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Some heterocyclic nitrogen compounds structurally related to 8-quinolinol were synthe- 
sized or purified from commercially available chemicals and assessed for toxicity against 
Monilinia fructicola by a standard bioassay. Oxine and its 2-methyl derivative, together 
with their respective copper salts, were highly fungitoxic. Two other quinoline deriva- 
tives were slightly toxic, but all the pyridine derivatives were inactive against this organism. 
A combination of lipoid solubility and chelation ability was related to toxicity, but definite 
evidence was obtained that chelation with copper to form water-insoluble salts was no 
assurance that either the compound itself or its copper salt would be toxic. 

HE CSE of 8-quinolinol (oxine) and T some of its derivatives in the control 
of scab and blotch of apples has been 
reported as promising (79) .  M'orkers 
a t  the Connecticut Experiment Station 
used oxine in the chemotherapy of 
Dutch Elm disease and found it to be 
effective (23). Unfortunately, the cost 
of material has been and still is a matter 
of extreme importance in developing 
these derivatives on a commercial basis. 

Because of the large number of pos- 
sible derivatives of oxine. many Ivorkers 
have studied this group in an  effort to 
explain the mechanism of action (J? fi, 

Zentmeyer (22)> the first to propose 
a hypothesis for the mechanism of ac- 
tion of oxine, suggested that oxine, act- 
ing through its ability to chelate heavy 
metals, removed essential nutrients from 
the growth medium by precipitation. 
.About the same time, Albert and co- 
workers (1)  found that of the seven pos- 
sible isomers only 8-quinolinol was toxic 
to bacteria and only this isomer \vas 
capable of chelating heavy metals. 
After Powell (79) reported that copper- 
8-quinolinolate was also highly fungi- 
toxic and more efficient in field tests 
than 8-quinolinol itself, other workers 
(75, 76, 20) questioned the chelation 
theory. 

The  more recent investigations of 
Albert and associates (3, J) and Block 
(6 ,  7) support the chelation theory, but 
these workers state that the site of action 
is inside the cell rather than in the 
medium. The  toxicity of copper-8- 
quinolinolate is explained by equilib- 
rium phenomena. Albert and coivorkers 
(3) found that 8-quinolinol was no longer 
toxic to Siakhylccoccus oureus. if the medium 
were depleted of trace amounts of cop- 
per or iron. They propose then that the 
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76, 22). 

metal oxinate. because of its lipophilic 
nature: enters the cell and dissociates 
!-ielding the 1 to 1 ionic complex Ivhich 
is the toxic entity. Block ( 6 )  M-orking 
lvith Askergifliis niter. sho\ved that the 
toxicity of substituted 8-quinolinols was 
a function of both their ability to chelate 
\\-it11 metals and their lipoid solubility. 
He later demonstrated the presence of 
the 1 to 1 chelate and its formation from 
the stable 2 to 1 chelate in the presence 
of excess metal ions (7). 

The  toxicity of 8-quinolinol appears to 
be due to the formation of a metal 
chelate complex, and the site of action 
is inside the cell. 

.A study of the chelation ability and 
lipophilic properties of some hetero- 
cyclic nitrogen compounds related to 
8-quinolinol and of the relationship 
these properties have to toxicity is 
reported herein. 

Material and Methods 

Quinoline Derivatives. 8-Quinolinol 
(oxine) \vas purchased from Eimer and 
.Amend and purified by recr)-stallization 
from an alcohol-water mixture. I t  
melted at  74-5' C.  (uncorrected). 

2-Quinolinol (Eastman), melting point 
198-9' C. (uncorrected) \vas not fur- 
ther purified. 

Quinaldic acid \vas prepared by bro- 
mination in the side chain of quinaldine, 
according to Hammick (72). and sub- 
sequent acid hydrolysis of the tribromo- 
quinaldine, according to Campbell. 
Helbig, and Kerivin ( 9 ) .  The yield 
was 539&',. 

2-Methyl-8-quinolinol was synthesized 
from crotonaldehyde and o-aminophenol 
by the method of Merritt and \Valker 
(77). After three recrystallizations from 
ethyl alcoholhvater (2 to 1) .  it melted 
sharply a t  74' C .  

