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37. Kiyomi Taguchi: The Mixed Complex of Tetracycline-Metal Chelates. III.**
Chlorotetracycline-Metal Chelates with Isoniazid.

(Pharmaceutical Faculty, University of Chiba*!)

The insoluble metal chelates of isoniazid (INAH) were isolated by Foye, ef al.”
They found that the molar ratio of the chelates varied with the pH at the time of
preparation. That is 1:1 ratio of INAH to metal at acid side and 2:1 ratio at alkaline
side of neutrality. The presence of 1:1 chelate makes the formation of a mixed complex
similar to the tetracycline-metal chelates possible. The enhancement of effectiveness
of INAH by copper(ir) ion was reported by Erlenmeyer, ef al.® on the basis of in vitro
tests. Foye, et al.” observed, however, that the chelates of INAH showed ix vivo anti-
tubercular activities comparable to that of INAH itself. Albert® proposed the hypothesis
that the 1:1 chelate (cationic complex) of oxine to copper is effective against bacteria
greater than oxine. A function of 1:1 chelate will provide the connection with other
ligands, including bacteria forming a mixed complex.
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The following experiments were carried out in order to study the formation of
mixed complexes of chlorotetracycline (CT)metal chelates (CT-Cu(tr), CT-Co(11), CT-
Fe(111), and CT-Th(1v)) with INAH on the acid side. The properties and composition of
INAH-metal compounds were studied in order to avoid contamination as much as pos-
sible.

INAH-Metal Compounds—INAH-Cu(11) chelate, which was soluble in water, was iso-
lated by the addition of ethanol to the aqueous solution of copper(1i) nitrate and INAH
at about pH 4. The chelate changed into insoluble form as prepared by Foye.?
The cobalt(i1) complex was obtained from hydrous methanol medium at about pH 4.5,
and the cobalt(ir) chelate was prepared at about pH 6.0. Iron(ii) ion instantly decom-
posed INAH into isonicotinic acid and nitrogen. Thorium(iv) and zirconium (1v) ions
did not form complexes with INAH.

Analytical results for the isolated complexes showed that INAH-Cu(in) chelate,
INAH-Co(11) complex, and INAH-Co(11) chelate had 1:1, 2:2, and 1:1 ratio of INAH to
metal, respectively. Molar ratio of soluble INAH-Cu(1i) chelate could not be confirmed
because of the unstableness of the chelate, but it is probably a 1:1 chelate. Molar ratios
in aqueous solution were detected by the continuous variation method.? INAH-Cu(i)
chelate had a maximum absorption at 730 mp at pH 4.0 and INAH-Co(i1) chelate had a
maximum absorption at 500 mp at pH 6.5, showing a great difference in absorbancy (Fig.
1). The experimental data of INAH-Cu(11) chelate mainly gave a composition of 1:1 at

*1 Inohana-cho, Chiba (H mi5K).
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610 mp and pH 3.0 or 4.3 (Fig. 2). The measurement at higher pH values could not be
performed because of precipitation of the chelate. Results for INAH-Co(11) chelate gave
a 1:1 ratio of INAH to cobalt at 500 mp and pH 6.3 (Fig. 3). The measurement at a
lower pH values, such as 2:1 complex, could not be performed because the difference of
absorbancy between the complex and cobalt(i1) nitrate was small. INAH-Cu(11) chelate
was insoluble in water, alcohols, ether, and benzene. The copper(i1) chelate which was
soluble in water was obtained as mentioned already. The chelate, however, was un-
stable and changed into the insoluble form on contact with air, changing color from
green to deep blue. The cobalt(ir) complex was soluble in water, and slightly soluble in
cold water and methanol. The cobalt(i1) chelate prepared from cobalt(i1) nitrate was
soluble in water but the one prepared from cobalt(i1) chloride was less soluble in water.
These substances showed no melting point and were explosive at about 160°.

