and has a pleasant odour.?

2597 B-Naphthol, C,)H,.OH, was first obtained by Schiffer
by fusing lead B-naphthalenesulphonate with caustic potash,3
whilst Liebermann prepared it from AB-amidonaphthalene by
means of the diazo-reaction,* and it was found by Schulze to be
contained in small quantity in coal-tar. It is manufactured
by melting sodium B-naphthalenesulphonate with 2 parts of
caustic soda and some water in an iron pot, heated by an air-
bath, and finally raising the temperature to 300°. The melt is
dissolved in water and the B-naphthol precipitated by hydro-
chloric acid and purified by distillation.

It crystallizes in very lustrous plates or rhombic tablets, which
are almost odourless, have a burning taste, and form a powder
which causes violent sneezing. Hot water only dissolves a small
quantity of it, but it is readily soluble in alcohol, &c. It hasa
sp. gr. of 1'217 at 4° (Schrider), melts at 122°, boils at 285—290°,
and readily sublimes ; it is not readily volatile with steam, but
can easily be distilled with superheated steam. When it is boiled
for a considerable time in the air, B-dinaphthalene oxide,
CyH,,0, is formed. With a splinter of pine wood and hydro-
chloric acid it gives the same reaction as a-naphthol, but the
colour is more rapidly produced (Schiffer). Bleaching powder
only produces a yellowish colouration in its aqueous solution,
whilst ferric chloride gives a faint greenish colour followed by
a white flocculent precipitate of B-dinaphthol, C,H,,(OH),.
Its alkaline solution gives the same colouration as the a-com-
pound with chloroform. When it is dissolved in glacial acetic
acid at 110° and a solution of nitrosodimethylaniline hydro-
chloride gradually added, a bluish-violet colouring matter is
formed, the hydrochloride of which crystallizes in needles, which
have a copper lustre.®

! Bamberger, Annalen, 257, 5 ; Bamberger and Longfeldt, Ber. 28, 1128.

2 Bamberger and Bordt, loc. cit. 3 Annalen, 152, 279.
¢ Annalcn, 183, 267. ¢ Meldola, Ber. 12, 2065.
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B-Naphthyl ethyl ether, C,,H,.OCH,, is a crystalline mass
which has a pleasant smell of pineapple. It melts at 33°, boils
at 274—275°! and decomposes when heated for some time to
310—320° into a-naphthol and ethylene.?

B-Naphthyl methylene ether, (C,;H,0),CH,, is formed when
B-naphthol is heated with methylene iodide and caustic soda ;
it crystallizes from alcohol in brittle, silky needles, which melt
at 133—134°3

B-Naphthyl ethylene ether, (C,,H,0),C;H,, crystallizes in
lustrous plates, melting at 217° (Kolle).

B-Dinaphthyl cther, (C,oH,);0, is obtained by heating S-
naphthol with zinc chloride * and hydrochloric acid or dilute
sulphuric acid, and is best prepared by boiling B-naphthol for
some time with 15—20 parts of sulphuric acid of sp. gr. 1'4.
It crystallizes from hot alcohol in silvery plates, melting at 105°,
sublimes with difficulty, and boils above 360°. Its compound
with picric acid, CyH,,0 + 2C,Hy(NO,),0, crystallizes in orange-
yellow plates, and melts at 122°.

B-Dinaphthylacetal or Ethidene B-dinaphthyl ether, CH,CH
(OC,,H,),, is formed when seven parts of S-naphthol and three
parts of paraldehyde are dissolved in fifteen parts of glacial
acetic acid and heated on the water-bath with one part of
fuming hydrochloric acid. It is a snow-white, crystalline powder,
which melts at 200—201°, and is only soluble with difficulty in
all solvents, but with least difficulty in chloroform, from which
it crystallizes in short prisms.

Benzidene B-dinaphthyl ether, CsH;.CH(OC, H,),, is formed
when 72 parts of S8-naphthol and 5'3 parts of benzaldehyde are
dissolved in thirty parts of glacial acetic acid, two parts of
fuming hydrochloric acid added to the well-cooled liquid, and
the whole allowed to stand for a few days at a temperature of 0°.
It forms hard, white, crystalline crusts or small tablets, melts
at 204—205°, and is converted at 210° or when heated with
glacial acetic acid and hydrochloric acid, into benzidenedinaphthyl
oxide, which is also invariably formed in its preparation and has
the constitution : &

CIOHO\ O

c,H,cH

\CloHo/

) Hager and Liebermann, Ber. 15, 1427.  * Bamberger, Ber. 19, 1818.

3 Kolle, Ber. 13, 1953. ¢ Merz and Weith, Ber. 14, 199.

® Griibe Annalen, 209, 47. ® Claisen, Annalen, 287, 861.
806
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Acid B-naphthyl sulphate, C,\H,0.80,.0H, was obtained by
Armstrong by the action of chlorosulphonic acid on S-naphthol,!
whilst Nietzki prepared it by dissolving the latter in concentrated
sulphuric acid.? It is a crystalline mass, which is readily soluble
in water, and easily decomposes in aqueous solution into sul-
phuric acid and 8-naphthol. Its crystalline salts with the alkalis
yield B-naphthyl ethyl ether on heating with sodium ethyl
sulphate, and 8-dinaphthyl ether with S-naphthol.

B-Naphthyl phosphate, (C,,H;),PO,, is prepared in the same
way as the a-compound, and crystallizes from alcohol in small
needles, melting at 111° (Schiffer, Heim).

B-Naphthyl silicate, (C,)H,)SiO,, forms warty crystals, and
boils at about 430° (Hertkorn).

B-Naphthyl acetate, C,;H,0.CO.CH,, was obtained by Schiiffer
from B-naphthol by the action of acetyl chloride; it is also
formed when B-naphthol is gently boiled with acetic anhydride
for a few hours?® or heated to 240° with glacial acetic acid for
some time.* It crystallizes from alcohol or acetic acid in small,
soft needles, which have a faint smell of aniseed and melt at 70°.

B-Naphthyl ethyl orthocarbonate, is formed by the action of
ethyl chlorocarboxylate on potassium B-naphthate; the normal
carboxylate is the first product, as in the case of the a-compound,
but immediately undergoes the following decomposition :

CL,O\  /OCH,

2C,,H,0.C0.0C,H, =
CH,07 \OC,H,

+ CO,.

It is an easily fusible, tallow-like mass, which has a faint but
pleasant odour, boils at 298—300°, and on heating to 250° with
hydrochloric acid decomposes into B-naphthol, carbon dioxide,
and ethyl chloride. On continued boiling it decomposes into
alcohol and B-dinaphthylene ketone oxide, CgH,,0,, which crystal-
lizes from benzene in thin prisms, melting at 194°, and is, like
the a-compound, a very stable substance (Bender).

B-Naphthyl phenylearbamate, C,,H,0.CO.NHCH,, is ob-
tained in the same way as the a-compound, and crystallizes in
prisms melting at 230°,

B-Naphthyl orthozalate, C,;H,0.C(OH),.C(OH),.0OC,,H,, is,
like the a-compound, a crystalline powder, which melts with

! Armstrong, Ber. 15, 203. ? Nietzki, Ber. 15, 305.
3 Miller, Ber. 14, 1602. 4 Gribe Annalen, 209, 147.
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some decomposition at 167°, and on distillation is almost com-
pletely decomposed into formic acid and B-na.phthol

B-Naphthyl salicylate, C,)H,0.CO.C4H,OH, is formed when
a mixture of salicylic acid and B-naphthol is heated with acid
sodium sulphate! This last can be replaced by phosphorus
oxychloride, and it is then unnecessary to use free salicylic acid,
since the basic sodium salt which is formed in the manufacture
of the acid can be employed : 2

ONa
2C, H‘\ + 2C,,H,.OH + POC],
OH
= 2C H‘\ + NaPO; + 3NaCl
CO,CyoH,

It forms odourless and tasteless crystals, which melt at 95°.
It is used in medicine under the name of naphthalol or naphtho-
salol for the same purposes as phenjylsalicylate or salol (Part IV.
p- 307). a-Naphthyl salicylate can be prepared in the same
manner.

B-Naphthoxyacetic acid, C,H,0.CH,.COH, is obtained in a
similar manner to the a-compound and crystallizes in scales or
rhombic prisms, which melt at 151—152°. Its ethyl ester forms
large tablets melting at 48—49° (Spica).

B-Naphtholglyeuronic acid, C,;H,,0,, occurs in urine after the
administration of B-naphthol, and crystallizes in long needles,
which melt at 150°, and are decomposed by mineral acids into
B-naphthol and glycuronic acid. When sulphuric acid is added
to its aqueous solution a bluish-green colouration is produced at
the contact of the two liquids, and this changes to dirty green
when the liquid is agitated (p. 78).

2599 ac-Tetrahydro-B-naphthol, C.H,:C HgOH, is formed,
together with a smaller quantity of the ar-reduction product,
when 20 grms. of sodium are added to a boiling solution of 10
grms. of B-naphthol in 200 grms. of amyl alcohol. The hot
alkaline solution is poured into water, and the layer of amyl
alcohol, in which the alicyclic derivative is dissolved, is separdted,
washed successively with caustic soda, water, and dilute hydro-
chloric acid, and distilled under diminished pressure. The

1 Schultz, Steinkohlentheer, 2, 1043,
2 Schults, Steinkohlentheer, 2, 987.
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fraction passing over at 150—205° (at 40 mm.), contains the
alicyclic compound together with the aromatic isomeride, and
unaltered S-naphthol. To remove these the liquid is covered
with caustic soda solution, and distilled with steam, a distillate
being thus obtained which only contains traces of the aromatic
compound, which may be removed by treatment with a solution
of sodium diazobenzene-p-sulphonate. The aromatic compound
unites with this to form an azo-colour, whilst the alicyclic deri-
vative remains unaltered and is extracted by ether, and purified
by distillation under diminished pressure.!

It is a clear, colourless, very viscid oil, which has a smell
resembling that of sage, and boils without decomposition at
264°, under a pressure of 716 mm. It solidifies in a mixture of
solid carbonic acid and ether to a hard, gummy mass. It is only
very slightly soluble in water, but readily in alcohol and other
solvents.

ac-Tetrahydro-8-naphthol is insoluble in alkalis and does not
combine with diazo-salts. Sodium acts upon it as upon the
fatty alcohols, and in nearly all its reactions it behaves as a
substituted benzene derivative containing the hydroxyl group in
a side chain, closely resembling borneol and menthol (Part V.
pp- 428, 471), which have a similar constitution. This conclusion
is confirmed by the fact that it forms o-carboxyhydrocinnamic
acid on oxidation.

When heated with solid caustic potash it is decomposed into
water and dihydronaphthalene :

Conn(OH) = Conlo + H20~

ac- Tetrakydro-B-naphthol acetate, C,H, 0.CO.CH,, is obtained
by heating tetrahydronaphthol with glacial acetic acid to
140—150°. It is a yellowish, very viscid oil, with a pleasant
fruity odour, and boils at 169° under a pressure of 34 mm.
When distilled under the atmospheric pressure it decomposes
into acetic acid and dihydronaphthalene.

ac- Tetrakydro-B-naphthol benzoate crystallizes from alcohol in
lustrous tablets, melting at 62—63°. It resembles the acetate in
its behaviour on heating.

ac-Tetrahydro-B-naphthyl chloride, C,)H,,C], is obtained when
tetrahydronaphthol is heated on the water bath with concen-
trated hydrochloric acid. It decomposes on heating, even under

! Bamberger and Lodter, Ber. 23, 197.
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diminished pressure, into dihydronaphthalene and hydrochloric
acid.
ac-Tetrahydro-B-naphthyl phenylcarbamate,C,\H, 0.CO.NHCH,,
is formed at the ordinary temperature when a mixture of
2 grms. of tetrahydronaphthol and 16 grms. of phenyl isocyanate
is allowed to stand. It crystallizes from boiling alcohol in
fascicular groups of needles, melting at 98:5°.
ac-Tetrahydro-B-naphthyleanthogenic acid, C, H,,0.CS.SH, is
readily obtained by the action of carbon disulphide on the sodium
salt of tetrahydronaphthol at the ordinary temperature. Its
cuprous salt crystallizes from carbon disulphide in light-yellow
crusts.

ar-Tetrahydro-B-naphthol, C;H,.C ,H;.OH, is also formed by
the reduction of B-naphthol, and is thus obtained as a solution
of its sodium salt, as already described. This is acidified with
hydrochloric acid and distilled with steam, the distillate being
extracted with ether and the residue from this purified by dis-
tillation and recrystallization from light petroleum. It has also
been obtained from ar-tetrahydro-8-naphthylamine by the diazo-
reaction! It crystallizes in silver-white, lustrous flat needles,
which have a faint odour of creosote, melts at 58°, and boils at 275°
without decomposition (at 707 mm.). It is only slightly soluble
in cold, more freely in hot water, and very readily in ether,
alcohol, &c., readily dissolves in alkalis, and forms azo-colours.?

Bleaching powder produces a white flocculent precipitate, and
ferric chloride a bluish-green colouration, accompanied by a
slight turbidity, a brownish-yellow flocculent precipitate being
formed when the solution is heated.

Like the corresponding a-compound, it is not acted upon by
sulphuric acid or a mixture of sulphuric acid and alcohol,
whereas B-naphthol is thereby converted into AB-naphthyl-
sulphuric acid and B-naphthyl ethyl ether respectively.?

! Bamberger and Kitschelt, Ber. 23, 884.
? Bamberger and Kitschelt, Ber. 23, 885.
3 Bamberger and Kitschelt, Ber. 23, 1129.
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HALOGEN SUBSTITUTION-PRODUCTS OF
a-NAPHTHOL. -

TrE MoNocHLOR-a-NAPHTHOLS, C, H,CI(OH).

2600 The first monochloronaphthol was obtained by Grimaux
from dichloronaphthydrene glycol (p. 38) by distilling it with
hydrochloric acid :

C,H,CL,(0H), = C,;H,CLOH + HCI + H,O.

It crystallizes in long needles, which melt at 109°, and are
slightly soluble in cold, more freely in hot water! An isomeric
compound is formed when a salt of Schiffer'’s a-naphtholsul-
phonic acid (p.105) is heated with phosphorus pentachloride. It
is readily soluble in alcohol, crystallizes in reddish matted
needles, melting at 57°, and is oxidized by chromic acid to
phthalic acid, whilst concentrated nitric acid converts it into
a-naphthoquinone.? This substance is probably identical with
the first product of the action of chlorine on a-naphthol, which
melts at about 54°, but has not yet been obtained pure.?

Chloronaphthols of known constitution have been prepared by
Erdmann and Kirchhoff from the three chlorobenzaldehydes.
These were heated with succinic anhydride and anhydrous potas-
sium acetate, and thus converted into the corresponding
chlorophenylparaconic acids, which were then submitted to dry
distillation ¢ (p. 27, and Part V. p. 364).

4/-Chlor-a-naphthol is formed from o-chlorophenylparaconic
acid, and is only slightly soluble in water. It crystallizes from
hot water in small, slender, white needles, and from carbon
disulphide in yellowish plates. It melts at 131'5°, has a
characteristic smell and a burning taste. With bleaching
powder it gives a light-violet precipitate, and with ferric chloride
a yellowish-white precipitate, the colour of which does not alter
on standing. Its alkaline solution gives the same reaction as
a-naphthol with 1 :4-diazonaphthalenesulphonic acid. With
picric acid it forms the compound C,,H,ClO + C;H(NO,),0,
.

1 Bull. Soc. Chim. 18, 208. 2 Claus and Oehler, Ber, 15, 812.
3 Cleve, Ber, 21, 891. 4 Annalen, 247, 866 ; 260, 65.
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which crystallizes in slender, matted, yellowish-red needles,
melting at 160° and forms a blood-red solution in chloroform.

4'-Chlor-a-naphthyl acetate, C,;H,C10.CO.CHy, is prepared by
boiling the chloronaphthol with acetyl chloride. It crystallizes
from hot alcohol in white plates, melting at 53°.

3'-Chlor-a-naphthol was obtained from m-chlorophenylpara-
conic acid. It crystallizes from carbon disulphide in long, white
prisms, which melt at 94°, and rapidly become coloured greyish-
violet in the air. It gives the same reaction as 4'-chlor-a-
naphthol with bleaching powder and diazonaphthalenesulphonic
acid, whilst ferric chloride produces in its aqueous solution a
yellowish precipitate, which rapidly becomes coloured greyish-
violet and brown. The picric acid compound ecrystallizes in
long, slender, bright-yellowish red, lustrous needles, and melts at
165°.

3'-Chlor-a-naphthyl acetate is formed when the chloronaphthol
is boiled with acetic anhydride. It crystallizes from a mixture
of alcohol and ether in rhombic tablets, melting at 47°.

2'-Chlor-a-naphthol is obtained by the distillation of p-chloro-
phenylparaconic acid, and crystallizes from hot water, in which -
it is only slightly soluble, in long, thin, white needles, and from
carbon disulphide in small brownish needles. It melts at 123°,
and has a faint smell of iodoform and a burning taste. Bleach-
ing powder and diazonaphthalenesulphonic acid behave towards °
it as towards its isomerides, but ferric chloride produces a
yellowish-white precipitate, which rapidly becomes a deep violet.
Its picric acid compound forms slender yellowish-red silky
needles, melting at 139°,

2'- C’hlor-a—naphthyl acetate is an oily liquid, and has not been
obtained in the solid form.

TrE DicHLOR-a-NAPHTHOLS, C,;H,CL(OH).

2601 a-Naphthylsulphuric acid on treatment with phosphorus
pentachloride yields a dichloronaphthol which crystallizes in
needles, melting at 101° (Claus and Knyrim) ; it is oxidized by
chromic acid to dichlor-a-naphthoquinone, and by nitric acid to
phthalic acid.!

2 : 4-Dichlor-a-naphthol is formed by the action of chlorine on
a well-cooled solution of a-naphthol in glacial acetic acid.2 It

1 Ber. 18, 2924. 2 Cleve, Ber. 21, 891 ; Zincke and Kegel Ber. 21, 1030.
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crystallizes from alcohol or benzene in pliable, silky needles,
melting at 107—108°, and from glacial acetic acid in thick,
transparent needles or prisms, which contain a molecule of acetic
acid and effloresce in the air. It is converted into phthalic acid
by dilute nitric acid, and into monochlor-a-naphthoquinone by
chromic acid. When it is heated with phosphorus pentachloride,
t-trichloronaphthalene is formed.

2 : 4-Dichlor-a-naphthyl acetate, C,;H,CL,0.C,H,0, crystallizes
from alcohol in thick needles, melting at 74—76°,

2’ : 4'-Dichlor-a-naphthol, was obtained by Erdmann by heat-
ing o-p-dichlorobenzaldehyde with succinic acid and fusing the
dichlorophenylparaconic acid, C4H,Cl,, CH—CH.CH,.CO.OH,
thus obtained. It crystallizes from carbon disulphide in large
prisms, which melt at 132°. When heated with ammonia it
yields the corresponding dichlor-a-naphthylamine, which is
converted by the diazo-reaction into 1 : 3-dichloronaphthalene.!

In addition to the foregoing compounds, 1'-4'-dichlor-a-
naphthol, melting at 114°, has been prepared from 2 :5-di-
chlorophenylisocrotonic acid, and 1':2'- and 2':3'-dichlor-a-
naphthol from 3 : 4-dichlorophenylisocrotonic acid.?

THE TRICHLOR-a-NAPHTHOLS, C, H,Cly(OH).

2602 When a well-cooled solution of a-naphthol in acetic
acid is saturated with chlorine, pentachloroketohydronaphthalene
i3 formed (p. 125), and this substance is reduced to trichloro-
naphthol when sodium sulphite is added to its hot solution in
acetic acid :

/co_?cg < oo o /COD=Ca

H + Na,SO, + H,0 =

Nooy—cuol ©F T T co1— ta
+ Na,SO, + 2HCL

Co

It crystallizes in long, silky needles, which melt at 159—160°,
and are fairly soluble in hot glacial acetic acid or alcohol. It is
oxidized in acetic acid solution by nitric acid to dichloro-8-
naphthoquinone; a small quantity of dichlor-a-naphtho-
quinone is also formed in this reaction and is the chief
product when chromic acid is employed as the oxidizing agent.

1 Ber. 21, 3444. ? Erdmann and Schwichten, 4nnalen, 260, 77.
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Trichlor-a-naphthyl acetate, C,)H,C1;0.CO.CHj, crystallizes in
long, white, silky needles, and melts at 123—124° (Zincke and
Kegel).

THE BROM-a-NAPHTHOLS.

2603 Brom-a-naphthol, C,(H,Br(OH), has not yet been pre-
pared. Its ethyl ester, C,)H,Br(OC,H,), was obtained by
Marchetti from a-naphthyl ethyl ether by adding bromine
diluted with chloroform to its solution in chloroform, It
crystallizes in long, thick prisms, and melts at 48°}

Dibrom-a-naphthol, C,;H Br,(OH)[Br : Br—2 : 4] is formed by
the bromination of a-naphthol in acetic acid solution,? and when
dibrom-a-diazonaphthalene sulphate is boiled with water3 It
crystallizes from alcohol or light petroleum in long, silky needles,
which melt at 105'5°. On heating with alcoholic potash it is
converted into trihydroxynaphthalene, and it is oxidized to
phthalic acid by alkaline potassium permanganate.

Pentabrom-a-naphthol, C,H,Br,(OH), was obtained by
Bliimlein, who added 1 grm. of aluminium to 150 grms. of
bromine and brought into this mixture, cooled to 0°, 10 grms.
of a-naphthol, distilled off the excess of bromine, extracted the
residue with cumene, and then recrystallized it from phenol.
Pentabromonaphthol crystallizes from hot xylene in slender,
matted needles, which are scarcely soluble in alcohol and ether,
and only slightly in cumene. It melts at 238—239° and is
oxidized to dibromophthalic acid by continued boiling with
nitric acid.*

HALOGEN SUBSTITUTION-PRODUCTS OF
BNAPHTHOL.

THE CHLORO-S8-NAPHTHOLS.

2604 1-Chloro-S-naphthol, C,,H,CL.OH, was first obtained by
Schall by the action of chlorine on sodium A-naphthate
suspended in carbon disulphide® It is also formed when

! Gazzetia, 9, 544.
* Gazetta, @, 1117 ; Fittig and Erdmann, Annalen, 227, 242.

