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The major part of this project consists of a study of some 

st~ctural problems relating to biguanide complexes. As an adjunct to 

this work the reactions of the sulphur-containing ligands, guanylthiourea 

ancl di thiobi'l.l.ret, with tra.nai tion metal ions have been examined. The 

co~rdination chemistry of the related oxy-compounds, biuret and 

guanylurea which have been studied extensively by previous authors, h.a.s 

be~n reviewed. 

A series of Qhramium(III) complexes with 1-substituted biguanides 

has been prepared, some for the first time. The electronic spectra of 

the chromium complexes have been interpreted in favour of coordi:oation 

via unsu.bstitu·ted nitrogen atoms only. This hypothesis is in accord 

with deductions made from studies of molecular models. 

A systematic investigation has been made of the coba.lt(II) complexes 

ofl-substituted bigua:nides. Temperature-dependence studies of the 

magnetic properties and measurements of the diffuse reflectance spectra 

in the near infrared, visible and ultraviolet regions and of the 

infrared absorption spectra have demonstrated that two stereochemistries 

exist in the series of compounds examined. It has been shown that the 

red complexes obtained from the reaction of cobaltous salts and 

1-s.rylbigua.nides in ne'l!l.tral solutions are pseudo-tetrahedral. In alkaline 

solutions the ~e reactants afford yellow, square-planar complexes. 

The reactions of cobalt salts with 1-alk.ylbigua.nides yield the yellow 

square-planar complexes under both neutral and alkaline conditions. The 

bonding in these complexes and the reasons for the formation of two 

different stereochemistries are discussed. 



The infrared spectra of a number of complexes of unsubstituted 

biguanide with chromium(III), cobalt(II) a.nd copper(II) have been 

studied for the first time. Measurements were made on both the 

cationic and neutral complexes. n1e observation that N-H bending 

frequencies are higher and C-N stretching frequencies lower in the 

cationic complexes than in the corresponding neu:lira.l complexes, is in 

agreement with a proposed bonding scheme for the biguanide complexes. 

As an extension of the work on bigua.nide complexes the reaction 

of gua.nylthiourea and di thiobiuret with transition metal io1u1 have 

been studied. It has been demonstrated that ~pric sulphate is 

reduced by dithiobiuret and a cuprous complex is precipitated. 

Guanylthiourea and cupric salts react with the formation of mixed 

valence Ou(II) Cu(I) complexes. A chromium(III) complex of 

guanylthiourea has been shown to exist in solution although the pure 

complex has not been isolated in the solid state. 
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CHAPTER l 

!3u.rvez.of t~a: of sopte Qxygen- 2 Nitrogen-, and S1;1lph;y.r-Ce,nta:l.ning, 
IJ.ganQ.!i 

A great deal of interest has been taken in the group of compounds 

with structures based on I, overleaf. Here X and Y represent o:xygen, 

sulphur or the imino group as shown in II through VII. The 

importance of the compounds, and their derivatives, arises from the 

usefulness of many of them, both as drugs and as ligands in forming 

complexes with transition metal ions. These properties have stinntlated 

research into the chemistry of the compounds and, indeed, a number of 

attempts have been made to correlate the complex forming ability of the 

compounds with their biological activity (e.g. 42, 109). 

Biguanide, II, and its derivatives have been more extensively 

studied than any of the other compound.s. The parent compound (II) was 

reported first by Rathke in 1S7S (76). The syntheses of the httndreds 

of substituted biguanides reported since then have been greatly 

stimulated by the fact that many of them possess useful medicinal 

properties. Thus biguanides have found uses as hypoglycemic agents, 

trypanocid.es, bactericides, antirhe'Wl.la.tic and anti-infla:mmatory- drugs 

and in the treatment of skin and mental disorders. 

The first biguanide complex was made by Rathke (76), who obtained 

a pink precipitate, of bisbiguanideeopper(II) sulphate, by heating a 

solution containing cupric sulphate, ammonia, and a crude preparation of 

biguanide. Numerous complexes of biguanide and its derivatives with a 

majority of the transition metals have been prepared since. Most of 
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I 

III Guanylurea 

V Guanylthiourea 

VII Thiobi.uret 

II Biguanide 

IV Biuret ' 

VI Dithiobiuret 

(The superscript figures 
demonstrate the numbering 
system for the nitrogen 
atoms in each of the 
cotnpb\l!lds.) 



these have been reported within the last thirty years by Ray and co-workers, 

who have carried out an extensive study of the preparation and properties 

of big;uanide complexes. Ray (78) has prepared a .fairly comprehensive 

review of the chemi.st:cy of biguanides and biguanide complexes, covering 

the literature up to about 1960., Table I,1 page 8 in this chapter is an 

up.dated version of a table in Ray's review, and lists all the biguanide 

complexes reported before July 1968., 

Since Ray (78) has given a fairly extensive review of the methods 

of preparing the various biguanides, a brief summary is all that is 

necessary here. 

Biguanide :i.tself can be prepared quite satisfactorily by heating a 

finely ground, intimate mixture of dicyandiamide and ammonium chloride 

at 160.165°0 for about 10 minutes. The biguanide is isolated from the 

byproducts as ita copper complex and then liberated from the complex in 

acid solution (53). The disadvantages of the method are the low yield 

(ca 15%) and the necessity .for the tedious separation as the copper 

complex. 

