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Abstract The acid dissociation constants of six substituted 2-(pyridyl)- and 2-(quinolyl)-l,3-in- 
danediones and formation constants of three of these with some bivalent-metal ions have been 
determined at 30 ° in a 75 per cent (v/v) dioxane-water solution. The influence of steric, solvent, and 
electronic effects on the values of the formation constants is considered. Evidence is presented that 
suggests that solvent or electronic effects are responsible for the variations of chelating tendencies. 

ALTHOUGH the chelating tendencies of substi tuted 2 picolyl ketones tt) 
(2-CsHsNCH2COR) have been indicated, and  those of fl-ketoimines t~) have been 
determined,  the chelating tendencies of the related 2-(pyridyl)- l ,3- indanediones have 
not  been measured.  Substi tuted 2-(pyridyl)- l ,3- indanediones have been of industr ial  
interest because of the abili ty to form dyes. t3-5) 

The present interest in the substi tuted 2-(pyridyl)-1,3-indanediones was occasioned 
by the relat ion of  these compounds  to the previously studied (~) fl-ketoimines; both 
series of  compounds  possess the grouping - - N = C - - C H ( R ) C O - - R ' .  While m a n y  
of  the fl-ketoimines are susceptible to hydrolysis 12) the substi tuted 2-(pyridyl)-l .3- 
indanediones  are resistant to hydrolysis under  the condit ions studied. 

E X P E R I M E N T A L  

Preparation of ligands (Table 1) 

2,2-(Quinolyl)-l,3-indanedione (I) and 2-(3-hydroxy-2-quinolyl)-l,3-indanedione (V)wereobtained from 
The Koppers Company through the courtesy of Dr. W. C. FERNELIUS. The compounds were 
recrystallized prior to use. 

Unless otherwise noted the other substituted 2-(pyridyl)-l,3-indanediones were prepared by 
refluxing a 1 : 1 molar ratio of phthalic anhydride and appropriately substituted 2-methylpyridine. 
A reaction period of 1-3 hr was sufficient. The crude product was recrystallized from a suitable 
solvent. The preparation of the following compound represents a typical synthesis--2-(6-methyl- 
2-pyridyl)-l,3-indanedione (III). A mixture of 2,6-dimethylpyridine (10"/2 g., 0"1 mole) and phthalic 
anhydride (14-81 g., 0"1 mole) was refluxed for 1-5 hr. The product crystallized from benzene as 
orange crystals, m.p. 215-216°C. 

Attempts were made to effect condensation of both methyl groups by using 0'2 mole of phthalic 
anhydride. A somewhat better yield of purified material (m.p. 215-218°C., 34 per cent) was obtained, 
but only the mono-condensafion product was isolated. (Found: C, 74"55; H, 5.0); N, 5"90. Calc. 
for C~3HI~O4N (dicondensation): C, 75.20; H, 3-57; N, 3.81. Calc. for CxsHnO2N (monocon- 
densation): C, 75"94; H, 4-67; N, 5.90~.) 

~x~ N. N. GOLDBERG, L. B. BARKLEY and R. LEVINE, J. Amer. Chem. Soe. 73, 4301 (1951). 
c2) D. F. MARTIN, G. A. JANUSONIS and B. B. MARTIN, J. Amer. Chem. Soc. 83, 73 (1961). 
~3~ D. M. BROTHERS, J. Assoc. Office Agr. Chemists, 34, 40"/(1951). 
~4~ j. OGILVIE, U.S. Pat. 1, 963 374, Chem. Abstr. 28, 5251 (1932). 
c~ Cf. Chem. Abstr. 30, 4694 (1934). 
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2-(3-1soquinolyl)-l,3-indanedione (VI). This compound was prepared using a method similar to 
one described by PHILLIPS and GROSS. t6~ A mixture of phthalic anhydride (18.0 g, 0.12 mole), 3- 
methylisoquinoline (14"3 g, 0.1 mole) and zinc chloride (5 g, 0'04 mole) was heated at 180-190°C 
for 5 hr. The reaction mixture which crystallized on standing, was dissolved in 75 ml of hot glacial 
acetic acid, and the mixture was warmed on a steam bath for 10 rain. The product precipitated upon 
addition of an equal volume of water and it was collected by filtration. An analytical sample was 
obtained after several recrystallizations from acetic acid and from dioxane. 

Potentiometric titrations 
The titrations were performed as described previously, t7,8~ using dioxane which was purified by 

distillation from sodium and which was redistilled from sodium immediately before use. A nitrogen 
atmosphere was maintained during the titrations. 