3 Meldola, Journ. Chem. Soc. 1884, 1, 156.
4 Ber. 17, 2485. s Ber. 1, 1901.
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chlorine is passed into a solution of B-naphthol in acetic acid ?
and is quantitatively obtained when B-naphthol, suspended in
three parts of carbon disulphide, is heated with one molecule
of sulphuryl chloride.? It readily dissolves in alcohol or glacial
acetic acid, crystallizes from hot water in micaceous scales, and
from chloroform in monosymmetric prisms, melting at 70°
When it is heated with phosphorus chloride until hydrochloric
acid ceases to be evolved, the product contains :

1: 2-Chloronaphthyl phosphate, (C,;H,CLO);PO, which is left
when the mass is treated with water as a white powder. It
is only slightly soluble in boiling alcohol, and crystallizes from it
in microscopic needles, melts at 152°, and solidifies on cooling to a
vitreous mass. On heating the chloronaphthol more strongly with
phosphorus pentachloride, 1 : 2-dichloronaphthalene is formed.

4'-Chloro-B-naphthol is obtained from the corresponding
B-naphthylaminesulphonic acid, and sublimes in long needles,
melting at 128°2

8'-Chloro-B-naphthol is formed, together with 2 :3'-dichloro-
naphthalene, when potassium 8-naphthol-8-sulphonate is heated
to 165° with phosphorus pentachloride and the product dis-
tilled with water; the dichloronaphthalene is thus volatilized,
and the chloronaphthylphosphoric acid, which is at first formed,
decomposed. The chloronaphthol separates out, when the
residue is allowed to cool, in fine needles, which melt at 115°
and sublime in lustrous, slender prisms. It is oxidized to
a~chlorophthalic acid by nitric acid.4

1 : 3-Dichloro-B-naphthol, C,;H,CL,OH. When chlorine is
allowed to act on 8-naphthol, the 1-chloro-8-naphthol which is
first formed is readily converted into dichloro-8-ketonaphthalene :

cH CCl=C.OH a, = ¢, CCI,—CO
= cH
Alor=tu T Nor=bn
The latter then combines with chlorine to form tetrachloro-
B-ketohydronaphthalene, which is converted by boiling with
alcohol into trichloro-83-ketonaphthalene :
CCL—CO CCL—CO
- C,H4< |+ HOL
CH—CCl

+ HCL

c,5S
“\CHCI—CHCI

1 Cleve, Ber. 21, 891.

3 Armstrong and Rossiter, Proc. Chem. Soc. 1889, 71.

3 Claus, J. Pr. Chem. 11. 39, 815.

4 Claus and Zimmermann, Ber. 14, 1483 ; Claus and Dehn, Ber. 15, 821.
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This substance, on reduction with stannous chloride or sodium
sulphite, yields 1 : 3-dichloro-8-naphthol, which crystallizes from
hot, light petroleum in nodular masses of slender, lustrous
needles, melting at 80—81°.

1 : 4-Dichloro-B-naphthol is formed, together with the pre-
ceding compound, by the reduction of tetrachloroketohydro-
naphthalene. The two substances are separated by adding a
little water to the solution of the mixture in acetic acid; the
precipitate thus formed consists chiefly of the 1 :4-compound,
which is purified by recrystallization from light petroleum. It
forms long, hard, white needles, united to form masses resembling
asbestos, and melts at 128—124°.1

A third dichloro-8-naphthol is formed when B-naphtholdi-
sulphonic acid is heated with phosphorus pentachloride. It
crystallizes from hot water, in which it is only slightly soluble,
in small plates, melting at 125°.2

1: 3 : 4-Trichloro-B-naphthol, C,;H,Cl,OH. The trichloro-
ketonaphthalene mentioned above combines with chlorine to
form pentachloroketohydronaphthalene, which is reduced by
stannous chloride to trichloro-8-naphthol :

_C0,—Co _CCI=COH
C.H, L, +8CL,=CEL [ -+ &,
\CHC1 — CCl, CO1=Cal

It crystallizes from glacial acetic acid in needles, and melts at
162° (Zincke).

THE BroMO-S8-NAPHTHOLS.

2605 1-Bromo-B-naphthol, C,)H,Br.OH, is obtained by the
action of bromine on a solution of B-naphthol in glacial acetic
acid, and crystallizes in lustrous needles, which melt at 84°, and
are readily soluble in alcohol. On oxidation it yields phthalic
acid.®

Dibromo-B-naphthol, C,,H,Br, OH, is formed when one mole-
cule of B-naphthol is treated with two molecules of bromine.
It crystallizes from light petroleum in woolly needles, melting
at 106°, whilst it separates from acetic acid in prisms melting at
84°, and containing a molecule of acid which is lost in the air.

? Zincke, Ber. 21, 8378. 2 Claus and Schmidt, Ber. 19, 3172.
3 A, J. Smith, Journ. Chem. Soc. 1879, 1, 789.
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On oxidation with potassium permanganate it yields bromo-
phthalic acid.!

Tetrabromo-B-naphthol, C,\HBr,.OH, was obtained by Smith
by employing an excess of bromine. It crystallizes in white
needles, melting at 156°, and is also oxidized by potassium
permanganate to a bromophthalic acid.

Pentabromo-B-naphthol, C,;H,Br, OH, is formed when a small
quantity of aluminium is dissolved in bromine and B-naphthol
gradually added. It is insoluble in alcohol, ether, and glacial
acetic acid, slightly soluble in hot benzene, and more readily in-
nitrobenzene, from which it crystallizes in needles. It separates
out as a crystalline precipitate, melting at 237°, when ether is
added to its solution in phenol. When it is heated with dilute
alcohol and caustic soda, the sodium salt is formed, and crys-
tallizes on cooling in silky, elastic needles, which are often an
inch in length. Nitric acid oxidizes it to tribromophthalic
acid.? :

2606 1-Iodo-B-naphthol, C,(HJJ.OH, was prepared by Meldola
by dissolving 20 grms. of S-naphthol with an equal amount
of lead acetate and anhydrous sodium acetate in glacial acetic
acid, and dropping in a solution of 35'2 grms. of iodine in acetic
acid :

2C,,H,0 + 41 + Pb(C,H,0,), = 2C,,H,IO + Pb, + 2C,H,0,.

It crystallizes from alcohol in prismatic needles, melts at 94°5°,
and is oxidized to phthalic acid by potassium permanganate.?

NITRO-SUBSTITUTION-PRODUCTS OF
«-NAPHTHOL.

2607 2-Nitro-a-naphthol, C,;Hy(NO,)OH, is formed when the
corresponding nitro-acetonaphthalide, C,,Hy(NO,)NH.CO.CH,,
or nitrobenzonaphthalide, C,,H,(NO,)NH.CO.C Hj, is boiled with
caustic potash solution,* and when sodium nitrite is added to an
acid solution of a-diazonaphthalene sulphate® It crystallizes in

1 Armstrong and Rossiter, Proc. Chem. Soc. 1889, 71.

? Flessa, Ber. 17, 1479.

3 Journ. Chem. Soc. 1855, 1, 625.

4 Liebermann, 4nnalen, 188 245 ; Lellmann and Remy, Ber. 19, 801 ; Worms,
Ber. 15, 1873, 3 Deninger, Journ. Chem. Ind. 8, 538.
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long, narrow, greenish-yellow plates, melting at 128° is only
slightly soluble in dilute alcohol, even less readily in water, and
volatilizes with steam like o-nitrophenol.

Potassium 2-nitro-a-naphthate, C,(Hy(NO,)OK, crystallizes in
purple-red needles.

Barium 2-nitro-a-naphthate, [C;;Hy(NO,)0];Ba+3H,0, forms .
lustrous red needles.

4 : 1-Nitronaphthol was first obtained by Dusart in small
quantity by the continued action of caustic potash and lime on
a-nitronaphthalene in presence of air, and was named by him .
nitro-oxynaphthalenic acid.! Darmstidter and Nathan then re-
cognised it as a nitronaphthol? It is prepared in a similar
manner to the preceding compound from the corresponding
nitrated naphthalide3 It is readily soluble in alcohol, and
crystallizes from hot water in golden-yellow needles, which melt
at 164°, and are not volatile with steam.

C,,He(NO,)OK, small, deep orange-red crystals.

C,Hg(NO,)ONa + 2H,0, brilliant, carmine-red needles,

(C,0Hg(NOp)O),Ba + H,0, lustrous, dark-red needles, with a
blue surface lustre.*

Its sodium salt was formerly manufactured and sold under the
name of French yellow or chryseic acid.

2-Bromo-4-nitro-a-naphthol, C,;H;Br(NO,)OH, was obtained
by Meldola by heating the corresponding acetobromonitro-
naphthalide with concentrated caustic soda solution. It crys-
tallizes from alcohol in silky-yellow needles, which melt with
decomposition at about 136°% An isomeric compound was
obtained by Biedermann and Remmers from the acetobromo-
nitronaphthalide, melting at 229°, It crystallizes in golden-
yellow needles, melts at 142° and commences to decompose at
145°8

4-Iodo-2-nitro-a-naphthol, C,;H I(NO,)OH(4:2:1), was pre-
pared by Meldola from acetiodonitronaphthalide. It is in-
soluble in cold, and scarcely soluble in boiling water, crystallizes
from alcohol in yellow needles, melting at 145—146°, and dyes
silk or wool a fine yellow.

! Compt. Rend. 52,1183, 2 Ber. 3, 943.
3 Andreoni and Biedermann, Ber. §, 342 ; Hiibner, Annalen, 208, 825.
4 Biedermann, Ber. @, 1117. 8 Journ. Chem. Soc. 1885, 1, 497.

¢ Ber. 7, 538.
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2608 Dinitro-a-naphthol, C,;Hy(NOy),0H(4:2:1). In 1856
Ganahl and Chiozza obtained a fine yellow colouring matter
with acid properties, to which they provisionally assigned the
formula CyH,N,0,, by the action of nitrous fumes on the
nitrate of amidonaphthalene moistened with a little water;?
this formula was changed to C,,;H,NO, by Gerhardt,? who looked
upon the compound as the imide of a dibasic acid, C,,H,(NO,O,.
It was then found by Martius in 1865 that when a solution of
a-amidonaphthalene hydrochloride is treated in dilute solution
with the amount of potassium nitrite necessary to form a diazo-
salt, the calculated quantity of nitric acid added, and the whole
gradually heated to boiling, a vigorous evolution of nitrogen
takes place, and a yellow, frothy mass of dinitronaphthol
separates out.?

Darmstédter and Wichelhaus have subsequently observed
that the same compound is formed when a solution of a-
naphtholsulphonic acid is brought into nitric acid and gently
heated.* Resinous products are formed in considerable quantity
in this reaction, whereas a-naphthol-2 : 4-disulphonic acid is
quantitatively converted into dinitronaphthol under the same
conditions.® According to Ballo it is also formed by the action
of fuming nitric acid on a-naphthylamine,® and when the nitro-
a-naphthols are boiled with nitric acid in dilute alcoholic solu-
tion.” It was also obtained by Darmstidter and Nathan by
adding potassium nitrite to a solution of a-naphthol in sulphuric
acid, and R. S. Dale observed that it is formed when a solution
of a-naphthylamine in aqueous sulphuric acid is saturated with
nitrogen trioxide, evolved by the action of sulphuric acid on
sodium nitrite, and then heated to boiling.?

It was at first prepared on the large scale by adding sodium
nitrite to an acid solution of a-naphthylamine until a small
quantity of the liquid gave a cherry-red precipitate of diazo-
amidonaphthalene with caustic soda, and then adding nitric acid
and heating slowly to the boiling-point. Instead of following
this process, Messrs. Roberts, Dale, and Co. dissolved the
naphthylamine in an excess of tolerably concentrated sulphuric
acid, added sodium nitrite, and heated the mixture; the froth
of dinitronaphthol was then removed, and a-naphthlyamine

1 Annalen, 99, 242. ? Traité, 4, 1026. 3 Jahresh. 1865, 568.
¢ Annalen, 152, 298. 5 Bender, Ber. 22, 969. ¢ Ber. 3, 288.

7 Darmstidter and Nathan, Ber. 3, 943 ; Liebermann, Annalen, 183, 249.

8 Private communication.
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together with the necessary quantities of sulphuric acid and
sodium nitrite added to the cold mother-liquor. A fresh
quantity of dinitronaphthol was formed on heating, and this
process was continued until the mother-liquor became too con-
centrated. At the present time a-naphthol is cheaper than
a-naphthylamine and is therefore used for the preparation of
dinitronaphthol. It is either dissolved in an equal weight of
sulphuric acid, and the solution, which contains 1 : 2 : 4-naphthol-
disulphonic acid, heated with nitric acid or, more simply, heated
to 100° with a mixture of nitric and sulphuric acids.

Dinitronaphthol is scarcely soluble in boiling water, only
slightly in alcohol, ether, or benzene, and crystallizes in lemon-
yellow needles or from glacial acetic acid in long prisms,! melting
at 138°. It dissolves in cold concentrated nitric acid without
decomposition, but is oxidized on heating to oxalic and phthalic
acids.

Sodium dinitronaphthate, CloH (NOy);ONa + H,0, is readily
soluble in water and crystallizes in small yellowmh-red needles,

Calcium dinitronaphthate, [C,,H (NO,),0];,Ca + 6H,0, forms
long, orange-yellow needles, which are not readily soluble in
water.

Both of these salts occur in commerce under the name of
Martius Yellow or Manchester Yellow, because dinitronaphthol
was first manufactured by Roberts, Dale and Co. It is also
known as Safran Yellow and Jaune d’Or. The acidified solution of
these salts dyes silk or wool a brilliant golden-yellow, and in
combination with red colours produces various shades of reddish-
yellow to scatlet, whereas picric acid does not give such good
mixed shades, inasmuch as when applied alone it dyes a greenish-
yellow.

Naphthol yellow is poisonous to many animals. Rabbits are
not much affected by it, but dogs are killed even by relatively
small doses. A dog weighing 6,850 grms, for example, was
killed by doses of 0'5 grm. of the sodium salt on two consecutive
days, and 1 grm. on the third day, on which it died, whilst four
doses of 0'1 grm. each per day, and 02 grms. administered by
subcutaneous injection, sufficed to kill a dog weighing 8,800

s

Ethyl dinitro-a-naphthate, C,JH (NO,),0C,H, was obtained
by Martius from the silver salt by the action of ethyl iodide. It
crystallizes from alcohol in long, yellow needles, and melts at 88°,

! Ekstrand, Ber. 11, 162. * Weyl, Ber. 21, 2191.



100 NAPHTHALENE DERIVATIVES

Naphthylpurpuric acid, C,;H,N,0,, is not known in the free
state. Its potassium salt is best prepared by dissolving 6 parts
of dinitro-a-naphthol in 40 times its weight of boiling alcohol,
and gradually adding a solution of potassiumn cyanide in dilute
alcohol :

C,,H,N,0, + 2KCN + 2H,0 = C,,H,KN,0, + KHCO, + NH,

It crystallizes from hot water in irregular brown microscopic
plates, which have a dull appearance after drying, whereas if it
be pressed when damp it is obtained as a mass which has a
green surface lustre, and forms a dark, reddish-brown solution in
water. On heating with nitric acid, nitronaphthol, dinitronaph-
thol and oxalic acid are formed, whilst fusion with potash
yields benzoic acid, phthalic acid, and hemimellitic acid.

Indophane, Co,H, \N,O,, is formed, together with the preced-
ing compound, when aqueous solutions are employed, and is a
violet mass which has a green metallic lustre, is insoluble in
water, alcohol, &c., and forms purple-red solutions in sulphuric
acid and hot glacial acetic acid. When it is heated with caustic
potash, the insoluble compound C3;HJKN,O, + H,0 is formed,
which after drying shows the colour and lustre of indigo, a
characteristic which is shared by the sodium salt.

On fusion with caustic potash it yields the same products as
potassium naphthylpurpurate.!

Trinitro-a-naphthol, C,;H,(NO,),OH, which is also called
naphthopicric acid, is formed by the action of nitric and sul-
phuric acids on dinitro-a-naphthol,? and is only slightly soluble
in water, alcohol, and benzene. It crystallizes from hot glacial
acetic acid in light-yellow, glittering plates or small prisms, which
melt at 176°, and yield v-nitrophthalic acid on oxidation. Its
yellow or red salts crystallize readily, and detonate on heating.

Ethyl trinitro-a-naphthate, C,)H,(NO,),OC,H,, was prepared
by Stidel from a-naphthyl ethyl ether by direct nitration ; it
crystallizes from alcohol in lustrous, yellow needles, which melt
at 148°3

Tetranitro-a-naphthol, CHy(NO,),OH, is formed when tetra-
nitro-a-bromonaphthalene is heated with sodium carbonate
solution, and crystallizes from hot glacial acetic acid or benzene

1 Sommarugs, Annalen, 157, 327.
? Ekstrand, Ber. 11, 161 ; Merz and Diehl, Ber. 11, 1661.

3 Annalen, 217, 170.
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in yellow, lustrous splinters or flat needles, melting at 180°. It
is oxidized by dilute nitric acid to a-dinitrophthalic acid. Its
yellow or red salts are only slightly soluble in water, readily in
alcohol.! It dyes silk and wool a fine yellow, and was for some
time sold under the name of “ Sonnengold ” or Heliochrysine; it
was afterwards given up since it fades in the light.

NITRO-SUBSTITUTION-PRODUCTS OF
B-NAPHTHOL.

2609 1-Nitro-S-naphthol, C,(Hy(NO,)OH, was first obtained
by Stenhouse and Groves by the oxidation of nitroso-8-naphthol.?
Liebermann and Jacobsen then prepared it by boiling nitro-3-
acetonaphthalide with dilute caustic soda solution.® It crystal-
lizes from alcohol in small yellow plates, needles or prisms,
melting at 103°. Its sodium salt crystallizes in red prisms, and
is insoluble in caustic soda solution.

Nitro-B-naphthyl acetate, C,;Hy(NO,)O0.C,H,0, is formed by
the action of acetyl chloride on the sodium salt, and crystallizes
from light petroleum in long colourless needles, melting at 61°.4

Dinitro-B-naphthol, C,\Hy(NO,),OH, is formed when an alco-
holic solution of B-naphthol is heated with dilute nitric acid.®
It is, however, best obtained from B-amidonaphthalene by dis-
solving 50 grms. of this with 30 grms of hydrochloric acid in 1
litre of water, cooling the solution to 30—40°, and adding a mix-
ture of 100 grms. of sulphuric acid and 1 litre of water; the
whole 18 then diluted to 3 litres, cooled to 15°, and treated with
a solution of 25 grms. of sodium nitrite in water. When the
precipitated 8-amidonaphthalene sulphate has redissolved, the
liquid is boiled with 400 c.c. of nitric acid of sp. gr. 1-35.°

It crystallizes in lustrous, light-yellow needles, which become
brown, and melt at 195°, and are very slightly soluble in boiling
water, more readily in alcohol, and readily in ether. It dyes
wool and silk a fine yellow. Most of its salts are only slightly
soluble in water. On oxidation it yields a-nitrophthalic acid,
and can be converted into a triamido-compound which contains
two amido-groups in the ortho- (1 : 2) position.”

} Merz and Weith, Ber. 15, 2708. ! Annalen, 189, 145.
3 Wallach and Wichelhaus, Ber. 3, 846. ¢ Béttcher, Ber. 16, 1933.
$ Wallach and Wichelhaus, loc. cit. ¢ Griibe and Drews Ber. 17, 1170

7 Loewe, Ber. 28, 2546.
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Ethyl dinitro-B-naphthate, C,;H(NO,),0CH,, crystallizes in
light-yellow needles, and melts at 138",

Ethyl trinitro-B-naphthate, C,;H,(NO,); OC;H,, is obtained by
the nitration of ethyl-8-naphthyl ether, and crystallizes in large,
light-yellow, lustrous needles, melting at 186°!

Dinitro-B-naphthol ethyl ether, C,;H(NO,),(OC,H,) (2:4':1'),
i3 obtained by the action of well-cooled fuming nitric acid on
the diethyl ether of B-naphtholmonosulphide. It crystallizes
from alcohol in long, slender, silky, light-yellow needles, melting
at 215°. On oxidation with dilute nitric acid at 160° it yields
dinitrophthalic acid (CO,H : CO,H : NO,: NO, = 1:2:3:6).2

Trinitrochloronaphthol is obtained by heating trinitrodichloro-
naphthalene with caustic soda solution and a little alcohol
It crystallizes from glacial acetic acid in light-yellow needles,
which contain a molecule of acetic acid, and melt with decom-
position at 156°3 It formg crystalline, orange-coloured salts.

THE SULPHONIC ACIDS OF «-NAPHTHOL.
a-NAPHTHOL-a-SULPHONIC ACIDS,

2601 1 : 4-Naphtholsulphonic acid, C,Hy(OH)SOH, was ob-
tained by Erdmann from 1 :4-naphthylaminesulphonic acid,
which is usually termed naphthionic acid, by converting it into
the diazo-compound, and bringing this in the moist state into a
boiling mixture of 100 grms. of concentrated hydrochloric acid
and 400 grms. of water. It was then converted into the lead
salt, and the latter decomposed by sulphuretted hydrogen in
aqueous solution® It crystallizes in transparent tablets, which
become dark-coloured at 120°, and melt at 170° with evolution
of gas when they are rapidly heated. Dilute nitric acid con-
verts it into dinitro-a-naphthol, resinous products being also
formed. Its aqueous solution has a strongly acid reaction, and
an astringent taste; ferric chloride produces in it a fugitive
blue colouration which becomes red on heating and disappears
again when the solution cools. When potassium dichromate is
added to the aqueous solution a brownish-red colouration is
produced, and the liquid becomes turbid on heating ; if sulphuric

1 Stidel, Annalen, 217, 171. * Onufrowicz, Ber. 23, 8361.
3 Cleve, Ber. 23, 957. ¢ Annalen, 247, 841,
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acid be now added a smell of a-naphthoquinone becomes
perceptible, and this substance soon separates out in yellow,
glittering crystals.

A solution of the acid gives with 1 :4-diazonaphthalene
sulphonic acid in presence of sodium acetate a bluish-red colour-
ing matter (Azorubin S.), which is neither altered by acids nor
alkalis. The acid is prepared on the large scale by heating
100 kilos of sodium naphthionate with 100 kilos of caustic soda
solution of 50 per cent. for 8—10 hours to 240—260° under
pressure.!

