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SYNTHESIS OF 2-VINYL-8-QUINOLINOL
AND MEASUREMENT OF STABILITY OF ITS METAL COMPLEXES

*
Akio YONEDA and Takatsugu AZUMI
Department of Applied Chemistry, Himeji Institute of Technology,
2167 Shosha, Himeji, Hyogo 671-22

2-Vinyl-8-quinolinol was prepared in 30% yield from 2-formyl-
8-quinolinol by Wittig reaction. The acid dissociation constants
of 2-vinyl-8-quinolinol and the stability constants of the chelates
of the reagent with some divalent metals have been determined by
titration techniques. The chelates are less stable than those of
8-quinolinol and 2-methyl-8-quinolinol.

1)

8-Quinolinol ("oxine") has been widely used as organic precipitant or anti-

bacterial agent.z) The introduction of vinyl group into the quinoline ring shows
interesting application in the field of polyligands source. ‘Manecke et al.3)
synthesized 5-vinyl oxine. Its polymer has been found to be effective precipita-
tion reagent for trace metal.4) On the other hand, 3-vinyl oxines) and 2-methyl-
3-vinyl oxinesG) which have the vinyl group on the pyridine ring have not been
reported in detail. Here we wish to describe the synthesis of 2-vinyl oxine and
the chelating tendencies with copper(II), nickel(II), and cobalt(II) ions.

The preparation was carried out according to the similar procedure described
in the literature7) to a solution of BuLi (4.0 cm3;2.3 mol/dm3;9.2 mmol) in dry
benzene (80 cm3) was added triphenylmethylphosphonium bromides)(2.86 g;8.0 mmol)
over 10 min. After stirring for 4 h under a nitrogen atmosphere a solution af
2-formyl oxineg)(692 mg;4.0 mmol) in dry benzene (40 cm3) was added dropwise. The
mixture was refluxed for 19 h. Then 10 cm3 of water and a small amount of 0.1
mol/dm3 HC1l were added in the mixture to afford a weak acidity. The crude product
was purified by preparative TLC (hexane:AcOEt=8:2 v/v) and was recrystallized from
ethanol-water(6:1 v/v) to give 204 mg(30%) of the desired product as colorless
needle; mp 106-109 °C. 1H NMR(s. Fig. 1). IR(KBr): 3100, 1628, 1596, 1560, 1275,
and 1090 cm_1. UV (methanol) max: 262(log £ 4.66), 285(3.76), and 316(3.59) nm,
Found: C,77.02; H,5.21; N,8.19%. Calcd for C11H9NO: c,77.17; H,5.,30; N,8.18%.

The acid dissociation constants(pK) of 2-vinyl oxine were determined with pH
titration in 50 v/v% aqueous dioxane. The titration apparatus consisted of Pyrex
vessel maintained in a constant temperature bath, through which could be inserted
the tip of a microburet, a thermometer, a nitrogen inlet tube and the extension
electrode of a pH meter. The temperature of the solution was kept at 25+0.3 °C.
Rapid mixing was achieved by means of a magnetic stirrer. The measurement of pH
was carried out with Toa Electronics HM-5BS equiped with GST-155C glass electrode.

The pH meter correction and ion product of water for solution of 50% dioxane



1192 Chemistry Letters, 1 9 8 4

s . were determined to be =-0.12
/‘, AW and 15.48, respectively. These
A h < %/H results are in agreement with

10)
A~

| and
H Takamoto.1

I
O

the finding of Irving
1)

The values of

=
T
2
T

H

PK were calculated by the
(E)-BH (Z)-BH N . 12)
/L following formulas.

A- (")

C
pENH=pH-log L—————--1 )

and

C
pK,.,.=pH+log ——4:—17-1)
foperietos [—S—

where

C=concn. of 2-vinyl oxine

J JHJ A=concn. of standard acid
fadk J \ " added to the soln.

! 1 1 ! B=concn. of standard base

[l I 1L 1 1
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 added to the soln.
1 é§ (ppm) The pK values determined
Fig. 1. H NMR spectrum of 2-vinyl oxine are summarized in Table 1
in CDC1

3° with results of oxine and 2-
methyl oxine. As expected from
the resonances effect, pENH is decre?gﬁd by vinyl substitution in the 2 position
in oxine compared with other oxines.
Table 1. Acid Dissociation Constants in 50% Dioxane
at 25 °c, /L=0.1(KNO3)

PRyn Pon
2-Vinyl oxine 3.48 11.51
Oxine 4.06 11.30

(4.16) (11.20)
2-Methyl oxine 4.70 11.78

(4.68) (11.30)

Values in parentheses are those reported by Stevenson
14)

and Freiser.
The stability constants for the formation of the complexes of 2-vinyl oxine
with Cu(II), Ni(II), and Co(II) were determined by the Calvin-Bjerrum pH titration

15) The results of representative titration is given in Table 2. Copper

technique.
was observed to form approximately 1:2 complex with 2-vinyl oxine at pH 6.47. The
precipitation16) was observed above pH 7.48 during titration. The stability
constants, K, and K,, where §ﬂ=(MLn)/(MLn_1)(L), were calculated by means of the
method of least squares. The values of log 51 and log Bz are given in Table 3

together with results on complexes of oxine and 2-methyl oxine.
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Table 2. Titration of Solution of Metal Perchlorates and
Chelating Agent in 50% Dioxane with Sodium Hydroxide
at 25 °cC, /L=O.1(KNO3)

0.002 moldm—3 2-vinyl oxine, 0.001 moldm-3

Cu(Cl0,),,
0.0035 moldm_3 HC104, original volume 20 cm3,

concentration NaOH 0.025 moldm >

NaOH(cm3) pH value na) pgb)

1.232 3.06 0.240 11.790
1.757 3.23 0.376 11.550
2.174 3.39 0.498 11.337
2.525 3.52 0.644 11.191
2.874 3.67 0.806 11.038
3.165 3.82 0.958 10.900
3.395 3.97 1.091 10.771
3.624 4.15 1.246 10.639
3.884 4.46 1.449 10.429
4.113 5.00 1.663 10.077
4.353 6.47 1.942 9.360

a) n is the average number of chelate molecules per metal ion.
b) pR is the negative logarithm of the reagent anion concentration.