Absorption spectra 

Infra-red absorption spectra (Table 4) were obtained in potassium bromide disks with a Perkin- 
Elmer Model 21 recording infra-red spectrophotometer. Ultraviolet absorption spectra (Table 5) 
were obtained with an Applied Physics Corporation, Model 14M recording spectrophotometer. 
Spectral samples were obtained by diluting stock solutions containing approximately 10 mg of 
compound per 50 ml of chloroform. 

C A L C U L A T I O N S  

The equat ions  per t inent  to the ca lcula t ion  o f  mo la r i t y  quot ients  have been pre-  
sented by  GOLDBERG. t8~ The t i t ra t ion  da ta  were run  on the I B M  7094-1401 D a t a  
Processing System,* using a p r o g r a m m e  developed  by  W. J. RANDALL. F o r  each 
t i t ra t ion  point ,  the compute r  ca lcula ted  ~ and  used only those values tha t  were within 
the prescr ibed ranges,  0 .3-0.7 and  1.3-1.7. I f  an  app rop r i a t e  ti value was obta ined ,  
values for  the mola r i ty  quot ients  ts~ Qx and Qz were ob ta ined  by  one o f  two methods .  
F o r  the  N = 1 case, i.e., the coord ina t ion  o f  only  one b identa te  l igand,  the compu te r  
solved the equa t ion  by  a m e t h o d  similar  to tha t  o f  BLOCK and  MclNTYRE. ~9~ F o r  the 
case N = 2, the system of  l inear  equat ions  genera ted  by  tak ing  one value for  ri in bo th  

regions involved was solved by  using Gauss '  me thod  o f  reduc t ion  and  back  sub- 
sti tution.t  x0~ 

RESULTS A N D  D I S C U S S I O N  

Acid dissociation constants. The pKD values for  the 2 - (pyr idy l ) - l ,3 - indanediones  
were measured  as a funct ion o f  mole  f rac t ion o f  dioxane(Nz) at  30 °, and  mathemat ica l  
expressions for  the l inear  pKD-N 2 re la t ionship  are l isted in Table  2. Also  included 
are  the ranges o f  N,z for  which the expressions are valid.  Previous  workers  have 
observed tha t  the p K  D values o f  f l-diketones t11~ deviate  f rom l inear i ty  at  lower  values 
o f  N2, and  this has been a t t r ibu ted  to  changes in t au tomer ic  equil ibr ia .  Such 
devia t ions  were not  observed for  the 2- (pyr idyl ) - l ,3 - indanediones  over  the range o f  
N2 tha t  were studied,  but  the range o f  Ne was l imi ted  by  the solubi l i ty  o f  some o f  the 
compounds .  

* Operated by the Digital Computer Laboratory, University of Illinois and partially financed 
through a National Science Foundation Grant, NSFGP700. 
~e~ M. PHILLIPS and M. J. GROSS, J. Amer. Chem. Soc. 48, 823 (1926). 
tT~ L. G. VAN UITERT et aL, J. Amer. Chem. Soc. 75, 457 (1953); 76, 5887 (1954). 
ts~ D. E. GOLDBERO, J. Chem. Educ. 40, 341 (1963). 
tD~ B. P. BLO¢~: and G. H. McIwrYaE, JR., J. Amer. Chem. Soc. 75, 5667 (1953). 

~10~ H. MARGENAU and G. H. MrJRPriV, The Mathematics of Chemistry and Physics, p. 497. Van 
Nostrand, New York (1956). 

~lXj L. G. VAN UITERT and C. G. HAAS, W. C. FERNELIUS and B. E. DOUGLAS, J. Amer. Chem. Soc. 
75, 455 (1953). 
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TABLE 2.--pKv EQUATIONS FOR N~ RANGE* 
pKD = aN~ + b 

Compound 
number a b Range of N.j reliable 

I 13.11 9 ' 8 4  0"173--0"386 
II 9.04 1 0 . 0 7  0"1134"386 
III 10.28 1 0 " 4 5  0.136---0"386 
IV 11"47 8 " 7 7  0"2174--0"440 
V 9"45 1 0 " 1 6  0-3864--0'440 
VI 9"13 8 " 7 2  0"1554-0-386 

* Valid to :k0'02 

The acidity of  the 2-(pyridyl)-l,3-indanediones can be correlated with electronic 
effects. The lower acidity of  2-(6-methyl-2-pyridyl)-l,3-indanedione(III) relative to the 
unsubstituted compound(II) can be attributed to an inductive effect leading to in- 
creased electron density on the pyridyl group. The quinoline derivatives (I and V) are 
the least acidic compounds of  the series. As would be expected, the presence of  an 
electron-withdrawing nitro group on the indanedione nucleus causes compound IV 
to be the most acidic of the series. 