According to the patent of Dahl and Co,, it is obtained by
diazotising 20 kilos. of naphthionic acid with 7 kilos. of sodium
nitrite, filtering off the diazo-acid formed, pressing, and then
bringing it into 100 litres of boiling water acidified with
sulphuric acid. As soon as the evolution of gas has ceased, the
solution is neutralized with milk of lime, and the calcium salt
converted into the sodium salt, which is soluble in alcohol of
90 per cent., from which it crystallizes in large needles. It is
employed in the preparation of azo-colouring matters.?

1: 4'-Naphtholsulphonic acid was prepared by Erdmann from
the corresponding naphthylaminesulphonic acid ; it forms an
indistinctly crystalline mass, which melts at 110—120°, and
yields with 1 :4-diazonaphthalenesulphonic acid a colouring
matter, which can only be distinguished from the corresponding
1 : 4-derivative by its somewhat bluer shade.

1: 1'-Naphtholsulphonic acid is not formed in the free state
when 1 : 1'-diazonaphthalenesulphonic acid is treated with water,
alcohol, or dilute acids, but forms an anhydride which may be
considered as a kind of lactone :3

$0,—0
A VN

A

Naphthosultone, C,(HgO,, as it is termed by Erdmann, is the
first example of a new class of compounds, the sultones (con-
tracted from sulpholactones), which are derived from the ¢-
hydroxysulphonic acids in the same way as the lactones from
the «y-hydroxycarboxylic acids.

! Actiengesellsch. Anilinfarb. Berlin. Der. 22, 116 c.
? Schultz, Steinkohlentheer, 1, 629. 3 8chultz, Der. £1, 3162
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Naphthosultone is scarcely soluble in water, slightly in alcohol,
but readily in hot benzene, from which it crystallizes on gradual
evaporation in very broad, transparent prisms, which have a
vitreous lustre, and melt at 154°. It boils above 360°, and forms
a vapour the specific gravity of which is 726 (Erdmann).

Its great stability towards alkalis is remarkable, as it is not
altered by these in the cold, but forms 1 :1'-naphtholsulphon-
ates on heating, the solution simultaneously becoming yellow.

The free 1 : 1'-naphtholsulphonic acid is obtained by decom-
posing the lead salt, suspended in water, with sulphuretted
hydrogen. The solution can be concentrated over the Bunsen
flame without any alteration of the acid. If it be then allowed
to evaporate in a vacuum over sulphuric acid, the 1:1'-
naphtholsulphonic acid is obtained as a radiating brittle crys-
talline mass, which contains a molecule of water, is readily
soluble in water, and has an acid reaction and a bitter taste.
Its great stability on heating is exceptional; it melts at
106—107° and solidifies immediately on cooling. If it be more
strongly heated it boils violently at 180° and gives off its water
of crystallization, after which it does not solidify on cooling, but
dissolves completely when brought into water. At a still higher
temperature partial carbonization occurs, sulphur dioxide i
given off and a slight sublimate of naphthosultone is formed.

Potassium 1 : 1'-naphtholsulphonate, C,(Hs(OK)SO;K. When
naphthosultone is heated under pressure with concentrated
caustic potash solution, a basic salt separates out on cooling in
needles, and is readily converted by hydrochloric acid into the
soluble normal salt; the latter is precipitated from solution by
potassium chloride in small lustrous plates.

Basic Sodium 1 :1'-naphtholsulphonate, 2C,(H,(ONa)SO;Na +
3H,0, has been obtained by boiling the ammonium salt with
caustic soda ; it is also readily soluble in water, and crystallizes
from caustic soda solution, in which it is only slightly soluble
even on heating, in masses of small needles.

Ammonium 1 : 1'-naphtholsulphonate, C,;H(OH)SO,NH,, is
formed when the sultone is heated to 130° with dilute alcoholic
ammonia ; it crystallizes in lustrous plates, which are readily,
soluble in water.

Basic Lead 1 :1'-naphtholsulphonate, C,;H,OPbSO,; + 3H,0,
is a white amorphous or microcrystalline precipitate, which is
obtained by adding lead acetate to a hot solution of the am-
monium salt and boiling up the liquid for an instant.
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When sodium acetate and 1 :4-diazonaphthalenesulphonic
acid are added to a solution of the ammonium salt, a reddish-
yellow azo-colouring matter is obtained, the colour of which is
converted into yellow by acids and deep-violet by alkalis. Ferric
chloride added to a solution of the acid or its ammonium salt
produces a splendid dark-greem colouration, which passes
through yellow to red ; the careful addition of hydrochloric acid
renders the colour still finer, but it is destroyed by an excess of
the acid.

Chloronaphthosultone, C,\H CISO,, is formed, instead of 1:1'-
dichloronaphthalene (p. 41), when 1 :1'-diazonaphthalenesul-
phonic acid is heated with phosphorus pentachloride :

10 6\ \O = CIOH6\| + N2

C,O}I°< 1, +PO= cwH,(n< Jo, +HOL+ PO,
2 2

Chloronaphthosultone crystallizes from alcohol in long yellow
needles, melts at 174—175°, and dissolves in a boiling concen-
trated solution of caustic potash; on cooling a yellow salt is
deposited, the aqueous solution of which is coloured dark green
by ferric chloride, the colour changing rapidly to a splendid
magenta (Erdmann).

a-NAPHTHOL-SB-SULPHONIC ACIDS.

2611 1 : 2-Naphtholsulphonic acid was obtained by Schiffer,
who described it as a-naphtholsulphonic acid, by heating a-
naphthol on the water-bath with twice its weight of sulphuric
acid until it was completely dissolved and not precipitated by
the addition of water; he then prepared the lead salt and
decomposed this with sulphuretted hydrogen.!

1 : 2-Naphtholsulphonic acid crystallizes in radiating masses
of long needles, is very deliquescent, and becomes brown and
melts at 101°. Ferric chloride added to the aqueous solution
produces a deep-blue colouration, which becomes green on
heating, but changes back again to blue on cooling.

! Annalen, 152, 293.
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Calcium 1 : 2-naphtholsulphonate, (C,yH,S0,);Cu +3H,0, crys-
tallizes in small very lustrous plates, which are readily soluble
in water, less readily in alcohol.

Lead 1 : 2-naphtholsulphonate, (C, H,SO,),Pb + 4H;0, forms
aggregates of small needles, and is readily soluble in water.

The constitution of this acid follows from the fact that it is
converted by the further action of sulphuric acid into a
disulphonic acid, which is also obtained from 1 :4-naphthol-
sulphonic acid, and which is quantitatively converted by nitric
acid into dinitro-a-naphthol.!

Dinstro-a-naphtholsulphonic acid, C, H,(NO,),(OH)SO,H, was
discovered by Caro, who obtained it by heating a-naphthol-
trisulphonic acid with nitric acid. Lauterbach, who carefully
investigated it, found that it is not formed by the action
of sulphuric acid on dinitronaphthol? It is also obtained
when sulphuric acid is added to a boiling solution of calcium
a-naphthylaminetrisulphonate, sodium nitrate, and sodium
nitrite.

Dinitronaphtholsulphonic acid crystallizes best from hydro-
chloric acid, in long yellow needles, and is an excellent yellow
dye, which is superior to dinitronaphthol because it is not
volatile and therefore adheres more firmly to the fibre and
withstands steaming. It also differs from dinitronaphthol in
not being poisonous (p. 99).

Griibe has shown that dinitronaphtholsulphonic acid is
oxidized to a-sulphophthalic acid when its aqueous solution is
heated with nitric acid, and it follows from this that the sulpho-
group is in the position 2’ or 3’4 This point has been decided
by Armstrong and Wynne, who have found that dinitronaphthol-
sulphonic acid is also obtained when a-naphthylamine -4 : 2'-
disulphonic acid is diazotized and the product heated with nitric
acid® Its constitution is therefore NO,: NO, : SO.H = 2:4: 2.

Potassium dinitronaphtholsulphonate, C,\H,(NO,),(OK)SOK,
is slightly soluble in cold, more freely in hot water, and forms
lemon-yellow crystalline crusts, which become coloured deep-red
on heating and then detonate. It is found in the market under
the names of Naphthol yellow S, or Acid yellow S. It is con-
verted by dilute sulphuric acid into the more soluble acid salt,
C,oH,NO,)(OH)SO,K.

! Bender, Ber. 29, 993. ? Der. 13, 2028.
3 Farbwerke, vorm. Meister, Lucius and Briining, Ber. 16, 1517.
4 Der. 18, 1126. 8 Proc. Chem. Soc. 1889—1890, 16.
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a-NAPHTHOLDISULPHONIC AcIDs, C, H (OH)(SO,H),.

2612 Bender found that 1:2- and 1 : 4-naphtholsulphonic
acids are the first products of the action of sulphuric acid on
a-naphthol, and that these are then rapidly converted into

1 : 2 : 4-Naphtholdisulphonic acid. When much sulphuric acid
is used, and especially when it is fuming sulphuric acid, this
disulphonic acid is converted into a trisulphonic acid which
passes into a new disulphonic acid as the temperature rises.
If only a small amount of ordinary sulphuric acid be employed,
the trisulphonic acid is formed in very small quantity, and the
1 : 2 : 4-disulphonic acid is converted into the isomeric acid,
which yields azo-colours and is converted by nitric acid into
dinitronaphtholsulphonic acid, resinous products being also
formed. 1 : 2 : 4-Naphtholdisulphonic acid, on the other hand,
does not yield azo-colours, and is quantitatively converted into
dinitronaphthol by nitric acid, whilst on boiling with hydrochloric
acid or dilute sulphuric acid a sulpho-group is lost and a mixture
of 1:2-and 1 : 4-naphtholmonosulphonic acids formed.

1 : 3 : 1'-Naphtholdisulphonic acid, is prepared from the corre-
sponding a-naphthylaminedisulphonic acid by converting the
sodium salt into the diazo-compound, suspending this in water,
adding a little sulphuric acid and boiling. Its sodium salt,
C,oH5(OK)(SO,Na), + 6H,0, crystallizes in long prisms and is
readily soluble in water; its solution is coloured deep-blue by
ferric chloride. Concentrated nitric acid acts vigorously upon it
on warming, but without the production of a colouring matter
analogous to naphthol-yellow. With diazo-compounds it yields
colouring-matters, which are remarkable for their purity of
shade.

Naphthosultonesulphonic acid, C,)Hy (O —S0O,)SO,H, is formed
when the diazo-compound is only boiled until the evolution of
nitrogen has ceased and the solution then rapidly cooled, the
sodium salt, C,,H;(SO,)SO;Na + 3H,0, being thereby obtained
in long needles. The free acid also crystallizes in needles, and, as
well as its alkali salts, is readily converted into the disulphonic
acid. When it is brought into a solution of ammonia, on
the other hand, naphtholsulphamzdosulphonw acid, CmH (OH)
(SO, NH,)SO,H, is formed. This acid crystallizes in coarse

needles or long, slender prisms, and is moderately soluble in
cold water.
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These compounds have the following constitutions : !

Disulphonic Sultonesulphonic Sulphsmdoculphomc
Acid. Acid.

SO,H OH S0,—0 O OH

AN /\/\

| | ‘son ‘ ' son O so,,H

NN\ NN\

1: 4 : 1'-Naphtholdisulphonic acid, or a-Naphtholdisulphonic
acid 8, may be obtained from 1 :1'-amidonaphthalenesulphonic
acid by either of two methods.?

The amido-acid may be converted by further sulphonation into
a-naphthylaminedisulphonic acid 8, which is then diazotized, or
the 1:1’ acid itself may be diazotized and the naphthosultone
thus formed further sulphonated. The sodium salt is very
readily soluble in water, crystallizes in plates, and gives a deep-
blue colouration with ferric chloride.

1: 4 :1'-Naphthosultonesulphonic acid, C,;H (SO, 0)SO,H, is
formed by the action of concentrated sulphuric acid on the pre-
ceding compound, and is the first product of the sulphonation of
naphthosultone. It is prepared by bringing 1 part of the latter
into 8 parts of cooled sulphuric acid, containing 5 per cent.
of anhydride, allowing the mixture to stand for an hour, and
then pouring it gradually into a mixture of 12 parts of ice and
16 parts of saturated salt solution, which must be well stirred
and cooled. The sodium salt, which is thus formed, crystallizes
from water, in which it is much less soluble than the salt of the
disulphonic acid, in elongated hexagonal plates containing three
molecules of water. It gives no colouration with ferric chloride.
On boiling with an alkali, or for some time with dilute sulphuric
acid or water, the corresponding salt of a-naphtholdisulphonic
acid is formed.

a-Naphtholsulphamidosulphonic acid 8, C,,H,(OH)(SO,NH,)
SO;H. The sodium salt of this acid is formed when sodium
naphthosultonesulphonate is brought into concentrated ammonia
solution. It crystallizes in rhomboid plates, containing two
molecules of water (Bernthsen).

a-Naphtholtrisulphonic acid, C,;H,(OH)(SO4H),, is formed, as
already mentioned, from the 1 : 2 : 4-disulphonic acid. It crystal-

1 Bernthsen, Ber. 22, 8327,
3 German Patent 40571, December 23rd, 1885 ; Bernthsen, Ber 23, 8090,



B-NAPATHOLSULPHONIC ACIDS 109

lizes with difficulty in slender needles, and forms a readily soluble
potassium salt, which crystallizes well (Lauterbach). Nitric acid -
converts it quantitatively into dinitronaphtholsulphonic acid, so
that the sulpho-groups must have the position 2 : 4 : 2",

THE SULPHONIC ACIDS OF 8-NAPHTHOL.

2613 The first product of the action of sulphuric acid on
B-naphthol is 8-naphthyl sulphate, which is then mainly con-
verted into B-naphthol-a-sulphonic acid; this subsequently
passes into the 8- and 8-acids, from which the disulphonic acids
are formed on further heating (p. 28).!

B-Naphthol-a-sulphonic acid, which is also known as croceic
acid, is formed, together with its isomerides, when 8-naphthol
is rapidly added to twice its weight of concentrated sulphuric
acid, but the temperature not allowed to rise above 50—60°2 It
has also been obtained from the corresponding 8-naphthylamine-
sulphonic acid by means of the diazo-reaction® It is only
known in solution, since it decomposes into B-naphthol and
sulphuric acid on evaporation. It may be separated from the
B-acid by means of its basic salts, which are readily soluble in
alcohol. On heating its salts with phosphorus pentachloride,
1 : 2'-dichloronaphthalene is formed, whilst a-naphthalene-
sulphonic acid is produced when the hydroxyl group is replaced
by hydrogen ;* on oxidation it yields v-sulphophthalic acid?
and has therefore the following constitution :

SO,H
orn” \/\

I
o~

Normal sodium B-naphthol-a-sulphonate, C,;Hy(OH)SO,Na,
crystallizes in lustrous, six-sided plates, which are readily soluble
in water, but only slightly in alcohol.

.1 Armstrong, Ber. 15, 200 ; Green, Journ, Chem. Soc. 1889, 1, 83; Schultz,
Steinkohlentheer, 1, 642. '
* Farbwerke, vorm. Bayer and Co., Ber. 15, 1851, 1852,
3 Bad. Anilin-und Sodafabrik, Ber. 18, 448; Bayer and Duisberg, Ber. 20,
1426,
4 Pfitzinger and Duisberg, Ber. 22, 896 ; Nietzki and Ziibelin, Ber, 22, 453.
8 Nolting, Ber. 22, 454.
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Basic sodium B-naphthol-a-sulphonate, C,,H,(ONa)SO,Na,
crystallizes from hot alcohol in spherical aggregates of slender
needles, and is soluble in water in every proportion.

The normal and basic salts of calcium and barium are readily
soluble in water, but not in absolute alcohol.

Lead B-naphthol-a-sulphonate, 2(C,,H,0.80,),Pb + 5H,0,
crystallizes in lustrous rhombohedra, and is soluble in water and
dilute alcohol.

B-Naphthol-a-sulphonic acid and its isomerides are employed
for the manufacture of colouring matters which will be sub-
sequently described. It differs from the isomeric acids inasmuch
as it is converted by heating with dilute nitric acid into dinitro-
B-naphthol-a-sulphonic acid, C,;H(OH)(NO,)SO,H, the potas-
sium salt of which, C;)H,(OK)(NO,),SO,K, crystallizes in small
golden-yellow plates, and is called crocein yellow, but is not
employed as a dye because it is dearer than naphthol yellow S. It
is converted by dilute acids into the salt, C, H (NO,),(OH)SO,K,
which crystallizes in long yellow needles.!

B-Naphthol-B-sulphonic acid, was obtained by Schiffer, who
termed it B-naphtholsulphonic acid, in the same way as a-
naphtholsulphonic acid is obtained from a-naphthol. It is also
formed when B-naphthalenedisulphonic acid is fused with
caustic potash 2 and crystallizes in small plates, which have an
unctuous touch, are not deliquescent, dissolve readily in water
and alcohol, and melt at 125°. Its aqueous solution is coloured
a faint green by ferric chloride, and deposits a brown flocculent
precipitate on heating. When the salts of the acid are heated
with phosphorus chloride, 2 : 3'-dichloronaphthalene is formed.

Caletum B-naphthol-B-sulphonate, (C,,H,0.80,),Ca + 5H,0,
crystallizes in light, silky plates, which are readily soluble in
water and alcohol.

Lead  B-naphthol-B-sulphonate, (C,\H,080,),Pb + 6H,0, is,
readily soluble in water, less freely in alcohol, and forms silvery
plates.

B-Naphthol-8-sulphonic acid, is formed, together with the
B-B-acid when B-naphthol is heated to 100° with sulphuric
acid,* and when a-naphthalenedisulphonic acid is heated with

1 Farbwerke, vorm. Bayer and Co., German Patent, No. 18027 ; Nietzki and
Ziibelin, loc. cit.

? Armstrong and Graham, Journ. Chem. Soc. 1881, 1, 135.

3 Claus and Zimmermann, Ber. 14, 1447.

4 Green, loc. cit. ; Armstrong and Graham, loe. cit.
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caustic soda solution to 250°, and has also been prepared from
the corresponding B-naphthylaminesulphonic acid.! It crystal-
lizes from strong hydrochloric acid in needles containing water
of crystallization, and decomposes on heating to 200° with the
dilute acid into sulphburic acid and B-naphthol. Phosphorus
pentachloride converts it into 2 : 2'-dichloronaphthalene.

Sodium  B-naphthol-8-sulphonate, 2C,;H,0.S0,Na + 5H,0
forms large plates, which readily dissolve in water, to which they
impart a blue fluorescence, and are reprecipitated by common
salt. The darium salt crystallizes in indistinct prisms, and is
somewhat more readily soluble in water than that of the B-acid.

B-Naphthol-a-disulphonic acid, C,,;H,(OH)(SO H),, is obtained,
together with the following compound, when A-naphthol is
heated to 100—110° with 2—3 parts of fuming sulphuric acid
until all the naphthol is attacked ; the acids are then separated
by means of thzir barium salts.?

The a-acid crystallizes in silky, deliquescent needles, which
are insoluble in ether. With diazo-salts it forms deep-red or
violet colouring matters, and the solutions of its salts have a
bluish-green fluorescence, which is increased by the addition
of ammonia. When the hydroxyl group is replaced by hydrogen,
a-naphthalenedisulphonic acid is obtained (Pfitzinger and Duis-
berg).

Barium B-naphthol-a-disulphonate, C,)H(OH)(SO,);Ba +
6H,0, crystallizes in needles, which are slightly soluble in
cold, more readily in hot water, and very slightly in alcohol.

B-Naphthol-B-disulphonic acid, also forms very deliquescent,
silky needles, which are insoluble in ether. It gives orange or
light-red colouring matters with diazo-salts, and forms salts
which have a bluish-green fluorescence.

Barium  B-naphthol-B-disulphonate, C,,H,(OH)(SO,),Ba +
8H,0, crystallizes in small white prisms, which are very
readily soluble in water, but only slightly in alcohol.

B-Naphthol-y-disulphonic acid was obtained by Armstrong
from B-naphthol by the action of chlorosulphonic acid. It forms
a barium salt, which crystallizes in large, hard prisms, and is
only slightly soluble in water.?

B-Naphtholtrisulphonic acid, C,;H,(OH)(SOzH),, is formed
when B-naphthol is heated for a considerable time with

! Bayer and Duisberg, Ber. 20, 1456 ; Weinberg, Ber. 20, 2906 ; Schultz,
Ber. 20, 3158.

3 Griess, Ber. 13, 1956. 3 Ber. 15, 208.
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sulphuric acid, and is best obtained by heating one part of
B-naphthol with two parts of sulphuric acid at 70—80°, in order
that the monosulphonic acid may be obtained, then adding two
parts of sulphuric acid and heating for some time at 120°
and finally adding two parts of fuming sulphuric acid, containing
40 per cent. of sulphur trioxide, and raising the temperature to
150°. This acid, the properties of which have not yet been
described, is employed for the preparation of azo-colours.!

THE THIONAPHTHOLS.

2614 a-Thionaphthol or a-Naphthyl hydrosulphide, C,H,.SH,
is formed by the action of zinc and dilute sulphuric acid on
a-naphthalenesulphochloride.! In order to prepare it, twenty
parts of sodium a-naphthalenesulphonate are decomposed by
185 parts of phosphorus pentachloride, and the product of this
reaction added to a cooled mixture of 40 parts of zinc dust and
240 parts of 25 per cent. sulphuric acid; the whole is then
heated until the thionaphthol has separated out as an oil, which
is then taken up with ether, and, after the evaporation of the
latter, twice rectified under diminished pressure.?

a-Thionaphthol is a heavy, colourless, strongly refractive, oily
liquid, which has a faint odour of the mercaptans, and solidifies to
a crystalline mass at a low temperature. It boils under a pressure
of 15 mm. at 152:'5—153'5° and at 286° at the ordinary pressure.
Its lead salt, (C,yH,S),Pb, is a heavy, yellow precipitate.

a- Thionaphthyl ethyl ether, C,\H,S.C;H,, is formed when
thionaphthol is heated with ethyl iodide, alcohol and caustic
potash ; it is an oily liquid, which boils at 167—167-5° under
a pressure of 15 mm,

a-Thionaphthy! acetate, C,(H,.S.CO.CHj, is obtained by the
action of acetyl chloride on thionaphthol as a liquid which boils
at 188°, under a pressure of 15 mm.

a-Thionaphthyl benzoate, C,,H,S.CO.CgH,, forms crystals
melting at 116—117°, and boils at 262° under a pressure of
15 mm.

