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I. INTRODUCTION

Of the seven possible quinolinols only 8-quinolinol forms chelate compounds
with metal ions. The uses of these chelate compounds for the determination of
the metals, particularly magnesium and aluminum, have been the subject of
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more than five hundred articles since 1927, as well as of several reviews (15, 96,
152, 293). Medicinal and agricultural uses of 8-quinolinol have been investigated
in equal detail, starting before 1900 (211), and the fungicidal and bactericidal
action of the compound has been attributed in part to its ability to chelate with,
and thus inactivate, essential trace metals.

In addition to chelatlon reactions 8-quinolinol forms salts with both acids and
bases and undergoes most of the typical phenol and quinoline reactions. In its
phenolic properties (83) it resembles a-naphthol except for some decrease in
activity and alteration of products in a few reactions, a difference which is due
to its chelating and basic functions.

8-Hydroxyquinoline is the name most frequently used in the analytical litera-
ture; the trivial name oxine is very convenient, particularly for the description
of the chelate compounds, which may be called oxinates.

This review is concerned only with the chemical reactions of 8-quinolinol and
covers the literature through 1954,

II. ReacTiONS OF 8-QUINOLINOL WITH METAL Ions

Disregarding water of crystallization the normal chelate compounds of 8-
quinolinol have the formula M(CesH¢NO),, in which 7 is the valence of the metal
ion M. Ions giving normal oxinates include Cut2, Bet2, Mg*?, Cat?, Sr+2, Bat?,
Znt2, Cd+2, Al+¢, Gats, Int3, TI+3, Yt+3, La+t, Pb*2, Sb+3, Bi+s, Cr+?, MoO7?,
Mnt?, Fet?, Cot2, Ni+2, Pd+2, Ce*?, Prt3, and several of the other rare earths.
Usually only one valence state of an element forms an insoluble, stable chelate
compound because of the oxidizing and reducing action of 8-quinolinol itself;
for example, ferrous ion can be oxidized to ferrie, cerous to ceric, and chromous
to chromic, and chromate ion can be reduced to chromic.

The strong tendency for the oxinates to form is shown by the good yields that
can be obtained from the direct solution of zine, copper, and other metals in
nitrobenzene—alcohol solutions of 8-quinolinol (306) and in the molten reagent.
The stability constants for many of the divalent metal oxinates have been meas-
ured in mixtures of dioxane and water (130, 133, 166, 179, 184) and follow, with
minor exceptions, the order of decreasing stability that seems to be common to
all chelating agents (131): Pd > Cu > Ni > Co > Zn > Cd > Mn > Mg. The
stabilities are remarkably great (133) as compared to most of the other chelating
agents for which data are available, including a number of 8-quinolinol deriva-
tives and structural analogs.

The absorption spectra of the divalent metal oxinates show a bathochromic
shift of the principal band of 8-quinolinol that is greatest for the most stable
chelates (273). By the same criterion cobaltic and chromic oxinates were judged
to be more stable than the aluminum, gallium, indium, and thallic chelates. In
most of the metal oxinates the principal absorption band seems to be the 8-
quinolinol band in acid solution displaced to longer wavelengths, as might be
anticipated for the replacement of hydrogen by elements of greater weight and
size (186, 188).

The solubility-product constants of the oxinates as reported by various work-
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TABLE 1
Solubility products of metal oxinales
Metal Ion pK Reference Metal Ion pK Reference

Cu*? ... ... 29.57 (200) Ca*2.............. 11.22 (197)
Nit, oo 26.05 (199) Sr*2 9.33 (198)
CoMiiiiieiin, 24,77 (199) Ba‘t......ii., 8.49 (198)
Zn*2 .. 24,50 (200) Alfs. ..o 32.3 (148)
Pbte. . 22.00 (199) Ga¥s............ 40.8 (148)
Cd*. ...l 21.956 (200) In*s, .. . ... .. ... 36.7 (148)
Mn* .. ... .......... 17.8 (28) T 37.2 (28)

Mg 15.55 (198) Fett.....oio... 47 (251)

ers show very unsatisfactory quantitative agreement (18, 28, 148, 197, 198, 199,
200, 227, 286), possibly because much of the work is based on inexact data on the
pH of precipitation. Qualitatively, however, the most stable chelate compounds
have the lowest solubility in water (table 1) and the solubility of all of them is
very low. For many divalent ions thermodynamic solubility-product constants
have been calculated and these are probably very reliable; the constants for the
trivalent ions can not be considered so reliable: for example, values for the
solubility product of ferric oxinate differing by 10'® are available in the recent
literature.

Thermal stability studies of most of the metal oxinates have been performed
with the Chevenard thermobalance (71); some are stable at temperatures as
high as 300°C., with cadmium oxinate remaining undecomposed up to 384°C.
The majority of the divalent metal oxinates carry two molecules of water at room
temperature (27); the degree of hydration at other temperatures and the tem-
perature required to remove water have been the subjects of much conflicting
data in the analytical literature.

That residual valence forces exist in the metal oxinates is shown by their
ability to add hydrogen chloride (285), one molecule adding to each oxygen and
nitrogen; thus, divalent metal oxinates add four molecules and trivalent oxi-
nates six.

Although 8-quinolinol is said to be in the form of a keto tautomer to an extent
of about 30 per cent in some solvents (258), the oxinates are not obtained from
the keto form (257) but are formed through an electrovalent bond to oxygen and
a codrdinate bond to nitrogen. The formation proceeds stepwise, one molecule
of oxine reacting with the metal ion to give M(CyHNO)*1 (I), followed by re-
action with another oxine molecule to give M(CoHNO); % and so on until a
neutral compound is obtained. Sometimes these intermediate ions can be identi-
fied in solution or precipitated as basic salts.

