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Metal.Ions aad Biological Activity. Part L Copper Complexes 
of Isouicoduic Acid Hydrazide 

lJ'm.esh Tewari and S. D. Verma 

Copper comploua with ii!Onicotinio a.cid hydrazide in both the valence states ha.ve baeil. described. A 
general ml'tholl for the preparation of l :1 Cu (ll) complnetl ia also deeeribed. 

Isonicotinic a.ci(\ hydrazide, commonly known a.s isoniazid, has been shown to behave 
a.s bidentatc in its chelate with bivalent metal ions. Fallah et al.' studied its behaviour 
wi~h copp:1r ions conductometrica.lly o.ml111pectrophotometrica.lly and showed the presence 
of [C5H~NC( =N.NH,)O],Cll. Albert• found bivalent metal ion to react with l or 2 
moles of isoniazid to form [C5H 4NC(=N.NH.)O]l\llt (I) and [C5H.NC(=N.NH.)O],.M:(II). 
With COllper sulphate, Sorkin prepared a. light blue compound of composition CsH.,07 •. -

N,S.CLJ, but its structure was not proposed. Wojahn' ehowedtba.t with mercury, isoniazid 
formec:lnn ion-dipole complex of molecular formola.(Isoniazid)1 (HgCI.),. Isoniazid a.nta­
gonill88 the toxic effect of heavy metals, especially copper, on organisms (C. coligg and 
8. garalli11 i)5 ; also its COJlper complex inhibits the autorespirationof tubercle bacteria at 
a rolati>l'ly low concentration with respect to that of isoniazid~ The inhibiting effect of 
isoniazid on the growth of t•1bercle bo.<"terio. m1 egg medium has been reported by P.Jth­
mann and Rtuttgen6 through the copper complex. It has been obscrved that I :1 copper 
complex of isoniazid is biologically important and I :2 copper complex reverts to I: 1 
state in mauv hiobgil'al proresses7. Since the formation of 1:1 copper isoniazid oom­
plex has not be"'en fully investigated, ·the present work has been un-iertaken with"' view to 
studying the formation of these complexes with different acid radicals attached to it. Since 
sncb complexes are formed by addition of isoniazid solution to a wo.ter-soluble copper &alt. 
inttolec•1lar ratic, it has not been possible to prepare such complexes with acid radicals, 
such as oxalate or phosphate, attached to l: l complex. A general method for the -prepara­
tion Qf such complexes was found through metathesis of isonia.Ud·copiter (II) acetate 
complex by tlJ.e corresponding alka.li salts. 

All these complexes may be represented by the formula [C5H 41N .C ( =N .NH,)O]. Cu.X, 
nH10, where X is a monovalent acid ra.d.ica.l. Compoun:i (:l.=n could not be prepared 
since the iodine, liberated on addition of alkali icdHe t'l copper acetat-e solut..ion, oxi.r,lised 
isoniazid to bis-niazid. All these complexes are light green in colour, insoluble in water, 
ethanol, chloroform but soluble in pyridine. These are decomposed by mineral acids 11.nd 

1. Experientia, 1962, 8, 298; Hdv. Claim . .dm, 19&3, 36, 3. 
2. E~ia, 1953, 9, 370. 
t. Aruh. PhGrm.., 195t, Z81, 45. 
8 •. <Uti Btx;. /AmJJGrrl4 Sci . .Med. bi.» .. , 19531 8, .45. 
8. Ohllm • .Aba., 1965, 49, 14169. 
7. William el al., J . .dmer. Plwrm . .dHOC.,l9511, 41, 282. 
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on wa-rming with alk~li hydroxides, nitrogen is evolved with form~tion of &n omngl!,-n:d 
precipitate. 

When isoniazid isadded lo copper acetate solution prior to tha.t of alkali so.lta, a.nd'Jil!l 
yellowish green copp!lr complex of empirical formula. CsHsN30CuX (X=CL or :Br) (Ill} 
is formcd where copper is present in mono and divalent states. On trea.ting th'i! complex 
with dilute nitric acid, a white compound .separated which on a.na.lysis was found tab., 
cuprous chloride or bromide. On treatment with sodium bicarbona.tes:Jlution, the complex 
was converted into a. lJrownish yellow complex of molecular formula., (lsoniazid)­
Cu3 (HC03l3 . Further work for the qetermina..tion of the structure of this complex. ia 
under pri.Jgress. 

Cuprous Oomple:JJU of Isoniazid 

No com}llex of isoniazid with copper (I) h~!l been rep:ll'ted so fa.r. The prea~ee of 
copuer (I) in com11lex (Ill) indicates that isoniazid may form cuprous complexes 8.11 walt 
These ho.,·e becn prepared as yellow- or orang3-colourcd compounds from cuprous chloride, 
bromide, iodidP, nnd thioc·yanate and are insoluble in water, ethanol, chloroform, but 
!'eadily soluble in pyridine. The empirical formulas correspond to G;H60N!CI1X. (X=CI," 
Br, I, & CNS). In Yiew of the well-known tetrahedral confignration exhibited by cupr.Jil8 
com}1lexes, these may be rl'.prescnted as : 

or 
Cu-+ R 

Cu...;.& 

Cu-+ R 
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In the first case iBoniazid behaves as a l·identate, but in the second case it beha.vl!"l 
as a mouodentate. Further work on determination of molecular weight and magnetic 
susceptibility is under progress. 

Ge;urnl Metkocl for the Preparation 

Mo,~ois'J'II.iazirl Copper (II) Oompltzes.-To a solution of neutral copper acetate 
f)u(CH3COO)..H .o (~ fJ.) in water .(fiO ml) containing acetic acid (2 drops) wa!l a.aded a 
solution of an equivalent amount of sodium selt followed by addition of ilil:mia.zid. 
(1.37 g.) in water (20ml). The light green copper (II) complexes, racorded in Table IA, 
were filtered, ·washed with water, ethanol, and ether, and air-dried. 

The analyse~ of copper ana tobl isoniazid in these complexes were carried out in the 
following manner. 

Copper was preciiJitated as copper sulphide from a solution of known weight of the 
complex in HCI (dilute), filter.:lrl, o.nd determiner\ iodometrically. For determination of 
total isoniazid, the filtrate was aerated to remove H 2S, neutralised with ammonium 
hydroxid~, and made slightly o.cidic with dilute acetic aciu; 5% etha.noli~ solut.i"n of 
salir.ylaldehyde was then &ddcd to it and the :whole hca.tc<l on a water bath for 4.5 min.~. 
and cooled. The precipitated salicyla.ldene-isonicotinic acid hydrazide was filtered, 
washed ll'ith 1% ethanol, and driOO. &t 100° to a consta.nt weight. 

Monoisoniazid Copper (I) Complezu.-Cuprous complexesofisoniazid with c:uprous 
chloride, bromide, iodide, aud thiocyanate were prepared by the follol'dng method. 

A known weight of cuprous compound was dissolved in large excess of a solution of 
the corresponding sodium salt. On addition of a solution of an equivalent amount of 
isoniazid in water, yellow or yellowish orange precipitate of cuprous complex separated 
almost quantitatively. This was filtered, washed with Wolter, ethanol_. and ether, and 
dried in a vacuum desiccator. The complexes are recorded in Table I B. 

Authors' thanks are due to the Council of Scienti6.c and Industrial R~a.rcb, 
New Delhi, for providing a junior research feUowshil' to one of them (Umesh Tewari). 
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