! Levinstein, Ber. 18, 462 ; Limpach, Ber. 16, 726.

? Schertel, Annalen, 132, 91 ; Maikopar, Zeitsch. Chem. 1869, 711.
3 Kraflt and Schonherr, Ber. 29, 821.
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a-Naphthyl sulphide, (C,oH,),S, was obtained by Armstrong by
distilling a mixture of potassium a-naphthalenesulphonate and
potassium thiocyanate,! whilst Krafft and Schonherr prepared it
by distilling lead a-thionaphthate at a very low pressure, and
Kraft and Bourgeois,? by the action of bromonaphthalene on
lead thionaphthate. It crystallizes from alcohol in white
needles, melting at 110°, and boils at 289—290° under a
pressure of 15 mm.

a-Naphthyl disulphide, (C,oH,);S,, was prepared by Schertel
by allowing a solution of thionaphthol in alcoholic ammonia to
stand in the air; it forms monosymmetric crystals melting
at 85°.

4-Nitro-a-naphthyl disulphide, (C,,HNO,),S,, is obtained by
boiling a solution of 1 :4-nitronaphthalenesulphochloride in
acetic acid with hydriodic acid. It forms greenish-yellow scales,
which are very sparingly soluble in the ordinary solvents, and
melt at 186°3

1’-Chlor-a-naphthyl disulphide, (C,,H,Cl),S,, is prepared in a
similar manner to the above. It separates from alcohol in
tabular crystals, and melts at 110°4

Phenyla-naphthyl sulphide, C;H.S.C, H,, is prepared by heat-
ing lead thiophenate with a-bromonaphthalene. It forms hard
and colourless, lustrous, odourless prisms, is slightly soluble
in cold alcohol and ether, melts at 41°5°, and distils at 218°
under a pressure of 14 mm. On oxidation it yields the corre-
sponding sulphone ® (p. 68).

B-Thionaphthol is obtained in a similar way to the a-com-
pound, and crystallizes in lustrous scales, which have a faint
odour of the mercaptans and are readily soluble in alcohol and
ether. It meltsat 81°, boilsat 153:5° under a pressure of 15 mm.,
and at 286° under the ordinary pressure. Its lead salt is an
orange-yellow crystalline precipitate.

B-Thionaphthyl ethyl ether is a crystalline mass which melts
at 16° and boils at 170°5° under a pressure of 15 mm.

B-Thionaphthyl cyanate, C,;H,SCN, is formed when a current
of cyanogen chloride is passed into alcohol in which the lead
salt is suspended. It is a snow-white, lustrous mass, melting
at 35°, and is reconverted into thionaphthol by the action of
potassium hydrosulphide.®

1 Ber. 7, 407. 1 Ber. 28, 3045.
3 Cleve, Ber. 23, 960. 4 Clove, Ber. 28, 963.
% Krafft and Bourgeois, Ber. 23, 3046, ¢ Billeter, Ber. 8, 426.
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B-Thionaphthyl acetate is also crystalline, melts at 53'5°, and
boils at 191° under a pressure of 15 mm.

B-Thionaphthyl benzoate melts at 108°, and boils at 267°
under a pressure of 15 mm,

B-B-Dinaphthyl sulphide is formed when the lead salt is
distilled under diminished pressure, and crystallizes from alcohol
in thin plates, with a vitreous lustre. It melts at 151° and
boils at 295—296° under a pressure of 15 mm. (Krafft and
Schoénherr).

B-Dinaphthyl disulphide is obtained by the oxidation of
thionaphthol and by heating the thiocyanate with sodium
amalgam to 150—160°. It crystallizes in small needles, melting
at 132° (Billeter), and on heating with copper powder is con-
verted into the monosulphide (Krafft and Schonherr).

a-B-Dinaphthyl sulphide is formed when the lead salt of
B-thionaphthol is heated with a slight excess of a-bromo-
naphthalene in a sealed tube for two to three hours at 200—
220°, and then for an equal length of time at 240°! It crys-
tallizes from alcohol in lustrous plates, melts at 60—61°, and
distils without decomposition at 290—291° (15 mm.). On
oxidation it yields a-8-dinaphthylsulphone, melting at 123°.

Phenyl-B-naphthyl sulphide, C,H,S.C,;H,, is obtained by
heating lead B-thionaphthate with bromobenzene. - It crystal-
lizes from alcohol in fan-shaped groups of small, white odourless
needles, or, when the solution is rapidly cooled, in dull plates,
melts at 51'5°, and boils at 224° (14 mm. pressure). On
oxidation it yields the corresponding sulphone ? (p. 68).

B-Dihydroxynaphthyl sulphide, (HO.C,(Hy),S, which is also
termed B-naphthol sulphide, is formed by the action of sulphur
dichloride on B-naphthol® and by heating the latter with
sulphur, and gradually adding lead oxide.* It crystallizes from
hot alcohol in white prisms, melts at 215°, and is readily soluble
in ether, benzene and alkalis. The sodium salt forms aggregates
of thick, colourless needles, containing six molecules of water of
crystallization. On heating with copper powder it is converted
into 8-dinaphthol, C;)H,,(OH),. Dilute nitric acid converts it
into phthalic acid. Mercuric oxide converts the sulphide in hot
alcoholic solution into a ruby-red crystalline indifferent substance,
melting at 164°, which bhas the formula, C,H,,SO,, and is
reconverted into the sulphide by reducing agents.

1 Krafft, Ber. 23, 2368. ? Krafft and Bourgeois, Ber. 23, 3048,
3 Tassinari, Ber. 20, Ref. 324. ¢ Onufrowicz, Ber. 21, 8569.
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Diacetozynaphthyl sulphide, (CH;CO.0.C Hy),S, is obtained
by boiling naphthyl sulphide with acetic anhydride, and crys-
tallizes in slender white needles, melting at 154°.

Dibenzoxynaphthyl sulphide, (C¢H;.CO.0.C, H),S, forms elong-
ated white plates, and melts at 208°.

B-Diethoxynaphthyl sulphide, (C,H 0.C, Hy),;S, is obtained by
heating a solution of the sulphide in alcoholic potash with ethyl
iodide. It is almost insoluble in alcohol and ether, and sparingly
soluble in cold, more readily in hot benzene; it crystallizes in
long, thin needles, with a waxy lustre, and melts at 189°1

B-Diethoxynitronaphthyl sulphide, [C,H,O(NO,)C, H],S, is
formed by the action of concentrated nitric acid on a mixture
of the preceding compound with ether and 10 parts of acetic
acid cooled by ice. It forms thin, golden-yellow needles, melting
at 235°. An isomeride, melting at 202°, is also formed by the
reaction (Onufrowicz).

B-Dihydrocynaphthyl disulphide, or B-Naphthol disulphide,
(HO.C,(H),S,, was obtained by Lange from AB-naphthol by
boiling it with caustic soda and sulphur. It crystallizes in white
needles, melting at 210° which are only slightly soluble in
alcohol, but readily form yellow solutions in the alkalis.?

An isomeric substance, which melts at 169°, is also formed
in small quantity in the reaction mentioned above?and may
be obtained by heating B-naphthol with sulphur to 180° or,
accompanied by the monosulphide, by the action of sulphur
chloride or bromide on B-naphthol dissolved in benzene. It
crystallizes from benzene in thin, odourless, sulphur-yellow
needles, is insoluble in water, slightly soluble in ether, and more
readily in benzene. On heating with copper powder it is con-
verted, like the monosulphide, into B-dinaphthol.

The diethyl ether forms greyish white needles, melting at
158'53°. The diacetyl derivative is a yellowish, hard, indis-
tinctly crystalline mass, which becomes soft at 130° and melts
at 140°. The dibenzoy! compound forms greenish crystalline
granules or small tablets, is only very slightly soluble in alcohol
and ether, sparingly in cold, but freely in hot benzene, and
melts at 187°4

! Onufrowicz, Ber. 28, 8355. % Onufrowicz, Ber. 21, 260.
3 Lange, Ber. 2], 262. ¢ Onufrowicz, Ber. 23, 3863,
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DIHYDROXYNAPHTHALENES, C,H,(OH),

2615 1 : 4-Dihydroxynaphthalene, or a-naphthogquinol, was ob-
tained by Groves from a-naphthoquinone by boiling it with
concentrated hydriodic acid and amorphous phosphorus.! It is
also readily formed when the quinone is brought into a boiling
mixture of hydrochloric acid and tin® It crystallizes from hot
water in long, colourless needles, which melt at 176°, and
dissolve freely in alcohol, ether, and glacml acetic acid, but only
slightly in boiling benzene. Oxidizing agents reconvert it into
a-naphthoquinone.

Diacet-a-naphthoguinol, C,;H,(OCO.€Hy),, is formed when
the quinol is heated with acetic anhydride and anhydrous sodium
acetate, and crystallizes from alcohol in transparent, lustrous,
six-sided tablets, melting at 128—130°2

Dichlor-a-naphthoquinol, C,H,CL(OH), was prepared by
Griibe by heating dichlor-a-naphthoquinone with hydriodic
acid and ordinary phosphorus. It crystallizes in colourless
prisms, which rapidly become coloured reddish in the air,
melt at 135°, and are only sparingly soluble in boiling water.
Its diacetate crystallizes from alcohol in long, colourless, silky
needles, which melt at 236°, and sublime in long prisms.*

3-Brom-a-naphthoquinol, C HBr(OH), is formed by the
action of sulphur dioxide on bromonaphthoquinone, and
crystallizes in small needles, melting at 193°°

1: &-Dihydroxynaphthalenc is obtained by fusing 1 : 4'-naph-
tholsulphonic acid ® or 1 :4’-naphthalenedisulphonic acid 7 with
caustic potash. In order to prepare it, the former acid is heated
to 200° with caustic potash for about a quarter of an hour, until
a small portion of the mass dissolved in water no longer gives a
red but a blue colouration with 1 :4'-diazonaphthalenesulphonic
acid.® It crystallizes in small prisms, which melt at 258—260°,
sublime in long needles,? and are scarcely soluble in benzene and
light petroleum, sparingly in water, and more readily in alcohol

! Annalen, 187, 857. ? Plimpton, Journ. Chem. Soc. 1880, 1, 633.

3 Korn, Ber. 17, 8025, ¢ Annalen, 149, 1; Claus, Ber. 19, 1141.

¢ Bromme, Ber. 21, 386.

¢ Cleve, Bull. Soc. Chim. 24, 513 ; Bernthsen and Semper, Ber. 20, 934.

7 Armstrong and Wynne, Proc. Chem. Soc. 1887, 42.

8 Erdmann, Annalen, 247. 856.
? Ewer and Pick, Schultz, Steinkohlentheer, 9, 1012,
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and glacial acetic acid. It reduces the salts of copper and silver,
and its alkaline solutions take the colour of potassium per-
manganate solution when they are exposed to the air, finally
becoming brown. The fine blue colouration which 1 : 4-diazo-
naphthalenesulphonic acid produces in its alkaline solution is
converted by acids into a light-red. These colourations resemble
those of litmus, but are much brighter; when the alkaline
solution is saturated with carbon dioxide, the intermediate violet
shade is produced, just as with litmus.

1 : 4'- Diacetodihydroxynaphthalene separates from alcohol in
feathery crystals, which melt at 159—160°.

1:1'-Dikydroxzynaphthalene was obtained by Erdmann by
fusing 7 grms. of naphthosultone (p.103) with 30 grms. of
caustic potash and 10 cc. of water; potassium 1 :1’-naphthol-
sulphonate is first formed, the whole mass becoming yellow, and
the temperature is then raised to 200—230° for 15 to 20 minutes.
The product is decomposed with 160 cc. of hydrochloric acid
of 13 per cent., and brought into solution in 500 cc. of hot
water. On cooling, 1 :1'-dihydroxynaphthalene crystallizes out
in long, white needles, melting at 140°. It is sparingly soluble
in water and light petroleum, readily in ether and benzene, and
crystallizes from a mixture of toluene and light petroleum in
druses of small plates. It has a permanently biting taste, and
forms a powder which causes sneezing. Its alkaline solution
gives a deep-violet colouration with 1:4-diazonaphthalenesul-
phonic acid, which is converted by acids into a fine cherry-red.!

1 : 1'-Diacetodihydroxynaphthalene forms small, silvery plates,
melting at 147—148°.

1 : 2-Dikydroxynaphthalene, or B-naphthoquinol, is readily
formed when B-naphthoquinone is dissolved in congcentrated
sulphurous acid, and soon separates out in elongated, silvery
plates, which melt at 60°. Its yellow alkaline solution becomes
green in the air, and its aqueous solution irritates sensitive
portions of the skin so violently that they become red and
violently inflamed, and sometimes even ulcerated.?

Diaceto-B-naphthogquinol crystallizes from glacial acetic acid
in small, well-developed, transparent plates, which melt at
104—106° (Korn).

Chloro-B-naphthoquinol, C,H,CI(OH),, is obtained by the
action of sulphur dioxide on a solution of chloro-8-naphtho-

1 Erdmann, loe. cit.
2 Liebermann and Jacobsen, Annalen, 211, 68.
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quinone in acetic acid, and crystallizes from hot water in long
needles, melting at 116—117°2

Dichloro-B-naphthoquinol, C,H,Cl,(OH), forms slender
needles, melting at 125°2

Nitro-B-naphthoquinol, C,\H,(NO,)(OH),, is formed by the
action of a hydrochloric acid solution of stannous chloride 3
or of sulphurous acid on nitro-8-naphthoquinone;* it crystallizes
from alcohol or benzene in carmine-red tablets, and from acetic
acid in prisms, melts at 159-5°, and sublimes without decom-
position in long, red needles.

1: 3'-Dihydroxynaphthalene was prepared from B-naphthyl-
amine-y-sulphonic acid by converting this into the corresponding
naphtholsulphonic acid and fusing the latter with caustic potash.®
It may also be obtained from the disulphonic acid, which is
formed when B-naphthylamine is sulphonated at temperatures
below 150°% It crystallizes from hot water or benzene in short
prisms, melting at 135-5°. Its alkaline solution has a splendid
blue fluorescence, but rapidly acquires a reddish colour in the air.

1 : 3'-Diacetodihydroxynaphthalens crystallizes from alcobol in
well formed prisms, and melts at 73°.

1: 2'-Dihydroxynaphthalene is obtained by fusing S-naph-
thol-a-sulphonic acid with caustic potash. It crystallizes from
boiling benzene in small, white needles, which melt at 178°, and
dissolve very readily in alcohol, less easily in water. Its solu-
tions become coloured brown in the air and give a deep-blue
precipitate with ferric chloride. Its alkaline solution rapidly
absorbs oxygen, the dihydroxynaphthalene being destroyed and
the solution turned black.

Diethyl-1 : 2'-dihydroxzynaphthalene is readily soluble in alcohol
and ether, from which it crystallizes in needles or prisms, melting
at 67°7

Diaceto-1 : 2'-dihydroxynaphthalene crystallizes from benzene
in rhombic tablets, which melt at 108°.

2 : 8'-Dihydroxynaphthalene is formed when g-naphthol-8-
sulphonic acid is fused with caustic potash, and is sparingly
soluble in water, readily in alcohol. It crystallizes in nacreous
plates, melts at 215—216°, and sublimes without decomposition.
Its alkaline solution becomes brown in the air (Emmert).

1 Frohlich and Zincke, Ber. 19, 2497. 2 Zincke, Ber. 19, 2493.
3 Groves, Journ. Chem. Soc. 1884, 1, 299. * Zaertling, Ber. 23, 177.
8 Claus, J. Pr. Chem. 11. 39, 315. ¢ Ewer and Pick, Ber. 21, 916 ¢

7 Emmert, 4nnalen, 241, 368.
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The dihydroxynaphthalene obtained from B-naphthalenedi-
sulphonic acid should be identical with this substance. It
crystallizes in thin, lustrous tablets, which become black when
heated below 200°; its alkaline solution is stable in the air,
and is coloured a splendid red by a small amount of o-diazo-
benzenesulphonic acid! Phosphorus pentachloride converts it
into 2 : 3"-dichloronaphthalene.

Diethyl-2 : 3'-dihydroxynaphthalene crystallizes from alcohol in
silky plates, melting at 162°.

Draceto-2 : 3'-dikydroxynaphthalene forms lustrous plates, melt-
ing at 175° (Emmert).

2 : 2'- Dihydroxynaphthalene is obtained by fusing a-naphthal-
enedisulphonic acid with caustic potash or soda. It crystallizes
from hot benzene in long needles and from water in fine needles
or plates, which melt at 186° (Weber), or 190° (Clausius) and
sublime at a higher temperature with partial carbonization. Its
alkaline and ethereal solutions gradually become black in the
air; bleaching powder produces a fugitive red colouration in the
aqueous solution, whilst nitric acid gives a similar but more
permanent colour.?

Dimethyl-2 : 2'-hydroxynaphthalene, C,;H(OCH,),, is formed
when dihydroxynaphthalene is heated to 150° with methyl iodide
and caustic potash. It forms nacreous plates, melting at 104°3

Diaceto-2 : 2'-hydroxynaphthalene, C,,Hy(OCO.CH,),, was ob-
tained by Weber by the action of acetyl chloride on dihydroxy-
naphthalene; it crystallizes from alcohol in small plates,
melting at 129° (Weber), 136° (Clausius).

2 : 2'- Dibenzodihydroxynaphthalene, C,,Hg(OCO.CoH;), forms
small plates, melting at 138—139°.

Dichlorodihydroxynaphthalene (1:1'; 2:2'), C,,H,Cl,(OH),,
is formed when chlorine is passed into a cooled solution of 2:2'-
dihydroxynaphthalene in ten parts of glacial acetic acid. It
forms coarse, white needles, melting at 192°. Its diacetate forms
white needles, melting at 195°.4

Dekachloro-2 : 2'-diketohydronaphthalene, C,,H,Cl(O,, is ob-
tained by the continued action of chlorine on dihydroxy-
naphthalene in acetic acid solution. It forms colourless, octo-

1 Dusart, Compt. Rend. 84, 869 ; Wichelhaus and Darmstidter, Annalen,
152, 306 ; Armstrong and Graham, Journ. Chem. Soc. 1881, 1, 139.

3 Ebert and Merz, Ber. 9, 609 ; Weber, Ber. 14, 2006 ; Clausius, Ber. 23,
517.

3 Liebermann and Hagen, Ber. 15, 1428. 4 Clausius, Ber. 28, 525.
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hedral crystals, which are sparingly soluble in alcohol and
glacial acetic acid, and melt and decompose at 200°.

Tetrachloro-2 : 2'-dikydroxynaphthalene, C,H,Cl,(OH),, is
formed on the reduction of the preceding substance by means
of stannous chloride. It crystallizes from alcohol in long,
slender needles, melting at 176°. The acetyl compound forms
white needles, melting at 196°. The constitution of these three
substances is not yet accurately known.

2 : 2'-Dithionaphthol, C,Hy(SH),, is obtained by reducing
a-naphthalenedisulphochloride with zinc dust and dilute
sulphuric acid ! or tin and hydrochloricacid.? It is very slightly
soluble in cold alcohol, ether, light petroleum and toluene,
crystallizes from hot alcohol in pearly plates ; melts at 180—181°
(173—174° according to Ebert and Kleiner), and boils at 210°
under a pressure of 15 mm. It is stable in the air but rapidly
absorbs oxygen in alkaline solution, a white precipitate being
formed. Lead acetate produces a deep yellow precipitate in
its alcoholic solution, but no precipitate is formed when hydro-
chloric acid is present.

2 : 2'-Diacetodithionaphthol, C,\H,(SCOCHj),, forms colourless
crystals melting at about 110°,

2 : 2'-Dibenzodithionaphthol, C,;H (S.CO.CHy),, forms silky
crystals and melts at 152—153°.

2 : 2'-Dithionaphtholeyanate, C,\Hy(SCN),, is prepared by the .
action of cyanogen chloride on the lead salt of dithionaphthol
suspended in alcohol. It crystallizes from glacial acetic acid in
fascicular groups of needles, melts at 78° and cannot be
sublimed.?

THE NAPHTHOQUINONES, C,H,0,

2616 a-Naphthoguinone was first obtained by Groves by
oxidizing naphthalene dissolved in glacial acetic acid with
chromium trioxide.* It can also be easily obtained by gradually
adding a 1-2 per cent. solution of chromium trioxide to a
boiling solution of 1 :4-diamidonaphthalene hydrochloride, or by
dissolving a-naphthylamine hydrochloride in a large quantity
of boiling water, adding a little sulphuric acid, and then gradually

! Grogjean, Ber, 28, 2370. ? Ebert and Kleiner, Ber. 24, 144.
3 Ebert and Kleiner, Ber. 24, 146. 4 Adnnalen, 167, 857.
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running it into the oxidizing solution.! It is also formed by the
oxidation of a-naphthol? 1 :4-amidonaphthol?® &c. In order
to prepare it, 400 grms. of chromium trioxide are dissolved
in 740 grms. of acetic acid of 80 per cent. and well cooled with
ice, a solution of 100 grms. of naphthalene in 1,000 grms of
glacial acetic acid being then gradually added and the mixture
allowed to stand for three days at 15—20°. The solution is
then diluted with 85 litres of water, and the precipitate washed,
dried in the air and finally recrystallized from light petroleum.*

a-Naphthoquinone crystallizes in sulphur-yellow, asymmetric
needles, which have a penetrating odour, resembling that of
benzoquinone, melt at 125°, and readily sublime and volatilize
with steam. It is slightly soluble in water and light petroleum,
readily in ether and hot alcohol, and forms reddish-brown solu-
tions in the alkalis. Sulphurous acid does not readily act upon
it, whilst nitric acid converts it into phthalic acid.

a-Naphthogquinhydrone, C,(HO, + C,;Ho(OH),, is formed by
the partial reduction of a-naphthoquinone, and separates out
in purple crystals when the solutions of its constituents are
mixed (Groves).

a-Naphthoquinone closely resembles benzoquinone, both in its
physical and chemical characteristics. Like this it is formed by
the oxidation of para-compounds and behaves sometimes like
a diketone, sometimes as a peroxide. Its constitution is there-
fore expressed by the following tautomeric formulz :

HC CO HC ¢
/\/} ZN\/1N\
H HC COCH
L0l é Il
HC C CH HC COCH
NN\ N\
HC Co HC C

Chlor-a-naphthoquinone, C,;H,ClO,, is formed when 2:4-
dichlor-a-naphthol is oxidized in acetic acid solution with
chromium trioxide or nitric acid,® and by the action of chromium

1 Liebermann and Dittler, Annalen, 183, 242 and 248.

2 Miller, Ber. 14, 1600.

3 Monnet, Reverdin and Nolting, Ber. 12, 2305 ; Liebermann and Jacobsen,
Annalen, 211, 60.

4 Millet, Beilstein's Handb. 3, 184 ; see also Plimpton, Journ. Chem. Soc.
1880, 1, 633 ; Japp and Miller, Journ, Chem. Soc. 1881, 1, 220,

§ Cleve, Ber. 21, 891; Zincke, Der. 21, 1027.
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trioxide on 1 :3-dichloronaphthalene.! It crystallizes from
alcohol in long, golden-yellow, lustrous needles and melts at
117—118°.