8-Quinolinecarboxylic acid was pre- 
pared from anthranilic acid and glycerol 
through a modified Skraup reaction in 

a someLvhat better yield (627c)  than 
that reported by Campbell and co- 
Lvorkers (70) .  \Tho obtained, a t  best, 
a 53yc yield. T ~ v o  recrystallizations 
from 95% ethyl alcohol yielded a yellow 
solid. melting point 186-8' C.  which 
agreed ivith the literature values for 
8-quinolinecarboxylic acid. 

A neiv four-step synthesis )-ielded light 
>-ello\v crystals of 8-hydroxyquinaldic 
acid according to the method of Irving 
and Pinnington ( I J ) .  The yields for 
each step \vere nearly quantitative. and 
the final product melted at  218-19' C .  
(uncorrected) after t\vo recrystalliza- 
tions from hot dioxane. Irving and 
Pinnington reported a melting point of 
21 1 O C. for 8-hydroxyquinaldic acid. 
(Analysis: CIGH;O~N requires 7 . 4 0 7 ~  
of nitrogen; found. 7,34Yc of nitrogen.) 
The  chemical and physical properties 
agreed \vith those found by Irving and 
Pinnington. 

Pyridine Derivatives. The method 
of Adams and Jones ( 7 )  \vas used to 
prepare both 2-hydroxypyridine (2- 
pyridone) and j-methyl-2-h)-droxypyri- 
dine from the corresponding amino- 
pyridines in GOYc yield. After recr)-stal- 
lization from acetone. 2-hydroxypyridine 
melted at  107-8' C .  (uncorrected) and 
5-methyl-2-hydroxypyridine a t  180-2' C. 
(uncorrected) after recr)-stallization 
from acetone containing a little Lvater. 

Picolinic acid \vas prepared as the 
hydrochloride by oxidation of 2-picoline 
Xvith potassium permanganate (27) .  

2-Pyridine-methanol \vas synthesized 
in low yield by conversion of picolinic 
acid to the ethyl ester (8) and reduction 
of the ester \vith lithium aluminum 
hydride (78). The product was a 
light yellow viscous oil. boiling point 
90-5' C. at  4 mm. (Literature values: 
boiling point 103-5' C. a t  11 mm. and 
112-13' C. a t  16 mm.) 

Copper Chelate Complexes. The  
\vater-insoluble complexes with coppel 
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were prepared essentially as follows : 
An alcoholic or aqueous solution of 

the compound in excess was added 
slo\vly to a solutio'n of copper sulfate, 
reagent grade, in 0.l.V acetic acid. 
The  colored complex Lvhich precipitated 
was coagulated by heating for a few 
minutes on the h(2t plate. The  solid 
was collected on a Buchner funnel, 
and purification \cas carried out by first 
washing with hot water to remove excess 
salts and then with 95Yc ethyl alcohol 
to remove any unreacted organic com- 
pound. The  salts \cere allowed to air-dry 
and were crushed to a fine powder. 
8-Quinolinol. 2-methyl-8-quinolinol~ 
quinaldic acid. 8quinolinecarboxylic 
acid, and picolinic acid all formed water- 
insoluble salts with copper under these 
conditions. 

Aqueous Solubilities. The  aqueous 
es of most of the compounds 

were determined at  25' f 0.1 ' C. 
using a spectrophotometric method of 
analysis. The  absorbances were meas- 
ured in the ultraviolet region of the spec- 
trum. The  solubilities of the very water- 
soluble derivatives were determined 
gravimetrically. 

Relative Distribution between 
Chloroform and Water (Lipoid Solu- 
bility). The relative distribution be- 
tween chloroform and water was found 
by measuring the change in absorbance 
of the chloroform layer before and after 
equilibration with an  equal volume of 
aqueous phosphate buffers a t  p H  8.0 
and p H  3.0. The  solutions-diluted 
if necessary-were examined with the 
Beckman DU spectrophotometer a t  
suitable wave lengths for the various 
compounds in the ultraviolet region 
(see Table I ) .  