A method which has neither oi: these disadvantages was reported by 

Shirai and Sugiro (95). In their procedure, Q.alkylisourea, guanidine 

and guanidine hydrochloride are heated in alcoholic solution, affording 

bigua.nide hydrochloride in yields of about 60%. 

1-mono- or 111-di- substituted biguanides are readily prepared by 

the reaction of dicyandiamide with the appropriate amine hydrochloride 



4 

(100, 45). 

H2N.C(:NR) .. :t-TH.,C!N + RR 1NH.HC1- RR 1N.C(:NH).NH.C(:NH)NH2.HCl. 

(R ::::: H, alkyl or aryl; R' ::::: alkyl or aryl). 

1,5-disubstituted biguanides can be prepared fairly readily by a two-step 

synthesis (24). 

NaN(CN)2 + RR'NH.HCl~ RR'N .. C(:NI-I).NH.C:N + NaCl., 

RRtN.,C(:NH).NI-I.CiN + R"Rm NH .. HCl-RR'N.,C(:Nii).NH.C(:NI-I).,NR"R111 .,HCl 

(R ::::: H, alkyl or aryl; Rf ::::: alkyl or aryl; 

R" = H, alkyl or aryl; Rill ::::: alkyl or aryl) .. 

Biguanides substituted at the 2- or 3· position have been reported. 

Cramer (23) prepared 1,2-disubstituted biguanides by the reaction of 

N,N 1-disubstituted thioureas with guanidine in the presence of 1nercuric 

oxide. 

1,2,3-triphenylbiguanide has been prepared by the reaction of 

symtriphenylguanidine and cyanamide (9S) • · 

NH¢.0 ( ;N{d).NH¢ + NH2.CN ____., NH¢.,0 ( :N¢) .N¢.c ( :NH) .,NI12 

Curd et. al. have reported the preparation of a nun1ber of 

1-aryl-2-alkyl-5-alkylbiguanides as part of their work on synthetic 

antimalarials (24). 

ArNCS + NaHN .. CN ~ ArN:C(.SNa).NH.,CN., 

ArN :0 ( .SNa) .. NH .ON + RI -- ArN :C ( .,SNa) .NH .ON .. 

ArN:C(SR) .NH.CN + RNH2 -,... ArN:C(NHR) .NH.CN. 

ArN:O ( .NHR) .. NI-I .. CN +R':R"NH.,Ha - ArN:C ( .NHR)NI·I.,C( :NH)NR'R"., 

(Ar=acyl; R=alkyl; R t = alkyl, R11= alkyl) • 
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1,1,414,51 51-hexamethyl11-iso-..lf biguanide has been prepared (49) 

according to the following series of reactions: 
~ 

2 (CH
3

)2N.ON.2Ha .___._ (0~)2N.O ( :NH) .N:COl.N(CH3)2oHC1. 

(CH.3)2~ (CH
3

)
2
N.O (NH) .N:O(.N(OH

3
)
2
). N(C~)2• 

The foregolng review of the literature concerning the preparation 

of biguanides, demonstrates that quite a. variety of these compounds 

has been reported. 

However there are quite a few types of biguanide derivatives which 

have not yet been prepared and some of these would be interesting as 

potential ligands in complex formation with transition :metals. These 

are discussed in a later section of this chapter. 

Structure II is only one of a number of possible bonding schemes 

for the biguanide molecule, an alternative, proposed by Wellman and 

Harris (110) being VIII below 

II VIII 

Since both 3-substituted- and 1, 114,415,5- hexasubstituted

biguanides are knovnt, both structures II and VIII must exist at least 

in some biguanide derivatives. Thus structure VIII cannot have a 

substituent in the 3- position while II cannot give rise to 1,1,4,4,5,5-

hexasubstit~ced products. No conclusive evidence has yet been reported 

which establishes the structure of the parent compound. On the other 

hand, Wellman and Harris (110) by using N.M.R., spectroscopy to study 



some substituted biguanides in acid solutions have found evidence for 

the existence of mono-, di- and tri-protonated biguanide ions in 

solutions of varying acidity (see IX, X and XI below). 

r ~~ 
~N--..O•N~O•NH2 

IX 

]

+ I f2 ~ j-~ 
fm .... ~--NH-~-NH2 

X XI 

+ + 

Ray (78) has reviewed the preparation and properties of guanylureas 

and guanylthioureas. The review is comprehensive and, in most respects, 

quite satisfactory, though one important error should be pointed out. 

The reac·tion of dicyandiamide with al:i.:phatic alcohols in ·the presence of 

cupr:i.c salts was described as proceeding according to the equation: 
Cu(0Ac)2 , 

H2N.,C(:NH).NH .. OiN + ROH ~N.C(:NH).NH.C(:O).NHR. 

It has been shown recently (27) trJ.at the reaction affords, not the r ... 
alkylguanylurea as suggested by Ray, but the Q...alkylgu.anylurea as shown 

in the reaction: 

The review and a series of papers published by him and his coworkers 

relating to these so-called ~ -alkylguanylureas should :i.n fact, clefinitely 

refer to the corresponding 0-alkylguanylureas. 