2%
Mt 4 | -
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On the basis of stability regularities two classes of divalent metal oxinates have
been distinguished (214): those in which the metal ion reacts primarily with the
negatively charged oxygen (zine, cadmium, magnesium) and those in which
primary reaction may possibly be with the covalent nitrogen (cobalt, copper,
nickel).

In the completed chelate compounds bonding of the metal seems to be pre-
dominantly ionic in the magnesium, nickel, and zine compounds, since these
rapidly exchange their metal content with the corresponding ions. Indication of
ionic bonding in the copper chelate as well is provided by the coupling of this
compound with diazonium salts in an acid solution, a reaction which requires
the oxinate ion and therefore occurs with oxine itself only in an alkaline solution
(147). Since aluminum oxinate does not couple under similar conditions, the
bonds to aluminum may be considered predominantly covalent.

X-ray diffraction studies of zinc oxinate dihydrate have shown (181, 182) a
trans-planar arrangement of the two oxinate groups about the central zine atom
(II); since the zinc, cadmium, lead, cobalt, copper, and nickel compounds are
isomorphous, this same configuration should exist in all. However, the anhydrous
zinc oxinate appears to have a tetrahedral zine atom (III).

H,0 N
II I11

Scandium, thorium, uranium, and plutonium form unusual oxinates con-
taining an added molecule of reagent, as indicated by the formulas
Sc(CeHeNO);-CH;NO, Th(CeHeNO)y- C,H:NO,  UO,(CHgNO)- C.H-NO,
and PuO2(CsHeNO),- CaH;NO. This excess reagent is loosely bound, probably
by weak lattice forces (189, 238), so that the compounds are stable only in the
solid phase and lose the added oxine on heating.

The alkali metals and the thallous ion apparently can not form chelate com-
pounds with oxine but do yield rather insoluble salts from an alkaline solution.
Germanium, niobium, tantalum, and several non-metallic elements form com-
plex compounds with 8-quinolinol which have indefinite or inadequately de-
scribed structures. Mercuric compounds are unique in substituting in the
quinoline ring, a reaction characteristic of phenols.

In the following sections the formation of chelate compounds by the individual
elements will first be discussed and then the reactions yielding salts or complex
compounds other than chelates.
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A. CHELATE COMPOUNDS
1. Elements of Group I

Silver nitrate reacts with 8-quinolinol to precipitate a complex compound
that is formulated as the nitrate of the ion [Ag(CeH;NO),]*! (IV), in which all
bonds to silver are coérdinate. The a-bromo-d-camphor-r-sulfonate of this ion
has been resolved into optical isomers (124), but neutralization of the salt results
in loss of optical activity. Neutralization of the nitrate gives the chelate com-
pound Ag(CoHNO)(C,H,NO) (V).

i ~ | N
N7 N7
; ;
MO Ay oy | O\"}'ﬁ---OH
x
- v - v

A reported preparation of an argentic oxinate (202) has been discredited (24),
because divalent silver is too strong an oxidizing agent to exist in the conditions
specified for the preparation, and even silver acetate can be partially reduced to
the metal by 8-quinolinol. The claim that a trivalent silver oxinate (206) was
obtained must be considered very questionable.

According to x-ray diffraction studies (142) cupric oxinate dihydrate has a
square-planar arrangement of the two oxine residues about the copper, with the
molecules of water above and below the plane; it is presumed (142) that the
square-planar arrangement would be preserved in the anhydrous oxinate also.
Although the magnetic moment of copper oxinate has been measured (242), it
offers no conclusive information about bond type; however, ionic bonds are not
probable for the square-planar structure.

Gold chelates of 8-quinolinol are apparently unknown; some difficulty in pre-
paring them might be expected because of the reducing properties of oxine.

2. Elements of Group II

All elements of this group except mercury form divalent ion oxinates, all char-
acterized by a yellow fluorescence. Mercuric salts substitute in the 5- and 7-
positions of the quinoline ring (see page 284), but the possibility that they also
form chelates is not excluded.
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The only oxinate of the group that offers difficulties in preparation is the beryl-
lium compound; although the normal oxinate, Be(C{H¢NO),, can be prepared
(69), it is hard to obtain in a pure condition and is not recommended for use in
analysis (96).

Magnesium oxinate is one of a very few magnesium compounds sufficiently
stable not to precipitate magnesium hydroxide on boiling with sodium hydroxide,
but its magnesium content is rapidly exchanged with magnesium salts, even in a
two-phase system, as shown by investigations using radioactive magnesium
(248). A similar rapid exchange of zine¢ in the zinc oxinate (6, 106) is evidence
that these chelates have essentially ionic bonds to the metal.

Heating magnesium oxinate at 160°C. for some time is said to produce mag-
nesium oxide and 8,8’-diquinolyl ether (27), but the ether has not been ade-
quately identified and characterized.

3. Elements of Group I11

With the exception of boron and scandium all elements of Group III form nor-
mal oxinates of the formula M(CsHNO)s. Scandium resembles thorium in form-
ing an oxinate carrying an extra molecule of oxine (236, 237) that is only weakly
bound (238). Although no chelate compounds of boron with oxine are known,
tetraphenyldiboron oxide (207) and the pyrocatechol-borate complex,

CsH40,BOBO:CsH,

form crystalline salts (252).
In addition to the normal thallic oxinate (87, 88, 185) a thallous compound,
T1(C:HeNO), probably a salt, can be prepared (185, 244).

4. Lanthanides and actinides

Although all the rare earths have not been tried in reactions with 8-quinolinol,
normal oxinates of the trivalent ions appear to be the usual products. Some dif-
ficulties in obtaining pure rare earth oxinates seem to be due to their ready
hydrolysis. There are indications (133) that the stability of the rare earth oxinate
series increases as the inner electrons are filled in.