Decrease in pH® was expected in the chelate formation between INAH and metal
ion. Marked drop in pH was observed in the reaction of INAH with copper(i1) ion even
at pH 2.8. In the interaction of INAH with cobalt(i1) ion, decrease was not observed at
a pH lower than 5, but was observed at pH 6.9 (Table I). These results showed that INAH

TasLe I. Decrease in pH in the Reaction of INAH with Metal

Metal pH (Metal)® pH (INAH)» pH after mixing® Difference
Cu(u) 2.79 2.79 2.68 —0.11
4. 30 4.34 3.88 —0. 42
Co(ir) 5. 20 4. 82 5. 03 ceee
5.82 5. 87 5.74 —0.08
6. 96 6. 87 6.18 —0. 69
CT-Cu(u) chelate 2,97 2.79 2.92 ceen
5.11 5. 03 4. 44 —0.59

@) The concentration of metal nitrate solution was 1/200M. The pH of the solution
was measured 2~3 days later after adjusting the pH with 0.1N HNO; or 0.1N
KOH for stabilization.

b) The concentration of INAH solution was 1/200M. The pH of the solution was
adjusted with 0.1N HNO; or 0.1N KOH.

¢) pH of the mixture was measured 2~4 hr. later for stabilization after mixing
equal volumes of each solution.
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Fig. 1. Absorption Spectra of INAH-Metal Chelates

Concentration : A and B, 1/40M, C and D, 1/20M
pH of each solution adjusted with KOH or HNO;,

5) A.E. Martell, M. Calvin: ¢ Chemistry of the Metal Chelate Compounds, >’ 39(1953), Prentice
Hall, Inc., New York.
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Fig. 2. Continuous Variation Study for Fig. 3. Continuous Variation Study for
Determination of INAH-Cu Ratio in Determination of INAH-Cu Ratio in
Chelates (measured 3 hr. after Chelates (measured 3 hr. after
adjusting pH of the solutions adjusting pH of the solutions
with KOH or HNO;) with KOH or HNO;)
Wave length : 610 mp Wave length, 500 mp, pH 6.3
Concentration of INAH + Cu(u): 0.04M Concentration of INAH 4 Co(mn), 0.1M
I Absorbance of INAH-Cu(u) chelate I Absorbance of Cobalt (11)+
+ Cu(u)at pH 3.0 INAH-Co(n) complex
Il Absorbance of metal + the chelate JI Absorbance related to INAH-Co ()
at pH 4.3 complex

i’ Absorbance related to metal-INAH chelate at pH 4.3

formed a chelate with copper(i1) ion, and a complex with cobalt(i1) ion at pH lower than
5 and a chelate at pH higher than 5.

Mixed Complexes—Mixed complexes were mainly isolated as crystalline powder by
a little addition of ether to the solution of INAH and CT-metal chelate in hydrous me-
thanol on the acid side of neutral. Purification of the mixed complexes was carried out
by repeated washing, reprecipitation, and recrystallization. The mixed complexes of
CT-Cu(mn), CT-Co(11), and CT-Fe(i11) chelates with INAH were isolated. Iron(ii) ion
decomposed INAH, but CT-Fe(i) chelate formed a mixed complex without decomposi-
tion. CT-Th(1v) chelate did not form a mixed complex with INAH. The interaction
between INAH-metal compound and CT-HCl was also studied. Insoluble INAH-Cu(1)
chelate hardly reacted with CT-HCI in a hydrous methanol medium at room tempera-
ture, but the soluble chelate of INAH-Cu(ii) reacted readily. The mixed complex of
INAH-Co(11) with CT-HCI was isolated.

Analytical results showed that CT-Cu(n)-INAH formed a 1:1:2 ratio (CT:Cu:INAH)
at about pH 5, and a 1:1:1 ratio at about pH 4. CT-Fe(11)-INAH and CT-Co(11)-INAH
mixed complexes were obtained in 1:1:1 ratio at about pH 4 or 5. The mixed complex
prepared from soluble INAH-Cu(m1) and CT-HCl did not show a definite composition.
The mixed complex of INAH-Co(u1) complex with CT:HCl was separated, having the
same composition as the one prepared from CT-Co(11) chelate. These mixed complexes
were soluble in hot water and hot methanol, and slightly soluble in cold water and cold
methanol, and insoluble in ether, acetone, benzene. It was observed that the color of
the solution of CT-Cu(i) and CT-Co(11) chelates was somewhat intensified by the addition
of INAH.

The absorption curves of the mixed complexes showed a similar shape as those of
CT-metal chelates in the near-ultraviolet region (Fig. 4). The mixed complexes were
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explosive at about 170°.