The preparation and properties of these compounds and numerous 

derivatives of them have been described by Kurze:r. (54)~~ Only the parent 
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compounds biuret and dithiobiuret have been shown to form complexes 

with transition metals and a discussion of these is presented later in 

this chapter. Complexes of thiobiuret have not been reported. 

Biguanide, like many other ligands, is a moderately strong base 

(PKa=l2.8 at 25°0). The neutral molecule acts as a bidentate 

chelating agent, bonding to metal ions through two of its terrnil1al 

nitrogen atoms thus forming a six-membered chelate ring. The numerous 

substituted big'Uanides which have been show to form complexes with 

transition metal ions (see Table 1.1) are all bases with pKa values 

comparable with that of the parent campound0 

In strongly alkaline solutions, a biguanid.e loses a proton and under 

these conditions neutral complexes are formed with transition metal ions ... 

ioeo bis-biguanide complexes with divalent metal ions and tria-complexes 

with trivalent cations. 

Although it is accepted that two of the four terminal nitrogen atoms 

act as donors in complex fol~nation, it has not been proved which two they 

are. Thus there are at least four bonding schemes which may be correct 

(see XII to XV) for neutral complexes. 

Hz~ ~N'C=N j Hzl\C=NH ;;=~ 
H( ~ 

~'~)! 
Nl M 

'c-~ C= NH "c ... NH2 ""c .... mr 
II 2 I II I 

HN H2N HN H2N 

XII XIII XIV XV 

(M represents the fequired fraction of a co-ordinated metal ion 

i.e. one half or one third). 
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tabJ.e hl 

~i~a~~e Cpmnl~~e§ of tpe fir~t ~o~ tran~iti£~ metal~ 

Metal Ion 

Ligand vrv Criii Mniii MniV Feii Feiii 00II 00III Niii Ouii znii 

--
Biguanide + + + + + + + + + + 

1-methy1 ... 
biguanide + + + + + 

1-et,hy1- + + + + + 

1-propyl- + + 

1-isopropyl- + + 

1-butyl- + + 

1-hexyl- + + + + 

1-(2-hydroxy-
ethyl)- +. 

1- (3-hyd.roxy-
propyl)-

l-(2...methoxy-
ethyl)-

1-(3...methoxy-
propyl)- + + 

1-phe:nyl .... + + + + 

1-benzyl- + + + + 

1-(p-toly1)- + + 

1 ... (p-etho~-
phenyl)- + 

1-(p-acetyJ.am.,. 
inophenyJ.)- + ... 

1- (4-su1pho-
phenyl)- + + + + 
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Table 1.1 (Cont 1d) 

l(?.OW Bi:J}n).de. Complexes of the t.:i.~r!:1t .. !'-0! t:t:.~P.@i.:t.ion meta].!, 
continued 

Metal Ion, 

~~----~--~----------~~-------~~-----------------------

Ligand vrv Criii Mniii MniV Feii Feiii 00II 00III Niii Ouii znii 

~- .. ... u ... 4 I' "'Ill' r ., ,. •• ; u """ ......... _...,OlO'!t•"'·- --- . . 
1-(p-aulphamoyl-

phenyl)- + 

1-(l ... na)h ... 
thy1 ... + 

1- (2-su1pho-
1-naphthy1)-

1,2-(o-pheey .... 
1ene)- + + + + + 

112-(ethy ... 
1ene)- + ... 

1,1-dimethy1- + + + + 

1,1-diethyl- + + + 

1,5-dipheny1 ... + + 

1-methyl ... l-
phenyl- + 

1-ethyl-5-
phenyl- + 

1- (p-chloro-
phenyl)-5-
isopropyl ... ;:. + + 

" ft. 

1,1 ... ~ethyl-5 .. 
phenyl- + + 

1,1,51 5-tetra-
methyl. + 
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Ta~l~ l 1l (Oonttd) 

Known bi~~e C.Q.m;elexes_ of .?ll.9.. and .l.rd rQl{ 
ttanaition metal! 

Metal Ion 

-----------------... -.,,..,._ _______ ~ --·-· -~ ·-·----· 
Bigw1nide + + + + + + + + 

1-methyl-
biguanide 

1-ethyl-

1,1-dimethyl-

1 ... (2-hydrox:y-
ethyl) ... 

1-(.3-hydroxy ... 
propyl)- + 

1-(2-methoxy .... 
ethyl)- + 

1-(:3-.methoxy-
propyl)- + 

1-phenyl ... + 

1-benzyl ... + 

1,5-diphenyl- + 

l,l ... diethjrJ....5-
pherlYl- + 

1-(p-chloroph-
enyl)-5 

isopropyl- + 

--... ·-----.... ---·---~--~ ..... --,..... ___ . ...,...._ ____ _.._ __ 
~; Complexes reported after 1960 are those of iron(II) and iron(III) 