2 : 3-Dichlor-a-naphthoguinone, C,;H Cl,0,, was obtained by
Laurent by boiling chloronaphthalene tetrachloride with nitric
acid, and was named by him “ Oxide de chloroxénnaphtose,” *
whereas Gerhardt subsequently termed it “ chloroxynaphthalene
chloride.” Grilbe then pointed out that it resembled the
chlorinated benzoquinones in every respect, and must be con-
sidered as a derivative of the then unknown naphthoquinone
and he afterwards confirmed this view by his researches?’
Laurent’s method does not readily give a pure product, but
Gribe found that it can readily be obtained pure by mixing
naphthol yellow, as in the preparation of chloranil from phenol,
with 3 to 4 parts of potassium chlorate and bringing the
mixture into hydrochloric acid diluted with an equal volume
of water. The reaction is aided by gentle heat, and after all
the naphthol yellow has been used, potassium chlorate is
gradually added until the yellowish-red oily product changes
into yellow crystals, which are then washed with hot water and
cold alcohol and recrystallized from hot alcohol.

It may be obtained in the same way from a-naphtholt
and is also formed by the action of chromyl chloride on an
acetic acid solution of naphthalene® or by oxidizing dichlor-
a-naphthol ¢ or 8-tetrachloronaphthalene 7 with a solution of
chromium trioxide in glacial acetic acid and by passing
chlorine into a solution of chlor-a-naphthoquinone in acetic
acid (Zincke).

It is insoluble in water, sparingly soluble in cold alcohol
and ether, and crystallizes from hot alcohol in well developed,
golden-yellow needles, which melt at 189°, but sublime in long
yellow needles or small plates at a lower temperature. It forms
a carmine-red solution in boiling caustic soda solution, chloroxy-
naphthalenic acid (p. 133), which corresponds to chloranilic
acid, being formed. It combines with potassium sulphite to
form compounds resembling those formed by chloranil with this
substance (Part III. p. 161). On heating with phosphorus

1 Cleve, Ber. 23, 955. 2 Ann. Chim. Phys. 74, 85.

3 Annalen, 149, 1.

4 Darmstidter and Wichelhaus, Annalcn, 152, 298.

S Carstanjen, Ber. 2, 633. ¢ Claus and Knyrim, Ber. 18, 2294.

T Claus and Mielke, Ber. 19, 1182,
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pentachloride to 180—200°, it is converted into pentachloro-
naphthalene, and it is slowly oxidized to phthalic acid by boiling
nitric acid.

2 : 3-Dichloronaphthoquinone dichloride, C,\H,C1,0,, is formed
when the preceding compound is heated to 230° with manganese
dioxide and hydrochloric acid. It crystallizes from ether in
large, colourless prisms, which melt at 117° and readily sublime.
Stannous chloride converts it first into the dichloroquinone.!
On treatment with alcoholic potash it yields o-trichloracryl-
benzoic acid, CCl, : CCLCO.C,H,.COOH, and Zincke therefore
considers it to be tetrachlor-a-diketohydronaphthalene?

1" : 4'- Dichlor-a-naphthoguinone is obtained together with di-
chlorophthalide when 1 : 4-dichloronaphthalene is oxidized with
chromium trioxide in acetic acid solution, and crystallizes from
alcohol in long, yellow needles, which melt at 174° and readily
sublime.?

1’ : 2'-Dichlor-a-naphthoquinone has been prepared in the
same way from 1 : 2-dichloronaphthalene, and sublimes in yellow
needles melting at 181°4

2 : 3'-Dichlor-a-naphthoquinone is a product of the oxidation
of 2 :3'-dichloronaphthalene, crystallizes in deep-yellow, slender
needles, which melt at 148—149°, and forms a dark-red
solution in caustic potash.’

Trichlor-a-naphthoquinone, C,;H,CLO,, is formed in small
quantxty, together with phthalic acid, when o-dlchlor-a-naphtho-
quinone is oxidized with nitric acid. It crystallizes in yellow
needles, melting at 250°,8

Tetrachlor-a-naphihoquinone, C,\H,C1,0, (Cl1 =1':2':3':4)
is obtained, accompanied by a little tetrachlorophthalic acid,
when pentachloronaphthalene is heated with fuming nitric acid
to 110—120°. It crystallizes in long, yellow, lustrous needles,
melting at 160°, sublimes without decomposition, and is oxidized
when strongly heated with fuming nitric acid to tetrachloro-
phthalic acid (Claus and von der Lippe).

Pentachlor-a-naphthoquinone, C,;HCl,O,, is formed by the
oxidation of heptachloronaphthalene with nitric acid, and
crystallizes from chloroform in lustrous, golden-yellow plates,

} Claus, Zer. 19, 1142,

2 Zincke and Cooksey, Annalen, 255, 356. Cf. Claus, J. Pr. Chem. 41, 285.
3 Guareschi, Ber, 19, 1154. ¢ Hellstrom, Ber. 21, 8267.

% Claus and Miiller, Ber. 18, 3073.

¢ Claus and von der Lippe, Ber. 16, 1016.
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which melt at 217° and sublime in long needles. It is oxidized
to tetrachlorophthalic acid by chromic acid.!

Perchlor-a-naphthoquinone, C,Cl,0,, was obtained by Laurent,
who termed it oxide de chloroxénnaphtalise, by boiling hexchloro-
naphthalene with nitric acid. It crystallizes from ether in
very lustrous yellow plates, which melt at a high temperature
and sublime with slight decomposition.?

2617 Trichlor-a-ketonaphthalene, C,,H,C1;0, is formed when
chlorine is passed into a well-cooled solution of a-naphthol in
10 parts of glacial acetic acid until the dark-coloured liquid
becomes light and an excess of chlorine is present. It may
also be obtained by the action of chlorine on dichlor-a-naphthol,
and crystallizes from hot benzene in large, transparent, flat
prisms. It is sparingly soluble in alcohol, somewhat more
freely in glacial acetic acid. On boiling with dilute alcohol it
is converted into chlor-a-naphthoquinone :

CO—CCl CO—CCl

B gy +EO=C H.< L +2HC

Aniline converts it into naphthoquinonedianilide, and on
reduction it yields dichlor-a-naphthol.

Tetrachlor-a-ketonaphthalene, C,,H,CL,O, is formed in two
modifications when trichlor-a-naphthol is suspended in glacial
acetic acid and treated with chlorine, without being cooled.
A portion of the a-modification crystallizes out on standing in
small, transparent rhombohedra, resembling those of calespar,
which become yellow in the air, melt at 104—105°, and arec
moderately soluble in hot alcohol.

The B-modification separates from ether in lustrous, trans-
parent, rhombic crystals, resembling those of topaz, which melt
at 93—94° and assume an amethyst colour in the air. On heating
with alcohol or acetic acid it is partially converted into the
a-modification.

Both forms are converted into dichlor-a-naphthoquinone by
boiling with alcohol :

_/co—cal _co—cal
C,IL\CCla Ll +EO- CH‘\C o 2O

! Claus and Wenzlik, Ber. 19, 1165, % Ann. Chim. Phys. 74, 26.
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Reducing agents convert both of these substances into trichlor-
a-naphthol, and they both yield hydroxychloronaphthoquinone
(p- 133) on treatment with dilute alcoholic potash.

When they are treated with concentrated caustic potash and
a little alcohol, on the other hand, the dichlorohydroxyindene-
carboxylic acid (p. 10) which was first prepared from dichloro-
B-naphthoquinone, is formed ; the formation of this substance
can only be simply explained in the following manner :

HO. COOH
_co—ac, \ /

CH‘\ | ' +2HO = CH\ Nca 4+ 2HCL
cer=ca c

This compound is therefore tautomeric, but it has not yet
been ascertained which of the above formule corresponds to the
a- and which to the 8-modification.

Pentachlor-a-ketohydronaphthalene or Trichloroketonaphthalene
dichloride, C,(H,Cl,0, is formed when the process employed for
the preparation of the trichloroketone is modified by saturating
the liquid with chlorine and allowing it to stand. It is sparingly
soluble in alcohol, more freely in acetic acid, and readily in
benzene, from which it crystallizes in small, almost rectangular,
monosymmetric tablets, melting at 156—157°. When acted
upon by reagents it in many cases yields the same products
as the tetrachloroketone, since it passes into this with loss of
hydrochloric acid.

Hexchloroketohydronaphthalene, or Tetrachloroketonaphthalene
dichloride, CgH,Cl 0, is obtained when the tetrachloroketones
are heated to 140—1350° with manganese dioxide and con-
centrated hydrochloric acid for six to eight hours. It is readily
soluble in benzene and hot alcohol, and separates from glacial
acetic acid in hard, apparently monosymmetric crystals, melting
at 130°. On reduction it yields ’crlchlor-a-naphthol.1

Brom-a-naphthoguinone (Br = 2 or 3) is obtained when
brom-a-naphtho-g8-quinonoxime is heated with hydrochloric
acid, and forms brown crystals, melting at 200—201°2

a-2 : 3-Dibrom-a-naphthoquinone, C,oH, Br,0,, is formed when
a solution of a-naphthoquinone is heated with bromine and a
little iodine to the boiling-point. It crystallizes from alcohol
in slender, yellow needles, and melts at 21843

! Zincke, Ber. 21, 1027. ! Bromme, Ber. 21, 886.
3 Miller, Ber. 17, 355 R.
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B-2 : 3-Dibrom-a-naphthoquinone was prepared by heating
a-naphthoquinone with bromine, iodine, and water, crystallizes
from hot alcohol in granular masses of needles, and sublimes in
small, well-formed needles, which melt at 151:5°.

Both of these compounds yield phthalic acid on oxidation, and
should therefore be identical. In any case, they require further
investigation.

1: 4-Dibrom-a-naphthoquinone is formed, together with di-
bromophthalide, by the oxidation of 1 :4-dibromonaphthalene
in acetic acid solution with chromium trioxide. It is insoluble
in water and only slightly soluble in cold alcohol, but crystallizes
from hot alcohol in bright, golden-yellow, lustrous needles, which
" melt at 171—173°, and are volatile with steam. It is readily
oxidized by potassium permanganate, but without the formation
of phthalic or bromophthalic acid.!

Tetrabrom-a-naphthoquinone, C,)H,Br,O,, has been obtained
by the oxidation of pentabrom-a-naphthol with nitric acid, and
crystallizes in small plates, melting at 265°2

2618 ar-Tctrahydro-a-naphthoguinone, C;Ho.C,H,0,, was ob-
tained by Bamberger and Lingfeld ® by applying Nietzki's
process for preparing benzoquinone from aniline to ar-tetra-
hydro-a-naphthylamine. It is almost precisely similar to benzo-
quinone in all its physical properties, and ‘melts at 55-5°.

ar-Tetrahydro-a-naphthoquinol, C;Hy.C H,(OH),, is formed by
reducing the above compound with sulphurous acid or phenyl-
hydrazine. It crystallizes in aggregates of slender, colourless,
silky prisms, and sublimes almost without decomposition in
well-formed needles, melting at 172—172:5°. The usual
solvents dissolve it readily, with the exception of cold water,
in which it is only sparingly soluble. Oxidizing agents re-
convert it into the quinone, and on partial oxidation with
potassium dichromate in the cold, the guinkydrone is formed.
This substance is also formed when boiling aqueous solutions of
the quinone and quinol are mixed, and separates in long, brown,
filiform crystals.

2619 B-Naphthoguinone, C,\H,O,, is readily formed by the
oxidation of amido-8-naphthol with chromic acid solution,* and
crystallizes from ether in red needles, resembling those of

! Guareschi, Annalen, 222, 279. * Bliimlein, Ber. 17, 2485.

3 Ber. 23 1121.

¢ Stenhouse and Groves, Annalen, 189, 145; 194, 202; Liebermann and
Jacobsen, Annalen, 211, 86.
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chromium trioxide, and from benzene in small, yellowish-red
plates, which are insoluble in water. It differs from the a-
compound in being odourless, in not being volatile with steam,
and in carbonizing and decomposing at 115—120°. Its yellow
alkaline solution readily absorbs oxygen, and it is oxidized to
phthalic acid by the continued action of nitric acid or potassium
permanganate.

Since the substituted groups in amido-gB-naphthol have the
position 1:2, the constitution of ,B-naphthoqumone is repre-
sented by the formula :

HC CO

7 /\
HC

IIII
HC C CH

\ Vi
R¢ i
3-Chloro-B-naphthoquinone, C,\H,ClO,, is obtained when dry
chlorine is passed into acetic acid in which B-naphthoquinone
is suspended. It crystallizes from hot alcohol in red needles,
which melt with decomposition at 172°. It forms a reddish
brown solution in caustic soda, hydroxychlor-a-naphthoquinone
being formed by isomeric change from the corresponding B-
derivative, which is doubtless the first product.!
In the formation of this substance a portion of the chloro-
quinone must be reduced to chloroquinol :

ol _/00—CO o o _C(OB)=C.OH
2 +
Ner—ba H’C \ —ba
0——CO
C,H |
“*Ncom=cc
_C0—CO0 CO—C.OH

CH, - cHL .
¢ \C(OH):(!JCI Neco—ba

Chloro-B-naphthoguinone dichloride, or Trichlorodiketohydro-
naphthalene, C,(H,Cl,0,, is obtained when the solution of
quinone is saturated with chlorine and allowed to stand:

o /C‘O—CO ol = G, CO—CO
+ = C,H
“\cH=-CC1 ‘\CHCI-—JJCI,

1 Zincke and Frohlich, Ber. 19, 2493.
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It crystallizes from glacial acetic acid or a mixture of ether and
light petroleum in large, lustrous monosymmetric prisms, which
contain two molecules of water, and melt at 112° with loss of
water.! Like other similarly-constituted compounds it probably
contains the group C(OH),.C(OH),, When heated to 180°, it
decomposes into hydrochloric acid and dichloro-8-naphthoqui-
none. It is converted by alkalis into trichlorohydroxyhydrin-
denecarboxylic acid (p. 8).

3:4-Dichloro-B-naphthoquinone,C,H,Cl,0,,is best prepared by
suspending 1-amido-B-naphthol in glacial acetic acid and passing
in chlorine until almost complete solution has taken place. It
is also formed by the oxidation of trichlor-a-naphthol with
nitric acid (p. 92), and crystallizes from hot acetic acid or
benzene in red plates or thick, brownish-red tablets, which
melt at 184° and sublime without decomposition. It is converted
into dichlorohydroxyindenecarboxylic acid (p. 10) by cold dilute
caustic soda solution.

Dichloro-B-naphthogquinone dichloride,or Tetrachlorodiketohydro-
naphthalene is formed when the liquid is saturated with chlorine
and allowed to stand :

CH/CO——CO CH/CO—(IJO
+ =

Aot T =" “Nco,—ca,
On the addition of water it is precipitated in small plates
having a satin lustre, and containing three molecules of water,
which are lost at 100—105°. The anhydrous compound forms
yellow solutions in absolute alcohol and glacial acetic acid, from
which it separates in light sulphur-yellow, lustrous crystals,
which melt at 90—91°, and decompose at about 180° with
formation of dichloro-8-naphthoquinone. It is converted by
caustic soda into dichloroketohydroxyhydrindic acid.?

Dichloro-B-ketonaphthalene, C,(H,CLO, is formed when the
calculated amount of chlorine is passed into a solution of
a-chloro-B8-naphthol in acetic acid solution :

. CCl—=C.OH o = _CCL~CO
= CH HCL.
¢ ‘\CH:('JH = ‘\CLbéH +

It is a thick liquid, which is converted into anilido-8-naphtho-
quinone by the action of aniline on its alcoholic solution, whilst

1 Zincke, Ber. 20, 2890. ? Zincke, Ber 21, 481,
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it yields naphthoquinonedianilide when acted upon in acetic
acid solution.

2620 a-T'richloro-B-ketonaphthalene, C,H,CLO, is obtained by
the action of chlorine on 1:4-dichloro-8-naphthol, and has
therefore the following constitution :

a5
““\ccl=cH

It forms thick, white needles, or clear rhombic crystals, and is
converted into hydroxy-a-naphthoquinone by alkalis.

B-Trichloro-B-ketonaphthalene. The formation of this sub-
stance has already been described (p. 94). It may be readily
obtained by dissolving 8-naphthol in ten parts of glacial acetic
acid, passing in chlorine until the liquid smells strongly of it,
and then pouring it into anm equal volume of alcohol. It
crystallizes from hot alcohol or glacial acetic acid in thick,
yellowish needles, and from ether in large, monosymmetric
prisms, which melt at 95—96°. Dilute alkalis convert it into
hydroxychlor-a-naphthoquinone, and reducing agents into
1: 3-dichloro-B-naphthol.

Tetrachloro-B-ketonaphthalene, C,)H,C1,0,, is formed when
chlorine is passed into acetic acid in which trichloro-8-naphthol
is suspended, until complete solution has taken place. It
separates out in transparent tablets or small plates, melting
at 96—97°. Concentrated caustic potash dissolves it with
formation of dichlorohydroxyindenecarboxylic acid. Its con-
stitution is expressed by the formula:

cHS CC"—?O.
““Nco=cal

Tetrachloro-B-ketohydronaphthalene, CsH Cl0, is obtained by
passing an excess of chlorine into an acetic acid solution of
B-naphthol, and separates from the concentrated solution in
lustrous white plates, containing one molecule of water of
crystallization, whilst it crystallizes from light petroleum in
white plates, needles, or transparent monosymmetric prisms,
which melt at 102—103°. It decomposes in alcoholic solution
with formation of B-trichloroketonaphthalene, and on reduction
yields both the dichloronaphthols simultaneously, whilst on
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treatment with sodium carbonate solution it forms chloro-8-
naphthoquinone. Its constitution is therefore :

ccg—cl:o

[oh: N
“\CHCI—CHCI

a-Pentachloro-B-ketohydronaphthalene, C,,H,CL,0, is formed
by the action of chlorine on a solution of a-trichloro-8-keto-
naphthalene in carbon disulphide, and separates from the latter
in splendid, colourless, monosymmetric crystals, which have a
vitreous lustre. It melts at 123°, and is readily decomposed
by alcohol or acetic acid with formation of tetrachloro-g8-keto-
naphthalene ; it is for this reason that the pentachloro-compound
is not formed in acetic acid solution.! Its decomposition pro-
ceeds according to the equation :

c1,_co _CClL—Co

[oh: 7 - CH
‘\001,—01101 i ca=da

+ HCL

B-Pentachloro-B-ketohydronaphthalene, C,,H,CL,O, is the pro-
duct of the further action of chlorine on A-trichloro-8-keto-
naphthalene, and crystallizes from hot glacial acetic acid or ether
in colourless, transparent, monosymmetric prisms,? which melt at
116—117°, On reduction it yields trichloro-8-naphthol and is
converted by alkalis into o-dichlorovinyldichlorobenzylearboxylic
acid :

CCl,—CO CCL—CO.0H
CH‘< ' |  +HO= CH‘< 4
CHCI—CCl, CCl=CHC(Cl

+ HCL
It forms clear, colourless, lustrous crystals, which melt at 130—
131° with decomposition. On further treatment with alkalis it
yields dicklorovinylbenzoylcarboxylic acid, C;H,(C,CL,H)CO.CO,H,
which crystallizes in long, thick, yellowish needles, and melts at
106—107° with decomposition.
Hexchloro-B-ketohydronaphthalene, C,(H,Cl 0, is prepared from
the tetrachloroketone by heating with manganese dioxide and
hydrochloric acid to 140—150° and crystallizes in prisms or tab-
lets, which melt at 129°. Hot alcoholic potash converts it into
! Zincke, Ber. 22, 1024, ? Zincke, Ber. 22, 1084,
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trichlorovinyldichlorobenzylearboxylicacid,C4H,(C,Cl;)CCL.CO,H,
which crystallizes in elongated tablets and is converted into
trichlorovinylbenzoic acid (p. 13) on oxidation.!

Hexchloroketohydronaphthalene combines with tetrachloro-
B-ketonaphthalene to form the compound C,,H,CLO +
C,0H,C1,0, which crystallizes from glacial acetic acid in yellow
rhombic pyramids, resembling those of sulphur, and separates
from ether in larger, lustrous crystals.?

Bromo-B-naphthoguinone, C,,;H,BrO,(O:0:Br =1:2:3), may
readily be obtained by the action of bromine on the quinone
suspended in glacial acetic acid. It crystallizes in red to
brownish-red needles or prisms, which are moderately soluble
in hot alcohol, glacial acetic acid, or benzene, melt at 177—178°,
and sublime without decomposition.

Drbromo-B-naphthoguinone, C,)H Br,O,, is prepared by the
addition of bromine to a hot solution of the preceding com-
pound in acetic acid, and is still more readily formed from
1-amido-B-naphthol. It crystallizes from glacial acetic acid in
thick plates, melting at 172—174°3

Tribromo-B-naphthoquinone, C,gH,Br,O,, is obtained by the
oxidation of pentabromo-8-naphthol with nitric acid, and forms
cinnabar-red granules, which melt at 164°*

Nitro-B-naphthoguinone, C,\H,(NO,)O,, is formed when the
quinone is dissolved in hot dilute nitric acid of sp. gr. 1-38°%
and the solution rapidly cooled. It crystallizes from hot glacial
acetic acid in splendid tablets, having the colour and lustre of
chromium trioxide, which melt at 158° and are oxidized to
phthalic acid by potassium permanganate® The quinone
combines with one molecule of hydroxylamine to form an
addition product, which is a yellow, hygroscopic powder, and
melts at 140—141° with vigorous evolution of gas. On boiling
with acetic acid, phenol, or alcohol, nitrogen is evolved and
nitronaphthoquinol formed.”