Discrimination of Mixed Complexes—CT-HCI did not form a compound with INAH
under the conditions under which the mixed complexes were prepared, and was separat-
ed from the mixture of CT-HCl and INAH by isolation and purification. The fact that
CT-Th(1v) did not form a mixed complex indicated also that contamination of INAH
was not caused by the method used in the preparation. Therefore, INAH in the mixed
complexes isolated is not a contaminated substance.

If INAH in the preparation was brought about by a displacement reaction (CT-
metal -INAH — CT+INAH-metal), the solubility and color of the products would be
similar to the single complex (INAH-metal, CT-metal). However, the nature of the mixed
complexes isolated was different from the single complex. The facts afore-mentioned
showed that INAH in the mixed complex isolated, was not a contaminated substance,
and combined with the metal.

Experimental

Reagents—Isoniazid (Daiichi Seiyaku Co., Ltd.), and other reagents were the same as those
described in Part IL.*?

Analyses of the Compounds—For the INAH-metal compounds, assays of metal, water of hydra-
tion, C, H, and N were conducted. Assays of metal, CT, water of hydration, and some elements were
conducted for the mixed complexes. NO;-, Cl-, and INAH were determined semiquantitatively.
Formula of the mixed complexes was calculated from the results. Assays of CT, metal, and water
of hydration were carried out by the BuOH-Th(NO;), extraction method, ashing to metal oxide, and
drying in vacuum at 90~100°, as mentioned in Part IL.** NO,~ and Cl~ were detected by Griess’
reaction or by diphenylamine and by AgNO;, respectively. Detection of INAH was carried out by
testing for the hydrazine group with ammoniacal AgNO; solution, followed by silver-mirror formation
and evolution of N..

Preparation on INAH-Metal Compounds—INAH-Cu(n) chelate : A solution of 1g. of INAH in
5ce. of water was added to the solution of 2g. of Cu(NOs), in 4 cc. of water. A green solution was
instantly obtained. A green precipitate which was soluble in water, was obtained by the addition
of 60 cc. of EtOH to the green solution after standing for a few min. The product was collected on
a sintered glass filter. The product turned quickly to an insoluble substance, changing color to deep
blue. The insoluble substance was washed with water and EtOH, and then dried over silica gel.
The preparation should be carried out below 40° to avoid further decomposition. NO,~ was posi-
tive. Aunal. Caled. for CgHgON;-Cu(NO;); (INAH-Cu(NO;),) ¢ C, 27.30; H, 2.28; N, 21.33; Cu, 24.1.
Found: C, 27.05; H, 2.44; N, 20.29; Cu, 20.70.

(INAH),;-Co(NO3), complex : A solution of 1g. of INAH in 4 cc. of water was added to a solution of
1.5g. of Co(NOQj), in 5cc. of MeOH. The solution was kept at about 40° for 0.5 hr. after adjusting the
pH to 4.5. If a residue remained, it was removed. The solution was then stored in a refrigerator
for 1 hr. A pink crystal was obtained and collected on a sintered glass filter. The product was
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kept at about 40° as a suspension in 5cc. of water for some min. and then filtered after cooling
the mixture. The product. was washed with cold water and MeOH, and dried over silica gel. NO,-,
positive.  Anal. Calcd. for Ci;H;;0:Ng-Co(NQO3),-2H,0 ((INAH),-Co(NO;),-H,0) : C, 29.78; H, 3.38; Co,
12.34; H,0, 3.78. Found: C, 29.11; H. 3.79; Co, 12.9; H.0, 2.50.

By the use of CoCl, instead of its nitrate, the complex having a 2:1 ratio of INAH to Co was

obtained. Anal. Caled. for C;;H,,0,N;-CoCl,-3H,0 ((INAH),-CoCl,-3H,0) : C, 31.63; H, 4.42; Co, 12.90;
H,0, 11.8. Found: C, 31.73; H, 4.20; Co, 14.4; H,O, 11.6.
INAH-Co(u) chelate : A solution of 1g. of INAH and 1.8 g. of Co(NO;), in 10 cc. of water was kept
for 30 min. at about 40° adjusting the pH to 6.0~6.4 with KOH solution. A pinkish crystalline pre-
cipitate occurred by the addition of 5cc. of EtOH to the solution while chilling in an ice bath. The
product was collected, washed with EtOH and EtOH-water (1:1), and dried over silica gel. NO;~,
positive. Anal. Calcd. for C;HsON;-CoNO,.H,O(INAH-CoNO;-H,0) : Co, 20.02; H,0, 6.51. Found :
Co, 20.93; H,O, 7.60.