The stabilization of rare valences of the lanthanides by the formation of
oxinates has been attempted, but claims of quadrivalent praseodymium (143,
203) and neodymium (204, 205) chelates are based on incorrect experimental
interpretation (241). The preparation of a ceric oxinate, Ce(C:HsNO),, by the
addition of 8-quinolinol to a neutral cerous solution (234) is interesting because
quadrivalent cerium quantitatively oxidizes oxine in acid solution, while in this
reaction 8-quinolinol oxidizes cerium. The oxidation does not take place rapidly,
and in the presence of tartrate a cerous oxinate may also be obtained.

Oxinates of the actinides that have been investigated contain added molecules
of 8-quinolinol, as shown by the following formulas: Th(CsHNO)s-CH;NO
(81, 100), UO:(CoHeNO);CoH;NO (10, 289), and PuOy(CeHeNO), C:HNO
(121). A color change is associated with the loss of the added reagent by heating.
By precipitation from a cold solution it is possible to obtain directly the normal
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thorium oxinate, Th(CoHeNO),. Tracer studies of the distribution of thorium
between oxine in water and chloroform show the presence of additional complex
compounds (72). The normal oxinate of quadrivalent plutonium, Pu(CoHeNO),,
has also been prepared (217).

5. Elements of Group IV

Information about chelate compounds of oxine with Group IV elements is
incomplete. The only ion of this group that certainly forms the normal oxinate is
divalent lead. This chelate presumably has the frans-planar structure with no
appreciable dipole moment (44); its position in the stability series for divalent
ions is anomalous as compared to lead compounds of other chelating agents (133).

An oxinate of the titanyl ion having the formula TiO(CyH¢NO); has been re-
ported, but it is probably always contaminated with basic compounds such as
TiO(OH)(C:HNO) and Ti(OH):(CsHeNO), (27) so that analysis for titanium
with oxine is unsatisfactory. Although zirconium is precipitated by 8-quinolinol
the product does not correspond to any simple formula and may be considered
a mixture of varying proportions of ZrO(CyHNO)s, Zr(OH)y(CsHeNO)s,
ZrO(OH)(C:H¢NO), and ZrO(OH), (27).

6. Elements of Group V

Only antimony, bismuth, and vanadium of this group form definite chelate
compounds with 8-quinolinol. Trivalent antimony gives the normal oxinate,
Sb(CyHeNO); (235), and esters of antimony compounds with oxine have also
been mentioned (65). Bismuth similarly forms a normal oxinate that is useful in
analysis (293), as well as the basic compounds Bi(OH):(C,H:NO) (80) and
Bi(NO;)(CsHeNO), (62). Bismuth chloride gives a derivative for which the
formula BiCl;(C,H;NO),-2HCI has been written (62); in this compound the
bismuth is supposed to be attached by secondary valence forces to the 5- and 7-
positions of the two oxine molecules, because a similar compound is obtained
from 8-methoxyquinoline but not from 5,7-dibromo-8-quinolinol. It would seem
more plausible to consider the compound a salt. In the presence of iodide bismuth
compounds give a voluminous red precipitate of the HBil, salt of oxine (150).

The reactions of several of the valence states of vanadium with oxine have
been studied. In an acid solution vanadates give a black precipitate recently
assigned the formula VO(OH)(C,HeNO). (21, 192) and supposed to be a normal
chelate of the ion VO(OH)*2 In alkaline solution vanadates give yellow com-
pounds such as VO(ONa)(CHgNO),, which are salts rather than chelates; on
acidification these salts are converted to the black chelate. Two out of six pos-
sible geometric isomers of the chelate have been isolated, one violet and corre-
sponding to a trans-syn-syn configuration, the other red and having the frans-
anti-anty configuration (21). Since the violet form is converted to the red in
chloroform by alcohols, this reaction is used as a test for alcohols (22, 36) and
other color reactions with other functional groups have also been described.

Reduction of VO(OH)(CsHeNO); with hydrogen over palladium (21) gives
the quadrivalent vanadium chelate, VO(C;HgNO),, a compound also obtained
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from the reaction of vanadyl sulfate with oxine. Further reduction with hydrogen
produces the trivalent vanadium compound, V(OH)(CsHNO),, while the normal
oxinate of this valence state, V(CsHgNO)s, is formed by the direct reaction of
vanadic sulfate with oxine. A vanadous oxinate, stabilized by the addition of two
molecules of pyridine, has also been reported (63).

7. Elements of Group VI

Hexavalent molybdenum and tungsten form chelate compounds with oxine
having the formulas MoOy(CsHeNO), and WO,(CoHeNO),; the formula of the
tungsten compound has been questioned, however (71). Hexavalent chromium
is reduced by 8-quinolinol (118) and chromous ion is oxidized (138), so that the
only simple chelate compound obtainable is chromic oxinate, Cr(CsHeNO)s,
and the reported preparation (128) of a chromous oxinate is incorrect (138).
Complex ammines of chromium containing one or more oxinate anions have been
obtained from reacting the appropriate complex cation with the potassium salt
of 8-quinolinol (275), yielding such compounds as [Cr(NH,)e(CeHeNO); and
[CI[CO(NHz)z]s](CgHsNO>3

8. Elements of Group VII

Of this group only the manganous ion has been shown to form the normal
oxinate, Mn(C;HNO),. Heptavalent rhenium is not precipitated by oxine, but
an adequate search for possible chelate compounds of the many other valences
of this element has not yet been made.

9. Elements of Group VIII

The usual product from reacting either ferrous or ferric solutions in air with
8-quinolinol is the black ferric oxinate, Fe(C;HNO)s, but the intense green of
acid solutions of ferric ion and oxine is ascribed to the intermediatedion
Fe(CyHNO)*2 (251), and the basic salt FeCl(C,HNO), is also known (101).
Complex ferric compounds such as the fluoride and phosphate are said to give
the same color reaction as the free ferric ion; only the ferrocyanide ion is suf-
ficiently stable to give no color (265). A red ferrous oxinate can be prepared
(131, 306) but is stable only under reducing conditions (166).