«y-Naphthoguinone is formed to the extent of 0'5 per cent. by the
action of fuming nitric acid on dibrom-a-naphthol. The bromin-
done (p. 11) formed at the same time is dissolved in alcohol and
filtered off, the quinone being then well washed with hot alcohol
and purified by recrystallization from glacial acetic acid or

1 Zincke, Ber. 21, 3540. 2 Zincke, Ber. 292, 1032.
3 Weltner and Zincke, Ber. 19, 2495. ¢ Flessa, Ber. 17, 1479.

5 Zaertling, Ber. 28, 175.

¢ Groves and Stenhouse, Annalen, 194, 202 7 Zaertling, Ber. 23, 179.
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nitrobenzene. It forms slender, pale-yellow needles, is remark-
ably insoluble in most solvents, and has no definite melting-
point, but blackens and decomposes above 200°. Zinc dust and
acetic acid convert it into a dikydroxynaphthalene, which is
precipitated by water in minute, whitish needles. It is insoluble
in hot water, slightly soluble in alcohol, forming a solution which
becomes violet in the air. On heating it shrinks and blackens
at about 205°. The diacctyl derivative forms stellate bundles of
whitish flattened needles, melting at 226—227°. On oxidation
with hot alkaline permanganate solution the dihydroxynaphtha-
lene is converted into an acid which is probably v-hydroxy-
phthalic acid. This shows that the dihydroxynaphthalene and
therefore the quinone is a 1:1'- or peri-compound.! The
hydroxy-compound, however, differs from that obtained by
Erdmann (p. 117).2

Nitro-y-naphthoquinone is obtained, together with nitro-
naphthalic acid, C,,H;(INO,)(CO,H),, when acenaphthene,
C,0HgC,H,, is boiled with nitric acid, and crystallizes from
alcohol or glacial acetic acid in yellowish-red needles, melting
at 208°. It contains the quinone oxygen atoms in the 1:1'-
position, like the carboxyl-groups in naphthalic acid.?

THE TRIHYDROXYNAPHTHALENES, C,,H,(OH),
AND HYDROXYNAPHTHOQUINONES,
C;oHy(OH)Oy.

2621 1:2:4-Trihydroxynaphthalene is formed by the action
of tin and hydrochloric acid on hydroxy-a-naphthoquinone, and
crystallizes from ether in yellow needles, which are sparingly
soluble in water. It reduces solutions of silver and mercury, as
well as Fehling’s solution, and its alkaline solution rapidly
becomes red in the air, the original hydroxyquinone being
formed.

Hydroxy-a-naphthogquinone, or Naphthalenic acid, is obtained by
heating hydroxyimidonaphthol, C,;H,O(NH)OH, or di-imido-
naphthol, C,,H,(OH)(NH),, with acids or alkalis.* It is, however,

1 Meldola and Hughes, Journ. Chem. Soc. 1890, 1, 631.

3 Meldola and Hughes, Journ. Chem. Soc. 1890, 1 809.

3 Quincke, Ber. 21, 1460.

4 Martius and Gness, Annalen, 134, 875 ; Gribe and Ludwig, 4dnnalen, 154,
803.



CHLORONAPHTHALENIC ACID 133

most conveniently prepared by heating the former compound
with sodium carbonate solution :!

CO—C OH HO = G, % CO—C OH
GH‘\C(NH) " + AN O—" + NH,.

When the cold concentrated solution is acidified with hydro-
chloric acid, it is precipitated as a yellow powder which becomes
electrically charged on drying; it crystallizes from a hot dilute
solution, on the other hand, in lustrous yellow needles, which
melt at 190° with decomposition? It partially sublimes in
reddish-yellow needles, resembling those of alizarin, which
was formerly thought to be an isomeride of naphthalenic acid.
It is scarcely soluble in cold water, but readily soluble in alcohol
and ether, decomposes carbonates and forms red salts with the
alkalis and alkaline earths. The silver salt, C,;H;O,(OAg),
is a reddish-brown precipitate, which crystallizes from hot water
in cinnabar-red needles.

Hydrozychlor-a-naphthoquinone, Chlorozynaphthalenic acid, or
Chloronaphthalenic acid, C,,HCIO,(OH), was obtained by
Laurent by boiling a-chloronaphthalene tetrachloride with
nitric acid, and by the action of alcoholic potash on 2:8-
dichloronaphthoquinone : 3

/CO—CCI KOH — C.H /CO—CCI
CBH‘\CO—gCl + = Ls 4\ " + KCl.

It was at one time prepared by Castelhaz, of Paris, according to
P. and E. Depouilly’s method, by acting with nitric acid on
the mixture of naphthalene dichloride and chloronaphthalene
dichloride obtained by the action of potassium chlorate and
hydrochloric acid on naphthalene; phthalic acid and hydroxy-
chloronaphthoquinone are thus formed and can readily be
separated.* The latter compound is, however, best prepared
by covering dichloronaphthoquinone with alcohol and adding
concentrated caustic potash; the potassium salt separates out
after a short time.

! Diehl and Merz, Ber. 11, 1314.

2 Liebermann and Jacobun, Annalen, 211, 81.
3 Annalen, 35, 292. ¢ Annalen, 187, 378.
§ Griibe, Annalen 149, 13.

309
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Hydroxychlor-a-naphthoquinone crystallizes in long, yellow,
transparent needles, which melt above 200°, are scarcely soluble
in water, moderately in alcohol, ether and benzene, and sublime
without decomposition. It is oxidized by nitric acid to phthalic
and oxalic acids, and is converted by phosphorus pentachloride
into pentachloronaphthalene ; on heating with soda lime it yields
benzene.

Potasstum chloronaphthalenate, C,JH,CIO K, crystallizes in
cherry-red needles, which contain water of crystallization, and
are only sparingly soluble in cold water.

Barium chloronaphthalenate, (C,,H,C10,),Ba + 3H,0, is
scarcely soluble in cold water, and crystallizes from hot water
in slender, yellow, silky needles.

Chloronaphthalenic acid dyes wool a deep red; if it be
treated with water and sodium amalgam a colourless solution
is obtained which rapidly becomes red again in the air. The
alkaline solution becomes yellow on treatment with zinc dust,
and this is changed to green after a little time when ammonia is
added.

Hydrochloric acid precipitates from this solution a brown
powder, which after washing and drying, takes a green metallic
lustre and, according to Kochlin, consists of ¢rihydroxychloro-
naphthalene, C (H,CI(OH),. It dissolves in alcohol, forming a
violet solution, which is coloured blue by ammonia, red by acids,
and dyes wool direct.!

Dichlorotriketohydronaphthalene, C,,H,CL,0, + H,O, is formed
when chlorine is allowed to act upon hydroxychlor-a-naphtho-
quinone dissolved in glacial acetic acid :

CO—CCl1 CO—CCl,
cHL +C,=CHS [ 7 +HC
CO—C.0H CO—CO
It crystallizes in thick, white needles, which become anhydrous
at 100° and melt at 105° On boiling with water it dissolves,
and when potassium iodide is added to this solution the original
hydroxychloronaphthoquinone separates out, hypochlorous acid
being certainly eliminated. It is converted into dichloroketo-
hydrindenic acid by dilute alkalis.?
Hydroxybrom-a-naphthoguinone, or a-Bromonaphthalenic acid,
1 Zeitsch, Chem. 18686, 223.
* Zincke and Gerland, Ber. 20, 8216 ; 21, 2379,
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C,,H,Br(OH)O,, was obtaiced by Miller by heating the dibromo-
naphthoquinone which melts at 218°, with a solution of caustic
potash in dilute alcohol. It crystallizes from alcohol in yellow
needles, which melt at 201—202°.

Potassium a-bromonaphthalenate, C,(H BrO;K, crystallizes in
long, red, anhydrous needles.

Bartum a-bromonaphthalenate, (C,,;H BrO,),Ba + 3H,0, is a
yellowish-red precipitate, which is scarcely soluble in cold,
sparingly in hot water, and crystallizes from the latter in long,
very slender needles.

Hydroxy-B-brom-a-naphthoquinone, or B-Bromonaphthalenic
acid, is formed when the dibromonaphthoquinone which melts at
151-5° is heated with caustic soda solution, and when a solution of
naphthalenic acid in bromine is boiled for several hours! It is
also obtained by the action of caustic soda solution on mono-
bromo-A-naphthoquinone, a portion of the latter being simul-
taneously reduced to the bromoquinol, and is formed in small
quantity by the bromination of 8-naphthoquinone.? It crystallizes
from alcohol in golden-yellow scales, and from dilute alcohol in
fascicular groups of irregular needles, which are sparingly soluble
in ether and benzene, and scarcely soluble in boiling water ; it
melts at 196:5°, and sublimes, with partial carbonization, in
golden-yellow, pointed needles. Its solution has a yellow or red
colour according to the concentration. Sodium amalgam con-
verts it into naphthalenic acid (Zincke).

Potassium B-bromonaphthalenate, C,HBrOK + 4H,0, is
readily soluble in water, and crystallizes in aggregates of dark-
red needles.

Barium B-bromonaphthalenate, (C,)H BrOy),Ba, is obtained by
mixing hot solutions of the potassium salt and barium chloride,
and separates out in slender, yellowish-red, matted needles,
which are only very slightly soluble in water.

Both of the hydroxybromonaphthoquinones, like the corre-
sponding dibromonaphthoquinones, yield phthalic acid on oxida-
tion, and should therefore be identical. Zincke assumes that in
the formation of the second compound from dibromo-B-naphtho-
quinone an intermolecular change takes place.

Dnbromotriketohydronaphthalene, C,H,Br,0, + H,0, is ob-
tained by the action of bromine on a solution of hydroxybrom-
a-naphthoquinone in glacial acetic acid, and crystallizes in dull
white needles, which are readily soluble in alcohol and benzene,

! Diehl and Merz, Ber. 11, 1064. * Zincke, Ber. 19, 2498.
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and melt at 114—115°, hypobromous acid being evolved ; the
following formula, therefore, probably represents the constitution
of this compound :

/CO—CBr, O—CBr
: R = CH <c + BrOH.
CO—C(OH), odon

This decomposition takes place quantitatively on boiling with
dilute alcohol. The chlorine compound, mentioned above, has
probably a similar constitution (Zincke and Gerland). :

Hydroxynitro-a-naphthoguinone or Nitronaphthalenic acid,
C,H,(NOy(OH)O,, is formed when fuming nitric acid is added
to a solution of naphthalenic acid in sulphuric acid,! and may
also be obtained by heating equal parts of dichlor-a-naphtho-
quinone and sodium nitrite with a sufficient quantity of water,
a little alcohol being occasionally added, until complete solution
has been effected :

C,H,CLO, + 3NaNO, + H,0 =
C,,H,(NO,)(ON2)O, + 2NaCl + 2NO,H.

On cooling, the sodium salt separates out, and is decomposed
with nitric acid.?

Nitronaphthalenic acid forms golden-yellow solutions in hot
water, alcohol, ether, or benzene, and crystallizes from the latter
in yellowish plates or tablets, which melt at 157° with decom-
position. It is oxidized by dilute nitric acid to phthalic acid,
which is also formed, accompanied by hydrocyanic acid and
humus substances, when it is boiled with water for a considerable
time.

Sodium nitronaphthalenate, C,,;H,(NO,)OzNa + H,0, forms
flat needles, which have a strong brassy lustre.

Potassium nitronaphthalenate, C,;H,(NO»OK + H,0, crys-
tallizes from hot water in lustrous golden-yellow needles.

Ammonium nitronaphthalenate, C,,H (NO,)O,NH,, is not
very soluble, and forms anhydrous golden-yellow prisms, which
are powerfully iridescent.

Barium nitronaphthalenate, [C,H,(NO,)O,],Ba, forms orange-
red scales, sparingly soluble in cold water.

Silver nitronaphthalenate, C,,;H,(NO,)O;Ag, crystallizes from
hot water in dark-yellow or reddish-brown, pointed needles.

1 Diehl and Merz, Ber. 11, 1214.
2 Kehrmann and Weichardt, J. Pr. Chem. IL. 40 179.
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JUGLONE AND HYDROJUGLONE.

2622 Vogel and Reischauer discovered a substance, which
crystallized in reddish-yellow needles, in the green outer shell of
the unripe walnut (Juglans regia), and gave to it the name of
nucine, which they afterwards changed to juglone. C. Reischauer
then pointed out that this substance was probablyidentical with the
regianine, which had been prepared from the nutshells by Phipson,
and this was confirmed by the latter chemist.! Reischauer?
derived the formula C;gH,,0; from his analyses, but Bernthsen 3
showed that the substance is a hydroxynaphthoquinone, C, ;HO,,
since on heating with zinc dust it is converted into naphthalene.
According to Mylius* the juglone does not occur ready formed
in the unripe shells, but these and the other green parts of the tree
contain during growth two trihydroxynaphthalenes or hydro-
Juglones, one of which, the a-compound, is readily oxidized to
Juglone. The ripe shells contain no hydrojuglones, but complex
substances, perhaps glucosides, which can nevertheless be em-
ployed for the preparation of hydrojuglone and juglone. Mylius
found that on fusion with caustic potash, a-hydrojuglone yields
m-hydroxybenzoic acid, accompanied by other products, so that
the hydroxyl groups must be distributed between the two nuclei.
Bernthsen and Semper ® then showed that juglone is converted
by dilute nitric acid into dinitro-v-hydroxyphthalic acid, and by
hydrogen dioxide into v-hydroxyphthalic acid, which confirmed
the views expressed by Mylius, and further found that the
hydroxyl-group in one nucleus is in the a-position, the constitu-
tion of juglone being thus determined. They then prepared this
substance artificially by oxidizing 1 :4'-dihydroxynaphthalene
with chromic acid solution.

OH (0]

O (I
L / NN\
OH OH OH O
a-Hydrojuglone. Juglone.

Juglone is obtained from the dry, ripe, green outer shell of the
walnut by extracting with ether and shaking up the brownish-

1 Ber. 19, 28 R. 2 Ber. 10, 1542, 3 Ber. 17, 1945.
¢ Ber. 17, 2411; 18, 2564. ° Ber. 18, 203; 19, 164; 20, 934. .
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green solution with a dilute solution of chromic acid, which alters
the colour to a fine golden-yellow. The ether is distilled off, and
the residue, after repeated extraction with small quantities of
boiling ether to remove fat and resinous matter, purified by
solution in chloroform and addition of light petroleum, which
precipitates a viscid substance ; this is filtered off, and the solu-
tion evaporated. About 150 grms. of juglone are thus obtained
from rather more than 100 kilos. of walnut-shells (Bernthsen and
Semper).

It is readily soluble in chloroform, and crystallizes from it or
from hot glacial acetic acid in thin, lustrous, yellowish-red to
brownish-red needles or prisms; from alcohol, in which it is
less soluble, it is obtained in garnet-red needles. It is still less
freely soluble in ether and light petroleum, in which it forms
yellow solutions, whereas its concentrated solution in chloroform
is reddish-brown. It melts at about 150° with decomposition,
and sublimes at a higher temperature, a portion being simul-
taneously carbonized. On boiling with water it is also decom-
posed, a portion volatilizing with the steam, and imparting to it
the characteristic quinone-like smell of the shells as well as the
property, which is also possessed by the powdered substance, of
causing coughing and sneezing. Its solutions colour the skin a
deep yellowish-brown in the same way as walnut-juice. Cold
sulphuric acid dissolves it with a blood-red colour, but it is re-
precipitated by the addition of water. Reducing agents readily
convert it into a-hydrojugloue.

It forms violet solutions in the alkalis, but the colour soon
changes to reddish-brown, oxyjuglone, C,;H O,,and other products
being formed. Copper acetate added to the alcoholic solution
precipitates the compound (C,,H,;0,),Cu in microscopic, obtuse-
angled violet prisms.

Acetyljuglone, C,;H;0,(0.CO.CHy), is formed by the continued
boiling of juglone with acetic anhydride, and by oxidizing 1 :4'-
diacetoxynaphthalene with chromic acid. It crystallizes from
hot alcohol in light-yellow plates or tablets, which have a fatty
lustre, melt at 154—155° to a red liquid, and sublime in
splendid long thin plates. It is also volatile with steam, the
vapour having a fainter smell than that of juglone, but irritating
the mucous membrane in the same way.

a-Hydrojuglone, C,\Hy(OH),, crystallizes in colourless plates or
needles, which melt at 168—170° and dissolve at 25° in about
200 parts of water. It is readily soluble in alcohol and ether
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but is insoluble in chloroform. With alkalis it forms a yellow
solution, which becomes violet-coloured in the air owing to the
formation of juglone, which is also produced when bromine
water or ferric chloride is added to its solution. On fusion with
caustic potash it yields m-hydroxybenzoic acid, which partially
decomposes into carbon dioxide and phenol ; salicylic acid, and
catechol being then formed from these as secondary products.

a-Hydrojuglone is odourless, but has an unbearable bitter taste,
and is poisonous. Rabbits are rapidly killed by a subcutaneous
injection of its saturated solution, whilst a dose of 05 grms.
administered internally kills them within two hours. The green
walnut-shells are known to be poisonous, since goats die shortly
after eating them.

B-Hydrojuglone occurs in small quantlty in the green pa.rts of
the tree, and crystallizes from alcohol in silvery, six-sided tablets
or flat necdles, which melt at 97°, and volatilize with steam, an
aromatic vapour being produced. It has a sharp, burning taste,
dissolves at 25° in 900—1000 parts of water, and is sparingly
soluble in alcohol and ether, but freely in chloroform. Its
solution is coloured deep-red by ferric chloride.

It is also formed by the distillation of a-hydrojuglone, and is
re-converted by the action of acid chlorides or by boiling with
dilute acids into this substance; for this reason, juglone is
formed when its alcoholic solution is heated with acid ferric
chloride.

The position of its hydroxyl-groups is not known, but since it
does not behave as a quinol, they cannot be in the para-position.!
The following compounds have been obtained from a- and 8-
hydrojuglones, and yield the latter on hydrolysis:

Melting-point.
Triacetyl-B-hydrojuglone, C,;H;(0.CO.CHy),,
colourlessprisms . . . . . . .. . ... 129—130°
Tribenzoyl-B-hydrojuglone, C,H,(0.CO.CH,),,
meedles . . . . . ... ... ... 228—229°

Trihydroxynaphthalene is formed when naphthalenemetadi-
sulphonic acid is fused with caustic potash at 280—300° for
several hours. It crvstallizes from water in minute scales, and
from light petroleum in small white aggregates, melting at
120—121°. It sublimes in thin lustrous scales, is extremely

! Mylius loc. cit. ; Ber. 18, 463.



140 NAPHTHALENE DERIVATIVES

soluble in ether and benzene, and gives no characteristic coloura-
tion with ferric chloride.!

2623 2'-Hydroxy-B-naphthogquinone, is obtained from the
amido-compound formed by the reduction of 2'-hydroxy-8-
naphthoquinonoxime by treating its hydrochloride in aqueous
solution with dilute ferric chloride, and is also probably formed
by the direct oxidation of 2 :2'-dihydroxynaphthalene. It is
a reddish-brown amorphous substance which is readily soluble
in alcohol and glacial acetic acid, but is insoluble in ether,
chloroform, and benzene, and has not been obtained in the crys-
talline form.2 It forms a reddish-brown solution in alkalis.

THE DIHYDROXYNAPHTHOQUINONES,
CoH,05(0H),-

2624 a-Dihydroxynaphthoquinone, (OH :OH = 2:3), is formed
when amidonaphthalenic acid, C,(H,0,(NH,)OH, is heated to
170—180° with dilute hydrochloric acid :

C,H,(NH,)(OH)0, + H,0 + HCl = C,;H,(OH),0, + NH,CL

It crystallizes from hot alcohol in slender reddish-brown needles,
and from hot glacial acetic acid in dark-red scales, showing a
strong metallic lustre in sunlight. It is sparingly soluble in
cold, more freely in hot water, forming a red solution, and imparts
a dark violet-blue colour to the alkalis, which becomes blue when
more alkali is added and changes to brown on exposure to the
air, a black powder being subsequently deposited and the solution
left colourless. The red aqueous solution is decolourized by tin
and hydrochloric acid, but regains its original tint on exposure
to the air. It sublimes when carefully heated in slender,
cinnabar-red needles or very lustrous dark-bronze coloured,
pointed needles, a portion being simultaneously carbonized.
Nitric acid converts it into phthalic acid.

The barium salt, C,;H,0O,Ba, is a blackish-violet precipitate,
the lecad salt dark-blue and the silver salt greyish-blue ; the last
of these takes a strong brassy lustre on drying. a-Dihydroxy-
naphthoquinone dyes cotton violet on an alumina mordant, and

! Armstrong and Wynne, Proc. Chem. Soc. 1890, 136.
? Clausius, Ber. 23, 622.
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dark-blue on an iron mordant, this colour being fast to soap.
Silk is dyed a brownish-violet and takes a strong metallic lustre,

Diacetyl-a-dihydroxynaphthoguinone,  C,H,(0.CO.CH,),0,,
crystallizes from hot dilute alcohol in brown scales.!

B-Dikydroxynaphthoguinone. In the year 1861 Roussin pre-
pared a colouring matter by the action of zinc on a solution of
dinitronaphthalene in hot sulphuric acid, and, looking upon it
as identical with the colouring principle of madder, called it
artificial alizarin?

Analyses of this substance soon convinced him, however, that
it differed from alizarin? and Jacquemain also found that the
reactions of the two substances were by no means identical.¢
The new compound was then termed naphthazarin by Kopp,®
and this name soon passed into general use. Its correct formula
and constitution were established by Liebermann, who proved it
to be a dihydroxynaphthoquinone.® Since the dinitronaphthalene
employed for its preparation was a mixture, it still remained to
be decided from which of the isomerides the naphthazarin was
formed, and this question was settled by de Aguiar and Bayer in
favour of a-dinitronaphthalene.”