Bioassay. The organic compounds 
and the five copper salts were subjected 
to bioassay. using the spore-drop ger- 
mination method (5). M. fructicola 
was the test organism. The  index of 
toxicity was the iSDso (effective dosage 
inhibiting the germination of 507, of 
the spores). Thi:s value was obtained 
by plotting the dosage in parts per 
million againx the per cent inhibition 
on logarithmic probability paper and 
using the best straight line drawn through 
the points. 

Results and Discussion 

The  toxicities and solubility data for 
these derivatives are summarized in 
Tables I and 11. The  current literature 
has reported mainlv on homologs of 
oxine or substituted oxines. I n  this 
work. pyridine and quinoline hydroxy 
compounds and carboxylic acids, which 
may be classed as analogs of oxine, have 
been assessed for toxicity to -%I. fructicola 
and for their ability to form Ivater- 
insoluble chelate complexes with copper. 

Most of the derivatives gave good dos- 
age-response curves. The  copper salt 

Table 1. Toxicity and Solubility of Oxine and Related Compounds 

Max.  
H20, Abs. M,+, CHCh fo H20 Rafios EDiO, 

Compound P.P .M.  (CHCI3) p H  3.0 pH 8.0 G./100 MI. 
8-Quinolinol (oxine) 0 . 3  310 4.60 16.5 0.054 
2-Quinolinol 80 5 330 5.14 5.14 0 ,087  
2-Methyl-8-yuinolino1 11 , 4  304 2.15 9.50 0.044 
Quinaldic acid 137 290 1 .68  0 . 0 0  1.600 
8-Quinolinecarboxylic 

acid 700 241 10.4 0.68 0.350 
8-Hydroxyquinaldic acid 178 258 0.30 0.00" 0.028 
Picolinic acid 500-1 000 264 0 . 0 0  0 .00  45.00 

5-Methyl-2-hydroxypyr- 
idine 1000 241 0.30 0 . 0 7  20.00 

2-Hydroxypyridine 1000 300 0 . 0 0  0 . 0 0  80.00 

2-Pyridinemethanol 300-400 260 0 00 0.75 m 

Ratios of zero indicate that compound was exclusively in water layer. 

Table Il.FToxicity and Solubility of Copper Chelates 

Copper Solf 

Aqueous 
Solubility, CHCla to H 2 0  Ratios EDSO, 

P.P.M. p H  3.0 p H  8.0 P.P .M.  
8-Quinolinol (oxine) 0.72 0 22 15.4 6 .1  
2-Methyl-8-yuinolinol 20.00 0 ,00'. m 3.9  
Quinaldic acid 1000 . . .  . . .  8.0 
Picolinic acid 1000 . . .  , . .  152 
8-Quinolinecarboxylic 

acid 62 (? )  . . .  . . .  6.6  
See Table I. 

of 8-quinolinecarboxylic acid gave a 
poor curve. and no confidence can be 
placed in the EDjo value for this salt 
as the curve was nearly horizontal. 
Five of the compounds Icere capable of 
complex formation with copper. All 
attempts to prepare a copper salt of 
8-hydroxyquinaldic acid failed. but it 
is possible that other ions, such as Fe+'-. 
may form precipitates under the above 
conditions, as this acid is a possible 
tridentate chelator. The  ED50 values 
for the copper salts of 8-quinolinol and 
its 2-methyl derivative are slightly 
higher than for the parent compounds. 
However, no significance can be at- 
tached to this difference as no attempt 
was made to free the media of traces of 
heavy metals. 

Toxicities of the Quinoline Deriva- 
tives. Only 8-quinolinol and 2-methyl- 
8-quinolinol and their respective copper 
salts possessed a satisfaccory fungitoxic 
action against this organism and ma)- 
be classed as suitable fungicides. Quin- 
aldic acid and 8-hydroxyquinaldic acid 
\vere very bceakly active in these tests. 
8-Quinolinecarboxylic acid and 2-quino- 
linol were for all intents and purposes 
completely inactive against .%I. fructicola. 

