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ABSTRACT 

TITLE: STRUCTURE AND BEHAVIOR OF SOME SUBSTITUTED 
8-QUINOLINOLS 

Robert Lovell Stevenson Ph.D. 

The University of Arizona 1967 

Dissertation Director: Henry Freiser 

Several new, potentially tridentate ligands derived 

from 8-quinolinol-2-carboxaldehyde were prepared. These 

included the oxime, 0-methyloxime, 21,41-dimethylphenylimine, 

21-pyridylhydrazone, and 2,4-dinitrophenyldrazone of 

8-quinolinol-2-carboxaldehyde as well as 2-arainomethyl-

8-quinolinol and 2-methanol-8-quinolinol. The structure of 

the compounds was determined on the basis of infrared, 

proton magnetic resonance, ultraviolet, and mass spectra. 

The qualitative reactions of the compounds with fifty-one 

metal ions were investigated to examine the analytical 

potential of the ligands. 

The acid dissociation constants of 8-quinolinol-

2-carboxaldehyde oxime (pK^ = 10.72), 8-quinolinol-2-

xv 



xvi 

carboxaldehyde-O-methyloxime (pK^ = 10.87), 2-aminomethyl-

8-quinolinol (pK^ = 8.56, pK2 = 11.25), 2-methanol-

8-quinolinol (pK^ = 3.43, pK2 = 11.27), and quinoline-

2-carboxaldehyde oxime (pK-^ = 11.20) were determined in 50% 

aqueous dioxane ( yx = 0.10) at 25°C. 

The formation constants of 8-quinolinol-2-carbox-

aldehyde oxime, 2-aminomethyl-8-quinolinol, and 2-methanol-

8-quinolinol with Ni(ll), Zn(II), Co(II) and Mn(II), were 

determined potentiometrically. The formation constants of 

Mg(II) and 2-methanol-8-quinolinol were also determined. 

The first formation constant of the Cu(ll) chelate of 2-

aminomethyl-8-quinolinol was determined spectrophotometri-

cally. 

The infrared spectra of several metal chelates of -

the new compounds are discussed. Evidence based on the 

formation constants, infrared spectra and degree of 

hydration of the chelates of 2-methanol-8-quinolinol and 

2-aminomethyl-8-quinolinol show that the compounds are able 

to function as tridentate ligands. 



I. INTRODUCTION 

In order to design new and effective ligands of use 

in complexometric separations and analysis, several factors 
A 

affecting the formation and chemical behavior of a metal 

complex should be examined. Since it is desired to develop 

new ligands that offer distinct, practical advantages over 

existing techniques, the relative requirements and 

advantages of these techniques should also be considered. 

Perhaps the most fundamental consideration in 

designing a new ligand is that the position of the donor 

atoms must be such that a metal-ligand bond can be formed. 

Since the electronic configuration of the metals are 

different, the required positions and orientation of the 

donor atom vary from metal to metal. For example, Ag(I) 

more readily forms linear complexes, Zn(II) tetrahedral, and 

Al(III) octahedral. In the case of Ni(II), the properties 

1 



1 2 of the ligand can dictate whether a square planar ' 

2 3 / r 
tetrahedral ' , or octahedral ' complex is formed. 

2 

Since both the hydrogen ion and metal ion are Lewis 

acids (electron acceptors), a correlation between complex 

stability and protonic equilibria is expected. Calvin and 

Wilson were the first to note a correlation between 

log Kf and pKQ for a closely related series of chelating 

They found that the greater the basic strength (pKa) of the 

ligand, the greater the stability of the complex. 

1. Godycki, L. E., and Rundle, R. E., Acta Cryst., 
6, 487, (1953). 

2. Sacconi, L., "Essays in Coordination Chemistry," 
Schneider, W., Anderegg, G., and Gut, R., Editors, Birk-
houser, P. 148-156, (1964). 

3. Gill, N. S., and Nyholm, R. S., J. Chem. Soc., 
3997, (1959). 

4. Swink, L. N., and Atoji, M. s Acta Cryst., 13, 
639, (1960). 

5. Hall, D., and Woulfe, M. D., Proc. Chem. Soc., 
346, (1959). 

6. Calvin, M., and Wilson, K. W., J. Am. Chem. 
Soc., 67, 2003, (1945). 

f 2 

agents. 

[»][!? 

I h I  [ L ]  

Lhl] 
K a 



3 

The most general basis for comparing the 

stabilities of the chelates of different ligands is their 

chelate formation constants. The extent of the formation of 

the metal chelates depends upon both the formation constant 

and the concentration of free ligand in solution, which is a 

function of the acid dissociation constant of the ligand. 

In most cases, the chelate formation reaction actually 

amounts to a proton displacement reaction by the metal ion 

on the most abundant ligand species. Thus, for the process: 

Cu(II) + 2H2L+ ^ CUL2 + 4H+ 

The overall equilibrium expression (Kpd) is given by the 

product of the formation constants and the acid 

7 8 
dissociation constants. 9 

Kpd = Kf jKf 2 (Ka1Ka2 ) 2 

The stability of the complexes of related multi-

dentate ligands increases with the number of metalocyclic 

rings formed, subject to the requirements of compatibility 

7. Sun, P. J., Fernando, Q., and Freiser, H., 
Anal. Chem., 36., 2485, (1964). 

8. Takamoto, S., Fernando, Q., and Freiser, H., 
Anal. Chem., 37_, 1249, (1965). 



4 

of the donor acceptor atom and favorable geometry^3 3^. 

The increased strength of the complex due to additional 

rings usually allows complexation at lower pH values, which 

is often important in analysis of metals. 

Additional chelate rings in a complex may result in 

increased selectivity, since the new rings may impose strict 

requirements on the molecular structure. For example, 

although 2,21-bipyridine gives a highly colored complex with 

Cu(I), no such reaction is observed for 2,21,2"-tripyridine, 

showing that the addition of the pyridine donor groups 

prohibits the formation of a stable Cu(I) complex. This is 

in contrast to the iron chelates, where both polypyridyls 

12 give strong complexes7 . 

The size of the chelate ring is important, with five 

membered rings usually being the most stable. For instance, 

the complexes of ethylenediamine tetraacetate are stronger 

9. Lions, F., and Martin, K. V., J. Am. Chem. Soc., 
80, 3858, (1958). 

10. Muto, Y., J. Chem. Soc., Japan, 31, 1017,(1958). 

11. Muto, Y., J. Chem. Soc., Japan, 33, 1242,(1960). 

12. Gerber, L., Claassen, R. I., and Boruff, C. S., 
Ind. Eng. Chem., Anal. Ed., 14, 364, (1942). 



5 

than those of 1,3,propylenediamine tetraacetate where the 

nitrogens are part of six membered metalocyclic ring. As 

the number of methylene groups between nitrogen atoms 

increases, the stability falls off more, finally approaching 

the stability of bis complex of the tride.ntate iminodiacetate 

1- ^ 13 ligand. 

One of the most successful ways to increase the 

selectivity of a ligand is by aiding blocking groups to the 

ligand. The effect of a large group ct to a pyridine 

nitrogen in a chelating ligand, for example, reduces the 

stability of the complex by steric hindrance. The effect 

of the steric hindrance of chelation is much stronger than 

the electronic effects resulting from the addition of the 

new group. Chiswell reports that bis(l,3,-di 6'methyl-

2-pyridyl)1,2,-diaza-2-propene (1) and bis(1,4'methyl-

2'-quinolyl)3-(2"-quinolyl)1,2,diaza-2-propene (2) will 

cause the reduction of Co(III) to Co(ll), while the similar 

unsubstituted 1,3-bis(2'pyridyl)1,2,diazapropene (3), 

13. Schwarzenback, G., Hel. Chim. Acta., 35, 
2344, (1952). 



14 
facilities the oxidation of Co(ll) to Co(III) . Again, the 

presence of two methyl groups in 2,9,-dimethyl-1,10,-

phenanthroline prevents the formation of a Fe(II) complex, 

while unsubstituted 1,10-phenanthroline forms an unusually 

-H 

H 

(2 )  

14. Chiswell, B., Geldard, J. F., Phillip, A. T., 
and Lions, F., Inorg. Chem., 3^ 1272, (1964). 
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1 s 
stable complex with Fe(II) . Similar results are observed 

with 2,2'-bipyridyl16>17. 

A great change in the relative stability of the metal 

complexes can be made by changing the donor atoms. This has 

the effect of increasing the selectivity available for 

separation of one cation from several others, or the 

determination of one constituent in the presence of many 

others. For example, the usual order of the stability 

constants in the metal 8-quinolinates is Ni(II) > Zn(II) 

> Pb(II) but if the phenolic oxygen is replaced by either 

sulfer or selenium in the same oxidation state, the order 

18 is reversed, with Pb(II) forming the strongest complex 

A further effect of the donor atom is seen as a 

result of the difference in the ability of the donor atom to 

participate in IT bonding with the metal atom. Donor atoms 

15. Irving, H., Butler, E. J., and Ring, M. F., 
J. Chem. Sac., 1489, (1949), Irving, H., Cabell, M. J., and 
Mellor, D. H., J. Chem. Soc., 3417, (1953). 

16. Merritt, L. L., and Walker, J. K., Ind. Eng. 
Chem., Anal. Ed., 16, 387, (1944). 

17. Phillips, J. P., Elbinger, R. L., and Merritt, 
L. L., J. Am. Chem. Soc., 71., 3986, (1949). 

18. Sekido, E., Fernando, Q., and Freiser, H., 
Anal. Chem., 37^, 1556, (1965). 
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with filled p orbitals, such as oxygen are able to form 

stronger complexes with ions such as V(III), Ti(IV) and 

Sc(IIl), which have empty d orbitals in positions favorable 

for sharing of the electrons in the p orbitals of oxygen in 

addition to the normalbond. If the d orbitals are filled, 

as in Zn(II), then the electrons in the oxygen p orbitals and 

the d orbitals of the metal repel one another, resulting in a 

weaker bond between the metal and ligand. The other extreme 

is reached by atoms such as an amino nitrogen, which has 

only an unshared pair of electrons and can thus form only a 

19 
o-bond with the metal ion 

If the metal has electrons in its d orbitals, then 

the heavier atoms, such as As, which has some low lying un

populated d orbitals can accept non bonding d electrons 

from the metal to form d metal-d ligand bonds. Thus, 

metals with filled or nearly filled d shells form stable 

complexes with the heavier donor atoms such as, As, in bis 

/ \ 

( o -  ph e n y l e n e b i s d i m e t h y l a r s i n e ) c o b a l t ( I I I )  d i b r o m i d e  

perchlorate jjCo(das) 2Br2-l CIO4 

19. Rossotti, F., in "Modern Coordination 
Chemistry," Lewis and Wilkins, Editors, Interscience Publi
cations Inc., New York, P. 48, (1960). 

20. Dunn, T. M., Nyholm, R. S., and Yamada, S., 
J. Chem. Soc., 1564, (1962). 
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It is not necessary-to change the donor atom to 

improve the TT acceptor ability of the ligand. Tomkinson and 

Williams observed that the addition of a TT accepting CN 

group in 5-cyano-8-quinolinol resulted in enhanced stability 

21 
of the Fe(II) chelate . The lower oxidation state ion thus, 

was able to decrease some of its electron density by metal 

to ligand TT bonding9 while the TT bonding in the Fe(III) 

chelate is considered to occur in the opposite direction. 

The pronounced affinities of certain metal ions for 

specific donor atoms can be useful in designing more 

selective ligands. Ahrlanda Chatt, and Davies have dis

cussed the relative affinities of acceptor ions for ligands 

22 
in terms of groups A and B . The group A ions, form their 

most stable complexes with the first ligand atom of each 

group (i.e., N, 0, F,); the group B ions with the second or 

succeeding atom of each group. There often is a strong 

preference for specific donor atoms within the group A or B. 

Al(III) for example, is definitely in group A, but also 

strongly prefers oxygen coordination to that of nitrogen. 

21. Tomkinson, J. C., and Williams, R. J. P., J. 
Chem. Soc., 1153, (1958). 

22. Ahrland, S., Chatt, J., and Davies, N. R., 
Quarterly Reviews, 265, (1958). 
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The effect of the presence of a conjugated tt system 

is usually beneficial in complex formation. The conjugated 

system can be used to transmit electronic effects to the 

coordinating atom, and to participate in -jr bonding with the 

metal atom on chelation. Thus the increase in the stability 

of the complexes of 4-methyl-8-quinolinol over those of 

8-quinolinol is probably due to the electron donating 

23 
effect of the methyl group 

Nakamoto and co-workers have shown in the acetyl-

acetonates that the 7T electrons of the ligand as well as 

the d electrons of the metal are more or less delocalized 

24 
in the whole chelate ring in the stronger complexes 

Similar results are noticed for bis(dimethylglyoximato) 

nickel(Il). 

Lions has made repeated use of molecular models and 

drawings, using normal ionic radii and bond angles to help 

in designing new ligands. The use of such models is very 

23. Johnston, W. D., and Freiser, H., Anal. Chem. 
Acta., 11, 201, (1954). 

24. Nakamoto, K., McCarthy, P. J., and Martell, A. 
E., J. Am. Chem. Soc., &3, 1272, (1961). 
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helpful in visualizing how the new ligands may behave, and 

25 
in checking for proper orientation of the donating groups 

From a practical stand point, the utility of a 

ligand in a separation and analysis scheme is based upon its 

suitability for specific methods. It is possible to add 

groups to the ligand that will enhance its performance in a 

certain technique. In gravimetric determinations, it is 

advantageous to have a ligand with a high molecular weight 

in order to have a high sensitivity for the metal ion pre

cipitated. Thus, the addition of heavy atoms, such as Br or 

I, to the ligand is often beneficial. 

Since almost all non-water miscible organic solvents 

have low dielectric constants, a complex must have no net 

charge if it is to be of use in solvent extraction. Since 

most metal ions are usually cationic in aqueous solutions, 

it is necessary to have a ligand that complexes in an 

anionic form to yield a neutral complex for solvent 

extraction. The addition of the hydrophobic groups on the 

periphery of the ligand can also aid in solvent extraction 

by lowering the solubility in the aqueous phase and at the 

25. Chiswell, B., and Lions, F., Inorg. Chem. , 3^, 
490, (1964). 



12 

same time increasing the solubility in the organic 

phase26'27'28. 

29 
Boyd has added chromophoric groups to numerous 

ligands to increase the absorbance of the complex, thereby 

increasing the usefulness of the ligands in spectrophoto-

metric analysis. 

26. Gelard, J. F., and Lions, F., Inorg. Chem., 2, 
270, (1963). 

27. Fresco, J., and Freiser, H., Anal. Chem., 36, 
631, (1964). 

28. Dyrssen, D., Division of Anal. Chem., American 
Chemical Society, Summer Symposium, Tucson, Arizona, (1963). 

29. Boyd, T., Degering, E., and Shreve, R., Ind. 
Eng. Chem., Anal. Ed.s jLO, 616, (1938). 



II. STATEMENT OF THE PROBLEM 

Several studies have shown that substitution in the 

2 position of 8-quinolinol results in steric hindrance of 

chelation. Suppose, however, one adds a donor group of 

varying ability in this position. Will this group act as a 

sterically hindering group or will it transform the reagent 

into a tridentate ligand? In order to explore this question 

it was decided to prepare and study the properties of a 

series of appropriately substituted 8-quinolinol derivatives. 

13 



III. EXPERIMENTAL 

A. Apparatus and Technique 

1. Proton Magnetic Resonance Spectra 

The proton magnetic resonance spectra were run on a 

Varian Associates, A-60, instrument. The spectrometer was 

equipped with a variable temperature probe. The deuterated 

solvents for the spectra were of 997o enriched deuterium or 

better. 

2. Elemental Analyses 

The elemental analyses were performed by Elek 

Microanalytical Laboratories, Torrance, California. 

3. Melting Points 

The melting points were run on a Mel-Temp capillary 

melting point apparatus. The heating rate in the melting 

range was 2°C. per minute or less. The thermometer, a 

three inch immersion type, graduated in degrees, was 

calibrated in the instrument at several temperatures and 

was accurate to "t 2°C. up to 217°C. 

14 
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4. pH Meter 

The pH meter was a Beckman Model G instrument, 

equipped with a Beckman Model 40495 wide range external glass 

electrode, saturated calomel electrode pair. The instrument 

was standardized at pH 4.01 "t 0.01 and pH 7.00 "t 0.01, with 

buffer solutions prepared from Beckman powders. The 

manufacturers' literature claim that the glass electrode 

needs no sodium ion correction up to pH 14. 

5. Molecular Weight 

The molecular weights of the compounds were 

determined with the Mechrolab Vapor pressure Osmometer. The 

calibration curves for benzene, ethanol, and chloroform were 

constructed from solutions of 8-quinolinol. 

6. Ultraviolet Spectra 

The ultraviolet spectra were run on a Beckman 

Model DB Recording Spectrophotometer. The spectrophotometer 

was equipped with a potentiometric recorder, deuterium lamp, 

and thermostated cell compartment. The cells were standard 

silica, purchased from Beckman Instruments, Inc. The cell 

lengths were either 1 cm. or 0.1 cm., depending upon the 

sample solution. 
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TABLE 1 

Ultraviolet Absorption Maxima 

Compound 
PH ,4 
max (mu) 

pH 7 
max (mu) 

pH 11 
max (mu) 

8-Quinolinol-2-
Carboxaldehyde 
Oxime 

2-Methanol-8-
Quinolinol 

2-Aminomethyl 
-8-Quinolinol 

263+2 
309+3 

242+2 
255+2 
307+2 

242t2 

263+2 
305+3 

241+2 

300+5 

242+2 

285+2 
244+2 

256+2 

355+2 

255+2 

strong 
weak 

strong 
strong 
weak 

strong 
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TABLE 2 

Ultraviolet Maximum of Cu(II) Chelates 

Ligand max (mu) 

2-Methyl-8-Quinolinol 640 pH 7 

2-Methanol-8-Quinolinol 610 pH 7 

2-Aminomethyl-Pyridine 624 pH 7 

2-Aminomethyl-8-Quinolinol 688 pH 7 

8-Quinolinol 670 pH 4.0 

H2O 710 
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7. Infrared Spectra 

The infrared spectra, from 4000 to 400 cm."''", were 

run on a Perkin Elmer Model 337 Grating Spectrophotometer. 

-1 -1 The bands at 1946 cm. and 1027 cm. of a polystyrene film 

were used to calibrate each spectrum. The spectra of the 

compounds soluble in CCl^, CHClg or CHBr^ were run in sealed 

liquid cells with sodium chloride windows. The spectra of 

insoluble compounds were run in thallous bromide or potassium 

bromide pellets or in mulls pressed between KBr plates. 

Nujol and 1,3-hexachlorobutadiene were used as dispersing 

agents for the mulls. 

The spectra of the metal complexes were run in KBr 

pellets or as Nujol mulls between KBr plates. The spectro

photometer used was a Beckman IR-4, equipped with inter

changeable cesium bromide optics. The useful range of this 

equipment is 880 cm. ̂  to 350 cm. The spectrophotometer 

was calibrated at 700 cm. ̂  with polystyrene. No differ

ences were noted between the spectra run in KBr or in the 

mull when the spectra was recorded in both mediums. In 

addition, the spectra of the complexes were scanned on a 

Perkin Elmer Model 337 Grating Spectrophotometer from 4000 

to 400 cm. 
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TABLE 3 

Absorption Frequencies of 2-Aminomethyl-8-

Quinolinol and its Bis Chelates 

-Absorption Frequency, cm."'*--

Medium 

Metal 

VO-H (30) 

Vas (31) 

Vsym (31) 

V C=C (31) 

V C=C (31) 

V 

as 

sym = 

op = 

def .= 

KBr 

3400m 

3360w 

3310w 

CHCI3 

1600s 

1575m 

1510s 

1560s 

Nujol 

Cu(II) 

3260w 

3150w 

1625w 

1610w 

1575s 

1500s 

Nujol 

Ni(II) 

3270m 

3160m 

1620w 

1610w 

1575s 

1505s 

Nujol 

Zn(II) 

3260m 

3160m 

1626w 

1610w 

1500s 

1500s 

denotes a stretching vibration 

denotes asymmetric stretching vibration 

denotes symmetric stretching vibration 

out of plane Ip = in plane 

deformation 

30. Silverstein, R. and Bassler, G., "Spectro
photometry Identification of Organic Compounds," Wiley & 
Sons, Inc., New York, P. 55 and f.f., (1963). 

31. Nakanishi, K., "Infrared Absorption Spectro
scopy," Holden-Day Inc., San Francisco, (1962). 
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TABLE 3--CONTINUED 

Medium 

V C-0 (32) 

op. CH (33) 
bend 

op. CH (33) 
bend 

KBr 

1545s 

1322s 

1262s 

Nujol Nujol Nujol 

1205w 

1110s 

960w 

917w 

822s 

1292m 

1248w 

1217w 

1197w 

1168m 

1105s 

1008m 

940w 

922w 

868w 

822s 

788w 

1298s 

1165w 

1102s 

1050w 

lollw 

938w 

925w 

818s 

787w 

1289s 

1165w 

1104s 

1050w 

lOllw 

938w 

925w 

818s 

788w 

32. Charles, R. G., Freiser, H., Freidel, R., 
Hilliard, L. E., and Johnston, W. D., Spectrochim. Acta., 8^, 
1, (1956). 

33. Karr, C., Estep, P. A. and Papa, A. J., J. Am. 
Chem. Soc., 8,1, 152, (1959). 
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TABLE 3 

Medium KBr 

ip.ring (34) 765s 
def. 

ip.ring (34) 742s 
def. 

ip.ring (34) 658m 
def 

632m 

ip.ring (34) 590w 
def. 

575w 

518m 

ip.C-0 (34) 463w 
bend 

490w 

-CONTINUED 

Nujol Nujol Nujol 

750s 748m 745m 

738s 738m 737m 

732s 728m 728m 

585w 590w 590w 

498m 494m 492m 

34. Tackett, J. E., and Sawyer, D. T., Inorg. Chem., 
3, 692, (1964). 



TABLE 4 

Absorption Frequencies of 2-Methanol-8-

Quinolinol and its Chelates in Nujol 

-Absorption Frequency, cm."^-

Metal Zn(Il) Ni(II) Mg(II) Pd(II) 

V 0-H (30) 3380m 2620b 2570b 2600b 

V 0-H (30) 3330m 2450b 2320b 2350b 3340b 

1610w 1610m 1610m 1610m 

V C=C (31) 1585w 1585s 1580s 1580s 1570s 

V C=C (31) 1505s 1505s 1505s 1505s 1505s 

1310s 1330s 1332s 1335s 1315 s 

1303w 1305w 1292w 

1265m 1292m 1289m 

1235m 1280m 1278m 1278w 1275m 

1234w 1238w 1212w 

1200m 1200w 1202w 119 lw 

1178m 1163w 1163w 1163w 

1130w 

V 0
 

1 o
 

(32) 1088m 1105s 1105s 1105s 1108s 

V C-0 (31) 1058s 1059s 1042s 1048s 1032s 

1045m 1047m 

984w 987w 987w 



TABLE 4--CONTINUED 

Metal Zn(II) Ni(II) Mg(II) Pd(II) 

950w 965w 968w 968m 

930w 942w 945w 929w 

878w 895w 897w 878w 

op.C-H 
bend 

(33) 828s 825s 850s 827s 828s 

op.C-H 
bend 

(33) 792s 790w 792m 797w 

ip.ring 
def. 

(34) 742s 747s 750s 752s 758s 

ip.ring 
def. 

(34) 702s 738s 738s 740s 732s 

ip.ring 
def. 

(34) 680w 660w 660w 657w 

ip.ring 
def. 

(34) 599m 603s 602m 595m 

ip.ring 
def. 

(34) 576w 

55 lw 

578w 

546w 

580w 

654w 

518w 

547w 

595w 

583w 

525w 528w 525w 543w 

ip.C-0 
bend 

(34) 484w 500m 

452m 

498m 

452m 

498m 

448sh 

524m 

474w 

440b 408m 415m 435m 

b = denotes broad band 
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TABLS 5 

Absorption Frequencies of Oxime .^es 

of 8-Quinolinol-2-Carboxaldehyde 

Oxime in Nujol 

Pd(II) Ga(III) Zn(II) 

V 0-H (29) 3420m 3420m 

V-O-H (29) 3360 3210m 3160m 3160m 

1640w 

V C=C (30) 1590w 1590w 1601w 1601w 

1570m 1570m 1580s 1570m 

V C=C (30) 1510s 1510s 1510s 

1323s 1325s 1328s 1335s 

1288w 1288m 1308w 

cci4 

3440 

1640w 

1610w 

x 

x 

1328s 

1318m 

O-methyloxime 

Pd(II) 
nujol 

3370w 

1610w 

1570s 

1510m 

1328m 

1282m 

Ga(III) 
nujol 

3370m 

1600m 

1560s 

1500s 

1328s 

1268s 

x = Solvent black out region 
n> 
-P> 



TABLE 5-

Oxime in Nujol 

Pd(II) Ga(III) 

1265m 1268s 1268s 

1228m 1238m 

V C-0 (31) 1080s 

1050s 

op.C-H 
bend 

op.C-H 
bend 

980s 

832s 

784s 

1098s 

996s 

832s 

800m 

1100s 

1008s 

954w 

845s 

798w 

ip.ring 
def. 