(Ref. 90), ruthenium{III) (Ref. 89), rhodium(III) (Ref,. 96), 

iridium(III) (Ref. 97), ple.tinum(II) (91), platinum(IV) (Ref. 93) 

and gold(I) and gold(III) (Ref,. 92). 
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When a proton is added to each ligand molecule, so that the complex 

becomes a cation with the ligands formally neutral, even more 

possibilities arise. Ray and coworkers (78,86) have proposed XII and 

XVI as the structures which best account for the chemical properties of 

neutral and cationic biguanide complexes, respectively. In the latter 

case {XVI) the biguanide molecule is supposed to act as a zwitterion. 
+ 

RR'N RR'N ~N 
\ \ \ 
C:::::NH C=NH C=Nl. 
I \ I \ I \ 

N M N M HN M 
~ I \\ I \ I 
O-NH2 C...NR"R"' C-NH2 
I I II 

R"R'11N ~N HN 

XVII XVIII XVI 

In Ray•s opinion, then, an imino nitrogen is deprotonated in both 

the neutral and cationic complexes, the proton in the latter case being 

accommodated on a quarternar.y nitrogen. He pointed to the preparation 

of complexes of' 1,1,5,5-tetrasubsti.tuted biguanides as evidence in favour 

of this hypothesis, reasoning that in these complexes only the 

imino-nitrogens could be deprotonated. He appears to have neglected the 

possibility that the intido nitrogen, w3, could be deprotonated in this 

case. {see XVII and XVIII). 

The structure {XIII) proposed by Curd and Rose (25) was discounted 

by Ray {78) because it did not explain adequately the chemical properties 

of biguanides as observed by him. However, Ray's arguments and 

experiments have not proved conclusively that XIII or XVII or XVIII are 

incorrect. The preparation of a complex with an N3-substituted biguanide 

would eliminate structures XVII and XVIII, but no such preparation appears 

to have been reported. 
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Further structural isomers must be considered when complexes of 

some substituted biguanides are studied,. In the case of an N1-subst.itu·ted 

biguanide it is not only necessary to decide whether amino- or imino-

n:l.trogens are co-ordinated, but, also whether the substituted amino 

group is co-ord:tnated or not (as in XIX and XX). 

RHN 
\ 
C=N 

I \ 
NH M 
\ I 

C-NH2 II 
HN 

xn: 

~~ 
C=N 

I \ 
Nii M 
\ I 
c ... mm 

II 
HN 

For ~-substituted biguanides Hay and Saha (86) have postulated 

structure XX on the basis of their chern:i.cal evidence and once again 

their hypothesis is open to some doubt. In postulating XX they have 

made the assumption that biguanides are able to co-ordinate through a 

substit;uted nitrogen atom. Since many ligands, notably N-substituted 

ethylenediamines and salicylaldimines, are known to do just that, their 

assumption would appear at first sight to be quite reasonable. However 

they seem to have ignored the fact that Cramer (23) and Slotta and 

Tschesche (98), having prepared 1,2-di-substituted biguanides, found 

that they could not isoJ.a·he copper complexes of them. This fact suggests 

that biguanides may not readily co-ordinate through subst.ituted nitrogen 

atomso Furthermore it has been shown by Diana et. aJ.. (27) that although 

0-substituted guanylureas(XXI)and N3-substituted guanylureas (XXII) 

readily form complexes wi'th metal ions, the ~ -substitut.ed guanylureas 

(XXIII) do not. They attributed these properties to the steric hindrance 



between the metal ion and the substituent which canno.t be avoided when 

compounds of type XXIII co-ordinate with a metal ion through the 

substituted nitrogen atom. 

XXI 

HO 
\ 
O=NH 
I 

HN 
\ 
C=NH 
I 

RHN 

XXII 

HO 
\ 
O::::NR 
I 

HN 
\ 
C=NH 
I 

~N 

XXIII 

It should be noted that Ray and Dutta (82) had previously, and 

mistakenly, assigned structure XXIV to the compounds which were in 

fact 0-substituted guanylureas XXI. Ray and Dutta thus thought they 

had proof that guanylureas, at least, could co-ordinate through 

substituted nitrogen atoms (as in XXV). 

0 0 
\\ \\ 
C-NI-nt 0-NHR 
I I \ 

HN HN M 
\ \ I 
C=NH C=N 
I I 

H2N H2N 

XXIV XXV 

Studies of the chemical properties of biguanide complexes appear 

to have left us with very little definite inforn~tion about their 

structures. Thus there is still uncertainty about which tw·o of the four 

termi:n.al nitrogen a toms in t,he parent biguanide are actually co-ordinated 
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in metal complexes; it is not known whether the chelate ring is 

conjugated (structure XV) or not, and in the complexes of substituted 

biguanides there is some doubt that the substitu·ted nitrogen atoms are 

able to co-ordinate with the metal11 

Very little use has been made of physical techniques in structural 

studies of the biguanide complexes. 

The infrared spectra of some copper and nickel complexes with 

substituted biguanides have been used to demonstrate (77) that j_somerism 

of some kind may exist in these supposedl:y square planar complexes. 

No attempt was made to assign any of the bands in these spectra to 

vibrational modes of the complexes. 

Electronic spectroscopy has been used to a limited extent in 

studies of biguanide complexes. Single-crystal spectra of some 

bis-biguanide-copper(II) and -niekel(II) halides (15) and of tris

biguanide chromium(III) (5) have been reported recently. Banerjee. and 

Basu (6) have recently studied the so~ution and diffuse reflectance 

spectra of a siiver(III) complex of the tetradentate ethylenedibiguanide. 