The first dissociation constant of 3-hydroxyquinophthalone(V) has been deter- 
mined though there is doubt as to which proton is lost. In 75 volume per cent 
dioxane, the pKD for this compound is 13.79 as compared with 14.93 for the quino- 
phthalone(I). The fact that the hydroxy compound is appreciably more acidic would 
be in accord with a contention that the proton that is lost arises from the phenolic 
group rather than from the enolic. HOLST ~19') assigned the titrable proton of  

o-HOCeHaCOCH2COCrH5 

to the fl-diketone function. Among other considerations, the assignment was made 
on the basis of deviation from a linear p K D - N  2 relationship; such a consideration was 
not possible for compound V because of  the narrow range of solubility in dioxane- 
water mixtures. 

Formation constants. The chelating tendencies of  compounds I-III  with some 
bivalent-metal ions are listed in Table 3. The titration systems produced an internal 
consistency of 4-0.02 in the log at the 95 per cent confidence level, and, for all titrations 
except cobalt, log Kn values were reproducible to within 4-0.02. The values for cobalt 
are reproducible to within 4-0.15, despite the fact that a nitrogen atmosphere was 
maintained in the titration flask. Formation constant of  metal derivatives of  com- 
pound V were not determined because of  the indication that the titratable proton is not 
the proton that is lost upon coordination with a metal ion. Compounds IVand VIwere 
not sufficiently soluble in 75 volume per cent dioxane to permit the determination of  
formation constants. 

Trends that have been observed for other coordination compounds have also been 
noted in this study. The usual order of  stabilities is found: UO~ ~+ > Be ~+ > Cu ~+ > 
Ni 2+ > Co s+ > Mn 2+ > Mg2+. t13,14) There are deviations: for compound I, zinc(II) 
forms a more stable derivative than cobalt(II); for compound II, the stability of  the 

t12~ E. H. HOIST, Doctoral Dissertation, The Pennsylvania State University (1955). 
~x3~ H. IRVING and H. RossoaTx, Acta Chem. Scand. 10, 72 (1956). 
tl~) W. C. FERNELtt.rS, BoL CoL QuimL Puerto Rico, 13, 3 (1956). 
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beryllium and the uranyl compounds was lower than that of  the copper(II) 
compound. In a general way, the stability of  a metal derivative, expressed as log 
/(1, is proportional to the pKD of  the 2-(pyridyl)-l,3-indaneione; the copper(II)  
derivatives represent the major  exception. The complexes of  the 2-(pyridyl)-l,3- 
indanediones are somewhat less stable than the corresponding complexes of  2-benzoyl 
hydrindone, a related fl-dikestone, ~15~ but the indanedione complexes are generally 
more stable than the fl-ketoimine complexes of  comparable acidity. ~) 

TABLE 3.--FORMATION CONSTANTS (LOG Kn)* OF BIVALENT-METAL CHELATES 
OF SOME 2-(PYRIDYL)-I,3-INDANEDIONES IN 75 PER CENT DIOXANE 

(N2 = 0"386) AT 30 ° 

Compound n Cu Be1- Ni Mn Zn Mg Co Uo2I" 

I 1 11-62~ 11-78 NL§ 9"31 10.53 7'33 9"80 12-95 
2 4.75 ppp. NL ppt. ppt. ppt. ppt. 12"07 

II 1 12"89 10"96 10.60 8'06 9.64 6-36 9-80 11-76 
2 ppt. 10"75 10'09 7.68 9.34 5.27 9'60 10"61 

III 1 10"48 11.89 ppt. 8"72 8.88 6"86 NL 12"54 
2 12-25 11'61 ppt. ppt. 11.56 6.44 NL 11'58 

* Log K1 and Log K~ for the reactions Ch- q- M 2+ -+ MCh + and Ch- q- MCh + --~ MCh,, 
respectively. 

These solutions were prepared as nitrates rather than perchlorates. 
At 95 per cent confidence limits values are accurate to 4-0.02 

§" Only negative logarithms could be calculated from this determination. 