The divalent nickel oxinate, Ni(CyHeNO),, is paramagnetic (183, 299) and
exchanges rapidly with nickel ions (119); from this information it is concluded
(11) that nickel is tetrahedral in this compound. The oxinate can add three
molecules of pyridine to give a paramagnetic compound in which nickel has a
codrdination number of six, one molecule of the pyridine being regarded as solvent
of crystallization (11).

The divalent cobalt oxinate is the only derivative encountered in analytical
practice, but a cobaltic oxinate is known (1, 146) as well as complex cobaltic
ammines containing oxinate anions (275).

Of the platinum metals palladous ion forms a normal oxinate, Pd(CsHeNO),
(89), as well as an 8-quinolinol salt of the complex acid HoPd(CN)s (90). A
trivalent ruthenium derivative has been mentioned (293) but without any de-
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tails, and apparently no data for the reactions of the other platinum metals
exist.

B. SALTS AND COMPLEX COMPOUNDS

The alkali metals form salts in alkaline solution with 8-quinolinol that increase
in solubility with increasing atomic weight of the alkali metal (280). The lithium
salt has a sufficiently pronounced fluorescence that this property has been sug-
gested for lithium determination (296).

A number of salts of heteropoly acids with 8-quinolinol have been used in
gravimetric analysis (30). These include silico- and phosphomolybdates and
tungstates and a germanomolybdate; probably the most complex salt of this
class for which a formula has been written (165) is 6C,H;NO-Py0;-V,0;-
22M003 . -’CHzO

Arsenic trichloride in ethyl acetate reacts with 8-quinolinol to form a yellow
compound, AsCl;- C;H;NO, which is probably a salt (99). Arsenite ion is pre-
cipitated by oxine, but the nature of the product has not been elucidated (113).

Niobium and tantalum are precipitated with oxine as complex compounds of
uncertain structure containing about 5.5 moles of oxine per mole of the pentava-
lent metal oxide (293).

Tellurium tetrachloride forms an addition compound with oxine (243).

I11. PuEnoL REACTIONS

The hydroxyl group of 8-quinolinol is a strong ortho—para-directing influence
so that most substituents are introduced in the 5- or 7-position, with the more
active electron-seeking reagents substituting in both positions. Generally the
5-position is attacked first. For electron-seeking reagents the influence of the
quinoline nitrogen on substituent position is negligible.

Phenolic reactions requiring metallic catalysts such as zinc and aluminum
chlorides are sometimes difficult, since these metals may be chelated and thereby
inactivated as catalysts; for example, the Pechmann and Fries reactions have
been reported unsuccessful and the Friedel-Crafts reaction gives rather poor
results.

A. REACTIONS OF THE HYDROXYL GROUP
1. Ethers and esters

The Williamson ether synthesis using sodium oxinate and an alkyl halide some-
times gives low yields, owing to the formation of quaternary salts of both 8-
quinolinol and the ether produced from it. Methyl iodide gives a 12 per cent
yield of 8-methoxyquinoline (13, 62, 93, 98), dodecyl bromide 40 per cent of the
corresponding ether (144), and ethylene chlorohydrin 19 per cent (37). However,
a series of alkyl halides containing from three to eleven carbon atoms gave yields
ranging from 50 to 70 per cent (262), and some dihalogenated alkanes can be
made to react with two moles of 8-quinolinol (171, 272). In general, alkyl sul-
fates (93, 135) or alkyl p-toluenesulfonates (37) give better yields than the hal-
ides. The highest yield obtained by any method is 89 per cent for the 8-hydroxy-
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ethyl ether, using ethylene carbonate as alkylating agent (39). A vinyl ether has
been made from the reaction of oxine with acetylene (86).

The reaction of diazomethane with 8-quinolinol unexpectedly gives only a
small amount of 8-methoxyquinoline (40), the principal product being a red,
water-soluble compound of structure (VI) somewhat similar to pyocyanine and re-
sulting from the methylation of nitrogen rather than oxygen (223, 253).

AN N
+ CH:N, —
N7 ‘ \Nf'_
O_

! |
CH,

oH
VI

Acid chlorides, both carboxylic (41, 136, 156, 284, 290, 301, 306) and sulfonic
(42, 74, 245), give generally excellent yields of 8-quinolinol esters, a few of which
are commercially available. Carbamates may also be obtained through reactions
of 8-quinolinol with isocyanates (122, 153, 196).

2. Bucherer reactions

A quantitative yield of 8-aminoquinoline results from heating oxine with
ammonium sulfite in an autoclave for several hours at 150°C. (303). As indicated
by the following reaction sequence, the keto tautomer of oxine is the reactive
form.

H2 H2

H,
N\ N N Z NN\
' ' J (NH,):80; N — l
N7 N7 N7 X \NZ
l
0

N
HO SO,NH, HN 8O0, NH, NH,

Zinc chloride ammine and 8-quinolinol heated on an oil bath at 180°C. for 2
hr. also yield 8-aminoquinoline (13). A 37 per cent yield of 8- (p-hydroxyphenyl-
amino)quinoline is obtained from p-aminophenol, 8-quinolinol, and sodium
bisulfite (139). Attempts to obtain a Bucherer type reaction of oxine with hy-
drazine and hydrazine sulfite did not succeed (7).

Sodium bisulfite or a solution of sulfur dioxide heated for many hours with
oxine gives only a crystalline addition compound of sulfur dioxide that readily
loses the sulfur dioxide (302).