The absorption and circular-dichroism spectra of the tris-bigua~tde 

complexes of chromium(III) and cobalt(III) have been reported by 

Michelsen (59). 

These studies have been concerned not with the bonding·in the ligands 

but rather with the environment of the metal ions. 

A number of thermodynamic studies of biguanide complexes of copper(II), 

nickel(II), cobalt(III) and chromium(III) have been made., Both 

spectroscopic and potent1.ometric techniques have been used in these studies. 
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The kinetics of ·the dissociation of some tris-biguanide complexes of 

chromium(III) and cobalt(III) were investigated by Banerjea and coworkers 

(8). They followed changes in concentration of the various species 

spectrophotometrically at suitable wavelengths., A similar technique 

has been used by Ray and coworkers in determining the stabilities of 

quite a number of copper and nickel biguanide complexes (78). The 

potentiometric (pH) method has been used to determine the stability 

constants of Cu(II), Ni(II) Co(III) and Cr(III) complexes (78). 

No definite correlations have been found between the base strength of 

the biguanides and the stability of their complexes. An interesting 

problem has been posed by earlier studies of biguanide complexes of 

cobalt(II). It has been found (84,85) that some of these compounds 

are yellow, with magnetic moments in the range 2.,0 to 2.8 B.M. while 

others are red and have magnetic moments of the order of 4.8 B.M. 

It has been postulated (78) that the yellow complexes are low-spin, 

square planar. There has been no systematic study of this phenomenon 

and the structures of these complexes have been only tentatively assigned.,. 

Table 1.2 which lists the known guanylurea complexes collates data 

from a review by Ray (78) and the literature after 196J..,. As mentioned 

earlier (page 6) the alkylguanylureas are now referred to correctly as 

o ... alkylguanylureas rather than N1 ... alkylguanylureas as described in many 

earlier papers. 

The similarity of the visible absorption spectra of biguanide and 

guanylurea complexes was cited by Ray and coworkers as evidence for 
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nitrogen bonded structures for the latter (78). Structures proposed 

by Ray (78), and others are shown below, XXVI to XXVIII, as are the 

alternative structures XXIXa and XXI]~ which are analogous to structure 

xv, proposed earlier for biguanide complexes. 

H2N 
\ 

HzN 
\ 

H2N 
\ 

H2N 
I 

H2N 
\ 

C=N C=N C=N c~:mr C::::NH 
I \ I \ I \ # \ I \ 

NH M NH M N M N M N M 
\ I \ l \\ I \ I \\ I 
C-NH2 C:::NH Q ... NH

2 C=NH 0-NH 
1/ I / I I 

0 HO HO HO HO 

XXVI XXVII XXVIII XXIXa XXIXb 

(Re.f. 78) (refo 27) (ref., 27) 

Stru.cture XXVI cannot hold :l.n the ca.se of an 0-alkylgua.nyl.urea and 

is therefore most probably :incorrect also for the parent compound. 

There is no real evidence ava:l.lable which enables a choice to be made 

between the c:~ther structures, although XXIX has the advantage that it 

allows stabilisation of the chelate ring by delooalisation of 1T ... electrons. 

In the cationic guanylurea complexes the extra proton on each ligand 

molecule must presumably be acc~mnodated on a nitrogen atom. Once 

again there are several possible structures which could account for the 

protonation and some of these, XXX to XXXIII, are shown below with 

appropriate references if they have appeared in the literatureo 

H N+ H N+ H N+ HzN 3\ 3\ 3\ \ 
C=N C=N C=N O=NH 

I \ I \ I \ I \ 
NH M N M NH M +NH M 
\ / ~ I \ I \ I 
C-NH2 C-NHz C=NH C-:NH 

! I . I I 
0 HO HO HO 

XXX XXXI XXXII XXXIII 

(Ref. 78) (ref., 2'J) (ref. 27.) 
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Ifible ,1,2 

Metal Ion 

-------------•-m--•-w-•·----------·------·--·~-----...--.w.--...----•--·~-~~--·'----m~----
Ligand 

guanylu.rea 

0-methylgua.nylurea 

o ... isopropyl-

Q...n-bu.tyl 

0-iso-butyl-

0-iso-amyl-

o-n .... he:x:yl-

0-(2-hydroxyethyl)-

0-(2-methoxyethyl)-

{a) 

(a) 

{a) 

o-(2 ... ethoxyethyl).... (a) 

0-(2-bu.taxyethyl)- (a) 

o ... benzyJ..,.., 

~-phenyl 

+ 

+ 

+ 

+ 

+ + 

+ 

+ + 

+ + 

(b) 

(b) 

(b) 

+ 

'!!· 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(b) 

(b) 

(b) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(b) 

(b) 

(b) 

'---~-- $ -#I0'""''"'"' __ ,.. __ ~· .. --------------·---1!-.,_.----.. --..... -,_~ 

Note: +Represents a known complex listed previously by Ray (Ref. 78, p323). 

(a) and (b) represent complexes reported after 1960 as follows: 

(a) Dutta R.L. and Lahiry s., Ref. (32). 

(b) u 11 II It II (31) o 
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Stru.cture XXX, proposed by Ray (78), ca.n be assumed to be incorrect, 

on the same grounds used for excluding XXVI. 