Use of CoCl, instead of its nitrate gave the chelate having 1:1 ratio of INAH to Co. The chelate
was less soluble in water, so that it was washed with water. A pink crystalline powder was obtained.
Anal. Caled. for CgHON;-CoCl-2H,0 (INAH-CoCl-2H,0) : Co, 22.2; H,0, 13.56. Found:Co, 23.20; H,O,
13.94.

Preparation of the Mixed Complex—(INAH),-Cu-CT mixed complex: A solution of 0.15g. of
INAH in 2cc. of water was mixed with a solution of CT-Cu(u) chelate prepared from 0.2g. CT-HCl
and 0.2g. Cu(NOj), in 20 cc. of MeOH. A small amount of precipitate occurred which dissolved when
the pH was adjusted to 5.0. The solution was kept in a refrigerator for about 1 hr. after addition
of Et,O until precipitation began. A greenish yellow crystalline powder was obtained. It was wash-
ed with several portions of MeOH and Et,0-MeOH (1:1), and dried over silica gel. Anal. Calcd. for
C3H350,,NgC1-Cu - HCl- 2H,0 ((INAH),-Cu-CT-HC1-2H;0) : N, 12.61; Cu, 7.16; CT-HCIl, 57.9; H,0, 4.06.
Found : N, 12.27; Cu, 7.55; CT-HCl, 57.0; H;0, 4.26.

INAH-Cu-CT mixed 'complex : A solution of 80 mg. of INAH in 2cc. of water was added to a
solution of CT-Cu(m) chelate prepared from 0.2g. of CT-HCI and 0.2g. of Cu(NO;), in 3cc. of water.
The solution was adjusted to pH 4 with N HCl. Then 2cc. of NaClO, solution (10%), adjusted to
pH 4 with HCl10,, was added to the solution. The greenish yellow precipitate was collected, washed
with 5cc. of hot water (40°), and then with several portions of cold water. The product was dried
over silica gel. The occurrence of precipitates by the addition of perchlorate may be due to the
formation of a perchlorate of CT.®  Anal. Calcd. for C,sH.;O,N;Cl-Cu-HCI1O0,4-3H,0 (INAH-Cu-CT-
HCIO,-3H,0) : Cu, 7.80; CT, 58.6; H.0, 4.42. Found: Cu, 7.76; CT, 64.6; H,O, 5.75.
INAH-Co(u1)-CT mixed complex : A solution of 70 mg. of INAH in 1lcc. of water was added to a
solution of CT-Co(n) chelate prepared from 0.2g. of CT-HCI and 0.2g. of Co(NOj;); in 3cc. of hot
MeOH (507). Recrystallization was carried out by chilling after addition of small amount of Et,O.
Fine crystals were obtained, washed with Et;O-MeOH(1:1), and then dried over silica gel. Anal.
Caled. for CyHz;0O9N;Cl-Co-HCI1-3H,0 (INAH-Co-CT-HC1-3H:0) : N, 9.19; Co, 7.73; CT-HCl, 68.2; H,0,
7.07. Found: N, 8.87; Co, 7.79; CT.HC], 65.9; H,0, 6.57.

INAH-Fe(u1)-CT mixed complex : A solution of 0.15g. of INAH in 1lcc. of water was added to a
solution of CT-Fe(u1) chelate prepared from 0.2g. CT-HCl and 0.2g. FeCl; in 5cc of MeOH. Brown
crystals were obtained by the addition of Et;0. They were collected after keeping in a refrigerator
for a few min., washed with Et,O0-MeOH(1:1), and dried over Hy,SO,. Anal. Calcd. for Cy;H,,OgN;Cl-
FeCl-HC1-4H,0 (INAH-FeCl-CT-HCI1-4H,0) : C, 41.35; H, 3.35; Fe, 6.49; CT-HCl, 63.4; H,O, 8.85.
Found : C, 41.47; H, 3.68; CT-HC], 65.7; H,0, 9.40.