B. SUBSTITUTIONS PREDOMINANTLY IN THE 5-POSITION
1. Halogenation and thiocyanation

Direct chlorination with one mole of chlorine per mole of oxine gives only a
poor yield of 5-chloro-8-quinolinol together with some 5,7-dichloro derivative
and unreacted 8-quinolinol (34, 123), but the yield can be increased to 74 per
cent by the addition of a little antimony trichloride (250). The use of sulfuryl
chloride instead of chlorine has also been proposed (45, 261).
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Passing two moles of chlorine into a cooled solution of oxine in acetic acid
gives an 85 per cent yield of 5,7-dichloro-8-quinolinol (14, 34, 108, 187); fur-
ther chlorination produces §&,7,7-trichloro-7,8-dihydro-8-quinolone (VII),
which is converted to 5,7-dichloro-8-quinolinol together with small amounts of
2-chloro- and 2-ethoxy-5,7-dichloro-8-quinolinols by warming with ethanol
(121). Some 5,6,7-trichloro-8-quinolinol can be recovered from the mother
liquor remaining from this exhaustive chlorination.

Cl Cl Cl Cl
2%\ N \ N\
N Ol A/ O\ AN/l Oy /OC:H
cf OH OH OH
VII

Ferric chloride reacts with oxine in acid solution to yield as the major product
5,7-dichloro-8-quinolinol together with small amounts of the 5-chloro com-
pound and the oxidation product 8,8'-dihydroxy-8,5’-diquinolyl (VIII) (31).
The yield of the latter compound can be increased by conducting the reaction in
alkaline solution.

OH

/Ny
cl Cl
NN rea N A\ %
| P + + AN
\ J\N'/ \N'/ Cl \N'/

OH OH OH |1
N \N7

OH

VIII

Sulfur monochloride and dichloride also produce mainly 5,7-dichloro-8-
quinolinol (76, 77).

Bromination, like chlorination, gives only a poor yield of the 5-halo derivative
(53) if one mole of bromine is used, but a quantitative yield of 5,7-dibromo-8-
quinolinol with two moles of bromine (17, 53, 115, 117, 149, 162). This reaction
is the basis of a well-known method for the quantitative determination of metals
by titrating their oxine equivalent with standard bromate-bromide solution in
an acidic medium (293). Bromination with carbonyl bromide also gives the 5,7-
dibromo derivative (246).

Direct iodination gives a 40 per cent yield of 5-iodo-8-quinolinol with the 5,7-
diiodo compound as a byproduct (162, 173) when one mole of iodine is used per
mole of oxine, and iodine monochloride as iodinating agent also gives a rather
poor yield of the 5-iodo derivative (108, 111). Reports of the isolation of geo-
metric isomers of monoiodinated oxine (232, 233) cannot be correct.

The use of two moles of iodine monochloride per mole of oxine gives a nearly
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quantitative yield of 5,7-diiodo-8-quinolinol (61, 64, 107, 111, 215) in a state of
purity superior to the product obtained with iodine (49, 173, 216, 268, 305).
Electrolysis of an alkaline solution of oxine and potassium iodide also gives this
compound (33). The stability of the diiodo derivative cannot be very great, since
sodium thiosulfate is capable of removing some of the iodine (70).

A mixture of iodine and chlorine, presumably iodine trichloride, reacts with
oxine to form 5-chloro-7-iodo-8-quinolinol (25, 195), which disproportionates on
heating in various solvents to an equimolar mixture of 5,7-dichloro-8-quinolinol
and 5,7-diiodo-8-quinolinol (210). ‘

Fluorination of oxine in the 5-position is effected by diazotization of 5-amino-
8-quinolinol and reaction with fluoboric acid (125, 126).

Although the halogens substitute in both the 5- and the 7-position even when
one mole is used per mole of 8-quinolinol, only monosubstitution has been ob-
served with the pseudohalogen thiocyanogen (91, 137, 180, 213). By analogy
with the behavior of quinoline the thiocyano group was first assumed to be in the
4-position (137), but the compound has been shown to be the 5-thiocyano-8-
quinolinol by synthesis from 5-amino-8-quinolinol via the Sandmeyer reaction
with cuprous thiocyanate (91).

By boiling the 5-thiocyano compound with potassium hydroxide in air the
disulfide is produced (91).

2. Sulfonation and nitration

A quantitative yield of 8-hydroxy-5-quinolinesulfonic acid is obtained by the
action of fuming sulfuric acid on oxine at 0°C. (57, 173), and the same product
results from the reaction of these reagents in a sealed tube at 180°C. (160).
Although concentrated sulfuric acid at 100°C. has been claimed to give the 7-
sulfonic acid (102, 212), it is probable that this product is also the 5-sulfonic
acid derivative (190). More drastic sulfonation conditions using hot fuming
sulfuric acid give the 5,7-disulfonic acid; however, two slightly different methods
of preparing this compound gave products of differing properties (57, 160).

Direct nitration of oxine can not be controlled to give the 5-nitro derivative,
only 5,7-dinitro-8-quinolinol being isolated. A 37 per cent nitric acid solution
gives a 57 per cent yield of this compound at room temperatures (267) and other
concentrations and conditions (12, 50, 51, 62, 67, 276), if not too drastic, give
only this product. More drastic conditions can produce good yields of quinolinic
and nicotinic acids.

A convenient route to 5-nitro-8-quinolinol is oxidation of the 5-nitroso com-
pound with nitric acid or hydrogen peroxide (109, 140).