There is at this stage no means of choosin.g between the remaining 

structu:r,-es. 

Complexes of N-substituted-guanylureas are not well known., It has 

been shown that N1-substituted-gtw.nylureas do not form comple:>::es (27) 

and apart from this, the only work on N-substi'tuted-guanylurea complexes 

was the preparation of a copper(II) complex of ~-phenylguanylurea b,y 

Ray and Bandyopadhayay (79). 

Physiochemical studies of guanylurea complexes have been even less 

numerous than in the case of biguanj.de complexes. Quantitat:i.ve s·tudies 

of the stabilities of some copper(II) and nickel(II) complexes have been 

conducted by Dutta (29), who measured concentrations spectrophotometrically 

at suitable wavelengths. 

The electronic spectra in the visible region, for a number of 

copper(II) and niokel(II) (29) and some cobalt(III) complexes (30) of 

alkyl-guanylureas have been measured, Room temperature magnetic moments 

of some comple:>t:es have been determined (31,32) but no temperature 

dependence studies have been reported, 

Complexes of guanylthioureas have been studied to a very much lesser 

extent than have those of the biguanides and guanyl.ureas. Table 1.,3 

lists the known complexes of' guanylthioureas: 
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Ligand Co II Niii Cui I Pdii 

guauylthiourea + -+ + + (Ref. 78) 

S-ethylguanylthiourea ·+ + + (Refo 69) 

---------------·---·~---~--~--~·--·-·-·--------------------------------------

Ray and coworkers (80178,73) have suggested that, unlike guanylurea1 

guanylthiourea may coordinate with a metal ion either through two nitrogen 

atoms or through one nitrogen and the sulphur atom. Structure XXXIV was 

proposed for the palladium(II), cobalt(II) and (III) and the copper(II) 

complexes while the nitrogen-bonded structure, XXXV was assigned to the 

nickel complex. These structu1~l assignments were based on the colours 

of the 

HN 
\\ 
C - NFI2 I \ 

Nfi M 
\ I 

C-S 
f 

HN 

XXXIV XXXV 

complexes and the reactions of the complexes with warm alkali. It was 

suggested that the decomposition of the cobalt, copper and n.i.ckel 

compounds to the corresponding metal Sulphides in the presence of warm 

alkali implied sulphur to metal bonding in these complexes. The nickel 

complex was unaffected by warm alkali and resembled the biguanide and 
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guanylurea complex in colour and was therefore believed to contain 

nitrogen - metal bonds only. 

Cobalt(II), nickel(II) and copper(II) complexes of S- ethyl

guanylthiourea were prepared by Paigankar and Haldar (69). The 

magnetic properties of the cobalt(II) and copper(II) compounds were 

studied between 85°K and 300°K. Both complexes obeyed the Curie-Weiss 

law; the cobalt complex had a magnetic moment of 2.26 B.M. at 297°K 

and a Q value of 17°K while the copper complex had a moment of 1.82 B.M. 

at 292°K and a a value of 4°K. 

Colour and chemical propei~ies implied metal-sulphur bonding in 

the cobalt complex and metal-nitrogen bonding only, in the copper and 

nickel complexes. 

The analytical applications of guanylthiourea were studied by 

Trimble (104). Of twenty· metal ions studied, he found that only five 

(Cu(II), Co(II), Ni(II), Pd(II) and Ag(I)) afforded. precipitates with 

the ligand. Analy·ses of these precipitates showed that the compounds 

fo1~ed were not stoichiometric, although in some cases they were almost 

so. For these complexes the metal to ligand ratios were as follows: 

copper 1:1, nickel 1:2 and cobalt 1:2. 

The ratio for palladium was indeterminate and the s~ver compound 

was not analysed. 

There have been relatively few biuret complexes reported, but most 

of these have been studied in detail. The X-ray structures of the copper 
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complexes lt.z [Ou(C2H
3
o

2
N
3

)
2

] 4H
2

0 and [Cu(C
2

H
5
o

2
N
3

)2 J 01
2 

have been 

determined {4.31 44) Nardelli and coworkers have determined structures for 

the zil1c{II) cadmiu:m(II) and mercuJ:-y(II) complexes {611 62 31 6.3). 

Structures of several other complexes have been inferred from 

spectroscopic evidence (17,57,58). 

Three distinct type~ of coordination have been found in biuret 

complexes. In the anionic copper complex mentioned above, biuret is a 

bidentate ligand, coordinating through two nitrogen atoms as shown ::i.n 

XXXVI. The complex i.s square planar although there are weak axial 

interactions between the copper ion and two n:ltrogen atoms from adj1acent 

complex molecules. (S11ch a situation is depicted for a hypothetical 

biguanide cc)mplex in figure .3.,4a on page:r~). 

0 0 
\ / 

C ... NH HN .... a 
I \ I \ 

HN Cu NH 
\ l \ I 
a- NH HN ... a 

I \ 
0 0 

XXXVI XXXVII 

+ 
+ 

The si'l:iuation is different in cationic copper biuret complex where 

it 1.rM~ found (4.3,44) that biuret is bonded to the metal via two oxygen 

atoms as shown in XXXVII. Again, the complex is square planar and in 

this case there are weak axial interactions ·with the two chloride anions. 