748s 742s 760s 

CONTINUED 

O-methyloxime 

Zn(II) Pd(II) Ga(III) 
CC14 nujol nujol 

1265s 1245s 1248w 1244m 

1195m 1183w 117 8w 

1162w 1160w 1160w 

1104s 1080m 1108s 1100m 

1052s 1057s 1048s 

998s 948m 940m 

975w 926s 926s 916m 

835s 837s 838m 838s 

X 828x 

X 774m 768w 

738s X 752m 745s 



TABLE 5--CONTINUED 

Oxime in Nujol 

Pd(II) Ga(III) Zn(II) 

7.18s 

605w 

568w 

537w 

528w 

48 9w 

448m 

650m 

607w 

568w 

52 8w 

522w 

710w 

648m 

610s 

552w 

532w 

528w 

500w 

592m 

530w 

515w 

502w 

O-methyloxime 

Pd(II) Ga(III) 
nujol nujol 

740m 

730s 

668s 665w 

65 8w 

580m 590w 

535w 562w 

474w 47 2w 



TABLE 6 

LOW FREQUENCY ABSORPTION BANDS OF 8-QUINOLINOL CHELATES 

Ligand 423w 465m 49 Ow 

Pd(II) 336s 420s 46 lw 472w 509m 531s 

Cu(II) (35) 336s 408s 525s 

Na(II) 337s 402m 408s 

Zn(II) 410 s 442n 505s 

Cd(II) 387 avg. 498s 

Pb(II) 375m 490sh 502s 

Mn(II) (35) 324s 372s 499s 

Mg(II) (35) 383s 484w 512s 

Ca(II) (35) 373s 426w 488s 501s 

Fe(III) 403m 532s 

. = . ! s t r o n g ,  m  =  m e d i u m ,  w  =  w e a k ,  a v g .  -  a v e r a g e  o f  a  b r o a d  p e a k . , . '  
sh= shoulder on strong peak-

35. Magee, R. J., and Gordon, L., Talanta, 10, 961, (1963). 



TABLE 6-

Cr(III) 372m 411s 

Al(III) 432s 

Ga(III) 412s 

In(III) 416s 

Tl(III) 

Sb(III) 396s 

Bi(III) 382s 

CONTINUED 

472w 

484w 

537s 

558s 

534s 

524s 

495w 

520s 530s 

509s 



TABLE 7 

LOW FREQUENCY ABSORPTION BANDS OF 4-METHYL-8-QUINOLINOL CHELATES 

Ligand 489s 500s 

Pd(II) 309m 340m 460s 489w 505w 533s 

Cu(II) 45 Im 485w 508w 528s 

Ni(II) 438m 47 8w 505sh 517s 

Zn(II) 444m 460m 47 7w 511s 

Cd(II) 424w 47 lw 510s 

Hg(II) 420w 47 6w 515w 

Fe(III) 437m 480w 502w 528s 

Cr(III) 363m 449m 48 Iw 502w 533s 

Al(III) 430s 465s 487w 510m 547s 

s = strong, m = medium, w = weak, sh = shoulder on strong peak 

n> 
vo 



TABLE 8 

LOW FREQUENCY ABSORPTION BANDS OF 2-METHYL-8-QUINOLINOL CHELATES 

Ligand 

Pd(II) 

Cu(II) 

Ni(II) 

Zn(II) 

Co(II) 

Cr(III) 

Fe(III) 

375s 

375s 

372s 

428m 

432w 

429m 

435w 

442m 

428w 

442m 

444w 

498m 

488s 

483m 

477m 

459m 

473m 

487m 

480m 

513m 

510w 529s 

525s 

519s 

497s 

515s 

528s 

521s 

s = strong, m = medium, w = weak 

u) 
o 
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8. Mass Spectra 

The mass spectra were obtained on a Consolidated 

Electro Dynamics Corporation, Model 21-103 C mass spectro

meter, equipped with an all glass heated inlet system. The 

spectra were run in the laboratories of the Pittsburgh Coal 

Research Center, United States Department of the Interior, 

Bureau of Mines, Pittsburgh, Pennsylvania. The temperature 

of the introduction system for all samples was 120°C., 

except for the 8-quinolinol-2-carboxaldehyde tertiarybuty-

limine, which was run at 140°C. The sample sizes varied 

from one to three milligrams. The mass range scanned was 

from m/e = 68 to m/e = 250. The resolution was adequate to 

separate half unit masses into distinct peaks. 

High resolution mass spectra of m/e = 28-32 range 

for 2-methyl-8-quinolinol and 2-aminomethyl-8-quinolinol 

(Table 11) were run by West Coast Technical Service in a 

Hitachi RMU-6D mass spectrometer. The high resolution mass 

spectrum of 2-methyl-8-quinolinol shows one peak at m/e = 

28.004 (C0+) and a smaller peak at m/e 28.015 (N2+) • 

2-aminomethyl-8-quinolinol has peaks at m/e 28.004 (C0+), 

m/e 28.015 (N2+), and m/e 28.028 (CH2N+). In addition, the 

entire spectrum from m/e = 10 to 200 was run at low 
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resolution to fill in information on the lower mass range 

not covered in the original spectra. The mass spectra are 

presented in Tables 9, 10, and 11. 

The metastable peaks appearing in the mass spectra 

were used to define the fragmentation pathways. The 

metastable peaks arise from either the parent or fragment 

ion forming other ions by spontaneous decomposition. 

The position of the metastable peak, m*, is re

lated to the parent, m]_, and daughter ion, m2, by the 

equation: 9 

m2 
m* = 

ml 

The mode of fragmentation responsible for the metastable 

peak is found by trial and error. Since the collection 

efficiency of most mass spectrometers for metastable ions 

is small, the observed metastable peaks usually are 

associated with only the most common modes of fragmentation. 

This means that only the mass of the more intense peaks 

o £ 
need to be examined by the equation . The resulting mass 

36. Beynon, J. H., "Mass Spectrometry and its 
Applications to Organic Chemistry," Elsevier Pub. Co., 
New York, P. 251, (1960). 
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of the daughter iori should also have a relatively high 

intensity, and correspond to the loss of a reasonable 

neutral fragment. 

Bar graph representation of the mass spectra with 

the intensities expressed as percent of the base peak is 

shown in Figures 6-16. No intensities of less than 0.107o 

of the base peak were tabulated. The major part of the 

fragmentation occurs in the mass region above m/e = 70 in 

the two compounds studied in the lower region. 

No corrections are made for the background of the 

mass spectrometer. The lack of peaks heavier than the 

parent peaks indicates that the compounds are relatively 

free from heavy contaminants. 

B. Materials 

1. Ligands 

a. 8-Quinolinol 

Analytical reagent grade 8-quinolinol (J. T. 

Baker Chemical Company) was purified by recrystallization 

from ligroin. The reagent had a melting point of 73.5°C. 

(literature - not below 72.5°C. or above 74.0°C.)"^. 

37. "Reagent Chemicals," prepared by the 1960 
committee on analytical reagents. American Chemical 
Society, Washington, D. C., (1961). 



TABLE 9 

Mass Spectra of 8-Quinolinols 

m/e r=h ch3 ch2oh ch2nh2 cho chnoh chnc(ch3)3 

68 .15 .13 . .38 .28 

69 m* m* m*.22 m* 

70 m* m* .34 

71 .32 12.0 

72 .35 .15 .91 .88 1.4 

72,5 2.1 .68 1.4 

73 1.1 .70 2.3 1.5 1.3 

74 3.5 3.8 4.7 3.0 4.5 8.2 2.0 

75 3.6 4.9 7.7 5.0 5.2 12.4 4.0 

76 3.1 4.8 7.3 4.9 4.8 13.0 3.3 

77 2.0 7.2 8.4 6.2 2.3 7.7 3.3 £ 



TABLE 9-

m/e R=H CH3 CH2OH 

78 2.6 3.9 4.7 

79 .59 1.1 3.3 

79.5 2.5 

80 .90 .65 .45 

81 .10 m* 

82 m* 

83 m* 

84 .29 .10 .17 

85 1.1 .49 .89 

86 2.3 1.1 2.0 

86.5 

87 3.4 2.0 3.8 

87.5 1.2 

88 4.2 2.1 5.8 

-CONTINUED 

CH2NH2 CHO CHNOH CHNC(013)3 

3.9 1.5 4.0 2.0 

1.6 .46 

.22 

.39 .10 

m* 

.31 

.69 1.3 5.8 2.0 

1.4 2.7 5.3 

.82 1.0 

4.0 5.0 13.0 2.0 

3.9 7.4 21.9 3.9 ui 



TABLE 9--CONTINUED 

m/e R=H ch3 ch2oh CH2NH2 cho chnoh CHNC(CH3>3 

89 23.7 6.6 20.8 16.2 32.3 36.7 13.6 

90 21.2 3.5 9.0 7.8 13.6 15.0 6.0 

91 3.6 1.3 4.0 3.3 2.6 3.2 2.0 

92 .36 .57 7.9 .64 .50 

93 .13 .20 .28 

95 m* m* m* m* 

97 .23 .12 .17 

98 .50 .60 .69 .49 .67 1.0 

99 .55 .65 1.2 .95 1.6 2.1 1.9 

100 .44 .55 1.8 1.5 2.3 6.0 

101 .26 .13 6.1 5.3 2.0 2.2 3.6 

102 .29 4.5 13.6 7.2 1.0 4.2 5.0 

103 8.5 8.5 4.7 .51 3.9 2.0 

104 4.7 1.6 1.2 .20 2.3 u 
a 



TABLE 9 

m/e 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

r=h 

.12 

.11 

.12 

.77 

1.85 

11.8 

75.7 

6.7 

ch3 

.65 

m* 

m* 

m* 

m* 

.10 

.10 

.45 

1.3 

2.1 

2.7 

.66  

.15 

ch2oh 

m* 

.19 

.21 

m*.25 

1.7 

3.4 

8.4 

18.3 

4.2 

CONTINUED 

ch2nh2 cho chnoh chnc(ch3>3 

.39 .25 1.0 

m* 

m* 3.0 

.41 

.27 

.25 

.30 

1.5 2.6 14.7 2.3 

3.1 10.7 40.7 12.6 

7.6 17.1 14.9 9.0 

25.6 56.7 12.2 16.0 

4.5 5.45 1.0 2.2 <3 



TABLr 

m/e R=H CH3 CH2OH 

119 .32 .42 

122 m* 

126 .12 .26 1.5 

127 .15 .29 3.6 

128 1.9 17.8 

129 3.7 100 

130 27.9 11.5 

131 56.7 1.3 

132 5.7 .42 

133 .34 

139 .11 

140 1.5 .42 

141 .42 1.3 

142 1.2 

-CONTINUED 

CH2NH2 

.45 

m* 

1.3 

3.3 

10.5 

38.9 

5.5 

1.8 

.31 

.11 

.13 

.36 

.28 

1.1 

CHO 

.32 

2.5 

4.6 

.55 

.20 

.38 

CHNOH 

2.3 

2 . 0  

2 . 2  

1.5 

9.1 

4.0 

1.7 

1.4 

2.3 

7.3 

60.0 

CHNC(CH3)3 

2 . 0  

3.0 

4.0 

2 . 0  

1.4 

1.1 



TABLE 9-

m/e R=H CH3 CH2OH 

143 1.2 

144 2.0 .26 10.0 

145 100 P .41 8.9 

146 9.9 20.2 

147 .66 2.3 

148 .18 

155 

156 .14 1.2 

157 .28 30.5 

158 3.16 4.8 

159 100 P 1.4 

160 11.1 .22 

161 .75 .22 

169 

-CONTINUED 

CH2NH2 

1.4 

6.4 

38.9 

55.6 

5.7 

.37 

.83 

1.0 

8.3 

5.1 

7.8 

182 

CHO 

1.8 

16.8 

25.0 

2.5 

.16 

CHNOH 

28.3 

19.2 

21.5 

2.3 

CHNC(CH3)3 

2.7 

14.5 

100 

11.0 

1.0 

4.7 1.3 

2.3 

2 . 0  
u> 
vo 



TABLE 9 

m/e R=H CH3 CH2OH 

170 .46 

171 .16 

172 .36 

173 3.5 

174 13.9 

175 94.8 : 

176 10.5 

177 .89 

184 

186 

187 

188 

189 

190 

-CONTINUED 

CH2NH2 CHO CHNOH CHNC(CH3)3 

1 .2  100  2 .0  

.95 13 8.9 

2.0 .70 13 67.8 

22.0 100 P 2.5 10.6 

100 P 11.3 2.9 

11.0 .97 

.94 

1.0 

2.0 

2.4 

88.5 P 

10.7 

11 X . J. 0 



TABLE 9—CONTINUED 

m/e R=H CH3 CH2OH CH2NH2 CHO CHNOH CHNC(CH3)3 

196 2.0 

197 1.6 

198 1.0 

211 1.0 

213 10.7 

214 1.8 

228 57.2 P 

229 9.7 

230 .97 



TABLE 10 

8-Quinolinol 

2-Methyl-8-
quinolinol 

2-Methanol-8« 
quinolinol 

Met as table Peaks 

ml m2 m* 7o Base 

145 117 94.5 0.08 

117 90 69 .3 

159 131 108.5 .57 

131 104 82 .06 

116 89 68 .007 

175 157 141 .3 

175 146 122 .1 

146 129 113 .1 

157 129 107 .4 

129 102 81 .2 

145 117 95 .4 

117 90 69 .1 

Process 

p+ (p-28)+ + co 

(p-28)+ (p-55)+ + hcn 

p+ (p-28)+ + co 

(p-28)+ (p-55)+ + hcn 

(p-43)+ (p-70)+ + hcn 

P+ (p-18)+ + h2o 

p+ (p-29)+ + hco 

(p-29)+ (p-46)+ + oh 

+
 OO R—

H 
1 

PH 

(p-46)+ + co 

(p-46)+ (p-73)+ + hcn 

(p-30)+ (p-58)+ + co 

(p-58)+ (p-85)+ + hcn 



ml 

2-Aminomethy 1- 174 
8-quinolinol 

157 

129 

145 

117 

8-Quinolinol-2- 173 
caroxaldehyde 

145 

117 

8-Quinolinol-2- 170 
carboxaldehyde 
oxime 142 

8-Quinolinol-2- 172 
carboxaldehyde 
tert. butylimine 

TABLE 10--CONTINUED 

m2 m* % Base 

146 123 .4 

129 106 .2 

102 81 .08 

117 94.5 .2 

90 69 .08 

145 122 .6 

117 94.5 .5 

90 69 .08 

142 119.5 .7 

115 94 .1 

145 123.5 1.5 

Process 

p+ (P-28)+ + CO 

(P-17)+ (P-45)+ + CO 

(P-45)+ (P-72)+ + HCN 

(P-29)+ (P-57)+ + CO 

(P-57)+ (P-85)+ + HCN 

P+ (P-28)+ + CO 

(P-28)+ (P-56)+ + CO 

(P-56)+ (P-83)+ + HCN 

(P-18)+ (P-46)+ + CO 

(P-46)+ (P-73)+ + HCN 

(P-56)+ (P-83)+ + HCN 



m/< 

14 

15 

16 

17 

18 

26 

27 

28 

29 

30 

31 

32 

37 

38 

39 

40 

41 

42 

43 

TABLE 11 

Complete Mass Spectra of 2-Methyl-8-quinolinol 
And 2-Aminomethyl-8-quinolinol 

ch3 ch2nh2 m/e ch3 ch2nh2 

2.2 44 1.06 3.82 

1.53 2.62 45 .75 

1.18 33.1 49 .96 

4.08 42.4 50 10.7 3.38 

2.92 34.72 51 21.7 .63 

2.36 .79 52 10.7 3.41 

7.50 2.47 53 4.62 1.59 

4.79 29.8 54 1.39 1.32 

1.76 1.98 55 1.00 1.41 

.65 25.6 57 1.01 

.84 58 .88 

1.26 2.73 60 .93 

1.96 .79 61 2.49 1.11 

5.14 2.12 62 8.15 4.10 

14.7 7.10 63 19.7 10.10 

1.79 1.11 64 8.75 3.71 

2.27 2.87 65 14.7 3.40 

3.44 1.19 66 3.10 .88 

1.27 2.21 67 . .62 



TABLE 11--CONTINUED 

m/e ch3 ch2nh2 m/e ch3 ch2ni 

69 .57 98 .96 .31 

71 .48 99 1.09 .84 

72 .71 100 1.09 1.59 

73 .78 2.78 101 3.06 2.34 

74 4.80 1.76 102 8.95 8.49 

75 6.84 3.89 103 23.3 4.59 

76 7.76 3.80 104 9.51 .97 

77 24.2 6.82 108 1.40 .27 

78 7.16 .49 112 1.35 

79 1.92 1.59 113 3.25 

80 1.48 114 3.23 1.31 

85 .70 115 4.76 2.02 

86 1.66 .88 116 5.68 7.33 

87 2.64 3.22 117 1.53 24.9 

88 3.71 2.52 118 7.20 

89 12.5 14.3 119 . 66 

90 7.37 8.40 126 .52 .88 

91 2.40 4.28 127 .65 2.80 

92 1.05 128 4.18 11.1 

97 .18 129 4.45 32.4 



TABLE 11--CONTINUED 

m/e ch3 ch2nh2 m/e CH3 ch2nh2 

130 63.4 1.55 170 .57 

131 100 1.11 171 .93 

132 50.5 172 .84 

133 .87 173 24.1 

140 3.56 174 100 

141 1.40 .84 175 12.28 

142 .62 176 .928 

143 .57 

144 .52 5.26 

145 41.3 

146 74.2 

147 7.42 

155 1.02 

156 1.19 

157 .66 9.29 

158 7.13 2.30 

159 100 1.94 

160 3.2 

161 2.22 
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b. 2-Methyl-8-quinolinol 

The 2-methyl-8-quinolinol (Aldrich Chemical 

Company) was sufficiently pure for use in the organic 

synthesis. The melting point was 74°C. The mass spectra 

were run on the unpurified reagent with a melting point of 

73.5-74°C. (range of values in the literature 72-75°C.)^®^. 

c. 2-Methyl-8-acetoxyquinoline 

2-Methyl-8-acetoxyquinoline was prepared as 

40 
described by Buchi . 2-Methyl-8-quinolinol (500 grams, 

3.15 moles) was added to a flask containing boiling chips, 

850 ml. (9 moles) of acetic anhydride and 200 ml. of 

pyridine. The solution was allowed to reflux for 4 hours. 

After cooling, the solution was fractionally distilled under 

vacuum. The fraction distilling between 135°C. at 0.5 mm. 

Hg. and 142°C. at 0.25 mm. Hg was collected. The yield was 

573 grams (2.86 moles, 91%), with a melting point of 

38. Wallach, 0., and Wusten, M., Ber. Dtsch. Chem. 
Ges., 16, 2010, (1883). 

39. Doebner, 0., and von Miller, W., Ibid., 17, 
1705, (1884). 

40. Buchi, J., Aebi, A., Deflorin, A., and Hurni, 
H., Helv. Chim. Acta., 39, 1676, (1956). 
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61-62.5°C. (literature 63-64°C.)^. The oxidation to 

8-acetoxyquinoline-2-carboxaldehyde was carried out on the 

yellow distillate. 

d. 8-Acetoxyquinoline-2-carboxaldehyde 

The method was essentially that used by Buchi 

40 
and co-workers . The yields were increased to 747o by 

keeping a nitrogen atmosphere in the reaction vessel during 

the reaction, decreasing the reaction time at 80°C. from 4 

hours to 2.5 hours. 

A five liter 3-necked flask was fitted with a 

large stirrer, large reflux condenser, and a nitrogen inlet. 

Selenium dioxide (145 grams, 1.3 moles) was added, followed 

by 3 liters of technical dioxane. The suspension was 

stirred rapidly while the system was swept with prepurified 

nitrogen. After the water bath temperature was adjusted to 

55°C., 249 grams (1.25 moles) of 2-methyl-8-acetoxyquinoline 

were added over a period of 20 minutes to the stirred 

solution through the nitrogen inlet port. The nitrogen 

inlet was replaced and the flow adjusted to provide a 

gentle stream of nitrogen through the reaction vessel. The 

temperature of the water bath was raised to 78°-82°C. The 



49 

reddish brown solution of 8-acetoxyquinoline-2-carbox-

aldehyde was stirred at this temperature for 2.5 hours. 

The hot solution was filtered through a 400 ml. 

medium porosity sintered glass funnel to remove the reacted 

selenium. The selenium was washed with two 200 ml. of hot 

technical dioxane. The washings were added to the filtrate. 

The filtrate was placed in a Buchi Rotovapor for removal of 

the dioxane under reduced pressure. The hot dark brown oil 

was taken up in 600 ml. of technical acetone. Crystalliza

tion with the aid of the dry ice acetone bath gave the yellow 

aldehyde. The compound was dried in a vacuum desiccator at 

a final vacuum of less than 1 mm. Hg. The yield was 198 

grams (0.93 moles, 747o) . The melting point was 92-94°C. 

(literature 97-97.5°C.)^. The melting point of the material 

decreased with time. This is also accompanied by a change 

in color from yellow to dirty red brown. For most 

synthetic work, the aldehyde need not be purified further. 

e. 2-Methyl-8-benzyloxyquinoline 

40 
Using the method of Buchi and others , 2-

methyl-8-benzyloxyquinoline was prepared by refluxing 

bromotoluene (80 grams, 0.47 mole), with 2-methyl-8-

quinolinol (64 grams, 0.40 mole) in the presence of KOH. 
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Recrystallization from technical hexane gave 60 grams (65%) 

of a white material with a melting point of 84-86°C. 

(literature 89.5-90°C.)^. It was not necessary to purify 

the 2-methyl-8-benzyloxyquinoline further for the oxidation 

to the aldehyde. 

f. 8-Benzyloxyquinoline-2-carboxaldehyde 

8-Benzyloxyquinoline-2-carboxaldehyde was pre

pared by a selenium dioxide oxidation of 2-methyl-8-

benzyloxyquinoline^. Selenium dioxide (26.4 grams, 0.24 

moles) was mixed with 60 grams (0.24 moles of 2- methyl-8-

benzyloxyquinoline in dioxane at 80°C. for three hours. 

Recrystallization from acetone gave 48 grams (0.18 moles, 

757o) of yellow 8-benzyloxyquinoline-2-carboxaldehyde, with 

a melting point of 89-91°C. (literature 93-94°C.)^. 

g. 8-Quinolinol-2-carboxaldehyde 

8-Quinolinol-2-carboxaldehyde was prepared by 

the hydrolysis of 8-benzyloxyquinoline-2-carboxaldehyde with 

40 
HC1 . 8-Benzyloxyquinoline-2-carboxaldehyde (3.5 grams, 

9.7x10"^ moles) was dissolved in 80 ml. of concentrated HC1. 

The mixture was allowed to stand overnight. The aldehyde 

was extracted from the neutral solution with technical 



51 

ethyl ether. Recrystallization from ligroin gave 1.5 grams 

(8.7xl0~^ moles, 967o) of yellow 8-quinolinol-2-

carboxaldehyde with a melting point of 94-95°C. (literature 

98.5-99°C.)^. The aldehyde recrys tallized from petroleum 

ether discolors readily. Stability towards discoloration is 

achieved by sublimation at 50-60°C. in a vacuum sublimer at 

less than 1 mm. Hg. 

h. 8-Quinolinol-2-carboxaldehyde oxime 

8-Quinolinol-2-carboxaldehyde oxime was pre

pared by condensing 8-acetoxyquinoline-2-carboxaldehyde with 

hydroxylamine. 2-Methyl-8-acetoxyquinoline (250 grams, 1.3 

moles) was oxidized with selenium dioxide (145 grams, 1.3 

moles) to 8-acetoxyquinoline-2-aldehyde. The crude 

aldehyde oil was taken up in 1 liter of ethanol after the 

dioxane had been removed. The hot dark brown solution was 

filtered, and transferred to a 3 liter, one neck flask. 

The flask contained 150 grams (2.1 moles) of hydroxylamine 

hydrochloride, boiling chips, and 150 g. (1.8 moles) of 

sodium acetate dissolved in 800 ml. of water. The flask 

was fitted with two condensers joined end to end, and 

placed in the hot water bath. The water bath temperature 

was approximately 80°C. The solution refluxed for 1.5 
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hours. The hot solution was filtered through a 12 cm. 

Buchner funnel. The solution was transferred to a 4 liter 

beaker. One liter of water was added. The solution was 

cooled in an ice bath. The resulting solid was collected by 

filtration. The solid was recrystallized once from 507o 

v./v_ ethanol and water. The still red solid was collected 

and introduced in 10 gram portions to a 75 mm. vacuum 

sublimer. The sublimer was operated at an oil bath 

temperature not exceeding 130°C. and at about 1 mm. Hg. 

The melting point of the colorless sublimate was 166-168°C. 

o 41 
(literature 172-173 C.) . The total 8-quinolinol-2-

carboxaldehyde oxime was 62 grams (0.33 moles, 267o) . The 

elemental analysis was found to be: 

carbon hydrogen nitrogen 
Calculated C10H8N202 63.8% 4.26% 14.9% 

Reported 63.5 4.52 14.5 

8-Quinolinol-2-carboxaldehyde oxime of 

sufficient purity for most applications except hydrogenation 

can be obtained by a second recrystallization from 

41. Reihsig, J., and Krause, H. W., J. Prakt. 
Chim., 31, 167, (1966). 
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chloroform. In cases where the red brown color still 

persists, treatment with animal charcoal during a second 

recrystallization out of chloroform or drying on a porous 

plate will greatly improve the color. Very slow uptake of 

hydrogen in the Parr Low Pressure Reaction Apparatus was 

observed when the unsublimed oxime was treated with hydrogen. 

The infrared spectrum of the oxime in a Nujol 

mull has two peaks in the 0-H stretch region at 3420 cm. ^ 

and 3360 cm."''". These were attributed to the phenol and the 

0-H of the oxime. The frequency is low for an oxime, which 

- 1  
usually absorb between 3650-3500 cm. . If the oxime is in 

the anti form, there is a strong possibility of intramol

ecular hydrogen bonding between the hydroxyl and quinoline 

nitrogen which would lower the frequency of the absorption. 

Intermolecular hydrogen bonding would also lower the 

absorption frequency. The low intensity of the C = N 

stretch absorption at 1640 cm. ̂  further confirms the 

,  _  . 4 2  
presence of the oxime 

The parent peak in the masls spectrum at m/e 

188 agrees with the molecular weight of the compound. The 

42. Bellamy, L. J., "The Infra-red Spectra of 
Complex Molecules," John Wiley and Sens, Inc., New York, 
P. 98, 1958. 
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isotopic peaks are in reasonable agreement with those 

calculated for cioH8N2°2* 

The proton magnetic resonance spectrum was run 

in deuterated dimethylsulfoxide. The spectrum shows a 

singlet at 1.92 7*. Forman has pointed out however that the 

position of the vinyl hydrogen is not as important as the 

difference between the peak of the hydroxyl proton and the 

/ q 
vinyl hydrogen . He assigned pyridine-2-carboxaldehyde 

oxime with the syn configuration, and pyridine-4-

carboxaldehyde oxime with the anti configuration. This is 

unusual since one would expect that the anti form would be 

Calculated CmH0NoO 10 8 2 2 

P P + 1 P + 2 
m/e = 188 11.8% 1.0% 

Reported m/e = 188 12.2% 1.2% 

anti syn 

43. Forman, S. E., J. 0. Chem. , 2_9, 3323, (1964) 



55 

more stable due to the hydrogen bonding between the 

quinoline nitrogen and the oxime proton. On the basis of 

Forman's assignments, 8-quinolinol-2-carboxaJLdehyde oxime 

probably in the syn configuration. 

i. 2-Aminomethyl-8-quinolinol 

8-Quinolinol-2-carboxaldehyde oxime (10 grams, 

0.053 moles) was dissolved in 400 ml. of absolute ethanol 

that had been bubbled with nitrogen for 0.5 hour. One gram 

of 10% palladium on charcoal (Matheson, Colleman, and Bell) 

was placed in a 500 ml. glass Parr hydrogenation bomb. 