3. Nitrosation

Nitrous acid reacts with 8-quinolinol to give a nearly quantitative yield of 5-
nitroso-8-quinolinol (58, 125, 140), a valuable intermediate for the synthesis
of other 5-substituted oxines (3) since it can be easily reduced to 5-amino-8-
quinolinol, a reactive aromatic amine. The existence of a keto-oxime tautomer of
5-nitroso-8-quinolinol is demonstrated by its reaction with hydroxylamine to
form 5,8-quinolinequinone dioxime (I1X) (141).
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4. Coupling reactions with diazonium compounds

Very good yields of dyes, most of them red or red-brown, are obtained by
coupling diazotized amines with 8-quinolinol in an alkaline solution. Rubbing
solid oxine with p-nitroaniline, sodium nitrite, and potassium bisulfate is even
sufficient to produce the reaction (145). The following substituted anilines have
been coupled with oxine (46, 97, 114, 116, 172, 174, 264): 0-, m-, and p-methylani-
line; o0-, m-, and p-chloroaniline; o-, m-, and p-nitroaniline; o-, m-, and p-hy-
droxyaniline; p-methoxyaniline; p-ethoxyaniline; p-bromoaniline; p-acetamido-
aniline; aniline-o-carboxylic acid; m- and p-anilinesulfonic acids (95); aniline-
p-arsonic acid (20); p-sulfonamidoaniline (85, 300); 2,5-dichloroaniline; 2,6-
dimethylaniline; 2-methylaniline-4-sulfonic acid; 5-chloroaniline-2-sulfonic acid.
A few heterocyclic amines (163), substituted naphthylamines and benzidines
(307, 308) have also been used. Since compounds containing two or three diazo-
tized amino groups can couple more than once, a series of bisazo (4, 48, 249) and
trisazo (47, 73, 120, 297) dyes of which oxine provides one component is known.

The only instance of disubstitution of oxine in the coupling reaction is the
formation of 5,7-bis(phenylazo)-8-quinolinol (174) from a concentrated solution
of diazotized aniline and 8-quinolinol; in more dilute solution only the 5-phenyl-
azo derivative is obtained.

5. Indophenols and indoanilines

Oxidation with potassium dichromate of a mixture of N,N-dimethyl-p-
phenylenediamine and 8-quinolinol yields a blue indoaniline (209), and a similar

OH
@/N\
\)
N o ‘
+ NH;0H (OH)" 1\‘I
N7

OH AN
N'/

0

X



284 J. P. PHILLIPS

compound is obtained from 4-aminoantipyrine using potassium ferricyanide as
oxidant (79, 178). Air oxidation of hydroxylamine and oxine in an alkaline solu-
tion gives the blue indophenol (X), presumably formed through 5-amino-8-
quinolinol as an intermediate (16, 221). This interpretation has been confirmed
by the preparation of the indophenol from 5-amino-8-quinolinol (240).

6. Friedel-Crafts reactions

Since it forms salts with acids and a chelate compound with aluminum, 8-
quinolinol should be relatively inactive toward Friedel-Crafts acylation, and
early workers did report unsuccessful efforts (98). The Fries rearrangement of 8-
acetoxyquinoline also could not be accomplished (29). However, longer reaction
times (12 hr.) and elevated temperatures with aluminum chloride as catalyst
have produced acylations in moderate yields, as shown by the following exam-
ples: a 45 per cent yield of 5-acetyl-8-quinolinol (175, 247), a 17 per cent yield
of 5-pelargonyl-8-quinolinol (75), and a 77 per cent yield of 5-benzoyl-8-quino-
linol (155, 175).

Phthaloyl chloride has been reported to react with oxine in the presence of
aluminum chloride to give 7-o-carboxybenzoyl-8-quinolinol with 8,8’-dihy-
droxydiquinolylphthalide as a side product (176). 7-0-Carboxybenzoyl-8-
quinolinol is remarkably unstable, decomposing on distillation into phthalic
anhydride and oxine and undergoing bromination to §,7-dibromo-8-quinolinol.

Friedel-Crafts alkylations of 8-quinolinol are unknown.

7. Mercuration

Because oxine is a chelating agent as well as a phenol, some uncertainty about
the structures of its mercury derivatives exists (201, 285, 298). However, mer-
curic acetate yields 5-acetoxymercuri-8-quinolinol (259) and, when an excess of
mercuric acetate is used, 5,7-bis(acetoxymercuri)-8-quinolinol (230, 276). 5-
Acetoxymercuri-8-quinolinol is converted to the corresponding chloromercuri
and hydroxymercuri derivatives by hydrochloric acid and sodium hydroxide,
respectively.

In aleohol solution mercuric chloride reacts with oxine to form the compound
HgCl:(CoHgNO)(CoH;NO) in which the mercury must be attached to the 5-
or 7-position, since 8-methoxyquinoline gives a similar compound but 5,7-
dibromo-8-quinolinol does not (62). On heating with hydrochloric acid this com-
pound is converted to HgCly- C;H,NO-HCL (62, 298), apparently an addition
compound of mercuric chloride and 8-quinolinol hydrochloride.

Mercuric nitrate also substitutes in the 5-position (191).

8. Other reactions

The Reimer-Tiemann reaction of oxine with carbon tetrachloride and potas-
sium hydroxide gives a 2025 per cent yield of 8-hydroxyquinoline-5-carboxylic
acid at best (157, 177, 208), but results are erratic. Chloroform in this reaction
is said to produce both 8-hydroxyquinoline-5-aldehyde and 8-hydroxyquinoline-
7-aldehyde (260).

The Elbs oxidation of 8-quinolinol with potassium persulfate gives only a
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poor yield of 5,8-quinolinediol (59) because the product is itself sensitive to
oxidation to 5,8-quinolinequinone and further decomposition. 5,8-Quino-
linequinone, more readily available from other reactions, can be reduced to 5,8-
quinolinediol and is converted to 5,6,8-triacetoxyquinoline by acetic anhydride
(239).