~ similar structure has been determined for the cationic zinc(II) complex 

(6.3) 0 

Nardelli et. al. (61) have been determined the complete structure 
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of the complex CdC12.2C2H
5
o2N3• They found that each ca&nimn ion is 

surrotulded by an octahedron consisting of four chloride ions and two 

oxygen atoms, one from each of the two monodentate biuret molecules., 

The octahedra are joined, by shared edges made up of bridging chlorines, 

into long chainso 

The same authors have shown that the corresponding mercury(II) 

complex is isostructural (62). Melson and McClellan (57) have used 

infrared and electronic spectroscopy to determine the structures of a 

number of biuret complexes of divalent metals,. For complexes with the 

II ·] general formula [M (c2rr
5
o2N

3
). 012, where M is Ni, Cu, Co or Mn, they 

concluded that the ligand is bidentate and coordinated via oxygen., 

A similar structure has been postulated for tris (biuret) chromium(III) 

perchlorate by Chatterjee and I'orter (12). 

It appears, then, that the type of coordination undergone by 

biuret with transi·tion metal io11s depends largely upon the conditions 

maintained duri.ng the react:ton. In the cation:l.c complexes obt~:tined from 

neutral solutions the bonding is via oxygen while the anionic complexes 

obtained from alkaline solution, coordination is via deprotonated runino 

groups. 

The only one of these complexes to have been obtained pure and 

properly charac)terised is a silver(I) derivative reported by Stephen 

and Townshend (100) as having the formula [Ag2 (c2rr
5
N
3
S2)

3
J(No

3
)2• The 

authors interpreted the infra-red spectrum of this complex as indicating 

monodentate coordination of dithiobiuret via a m.1lphur atom., 



2.3 

Bandyopadhayay (4) obtained a number of coloured dithiobiuret 

derivatives when he caused dithiobiuret to react with transition metal 

salts in aqueous solutions.. Most of these compounds were stable to 

dilute mi.neral acids but decomposed to the metal sulphides in alkaline 

solution or upon heating., The compounds were neither characterised 

nor analysed in any Wf:J.Y • 

T11e only other dithiobiuret complex reported previously is the 

yellow cuprous compound obtained from the reaction of dithiobiuret and 

cuprous chloride in an aqueou.s medium (.3).. Th.is complex was not 

characterised in any way. 

1.9. ~..,1U!i_Q.nJ! 

The gross structural features of the complexes mentioned in this 

review have been established to a large extent. Thus it is obv.tous 

that biguanides are able to coordinate only through nitrogen donor 

atoms, and it appears that guanylureas do the same (10)., There is 

some evidence, however, that guanylthioureas are coordinated through 

nitrogen--sulphur in some complexes and nitrogen alone in others. The 

type of coordination in biuret complexes appears to depend mainly upon 

the method of preparation,. L:l.ttle can be said at this s·bage about 

the complexes of dithiobiuret since they have been so little studied., 

The only complexes for which detailed structural data are available 

are the biuret complexes of copper (43,41~) and zinc (63).. Clearly the 

most useful way to obtain similar details for the other complexes is to 

undertake X-ray diffraction studies on them., Howe·ver, it seems certain 

that the application of o·ther, less time-consuming, techniques should 

provide some insight into the bonding in these complexes0 



24 

It should be possible to determine which are the donor atoms in 

most complexes, by means of electronic spectroscopy. Such studies 

have already been used in determining the type coordination in some 

biuret and guanylurea complexes and should be applicable to guanylthiou:rea 

and perhaps dithiobiuret complexes. 

Infrared spectroscopy has been used to a limited extent in 

studies on b:i:uret complexes. Its use in other cases may be restricted 

somewhat by the complexity of the molecules involved., Magnetochemical 

studies should provide information on the stereochemistries of the metal 

ion in some complexes and will thus be indirectly useful onl:y, in studies 

of the bonding in the ligands. 

Complexes of biguanide and its derivatives have been studied more 

extensively than the complexes of any of the other ligands mentioned 

above and yet very little definite detailed structural information is 

available. In the case of the ~-substituted biguanides, fol .. example, 

it is not known whether the substitu·ted nitrogen is coordinated with the 

metal or not. The possibility of conjuga:bion in the chelate ring has 

not even been discussed previously althmtgh the ligand would probably 

lend itself readily to stabilisation by this means. Finally, the 

arrangement of the protons in these complexes is not at all certain. 

A more detailed study of the compounds by chemical and physical techniques 

should lead to a bet·ter UJ.'lderstanding of at least some of these points. 

In conjunction with studies of the biguanide complexes it should be 

interesting to investigate the complexes of some of the other ligands. 

A comparison of the properties of biguanide with those of guanylurea and 

gua~lthiourea in which one nitrogen is replaced by oxygen or sulphur 
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and with biuret or dithiobiuret, w.here two nitrogens are replaced, should 

be instructive. 
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CHAPTER 2 

BIGUl\.NIDE COMPLEXE.§. 