After sweeping the bomb with nitrogen, 25 ml. of nitrogen 

swept ethanol was added to cover the catalyst. The oxime 

solution was poured into the bomb. The bomb was fitted to 

the Parr Low Pressure Reaction Apparatus and flushed 

repeatedly with hydrogen. The apparatus was charged to 

50 p.s.i. Hydrogen uptake was complete in 25 minutes of 

shaking. After the bomb was removed from the Parr 

apparatus and capped, it was warmed in a water bath to 

dissolve the grey solid. The black opaque solution was 

filtered through a 60 ml. fine porosity sintered glass 

funnel to remove the pyrophoric catalyst. The filtrate, 

already containing some solid material, was cooled in a dry 
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ice acetone bath in a glove box under an atmosphere of 

carbon dioxide. The solid was collected by filtration 

through a 9 cm. Buchner funnel. After being pressed dry, 

the cake was removed from the glove box and placed in the 

vacuum sublimer. The sublimation took approximately 36 

hours at 100°C. The yield was 5.9 grams (637o) . The 

elemental analysis results are shown below. 

Carbon Hydrogen Nitrogen 
Calculated 69.0 5.74 16.1 

Reported 69.3 6.28 15.7 

The melting point varies with the rate of heating. The 

temperature of first noticeable decomposition of the yellow 

solid is 136°C. The heating was continued for approximately 

10 minutes longer, during which time the temperature had 

risen to 140°C. Nearly all the sample was decomposed in 

this period. 

The proton magnetic resonance spectrum of the 

amine in hexadeuterated acetone with 1 drop of D2O added, 

had a doublet at 2.17T, a poorly resolved set of peaks 

between 2.77" and 3.47", and a singlet at 6.37". The single 
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hydrogen at 2.177" can be attributed to the 4 hydrogen in the 

44 
quinoline system . The remaining four aromatic hydrogens 

are in the unresolved set of peaks. The peak at 6.377" is 

attributed to the methylene attached in the two position to 

8-quinolinol. 

The infrared spectrum was run in warm chloroform. 

The three peaks in the 3500-3200 cm."^ region are assigned 

to the phenol (3400 cm. *") and the amino groups (3360, 3310 

cm. ^) . The absorption at 2860 and 2970 cm."''' indicates 

that there is a methylene group present. When the phenol 

proton is removed by complexation, the two N-H stretching 

absorptions are more easily seen. They are found at 3250 

and 3160 cm."^ in the Zn(II) complex and at 3280 and 3170 

cm."^ in the Ni(II) complex. 

The molecular weight of the amine was determined 

on a Mechrolab Vapor Pressure Osmometer in benzene solution. 

The experimental molecular weight of 182 grams/mole compares 

well with the calculated molecular weight of 174 grams/ 

mole. This indicates that the amine is not a dimer in 

solution. 

44. Bhacca, N. S., Hollis, D. P., Johnson, L. F., 
and Pier, E. A., "NMR Spectra Catalog," Varian Associates, 
Palo Alto, California, Spectrum #579. 
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The mass spectrum of the amine is consistent 

with the structure. The parent peak at m/e = 174 confirms 

the molecular weight. The T + 1 and P + 2 peak intensities 

are in reasonable agreement with the calculated intensities 

for C10H10N20. 

P P + 1 P + 2 
Calculated cio^10N2° 174 11. 8% 0, .83% 

Reported 174 •
 

r—1 i—I 

0% 0, .94% 

j. 2-Methanol-8-quinolino1 

Sodium Borohydride Reduction. (recommended 

method) 8-Acetoxyquinoline-2-carboxaldehyde (78 grams, 

0.36 moles) was dissolved in 600 ml. of 1007o ethanol by 

stirring. The solution was filtered through a 9 cm. 

Buchner funnel to remove any of the insoluble oxidation 

products formed during storage of the aldehyde. Sodium 

borohydride (3.5 grams, 0.093 moles) was added to the 

stirred solution. Stirring continued for 20 minutes until 

all the sodium borohydride was consumed. A solution of 30 

grams of anhydrous sodium acetate dissolved in 500 ml. of 

water was added to the ethanolic solution. The solution was 

boiled for approximately 20 minutes and cooled in an ice 

bath of one hour. The pH was adjusted to pH 7 (indicator 
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paper). The Solution was extracted with five 500 ml. 

portions of technical ethyl ether in a 4 liter separatory 

funnel. The ether layer was collected and washed with two 

500 ml. portions of water. The clear red ether solution was 

introduced into the Buchi Rotovapor for evaporation of the 

ether. The remaining ethanolic solution was concentrated 

under reduced pressure to 400 ml. with heating. The red 

solution was poured into a 2 liter beaker containing 500 ml. 

of water and cooled in a dry ice acetone bath. The light 

golden yellow solid was filtered, pressed dry, and finally 

dried in a vacuum desiccator. The weight was 35 grams. The 

infrared and p.m.r. spectra indicated that the solid was a 

mixture of the desired alcohol and acetate ester. 

The solid was dissolved in 1 liter of 95% 

technical ethanol in a 3 liter one neck, round bottom flask. 

Sodium hydroxide (40 grams, 1 mole) was added all at once. 

The reflux condenser was attached. The heating mantel was 

turned on with the voltage set at about 70 volts. The 

mixture was allowed to reflux for 0.5 hours. The solution 

was cooled in an ice bath. The acidity was adjusted to 

pH 7.0 with indicator paper. The ethanol was removed with 

the Buchi Rotovapor. The golden brown slurry was cooled and 
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filtered. The cake was washed with water, pressed dry, arid 

dried in a vacuum desiccator over night. The weight of the 

light yellow solid was 29.9 grams (0.17 moles, 477») . The 

melting point was 111-112°C. 

Catalytic Reduction. 8-Quinolinol-2-carboxalde-

hyde (7.5 grams, 0.043 moles) was dissolved in 200 ml. of 

nitrogen bubbled ethanol. The Parr hydrogenation bomb was 

charged with 0.60 grams of platinum oxide followed by the 

aldehyde solution. The compound was hydrogenated in the 

Parr Pressure Reaction Apparatus with an initial pressure of 

50 p.s.i. The time required was 37 minutes. The alcoholic 

solution was filtered through a medium porosity sintered 

glass crucible to remove the catalyst. The ethanol was 

removed with the Rotovapor, leaving a brown oil. The oil 

was boiled with 3  liters of petroleum ether (30-60°C. ) .  

The light yellow solution was filtered while warm. The 

filtrate was cooled in a dry ice acetone bath. The creamy 

white precipitate was collected by filtration and dried in a 

vacuum desiccator. The yield was 2.1 grams (0.012 moles, 

287o) . The melting point was 112°-113°C. 

Cannizzaro Reaction. 8-Acetoxyquinoline-2j-

carboxaldehyde (10 grams, 0.046 moles) was mixed with 
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100 ml. of 507o sodium hydroxide solution in a 250 ml. 

beaker. After standing two days, the mixture was slowly 

stirred into 500 ml. if ice water in a 1 liter beaker. The 

solution was cooled while the acidity was adjusted to about 

pH 8 with concentrated hydrochloric acid. The cold solution 

was extracted with four 400 ml. portions of technical ethyl 

ether. The extract was set aside to evaporate in the hood. 

The light yellow precipitate was dried in a vacuum 

desiccator. The yield was 2.9 grams (0.016 moles, 3 2 % ) .  

The melting point was 106-108°C. About 0.5 grams of the 

yellow material was sublimed in a micro sublimer at 108°C. 

The creamy white material had a melting point of 113°C. The 

empirical formula calculated from the elemental analysis is 

c10H8NO2* 

Carbon Hydrogen Nitrogen 
Calculated C10H8NO2 68.5% 5.18% 7.99% 

Reported 68.0% 5.26% 7.74% 

The proton magnetic resonance spectrum of the 

alcohol taken in hexedeuterated acetone at 50°C. had peaks 

corresponding to five aromatic protons in the 1.7-3.0 T 

region. The singlet corresponding to two hydrogens at 

5.09f was attributed to the methylene protons. After one 
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drop of D2O was added to the p.m.r. tube, another spectrum 

was recorded. The spectrum was similar to the previous one 

with the exception that the broad peak at 3.57" was absent. 

This peak had an integration of two hydrogens and is assigned 

to the alcoholic protons. 

Parent and isotope peaks in the mass spectrum 

confirm the molecular weight and elemental composition. 

P P + 1 P + 2 
Calculated C10H9NO2 m/e=175 11.4% .99% 

Reported m/e=175 11.2% .93% 

The infrared spectrum run in chloroform 

solution shows absorption at 2940, 2860, and 1470 cm."^-

which is attributed to the methylene group. An absorption 

at 1055 cm. ^ is attributed to the primary alcohol. 

The proton magnetic resonance spectra and the 

infrared spectra of the products of the sodium borohydride 

reduction, the catalytic reduction with hydrogen and 

platinum oxide, and the Cannizzaro reaction are identical. 

A mixed melting point gave no change in the melting point. 
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k. 8-Quinolinol-2-carboxaldehyde O-methyloxime 

Methyoxyamine hydrochloride, (75 grams. 0.90 

moles) (Eastman Orgonic Chemicals) several boiling chips, 

75 grams of sodium acetate and 250 ml. of water were added 

to a 2 liter flask. Crude (mp, 80-87°C.) 8-acetoxyquinoline-

2-carboxaldehyde (215 grams, 1 mole) was added to the flask. 

Absolute ethanol (800 ml.) was added to provide a 

homogeneous solution. The flask was fitted with a reflux 

condenser and a heating mantle. The deep red solution was 

allowed to reflux gently for 2 hours. After the heat was 

removed, the mixture was allowed to stand overnight. Then 

the solution was heated to boiling, treated with 50 ml. of 

charcoal, and filtered through a 9 cm. Buchner funnel. The 

filter and flask were rinsed with 100 ml of hot 1007o 

ethanol. The filtrate and rinse solution was transferred 

to a 2 liter beaker. The still red solution was heated to 

boiling. Deionized distilled water from a wash bottle was 

added slowly to the stirred solution until the volume 

reached 1.9 liters. The solution was allowed to cool 

slowly to room temperature. The resulting pale red 

precipitate was collected by filtration, washed with 200 ml. 

of 507o v./v. acqueous ethanol. The dark red filtrate was 
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discarded. The precipitate was recrystallized twice out of 

600 nil of 957o ethanol, using the dry ice acetone bath to aid 

in crystallization. A third recrystallization out of 400 ml. 

of 95% ethanol was carried out during which the solution was 

allowed to cool slowly to room temperature. The resulting 

light brown needles were dried. The melting point was 105-

107°C. A fourth recrystallization out of 400 ml. of 15% 

ethanol-water gave small white needles with a melting point 

of 107-109°C. The yield was 63 grams, 31%. The elemental 

analysis is summarized below. 

Carbon Hydrogen Nitrogen 
Calculated C11H1oN202 65.3% 4.98% 13.8% 

Reported 64.97. 4.897. 13.37. 

The proton magnetic resonance spectrum of the 

compound was run in CCl^ using an external tetramethylsilane 

standard. The spectrum shows a singlet at 6.127" with an 

integration equivalent to 3 hydrogens. The complex 

muliplet between 1.87"and 2.87is due to the aromatic protons 

and the proton of the -CH = N- group. The singlet at 1.98 

is assigned to this proton. 

The similarity of the Tau value to that 

observed for syn-8-quinolinol-2-carboxaldehyde oxime 
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indicates that the compound is probably syn-8-quinolinol-2-

carboxaldehyde O-methyloxime. 

1. 8-Quinolinol-2-carboxaldehyde solution 

(Procedure A) 

Due to the difficulty in isolating and purifying 

8-quinolinol-2-carboxaldehyde, it was generated from 8-

acetoxyquinoline-2-carboxaldehyde by alkaline hydrolysis in 

aqueous ethanol as needed. The required amount of impure 

8-acetoxyquinoline-2-carboxaldehyde (mp 78-90°C.) was 

dissolved in hot ethanol to achieve a concentration of 

approximately 10 grams/100 ml. The brown solution, 

containing some oxidation products, was filtered through a 

Buchner funnel to remove the insoluble oxidation products. 

Approximately 2 ml. of 507o NaOH per 100 ml. solution were 

added to aid in hydrolysis of the acetate. The solution was 

heated to boiling, then allowed to cool to room temperature. 

The acidity of the solution was near pH 7.5 (narrow range 

indicator paper). The solution of 8-quinolinol-2-

carboxaldehyde was used without further purification. 
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m. 8-Quinolinol-2-carboxaldehyde 2'4'— dimethyl-

phenylimine 

A solution of 5.6 grams of 8-quinolinol-2-

carboxaldehyde (3.3x10"^ moles) in 50 ml. of ethanol was 

prepared by procedure A. 2'4'-Dimethyl aniline (4.5%>, 

_ 2  
3.7x10 moles) was added to the aldehyde solution with 

stirring. The mixture was warmed slightly to initiate the 

reaction. After sitting overnight, the solution was warmed, 

treated with charcoal and filtered. Ten milliliters of H2O 

was added to initiate precipitation. After cooling, the 

light orange crystal precipitate was collected by filtration. 

The yield was 5.9 grams. The melting point was 93-94°C. 

The molecular weight determined on the Vapor Pressure 

Osmometer in CHCI3 solution was 278 grams/mole (calculated 

276 grams/mole). The elemental analysis confirms the 

empirical formula of C^gH-j^^O. 

carbon hydrogen nitrogen 
Calculated C!8Hl6N20 78.2% 5.84% 10.1% 

Reported 78.07o 5.87%. 10.1%, 

The infrared spectrum is different than the 

starting materials and consistent with the structure. The 

-1 -1 phenol absorbs at 3430 cm. . A band at 1620 cm. is 

assigned to the C = N stretch. 
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The proton magentic resonance spectrum was run 

in CDCI3. The spectrum shows two singlets corresponding to 

the 2-methyl groups at 7.607" and 7.687. The integration 

indicated 3 hydrogens in each singlet. Eight aromatic 

protons and the vinyl proton are in the complex set of peaks 

between 1.57 and 37. 

Several attempts were made to prepare other 

Schiff bases from 8-quinolinol-2-carboxaldehyde and aniline, 

2-methylaniline, 3-methylaniline, 4-methylaniline, 5-

methylaniline, 2-amino-5-methylpyridine, 2-aminomethyl-

pyridine, tertiarybutylamine, n-propylamine, and isopropyl-

amine. The procedure was the same as described for 8-

quinolinol-2-carboxaldehyde 2*41 — dimethylanil. The 

compounds, especially those which were alkyl substituted, 

were sensitive to oxidation and difficult to purify. The 

results from the elemental analysis, proton magnetic 

resonance and infrared spectra and molecular weights were 

not consistent with the simple formula expected from the 

Schiff base. The mass spectrum of the tertbutylamine 

derivative is consistent with the structure, despite the un

acceptable elemental analysis. 
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n. 8-Quinolinol-2-carboxaldehyde 21-pyridylhydrazone 

8-Quinolinol-2-carboxaldehyde 21-pyridylhydrazone 

was prepared by condensing 8-quinolinol with 2-hydrazo.'-

pyridine. The 8-quinolinol-2-carboxaldehyde solution was 

prepared from 30 grams (0.14 moles) of 8-acetoxyquinoline-

2-carboxaldehyde by procedure A. A solution of 15 grams 

(0.14 moles) of 2-hydrazopyridine (Aldrich Chemical Company) 

in 100 ml. of ethanol was added to the aldehyde solution. 

The mixture was warmed in the water bath for approximately 

0.5 hour and allowed to cool overnight. The resulting pale 

yellow solid was collected by filtration. The yield of the 

crude product was 19 grams (977o) from the hydrazone. One 

gram of the hydrazone was recrystallized from 1200 ml. of 

1007» ethanol (mp 229-231°C.). Attempts to recrystallize 

the material out of other solvents, including acetone, 

chloroform, water, toluene, and dioxane were unsuccessful. 

carbon hydrogen nitrogen 
Calculated C17H12N4° 68.2% 4.58% 21.2% 

Reported 68.2% 4.85% 20.4% 

The infrared spectrum was run in a TlBr pellet. 

The weak absorption at 3420 cm. is due to the phenol. The 

N-H stretch is found at 3220 cm. No band corresponding 

to an aldehyde is observed. 
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o. 8-Quinolinol-2-carboxaldehyde phenylhydrazone 

8 -Quiriolino 1 -2 -carboxaldehyde phenylhydrazone 

was prepared from 8-quinolinol-2-carboxaldehyde and phenyl-

hydrazine. A solution of 0.09 moles of 8-hydroxyquinoline-

2-carboxaldehyde was prepared by procedure A. Phenyl-

hydrazine, 10 grams, (0.09 moles) (Eastman Organic 

Chemicals) was added to the ethanolic aldehyde solution. 

The mixture was warmed in the water bath, and then allowed 

to cool overnight. The resulting brick red solid was re-

crystallized once more 125 ml. of technical dioxane and 

then from 20 ml. of ethanol. A sample of the resulting 

light yellow solid (mp 153-157°C.) was sublimed at 140°C. 

(mp 163-164°C.). The bulk of the material was recrystall-

ized again out of 20 ml. of boiling ethanol, (mp 162-

164°C.). The yield of the yellow solid was 3.1 grams (12%). 

carbon hydrogen nitrogen 
Calculated C16H19N30 72.9% 4.98% 15.9% 

Reported 72.8% 5.07% 15.9% 

\ 

The infrared spectrum, run in chloroform, is 

consistent with the structure. A band at 3420 cm. is due 

to the 0-H stretch of the phenol. The band at 3350 cm. ^ 

is due to the N-H stretch of the hydrazone. No absorption 
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indicative of aldehyde is present. A band at 1570 cm.~^ is 

present in the compound, but not in the spectrum of 

phenylhydrazine, 

p. 8-Quinolinol-2-carboxaldehyde p-Nitrophenyl-

hydrazone 

8-Quinolinol-2-carboxaldehyde (2.1 grams, 

0.012 moles) was dissolved in 75 ml of 100% ethanol. 

p-nitrophenylhydrazine (1.8 grams, 0.012 moles, obtained 

from Eastman Organic Chemicals) was dissolved in 300 ml. 

100% ethanol, in a 500 ml. flask. A drop of glacial acetic 

acid was added to the stirred hydrazine solution, followed 

by the aldehyde solution. The solution was heated in the 

water bath. After approximately two minutes of heating, 

precipitation was noted. The heating of the mixture was 

continued for approximately five minutes. Then the slurry 

was cooled to room temperature. After cooling in the dry 

ice bath, the precipitate was collected by filtration (1.5 

grams, 37%). The melting point was 273-274°C. The elemental 

analysis results are given below: 

carbon hydrogen nitrogen 
Calculated 62.3% 3.92% 18.2% 

Reported 62.1% 4.16% 18.3% 
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The infrared spectrum of the compound run in a 

TlBr pellet is consistent with the structure. The weak 

absorption at 3400 cm. ̂  is due to the phenol. A stronger 

band at 3280 cm.-^ is due to the N-H stretch of the 

hydrazone. No absorption at 1710 or 2840 cm."^ is observed, 

indicating that no aldehyde group is present. 

q. 8-Quinolinol-2-carboxaldehyde 2',41-dinitro-

phenylhydrazone 

8-Quinolinol-2-carboxaldehyde 2',41-dinitro-

phenylhydrazone was prepared by reacting 2',41-dinitro-

phenylhydrazine with a solution of the stoichiometric 

amount of 8-quinolinol-2-carboxaldehyde, prepared by 

procedure A. The 21,41-dinitrophenylhydrazine (37 grams, 

45 
0.19 moles) solution was prepared by Brady's method 

After mixing the two solutions, the solution was warmed in 

the water bath. After cooling to room temperature, the 

acidity of the solution was adjusted to approximately pH 8, 

with sodium carbonate. The yellow orange solid was 

collected by filtration. Recrystallization out of 300 ml. 

45. Brady, 0. L., J. Chem. Soc., 756, (1931). 
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of dioxane gave a yellow product with a melting point of 

247-250°C. The yield was 21 grams (317.) . 

carbon hydrogen nitrogen 
Calculated C16H1;LN505 54.4% 3.14% 19.8% 

Reported 53.9% 4.04% 19.6% 

The infrared spectrum was run in warm bromoform. 

The spectrum is significantly different than any of the 

starting materials. The presence of a hydrogen bonded 

phenol is indicated by the band 3370 cm. A weaker band 

at 3300 cm. is due to the N-H stretch. One of the three 

bands at 1640, 1610 and 1580 cm. ̂  is due to a C=N of the 

hydrazone. 

r. Quinoline-2-carboxaldehyde oxime 

Quinoline-2-carboxaldehyde oxime was prepared 

ix.f\ 
as described by Jensen . The white product had a melting 

point of 185.5-186.5°C. (literature 185-186°C.^) . The 

elemental analysis confirms the empirical formula of 

C10H8N20' 
carbon hydrogen nitrogen 

Calculated C^Hg^O 69.87. 4.667o 16.37. 

Reported 69.57o 4.84% 16.57o 

46. Jensen, K. A., and Nielsen, P. H., Acta. Chem. 
Scond., JL8, 1 (1964). 
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The infrared spectrum is described by Jensen^. 

The proton magnetic resonance spectrum shows a singlet among 

the aromatic protons at 1.927\ This indicates that the oxime 

may be in the anti form. 

s. Quinoline-2-carboxaldehyde O-methyloxime 

Methoxyamine hydrochloride (Eastman White Label, 

27.9 grams, 0.33 moles) was placed in a 2 liter flask, 

fitted with a heating mantle and a reflux condenser. 

Boiling chips, 300 ml. of distilled water, and 30 grams 

(0.22 moles) of sodium acetate were added. A slurry of 

51 grams (0.31 moles) of quinoline-2-carboxaldehyde 

(Aldrich Chemical Company), in 200 ml. of warm ethanol 

(957o) was added to the flask. An additional 200 ml. of 

ethanol was added. After refluxing for 1.25 hours, the 

condenser was removed for 5 minutes to remove any remaining 

volatile methoxyamine. The solution was treated with 

approximately 50 ml. of charcoal and filtered while hot. 

An additional filtration gave a clear golden yellow 

solution. The solution was allowed to cool slowly on a 

magnetic stirrer. A brown viscous phase settled out within 

30 minutes. 
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After standing overnight, the aqueous phase was 

decanted from the brown oil. A 0.2 ml. sample of the oil 

was dissolved in 0.5 ml. of CCl^ and dried over anhydrous 

MgSO^, in a 3" test tube. A IR spectrum was run. The 

spectrum indicated that there was some unreacted aldehyde 

present by the bands at 2860, 2810, and 1710 cm.-"'". 

Crystallization out of 500 ml. of 95% ethanol, 

using the dry ice acetone bath gave a light yellow solid. 

The melting point was 43°C. 

The solid was dried overnight in a vacuum 

desiccator at 0.1 mm. of Hg. or less. The yield was 42 

grams, (73%>) . The elemental analysis gave a empirical 

formula of ChH^q^O. T^e oxygen being calculated by the 

difference. 

carbon hydrogen nitrogen 
Calculated C11H10N20 70.9% 5.37% 15.0% 

Reported 70.87o 5.28% 15.0%, 

The proton magnetic resonance spectrum in 

CDClg shows a singlet at 6.557" and 1.93/". These are 

assigned to the methyl and the azamethine protons 

respectively. 
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The infrared spectrum in CCl^ shows a band at 

1620 cm.~l which may be due to the C=N groupt The bands at 

2820 cm."^ and 2970 cm."-'- are consistent with the methyl 

ether. 

t. Pyridine-2-carboxaldehyde 2 1 pyridylhydrazone 

Pyridine-2-carboxaldehyde 21pyridylhydrazone was 

o 
prepared as directed by Lions and Martin . 2-Pyridyl-

hydrazine, (50 grams, 0.46 moles) was condensed with 

pyridine-2-carboxaldehyde, (50 grams, 0.47 moles) dissolved 

in 300 ml. of ethanol. Recrystallization from ethanol gave 

73 grams (0.42 moles, 90%) of the pale yellow hydrazone. 

The melting point was 179-180°C. (literature 179-180°C.^). 

2. Other Reagents and Materials 

The other reagents were of reagent grade unless 

otherwise stated. The volumetric glass ware was grade "A" 

quality, except for the graduated cylinder used in the 

determination of the volume correction coefficient of 507o 

v./v. dioxane water. 



76 

C. Acid Dissociation Constant Determination 

1. Potentiometric Determination of Acid Dissociation 

Constants 

The acid dissociation constants for 2-aminomethyl-

8-quinolinol, 2-methanol-8-quinolinol, 8-quinolinol-2-

carboxaldehyde, and 8-quinolinol-2-carboxaldehyde oxime were 

determined potentiometrically in 50?o v./v. aqueous dioxane 

solution at a ionic strength of 0.10. 

a. Materials 

1. Standard Sodium Hydroxide 

Six liters of standard sodium hydroxide 

solution were prepared by adding 1.2 moles of HCIO^, 

(G. F. Smith Chemical Company) and 3.3 moles of 50% sodium 

hydroxide solution (J. T. Baker Chemical Company) to 6 

liters of boiled water. After stirring and cooling, the 

solution was transferred to a polyethylene bottle that had 

been previously swept with nitrogen. The delivery system 

was similar to that described by Johnston, Charles and 

Freiser,^ except that the system was kept under a slight 

47. Johnston, W. D., Charles, R. G., and Freiser, 
H., J.A.C.S., 74, 1383, (1952). 
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positive pressure of prepurified nitrogen. The entire 

system was sealed with hot paraffin until it would hold a 

positive static pressure of 0.5 pounds of N2 for one hour. 

The solution was standardized against Fisher Primary 

Standard potassium hydrogen phthalate, that had been dried 

at 120°C. for three hours. Phenolphthalein was used as a 

visual indicator. 

The standard base was found to be 0.3247 "t 

0.00024 molar in NaOH. The NaClO^, found by the difference 

is 0.20 molar. 