Mandelic acid with 8-quinolinol in concentrated sulfuric acid splits out a
molecule of water to form the 5-phenylacetic acid derivative (XI), which is
decarboxylated at 170-180°C. to 5-benzyl-8-quinolinol (5).

C:H;CHCOOH CeHs CH
A N 7NN
@\/j + C¢H;CH(OH)COOH - @q — Q/j
N/ \N/ N \-N/
od od oH
XI

In a reaction at least superficially similar xanthydrol in acetic acid forms 5-(9-
xanthyl)-8-quinolinol (193).

In the presence of sodium ethoxide ‘““p-tolyldisulfoxide” reacts with oxine to
yield 5, 7-bis(p-tolylmercapto)-8-quinolinol (XII) (32).
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C. SUBSTITUTIONS PREDOMINANTLY IN THE 7-POSITION

If the 5-position of 8-quinolinol is blocked, most of the reactions so far de-
scribed will yield 7-substituted oxines after removal of the blocking group. Al-
though this technique is the obvious route to many 7-substituted derivatives,
it is not considered within the scope of this review.

1. Kolbe reactions

Carbon dioxide at 150°C. under pressure reacts with sodium oxinate to give a
quantitative yield of 8-hydroxyquinoline-7-carboxylic acid (254). Esters of this
acid with aliphatic alcohols have been prepared (78) and the hydroxamic acid
obtained from the reaction of the methyl ester with hydroxylamine.

A similar reaction with potassium ethyl xanthate in place of carbon dioxide
gives the 7-dithionic acid, which is converted to the 7-carboxylic acid by potas-
sium hydroxide (158).

2. Condensations with aldehydes

The reaction of formaldehyde with oxine goes easily in both acidic and alka-
line media, producing eventually polymers of low molecular weight, although
several definite compounds have also been isolated. From a basic solution under
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the conditions of the Lederer—-Manasse reaction an alcohol, Co,HNO(CH.0H),
in which the location of the hydroxymethyl group was not specified but is prob-
ably 5 or 7, and a formaldehyde addition product of this alcohol have been ob-
tained (167, 168). With more formaldehyde and more drastic conditions a differ-
ent product is obtained for which no acceptable structure has been proposed;
air oxidation of the reaction mixture or ferricyanide oxidation of the isolated
product produces a green substance (58), apparently an indication that a di-
or triquinolylmethane was present. In sulfuric acid formaldehyde gives a 50
per cent yield of a bis(8-hydroxyquinolyl)methane (209, 256), probably with the
linkages to the formaldehyde carbon atom at the 5-positions.

Chloromethylation of oxine with formaldehyde and hydrogen chloride gives a
compound of unspecified structure (269, 270), probably 7-chloromethyl-8-
quinolinol.

Condensations of oxine with benzaldehyde or other aromatic aldehydes in
phosphoric acid have been reported to yield 7-benzal-7,8-dihydro-8-quinolone
or derivatives (104). Chloral hydrate in concentrated sulfuric acid gives the
compounds 1,1,1-trichloro-2,2-bis(8-hydroxy-z-quinolyl)ethane and 1,1,1-
trichloro-2-hydroxy-2- (8-hydroxy-z-quinolyl)ethane (43), in which z is either
5o0r7.

3. Mannich reactions

Secondary amines, formaldehyde, and 8-quinolinol yield 7-aminomethyl
oxines; the only secondary amines that have been employed in this reaction are
piperidine, dimethylamine, and diethylamine (35, 222).

A similar reaction (Betti reaction), in which formaldehyde is replaced by
aromatic aldehydes and secondary amines by primary aromatic or heterocyclic
amines, has been used to make a number of 7-substituted oxines of the general
formula XIII with R and R’ aryl or heterocyclic groups (224, 225, 231). The
reaction appears to be a general one and similar to the condensations of carbonyl
compounds with active methylene groups. In some instances cyclization to
yield oxazine derivatives may occur; for example, ammonia and two moles of
benzaldehyde per mole of oxine form the oxazine (XIV), and amides (rather
than amines) with benzaldehyde give similar cyclic compounds (228, 229).
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4. Claisen reactions

8-Allyloxyquinoline can be prepared in 72 per cent yield from potassium oxi-
nate and allyl bromide (161, 169). On heating to about 200°C. this ether under-
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goes the Claisen rearrangement to give an 89 per cent yield of 7-allyl-8-quino-
linol (38, 161, 169), which may be put through the reaction again to produce
5,7-diallyl-8-quinolinol (169).

By the action of benzyl chloride and sodium hydride on oxine a Claisen type
reaction gives a 58 per cent yield of 7-benzyl-8-quinolinol (294, 295).

D. MISCELLANEQUS PHENOL REACTIONS

Pechmann reactions of 8-quinolinol with acetoacetic ester and similar com-
pounds have been reported (2), but later work showed that only a zinc chelate of
oxine was actually obtained with zinc chloride as the catalyst and that no prod-
ucts were obtained with other catalysts (288).

Isatin condenses with two moles of 8-quinolinol in the presence of phosphorus
oxychloride to yield 2-keto-3,3-bis(8-quinolyloxy)indoline (105, 282).

IV. QuinoLINE REAcTIONS
A. OXIDATION

The presence of the hydroxyl group makes 8-quinolinol far more sensitive to
oxidation than quinoline itself. Oxidation with nitric acid proceeds through the
5,7-dinitro derivative to a 62 per cent yield of quinolinic acid (23, 278), and
under drastic conditions for the process it is possible to decarboxylate the quino-
linic acid to nicotinic acid (26, 267). Ozone as oxidant in place of nitric acid gives
a 90 per cent yield of quinolinic acid (154), but permanganate oxidation gives a
rather poor yield (94) in spite of the fact that this oxidation has been suggested
as a quantitative method for oxine determination (226). Oxidation with selenium
oxychloride and sulfuric acid gives nicotinic acid (194).