INAH-Co(u1)-CT mixed complex from INAH-Co(u) complex : 0.2 g. of (INAH)s-Co(NOQ,)y- H,O and 0.3 g.
of CT-HCl were dissolved into 5cc. of MeOH by warming to 50°. A pinkish yellow precipitate was
obtained by the addition of 5cc. of Et,O to the solution and the mixture was kept in a refrigerator
for 0.5 hr. The precipitate was collected, washed with two portions of 5cc. of water to remove
free INAH and CT:.HCl, and then dissolved in 10cc. of MeOH. A precipitate was obtained by the
addition of 20 cc. of Et;O to the solution. It was collected, washed with water, and dried over silica
gel. Cl—, positive, and NO;~, slightly positive. Anal. Calcd. for INAH-Co-CT-HCl1-2H;0O(mol. wt.,
745.44) : Co, 7.91; CT-HCI, 69.2; H.0, 4.84. Found: Co, 7.04; CT-HCl, 72.6; H,O, 5.79.

The author expresses his gratitude to Prof. Morizo Ishidate of the University of Tokyo for review-
ing this manuscript and for his kind guidance. He also thanks Prof. Takeichi Sakaguchi of the
University of Chiba for his kind and unfailing guidance thronghout the course of this work. The
author is indebted to Mr. E. Kimura and Mrs. N. Shinriki for the elemental analysis.
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Summary

Isoniazid (INAH) was studied on the formation of mixed complexes with chloro-
tetracycline(CT)-metal chelates with Th'*, Fe®™, Cu®*+, and Co** in acid medium. INAH-
metal compounds were also studied. INAH-Cu(11) chelate, and INAH-Co(i1) complex and
its chelate were isolated as crystalline powder showing 1:1, 2:1, and 1:1 ratio of
INAH to metal, respectively, from hydrous methanol. Molar ratio of the compounds
in aqueous solution was measured by the continuous variation method. Iron(i) ion
decomposed INAH to isonicotinic acid, but the mixed complex of CT-Fe(111) chelate with
INAH was formed without decomposition. The mixed complex of CT ~Cu(11) with INAH
gave different compositions in accordance with the acidity of the preparation. CT-Co(1r)
chelate formed a mixed complex, but not CT-Th(iv) chelate. The molar ratio of the
mixed complexes was mostly 1:1:1 (CT:metal:INAH). These mixed complexes were
jsolated in crystalline powder form and were soluble in methanol and hot water. Re-
markable changes in color due to the formation of a mixed complex were not cbserved.
Reaction between INAH-metal and CT-HCl was also studied.

(Received July 17, 1959)
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38. Kiyomi Taguchi: The Mixed Complex of T etracycline-Metal Chelates. IV.**
Chlorotetracycline-Copper(11) Chelate with 4,4’-Bis(dimethylamino)-
thiobenzophenone (Thio~-Michler’s Ketone).

(Pharmaceutical Faculty, University of Chiba*')

In the previous papers, mixed complexes of chlorotetracycline (CT)-metal chelates
with penicillin G or isoniazid were reported. In the present work, thio-Michler’s ketone
(TMK) having a thione group as a complex functional group different from the ligands
of the former was studied concerning the formation of mixed complexes with CT-Cu(1r)
chelate.

TMK-Cu(11) complexes were also investigated. TMK is a specific reagent for detec-
tion of copper, mercury, and precious metals.?

TMK-Cu Complex—TMK produced a reddish purple color with copper(il) nitrate in
acetone-methanol medium, showing a maximum absorption at 500 mp (Fig. 2-11). TMK
produced, however, an indigo blue color with copper(i1) chloride, and the absorption
maxima moved to 530 and 645 mp (Fig. 2-1V). This color change was not observed with
halogen ion or copper(1) chloride.

The continuous variation method? was applied for the determination of molar ratio
of TMK to copper(i) nitrate in acetone. The result shown in Fig. 3 indicates a 2:1
ratio of TMK to cupper(1).

TMEK-Cu(11) (dusky brown) was prepared as a perchlorate by addition of sodium
perchlorate solution to the solution of TMK and copper(11) nitrate in acetone-methanol.

*1  Inohana-cho, Chiba (M 1 #%K).

*2 Part T : This Bulletin, 8, 212(1960).
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