According to Liebermann, naphthazarin is best prepared in the
following manner :—A mixture of 400 grms. of concentrated sul-
phuric acid with 40 grms. of the fuming acid is heated to 200°, and
to this are added 40 grms. of dinitronaphthalene and then granu-
lated zinc, care being taken that the temperature does not rise
above 205° or fall below 195°. Five or ten grms. of zinc are
required and should be added during about fifteen minutes. A
small portion is removed from time to time, boiled with water
and filtered ; as soon as the colour of the filtrate is a fine red
and a gelatinous precipitate is deposited on cooling, the reaction
is complete. The product is poured into 10 parts of water,
heated to boiling and filtered. The naphthazarin separates out
on cooling and is re-crystallized from alcohol. It is thus ob-
tained in elegant brown needles, with a green surface lustre and
is further purified by sublimation, small reddish-brown needles
being formed, or if it be more strongly heated, aggregates of
longer feathery needles, which have a strong green metallic
lustre, and resemble small cock’s feathers,

! Diehl and Merz, Ber. 11, 1321. 3 Compt. Rend. 52, 1033.
8 Compt. Rend. 52, 1177. 4 Compt. Rend. 52, 1180.
8 Repert. Chim. App. 3, 411, § Ber. 8, 905; Annalen, 162, 328.

T Ber. 4, 251.
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It is slightly soluble in hot water and freely in alcohol, forming
a red solution. Its alkaline solution, which has a splendid corn-
flower blue colour is decolourized by sodium amalgam, but
regains its colour in the air. Sulphuric acid dissolves it with
formation of a magenta-red solution, from which it is precipitated
by water. Heated zinc dust reduces it to naphthalene, whilst it
is oxidized by nitric acid to oxalic acid, no phthalic acid being
formed.

Its alkaline solution gives blue precipitates with the salts of
calcium, barium, and lead. The iron lake is bluish-green, and
that with alumina carmine-red ; the shades produced on
mordanted cotton can however be more cheaply obtained by
means of dye-woods. On the other hand it dyes fast shades on
a chromium mordant, which can be varied from the most delicate
grey to the deepest black. In order to employ it for printing
and dyeing, it is converted into the soluble sulphite compound,

C,\H O, + NaHSO,, discovered by Bohn, which is known as
alizarin black, by mixing it in the form of paste with a strong
solution of acid sodium sulphite of 30—40° B, and allowing the
whole to stand for several days at 50—70°. On the addition of
common salt a black precipitate is obtaiped which forms a
reddish-brown solution in water, and a yellowish-brown solution
with a green fluorescence in alcohol.

Alizarin black is fixed on cotton by mixing it with chromium
acetate and dilute acetic acid, thickening with starch paste and
printing this mixture on the fabric, which is then dried and
steamed, a compound of naphthazarin with chromium oxide being
thus formed. It is fixed on wool in a similar manner, whilst to
dye wool the fabric must first be mordanted with chromium
oxide and then brought into a hot solution of the colouring
matter.

In the preparation of naphthazarin, a black mass is obtained
and, indeed, forms the larger portion of the product. This
substance forms dirty-violet coloured solutions in alkalis, from
which it is precipitated by acids as a black powder which takes
a reddish metallic lustre in drying. This compound, which is
considered by de Aguiar and Bayer to be trihydroxynaphtho-
quinone, C;)H;(OH),0,, is also obtained by heating naphthazarin
with sulphuric acid.!

-Dihydroxzynaphthoguinone, or Hydroxyjuglone, (OH:0H=2:5
or 3:5). Mylius observed that juglone combines with dimethyl-

1 Ber. 4, 438.
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amine to form dimethylamidopuglone, C,\H,O,(OH)N(CH,),,
which crystallizes from glacial acetic acid in brownish-violet
tablets, having a metallic lustre and melting at 149—150°
On heating with hydrochloric acid this substance is converted
into hydroxyjuglone :

C,0H,0,(OH)N(CHy), + H,0 = C,;H,0,(0H), + NH(CH,),

It is also formed by the oxidation of a-hydrojuglone with an
alkaline solution of potassium ferricyanide. It crystallizes in
golden-yellow needles, or small lemon-yellow tablets, which
are scarcely soluble in water, sparingly in alcohol and ether,
readily in chloroform and acetone, and are decomposed and
blackened at 200°. When carefully heated however it can be
sublimed and gives a vapour which smells like that of juglone.
It forms a cherry-red solution in concentrated sulphuric acid and
a yellowish-red solution in alkalis, which is unaltered in the
air! When it is heated in alcoholic solution with stannous
chloride, the colourless crystalline quinol, C,,H,(OH),, is formed,
which is rapidly re-converted into hydroxyjuglone in the air.

It dyes mordanted cloth faintly, as does also hydroxynaphtho-
quinone, whilst juglone produces no colour, because, according to
Kostanecki only those quinones which contain an hydroxyl-
group in the ortho-position to a quinone oxygen atom are
colouring matters.?

Sodium hydrozyjuglone, C,)H,0,(ONa),, crystallizes in brick-
red needles, which are readily soluble in water, but insoluble in
alcohol and concentrated caustic soda solution.

The potassium and ammonium salts resemble it closely. The
calcium salt crystallizes in dark-red, difficultly-soluble needles,
whilst the barium salt is a brownish-black, amorphous precipi-
tate ; the silver and copper compounds are carmine-red coloured.

Benzoylhydroxyjuglone, C;,H,04(0.CO.C4Hy),, is formed by the
action of benzoyl chloride on the sodium salt, and separates
from a hot alcoholic solution in small, yellowish white granular
crystals.

. 1 Bor. 18, 463, 1 Ber, 22, 1347.
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THE AMIDO-DERIVATIVES OF NAPHTHALENE.
a-AMIDONAPHTHALENE, OR a-NAPHTHYLAMINE, C, H,NH,.

2625 This important substance was discovered by Zinin,! who
obtained it by reducing nitronaphthalene with ammonium
sulphide, and named it naphthalidam (Pt. III., p. 195). DPiria
then observed it as a decomposition product of thionaphthamic
acid, C,)H, NH.SO;H, and termed it naphthalidine? after which
Béchamp showed that it can easily be obtained by heating nitro-
naphthalene with iron filings and acetic acid® When it was
recognized as a compound ammonia it received the name of
naphthylamine, by which it is still known. It can also be
prepared from a-naphthol by heating this to 270° with ammonium
acetate ; acetonaphthalide is formed, from which the base is
obtained by heating with dilute acids or alkalist A certain
amount of dinaphthylamine, (C,,H,),NH, is also formed in this
reaction, and is obtained in small quantity, together with a large
amount of a-naphthylamine when a-naphthol is heated with
four parts of calcium chloride ammonia, containing water, for
eight hours to 270°.* a-Naphthylamine is also formed in small
quantity when aniline hydrochloride is heated with mannitol to
200—240°% and Canzoneri and Oliveri have obtained it by
heating an intimate mixture of pyromucic acid, lime, zinc
chloride, and aniline for twelve hours to 300°. The pyromucic
acid is decomposed into carbon dioxide and furfuran, which then
acts upon the aniline in the following manner:?

NH,
CH ¢ HC (L
% N\ 7\
HC O\, H("J CH HC c om o
+ +
H / HC\ be = HC\ /c\ bg t
\ a \
3 CH HC CH

On the large scale it is manufactured by heating equal parts of
a-nitronaphthalene and water to 80°, adding one part of fine iron
1 Annalen, 44, 283. 3 Annalen, 78, 81. 3 Annalen, 92, 401.

¢ Calm, Ber. 15, 615. ® Benz, Ber. 16, 14. ¢ Benz, Ber.18, 883 R.
7 Gazzella, 16, 486.
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turnings to the stirred mixture and starting the reaction by the
addition of a small quantity of hydrochloric acid. The product
is distilled with lime and the crude base rectified from iron
cylinders.!

a-Naphthylamine is only very slightly soluble in water, readily
in alcohol and ether; it crystallizes in flat, silky needles or
plates, and from hot aniline in prisms?® has a characteristic
unpleasant smell, and a sharp, bitter taste. In the air it
becomes coloured red to dark-violet; it melts at 50° boils at
300°, and forms salts which crystallize well and colour pine wood
a deeper yellow than those of aniline. Oxidizing agents such as
ferric chloride, chromic acid, &e., produce in solutions of its salts
an azure-blue precipitate of naphthameine or oxynaphthamine,
C,0HgNO, which soon becomes: purple? A small amount of
alcohol, containing nitrous acid, produces a yellow colouration in
a solution of the base in alcohol or glacial acetic acid. If
hydrochloric acid be now added, a magenta or deep violet-
red colouration is produced, the hydrochloride of azo-amido-
naphthalene being formed; when only a small quantity of
naphthylamine is present, the colouration is only a faint red.t
On boiling with chromic acid, a-naphthoquinone, phthalic acid
and a brown insoluble substance are formed.* a-Naphthylamine
is employed in the manufacture of colouring matters.

a-Naphthylamine hydrochloride, C,;H,NH,C], crystallizes from
hot water in long, fibrous needles, resembling asbestos, and from
alcohol in lustrous scales, which are readily soluble in ether, but
only sparingly in concentrated hydrochloric acid, and sublime at
200°, When platinum chloride is added to its alcoholic solution,
a brownish-yellow, crystalline precipitate of (C,H,,N),PtCl, is
formed, which is slightly soluble in water, and even less readily
in alcohol and ether (Zinin).

a-Naphthylamine sulphate, (C,,H, NH,),SO, + 2H,O0, is spar-
ingly soluble in cold water and alcohol, readily in hot alcohol,
and crystallizes in silvery scales, which become coloured red in
the moist state. '

a-Naphthylamine mnitrate, C,,H, NH.NO,, is obtained by
dissolving the base in pure dilute nitric acid, and crystallizes in
lustrous scales.

1 Schultz, Steinkohlentheer, 1, 862. * Ballo, Ber. 8, 288.
3 Piris, Annalen, 78, 64 ; Schiff, Annalen, 101, 92 ; 129, 255.
¢ Monet, Reverdin and Nolting, Ber 12, 2805.

8 Liebermann, Annalen, 183, 265.
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a-Naphthylamine oxalate, (C,,H, NH,),C,0,, crystallizes in
narrow, lustrous plates, whilst the acid salt, C,,H,N.C.H,O,,
forms dull white aggregates.

a-Naphthylamine phenate, C,,H, NH; + C,H.OH, crystallizes
from light petroleum in needles, melting at 30°}

SECONDARY AND TERTIARY «~-NAPHTHYL-
AMINES.

2626 Methyl-a-naphthylamine, C,;H, NH.CH,, is formed, to-
gether with a-dinaphthylamine, when methyl chloride is passed
into a-naphthylamine heated to 150—180°. The product is
extracted with ether and the ethereal solution shaken with
dilute sulphuric acid, which-dissolves the methyl base and forms
insoluble naphthylamine sulphate with any unattacked base, the
dinaphthylamine being left in the ethereal solution. It is a red
liquid which boils at 293°, and becomes darker and opaque in
the air.?

Dimethyl-a-naphthylamine, C,;H,N(CH,),, is obtained by
heating a-naphthylamine with methyl iodide and wood spirit
to 100° (Landshoff ), as well as by heating the hydrochloride to
180° with methyl alcohol® It is a colourless liquid, which is
very strongly refractive, becomes brown in the air, fluoresces like
petroleum, has a faint odour, resembling that of dimethylaniline,*
and boils at 274'5° (711 mm.). Ferric chloride imparts a purple-
red colour to the alcoholic solution, which changes to violet in the
air. Its sulphate and hydrochloride are readily soluble.

Trimethyl-a-naphthylammonium <odide, NC,;H,(CHy),I, is
formed when the tertiary base is heated to 100° with methyl
iodide, and crystallizes in flat, faint yellowish-green needles,
which decompose into the constituents at 164°. The hydroxide
is a strongly alkaline, deliquescent mass.

Ethyl-a-naphikylamine, C,(H,NH.C,H,. The hydrobromide
of this base was obtained by Limpricht, by the action of ethyl
bromide on naphthylamine, in reddish nodular aggregates, which
yielded naphthylamine on treatment with caustic potash.® Schiff

! Dyson, Journ. Chem. Soc. 1883, 1, 466,

? Landshoff, Ber. 11, 638. 3 Hantesch, Ber. 13, 1348.

4 Friedlinder and Welmans, Ber. 21, 8125 ; Bamberger and Hellwig, Ber. 22,
1315. & Annalen, 99, 117
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then prepared the hydriodide, which crystallizes in four-sided
prisms! He also failed to isolate the base which was, how-
ever, prepared by Bernthsen and Trompetter by the action of
zinc dust and hydrochloric acid on thio-acetonaphthalide,
C, o H,N(CS.CHy)H ; these chemists, however, did not further
examine it, but converted it into the hydrochloride and platino-
chloride? According to Bamberger and Hellwig, ethyl-a-
vaphthylamine is a liquid which rapidly becomes coloured in
the air, and appears brownish-red by transmitted light, but steel
blue by reflected light; on heating, this dichroism disappears
and the colour changes from dark cherry-red to light-orange.
It boils at 303° (722'5 mm.).3

Diethyl-a-naphthylamine, C,\H, N(C,H,),, can easily be pre-
pared by heating a-naphthylamine with the calculated quantity
of caustic soda, ethyl bromide, and some water to 100—120°.
It is a colourless, transparent, oily liquid, which becomes brown
in the air, is strongly refractive, and boils at 283—285°. Its
sulphate is readily soluble, and crystallizes in well-developed,
thick prisms.t

Triethyl-a-naphthylammonium bromide, N(C, H,)(C,Hy),Br, is
formed in small quantity together with the tertiary base, and
crystallizes from water in silky plates. When sulphuric acid and
potassium ferrocyanide are added to its aqueous solution, a
precipitate is formed, from which ammonia separates diethyl-
naphthylamine.®

Triethyl-a-naphthylammonium todide, N(C, H,)(CyHy),I, forms
well-developed cube-shaped crystals (Friedlinder and Welmans).

Ethylenc-a-naphthylamine, (C,\H,NH),C,H,, is obtained when
naphthylamine is boiled with ethylene bromide and benzene, and
forms crystals, which melt at 127° and are sparingly soluble in
alcohol, more readily in absolute alcohol, and readily in ether.
The sulphate, C,,H,\N,SOH,, is only very slightly soluble and
forms microscopic crystals, which have a strong silvery lustre.®

Phenyl-a-naphthylamine, C,)H, NH.C;H;, is formed when a-
naphthylamine is heated to 240° with aniline hydrochloride 7 and
when one molecule of a-naphthol is heated to 280° with two
molecules of aniline and one molecule of calcium chloride.®

1 Annalen, 101, 90. * Ber. 11, 1761. 3 Ber. 99, 1312,

¢ Friedlinder and Welmans, Ber, 21, 8123.

$ B. E. 8mith, Journ. Chem. Soc. 1882, 1, 180. ¢ Reuter, Ber. 8, 23,
7 Girard and Vogt, Bull, Soc. Chim, 18, 68 ; Streif, Annalen, 209, 151.
$ Friedlinder, Ber. 16, 2075.
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It crystallizes from alcohol in colourless needles or prisms,
melts at 62°, and boils at 335° under a pressure of 258 mm.
Its alcoholic solution shows a blue fluorescence, whilst its
solution in sulphuric acid which contains nitric acid is coloured
blue, but changes on heating to green and then to brown. It
is insoluble in dilute acids, but when hydrochloric acid is passed
into its alcoholic solution the hydrochloride separates out in
prisms, which are decomposed by water.

Phenyl-a-naphthylnitrosamine, C,,H,N(C;H;)NO, is formed
when an acetic acid solution of phenyl-a-naphthylamine is shaken
with powdered sodium nitrite and the mixture allowed to stand
in a cool place. It crystallizes from methyl alcohol in faint,
yellowish-red tablets or prisms, melting at 92°.!

Melting-point.
0-Tolyl-a-naphthylamine, C,,H,NH.C;H,.CH;, long,

flatneedles . . . . . . ... .. .... 94—95°
p-Tolyl-a-naphthylamine,* C, H,NH.C;H,CH,,

shortprisms . . . . . . . ... ... .. (ta
Benzylnaphthylamine,? C,;H,NH.CH,.C Hj, brown,

lustrous scales . . . . . . .. ... ... 66—67
Cholesterylnaphthylamine,* C,;H,NH C,;H,,,

crystals . . . . ... . ... e e e e 202°

p-Phenylene-a-naphthylamine, (C,)H, NH),C,H,, is obtained
by heating a-naphthol with p-diamidobenzene to 200°, and
crystallizes from aniline in small white plates, which melt at
235°, and are almost insoluble in boiling alcohol, ether, or
benzene. Its solution in concentrated sulphuric acid is coloured
greenish violet, and then deep blue by potassium nitrite. It
unites with picric acid to form the compound (C,,H,NH),CH,
+ 2CH4(NO,),0, which crystallizes in small, black, lustrous
needles, is sparingly soluble in alcohol, but freely in hot ben-
zene, and melts at 217° with evolution of gas. When the base
is heated to 140° with methyl iodide and wood spirit, p-
phenylenemethylnaphthylamine, (C,)H, NCH,),C.H,, is formed.
This substance crystallizes from hot benzene in small white
plates, melting at 180°5
a-Dinaphthylamine, (C,;H,),NH, was first prepared by Girard

1 0. Fischer and Hepp, Ber. 20, 1247.

3 Friedlander, Ber. 16, 2075.

3 Froté and Tommasi, Bull, Soc. Chim, 20, 67.

¢ Wallitzky, Beilstein’s Handb. 2, 897,

® Ruoff, Ber. 22, 1080
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and Vogt by heating a-naphthylamine with its hydrochloride.!
As already mentioned, it is also formed when a-naphthylamine
is heated with methyl chloride. On heating a mixture of 10
parts a-naphthol, 13 parts sodium acetate, and 3 parts ammonium
chloride for 8 hours to 270°, 31 per cent. of dinaphthylamine
and 25 per cent. of naphthylamine are formed.? It may also be
obtained by heating a-naphthol with a-naphthylamine and
calcium chloride3

It is insoluble in water, moderately soluble in alcohol, and
readily in ether, crystallizes in quadratic plates, melting at 111°,
and boils at 310—315° (15 mm.). Its alcoholic solution is
coloured green by ferric chloride; sulphuric acid dissolves it,
forming a yellow solution which becomes green on heating,
whilst dilute acids and even concentrated hydrochloric acid only
dissolve it to a very slight extent. It forms with picric acid the
compound CyH, ;N + 2C,Hy(NO,),0, which crystallizes in small
black needles, melting at 168—169° (Benz).

a-Dinaphihylnitrosamine, (C,gH,),N(NO), is a yellow crystal-
line powder, which melts at 260—262° with decomposition, and
is only slightly soluble in water and alcohol (Landshoff).

a-NAPHTHALIDES.

2627 a-Formylnaphthalide, C,;H, NH.COH, was obtained by
Zinin, together with oxalnaphthalide by heating acid naphthyl-
amine oxalate to 200°4 It is also readily formed when a-
naphthylamine is boiled with aqueous formic acid, and crystal-
lizes from boiling water, in which it is moderately soluble, in silky
needles, melting at 138'5°.5

a-Acetonaphthalide,or a-Naphthylacetamide, C,,H,NH.CO.CH,,
is obtained when a-naphthylamine is heated for some time with
glacial acetic acid,® and when a-naphthol is heated with am-
monium acetate (p. 144). It is insoluble in cold water, some-
what soluble in hot water, and readily in alcohol, and crystallizes
in silky needles, which melt at 159°, and sublime in very delicate

1 Bull. Soc. Chim. 19, 68. 3 Calm, Ber. 15, 609,
3 Benz, Ber. 16, 17. 4 Annalen, 108, 229.
3 Tobias, Ber. 15, 2448.
¢ Rother, Ber. 4, 850; Andreoni and Biedermann, Ber. @, 342; Tommasi,
Bull. Soc. Chim. 20, 19 ; Dittler and Liebermann, Annalen, 183, 229.
810
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thread-like forms, resembling the finest silk fibres. It is not
attacked by boiling hydrochloric acid, but is decomposed by
continued heating with caustic potash solution.

a-Acetomethylnaphthalide, C,;H,N(CO.CH,)CH,, is formed
when a-methylnaphthylamine is boiled with acetic anhydride,
and crystallizes from hot water in small prisms, melting at
90—91°!

a-Acetophenylnaphthalide, C,;H,N(CO.CH,)C,H,, is prepared
by heating phenylnaphthylamine with acetic anhydride, and forms
indistinct crystals, which melt at 115° (Streiff).

p-Phenylene-a-acetonaphthalide, (C,,H,N.CO.CH,),C,H,, forms
white plates, melting at 210° (Ruoff).

a-Dinaphthylacetamide, (C,gH,);N.CO.CHj, crystallizes from
alcohol in stellate aggregates of small, yellowish needles, melting
at 217° (Benz).

a-Thio-acetonaphthalide is formed when ethenylnaphthyl-
amidine is heated with carbon disulphide :

NH s
CH,.C< + CS, = CH,.C< + CNSH.
NH.C, H, NH.C,H,

It may be more simply obtained by melting a-acetopaphthalide
with phosphorus pentasulphide® It crystallizes from alcohol in
well-developed white tablets, which melt at 110—111°,

Like thio-acetanilide, it behaves in many reactions as the
tautomeric mercaptan :

CH,;.C SH
s
\NC,H,

a-Benzonaphthalide, C,;H, NH(CO.CgH,), is obtained by the
action of benzoyl chloride on a-naphthylamine,* and also by
heating the latter with benzoic acid.® It crystallizes from alcohol
in needles, melting at 159—160°.

a-Thiobenzonaphthalide, C,;H, NH(CS.C,H,),is prepared in a
similar manner to the thio-acetyl compound, and resembles it in

! Landshoff, Ber. 11, 634.

2 Bernthsen and Trompetter, Ber. 10, 1756.

3 Jacobeon, Ber. 20, 1895.

4 Church, Chem. News, 5, 824 ; Ebell, Annalen, 208, 824.
5 Hofmann, Ber. 20, 1798.
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properties. It crystallizes from alcohol in yellowish needles, and
melts at 147-5—148'5° (Bernthsen and Trompetter ; Jacobson).

a-Benzonaphthalidimidochloride, C,yH,N—CCLC H,, is formed
by the action of phosphorus chloride on a-benzonaphthalide :

C,H,N(CO.C.H)H + PCl, = C,;H,N—CCLC,H, +
HCl + POC,

It crystallizes from light petroleum in large, colourless plates,
melts at 60°, and is converted by sodiomalonic ester into ethyl
a-naphthylaminebenzenylmalonate, C,\H,N—C(C,H,)CH(CO,.
C,H,),, which crystallizes from alcohol in large, hard, strongly
refractive, obtuse-angled crystals, melting at 145'5°. On heating
with dilute hydrochloric acid to 120°, acetophenone and a-
naphthylamine are obtained : !