Treatment of 8-quinolinol with peracetic (219), perbenzoic (82, 263), or per-
phthalic acid (218) produces the 1-oxide. The reactivity of this compound offers
several possibilities for the synthesis of new oxine derivatives. It is converted
by acetic anhydride to a good yield of 2,8-quinolinediol after hydrolysis of the
acetate (219).

The heat of combustion of oxine has been measured (281).

B. REDUCTION

Catalytic hydrogenation over palladium at 55°C. yields 1,2,3,4-tetrahydro-
8-quinolinol (41), also obtained by reduction with tin and hydrochloric acid (12)
and by electrolysis in acid solution (79 per cent yield) and in basic solution (95
per cent yield) (283).

Polarographic reduction at the mercury cathode (92, 277) shows that 1,4-
dihydro-8-quinolinol is probably the initial product in acid solutions and is an
intermediate in the reduction to the tetrahydro compound in neutral solution.
In alkaline solution a monohydrogenated free radical is postulated as the initial
reduction product.

Reduction to 8-hydroxydecahydroquinoline in acetic acid at 45°C. over plati-
num black gives two isomers, both described as cis forms, as well as a small
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amount of decahydroquinoline (103). Either of the two isomers could be con-
verted to a third, which could be resolved into two optically active forms.

C. QUATERNARY COMPOUNDS

A sealed-tube reaction of methyl iodide with 8-quinolinol produces 8-hydroxy-
1-methylquinolinium iodide (52, 159), which can be converted to the hydroxide
by silver oxide or excess potassium hydroxide (54). Treatment of the iodide with
half a mole of potassium hydroxide gives an intermediate compound that reacts
with methyl iodide to form 8-methoxy-1-methylquinolinium iodide and 8-
hydroxy-1-methylquinolinium iodide (52). The formula of the intermediate
compound as given by Claus (XV) is not acceptable by modern valence theory;
however, the compound can be formulated (XVI) as an ether of the pseudo-base
form of 8-hydroxy-1-methylquinolinium hydroxide, which might plausibly be
formed under these conditions.
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Heating 8-hydroxy-1-methylquinolinium hydroxide in air to 70-80°C. pro-
duces the “anhydride” (56), probably the same substance formed by the action
of diazomethane on oxine.

Quaternary compounds with other alkyl halides have been made by similar
reactions (55, 304), the most easily prepared coming from phenacyl halides
which may react after only 30 min. at 100°C. (8, 9). A silicon-containing quater-
nary salt, [(CoH;NO)Si(CH)s]Cl, has been reported (274).

D. SUBSTITUTION IN THE 2-POSITION

Quinoline is reactive at the 2- and 4-positions toward nucleophilic reagents
and similar behavior may be expected from 8-quinolinol. However, only sub-
stitutions in the 2-position have been effected to date, with no direct substitu-
tions at either the 3- or the 4-position apparently known.

Fusion of oxine with sodium hydroxide gives a poor yield of 2,8-quinolinediol
(66) ; further heating produces a trihydroxyquinoline in which the location of the
hydroxyl group is not known. A similar reaction with sodium amide yields 2-
amino-8-quinolinol (255), but sodium amide in liquid ammonia at temperatures
up to 110°C. will not produce amination (19).

The addition of aryl lithium compounds to 8-quinolinol gives fairly good
yields of 2-aryl-8-quinolinols (110, 129, 220). In these reactions an extra mole of
the organolithium compound is consumed in reaction with the hydroxyl group.
The reactions probably go through a 1,2-dihydroquinoline intermediate (XVII),
which is oxidized to the final product. The only example of an alkyl lithium in
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this reaction is the production in 37 per cent yield of 8-hydroxyquinaldine from
methyllithium (287).

N Z N N
+ 2ArLi — | H
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From a consideration of their low reactivity toward quinoline Grignard
reagents would not be expected to substitute satisfactorily for lithium com-
pounds in these reactions.

E. SALTS WITH ACIDS

As an organic base 8-quinolinol forms a large number of salts with strong and
moderately weak acids, including hydrochloric, phosphorie, thiocyanie, citrie,
tartaric, succinic, and chloroplatinic. In addition to the isolated salts there is
physicochemical evidence for the existence in solution of oxine compounds with
acetic, chloroacetic, and benzoic acids (68). Double salts of 8-quinolinol are
also known (271). The sulfuric acid salt, (CsH,NO),- H:80,, has been used for
medicinal and agricultural purposes under various trade names, of which the
most frequently mentioned is quinosol or chinosol. (This name has also been
applied to the potassium bisulfate salt.)

Adduects of 8-quinolinol with picric acid, styphnic acid (127), 1,3, 5-trinitro-
benzene (279), and 2,4, 7-trinitrofluorenone (151) have been suggested as deriv-
atives for characterization.

V. PREPARATION oF 8-QUINOLINOL

Although this review is limited to the reactions of 8-quinolinol, methods of
preparing the compound may be mentioned. Yields from the Skraup reaction
of o-aminophenol, o-nitrophenol, glycerol, and sulfuric acid are poor (132, 266,
292), although better than 90 per cent yields can be obtained from modern
modifications in which most of the sulfuric acid is replaced by acetic acid (60)
and ferrous sulfate-boric acid additions are used (134, 170). The fusion of 8-
quinolinesulfonic acid, obtained by sulfonating quinoline, with sodium hy-
droxide gives 90 per cent yields (112, 164, 302). Heating 8-chloroquinoline with
sodium hydroxide under pressure produces an 87 per cent yield (291), and al-
most quantitative yields of 8-quinolinol are obtained when 8-aminoquinoline
is heated with sulfuric acid in an autoclave (84).

The author is grateful to the National Science Foundation for a grant (NSF-
G581) that supplied the incentive for writing this review.
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