The  toxic 8-quinolinols \cere capable 
of chelation with copper to form lipoid- 
soluble complexes and both these com- 
pounds and their salts had relatively 
high chloroformwater partition ratios 
a t  p H  8.0. Quinaldic acid and 8-quino- 
linecarboxylic acid formed tvater- 
insoluble complexes \cith copper but 
these complexes were only very slightly 
soluble in chloroform and hence non- 
lipophilic. The  partition ratios of 
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these acids a t  p H  8.0 were low! and, as the 
copper salts were so slightly soluble in 
both \cater and chloroform, their ratios 
were not determined. Quinaldic acid 
complexes are knohcn to be hydrated 
( 7 7 ) .  and it is probable that 8-quinoline- 
carboxylic acid salts are also hydrated 
to some extent. The  weak activity of 
quinaldic acid and 8-hydroxyquinaldic 
acid is not eas ly explained, but may be 
due to the common presence of a 2- 
carboxyl grouping. 

Toxicities of the Pyridine Deriva- 
tives. All of the hydroxypyridines and 
picolinic acid were inactive against M .  
fructiroia. Picolinic acid was capable of 
chelate formation with copper, but the 
complex so formed was like those of the 
quinaldic acids and was nonlipophilic. 
The  hydroxypyridines \vere nonchelators 
and all the pyridines had an  appreciable 
solubility in \cater and extremely low 
partition ratios a t  both p H  values. 
The  hydroxypyridines or pyridones. like 
2-quinolinol. are keto-enol tautomers 
and very Lceak phenols. Hoffman, 
Schweitzer. and Dalby (73) tested the 
three isomeric pyridine carboxylic acids 
and found that picolinic acid was active 
a t  p H  2 to 8 Ivhich is in the chelation 
range. However? in these tests. picolinic 
acid and its copper salt failed to have 
an  appreciable effect on M .  fructicola. 

influence of Structure, Lipoid 
§olubility, and Chelation 

As all the weakly phenolic hydroxy- 
pyridines. 2-pyridinemethanol. 2-quino- 
linol, and the quinoline carboxylic 
acids were relatively nontoxic, the phe- 

NO. 3, M A R C H  1 9 5 8  195 



nolic hydroxy group appears to be a 
factor influencing the toxicity. In  this 
series of compounds, only those having 
the properties of aromatic phenols 
were satisfactory fungicides. This is 
in agreement with Sexton (20). who 
attributed the activity of oxine to its 
phenolic nature. The hydroxyl group 
in the 8-position on quinoline is an  im- 
portant toxiphore. Only those chelating 
agents which readily form stable lipo- 
philic complexes with copper are strongly 
toxic. This finding is in agreement with 
Albert and associates (2, 3)  and Block 
(6 ,  7). who suggest that the 2 to 1 che- 
late is necessary for penetration, and 
that the site of action is inside the cell. 
Zentmeyer (22), assuming that 8-quino- 
linol precipitated trace metals from the 
medium, found that the toxicity could 
be reversed by adding excess metal 
ions. If the mechanism were simply 
one of precipitation, any strong chelating 
agent would be toxic. Zentmeyer did 
find that ammonium nitrosophenyl- 
hydroxylamine (cupferron) had consid- 
erable fungistatic value. Quinaldic acid 
and 8-quinolinecarboxylic acid are well 
known for their ability to precipitate 
heavy metals through chelation and 
have been used by analytical chemists 
for this purpose, but these tests with 
M .  fructicola show that these chelators 
were unsatisfactory toxicants regardless 
of their complexing ability. 

From the limited number of derivatives 
tested, a combination of lipoid solubility 
and chelation ability appears to be 
necessary for toxicity, perhaps for pene- 
tration of the cell wall only. The phe- 

nolic 8-hydroxyl group on quinoline 
must play an  important role in spore 
inhibition a t  a site of action inside the 
cell. 
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Bioassay techniques that employ in- 
sects have been used extensively for 
assaying insecticide residues and for 
screening compounds for insecticidal 
properties. Techniques such as those 
of Sun and Sun (7 ) ,  Laug (4),  and Klein 
and coworkers (3) ,  have been applied 
successfully to the determination of en- 
drin residues in crops. Davidow and 
Schwartzman (2) also have found a 
method using goldfish capable of de- 
termining endrin a t  the 5-7 level. 
While bioassay methods have been 
useful in laboratories possessing the 
necessary facilities, chemical methods 
were desired because of their relative 
specificity. 

Combustion chlorine methods ( 7 >  5,6) .  
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