Table 3. Stability Constants in 50% Dioxane at 25 °C

2-Vinyl oxine Oxine 2-Methyl oxine
log 51 log Bz log 51 log 32 log 51 log Bz

Cu(II) 11.21 21.72 13.88 26.19 12.23 23.61
(13.29) (25.90) (11.92) (22.82)

Ni(II) 7.67 16.22 10.63 19.68 8.88 17.49
(10.50) (20.27) (8.96) (16.94)

Co(II) 7.38 16.63 9.68 18.53 8.95 17.95
(9.65) (18.05) (8.59) (17.38)

Values in parentheses are those reported by Stevenson and Freiser
obtained by pH titration at 25 °cC.'4)

The complexes of 2-vinyl oxine are consistently somewhat less stable than the
values for other oxines. The stability data for the complexes of 2-vinyl oxine,
however, are close to the tendency observed for 2-methyl oxine.17) The stability
constants for Ni(II) and Co(II) chelates of 2-substituted oxine14)

follow the order of stability of the divalent metal ions that has been pointed out
18)

may or may nhot
by Irving and Williams. This strongly suggests that the probable structure of
the complex in solution is similar to that of 2-methyl oxine. Thus, some type of
steric hindrance due to the 2-vinyl group is operative in the Ni(II) or Co(II)
chelates of 2-vinyl oxine.

The acid dissociation constants of 2-vinyl oxine were also determined

spectrophotometrically in 50% dioxane at 25%1 °C.19)

UV spectra were recorded
on a Shimadzu UV 300 spectrophotometer and the absorbance reading at 390 nm
were obtained with a SAPCOM 1A spectral data acuisition having processing
computer. The absorbance of 2-vinyl oxine increased from 0 to 0.29 with the

pH range 6.8 to about 0 and from 0 to 0.67 with the pH from 6.8 to above 14.
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The results dealt with in the same

manner as titration method. The 0.4 s
value of pENH and p§0H were 3.41 and

1
11.62, respectively. The values 0.3 !
were in fair agreement with those E
obtained from titration method. § 0.2 E
The stoichiometry of the 2-vinyl 2 E
oxine and Cu(II) complex was determined g o1 i
by Job’s method of continuous variation :
at pH 6.06. As can be seen from Fig. 2. . . |§ .
the chelate compound suggest a 2:1 0.0

0.0 0.2 0.4 0.6 0.8 1.0
complex of 2-vinyl oxine to Cu(II). Mole fraction of 2-vinyl oxine

Fig. 2. Continuous variation method
on the system of Cu(II) and 2-vinyl

References
oxine in 50% dioxane at 390 nm.

1) For a recent survey, see: E. Sekido, Concn. of oxine+Cu; 4x10-4 mol/dm3.
Kagaku, 34, 917(1979).

2) T. Sakaguchi, "Kinzoku Kireeto(III) ,"
ed by T. Sakaguchi and K. Ueno, Nankodo, Tokyo(1969), p.187; Y. Kidani and

K. Inagaki, Kagaku No Ryoiki, 28, 351(1974).
3) G. Manecke and H. P. Aurich, Makromol. Chem., 133, 83(1970).
4) J. A. Buono, J. C. Buono, and J. L. Fasching, Anal. Chem., 47, 1926(1975).
5) F. C. Rauch, U. S. Patent 3615889(1971); Chem. Abstr., 716, 61043g(1972).
6) S. Nagaoka, Yakugaku Zasshi, 81, 484(1961).
7) G. R. Newkome and A. Yoneda, Makromol. Chem., Rapid commun., 4, 575(1983).
8) G. Wittig and U. Schoellkope, Org. Synth., Coll. Vol.V, 751(1973).
9) T. Hata and T. Uno, Bull. Chem. Soc. Jpn.,'gi, 477(1972) .
10) H. M. N. H. Irving and U. S. Mahnot, J. Inorg. Nucl. Chem., 30, 1215(1968).
11) S. Takamoto, Q. Fernando, and H. Freiser, Anal. Chem., 37, 1249(1965).
12) F. Basolo and Y. T. Chen, J. Am. Chem. Soc., 76, 953(1954).
13) H. Irving and H. S. Rossotti, J. Chem. Soc., 1954, 2910.
14) R. L. Stevenson and H. Freiser, Anal. Chem., 39, 1354(1967).

15) H. Freiser, R. G. Charles, and W. D. Johnston, J. Am. Chem. Soc., 74, 1383
(1952) .

16) Essentially the same procedure was used for the preparation of the compound:
brown. Found: C,65.10; H,3.71; N,6.61%. Calcd for (C11H8NO)2Cu: C,65.42;
H,3.99; N,6.94%.

17) W. D. Johnston and H. Freiser, J. Am. Chem. Soc., 74, 5239(1952).

18) H. Irving and R. Williams, Nature, 162, 746(1948).

19) A. Albert and E. P. Serjeant, "Ionization Constants of Acids and Bases,"
Methuen & Co., London(1962), Chap. 4.

( Received March 24, 1984 )