2. Standard Acid Solution 

Four liters of 0.10 molar HCIO4 were pre

pared by adding 55.2 grams of 73% HCIO4 to four liters of 

boiled deionized water. The acid was transferred to a 

polyethylene bottle, capped with a silicone rubber stopper 

and dust cap. The solution was standardized against 

standardized sodium hydroxide solution. Phenolphthalein 

was used as the indicator. The standard acid was found to 

be 0.1026 t 0.0002 M. 
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3. Dioxane 

The 1,4,dioxane (Union Carbide and Carbon) 

was purified as described by Johnston, Charles and Freiser^, 

except that a longer reflux period (up to 14 days) was often 

required to get rid of some pungent impurities. 

b. Apparatus 

The titration apparatus was essentially as 

described by Johnston, Charles and Freiser^. A water 

jacketed 180 ml. Pyrex beaker was fitted with a large 

rubber stopper. Holes for the dioxane, standard base buret, 

nitrogen inlet, and the electrodes were drilled in the 

stopper. Water from a constant temperature bath was 

circulated through the water jacket to keep the temperature 

at 25 1" 0.2°C. A magnetic stirrer was used to stir the 

solution. The system was well grounded, so the pH measure

ment was unaffected by the stirring. A carbon dioxide-free 

atmosphere was maintained by sweeping nitrogen through the 

titration vessel- The nitrogen had previously been 

saturated with dioxane and water vapor by bubbling the gas 

through a solution of 50% dioxane water, containing 0.1 

molar NaC104 at 25°C. 
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c. Titration 

1. Titration Procedure 

The ligand (l.OOxlO-^ moles) was weighed 

out, dissolved in dioxane with gentle heating and trans

ferred to the titration beaker. Fifty milliters of 0.20 

molar NaClO^ were pipetted into the titration vessel, 

followed by 15 ml. of 0.103 molar HCIO^. The stopper, 

burets, electrodes and gas inlet were installed. The 

stirred contents of the titration vessel were purged with 

N2 for several minutes before the titration was begun. 

The titrant was delivered in small 

increments from a 10 ml. capillary tip buret. The NaClO^ 

in the titrant compensates for the dilution due to the 

titrant. 

2. pH Meter Correction and Ion Product of 

Solvent 

The pH meter correction (-0.09) and ion 

product (15.38) for a solution of 50% v./v. aqueous dioxane 

g 
(u = 0.10) were redetermined as described by Takamoto . No 

significant difference was found between the reported and 

determined values. The volume correction coefficient for 



80 

dioxane-water was found to be 0.98 by mixing 50 ml. each of 

dioxane and water in a graduated cylinder. 

3. Titration Curve 

A titration curve was plotted to check for 

regions of overlapping dissociation constants and obviously 

erroneous titration values. 

4. Method of Calculation of Acid Dissociation 

Constants 

A computer program was written in Fortran-4 

to calculate the pKa point by point for the ligand, 

from the potentiometric data. Equations similar to those 

a 9 
reported by Takamoto were used to calculate the concentra

tion constants. The calculation takes dilution into account 

at every point. The program was run on an IBM 7072 computer. 

The program is given in Appendix I. The value of the acid 

dissociation constants are listed in Table 12. 

D. Chelate Formation Constant Determination 

1. Potentiometric Method 

Metal chelate formation constants were determined 

potentiometrically for the titration of a solution 

containing the ligand, metal perchlorate and perchloric acid 

with standard NaOH. The medium was 507° v./v. dioxane water. 



TABLE 12 

Acid Dissociation Constants 

50% Aqueous Dioxane u = 0.1 T = 25°C. 

8-Quinolinol 4.16 
pKi (a) 
I 0.015 

Pg2 
11.20 t 0.022 

2-Methyl-8-quinolinol 4.68 t 0.017 11.30 t 0.047 

2-Aminomethy1-8-quinolino1 8.56 t 0.013(c) 11.25 t 0.014 

2-Methanol-8-quinolinol 3.43 t 0.014 11.27 t 0.048 

8-Quinolinol-2-carboxaldehyde 3 10.24 t 0.017 

8-Quinolinol-2-carboxaldehyde oxime 3 10.72 t 0.040 

8-Quinolino1-2-carboxaldehyde-0 methyloxime 10.87 t 0.011 

Quinoline-2-carboxaldehyde oxime 11.20 t 0.014 

(a) Refers to the protonation of the quinoline nitrogen. 

(b) Refers to the dissociation of hydroxyl group. 

(c) Refers to the protonation of the exocyclic CE^NH^. 



TABLE 12—CONTINUED 

Values from the literature 

Temperature u pK1 PK2 Refer< 

8-Quinolinol 25°C. .1 4.13 10.95 48 

25°C. dilute 3.97 11.54 22 

25°C. .3 4.08 10.82 20 

2-Methyl-8-quinolinol 25°C. 0.1 4.72 11.31 50 

25°C. dilute 4.58 11.71 22 

25°C. 0.3 5.05 11.45 20 

8-Quinolinol-2-carbox-
aldehyde oxime 20°C. 0.2 1.56 9.04 44 

Pyridine-2-carboxaldehyde 
oxime 25°C. 0.05 11.22 50 

48. Gutnikov, G., Ph.D. Thesis, University of Arizona, (1966). 

49. Rudenko, N. P., Kremenskaga, I. N., and Avilina, V. N., Zh. Neorgan. 
khim., 10, 1160, (1965). 

50. Hanania, G.. I. H., Irving, D. H., and Shuryh, F., J. Chera. Soc. 2745, 
(1962) . 
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The complexes of 8-quinolinol-2-carboxaldehyde oxime 

2-methanol-8-quinolinol, and 2-aminoraethyl-8-quinolinol with 

Cu(II), Ni(II), Zn(II), Co(II), and Mn(II) were studied. In 

addition, the formation constants of 2-methanol-8-quinolinol 

and Mg(II) were determined. 

a. Materials 

1. Standardization of NaOH and HCIO4 Solutions 

The preparation and standardization of the 

standard NaOH and HCIO4. has been described previously. 

2. Standardization of Metal Ion Solutions 

Metal perchlorate solutions (0.3 molar) were 

prepared from the perchlorate salts by dissolving them in the 

required amount of distilled H2O. The cations studied were 

Cu(II), Ni(H), Zn(II), Co(II), Mn(II) and Mg(II) . The 

metals were standardized by a batch ion exchange procedure 

developed in the course of this investigation. 

a. Ion Exchange Resin 

Dowex-50-X8 cation ion exchange resin 

in the acid form was washed with distilled water until the 

acidity of the filtrate was less than pH 5 as measured by 

narrow range pH paper. 
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b. Distribution Ratio for M(II) 

The distribution ratio, D, for the 

exchange of M(II) and the hydrogen ion were calculated from 

51 
the data reported by Bonner and workers , according to the 

52 
method outlined by Ringbora . The details of the calcula

tion are given in Appendix 3. 

c. Technique of Standardization 

A 250 ml. beaker was filled with 100 ml. 

of water, a magnetic stirring bar and a minimum of 1 gram 

of washed damp resin. A 3 ml. aliquot of the metal 

solution to be standardized was delivered to the solution 

by pipet. The mixture was placed on a magnetic stirrer for 

a minimum of 10 minutes. The slurry was filtered through a 

60 ml, coarse porosity, sintered glass funnel. The resin 

was washed with three 20 ml. portions of distilled water. 

The filtrate and washings were collected in a 250 ml. 

flask containing a magnetic stirring bar. The acid 

solution was titrated to a phenophthalein end point with 

51. Bonner, 0. D., Jumper, C. F., and Rogers, 
0. C., J. Phys. Chem. , <32, 250, (1958). Bonner, 0. D., and 
Smith, L. L., J. Phys, Chem., 61f 326, (1957). 

52. Ringbom, A., "Complexation in Analytical 
Chemistry," Interscience, P. 200, (1963). 
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standard NaOH. The concentrations were calculated from the 

average of six determinations. The results compared with 

EDTA analyses by Gutinkov on the same solutions. 

b. Procedure 

1. Titration Procedure 

The titration procedure was the same as 

described for the pKa determination, except that one ml. of 

0.3 molar metal ion solution and an additional ml. of 

dioxane was added to beaker. Data obtained when the 

solution developed a turbidity was not used for the formation 

constants. Several titrations were carried well beyond the 

onset of precipitation for other purposes. Typical 

titration curves are shown on the following pages. 

2. Method of Calculation 

All computations of pL and n for the metal 

ion complexes of 2-methanol-8-quinolinol and 8-quinolinol-

2-carboxaldehyde oxime were carried out with the aid of an 

IBM Model 7072 computer. The equations used were of the 

c o 
general form described by Albert . The program is 

described in Appendix 2. 

53. Albert, A., Biochem. J., 50., 690, (1952) 
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Figure 1. Formation titration of 8-Quinolinol-2-
carboxaldehyde oxime 
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Figure 2. Formation titration of 2-methanol-8-quinolinol 
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Figure 3. Formation titration of 2-aminomethyl 
-8-quinolinol 
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Figure 4. Formation titration of Cu(II) and 2-
arainomethyl-8-quinolinol 
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3. Formation Curve 

The formation curve was plotted from the ri 

and pL values. A smooth curve was drawn through the points 

to check the quality of the individual points. The values 

of pL at n = 0.5 and 1.5 were taken as the tentative values 

of log Kfi and log Kf2> respectively. 

4. Treatment of Data 

If the value of log and log Kf£ were so 

close that their titration regions overlapped, Anderegg's 
(- < 

method was used to calculate log and s^aPe 

of the formation curve is related to the separation between 

the formation constants of the ligand, Anderegg has 

tabulated the ratio of K^/K^ as a function of the difference 

(in pL) between n = 0.5 and 1.0. This difference was used 

to calculate the value log The value of and 

Kf2 is easily obtained by adding and subtracting 

^(log K.fi/K.f2) from the pL value at n = 1.0. 

54. Anderegg, G., Hel. Chem. Acta, 48, 220, 
(1965). 
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5. Formation Constants 

The value of the formation constants are 

presented in Table 13. The values of 2-methyl-8-quinolinol 

are included for comparison^®. The formation constants of 

Cu(II) with the three ligands studied are too large to be 

measured by the potentiometric method. The complexes of 

2-methanol-8-quinolinol with Ni(II), Zn(II)s and Mn(II) are 

too insoluble for a more accurate determination of the 

formation constants. The shape of the formation curve for 

Co(XI) and 2-aminomethyl-8-quinolinol is unusually flat and 

asymmetric about n 1.0. This may be due to oxidation to 

Co(III) . 

2. Spectrophotometric Method 

The formation constant of Cu(II) and 2-aminomethyl-

8-quinolinol was determined spectrophotometrically. 

a. Materials 

1. Preparation of Buffer 

The buffer solutions were prepared in 50% 

aqueous dioxane, containing 0.1 molar NaClO^. The total 

organic acid, either formic or acetic acid, was 0.2 molar. 

No attempt was made to control the ionic strength of the 

medium. The pH of the buffer was adjusted by dropwise 



TABLE 13 

Formation Constants 
8-quinolinol-2-
c ar.boxaldehyde 2-Methanol-8- 2 - ami hornet hy 1 2-Methyl-8-

• • -i « -i • <i *  ̂ • . i • . . i 
ox line 
log log log log log log log log 

K1 K2 K1 K2 Kl K2 Kl K2 

Cu(II) >9 • >9 >13 11.95 10.93 (48) 

Ni(II) 8.47 7.5 9.7 9 13.42 12.7 8.98 8.00 (48) 

Zn(II) 8.09 7.66 A/10 12.31 10.8 9.09 8.86 (48) 

Co(II) 7.83 7.71 8.68 8.4 11.7 10.8 8.62 8.83 (48) 

Mn(II) 5.83 5.8 7.5 8.32 7.52 6.82 6.32 (48) 

Mg(II) 3.99 4.09 5.24 4.8 (22) 

VO 
ro 
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addition of 507o NaOH solution. The pH was measured with a 

standardized pH meter. 

2. Preparation of Stock Solution of Complex 

A stock solution of the complex was prepared 

in 50% aqueous dioxane. The concentration of the stock 

solution was dependent upon the choice of cell length. 

3. Cells 

Beckman standard silica cells of 1 cm. and 

10 cm. were used. The 1 cm. cells were used on the Beckman 

DB Spectrophotometer. The 10 cm. cells were used in the 

Carey 11 Spectrophotometer. 

b. Technique 

1. Spectra 

The spectra of Cu(II), 2-aminomethyl-8-

quinolinol, and the 1:1 complex were scanned with the 

Beckman DB Spectrophotometer. The complex had an 

absorption maximum at 368 mu. The absorbance of the free 

ligand and Cu(II) was negligible at this wavelength at the 

concentrations used. A Job's method study shows that only 

the 1:1 complex is formed under these conditions. 
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2. Beer 1s Law 

Both the ligand and the 1:1 complex were 

found to obey Beer's law by measuring the absorbance as a 

function of the concentration at constant pH. 

3. Typical Procedure 

The stock solution consisting of 4.99x10"^ 

molar ligand and 6.03x10"^ molar Cu(II) was prepared in 50% 

aqueous dioxane. A aliquot of the stock solution was added 

to a 10 ml. volumetric flask. The flask was filled with 

buffer solution. The absorbance of the solution was 

measured in a 1 cm. cell. The reference cell contained 

buffer solution. The absorbance was plotted against pH. 

The pH was increased until a constant absorbance reading was 

achieved. 

4. Method of Calculation 

The molar absorptivity of the complex was 

calculated from the absorbance of the fully formed complex. 

The molar absorptivity was used to calculate the concentra

tion of the complex. The free ligand and metal were 

obtained by the difference between the amount added and the 

complex concentration. The pH of the buffer was used to 

calculate the concentration of the complexing anion, L". 
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The formation constant was calculated according to the 

equation: 

TCUL] + 
Kfl = 

[Cu(II)J [L"] 

The values obtained were averaged and the sample standard 

deviation computed. , 
pH Range Log Kfi ~ S 

1 cm. cells 3.1 - 4.7 16.3 t .22 

10 cm. cells 4.0 - 5.7 15.9 t .12 

No plateau was observed in the plot of absorbance against 

pH for 2-methanol-8-quinolinol and 8-quinolinol-2-carbox-

aldehyde oxime with Cu(II). 

E. Determination of Chelate Stoichiometry 

1. Spectrophotometric 

The ligand-metal ratio was determined spectrophoto-

metrically for 2-aminomethyl-8-quinolinol and Cu(II), 

Zn(II) and Ni(II), by Job's method of continuous variations. 

Buffer solutions were used to control the pH so that only a 

single complex could form. 

a. Preparation of Buffer Solutions 

Buffer solutions in 507« aqueous dioxane at an 

ionic strength of 0.1 were prepared from formic acid 

(pH 4-5), phosphoric acid (pH 7-8) and boric acid (pH 9-10). 
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A solution of approximately 0.1 molar acid was adjusted to 

the desired pH with 50% sodium hydroxide. 

b. Preparation of Metal and Ligand Solutions 

Equal molar solutions of the metal and ligand 

were prepared. The concentration varied according to the 

absorbance of the complex. The solutions were 50% v./v. 

aqueous dioxane with an ionic strength of 0.1. 

c. Typical Procedure 

The pH 4.0 buffer was prepared from formic acid. 

~ 3 | | 
X ml. of the 3.0x10 Cu1^ solution were delivered by pipet 

to a 10 ml. volumetric flask. Y ml. of 3.0x10"^ molar 

ligand solution were delivered to the same flask. In all 

cases X + Y = 2.0 ml. The flask was filled to the mark 

with buffer solution. The absorbance was recorded in 1 cm. 

silica cells with the Beckman DB Spectrophotometer. The 

deuterium lamp was used between 400 my and 200 mu. The 

reference cell was filled With buffer solution. The 

absorbance values at 253 mu and 368 mu were plotted against 

the milliliters of ligand solution added. 

d. Results 

A definite maximum, corresponding to a 1:1 

complex is observed at 368 mu. At 352 my, an isosbestic 
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point is observed for the mixtures containing excess ligand. 

The absorbance falls off for the ligand deficient solutions. 

The ligandrmetal ratio as a function of pH is presented in 

Table 14. 

2. Gravimetric Determination of Extent of Hydration 

The extent of hydration of Cu(II), Ni(II), and 

Zn(II) complexes with 2-aminomethyl-8-quinolinol, were 

determined gravimetrically. One millimole of the metal ion 

was delivered by pipet to a beaker containing 2.6 millimole 

of the ligand dissolved in 100 ml. of 50% aqueous dioxane. 

Sodium hydroxide solution was added slowly to adjust the 

acidity to approximately pH 11. After stirring one half 

hour, the mixture was filtered through a previously weighed 

sintered glass crucible. The crucible was washed with two 

10 ml. portions of dilute NaOH solution, then 10 ml. of H2O. 

The crucible was dried at 50°C. at 1 atmosphere pressure. 

After the weighing, a sample of the chelate was placed in a 

melting point capillary tube. The capillary tube was placed 

in the hot Meltemp apparatus in order to see if any water 

was present in the chelate. None was observed. 

A similar experiment was preformed with Mg(II), 

Ni(II), and Zn(II) using 2-methanol-8-quinolinol as the 



TABLE 14 

Job's Method Determination of Ligand-Metal Ratio 

Wavelength of Measurement 

2-Methylamine-8-quinolinol 

Ligand-Metal 

2-Methano1-8-quinolino1 

Metal PH mu mu Rat: 
Cu(II) 4.0 368 352 1:1 

4.0 672 1:1 

4.1 370 348 1:1 

7.0 368 345 1:1 

8.1 368 344 1:1 

10.0 370 338 2:1 

Ni(II) 4.5 370 370 2:1 

7.4 368 336 2:1 

Zn(XI) 9.4 370 336 2:1 

Cu(II) 4.0 780 720 2:1 

vo 
CD 
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ligand. The gravimetric determination indicated that one 

mole of water was present in the Zn chelate, but none in the 

Mg(II) chelate. No loss of water was observed at less than 

280°C. when a heated capillary tube test was run. None of 

the chelates had any absorption due to H2O in the infrared 

spectra. 

The gravimetry of the Cu(II), Zn(II), and Ni(II) 

chelates of 2-aminomethyl-8-quinolinol indicate that some 

water is present in the precipitates. This is not confirmed 

by the capillary tube experiments, which show no evidence of 

loss of water up to 240°C. The infrared spectra show no OH 

absorption in the region between 3800 cm.~^ and 3100 cm. 

This indicates that the chelates are anhydrous, but 

contaminated with some excess ligand. 

The gravimetry of the Mg(II) complex with 2-methanol 

-8-quinolinol shows that the complex is anhydrous. The 

melting point determination, up to 280°C., and infrared 

spectra confirm this. Although the Zn(II) gravimetric 

results indicate a monohydrate is present, this is not 

confirmed by the capillary tube experiment or the spectrum 

of the chelate. The melting point and infrared spectra of 

the Ni(II) complex also indicate the chelate is anhydrous. 



TABLE 15 

Degree of Hydration of Metal Chelates 

Metal Ion 

Cu(II) 

Ni(II) 

Zn(II) 

Mg(II) 

Ni(II) 

Zn(II) 

Ligand 

2-Aminomethy1-
8-quinolinol 

2-Aminomethyl-
8-quinolinol 

2-Aminomethy1-
8-quinolinol 

2-Methanol-
8-quinolinol 

2-Methanol-
8-quinolinol 

2-Methanol-
8-quinolinol 

Gravimetric 
formula 

CUL2'1.0H20 

NiL2-0.8H20 

ZnL2'1.3H20 

MgL2 . 

ZnL2* 1•0H2O 
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The Cu(II), Mg(II), Ni(II), and Zn(II) chelates of 

8-quinolinol are hydrates when dried at less than 100°C.^^. 

Since the complexes were dried at 50°C., the coordinated 

water would not normally have been driven off. This indicates 

that the CH2NH2 arid CH2OH groups are able to occupy a 

position normally occupied by the water molecules in the 

solid. This indicates that the new donor group allows the 

compound to function as a tridentate ligand in the solid 

«- 4- I0 state 

F. Qualitative Reactions of the Ligand with Metal Ions 

The ability of the new compounds to function as 

ligands was explored by testing the reactions of the ligand 

with 51 cations. The technique used was essentially that 

employed by Irving, Butler, and Ring^. The reactions were 

examined in buffers of pH 4, 7, 11. 

1. Material for Testing 

a. Metal Ion Solutions 

Solutions of reagent grade perchlorates, 

purchased from G. F. Smith, of aluminum(III) , barium(II) , 

55. Hollingshead, R. G., "Oxine and its 
Derivatives," Butterworths Scientific Publications, London, 
P. 600, (1954). 
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bismuth(III), calcium(Il), cadmium(II), cerium(III), 

cesium(I), chromium(III), cobalt(II), copper(II), iron(II), 

iron(III), gallium(III), mercury(I), mercury(II), indium(III), 

potassium(I), lithium(I), magnesium(II), manganese(II), 

nickel(II), lead(II), rubidium(I), silver(I), sodium(I), 

strontium(II), thallium(I), thorium(IV), uranlum(VI), 

zinc(II), and Zirconium(III) were prepared. The chlorides 

of antimony(III), dysprosium(III), erbium(III), gadolinium 

(III), gold(III), holmium(III), iridium(III), lanthanum(III), 

osmium(III), palladium(II), platinum(II), platinum(IV), 

praseodymium(III), rhodium(III), ruthenium(III), samarium 

(III), tin(II), tin(IV) and vanadium(IV) were dissolved in 

5x10"^ molar hydrochloric acid. Beryllium(II) nitrate was 

_2 dissolved in 5x10 molar HNO^. The concentration of metal 

ion in each test solution was 1 mg./ml. 

No precaution was taken to remove dissolved oxygen 

from the metal test solutions. However, samples of 

mercury, iron, and tin were placed in the stock solutions of 

mercurous, ferrous, and stannous ions. A separate test of 

the ferrous solution was made with KSCN solution before the 

ferrous solution was used in the qualitative tests. The 

oxidation states of the other metal ions were assumed to be 

as given. 
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b. Reagent Solutions 

The ligand was dissolved in either ethanol or 

dioxane to give a concentration of 1 gram per 100 ml. of 

solution. 

c. Buffer Solutions 

1. pH 4 

One mole of acetic acid, 60 grams, was 

dissolved in 900 ml. of water. Sodium hydroxide solution 

was added until the pH read 4.4. The volume was adjusted 

to one liter. 

2. pH 7 

A solution of 115 grams of 85% HgPO^ in 800 

ml. of water was prepared. After cooling 507o sodium 

hydroxide solution was added dropwise until the pH of 7.0 

had been reached on a standardized pH meter. The volume of 

the solution was adjusted to 1 liter. 

3. pH 11 -phosphate 

A solution of one mole of H^PO^ in 800 ml. 

of water was prepared as described on the previous page. 

The pH was adjusted to 11.0 with sodium hydroxide solution. 

The volume was adjusted to 1 liter with water. 
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pH 11 -carbonate 

A 1.0 molar solution of Na2C0g was prepared. 

HCIO^ was added until the pH was 11.0. The buffer 

solutions were of sufficient strength so that the pH of the 

reaction solution was within 0.5 pH units of the desired 

value. 

2. Method of Testing 

Four drops of reagent solution, two drops of the 

selected buffer, and water were added to make a total 

volume of approximately 1 ml. The solution was tested with 

one or two drops of the metal solution. 

In the cases where an immediate reaction, different 

than the reaction of the metal with the buffer, was noted, 

a volume of chloroform equal to the volume of the aqueous 

phase was added. The mixture was shaken vigorously. After 

the phases had separated, the degree of extraction of the 

complex into the organic phase was estimated visually. The 

molar extinction coefficient of the complexes in both 

phases were assumed to be equal. 

If no immediate reaction was noted, the test 

solution was set aside for several minutes, then reexamined 

for evidence of complexation. 
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3. Results 

The results of the qualitative tests for each reagent 

are reported in table form on the following pages. The 

notation "NR" denotes that no evidence of a reaction, such 

as precipitation or a change in color, was observed. 

Qualitative tests with several cations gave no 

evidence of reaction for any of the 8-quinolinol derivatives 

tested. Some of the cations, such as Cr(III), Pt(II), Pt 

(IV), Os(III), Ir(III), Rh(III) and Ru(III) are too inert 

towards substitution to form a complex using this method of 

testing. 

The color that developed in the qualitative tests 

with Au(III), especially at high pH, was found to be non 

reversible. Gold is often obtained in a highly colored 

colloidal form when reduced with organic substances. These 

are usually intensely colored, purple, red, blue, black and 

are stable . This explains the unusual black color 

observed with the ligands tested as well as the non

reversible nature of the color. If the color is due to the 

56. Remy, H., "Treatise on Morganic Chemistry," 
Elsivier Publishing Co., New York, 1956, P. 413. 
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oxidation of the ligand, a Colormetric Procedure could be 

worked out. 

-I I 
Several of the qualitative tests with Hg2 ion 

gave the same color as those with Hg(Il). This is due to 

the strong coordinating ability of the Hg(II) ion. When a 

ligand capable of forming a stable complex with Hg(II) is 

introduced, a disproportionation reaction takes place, 

producing Hg° and Hg(II). Thus the similarity of the 

reactions of the two ions may be ascribed to the dis-

t | | I 

proportionation of the Hg2 ion. In some cases, Hg2 

gave a light grey color where Hg(II) gave no reaction. 

This also may be due to disproportionation, with the 

formation of Hg° giving the turbid grey color. 
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TABLE 16 

8-Quinolino1-2-Carboxaldehyde Oxime 

Ion PH 4 pH 7 pH 11 

Ag(I) NR Yellow ppt. Yellow ppt. 

Au(III) NR NR Black soln. 

Bi(III) Yellow ppt. Yellow ppt. NR 

Cd(ll) NR Yellow ppt. Yellow soln 

Co(II) NR Yellow soln. Gold soln. 

Cu(II) Yellow soln. Green ppt. Gold soln. 

Fe(II) Green soln. Green color Brown soln. 

Fe(III) Green soln. NR Green soln. 

Ga(III) Yellow ppt. Yellow ppt. NR 

Hg(I) Orange ppt. Orange ppt. Brown soln. 

Hg(II) Yellow ppt. Orange ppt. Orange soln 

In(II) Yellow soln. NR NR 

Mn(II) NR Yellow soln. Brown soln. 

Ni(II) Yellow soln. Yellow soln. Brown soln. 

Pb(Il) Yellow ppt. Yellow ppt. Yellow ppt. 

Pd(II) Orange ppt. Orange ppt. Brown soln. 

Sb(III) Yellow soln. Yellow soln. NR 

Sn(II) Yellow ppt. Yellow ppt. Orange soln 

Sn(IV) NR NR Orange ppt. 