CH
c,,H,.N:c< o
CH(CO,C,H,),

/COHB
= C,H,NH, + CO\CH, + 2CO, + 2HO.C,H,,

+ SH,0

a-Naphthylglycocoll, C,,H,. NH.CH,.CO,H, is formed on heat-
ing a-naphthylamine with chloracetic acid and sodium acetate,
and crystallizes from alcohol in needles, which melt at 198—
199°2 When heated to 230°, it forms the ankydride, (C, H,.
NH.CH,.CO),0, which crystallizes in lustrous scales, melting at
268—269°, whilst acetylnaphthylglycocoll, C,,H,.N(CO.CH,)CH,
CO,H, is obtained by heating the glycocoll with acetic anhydride,
and crystallizes from water in white prisms, which melt at 154°,
and have an acid reaction. .

a-Naphthylglycocoll is converted by nitrous acid into an
exceedingly unstable nitroso-derivative.

a-Naphthylimidodiacetic acid, C,)H,N(CH,.CO,H),, is formed
when a-naphthylglycocoll is heated to 140° for two hours with one
molecule of chloracetic acid and 1} molecules of sodium carbon-
ate. It is readily soluble in alcohol and glacial acetic acid,
sparingly-in light petroleum and benzene, from the last of which
it separates in crystals containing one molecule of benzene, which

! Just, Ber. 19, 979,
3 Bischoff and Nastvogel, Ber. 33, 1807 ; Forte, Ber. 33, 731 e.
3 Jolles, Ber. 22, 2872.
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is lost at 100°. The pure acid melts at 133—133-5°, with evolution
of gas. Ferric chloride colours its solutions red, brown, and
on heating green.!

On heating with naphthylamine to 140°, the mono- and di-
naphthalides of this acid are obtained.

Themononaphthalide, C,\H,N(CH,.COOH)CH,.CO.NH.C, H,,
is soluble in benzene and alcohol, melts at 197—199°, and
dissolves in alkalis.

The dinaphthalide, C,,;H,N(CH,;.CO.NCH,), forms colourless
crystals, melting at 200—202°.

a-Ozalonaphthalide, (C,,H, NH),C,0,, is insoluble in water,
and crystallizes from boiling alcohol, in which it is only slightly
soluble, in small scales, which melt at about 200°, and on further
heating decompose into carbonic oxide and dinaphthyl urea. It
is scarcely attacked by dilute caustic potash solution, but is
decomposed by a concentrated solution on heating (Zinin).

a-Naphthylozamic acid, C,)H,.NH.C,0,.0H, is obtained when
naphthylamine is heated to 100° with ethyl oxalate and a little

alcohol :
CO.0C.H,

éo.oo,Hs
CO.NH.C,H,

= |
CO.0.NH,C, H,

+ 2C,H,.NH, + H,0

+ 2C,H,OH.

The naphthylamine salt thus obtained crystallizes in white
needles, melting at 154°; when its solution in hot, very dilute
hydrochloric acid is allowed to cool, the free acid separates in
fascicular groups of needles, which decompose and froth up on
heating.

Ethyl a-naphthylozamate, C,;H, NH.C,0,0C,H;, is formed
when naphthylamine and ethyl oxalate are heated together
without alcohol, and crystallizes in fascicular groups of needles,
melting at 106°2

a-Succinonaphthalide, (C,\H, NH.CO),C,H,, is obtained, to-
gether with the compound next to be described, by heating
naphthylamine to 190° with succinic acid. It is scarcely soluble
in alcohol, and crystallizes from glacial acetic acid in delicate
needles, melting with decomposition at 285°3

1 Bischoff, Hausdorfer, Leykin, Ber. 23, 2003.
3 Ballo, Ber. 6, 247. 3 Hiibner, Annalen, 209, 881.
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a-Succinonaphthil or a-Naphthylsuccinimide,

CO
VAN
CloH7N\ co /Csz

is also formed when succinic acid is heated to 200° with 1:4-
naphthylaminesulphonic acid,! C,(Hy(NH,)SO,H, and crystallizes
from boiling water in coarse lustrous needles, which melt at 153°,
and are volatile without decomposition.

a-Naphthylsuccinamic acid, C,,H, NH.CO.C,H,.COH, is pre-
pared by dissolving succinonaphthil in caustic potash solution,
and crystallizes from alcohol in flat needles, which melt at
171°, and on further heating are converted into the preceding
compound.

Malo-a-dinaphthalide, C,;H,NH.CO.CH.CHOH.CONHC, H,,
is prepared by heating malic acid with naphthylamine. It can
be recrystallized from alcohol, and melts at 205°. On treatment
with acetic anhydride it yields an acetyl derivative melting at
223—224°2

Citracon-a-naphthalide or a-Naphthylcitraconimide, .

CO
CWH,N\CO>C,H4, is obtained by heating equal molecules of

citraconic acid and a-naphthylamine to 140—150°; it crystallizes
in yellow plates or small, honey-yellow, rhombic tablets, melting
at 142—143°3

CONHC, H,  Melting-
a-Citrodinaphthylamic acid, HO.C;H, \88 NHCmH, point.

OH
smallneedles . . . . . ... ... ..... 149°
a-Cltmt.nnaphthylam1de HO.C H‘(CO NH CioH,)s
microscopic prisms . . . . . . . . . .. 129°
/CO NH CloH.,

a-Citrodinaphthylamidimide, HO.C, H‘\CO>N C.H’
YUty

six-sided plates®. . . . . . . ... ... .. 194°

a-Naphthylamido-m-nitrobenzoie  acid, C,H,NH.C,H,(NO,)
CO,H, is formed when a-naphthylamine is heated with p-bromo-

1 Pellizzari and Matteucci, Chem. Centralbl. 59, 1000.
3 Bischoff and Nastvogel, Ber. 28, 2046.

3 Morawski and Gliser, Monatsh, Chem. 9, 284.

¢ Hecht, Ber. 19, 2616.
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m-nitrobenzoic acid as a reddish-brown amorphous powder. The
ethyl ester crystallizes from alcohol in reddish-brown plates,
melting at 109° On reduction, the acid yields the correspond-
ing amido-acid, which crystallizes from dilute alcohol in white
needles, decomposing at 90.!

a~-NAPHTHYLAMIDINES.

2628 Ethenylnaphthylamidine, CHC(NH)NH(C, H,), is ob-
tained by heating a-naphthylamine hydrochloride to 160—
170° with acetonitrile :

NH
CH,CN + NH,C,H, = CHC .
*~10

It is a gummy, elastic mass, which is insoluble in water, but
dissolves readily in alcohol, and has an alkaline reaction.

Ethenylnaphthylamidine hydrochloride, C,,H, N, HCI, crystal-
lizes in lustrous, abrupt prisms, which are readily soluble in water.

Benzenylnaphthylamidine, C.HL.C(NH)NH.C, H,, is formed
when a-naphthylamine is heated to 200° with benzonitrile, and
crystallizes from alcohol in tablets which have a satin lustre,
melt at 141°, and form a faintly alkaline solution in dilute
alcohol.

Benzenylnaphthylamidine hydrochloride, C,;H, N,HC], crystal-
lizes in white prisms.?

a-NAPHTHYLCARBAMIDES.

2629 a-Naphthyl urea, COONH,)NH.C,(H,, was prepared by
Schiff by passing the vapour of cyanic acid into an ethereal solu-
tion of a-naphthylamine? whilst Pagliani obtained it, together
with dinaphthyl urea, by heating a-naphthylamine hydrochloride
to 150—160° with urea# It crystallizes from hot water or
alcohol in pliable, flat, lustrous needles, which decompose at 250°
without fusing.

1 Heidensleben, Ber. 23, 3457.

2 Bernthsen and Trompetter, Ber. 11, 1756.
3 Annalen, 101, 90. ¢ Ber. 12, 885.
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a-Dinaphthyl wrea, CONH.C(H,),, was first obtained by
Delhos by heating acid naphthylamine oxalate, and was named
by him naphthalidamcarbamide! Zinin then showed that the
same substance, which he called carbonaphthalide, is a product
of the decomposition of oxalonaphthalide, which is first formed.?
It is slightly soluble in alcohol, from which it crystallizes in
small needles, melting with decomposition at 270° (Pagliani).

a-Ethyl naphthylearbamate, CO(OC;H;)NH.C,(H,, is formed -
by the action of ethyl chloroformate on a-naphthylamine. It is
insoluble in water, and crystallizes from alcohol in needles,
melting at 79°3

a-Naphthyl thio-urea, CS(NH)NH.C, H,, is obtained by
heating a solution of naphthylamine hydrochloride with ammo-
nium thiocyanate, and crystallizes from hot alcohol in small,
rhombic prisms, which melt at 198°4

a-Naphthyl allyl thio-urea, CS(NH.C;H,)NH.C, ;H,, was pre-
pared by Zinin by the action of mustard oil on a-naphthylamine®
It forms small crystals, melting at 145°, and, like other allyl
thio-ureas, is converted by heating with hydrochloric acid into
the basic naphthylpropylene pscudothio-urea :

O, H,
N<Y _ CH,—CH. s\c_N CiH,

\N<CH$_CH_CH’3 (!H N7 N\H

This substance crystallizes in rhombic tablets melting at 134°
and forms a picrate, which crystallizes in rectangular needles,
and a platinochloride, which is an orange coloured crystalline
precipitate.

a-Naphthyl phenyl thio-urea, CSINH.CH)NH.C, H,, is formed
by the action of phenyl mustard oil on a-naphthylamine’ and of
aniline on a-naphthyl mustard oil® It crystallizes in plates,
which are only slightly soluble in alcohol and melt at 158—159°.
When it is heated to 150—160° with concentrated hydrochloric
acid, all four of the substances from which it has been prepared
are formed.?

a-Dinaphthyl thio-urea, CS(NH.C, H,);, was obtained by
Delhos by boiling a-naphthylamine with carbon disulphide and

! Annalen, @4, 370. 3 Annalen, 108, 228. 3 Hofmann, Ber. 3, 657.

4 Clermont and Wehrlin, Bull. Soc. Chim. 28, 125.

S Annalen, 84, 846. ¢ Gabriel, Ber. 22, 3000.

7 Hofmann, Jahresh. 1858, 850. 8 Hall, Jahresh. 1858, 3560.
9 Mainzer, Ber. 15, 1414,

S:C
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absolute alcohol ;! according to Schiff it may be more con-
veniently prepared by heating to 100° without the addition of
alcohol? It is only slightly soluble in hot alcohol and glacial
acetic acid, and crystallizes in strongly lustrous needles, which
melt at 203°2 On boiling with alcoholic potash it is converted
into dinaphthyl urea (Delhos), whilst on heating with benzene
and mercuric oxide, a~carbodinaphthylimide, C(NC,,H,),, is formed.
This substance crystallizes from a mixture of benzene and ether
in large prisms, melting at 93—94°, is converted into a-dinaphthyl
urea on heating with dilute alcohol, and combines with sul-
phuretted hydrogen to form the original dinaphthyl thio-urea.*

B-AMIDONAPHTHALENEor 3-NAPHTHYLAMINE,
C,oH, NH,,

2630 This base was first obtained by Liebermann by boiling
1 : 2-bromonitronaphthalene with tin and hydrochloric acid® It
is also formed, together with B-dinaphthylamine, when B-
naphthol is heated to 200—210° with zinc chloride ammonia.®
The same products are obtained, accompanied by B-aceto-
naphthalide, by heating B-naphthol with ammonium acetate to
270—280°7 Gribe has found that it can also be prepared by
acting on heated S-naphthol with gaseous ammonia® and this
reaction is utilized in its manufacture. The apparatus consists of
three iron boilers, which will withstand a considerable pressure,
and are connected with one another by air-tight joints. The gas
is evolved by heating a concentrated solution of ammonia con-
tained in the first vessel, is dried by caustic lime contained in
the second, and in the third is brought into contact with
B-naphthol heated to 150—160°; the conversion proceeds
gradually, and is accompanied by a diminution of the pressure.
After 60—70 hours about half of the naphthol has been con-
verted into the base and the operation is then interrupted, the
naphthol removed by caustic soda, and the 8-naphthylamine ex-
tracted from the product by dilute hydrochloric acid, dinaphthyl-

1 Annalen, 84, 870.

? Annalen, 101, 90 ; see also Evers, Ber, 21, 962.

3 Baeyer, Ber. 12, 1860. 4 Huhn, Ber. 19, 2404.
5 Annalen, 188, 258. ¢ Ber. 13, 8100.

7 Merz and Weith, Ber. 14, 2243 ; Calm, Ber. 15, 618.
8 Calm, Ber. 13, 1349,
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amine which is formed more abundantly on heating longer and
more strongly, and which has scarcely basic properties, being
left behind. According to a simpler process, 10 kilos. of
B-naphthol are heated with 4 kilos. of caustic soda and 4 kilos.
of ammonium chloride to 150—160° for 60—70 hours.

It is also abundantly formed when B-naphthol is heated for
two hours to 230—250° with calcium chloride ammonia contain-
ing water, and the temperature finally raised to 270-280° for six
hours; 80 per cent. of 8-naphthylamine and 12—183 per cent. of
B-dinaphthylamine are thus obtained, and these are then
separated from one another and from unattacked S-naphthol as
described above.?

B-Naphthylamine is slightly soluble in cold, readily in hot
water, alcohol and ether, and crystallizes in nacreous plates
melting at 112°. It boils at 299-5°2% and is distinguished from
the a- compound by the facts that it is odourless, gives no charac-
teristic reactions with oxidizing agents or alcohol containing
nitrous acid, and does not become coloured in the air. Its
aqueous solution shows a blue fluorescence, but not that of its
salts.

It is employed for the manufacture of azo-colouring matters.

B-Naphthylamine hydrochloride, C,;H, NH,C], ¢ izes in
small plates, which are readily soluble in water and alcohol, but
only slightly in hydrochloric acid.  The platinochioride,
(C,,H,.NH,),PtCl;, forms yellow plates, which are soluble in
cold water.

B-Naphthylamine sulphate, (C,;H,NH,),SO,, is less soluble
than the a-compound, and ecrystallizes from hot water in
fine plates.

B-Naphthylamine picrate, C,;H,N.CgH4(NO,);0, crystallizes
from alcohol in long yellow needles.

B-Naphthylamine silicon chloride, (C,,;H,NH),SiCl,, is formed
when silicon chloride is added to a solution of 8-naphthylamine
in benzene, naphthylamine hydrochloride separating out as a
very voluminous precipitate. On evaporating the filtrate, the
compound is obtained as a white powder, which decomposes
without fusing when heated.*

! Schultz, Steinkohlentheer, 1, 864.

1 Benz, Ber. 16, 8.

3 Bamberger, Ber. 22, 772,

4 Harden, Journ. Chem. Soc. 1887, 1, 45.
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SECONDARY AND TERTIARY 8-NAPHTHYL.-
AMINES.

2631 Dimethyl-B-naphthylamine, C,H,N(CH,),, was ob-
tained by Hantzsch by heating B-naphthol with commercial
trimethylamine, containing methylamine, to 200°, and treating
the product with methyl iodide ; the hydroxide prepared from
the trimethylnaphthylammonium iodide thus obtained decom-
poses on dry distillation into methyl alcohol and dimethyl-8-
naphthylamine! According to Bamberger and Miiller, it is
better to prepare the ammonium iodide by heating S8-naphthyl-
amine to 120° with methyl iodide, caustic soda and water, and
to decompose it by distillation with potash2 Dimethyl-8-
naphthylamine is a crystalline mass, melts at 46°, and boils at
305°, Its salts are readily soluble, with the exception of
the platinochloride, which is only slightly soluble even in
boiling alcohol.

Trimethyl-B-naphthylammonium iodide, C,)H,(CHy),NT, crys-
tallizes in thin plates with a satin lustre or silver-white tablets,
which have a bitter taste and are sparingly soluble in cold
water and alcohol. Its hydroxide solidifies in vacuo to a
crystalline, strongly alkaline, but not very caustic mass.

Ethyl-B-naphthylamine, C;;H,(NH.C;H,), is an oily liquid,
which distils at 305° (716 mm.)® and does not solidify in a
freezing mixture. Its Aydrochloride crystallizes from hot water
in elegant plates, which melt at 235°, and volatilize on further
heating almost without decomposition.

Ethyl-B-naphthylnitrosamine, C, H,.N(NO)C;H;, forms colour-
less crystals, melting at 56°4

Diethyl-B-naphthylamine, C,;H,N(C,H,),, is‘a viscid, oily
liquid which rapidly becomes brown in the air; the colouration
disappears on heating but returns on cooling. It boils at 316°
under a pressure of 717 mm.

Diethyl-B-naphthylamine hydrochloride, C,,H,N(C,H)HCI,
separates out when hydrochloric acid is passed into a solution of
the base in anhydrous ether, in the form of elongated six-sided
microscopic tablets, whilst on the evaporation of the aqueous

1 Ber. 18, 2053. 1 Ber. 22, 1306,

3 Bamberger and Miiller, Ber, 22, 1297,
¢ Henriques, Ber. 17, 2668 ; Fischer and Hepp, Ber. 20, 1247.
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solution it is usually left as & viscid syrup, which soon solidifies
to groups of needles, resembling wavellite. It is decomposed
by heated lime into B-naphthylamine and a combustible gas,
which Bamberger and Williamson consider to be butylene,! but
which is probably ethylene.

Phenyl-B-naphthylamine, C,H,NH.CH,, is formed when
B-naphthol is heated with aniline hydrochloride,? or zinc chloride
aniline® It is, however, best prepared by heating a molecule
of B-naphthol with two molecules of aniline and one molecule
of calcium chloride for nine hours to 280°# It is freely taken
up by the usual solvents at their boiling-points, sparingly in the
cold, and crystallizes from hot methyl alcohol in hard, colourless,
rhombic needles, which melt at 108° Its solutions show a
blue fluorescence. It boils at 395°, and is decomposed into
anilige and B-naphthol when heated to 240° with concentrated
hydrochloric acid. If hydrochloric acid be passed into its
solution, the hydrochloride separates as a snow-white, crystalline
powder, which is decomposed by water. Its picrate forms
brownish needles, which decompose in moist air.

Phenyl-B-naphthylnitrosamine, C,;H,N(NO)C Hj,, is obtained
when amyl nitrite is added to a solution of the base in benzene
and crystallizes in yellow prisms melting at 93°.5

Melting-point.
o-Tolunaphthylamine, C,;H,N(C,H,CHyH,
smallplates. . . . . . . . ... ... . 95—96°
p-Tolunaphthylamine, mH,NI-IC H,.CH,,
lustrous plates® . . . . . . . .. .. .. 104°

B-Dinaphthyl-p-diamidobenzene, or p-Phenylene-B-naphthyl-
amine, CH (NH.C,/H,),, is formed when p-diamidobenzene
is heated with B-naphthol to 200°, and crystallizes from boiling
aniline in plates, melting at 235°, which are insoluble in dilute
acids. Its solution in concentrated sulphuric acid is coloured
greenish-violet and then deep-blue by sodium nitrite. When it
is heated with a solution of picric acid in alcohol the compound
C.H,(NH.C,,H,); + 2CHy(NO,),0 is formed, which crystallizes
from a mixture of benzene and light petroleum in lustrous black
needles.”

1 Ber. 22, 1760. ? Merz and Weith, Ber. 13, 1208,
3 Griibe, Ber. 13, 1849. 4 Friedlinder, Ber. 16, 2075.

5 Streiff, Annalen, 209, 159.

® Merz and Weith, Ber. 14, 2843 ; Witt, Ber. 20, 578.

7 Rueff, Ber, 22, 1080,
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B-Dinaphthyl-m-diamidobenzene is prepared in a similar manner
and forms violet, matted needles, melting at 126°.!

B-Dinaphithylamine, (C,)H,),NH. The preparation of this
substance has already been mentioned under B-naphthylamine.
It is also formed when hydrochloric acid is passed into B-
naphthylamine heated to 170—190°2 and crystallizes in silvery
plates, melting at 170'5°, which are sparingly soluble in boiling
alcohol, readily in boiling glacial acetic acid and benzene; its
solutions show a blue fluorescence. On heating to 240° with
hydrochloric acid, it decomposes into S-naphthol and 8-naphthyl-
amine, whilst much B-naphthylamine is formed when it is
heated to 370° with zinc chloride ammonia and ammonium
chloride® Its crystalline hydrochloride is also decomposed by
water, and it forms a picrate which crystallizes in hair-like
reddish-brown needles, melting at 164—165° (Benz). .

B-Dinaphthyinitrosamine, N(C,H;),NO, is formed when the
base is mixed with alcohol and sulphuric acid and a concentrated
solution of sodium nitrite added ; it crystallizes from benzene
in white fascicular groups of needles, which become brown on
heating, and melt at 139—140°4

Ris has also prepared the following compounds :

Melting-point.

Methyl-8-dinaphthylamine, (C,,H,),NCH,, needles 139—140°
Ethyl-8-dinaphthylamine, (C,,H,),NC;H,, needles  231°

a-B-Dinaphthylamine is not obtained when a-naphthol is
heated with B-naphthylamine, the product being in this case
B-dinaphthylamine ; it is, however, formed when B-naphthol is
heated to 280° with a-naphthylamine and calcium chloride
ammonia containing water. It crystallizes in prisms, which
have a vitreous lustre, melt at 110—111°, and dissolve readily
in hot alcohol and benzene. Its picrate crystallizes in small,
brownish-black needles, melting at 172—173°5

! Ruhemann, Ber. 14, 64. 2 Klopech, Ber. 18, 1585.
3 Ris, Ber. 19, 2016, 4 Ris, Ber. 20, 2618,
8 Benz, Ber. 16, 17.
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B-NAPHTHALIDES.

2632 B-Formonaphthalide, C,;H,NH.CHO, is formed when
B-naphthylamine is heated with ethyl formate * or boiled with
formic acid ;? it crystallizes in plates, melting at 129°.

B-Acetonaphthalide, C,,H, NH.CO.CH,, is obtained together
with 8-dinaphthylamine by boiling 8-naphthylamine with glacial
acetic acid?® and by heating B-napht