Some of  the deviations that have been noted above deserve further consideration. 
In particular, the anomalous pKD-log K variation for copper(II)  complexes is note- 
worthy. One of the steric effects which have been considered previously Cls~ seems 
applicable here. F-strain would make it troublesome for a ligand to approach a 
monochelated species, MCh +, and an anomalously large separation factor K1/K~ 
should be noted. This effect is consistent with the behaviour noted for the quinophtha- 
lone copper(II) compound. Such an explanation is not possible for the copper(II)  
derivatives of  compounds I I  and III .  I t  is possible that the 6-methyl group (compound 
II I )  serves to shield the region around the nitrogen metal bond. I f  so, the anomalously 
low separation factor for the copper(II) and for zinc(II) complexes can be under- 
stood. In  addition, a steric consequences of  copper coordinating square planar and 
zinc tetrahedrally are such that the separation factor would be more favourable for 
zinc. I t  will be necessary to determine the change in enthalpy values before a definite 
statement can be made. 

Absorption spectra. The infra-red absorption bands of  interest are listed in Table 4 
and are grouped according to assignments suggested by BELLAMY. t17) All spectra are 
characterized by an absorption band of moderate intensity in the region 3420-3440 
cm -1 which is attributed to O - - H  stretching associated with the enolic form. In 
general, two carbonyl bands are noted: One, ca. 1670 cm -1, is ascribed to a 

~15~ B. B. MARTIN and W. C. FERNELIUS, J. Amer. Chem. Soc. 81, 2342 (1959). 
116~ D. F. MARTIN and B. B. MARTIN, Inorff. Chem. 1, 404 (1962). 
117~ L. J. BELLAMY, The blfra-red of Complex Molecules, 2nd. Ed. Methuen, London (1958). 
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non-hydrogen bonded carbonyl; the second, ca. 1600 cm -1, is ascribed to a modified 
enol-chelate bond. (17) This assignment is similar to that suggested for 1-hydroxy- 
quinones which have two bands at 1680-1675 cm -1 (free carbonyl) and 1630-1622 cm -1 
(perturbed carbonyl). 

All of the ultraviolet absorption spectra (Table 5) have the high intensity K-type 
bands expected of the conjugated systems of ligands I-VI. The spectra resemble those 
of aromatic fl-diketones. For example, the band centered around 295 m/z (compounds 
III, IV) is similar to that noted for benzoylacetone, (18) and the band is probably a 
composite benzenoid-enolate band. 

TABLE 4.--INFRA-RED ABSORPTION SPECTRA OF 2-(PYmDYL)-I,3-INDANEDIONES 

Compound  Hydroxyl ( c m - 0  Carbonyl (cm -1) 

I 3430 m* 1585 vsb 
I I  3440 m 1595 s 

1675 s 
I I I  3430 m 1600 vsb 

1635 vs 
1665 s 

IV 3430 m 1600 s 
1635 sb 
1670 s 

V 3420 m 1595 s 
1650 sb 

VI 3440 m 1650 sb 
1670 sb 

* m = moderate, w = weak, s = strong, vs = very strong, 
b ~ broad. 

TABLE 5.--ULTRA-VIOLET ABSORPTION SPECTRA OF 
2-(PYRIDYL)-I,3-INDANEDIONES * 

Compound  M × I0 ~ 2 (m/~) log ,~max 

I 19'3 417 3"26 
443 3"25 

II  9'68 395 3"38 
300 3"33 

I I I  1-21 396 4"19 
290 4"18 

IV 4'62 398 4"15 
290 4"14 

V 1 "02 422 4"27 
446 4"35 

VI 1"32 368 4'19 
274 4-17 

* CHCI3 solution 

~18~ A. E. GILLAM and E. S. STERN, An Introduction to Electronic Spectroscopy in Organic Chemistry, 
pp. 223-229. Arnold,  London (1954). 
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This b a n d  is no ted  in the spectra  o f  the quinol ine  derivatives (I, V, VI).  P r o b a b l y  
this is due to  a ba thoch romic  shift o f  the enola te  band  as is no ted  for  benzoylace tone  
d ibenzoylmethane ,  and  for  bis(fl-diketones).  ~:9) 

Acknowledgement--This research was supported in part by PHS Research Grant 7873, Division of 
General Medical Sciences, U.S. Public Health Service. The authors are indebted to Dr. W. COr~ARD 
FERNEUtJS for helpful suggestions. 

~1~ cf. D. F. MARTIN, M. SHAMMA and W. C. FERNELIUS, J. Amer. Chem. Soe. 80, 5855 (1958). 