TABLE 16--CONTINUED 
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Ion 

Th(IV) 

U(VI) 

V(IV) 

Zn(II) 

Zr(III) 

pH 4 

Yellow soln. 

Brown ppt. 

Yellow soln. 

Yellow soln. 

Yellow ppt. 

PH 7 

NR 

Yellow soln. 

Yellow soln. 

Yellow soln. 

NR 

PH 11 

NC 

Brown ppt. 

"NR 

Brown soln. 

NR 

soln. = 

ppt. 

solution 

precipitate 



109 

TABLE 17 

Bi(III) 

Cd(II) 

Co(II) 

Pb(II) 

Th(IV) 

8-Quinolino1-2-Carboxaldehyde Ox ime 
Complexes Extracted into Chloroform 

pH 4 

Yellow soln. 

NX 

NX 

NX 

Yellow soln. 

PH 7 

Yellow soln. 

Yellow soln. 

Yellow soln. 

Yellow soln. 

NX 

PH 11 

NX 

NX 

NX 

Yellow soln, 

NX 

NX = no extraction noticed 
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TABLE 18 

8-Quinolinol-2-Carboxaldehyde O-Methyloxime 

Ion PH 4 pH 7 pH 11 

Ag(I) NR White ppt. Yellow ppt. 

Au(IlI) NR NR Black ppt. 

Bi(III) Yellow soln. NR NR 

Cd(II) NR NR Yellow ppt. 

Co(II) NR Orange soln. Brown soln. 

Cu(II) Yellow soln. Yellow soln. Yellow ppt. 

Fe(II) NR Off white ppt. Green ppt. 

Fe(III) Brown soln. NR Green ppt. 

Ga(III) Yellow soln. NR NR 

Hg(I) Orange ppt. White ppt. Pink ppt. 

Hg(II) Orange ppt. Pink soln. Pink ppt. 

Mn(II) NR NR Yellow ppt. 

Ni(II) Yellow soln. Yellow soln. Yellow soln. 

Pb(II) Yellow soln. Yellow soln. Yellow ppt. 

Pd(II) Orange soln. Yellow soln. Gold soln. 

Sb(III) Yellow soln. NR NR 

Sn(II) Yellow soln. White ppt. Yellow ppt. 

V(IV) Yellow soln. Yellow soln. NR 

Zn(II) NR NR Yellow ppt. 

Zr(III) NR White ppt. NR 
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TABLE 19 

8-Quinolinol-2-Carboraldehyde O-Methyloxime 

Complexes Extracted into Chloroform 

pH 4 PH 7 pH 11 

Ag(I) NX NX Yellow soln 

Cd(II) NX NX Yellow soln 

Co(II) NX Pink soln. Brown soln. 

Cu(II) Yellow soln. Yellow soln. Yellow soln 

Ga(III) Yellow soln. NX NX 

Hg(I) NX Orange soln. Pink soln. 

Hg(II) NX Pink soln. Pink soln. 

Mn(II) NX NX Yellow soln 

Ni(II) NX Pink soln. Pink soln. 

Pb(II) NX NX Gold soln. 

Pd(II) NX NX Gold soln. 

Sn(II) Orange soln. Yellow soln. Yellow soln 

V(III) Pink soln. NX NX 

Zn(II) NX NX Pink soln. 
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The qualitative tests with 8-quinolinol-2-aldehyde-

2,4-dimethylphenylimine were performed with CHClg present. 

The ligand was too insoluble in aqueous solution to give a 

reaction at pH 4 and pH 7 without chloroform. 

TABLE 20 

8-Quinolinol-2-carboxaldehyde 2',4'-dimethylphenylimine 

Complexes extracted into chloroform 

pH 4 

Purple soIn. 

Gold soln. 

NX 

NX 

Gold soln. 

Yellow soln. 

NX 

Brown soln. 

NX 

NX 

Brown soln. 

NX 

PH 7 

Brown soln. 

NX 

NX 

Yellow soln. 

Yellow soln. 

NX 

NX 

Au(III) 

Bi(III) 

Cd(II) 

Co(II) 

Cu(II) 

Ga(III) 

Hg(I) 

Hg(II) 

Mn(II) 

Ni(II) 

Pd(II) 

Zn(II) 

ic 
In these tests, the colored material remained in the 
aqueous phase. 

pH 11 

Black ppt.* 

NX 

Purple soln. 

Purple soln. 

Yellow soln. 

NX 

Brown soln. 

Purple soln. Purple soln. 

NX Yellow soln. 

NX Purple soln. 

Yellow soln.* Orange soln. 

NX Orange soln. 
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TABLE 21 

2-Methanol--8-quinolinol 

Ion pH 4 pH 7 PH 11 

Ag(I) NR Yellow ppt. Yellow soln 

Au(II) Black soln. Black soln. Black soln. 

Bi(III) NR NR Pale Yellow 
soln. 

Cd(II) NR Yellow ppt. Yellow ppt. 

Co(II) NR Yellow ppt. Yellow ppt. 

Cu(II) NR Yellow ppt. Yellow ppt. 

Dy(III) NR NR White ppt. 

Er(III) NR NR White ppt. 

Fe(II) Lt. green soln . Pink ppt. Brown soln. 

Fe(III) Dark green 
soln. 

Green soln. Brown soln. 

Gd(III) NR NR White ppt. 

Hg(I) Yellow ppt. Yellow ppt. Yellow ppt. 

Hg(II) Yellow ppt. Yellow ppt. Yellow ppt. 

Ho(III) NR NR White ppt. 

Lu(III) NR NR White ppt. 

Mg(II) NR NR White ppt. 

Mn(II) NR Yellow ppt. Yellow ppt. 

Ni(II) Lt. yellow 
ppt. 

White ppt. Yellow ppt. 



114 

Ion 

Pb(II) 

Pd(II) 

Pr(III) 

Sra(III) 

Sn(II) 

Th(IV) 

U(VI) 

V(IV) 

Zn(II) 

Zr(III) 

TABLE 

PH 4 

Yellow ppt. 

Yellow soln. 

NR 

NR 

Yellow soln. 

Yellow ppt. 

Brown soln. 

NR 

Yellow ppt. 

Yellow ppt. 

--CONTINUED 

PH 7 

Yellow ppt. 

Yellow ppt. 

NR 

NR 

Yellow soln. 

NR 

Brown soln. 

Yellow ppt. 

Yellow ppt. 

NR 

PH 11 

Yellow ppt. 

Yellow soln. 

White ppt. 

Yellow ppt. 

NR 

NR 

NR 

Yellow ppt. 

Yellow ppt. 



TABLE 22 

2-Methanol-8-quinoliiiol 

Complexes Extracted into Chloroform 

pH 4 pH 7 pH 11 

Bi(III) NX NX SI. Extr. 

Cd(II) NX NX Yellow soln. 

Cu(II) NX Yellow soln. Yellow soln. 

Fe(III) Green soln. NX NX 

Hg(I) NX NX Yellow soln. 

Pd(II) Yellow soln. Yellow soln. Yellow soln. 

Sn(II) Yellow soln. Yellow soln. Yellow soln. 

U(VI) Brown soln. NX NX 

v(iv) NX Yellow soln. NX 

Zr(III) Yellow soln. NX NX 
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TABLE 23 

2-Aminomethyl-8-quinolinol 

Ion pH 4 pH 7 PH 11 

Ag(I) NR Yellow ppt. Yellow ppt. 

Au(IXX) Black soln. Black soln. Black soln. 

Bi(III) NR Yellow soln. NR 

Cd(II) NR White ppt. Yellow ppt. 

Co(II) NR Orange ppt. Yellow ppt. 

Cu(II) Green soln. Green soln. Yellow ppt. 

Fe(II) Lt. Gray Opal soln. Green ppt. 

Fe(III) Opal Blue-green soln .Brown soln. 

Hg(I) NR Yellow ppt. Grey soln. 

Hg(II) NR Yellow ppt. Yellow ppt. 

Mn(II) NR NR Yellow ppt. 

Ni(II) NR Yellow ppt. Yellow ppt. 

Pb(II) Yellow soln. NR Yellow ppt. 

Pd(II) Yellow soln. Yellow soln. Yellow ppt. 

Sn(II) Yellow soln. Yellow soln. Yellow soln. 

U(VI) Brown soln. Orange ppt. Orange ppt. 

V(IV) NR Yellow soln. NR 

Zn(II) NR Yellow soln. Yellow ppt. 

Zr(III) NR NR Green soln. 
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TABLE 24 

2-Aminomethyl-8-quinolinol 

Complexes Extracted into Chloroform 

pH 4 pH 7 pH 11 

Hg(I) NX NX Yellow soln. 

Hg(II) NX NX Yellow soln. 

Pb(II) NX NX Yellow soln. 

Pd(II) Yellow soln. NX Yellow soln. 

Sn(II) Yellow soln. NX Yellow soln. 

U(VI) NX NX Orange soln. 
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TABLE 25 

8-Quinolinol-2-Carboxaldehyde 21 -pyridylhydrazone 

Ion PH 4 pH 7 pH 11 

Ag(I) Yellow soln. Yellow ppt. NR 

Au(III) Brown ppt. Brown soln. Black soln. 

Bi(III) Yellow soln. Yellow soln. Brown ppt. 

Cd(II) NR Yellow soln. NR 

Co(II) NR NR Orange soln. 

Cu(II) Brown soln. Orange soln. NR 

Dy(III) Yellow soln. Yellow soln. Red soln. 

Er(III) Yellow soln. Yellow soln. Orange soln. 

Fe(II) Green soln. Green soln. Green ppt. 

Fe(III) Brown ppt. NR Brown ppt. 

Ga(III) Yellow soln. NR NR 

Gd(III) Yellow soln. Yellow soln. Orange soln. 

Hg(I) Yellow soln. Yellow soln. Brown ppt. 

Hg(II) Yellow soln. Yellow soln. NR 

Ho(III) Yellow soln. Yellow soln. Orange soln. 

In(III) Orange soln. NR Orange soln. 

La(III) Yellow soln. Yellow soln. Gold soln. 

Ni(II) Yellow soln. Yellow soln. Gold soln. 

Pb(II) Yellow soln. NR Yellow ppt. 
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TABLE 25--CONTINUED 

Ion pH 4 pH 7 pH 11 

Pd(II) Brown ppt. Clear soln. Black ppt. 

Pr(III) Yellow soln. Yellow soln. Gold soln. 

Sb(II) Yellow soln. Yellow soln. Yellow soln 

Sm(II) Yellow soln. Yellow soln. Orange soln 

Sn(II) Yellow soln. Yellow soln. Gold soln. 

Sn(IV) Yellow soln. White soln. Yellow soln 

Th(IV) Yellow soln. NR NR 

U(VI) Orange ppt. NR Red soln. 

V(IV) Yellow soln. Yellow soln. NR 

Zn(II) Yellow soln. Yellow soln. Gold soln. 

Zr(III) Orange ppt. NR NR 
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TABLE 26 

8-Qulnolinol-2-carboxaldehyde 2'-pyridylhydrazone 

Complexes Extracted into Chloroform 

Cu(II) 

Ga(XXI) 

Hg(I) 

Hg(II) 

In(III) 

Ni(II) 

Pd(II) 

Sn(II) 

Sn(IV) 

V(III) 

PH 4 

Brown soln. 

Yellow soln. 

Yellow soln. 

Yellow soln. 

Orange soln. 

Yellow soln. 

Blue soln. 

Orange soln. 

NX 

Yellow soln. 

PH 7 

Orange soln. 

NX 

NX 

NX 

NX 

Yellow soln. 

NX 

NX 

NX 

Yellow soln. 

PH 11 

Fink soln. 

NX 

NX 

Yellow soln. 

Pink soln. 

NX 

Aqua soln. 

Gold soln. 

Yellow soln, 

NX 
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TABLE 27 

Pyridine-2-carboxaldehyde 2-pyridylhydrazone 

Ion 

Ag(I) 

Au(III) 

Ba(II) 

Be(II) 

Bi(III) 

Ca(II) 

Cd(XX) 

Co(II) 

Cu(II) 

Fe(II) 

Fe(III) 

Ga(III) 

Hg(I) 

Hg(II) 

In(III) 

Ir(III) 

Mn(II) 

£H_A 

Colorless 

Purple soln. 

NR 

NR 

NR 

NR 

NR 

Green-brown 
soln. 

Green soln. 

NR 

Red-brown 
soln. 

Yellow soln, 

Yellow soln, 

Clear soln. 

NR 

NR 

NR 

PH 7 

Yellow soln. 

Purple soln. 

NR 

Yellow soln. 

NR 

NR 

Yellow soln. 

Brown soln. 

Yellow-brown 
soln. 

Red soln. 

Yellow soln. 

Yellow soln. 

Green soln. 

Yellow soln. 

NR 

NR 

NR 

PH 11 

Yellow soln. 

Purple ppt. 

Yellow soln. 

Yellow soln. 

Yellow soln. 

Yellow soln. 

Yellow ppt. 

Brown ppt. 

Brown ppt. 

Green-brown 
ppt. 

Rust soln. 

NR 

Yellow soln. 

Yellow soln. 

Yellow ppt. 

Yellow soln. 

Orange-brown 
ppt. 
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Ion 

Ni(II) 

Pd(II) 

Rh(III) 

Ru(III) 

Sb(II) 

Sn(II) 

Sn(IV) 

U(VI) 

V(IV) 

Zn(II) 

TABLE 27--CONTINUED 

PH 4 

Clear soln. 

Red soln. 

NR 

NR 

NR 

Yellow soln. 

Yellow soln. 

NR 

Orange soln. 

NR 

£H_J_ 

Yellow soln. 

Red soln. 

Pink soln. 

NR 

Yellow soln. 

Yellow soln. 

Yellow soln. 

Yellow soln. 

Pink soln. 

Yellow soln. 

PH 11 

Yellow-brown 
ppt. 

Red soln. 

Pink soln. 

Black ppt. 

Yellow soln. 

Yellow soln. 

Yellow soln. 

NR 

Orange ppt. 

Yellow ppt. 



TABLE 28 

Pyridine-2-carboxaldehyde 2'-pyridylhydrazone 

Complexes Extracted into Chloroform 

pH 4 pH 7 pH 11 

Ag(I) Yellow soln. Yellow soln. Yellow soln. 

Al(III) NX NX Yellow soln. 

Ba(ll) NX NX Yellow soln. 

Bi(IlI) NX NX Yellow soln. 

Ca(II) Brown soln. NX Yellow soln. 

Cd(II) NX Yellow soln. Yellow soln. 

Co(II) NX Red soln. Brown soln. 

Cu(ll) Brown soln. Brown soln. Brown soln. 

Fe(II) NX Red soln. Red soln. 

Fe(III) Brown soln. Yellow soln. Green soln. 

Ga(III) Yellow soln. NX NX 

Hg(I) Yellow soln. Yellow soln. Yellow soln. 

Hg(II) Yellow soln. Yellow soln. Yellow soln. 

Ir(III) NX NX Yellow soln. 

Mn(II) NX NX Brown soln. 

Ni(II) Yellow soln. Brown soln. Brown soln. 

Pd(II) NX Red soln. Red soln. 

Pt(II) NX NX Yellow soln. 
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TABLE 28--CONTINUED 

PH 4 pH 7 pH 11 

Pt(IV) NX NX Yellow soln. 

Rh(III) NX Yellow soln. Pink soln. 

Sb(III) NX Clear Yellow soln. 

Sn(II) Peach soln. Yellow soln. Yellow soln. 

Sn(IV) NX Yellow soln. Yellow soln. 

V(III) Red soln. Pink soln. NX 

Zn(II) NX NX Yellow soln. 
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8-Quinolinol-2-carboxaldehydephenylhydrazone is 

limited in its reactions with metal ions. Only Cu(II), 

Fe(III), Hg(II), Sb(III) and Au(III) give definite reactions 

at pH 4. In the pH 7 buffer, Hg(II) and Au(IIl) react. The 

only cations to react in the pH 11 buffer were Hg(II), 

Pb(II), Ag(I), and Au(III). The only extractable species 

were formed with Cu(II), Fe(III) and Hg(II) at pH 4. 

8-Quinolinol-2-carboxaldehyde-p-nitrophenylhydrazone 

reacts with Hg(II) at pH 4, and Au(III) at pH 7. At pH 11, 

Hg(I), Ag(I), Au(III) and Pd(II) gave positive tests. None 

of the complexes were extractable into chloroform. 

8-Quinolinol-2-carboxaldehyde-2,4,dinitro-phenyl-

hydrazone reacts with Pd(II) at pH 4, and Hg(I) at pH 11. 

No complexes extractable into chloroform were found. 



TABLE 29 

8-Quinolinol-2-carboxaldehyde 

Ion pH 4 pH 7 pH 11 

Ag(I) NR Orange soln. ppt. 

Au(III) Black soln. Black soln. Black soln. 

Cd(II) NR Orange ppt. ppt. 

Co(II) NR Orange ppt. Yellow ppt. 

Cu(II) NR (1) Orange ppt. NR 

Fe(II) Green soln. NR Brown ppt. 

Fe(III) Green soln. Brown ppt. NR 

Hg(I) Orange soln. Orange ppt. NR 

Hg(II) Orange soln. Orange ppt. NR 

Mn(II) NR NR Yellow ppt. 

Ni(II) NR White ppt. Yellow ppt. 

Pb(II) Orange soln. White ppt. PPt. 

Pd(II) Orange soln. Orange soln. Red soln. 

Sn(II) Orange soln. Orange soln. Yellow soln. 

U(VI) Orange soln. NR NR 

Zn(II) NR NR ppt. 

Zr(III) Yellow ppt. NR NR 

(1) A change in the spectrum was observed in the Beckman 
DB Spectrophotometer. 
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TABLE 30 

8-Quinolinol-2-carboxaldehyde 

Complexes Extracted into Chloroform 

Cu(II) 

Pb(II) 

Pd(II) 

Sn(II) 

pH 4 

NX 

Yellow soln, 

Red soln. 

Red soln. 

PH 7 

Red soln. 

NX 

Yellow soln, 

NX 

PH 11 

NX 

NX 

Red soln. 

Gold soln, 
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j. Quinoline-2-carboxaldehyde oxime 

Positive tests were observed for Cu(II) (yellow), 

Fe(lII) (pink), Pd(Il) (yellow), and V(III) (yellow) at 

pH 4 with quinoline-2-carboxaldehyde oxime. No tests were 

preformed at pH 7. The ligand reacts with Co(II) (yellow), 

Cu(II) (green), Fe(II) (blue precipitate), Au(III) (black), 

Pd(II) (yellow), and Ag(I) (yellow) at pH 11. None of the 

complexes were extractable into chloroform. 

k. Quinoline-2-carboxaldehyde O-methyloxime 

Quinoline-2-carboxaldehyde O-methyloxime reacts with 

Fe(III) (pink), Au(III) (yellow ppt.), Pd(II) (yellow ppt.), 

Ag(I) (white ppt.), and V(III) (yellow) at pH 4. In the 

pH 11 buffer only Pd(II) (yellow) gave a definite positive 

test with the ligand. No chloroform extractable complexes 

were found. 



IV. DISCUSSION 

A. Design and Synthesis of Reagents 

1. Initial Route 

The original route for the synthesis of 2-amino-

methyl-8-quinolinal and 2-methanol-8-quinolinol was via 8-

quinolinol-2-carboxylic acid"^. Reduction of the acid and 

amide should have given the alcohol, and the aminomethyl 

derivatives, respectively. Exceedingly low yields in the 

steps preceeding the hydrogenation made this route 

unattractive. 

2. 8-Acetoxyquinoline-2-Carboxaldehyde 

A much more attractive synthetic route for the 

synthesis of 8-quinolinols (Figure 5) with donor groups in 

the two position is through the 2-carboxaldehyde 

derivative^®. Selenium dioxide readily oxidizes the methyl 

group of 2-methyl-8-quinolinol to the aldehyde. The phenol 

group must be protected from oxidation at the same time, 

however. This is done most conveniently by performing the 

57. Irving, H., and Pinnington, A. R., J. Chem. 
Soc., 3782, (1954). 
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oxidation with 2-methyl-8-acetoxyquinoline. The hydrolysis 

of the ester is easily accomplished with NaOH or refluxing 

with H2O. The phenol can also be protected by making the 

benzyl ether. Hydrolysis of the ether is more time 

consuming and therefore a less attractive alternative route. 

3. 8-Quinolinol-2-Carboxaldehyde Oxime (4) 

8-Quinolinol-2-carboxaldehyde oxime (4) was prepared 

not only because it had the potential of being a tridentate 

ligand but also because it offered a convenient route to 

2-aminomethyl-8-quinolinol. 

4. 2-Aminomethyl-8-Quinolinol (5) 

2-Aminomethyl-8-quinolinol (5) is prepared 

conveniently from the oxime by catalytic reduction. From 

the predicted geometry of the ligand it would appear that 

the amino group would be in a favorable position to donate 

its unshared pair of electrons to a metal ion. This ligand 

should form a complex with all of the donor groups in the 

same plane which would be especially favorable for complex 

formation with metal atoms that form octahedral complexes. 
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A molecular model of the complex shows that the bond 

distance is not unreasonable for metal-nitrogen or metal-

oxygen bonds. The estimated distance between the phenolic 

oxygen and the amine nitrogen is about 3.5-4.0 R. Some 

metal-oxygen and metal-nitrogen bond distances are presented 

in Table 31. 

TABLE 31 

Metal-Ligand Bond Distances 

Compound M(II)-N M(II)-0 Reference 

Bis(acetylacetonato)- 2.00 58 
nickel(II) 

Tris(ethelenediamine)- 2.12 £ 4 
nickel(II) nitrate 

Bis(ethenediamine)- 2.03 R 59 
palladium(II)chloride 

N,N'-disalicylidene- 2.08 R 1.94 A 60 
ethylenediaminezinc(ll) 
monohydrate 

58. Hoard, J. L., Lind, M., and Silverton, J. V., 
J. Am. Chem. Soc., 8!3, 2770, (1961). 

59. Wiesner, J. R., and Lingafelter, E. C., Inorg. 
Chem., _5, 1770, (1966). 

60. Hall, D., and Moore, F. H., Proc. Chem. Soc., 
256, (1960). 
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Thus, if a metal atom were located between the 

phenolic and amino groups, the sum of the bond lengths 

should be about 4 X. The orientation of the donor orbitals 

is especially favorable for donation to the dx2_y2 and dz2 

61 
orbitals of a transition metal ion 

5. 2-Methanol-8-Quinolinol (6) 

2-Methanol-8-quinolinol (6) was prepared to study 

the effect of changing the donor atom attached to the 

methylene group. The geometry of the ligand should be very 

similar to 2-aminomethyl-8-quinolinol. The change should 

facilitate coordination with cations that usually prefer 

oxygen coordination. 

The recommended method of the synthesis of 2-

methanol-8-quinoline is through the NaBH^ reduction of 8-

acetoxyquinoline-2-carboxaldehyde, followed by alkaline 

hydrolysis of the acetate. The Cannizzaro reaction gave 

lower yields since 507o of the aldehyde must be oxidized to 

the acid. A crossed Cannizzaro reaction was attempted with 

formaldehyde, but this gave only an unworkable tar. 

61. Cotton, F. A. and Wilkinson, G., "Advanced 
Inorganic Chemistry," Interscience Publications, New York, 
P. 556 and ff., (1962). 
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The usefulness of the catalytic reduction of the 

aldehyde with hydrogen and platinum was limited by the low 

yield and small scale of the reaction. 

An attempt was made to prepare the thiol correspond

ing to 2-methanol-8-quinolinol. No reaction was observed 

between the 2-methanol and thiourea under the conditions 

62 
employed by Kofod in preparation of 2-furfuryl mercaptan 

from furfuryl alcohol. 

6. 8-Quinolinol-2-Carboxaldehyde Imines 

An attempt was made to prepare a series of 8-

quinolinol-2-carboxaldehyde imines, or Schiff bases. The 

donating system is the same as in 8-quinolinol-2-carbox-

aldehyde oxime. Such a series would lend itself to a study 

of the steric and electronic effects of the substituents 

upon chelation. The products isolated from the reaction 

mixtures of the alkylamines were all unstable and could not 

be purified further. The products of the condensation with 

aniline and substituted anilines were somewh&t more stable. 

Only 8-quinolinol-2-carboxaldehyde 21,4'-dimethylphenylimine 

62. Kofod, H., Org. Synt., Col. Vol. Ill, 491, 
(1956). 
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is stable enough to be isolated in good purity. The 

stability of the aniline derivatives increased when electron 

donating substituents were on the ring. 

7. 8-Quinolinol-2-Carboxaldehyde-Hydrazones 

Lion's group has prepared a series of compounds 

derived from pyridine-2-carboxaldehyde 2'pyridyl-

hydrazone^j26,63,64,65,66. general, this ligand 

appears to be tridentate and have possible analytical uses. 

8-Quinolinol-2-carboxaldehyde 21-pyridylhydrazone was pre

pared in an attempt to make a planar quadridentate ligand 

with the structure 7. 

7 8 

63. Geldard, J. F., and Lions, F., J. Am. Chem. 
Soc., 84, 2262, (1962). 

64. Green, R., Hallman, P., and Lions, F., Inorg. 
Chem., 3^, 376, (1964). 

65. Green, R., Ibid., .3, 1541, (1964). 

66. Geldard, J. F., and Lions, F., Inorg. Chem., 
4, 414, (1965). 



136 

The new ligand should have an advantage over 

pyridine-2-carboxaldehyde 21-pyridylhydrazone (8) since the 

phenol has a lower pKa than the hydrazone hydrogen , thus 

allowing the formation of a neutral complex at a lower pH. 

This could be of use in solvent extraction or precipitation 

separations where high pH values are not desirable. 

For comparison with the 21-pyridylhydrazone and the 

oxime derivatives of 8-quinolinol-2-carboxaldehyde, a series 

of phenylhydrazones were also prepared. The hydrazones have 

the same system of donor atoms as the oximes and phenylimine 

as shown below in their trans configuration. 

The phenylhydrazone, p-nitrophenylhydrazone and 

21,4'dinitrophenylhydrazone of 8-quinolinol-2-carboxalde-

hyde were prepared. 
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8. Oxime Derivatives of Quinoline-2-Carboxaldehyde 

In order to eliminate the possibility that only two 

of the donor groups of 8-quinolinol-2-carboxaldehyde-oxime 

were participating in chelation, quinoline-2-carboxaldehyde 

oxime and O-methyloxime were also prepared. The oxime had 

/ o 
been previously prepared by Jensen . He reported only that 

it gave positive qualitative tests with Cu(II) and Ni(II) in 

basic solutions. 

B. Mass Spectra of Some Two Substituted 8-Quinolinols 

The correlation of mass spectra with molecular 

structure has been demonstrated for many classes of 

67 
compounds. The mass spectra of a series of pyridines and 

phenols and aldehydes^ have been investigated. In the case 

of polyfunctional compounds, fragmentation may occur by 

several competing pathways, making mass spectral 

correlations with structure in these compounds exceedingly 

difficult. This competition between different fragmentation 

modes can result in widely differing mass spectra from 

67. Biemann, K., "Mass Spectrometry," McGraw-Hill 
Book Co., Inc., New York, P. 127, (1962). 

68. Aczel, T., and Lumpkin, H. E., Anal. Cnem., 
31, 2076, (1959). 
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closely related compounds. No work has been reported on 

mass spectra of 8-quinolinols. 

The mass spectra of a series of 2-substituted-8-

quinolinols were studied to prove the structure of the new 

ligands and also to determine the effects of the different 

functional groups on the fragmentation pathways in 

8-quinolinols. 

The metastable peaks were used to determine the 

various fragmentation pathways of the compounds. The 

different functional groups were found to change the 

relative importance of the competing fragmentation pathways 

of the compounds. 

The analysis of the mass spectrum provided 

information on how the parent molecular ion decomposes. 

Since both the parent molecular ion and the ligand in a 

metal complex are electron deficient, a correlation between 

the fragmentation of the ligand and chelate thermal 

stability might be expected. 

1. 8-Quinolinol 

The major features of the mass spectra of 

8-quinolinol were found to correspond to the parent ion, 

loss of CO followed by loss of HCN from the parent ion, and 
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further decomposition of the resulting hydrocarbon ion. A 

multiply charged ion was also observed at m/e = 72.5 

(Table 9). The peaks observed at m/e = 117 and 116, result 

from the parent ion (m/e = 145) losing CO and HCO, 

respectively. The initial loss of HCN from the parent 

molecular ion is unimportant since the peak corresponding to 

this loss (m/e = 118) is entirely accountable as the isotopic 

69 
contribution from the m/e = 117 peak . However, loss of a 

cyanide containing fragment following the loss of CO is 

indicated by the peaks observed at m/e = 89 and 90. 

The metastable transitions observed in the spectrum 

of 8-quinolinol are shown in Table 10. The metastable peak 

at m/e = 94.5 probably results from the loss of CO from the 

parent ion. The loss of HCN from the (P-28) fragment is 

indicated by the metastable peak at m/e = 69. 

This preferential fragmentation of the phenolic 

ring, which in turn is followed by fragmentation of the 

pyridine ring, is in agreement with the LCAO calculations 

of electron densities of Burton and Davis^. These 

69. Silverstein, R. M., op. cit., P. 17. 

70. Burton, R. E., and Davis, W. J., J. Chem. Soc., 
1766, (1964). 
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calculations indicate that carbonium ion formation is 

favored in the phenolic ring and thus primary decomposition 

should involve the loss of CO from the phenoxy cation. 

2. 2-Methyl-8-Quinolinol 

The mass spectral features of 2-methyl-8-quinolinol 

(Table 9, Figure 7) are similar to those of 8-quinolinol. 

The initial loss of CO is indicated by the large metastable 

transition observed at m/e = 108.5, as shown in Table 10. 

The high resolution mass spectrum at m/e = 28 indicates no 

71 H2CN is present . The (P-27) peak can be accounted for 

69 entirely as the isotope peak of the (P-28) peak . The 

(P-29) peak has increased in intensity relative to the 

(P-28) peak in the 8-quinolinol. The influence of the 

electron donating methyl group in stabilizing the parent 

molecular ion with respect to ring rupture is seen by 

comparison with the mass spectra of 8-quinolinol. 

The weak peaks seen in the m/e = 114-117 region are 

due to the loss of the exocyclic methyl group and CO. The 

weak metastable transition observed at m/e = 68, indicating 

71. Beynon, J. H., op. cit., P. 486. 
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the loss of CH3 prior to the loss of HCN is also consistent 

with this assignment. The low intensity of these peaks is 

consistent with the low probability of losing a CHg as 

observed in the spectrum of toluene. 

The peak at m/e = 104, and the metastable transition 

at m/e = 82 are due to the loss of HCN following the loss of 

CO. The mode of fragmentation of the two rings seems to be 

in the order of the most basic (phenol) or electronegative 

substituent fragmenting first, followed by the fragmentation 

of the next most basic group. 

3. 2-Methanol-8-Quinolinol 

The addition of a methyl alcohol group to the 

8-quinolinol system promotes the degree of fragmentation 

(Figure 8). The hydroxyl group of 2-methanol-8-quinolinol 

is electron withdrawing. This reduces the stability of the 

parent molecular ion and promotes fragmentation. In 

addition, the new alcoholic group is in an especially 

favorable position to pick up a proton from either the three 

position or the phenolic proton. Thus, the dehydration of 

the molecular ion is not surprising. The metastable peak at 

m/e = 141 verifies this dehydration of the parent molecular 

ion. This is shown schematically in Figure 9. 
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The high intensity of the (P-29) peak relative to 

the (P-28) peak (Table 9) is explained on the basis of the 

geometry of the molecule. A molecular model shows that the 

alcoholic proton is in a much more favorable position for 

hydrogen bonding than the phenolic proton. Assuming that 

the alcoholic proton does effectively block the nitrogen to 

the phenolic proton, then the phenolic proton is forced to 

£0 
leave with the carbon monoxide as is the case for phenol . 

Rupture of the exocyclic carbon-carbon bond with 

transfer of a hydrogen gives the 8-quinolinol molecular ion 

(m/e = 145). This is bond rupture to a hetero atom, a 

72 well known fragmentation pathway . The loss of CO from 

the phenolic ring gives rise to the peak at m/e = 117. 

Further support for this mode of fragmentation is given by 

the metastable peak at m/e = 95, which corresponds to the 

loss of CO from the 8-quinolinol ion. 

Further fragmentation, with the loss of HCN, 

explains the peak at m/e == 90 and the metastable peak at 

m/e = 69. The loss of an additional proton gives rise to 

72. Silverstein, R. M., op. cit., P. 9. 
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the peak at m/e = 89. The reason for the unusually high 

intensity for the m/e = 89 peak may be due to the formation 

of a more stable CyH5+ ion in which all electrons are paired. 

4. 2-Aminomethyl-8-Quinolinol 

The spectrum of 2-aminomethyl-8-quinolinol 

(Figure 10) is similar to that of 2-methanol-8-quinolinol. 

The relative importance of the competing dissociation path

ways is altered by the diminished electron withdrawing 

ability of the NH2 group compared to that of the hydroxyl 

group (Figure 11). As in the methyl alcohol derivative, the 

spectrum of the aminomethyl shows two competing modes of 

fragmentation leading to the m/e = 129 peak. The 

metastable peaks indicate that the loss of CO can occur 

either before or after the loss of NH3 (Figure 11). The 

NH2 group is able to accept a proton from either the three 

position or the phenol thus enhancing the loss of NH3. No 

metastable peak corresponding to this loss is observed. 

The ion (m/e = 157) resulting from loss of NH3 from the 

parent molecular ion proceeds to lose a CO as indicated in 

Figure 11. This fragmentation pathway is confirmed by the 

metastable transition observed at m/e = 106 (Table 10). The 

metastable peak at m/e = 123 fits the loss of 28 mass units 

(CO) from the parent molecular ion. 
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The high resolution mass spectrum shows that I^CN is 

present in contrast to the spectrum of 2-methyl-8-quinolinol, 

where none was observed. The high intensity of the m/e = 

145 ion (P-29) may be due to the loss of H^CN from the side 

chain in addition to the loss of HCO from the parent 

molecular ion. The loss of H^CN from the side chain should 

give an ion with the same formula as the 8-quinolinol 

molecular ion. This ion fragments in a manner similar to 

8-quinolinol, by the loss of CO (m/e = 117) followed by the 

loss of HCN (m/e = 90). The observed metastable peaks at 

m/e -- 94.5 and 69 confirm this fragmentation pathway. 

It is interesting to note that the importance of 

the initial loss of CO is increased by changing the CI^OH 

to Ct^NH^. Little is known of the factors involved in 

competition of different fragmentation modes in poly-

73 functional compounds. Biemann has observed, in the case 

of polyfunctional compounds, that small changes in one of 

the functional groups can result in widely differing mass 

74 
spectra. McLafferty in a study of benzoyl compounds 

73. Biemann, K., op. cit., P. 70. 

74. McLafferty, F. W. , "Mass Spectrometry of 
Organic Ions," Academic Press, New York, P. 314, (1963). 
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found that the electron donating substituents tend to 

stabilize the parent molecular ion. 

For the methyl substituted 8-quinolinols, a 

correlation between the proton magnetic resonance Tau values 

of the methyl group and the degree of fragmentation of the 

parent molecular ion as measured by the intensity of 

either the m/e = 102 or m/e = 89 peak is observed. 

TABLE 32 

Correlation Between Proton Magnetic Resonance 

Tau Values and Degree of Fragmentation 

m/e 89 m/e 102* 
2-Methyl-8-quinolinol 7.24 6.5% 2.27»* 

2-Aminomethyl-8-quinolinol 6.37 16 7.5 

2-Methanol-8-quinolinol 5.09 21 19 

* If the m/e = 103 peak is used, the correlation 

still holds. This corrects for the difficulty in losing a 

hydrogen from the methyl group, in contrast to the ease in 

losing the exocyclic hetero group. 

5. 8-Quinolinol-2-Carboxaldehyde 

The aldehyde group attached to an electron 

deficient carbon in 8-quinolinol-2-carboxaldehyde, produces 

a change in the mass spectral cracking pattern (Figure 12), 
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which might have been expected for this compound. The (P-l) 

and (P-29) peaks are usually strong in aromatic aldehydes^"*. 

However, in the case of 8-quinolinol-2-carboxaldehyde, the 

(P-l) peak is weak, possible due to the difficulty of 

forming an acylium ion to the partial positive charge 

located on the 2 carbon^®. The peak at m/e = 145 and the 

metastable at m/e = 122 correspond to the loss of CO from 

the parent molecular ion. The loss of an additional CO 

molecule gives the strongest fragment peak at m/e = 117. 

The loss of HCN from the m/e = 117 ion is confirmed by the 

metastable peak at m/e = 69 (Table 10). 

In contrast to the observations of Cummings and 

7 fi 
Bleakney , the mass spectra of this, and the other 

compounds reported here which contain a single nitrogen atom, 

show a great predominance of odd ions. This is due to the 

relative ease of losing neutral, stable, even mass, 

fragments in these odd mass compounds resulting in odd mass 

fragment ions. 

75. Aczel, T., and Lumpkin, H. E., Anal. Chem., 
33, 386, (1961). 

76. Cummings, C. S., and Bleakney, W., Phys. Rev., 
58, 787, (1940). 
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It should be possible to differentiate between the 

initial loss of CO from the phenol and aldehyde functional 

lO 
groups by isotopic labelling of the aldehyde with 0 . 

18 
Oxidation of 2-methyl-8-acetoxyquinolinol with 0 enriched 

selenium dioxide should give the labeled aldehyde group. An 

increase in the relative importance of the loss of 30 mass 

units would show the relative importance of the loss of CO 

from the aldehyde group to that from the phenol. 

6. 8-Quinolinol-2-Carboxaldehyde Oxime 

The mass spectrum of 8-quinolinol-2-carboxaldehyde 

oxime (Figure 13) is characterized by the degradation of the 

exocyclic group in addition to the fragmentation pattern of 

the parent 8-quinolinol. As in 2-methanol-8-quinolinol 

(Figure 8), the OH group of the oxime may be in an 

especially favorable position for hydrogen bonding to the 

quinoline nitrogen and for picking up another hydrogen so 

that a neutral molecule of H2O can be lost. This latter is 

the most probable process and gives rise to the base peak 

of the spectrum. 

The loss of CO from the dehydrated fragment ion 

gives the m/e = 143 peak. As in the other spectra, this 

loss is accompanied by the appropriate metastable peak at 
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m/e = 119.5. Further fragmentation with the loss of 27 mass 

units, probably HCN from the side chain, gives the ion at 

m/e = 115. Since the previous fragmentations have removed 

all of the hydrogen atoms from near the quinoline nitrogen, 

it is not surprising that the nitrogen leaves as the cyanide 

radical, rather than HCN as is observed in the other spectra. 

As in the spectra of the methanol and aminomethyl 

amine derivatives, there are other competing pathways 

capable of producing the major peaks in the mass spectra of 

8-quinolinol-2-carboxaldehyde oxime. Following the loss of 

H2O from the side chain, HCN is eliminated giving the 

m/e = 143 peak. In this dissociation sequence, which is 

less important than the path involving the initial loss of 

CO, the metastable peak at m/e = 94 could correspond to the 

splitting out of CO from the m/e = 143 fragment ion. The 

intensity of this metastable peak is greater than that at 

m/e = 119.5, which corresponds to the loss of CO from the 

dehydrated fragment of mass 170. This tends to support the 

possibility that the metastable peak at m/e = 94 does not 

arise from a unique fragmentation step, but is a 
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combination of two or more of the possible processes^ as 

seen in Table 10. 

7. 8-Quinolinol-2-Carboxaldehyde Tert-butylimine 

The mass spectrum of 8-quinolinol-2-carboxaldehyde 

tert-butylimine (Figure 14) is consistent with the structure 

of the compound and the previous discussion. This is 

surprising since the compound could not be purified due to 

its instability. 

The fragmentation of the compound is characterized 

by the high probability of the loss of the side chain from 

the aromatic portion of the molecule. The loss of the side 

chain by rupture of the exocyclic carbon-carbon bond and 

transfer of a hydrogen, generates the base peak of the mass 

spectrum at m/e = 145. This corresponds to the mass of the 

molecular ion of 8-quinolinol. The loss of a C^Hg fragment 

is also a highly favored fragmentation process, giving rise 

to the prominent peak at m/e = 172. The remainder of the 

observed spectrum is similar to that of 8-quinolinol with 

the exception of the (P-15) peak which is due to the loss o£ 

a CH3 group from the tertiarybutyl group. 

V?-1 

77. Mancuso, N. R., Tsunakawa, S., Biemann, K., 
Anal. Chem., ,38, 1775, (1966). 
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The structure of the relatively uncommon m/e = 89 

and 90 hydrocarbon ions, may be cyclic. The spectra of all 

the 2-substituted 8-quinolinols show the same ratio of m/e = 

89/90 intensities of 2.1:1 "t 0.3. This may indicate a 

common driving force for the formation of the m/e = 89 ion 

from the m/e = 90 or other higher mass ion. 

It is illustrative to note that like the m/e = 91 

tropylium ion, the cyclic m/e = 89 ion could have all of its 

electrons paired. The pairing of electrons may be 

responsible for the stability of the m/e = 89 ion. The 

inclusion of a double bond with its ff system in the plane of 

the ring is analagous to the benzyne system, where such a 

bond is formed in a six membered aromatic ring. 

8. Mass Spectra Below m/e = 69 

The mass spectra (Table 11) of 2-methyl-8-quinolinol 

(Figure 15) and 2-aminomethyl-8-quinolinol (Figure 16) below 

m/e = 70 show strong peaks at m/e = 39, 51, 63. The peak at 

m/e = 39 is attributed to the ion. The fragments of 

m/e = 51 and 63 are probably due to the and ions 

of the hydrogen poor molecule. 

In contrast to the spectrum of 2-methyl-8-quinolinol, 

which has no significant peaks below m/e = 35, the spectrum 

of 2-aminomethyl-8-quinolinol shows several peaks in this 
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region. The strong peaks at m/e = 16 to 18 are probably due 

to NH2+ (m/e = 16): HN3+ (m/e = 17); and NH^+, H20+ 

(m/e = 18). The nitrogen containing species come from 

fragmentation of the side chain, while the oxygen containing 

ions are impurities. The peaks at m/e - 28 are shown by the 

high resolution mass spectra to be a composite of H2CN, 

and CO. The peak at m/e = 30 is due to the CH2NH2"*" ion, 

resulting from fission of the exocyclic carbon-carbon bond. 

The mass spectra of 8-quinolinols studied are 

governed by the different functional groups of the molecule. 

The most common mode of fragmentation is loss of a small 

neutral fragment. Rupture of the pyridine ring is 

important only after the loss of carbon monoxide from the 

phenol ring of 8-quinolinol. 

C. Acid Dissociation Constants 

The pKa values of the reagents were determined to 

study the effect of the various substituents on the basicity 

of the 8-quinolinol system and for use in the formation 

constant measurements. The pKa values for the compounds 

are summarized in Table 12. The experimental titration 

curves are presented on the same graphs as the formation 

titrations (Figures 1-4). 
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1. 8-Quinolinol and 2-Methyl-8-Quinolinol 

There is reasonable agreement of the pKa values 

determined in this study and those previously reported. The 

value of pKi for 8-quinolinol (4.16) is close to the value 

A O  
reported by Gutnikov (4.13) . The agreement in the 

corresponding pK.2 values is not as good, the difference 

being 0.25 pK units. There is no significant difference 

between the pK^ and pK^ values of 2-methy1-8-quinolinol of 

this study and those determined by Gutnikov. 

2. 8-Quinolinol-2-Carboxaldehyde and 2-Methanol-8-

Quinolinol 

The pKa value (10.24) for the phenol dissociation of 

8-quinolinol-2-carboxaldehyde is much lower than 8-

quinolinol. This illustrates the strong electron with

drawing effect of the aldehyde group both upon the quinoline 

nitrogen (pKa<3) and on the phenol group. This is in 

contrast to the methanol group of 2-methanol-8-quinolinol 

which withdraws electrons inductively. The pKa of the 

quinoline nitrogen of 2-methanol-8-quinolinol is lowered by 

0.7 pKa units over 8-quinolinol, but the pK2 is almost 

unchanged. 
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3. 2-Aminomethyl-8-quinolinol 

The pKi value for 2-aminoraethyl-8-quinolinol refers 

to the protonation of the primary amine. When the amine is 

protonated, a net positive charge is created in a position 

very close to quinoline nitrogen. This couples with the 

strong electron withdrawing effect of the CH2NH3"*" group to 

lower the pKa of the quinoline nitrogen below the limits of 

this method. The pK2 of the phenol of 2-aminomethyl-8-

quinolinol is practically unaffected by the non conjugated 

CH2NH2 group. 

4. Oxime Derivatives of 8-Quinolinol-2-Carboxaldehyde 

The value of the pKa of 8-quinolinol-2-carbox-

aldehyde oxime determined here (10.72) is in reasonable 

49 agreement with the value of 9.22 previously reported^" . 

The change in the medium from water to one of lower 

dielectric constant such as 507o aqueous dioxane should 

lower the pKa of the neutral ligand significantly. This is 

confirmed by the increase of the pKa value of quinoline-

2-carboxaldehyde oxime over that of pyridine-2-carbox-

aldehyde oxime 

Due to the closeness of the pKa values for the 

hydroxyl group of quinoline-2-carboxaldehyde oxime 
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(pKqh 11.20) and 8-quinolinol-2-carboxaldehyde O-methyl-

oxime (pKqjj 10.87), the tautomeric equilibrium of the form 

shown below must be taken into account with 8-quinolinol 

-2-carboxaldehyde oxime. 

K: 

NO" 

Kr 

CO" 

tiKt 

If one assumes that the changing of the oxime hydroxy1 

group to a methoxy group of 8-quinolinol-2-carboxaldehyde 

oxime does not significantly alter the pKa of the phenol 

group, then the pKa of the oxime group can be estimated. 

Using this assumption (PKacQH = 10.87) then one calculates 

pKaNQH = 11.27. The tautomeric equilibrium constant is 

given by: 

Kf 
= [no"] 

[co-J 

= 10" °*4° 
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D. Metal Chelate Formation Constants 

The chelate formation constants determined in this 

study are tabulated in Table 13. The precipitation of the 

metal chelate prevented the precise determination of the 

stability constants in several cases. Some values from the 

literature are listed for comparison. 

The metal chelates of 2-aminomethyl-8-quinolinol and 

2-methanol-8-quinolinol are both significantly more stable 

A O  
than the corresponding chelates of 2-methyl-8-quinolinol . 

The Mg(II) chelate with 2-methanol-8-quinolinol is 

the only complex of these ligands that is less stable than 

the chelate of 2-methyl-8-quinolinol. This is in contrast 

to the stability of the chelates of 8-quinolinol-

2-carboxaldehyde oxime which are less stable than the 

chelates of 2-methy'l-8-quinolinol. 

1. Chelates of 2-Methanol-8-Quinolinol 

The formation data (Figure 2) for 2-methanol-8-

quinolinol are not as complete as for the other two ligands 

studied, due to the low solubility of the complexes 

(Table 13). The low solubility limited the n values to less 

than 0.3 for Zn(II) and Mn(II). In the titration with 

Cu(II), the complex is so strong that it forces the proton 
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displacement reaction to completion in the pH range studied. 

The Ni(II) titration (Figure 2) was carried well beyond the 

initiation of precipitation to study the stoichiometry of 

the reaction. The curve shows that 2 equivalents of hydrogen 

ion per nickel ion are released. This behavior is similar 

to 8-quinolinol, where two equivalents of protons per nickel 

ion are released on chelation. 

The formation constants (Table 13) for this ligand 

show that the complexes with Ni(II), Zn(II), and Mn(II) are 

significantly more stable than the corresponding complexes 

with 2-methyl-8-quinolinol^®. The stability of the Co(II) 

complex with 2-methanol-8-quinolinol is nearly the same as 

the 2-methyl derivative. The Mg(Xl) complex with the 

ligand is much less stable than the complex with 2-methyl-

8-quinolinol. This indicates that the ligand may be 

functioning as a weak tridentate ligand in solution in the 

case of Ni(II), Zn(II), and Mn(II) but not with Co(II) or 

Mg(II). 

The proton displacement constants for the chelates 

compensate for the decreased basicity of the ligands. Thus, 

they are a more useful basis for the comparison of the 

stability of chelation. 
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The proton displacement constant, Kp^, is useful 

when the predominant species of the ligand in the solution 

does not correspond to the form of the ligand described in 

the chelate formation reaction^'**. If the ligand is pro-

tonated, then the overall reaction is really a proton dis

placement, where the values of the formation constants and 

the pK of the reagent must be considered. Since the over-
a 

all reaction of the metal ion with the predominant form of 

the ligand in solution must be considered, the proton dis

placement constant varies with the number of displacable 

protons of the ligand. As a result, proton displacement 

constants can be compared only for the complexes where the 

number of protons released is the same. 

In general, the higher the value of Kp^, the lower 

the pH at which complex formation is complete. Thus, a 

comparison of the Kp^ values indicates which reagent can be 

used in more acidic solutions. 

The proton displacement constants, Kp^ were cal

culated for the metal complex. When the metal ion forms a 

complex at pH values below pK-^ of the reagent, the 



appropriate equation is given by (1). 

Kpd = K^K^CKa^)2 (1) 

Cu(II) + 2H2OX ±5 Cu0x2 + 4H+ 

But if the reaction takes place at a pH greater than pK-^ 

then the Kp^ is calculated by equation (2). 

Kpd = KflKf2Ka22 (2) 

Mg(II) + 2H0x Mg(Ox)2 + 2H+ 

The proton displacement constants for the metal complexe 

are presented in Table 33. 
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TABLE 33 

Logarithms of the Proton Displacement Constants 

for 2-Substituted-8-Quinolinols 

-CHN0H -ch2oh -CH2NH2 -ch3 

Ni(II) -5.1 (1) - 3.8 (1) -13.5 (2) - 5.6 (1) 

Zn(II) -5.4 -16.5 - 4.7 

Co(ll) -5.6 - 5.4 -17.1 - 5.1 

Mn(II) -9.1 -23.8 - 9.50 

Mg(II) -14.4 -12.60 

(1) Calculated by Kp^ = kik2(ka)2 

(2) Calculated by kpd = klk2(kaika2>2 
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The proton displacement constant for the Ni(Il) 

chelate of 2-methanol-8-quinolinol is much larger than for 

2-methyl-8-quinolinol. This indicates that the Ni complex 

•7 

is formed at a lower pH value with 2-methanol-8-quinolinol . 

Just the opposite is true for the Mg(Il) complex. The proton 

displacement constant is 1.8 log units smaller than 2-methyl-

8-quinolinol. If the only reason for the decreased stability 

of the Mg(II) complex were the decreased basicity of the 

donor groups then one would expect that the proton dis

placement constants of the two ligands would be similar. 

This is true of the Co(II) complex. The large decrease in 

the stability of the Mg(II) chelate is consistent with 

steric hindrance of chelation. The substitution of the 

hydroxy1 group for a hydrogen atom on 2-methyl-8-quinolinol 

should increase the effective size of the substituent in the 

two position. Mg(II) is by far the smallest ion studied. 

It is thus reasonable that steric interactions of the type 

attributed to the methyl group of 2-methyl-8-quinolinol 

should be increasingly important as the size of the ion 

decreases and the size of the blocking group increases. 

The infrared spectra and heated capillary tube 

experiment of the Zn(II), Ni(II), and Mg(II) complexes in 
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the solid state show that the hydroxy1 group is coordinated 

to the metal ion. For the Zn(II) and Ni(II) chelates, the 

stability data indicates that the hydroxyl group is probably 

also coordinated in solution. The stability data for the 

Mg(II) complex indicates that the hydroxyl group is not 

coordinated in solution. It is possible that the hydroxyl 

group is such a poor donor in this case that it can function 

as a tridentate ligand only when aided by lattice forces. 

2. Chelates of 8-Quinolinol-2-Carboxaldehyde Oxime 

2-carboxaldehyde oxime show that two equivalents of acid per 

metal ion are released in the complexation reaction at low 

of either type A or B is formed with one proton being 

released for each ligand. This could be confirmed by Job's 

method. 

The formation titrations with 8-quinolinol-

pH. 

The most likely explanation is that a bis complex 

A 3 
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There is no evidence in the titration data to 

support the closing of the second metalocyclic ring in 

solution. 

Pyridine-2-carboxaldehyde oxime reacts with Fe(XI) 

ions to release two protons at low pH"^. Similarly, 

2*3 70 
8-quinolinol also releases two protons with Fe(II) J>'°. 

This does not allow one to tell which structure is more 

probable. The qualitative tests and infrared spectra of the 

chelates of the ligand show a great deal of similarity to 

those of 2-methyl-8-quinolinol. This leads to the conclusion 

that the primary chelating group is that of 8-quinolinol. 

The values of the formation constants of 8-

quinolinol-2-carboxaldehyde oxime are slightly lower than 

AO 
the values reported for 2-methyl-8-quinolinol . The 

proton displacement constants of the two ligands are nearly 

the same. This indicates there is steric hindrance to 

chelation and that the decreased stability of the chelates 

is due primarily to the decreased basicity of the donor 

groups. 

78. Tomkinson, J. C.} op. cit. P. 2010. 
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The complex with Cu(II) formed at such a low pll that 

no reliable data could be obtained for" the formation data. 

No region of constant absorbance was found in a plot of pli 

against absorbance. This precluded a simple direct 

spectrophotometric determination of the Kf values. 

Despite the low solubility of 8-quinolinol-

2-carboxaldehyde oxime, the solubility of the complexes with 

the ligand was greater than those of 2-aminomethyl-

8-quinolinol or 2-methanol-8-quinolinol. 

3. Chelates of 2-Aminomethyl-8-Quinolinol 

The behavior of 2-aminomethyl-8-quinolinol is 

different than either 2-methanol-8-quinolinol or 

8-quinolinol-2-carboxaldehyde oxime. The Kf (Table 13) 

values indicate that the complexes of this ligand are much 

more stable than 2-methyl-8-quinolinol or 2-methanol-

8-quinolinol. 

The NH2 group is larger than the hydrogen, so if 

steric inhibition of chelation were important, the log Kf 

values should be less than, or equal to, the values for 

2-methyl-8-quinolinolo On the contrary, the log Kf values 

are much higher, by several log units, than 2-methyl-

8-quinolinol. The titrations for Zn(IX) and Ni(II) were 
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continued despite the presence of a yellow precipitate, in 

order to study stoichiometry. The complete titration curve 

(Figure 3) shows that four equivalents of protons per metal 

ion are released in the complexation reaction. The Job's 

method study for both Ni(II) and. Zn(II) (Table 14) show that 

the bis complex is formed in each case. This is consistent 

with the release of two protons upon chelation from the 

protonated ligand. 

The infrared spectra (Table 3) of the Zn(II), Cu(II) 

and Ni(II) complexes of the ligand show that the two N-H 

stretching frequencies are lowered by about 100 cm. 

79 Cotton has noted that this is indicative of a coordinated 

amino group. The frequencies of the N-H stretching 

vibration of the free and chelated ligand fit the empirical 

formula relating the symmetric and asymmetric stretching 

80 
frequency of the NH£ group 

On the basis of the increased stability, the stoi

chiometry, and the infrared spectra, one concludes that the 

compound is able to function as a tridentate ligand. 

79. Cotton, F. A., "Modern Coordination Chemistry," 
Lewis and Wilkins, Editors, Interscience Publications, Inc. 
New York, P. 363, (1960). 

80. Bellamy, L. and Williams, R., Spectrochim. 
Acta, 9., 341, (1957). 
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An analysis of the titration curve (Figure 4) of 

Cu(II) with 2-aminomethyl-8-quinolinol shows even more 

clearly that the ligand is tridentate. The spectrum 

(Table 2) is significantly different from that of either of 

the model ligands. In the first step of the titration, one 

ligand gives up two protons per Cu(II) ion. The value of the 

formation constant (log Kf^ = 15.9) is considerably larger 

than that of 2-methyl-8-quinolinol. 

The dissociation constant for the loss of the third 

proton is 10" . This is probably due to the loss of a 

proton from a water molecule bound in the fourth position 

of the Cu(II) ion. A study by Job's method of the chelate 

present in this pH range still shows a metal to ligand ratio 

of 1:1. There is no change in the spectrum from that 

obtained at a lower pH. 

Green, Hallman, and Lions , have found similar 

evidence for the dissociation of coordinated water in Cu(II) 

complexes of the tridentate ligand pyridine-2-carboxaldehyde 

21-pyridylhydrazone. 

The 2:1 complex does not form until approximately 

pH 9. Job's method shows that the yellow complex at pH 10 

is a 2:1 ligand to metal complex (Table 14). The addition 
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of the second ligand to the complex results in a change in 

color from green to yellow. The color of the yellow complex 

is similar to the color of the 2-methyl-8-quinol.inol complex. 

This indicates that there is a great difference 

between the stability of the mono and bis complex with 

Cu(II). For only after the pH of the solution has been 

increased to above 8, is the second ligand able to displace 

the hydroxy1 groups and probably also the CH2NH2 group, to 

form a complex similar to bis-2-methyl-8-quinolinate 

copper(II) . 

Displacement of the OH by the neutral 2-aminomethyl-

8-quinolinol would not entail a change in the number of 

protons involved in complexation reaction. Such a change 

is not evident in the titration curve (Figure 4). However 

an equilibrium constant for the displacement reaction can 

be estimated from the change of color associated with the 

culoh + hl hoh + cul2 

change of ligand to metal ratio. The equilibrium expression 

is given below: 

K = [cUI.2 J 

[culoh] [hl] 

Estimating that the bis complex is half formed at pH 9, the 

value of K is 5 x 102. 
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The stability of the complex can be estimated from 

the following data; 

Cu(II) + L~ ^ CuL+ log Kf = 15.9 (1) 

CuL+ + OH" ^ CuLOH° log Kf = 9.4 (2) 

CuLOH° + HL ^ CUL2 + HOH log Kf = 2.7 (3) 

Adding equation 2 and 3 together; 

CuL+ + HL + OH" CUL2° + HOH log K = ~12,1 (4) 

The ion product of the medium is given by equation (5). 

HOH ^ H+ + OH" log K = _15-4 (5) 

Subtracting equation (5) from equation (4) we obtain 

equation (6), the proton displacement reaction for the 

formation of the bis complex. 

CuL + HL ̂  CUL2 + H+ log K = ~3,3 (6) 

An estimate on the formation constant for the bis complex 

can be obtained by adding equation (7) to equation (6). 

H+ + L" T^.HL log K = 11.3 (7) 

CuL+ + L" ^ CuL2° log KF= 8.0 

The overall formation constant for the bis complex 

(log K|K2 = 23.9) drops radicallys almost to that of bis 

(2-methyl-8-quinolinate) Cu(II)(log K^K2 = 22.9)^. This 

indicates that there is little stability to be gained by 

forming a hexacoordinate complex with the ligand. The 
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Cu(II) ion normally adopts the coordination number 4 with 

anionic ligands. Thus, the small increase probably 

reflects the inability of Gu(Il) to form a hexacoordinate 

complex. 

It is interesting to speculate which group, if any, 

is displaced when the bis complex if formed. The infrared 

spectrum of the solid chelate shows that the amino group is 

coordinated to the Cu(II) ion. The stability constant in 

solution however, is so close to the value observed for 

2-methyl-8-quinolinol that it is probable that the 

structures of the complexes are similar. 

The order of stability of the complexes with 

2-methanol-8-quinolino1 is Cu(II) > Zn(II) > Ni(II) 

> Co(II) > Mn(II). This is the same as observed for 

2-methyl-8-quinolinol. For 2-aminomethyl-8-quinolinol the 

order is Cu(II) > Ni(II) > Zn(II)> Co(II) > Mn(II). The 

Ni(II) complex is much stronger than the Zn(II) complex in 

contrast to the usually observed order. The increased 

stability of the Ni(II) complex is probably a result of the 

unfilled d8 shell of the ion. The Zn(II) ion has a filled 

d^ shell. The Ni(II) ion is able to gain more in stability 
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than the Zn(II) ion by closing the third and fourth metal-

ocyclic ring of the complex. 

The predominant species of 2-aminomethyl-8-quinolinol 

in solution during the complex formation with all of the 

metal ions was the cation,, As a resulty the proton dis

placement values cannot be compared directly with the other 

g 
ligands . A comparison of the titration curves (Figures 1 

and 3)s shows that the complexes were formed at nearly the 

same pH as the complexes with 8-quinolinol-2-carboxaldehyde 

oxime, but at a higher pH range than 2-methanol-8-quinolinol. 

The difference is the greatest with Mn(II). The Mn(II) 

complex with 2-methanol-8-quinclinol is about half formed 

at pH 6, but with 2-aminomethyl-8-quinolinol or 8-quinolinol-

2-carboxaldehyde oxime a pH of 7 is required. 

4. Comparison with N" Substituted Aminomethyl-

S alicylaldimines 

The requirements that must be met in order to form 

a complex in which the ligand is tridentate are much more 

demanding than for a bidentate complex, especially when one 

of the chelate rings is a particularly stable system. 

Sacconi has shown, in his study of the complexes of N-
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81 82 substituted aminoethylsalicylaldimines with nickel(XI) 5 

copper(11)®^, and cobalt(II)that the closing of the 

second metalocyclic ring is strongly influenced by the donor 

ability of the groups the steric requirements of the group, 

the temperature, and the metal ion. 

H 

The N' substituted aminoethylsalicylaldimines are 

somewhat similar to 2-aminomethyl-8-quinolinol in that the 

amino group is isolated from the aromatic system by an alkyl 

group. The salicylaldimine group is similar to the 

8-quinolinol donor system except that six membered chelate 

81. Sacconi, L., Nannelli, P., and Campigli, U., 
Inorg, Chem., 4_, 818, (1965). 

82. Sacconi, L., Nannelli, P., and Campigli, U., 
Inorg. Chem., 4, 943, (1965). 

83. Sacconi, L., and Bertini, I., Inorg. Chem., 
5, 1520, (1966). 

84. Sacconi, L., Ciampolini, M., and Speroni, G. 
P., Inorg. Chem., 4, 1116, (1965). 
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rings are formed in contrast to the 5 membered rings 

obtained with 8-quinolinol. 

Sacconi found that in the parent compound and those 

with small alkyl substituents that the ligand functioned as 

a planar tridentate with Co(II) and NiClI)^'®^. The 

spectra, magnetic susceptability, and dipole moments indicate 

that the complexes have a distorted octahedral structure. 

As the size of the groups is increased, the 

difficulty in forming the octahedral complex increases. 

When R = R1 = C2H5, a penta coordinate Co(II) complex was 

formed. One of the groups was functioning as a bidentate 

and the other as a tridentate ligand. When the hydrocarbon 

fragment (R and R1) is the alkyl portion of a piperdine 

ring, the spectra of the Co(II) complex indicate that the 

complex is octahedral in the solid state but tetrahedral in 

solution. Thus, the conformational equilibrium is not only 

a function of the size of the substituent but also of the 

state of the complex. 

When the £ nitrogen is substituted with an electron 

withdrawing substituent such as a phenyl group, the complexes 

of Co(II) are tetrahedral in the solid as well as in 

solution. This reflects the lowering of the electron 
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donating ability of the B nitrogen atom and also possibly 

steric hindrance. With Cu(II), the phenyl group also pro

hibits the compound from functioning as a tridentate ligand. 

The effect of the metal ion on the number of chelate 

rings formed is illustrated in the case of R = R" = C2H5. 

In the Cu(II) and Ni(II) complexes, the ligand is 

tridentate while the Co(II) complex the ligand is bidentate. 

The ligands in this study possess a wide range in 

the electron donating ability of the substituents. In the 

case of 2-aminomethyl-8-quinolinol, the formation constants 

and metal to ligand ratio indicate that the compound can 

function as a tridentate ligand with Mn(II)s Co(II), 

Zn(II), Ni(II), and Cu(II), and probably other metal ions. 

2-Methanol-8-quinolino1, which has a hydroxy1 group 

for the third donor group, is only able to donate its 

electrons with difficulty. The solution stability data 

indicate that the compound may be able to function as a 

tridentate ligand with Ni(II), Zn(II), and Mn(II). The 

slight increase in solution stability observed for these 

cations may be primarily due to an entropy effect rather 

than to significant electron donation. The hydroxyl group 

of the ligand may be able to replace the water molecules 
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that normally occupy the fifth and sixth coordination site 

in the octahedral bis oxinate complexes. If this is the 

cases then the increased stability is a result of the release 

of two water molecules. It would be interesting to have 

data on the heats of formation of these complexes so that 

the entropy of the reaction might be calculated. 

The infrared spectrum of the solid Mg(II) complex 

with 2-methanol-8-quinolinol shows that the compound is 

acting as a tridentate ligand, but the formation constants 

show that the complex is not as stable as 2-methyl-8-

quinolinol. This indicates that the compound is such a 

poor electron donor that it functions as a tridentate ligand 

only when aided by lattice forces of the precipitate. 

Similar results were noted for some substituted amino-

ethylsalicylaldimine complexes with Ni(Il) and Co(II)s 

where the ligands were bidentate in solution and tridentate 

. . ,.,82,83 
in the solid 

The compounds related to 8-quinolinol-2-carbox-

aldehyde oxime are probably able to function as tridentate 

ligands only with specific metal ions where the conditions 

are favorable. 
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The strongest chelate system in all the complexes 

studied is the 8-quinolinol system. This system is part, of 

the chelate system in all the cases studied. The other 

metalocyalic ring is able to close only when the donor 

group is strong enough. This case is similar to that of the 

complexes derived from the variotas N' substituted amino-

ethylsalicylaldimine group chelated to the metal ions. The 

second ring closed only under the most favorable conditions. 

E. Reactions of the Ligands with Metal Ions 

ligands with numerous metal ions was undertaken to investi

gate the analytical potential of the compounds. The 

results of the tests are summarized in Table 16-30. 

1. Oxime Derivities of 8-Quinolinol-2-Carboxaldehyde 

The study of the qualitative reactions of the 

h 

0 

R h 

ch3 

R 
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The qualitative tests of the reactions of 

8-quinolinol-2-carboxaldehyde oxime, (Tables 16s17) 

8-quinolinol-2-carboxaldehyde O-methyloxime (Tables 18s19) 

and 8-quinolinol-2-carboxaldehyde 2',41-dimethylphenylimine 

(Table 20) show certain similarities. This is probably due 

to the common chelating system containing the exocyclic 

-HC = N- group. 

The three ligands reacted with Ga(III) at pH 4, but 

no reaction was observed for Al(III), In(III) or T1(I). 

This indicates that a practical separation scheme for 

Ga(III) might be developed with one of these ligands. 

Several articles have appeared in the recent literature 

pertaining to the separation and determination of Ga(III). 

The commonly interfering ions are In(IIl) and Al(III). The 

qualitative tests show that oxime gives a precipitate at 

pH 4 while the O-methyloxime and 2',41-dimethylphenylimine 

give complexes that are extracted into chloroform 

(Tables 17,19,20). The qualitative tests with the 

O-methyloxime indicate that few cations are expected to 

interfere in the extraction with this ligand. This may mean 

that the system H0-C=C-N=C-C=N- will prove to have a high 

degree of specificity for Ga(III). 
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The qualitative solvent extraction tests with 

8-quinolinol-2-carboxaldehyde-oxime point out that only a 

few complexes are extracted into chloroform. This 

selectivity has been used by Rudenko and coworkers to 

85 49 extract thorium s hafnium and zirconium with the ligand 

and alkyl carboxylic acids. The complexes with the oxime 

are not readily soluble in CHCl^, possibly due to the 

organophobic hydroxyl group. The alkyl carboxylic acids 

undoubtedly were used to increase the distribution co

efficient of the complex. It might be possible to improve 

the extractability of the complexes by using a more 

strongly hydrogen bonding solvent such as an immiscible 

alcohol. 

The substitution of the organophilic methoxy group 

for the hydroxyl group increases the number of metal ions 

that can be extracted. However9 the reactions in aqueous 

solution, except for Th(XV), are essentially the same as 

that of the oxime. One would expect large differences in 

the reactivity towards metal ions of the two oxime ligands 

if the oxygen of the oxime were involved in coordination. 

85. Rudenko, N. P.a Avalina, V. N., and Kremenskaza, 
I. N., Zhs Neovgan, Khim., jjL, 947-8, (1966). C. A. 65:1474b. 
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This offers further evidence that the coordinating site in 

the oxime complexes is not the oxygen of the oxime. 

The low solubility in water of the 2',4'-dimethyl-

phenylimine derivative prevented the testing of the ligand 

as a precipitant at pH 4 and 7. The reagent could be added 

in chloroform solution. As a results most of the chelates 

were extracted into the CHCI3 phase. The main effect of the 

phenyl group is to increase the extractability of the 

complex over that of the oximes and to change the color of 

the complex from yellow to a more contrasting color. The 

purple color observed with Cd(II) and the orange color of 

Zn.(Il) indicate that the absorption spectra of the 

complexes of these two cations are significantly different. 

Thus, it might be possible to develop a spectrophotometric 

method of determination of these two ions with this reagent. 

There is a significant difference between the 

reactions of the oximes (both oxime and O-methyloxime) of 

8-quinolinol-2-carboxaldehyde and quinoline-2-carboxaldehyde. 

The quinoline oximes do form some complexes with some 

transition metal ions^. The values of the formation 

constants (Table 13) and the similarity of the qualitative 
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86 
reactions to those observed with 8-quinolinol indicate 

that the 8-quinolinol system is participating in 

coordination. 

The second metalocyclic ring involving the oxime 

nitrogen may be formed with specific metal ions. This would 

help explain some of the characteristic reactions observed. 

The formation titrations (Figure 1) give no evidence to 

support this possibility. 

2. 2-Aminomethyl-8-Quinolinol 

2-Aminomethyl-8-quinolinol (Tables 23,24) reacts 

with most of the metal ions that react with 2-methyl-8-

quinolinol. The most conspicuous exception is that it fails 

to react with the lanthanides. The additional CH2NH2 group 

also raises the pH required for the reaction with Zr(III). 

The color of the reaction at pH 4 with Cu(II) is green. 

86. Lundell, G. and Hoffman, "Outlines of Methods 
of Chemical Analysis," John Wiley, Pub., New York, (1938). 
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As shown above, the green complex is due to the 1:1 

chelate, but at higher pH values the 2:1 complex predominates 

The change of the color from yellow to green is a result of 

the increasing absorption in the red region which usually 

3 
results from coordination with the SP hydridized nitrogen. 

In general, the presence of the aminomethyl group is 

able to increase the selectivity of the 8-quinolinol group 

by favoring coordination with the metal ions that normally 

prefer nitrogen coordination. 

The chloroform extraction tests (Table 24) show that 

only Pd(II) and Sn(II) are extracted from the pH 4 buffer. 

The ligand may have an analytical potential for the 

determination of these two ions. No cations gave extractable 

complexes at pH 7, but at pH 11, U(VI)S Sn(II), Pd(II) 

Pb(II) and Hg(II) gave extractable complexes. The positive 

extraction tests with Hg(I) are undoubtedly due to the dis-

proportionation of Hg(I), giving some Hg(II), which is then 

extracted. The presence of finely divided Hg° is confirmed 

by the light grey solid in the aqueous phase. 

The utility of this ligand is probably limited by 

its ease of oxidation and the lack of distinct practical 

advantage over existing reagents. The ligand can be kept 
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in N2 bubbled oxygen purged solutions for at least 24 hours 

without noticable decomposition,, The pH required for 

complexation might be lowered by adding electron withdrawing 

groups, such as halides, to the phenol ring. This would 

give a higher proton displacement constant, thus, allowing 

complexation at lower pH values. 

3. 2-Methanol-8-Quinolinol 

show that the compound resembles 2-methyl-8-quinolinol in 

reactivity. The dark green color observed with Fe(III) is 

the same color observed with 8-quinolinol. The lanthanides 

also form precipitates with the ligand. The stoichiometry 

of the complex is not known. 8-Quinolinol is also reported 

86 
to precipitate the lanthanides at high pH values 

The unusual order of reactivity of the ligand shown 

towards Zn(II), Cd(II), and Cu(II), is a result of the in

solubility of the Zn(II) complex. The reagent is yellow at 

The qualitative tests with 2-methanol (Tables 21,22) 
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pH 4. This is probably why the light yellow Cu(II) complex 

was not observed, although the potentiometric data indicate 

that it is formed before the Zn(II) complex. As a result of 

the insolubility of the Zn(ll) complex, it might be possible 

to use 2-methanol-8-quinolinol to precipitate large 

quantities of Zn(II) in the presence of Cd(II) and other 

cations so that Cd(II) could be determined in the presence 

of a large excess of Zn(XI). 

The tests (Table 21) with this ligand indicate that 

there are some peculiar solubility characteristics of the 

complexes. The reason for this unusual solubility may be 

that if the methanol group is not coordinated to the metal 

ion, then it is hanging out in solution. The free hydro-

philic hydroxyl group should be more easily solvated than 

the unsubstituted ligand. This should enhance the 

solubility of the complexes where the compound is a bidentate 

ligand. Such solvation of the hydroxyl group of the 

8-quinolinol-2-carboxaldehyde oxime complexes also explains 

their unusually high solubility. The oxime hydroxyl group, 

not being involved in coordination, would be susceptable to 

hydrogen bonding with the solvent. 
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The ligand should be very useful in gravimetric 

determinations of the metal ions with which it forms 

anhydrous complexes. These chelates could be dried at room 

temperature or above, without worrying about the extent of 

hydration. The compound may offer a more rapid means of 

determining certain cations such as Zn(II) and Mg(II). 

The inability of any of the new ligands to form 

complexes with Al(III) indicates that the compounds are not 

able to function as a tridentate ligand with this ion. If 

the ligand were tridentate, there would be no possibility 

of steric interactions between the ligands preventing 

chelation. Since with Al(III), oxygen coordination is 

22 normally superior to that with nitrogen , one would expect 

2-methanol-8-quinolinol to have the best chance of 

functioning as a tridentate ligand with Al(III). 

The small size of the Al(III) ion may make it too 

difficult for the ligand to close the second metalocyclic 

ring. It is not obvious from an examination of a molecular 

model however, that the strain resulting from the formation 

of a second ring should be too great. 

If the compound is not able to function as a 

tridentate ligand then the case is similar to that of 
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2-methyl-8-quinolinol. This has been attributed to steric 

repulsion, the methyl group of one ligand repelling the 

57 
quinoline ring of another 

Extraction tests (Table 22) show that 2-methanol-

8-quinolinol is more selective than 2-methyl-8-quinolinol in 

forming chloroform extractable complexes. No extraction of 

complexes of Ni(II), Zn(II), and Mn(II) was observed. The 

Cd(II) ion did extract somewhat, however, at pH 11. The 

extraction was not clean. It might be possible to 

facilitate the extraction of Cd(II) by using a solvent, such 

as amyl alcohol, that has hydroxy1 groups to solvate the 

hydroxyl group of the complex. Another possibility is to 

synthesize a 2-methoxymethyl-8-quinolinol which would have 

an organophilic OCH3 group to facilitate the extraction into 

the organic phase. 

4. 8-Quinolinol-2-Carboxaldehyde 

Although the 8-quinolinol-2-carboxaldehyde has been 

prepared before, no qualitative tests have been reported. 

O O  

CHO 

r 
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The qualitative tests (Table 29) with the ligand are 

similar to 8-quinolinol. There does appear to be however, 

some unusual orders of reactivity. For instance, it seemed 

doubtful that the Cu(II) ion did not form a complex at pH 4, 

while Pb(II), Sn(II), Hg(II) and Fe(II) do. A more probable 

explanation is that the color of the complex is yellow. 

Thus, the yellow color of the reagent masks the color of the 

complex. This was confirmed by scanning the spectrum of the 

ligand and the Cu(II) complex at pH 4. A significant 

increase in intensity of the band at 370 mu was observeu 

with the Cu(II) solution. In the pH 11 buffer, the reagent 

solution is a deep red. The deep color made the observation 

of a reaction difficult and possibly subject to errors of 

omission. 

The chloroform extraction tests (Table 30) with 

8-quinolinol-2-carboxaldehyde show that only Cu(II), Pb(XI), 

and Sn(II) might lend themselves to a spectrophotometric 

determination with this reagent. 
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5. 8-Quinolinol-2-Carboxaldehyde 21-Pyridylhydrazone 

8-Quinolinol-2-carboxaldehyde 2 'pyridylhydrazone was 

prepared in attempt to form a quadridentate ligand from 

8-quinolinol. The compound is even less selective than 

2-methyl-8-quinolinol. The only ions it does not react with 

are the alkali metals, alkaline earths, Al(III), and the 

kinetically inert cations (Table 25,26). The most striking 

characteristic of this ligand is that it reacts with all of 

the lanthanides that were tested at pH 4. This is a much 

lower pH than is required by 2-raethyl-8-quinolinol to react 

with these ions. 

The low pH at which all the complexes formed 

indicates that either the complexes are strong or that the 

donor sites involved in complexation have low pKa values. 

Neither the stoichiometry or donor groups of the complexes 

with the lanthanides is known. Since the lanthanides do 
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not normally form complexes with only nitrogen donor 

22 atoms , participation of the phenolic oxygen in the complex 

seems probable. 

A comparison of the qualitative reactions of 

21-pyridylhydrazones of 8-quinolinol-2-carboxaldehyde 

(Table 25) show a significant difference in the reactivity 

of the ligands. Pyridine-2-carboxaldehyde 2'pyridylhydra-

zone does not form complexes with the lanthanides. The pH 

required for complexation is also lowered for the 

8-quinolinol derivatives. Pyridine-2-carboxaldehyde -2'-

pyridylhydrazone is the only ligand studied that gave an 

immediate reaction with Pt(II) and Pt(IV), Rh(III), Ir(III) 

and Ru(III). The reason for this unusual reactivity is not 

evident. These metal ions are normally inert towards 

substitution reactions. The reaction of this compound with 

Al(III) at pH 11 is surprising in view of the usual aversion 

of aluminum for all nitrogen coordination. 

8-Quinolinol-2-carboxaldehyde- 21-pyridylhydrazone 

forms extractable complexes with several cations. 

(Table 26). The ligand contains the same chelating system 

as 8-quinolinol-2-carboxaldehyde oxime, but is not as 

specific for this ion. Ga(III) does form an extractable 
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complex but so do In(III) and V(IV). The unusual blue color 

observed for the Pd(II) extract is different than that 

observed with any other of the ligands tested. 

The relatively few chloroform extractable complexes 

noted for the 8-quinolinol derivatives contrasts with the 

numerous extractable complexes formed with pyridine-2-

carboxaldehyde 21-pyridylhydrazone. Lions' group has carried 

out an extensive investigation of pyridine hydrazone 

derivatives and found that they function as tridentate 

ligands^*^>64,66^ T^e proton removed from the 

hydrozone nitrogen to neutralize the charge for the extract-

able complex. 

6. Phenylhydrazone Derivatives of 8-Quinolinol-2-

Carboxaldehyde 

The phenylhydrazone derivatives of 8-quinolinol-2-

carboxaldehyde are very unusual. The ligand system is 

essentially that of 8-quinolinol-2-carboxaldehyde oxime, 

but the number of cations reacting under any set of 

conditions is small. Only Cu(II), Fe(III), Au(III), Hg(II), 

and Sb(III) reacted with 8-quinolinol-2-carboxaldehyde-

phenylhydrazone. Pd(II), Ag(I), Hg(I), and Au(III) are the 

only cations giving a definite reaction with 8-quinolinol-
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2-carboxaldehyde-p-nitrophenylhydrazone. The 2,4,-

dinitrophenylhydrazone reacted with Pd(Il) and Ag(I). 

The cations that did react are classified into three 

groups. Au(XXX) and Hg(I) may destroy the ligand by redox 

reactions. Ag(I) and Hg(II) often form complexes with un

identate nitrogen ligands. Ag(I) also forms 7T complexes 

with aromatic systems. Fe(III), Cu(II) and Pd(II) form 

strong complexes with unidentate nitrogen ligands. Thus, 

there is no direct evidence for the formation of a chelate 

complex. 

It is probably that the molecular geometry of the 

ligand prevents chelation. If the ligand has the cis 

conformation as in structure 9, it would be able to form only 

unidentate complexes unless the aza proton were removed. 

The cis structure is probably more stable than the trans, 
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due to hydrogen bonding between the quinoline nitrogen and 

the aza hydrogen. 

The displacement of the aza proton may be the reason 

why only Pd(II) gives a reaction with the 2',4', 

dinitrophenylhydrazone. The decreasing reactivity of the 

ligands as the number of electron withdrawing nitro groups 

increases, is consistant with the decreasing donor ability 

of cs» nitrogen. This explanation is consistant with the 

ix.f\ 
observations of Jensen and Nielsen . They found that 

quinoline-2-carboxaldehyde phenylhydrazone formed no 

complexes in basic solution while the p-nitrophenylhydrazone 

derivative gives complexes with Cu(II) and Ni(II) under the 

same conditions. 

The reactivity of 8-quinolinol-2-carboxaldehyde 2'-

pyridylhydrazone still must be explained. As with the other 

hydrazones, it seems likely that the hydrogen bonded cis 

configuration (10,11) would be the most stable with this 

ligand. 

The increased reactivity of the pyridyl hydrazone 

over the other hydrazones derivatives indicates that the 

pyridine nitrogen is involved in complexation. 
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CIS 

10 

12 

TRANS 

There are two possible configurations of the pyridine 

donor groups in the cis isomer, both of which would be 

capable of forming chelate complexes. Structure 13 is in an 

orientation favorable for the compound to function as a 

tridentate ligand using the 8-quinolinol system and either 

the hydrozone or pyridine nitrogen. The latter seems more 

probable since the phenyl hydrozones form new complexes. 
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The ability of the compound to function as a quadrandentate 

ligand is suspected since this would entail the formation of 

an unstable four membered chelate ring. 

Another possibility is that the pyridine ring may be 

twisted up, almost perpendicular to plane of the quinoline 

ring. This would result in a favorable geometry for the 

compound to function as a tridentate ligand but would entail 

detroying the conjugation between the two aromatic rings. 

Structure 14, should be especially favorable for 

forming bidentate complexes. It is possible that the 

geometry of the ligand may not be the same in the complexes 

of different metal ions. If the complexes where the phenol 

oxygen is part of the chelate systems are formed, it helps 

explain the unusual complexation with the lanthanides, which 
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22 usually prefer oxygen donor atoms . If the compound is in 

the trans conformation (12), then some or all of the four 

potential donor sites could be prattcipating in complexation. 

F. Infrared Spectra 

1. Chelates of the New Ligands 

The infrared spectra of the chelates of 2-methanol-

and 2-aminomethyl-8-quinolinol are similar to the spectra of 

2-methyl-8-quinolinol chelates (Table 3,4, and 6). 

The band near 1105 cm.-"*" is in nearly the same 

position as in 8-quinolinol chelates. Charles and workers 

assigned this band to the C-0 stretch of the phenol in the 

chelated complex"^. Tacket and Sawyer have observed that a 

_ n 
band near 510 cm. , assigned to an inplane C-0 bending 

vibration, appears upon chelation in the 8-quinolinol 
A I 

chelates . Such a band also appears in the spectra of 

chelates of 2-methanol and 8-quinolinol and 2-aminomethyl-

8-quinolinol. 

The other assignments in the region below 800 cm."-*-

t 
are based on the empirical assignments of Tacket and Sawyer 

33 
and Karr and others 
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a. Chelates of 2-Methanol-8-Quinolinol 

In the spectra of the Zn(II), Ni(II), and Mg(II) 

chelates of 2-methanol-8-quinolinol, the OH absorption is 

lowered to a broad doublet, centered near 2500 cm.-1. There 

is no absorption in the normal OH stretch region between 

4000 and 3100 cm."''-. This indicates that the primary 

30 
hydroxyl group is chelated to the metal ion . No shift in 

the frequency of the OH absorption is observed in the Pd(II) 

chelate. This indicates that the compound acts as a 

bidentate ligand with this ion. 

The Pd(II) ion normally forms square planar 

complexes. It has a relatively small affinity for oxygen 

22 coordination . This may help explain why this ion does not 

form an octahedral complex, while the Ni(II), Zn(II) and 

Mg(II) ions do. 

The complexes of Ni(II), Zn(II), and Mg(II) show 

weak bands at 987 and 1300 cm."1 that are not apparent in 

the spectrum of the reagent or the Pd(II) complex. This 

band may result from the coordination of the methanol group 

to the metal ion. 
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The spectra of chelates formed with this compound 

are closely related to those of 8-quinolinol chelates. This 

indicates that the 8-quinolinol chelate system is essentially 

unperturbed. 

b. Chelates of 2-Aminomethyl-8-Quinolinol 

The infrared spectra of 2-aminomethyl-8-quinolinol 

and its Cu(II)s Ni(II), and Zn(II) (Table 3) chelates show 

that the compound is functioning as a tridentate ligand. 

The bands characteristic of the 2-methyl-8-quinolinol and 

8-quinolinol, chelates appear at 1100 cm."^. (V C-0)"^ and 

at 495 cm."-'- C-0)*^. This indicates that the 

8-quinolinol chelating system is not significantly perturbed. 

The low frequency shift (100-160 cm.~^) of the N-H stretch 

frequency shows that the NH2 group is coordinated to a metal 

ion. Cotton has observed that the low frequency shift is 

probably due to the removal of electron density from the 

79 
amine nitrogen, thus weakening the N-H bond 

The other band assignments were made empirically on 

Q / 

the basis of the assignments of Tackett and Sawyer . There 

is no significant absorption between 350 and 400 cm."^ for 

any of the complexes. 
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There is a great similarity between the spectra of 

2-aminomethyl-8-quinolinol and 2-methanol-8-quinolinol. The 

out of plane C-H bending vibrations near 822 cm.~^ and 

790 cm.-! indicate that the molecules are closely related. 

These two absorptions may be due to the bending of the three 

adjacent hydrogens (790 cm."^) on the phenol ring and the 

-1 33 
two adjacent hydrogens (822 cm. ) on the pyridine ring . 

Similar bands are observed in 2-methyl-8-quinolinol chelates. 

c. Chelates of Oxime Derivatives of 8-Quinolinol-

2-Carboxaldehyde 

The infrared spectra of the oxime chelates are 

distinctly different than the spectra observed for the 

chelates of 2-methyl-8-quinolinol. Although the band at 

1100 cm. ( d" C-0 (*^) ) is present, there is no band of 

significant intensity in the 600 to 400 cm.~^ region of the 

chelates. This may be a result of the decreased electron 

donating ability of the phenol oxygen shifting the band to a 

different frequency. 

The spectra seem to have other absorption bands 

characteristic of 8-quinolinol. The strong absorption at 

843 cm."''" can be assigned to the out of plane bending of the 

two adjacent hydrogens on the nitrogen ring. The band at 
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1080 cra.~^" in the free ligand is probably due to the C-0 

31 stretch of the phenol . 

The low position for the OH stretch in the oxime 

chelates is probably due to some strong hydrogen bonding 

effect. The position of the band is not as low as observed 

in the chelates of 2-methanol-8-quinolinol. There is no 

evidence for coordination of the hydroxyl group to the metal 

atom. The absorption at 3370 cm. ^ in the O-methyloxime 

chelates is probably due to water. 

2. Chelates of Substituted 8-Quinolinol in the Low 

Frequency Region 

a. 8-Quinolinol 

The infrared spectra absorption bands in the range 

_ 1 
of 600 to 340 cm. of several metal chelates of 8-quinolinol 

(Table 6), 2-methyl-8-quinolinol (Table 7) and 4-methyl-

8-quinolinol (Table 8) are reported. In addition (for the 

region below 340 cm."^) data from the literature for the 

35 
chelates of 8-quinolinol are included . 

The spectra of the chelates of 8-quinolinol all show 

a band near 400 cm.""'" that is slightly metal dependent. The 

sole exception of the cases studied is the spectrum of the 

Al(III) ion, where the entire spectrum is shifted to a 
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higher frequency by approximately 20 cm."1. The origin of 

this band was not discussed by Tackett and Sawyer"^. It is 

difficult to assign the mode of vibration responsible for 

this band due to the complexity of the ligand. Nakamoto has 

observed that a normal coordinate analysis is not practical®^. 

Several possibilities can be eliminated on the basis 

of other experimental evidence. The band, near 400 cm.-1, 

is at much too high a frequency to be the metal nitrogen 

88 
stretching frequency. Frank and Rogers have shown that the 

metal nitrogen stretch for the bis pyridine complexes of the 

divalent first row transition elements fall in the range of 

268-195 cm."1. 

In addition the Cu-N stretching frequency in the bis 

I 89 
bipyridyl complexes fall between 297 and 319 cm."1 

depending upon the anion. It seems unlikely that the 

corresponding absorption of 8-quinolinol would be 100 cm."1 

higher. 

87. Nakamoto, K., "Infrared Spectra of Inorganic 
and Coordination Compounds," Wiley & Sons, New York, P. 226, 
(1963) . 

88. Frank, C. W., and Rogers, L., J. Inorg. Chem., 
5, 615-622, (1966). 

89. WcWhinnie, W. R., J. Inorg. & Nucl. Chem., 27, 
1063-70, (1965). 
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This does not rule out the possibility of the metal 

oxygen band appearing in this region. The metal oxygen bond 

stretching vibrations in the oxalate complexes are found to 

range between 519 cm."^ (Zn(II)), to 587 cm."-'- (Al(III)). 

The Zn(II) metal oxygen stretch is 22 cm.""'- lower than 

Pd(II) and 24 cm.~^ lower than Cr(III)^. 

The band near 400 cm.~^ in the spectra of the 

8-quinolinates shows much less difference between the band 

frequencies. In addition, the Zn(II) band is at a higher 

frequency than the Cu(II) absorption. The Zn(II) band is 

only 10 cm.--*- lower than the Pd(II) band. The apparent 

reversal of order of the band positions for Cu(II) and 

Zn(II) and the small change in band position with the metal 

ion indicate that the band is not primarily associated with 

the metal oxygen bond. The band may be due to a complex 

bending mode of the metalocyclic ring. 

Since the theoretical approach is too complex, the 

best alternative method for finding the vibrations associated 

with the metal oxygen bond would involve isotopic labelling 

90. Fujita, J., Martell, A., and Nakamoto, K., 
J. Chem. Physics, 36., 324, (1961). 
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18 
of the phenol oxygen with 0 . This should produce a shift 

in the position of the bands involving the oxygen atom 

which would greatly simplify the assignments. 

15 A similar study with 8-quinolinol labeled with N 

would help assign the frequency of the metal nitrogen 

vibration. 

An infrared study of the metal nitrogen and metal 

oxygen vibrational frequency as a function of the sub-

stituents on the 8-quinolinol ring would be of interest. 

The information would probably help determine the relative 

importance of the metal oxygen and metal nitrogen bonds on 

this stability chelate system. 

b. 2-Methyl-8-Quinolinol 

The free ligand has an absorption at 428 cm."^, 

This absorption appears in the spectrum of the chelates in 

virtually the same position. 

The metal dependent bands that appear near 475 cm. 

in the chelates may be the same bands that were observed 

near 400 cm."^ in the spectra of the 8-quinolinates. There 

is no other band corresponding to the 400 cm. ^ 8-quinolinol 

band, above 350 cm.~^. The order of the absorption 
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frequencies is Pd(II) > Cu(Il)> Ni(II) > Zn(II) > Co(XI)> 

Cd(II)> Hg(II). This is more nearly that found in the 

metal-nitrogen stretching frequencies for the ammonia 

91 complexes and also for the metal oxygen bands in the 

acetylacetonates^. 

It is important to note that the stretching of the 

metal ligand bond in a 8-quinolinate complex would 

necessarily be coupled with the bending vibration of another 

bond. 

0 —M 

c. 4-Methyl-8-Quinolinol 

The C-0 bending absorption, near 520 cm."-'-, is at 

nearly the same frequency in the chelates of 4-methyl-

8-quinolinol as in the chelates of 8-quinolinol and 2-methyl-

8-quinolinol. This is in contrast to the C-0 stretching 

91. Nakamoto, K., "Infrared Spectra of Inorganic 
and Coordination Compounds," John Wiley 6c Sons, New York, 
P. 149. 

92. Ibid., P. 220. 
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-1 -1 vibration, near 1160 cm. which is 50 cm. higher than in 

the latter two ligands. 

The ligand has two strong bands at 489 and 500 cm.-"'" 

that also show up in the spectra of the chelates. These 

bands are apparently unchanged by chelation. 

The only metal dependent band apparent in the 

spectrum is near 450 cm.""'": Pd(II) , 462 cm."^; Cu(II) , 

— 1 — 1 450 cm. ; and Ni(II), 438 cm. . These bands may be 

related to the bands near 475 cm."^ in the chelates of 

2-methyl-8-quinolinol. 

These bands may also be related to the 400 cm."-'-

band in the spectra of the 8-quinolinates. If these bands 

are related, there are several objections to assigning them 

to the metal oxygen stretching vibration. The general order 

of the bands for any divalent cation is 2-methyl-8-quinolinol' 

> 4-methyl-8-quinolinol> 8-quinolinol. The order of the 

heats of formation of the chelates for example, Cu(II) is 

4-methyl-8-quinolinol > 8-quinolinol > 2-methyl-8-quinolinol^®. 

Since the bond stretching frequency is a measure of the bond 

strength, a correlation with heats of formation is usually 

observed. 
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The pKa of the phenol group is not significantly 

different for the three compounds studied. Thus, one would 

not expect much of a change in the electron donating ability 

of the phenol oxygen from ligand to ligand. The range of 

values, 70 cm."^ is too large to be explained in this manner. 

This indicates that the band is probably due to a metal 

ligand vibration coupled strongly with some other 

vibrations of the ligand in the complex. 



V. SUMMARY 

This study has brought out several interesting 

features concerning substituents in the two position of 

8-quinolinol. Substituents in this position can either 

hinder chelation through steric interactions or aid it by 

forming another metalocyclic ring. The manner in which the 

group will act is dependent upon the donor ability of the 

group and also the compatability of the donor and metal atom. 

It seems probable that the main factor responsible 

for the varying ability of the new compounds to function as 

tridentate ligands is the large difference in the donor 

ability of the new substituents. The stability constants 

indicate that the donor ability of the substituents 

decreases in the order, aminomethyl > methanol > carbox-

aldehyde oxime. 

Although 2-aminomethyl-8-quinolinol forms very 

strong chelates, the compound still forms its complexes at 

nearly the same pH as 2-methyl-8-quinolinol. This is a 

214 
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result of the high pKa of the amino group. The compound 

offers few practical advantages over existing reagents 

already in use. 

The potential utility of 2-methanol-8-quinolinol is 

greater due to its unusual solubility characteristics of the 

chelates. If the Zn(II) chelate is actually much more in

soluble than the Cd(ll) chelate then a practical separation 

scheme might be developed. The ligand may also find use as 

a result of the formation of anhydrous chelates. 

The inability of the oxime derivatives of 

8-quinolinol-2-carboxaldehyde to function as tridentate 

ligands is somewhat surprising. It is possible that the 

ligand is able to function as a tridentate only with 

specific metal ions such as Ga(III). The possibility of 

using the oxime derivatives for separation of Ga(III) from 

the ions that commonly interfere with its determination 

should be investigated further. 

It is important to note that the 8-quinolinol chelate 

system is the primary chelating system in all the complexes 

studied. The closure of the second metalocyclic ring per 

ligand is possible only under the most favorable conditions. 



APPENDIX I 

The computer program for the calculation of 

concentration constants is given on the following page. The 

program calculates the volume at each point and corrects for 

the change in volume. 
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Computer Program for Calculation Acid 

Dissociation Constants 

Computation of Concentration Constants 

98 Read 100 
100 Format (43H) 

Print 99 
Print 100 

99 Format (1H1) 
Read 110, VOG, VU, VH, VCOR 

110 Format (4F10.3) 
Print 111, VOG, VU, VH, VCOR 

111 Format (8H VOG = F7.3, 8H VO = F7.3, 8H VH = F7. 
18H VCOR = F7.3) 
Read 120, GHOX, H0XMW 

120 Format (2F10.3) 
Read 120, C.0R, PCKW 
Read 120, HAM, BM 
HOXM = GHOX/HOXMW 
HCLOM = VH*HAM*0.001 

121 Format (3F10.2) 
123 Read 121, VB, VO, PAH 

IF (VB) 98, 124, 124 
124 IF (VO) 999, 125, 125 
125 Base M = VB*BM*0.001 

PCH = PAH + COR 
CH = EXPF(-PCH) 
VOL = (VOG+VU+VH+VB+VO)*VCOR*0.001 
HM = CH*V0L 
PCOH = PCKW-PCH 
COH = EX^F(-P.OH) 
OHM = COri^VOL 

201 CHOX = (rfOXM = ABSF (HCLOM - BASEM) + HM + OHM) 
202 IF (HCLOM - BASEM) 301,203,203 
203 CH20X = (HCLOM - BASEM - HM) 

CAY1 = CH*CH0X/CH20X 
PK1 = -LOGF(CAYl) 
Print 110, VB, VO, PCH, PK1 

204 GO TO 123 
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301 COX = (BASEM - HCLOM - OHM) 
CAY2 = CH*COX/CHOX 
PK2 =-LOGF(CAY2) 
Print 110, VB, VO, PCH, PK2 
GO TO 123 

999 STOP 
END 
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Definition of Identifiers Used in Program for 

Calculation of Concentration Constants 

VOG = Volume of Organic Medium 

VU = Volume of Ionic Strength Medium 

VH = Volume of Acid 

VCOR = Volume Correction Coefficient 

GHOX = Grams of Ligand 

HOXMW = Mole Weight of Ligand 

COR = Correction to be added to pH reading to obtain 
-log H+ from pH meter readings 

PCKW = Concentration ion product of mixed solvent 
medium 

HAM = Molarity of acid 

BM = Molarity of base 

HOXM = Moles of ligand 

HCLOM = Moles of acid 

VB = Volume of base (titrant) added 

VO = Volume of organic medium added 

BASEM = Moles of Base 

PCH - -log [h+] 

CH = jV ] 
VOL = Total actual volume in liters 
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PCOH = -log [OH""] 

COH = [OH"] 

OHM = Moles of hydroxide ion 

CHOX = Moles of neutral ligand present in solution 

CAY1 = [H+J [HL] / [H2L+] 

COX = Moles of deprotonated ligand 

CAY2 = [H+] [L"] / [HL] 

Order of Data Cards 

The format of all cards except the first requires that each 
entry will take up 10 spaces on the card. 

First Card - Name of compound, date of the titration up to 
43 characters. 

Second Card- Volume of organic medium, volume of ionic 
strength medium, volume of acid added, volume 
correction coefficient. 

Third Card - Grams of ligand, molecular weight of ligand. 

Fourth Card- Difference between -log [h+J and pH reading, 
concentration ion product of medium. 

Fifth Card - Molarity of Acid, molarity of base. 

Sixth and - Volume of base, volume of organic medium added, 
succeeding pH meter reading. 
cards 

Last Card - A negative volume of base or a negative volume 
of organic material. This card tells the 
computer to start over, or if no uore data is 
present, then to stop, respectively. 



APPENDIX II 

The computer program used for the calculation of pL 

and ri is given on the following page. The program reads 

values from the formation titration and computes the n and 

pL. The data point is also assigned a number. The output 

is in both printed and punched on data cards. 
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Computer Program for Calculation of n and pL 

from Potentiometric Data 

99 Read 100 
100 Format (43H) 

Print 100 
Punch 100 

101 Format (4F10.2) 
Read 101, CONCH, CONCB, CONCM 
Print 101, CONCH, CONCB, CONCM 
Read 101, VOLO, VOLU, VOLH, VMET 
Print 101, VOLO, VOLU, VOLH, VMET 
Read 101, VCOR, COR, PCKW 
Print 101, VCOR, COR, PCKW 
Read 101, GHL, HLMW, PK1, PK2 
Print 101, GHL, HLMW, PK1, PK2 
SUM =0.0 

123 Read 101, VB, VO, PAH 
SUM = SUM +1.0 
IF (VB) 99, 140, 140 

140 IF (VO) 150, 141, 141 
141 TVOL = (VOLO + VOLU + VOLH + VMET + VB + VO)*VCOR*0.001 

BASEM = VB*CONCB*0.001/TVOL 
HCLM = VOLH*CONCH*0.001/TVOL 
THL - GHL/(HLMW*TV0L) 
TM = VMET*CONCM#0.0010/TVOL 

142 PCH = PAH + COR 
CH = EXPF(-PCH) 
IF (THL - CH) 123, 143, 143 

143 CAY1 = EXPF<-PK1) 
CAY2 = EXPF<-PK2) 
POH = PCKW - PCH 
COH = fiXPF<-P0H) 
P = CH/CAY2 + 2.0*CH*CH/(CAY1*CAY2) 
CL = (THL + HCLM - BASEM - CH + COH)/P 
PL = -LOG F(CL) 
Q = 1.0 + CH/CAY2 + CH*CH/(CAY1*CAY2) 
BARN = (THL - Q*CL)/TM 
PRINT 145, SUM, VB, PCH, PL, BARN, TM, THL, BASEM 
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145 FORMAT (8F15.8) 
PUNCH 147, PL, BARN, SUM 

147 FORMAT (2F10.3, 57X, F3.0) 
GO TO 123 

150 STOP 
END 
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Definition of Identifiers Used in Program for 

Calculation of n and pL 

CONCH = Concentration of standard acid solution 

CONCB = Concentration of standard base 

CONCM = Concentration of metal solution 

VOLO = Volume of organic medium 

VOLU = Volume of ionic strength medium 

VOLH = Volume of acid solution 

VMET = Volume of metal solution 

VCOR = Volume correction coefficient 

COR = Correction to be added to~ pH meter readings to 
obtain -log {h+3 

PCKW = Ion product of solution 

GHL = Grams of ligand added 

HLMW = Molecular weight of ligand 

PKi,PK.2 = Acid dissociation constants 

SUM = A mechanism to count the cards 

VB = Volume of standard base added to titration 

VO - Value of organic medium added to compensate 
for the aqueous base 

PAH = pH meter reading 

TVOL = Total volume 
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PL = -log [L-] 

fl = Average number of ligands bound to the metal ion 

Order of Data Cards 

The order of the data on the input cards is listed below, 

First Card 

Second Card -

Third Card 

Fourth Card -

Name of compound and metal ion, up to 43 
characters. 

THClO^l , [NaOHl , |M(II)] , volume 
correction coefficient. 

Volume of organic, ionic strength acid and 
metal solutions added respectively. 

Volume correction coefficient, log of H+ 

correction factor, concentration ion product 
of medium. 

Fifth and 
succeeding 
cards 

Volume of base and organic medium added. 
pH meter reading. 

Last Card - Negative number for the volume of the base 
if the program is to be used again for a 
different titration. A negative number for 
the volume of organic titrant if the computer 
is to stop. 



APPENDIX III 

The metal ion solutions were standardized by a batch 

ion exchange technique developed in the course of this 

51 
investigation. The data of Bonner and others was used as 

52 
described by Ringbom 

a. Distribution coefficient, D^ClI) 

The distribution coefficient, was calculated 

CO 
from the values tabulated by Ringbom for 87o divinyl 

benzene, Dowex 50 cation exchange resin in the acid form. 

For the calculation, it was assumed that the exchange was 

complete and that the capacity of the resin was 5.5 milli 

equivalents per gram. 

£jM(II) _ Metal in Resin 
Metal in solution 

• / M ]  k5<"> 

v M/ 

A aqueous volume of 100 ml, was assumed. The values of 

jjM(IX) are tabulated in Table 34. 
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Standardization of Metal Solutions 

By Ion Exchange 

E, which is the ratio of the amount of M(II) in the 

resin to the amount of M(II) in the aqueous phase, was cal

culated according to the following equation: 

amount M(II) in resin = D& = E 
amount M(IX) in solution v 

where D is the distribution constant for M(II), g is the 

weight of resin in grams, and v is the volume of the 

aqueous phase in milliliters. 

The values of the fraction exchanged are calculated 

for an aqueous volume of 100 ml. and one gram of resin and 

presented in Table 34. 

The calculations show that less than 0.3% of the 

metal ion will remain in the aqueous solution. The value 

of E, could be increased by increasing the amount of resin 

used. 
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Metal ion 

Cu(II) 

Ni(II) 

Zn(II) 

Co(II) 

Mn(II) 

Mg(II) 

TABLE 34 

Exchange Fraction 

K2H 

1.8 

1.9 

1.5 

1.7 

2.0 

1.3 

DM(H)X I04 

5.5 

5.8 

4.6 

5.2 

6.1 

4.0 

ExlO' 

5.5 

5.8 

4.6 

5.2 

6.1 

4.0 
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The results of the ion exchange standardization 

of the metal solutions are presented in Table 35. The 

molarity, M, and sample standard deviation, S, using 

EDTA as a titrant are included for comparison. 

TABLE 35 

Comparison of Standardization Results 

Ion 
Exchange 

M SxlO4 
EDTA 
M SxlO 

Mn(Il) 0.3355 6.1 0.3357 6.2 

Co(II) 0.2650 2.1 0.2654 6.4 

Ni(II) 0.3273 2.9 0.3280 12 

Cu(II) 0.3139 3.4 0.3135 3.2 

Zn(II) 0.3216 2.8 0.3209 3.5 

The agreement between the two methods of analysis 

is good. The reason for the large sample standard deviation 

for Ni(II) is not known. 
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