Studies of the Ooordi~~ioa of Biguanide ang SubstitujLed Bigganides 

The bonding in biguanide complexes has not been studied previously 

in any detail. Some features on whieh evidence is required are the 

following: 

{i) the correct formulation of bigua.nide complexes as either 

cationic or neutral species 

{ii) the arrangement of protons on the ligands in these. 

complexes 

{iii) the degree of conjugation in the chelate ring 

{iv) the ability of substituted nitrogens to aet as donor atoms 

in complex formation. 

In this study it has been demonstrated that biguanide eomplex bases 

should, in faet, be formulated as the hydrated, neutral species rather 

than as the corresponding hydroxides. Infrared and visible- u.v. 
spectra have been used to establish formulae for these complexes. 

Points {ii) and {iii) are closely related since the arrangement of 

protons on the ligand Skeleton is dependent upon whether or not there 

is conjugation in the chelate ring. Attempts have been made to devise, 

a suitable synthesis for N3-substituted biguanides which should be of use 

in an investigation of these features. 

Complexes of some r ... substitu·ted biguanides have been studied and it 
' ' 

has been shown that in none of these complexes does a substituted nitrogen 

act as donor atom. 
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In general it is accepted that biguanide complex salts contain 

[ ~-~ n+ the cationic species, M(BgH)n , associated with anions, nx-. 
However, in the ease of the corresponding complex bases both the 

formulae [M{BgH)n] (OH)n and [M(Bg)nJ.nH2o have been used indiscriminately. 

It is clear that these two formulations imply the existence of two 

distinctly different complex species, one cationic the other uncharged. 

In the former species the ligand is formally uncharged, in the latter i.t 

is deprotonated and therefore negatively charged. 

Same indication of the correct formulation of the complex bases can 

be obtained from the fact that they can be dehydrated easily to the 

anhydrous compounds which can only be formulated CM(Bg)nJ. Now if the 

hydrated complex base is actually [M(BgH)J (OH)n' then dehydration has 

resulted in a change in the nature of the complex species, from [M(BgH)Jn+ 

to [M(Bg)J • Thus dehydration Should also be accompanied by some changes 

in the properties of the complex. The infrared spectra of several 

hydrated and anhydrous complex bases have been measured, and while a 

detailed discussion of these spectra is reserved for chapter 4, the following 

points are of significance here. The only changes observed j,n the infrared 

spectra of the complexes after dehydration were the absence of bands in 

the 3 micron region, whiCh could be attributed to O.H stretching 

vibrations. No shifts were observed in the N-H deformation and 0-N 

stretching bands, whiCh occur below 1700 CDrl. It has similarly been 

found that dehydration does not result in any changes in the electronic 

spectra of biguanide complex bases. Thus these observations, which Should 

be fairl3· sensitive to changes in the nature of the complex species, 
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suggest that the hydrated and anhydrous complexes should be similarly 

formulated as [M(Bg)nJ .~o and [M(Bg)n] o 

In support of this hypothesis it has been shown that there are, 

on the other hand, marked differences between the properties of a 

complex base and the corresponding salt. A detailed study of the 

infrared spectra. of a number of these complexes is described :l.n 

chapter 4. It has been found that for a complex salt the N-B 

deformation frequencies are higher and the C-N stretching frequencies 

lower than for the corresponding base. Furthermore the electronic 

spectra of complex bases and salts are significantly different. 

From table 2.1 it may be seen that there is a hyposochromie shift of the 

spin allowed bands on passing from base to salt, in the octahedral 

complexes of chromium(III) and eobalt(III). 

:t'§ble 2...1 

Ej.ectiQnie Specjira of l?iguanide 09JliDlex.eJ! 

Complex Diffuse Reflectance spectrum (cm-1) 

[Or(Bg).3 J 20,000; 26,200 

CCr(BgH)3lca3 20,700; 27,100 

CCo(Bg).31 19,600; 26,800 

[Co(BgH)3Jcl
3 20,200; 27,800 

This evidence favours different formulations for biguanide complex 

bases and salts and it would appear that the species should be formulated as 

[M(Bg)~l •XHzO and [M(BgH)~Xn respectively. 
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2.2. COordination of l.SU~mtituted Biguanid#§ 

a) Studies ;with Molecglar Mode:Lm 

The steric interactions caused by the addition of substituents to 

one coordinated nitrogen atom in each of the ligands in a tris-bigua.nide 

complex were examined qualitatively by means of covalent molecular 

models (Oatalin). 

It was found that although three unsubstituted bigua.nide molecules 

could be accommodated easily around a metal ion, the ~ddition of even a 

small substituent, such as a methyl group, gave rise to a certain amount 

of steric interaction. As the size of the substituent increased from 

methyl, to isopropyl or phenyl, the steric interaction became more severe. 

However, it appeared that most mono-substituted biguanides could be 

accommodated even though coordinated through the substituted nitrogen 

atoms. 

For the 1,1-disubstituted bigu.a.nides the steric interactions were 

much greater. It seemed to be p~ssible for 1,1-dtmethyl biguanide to 

coordinate through Nl, although steric interactions were considerable. 

However, substituents as large or larger than isopropyl or phe~l 

groups made coordination via r impossible. Thus, should the tris 

(1, 1-diisopropyl-biguanide) or tris (l, 1-diphenyl ... biguanide) complexes 

of a transition metal be formed, coordination would necessarily be by 

means of the unsubsti tuted '1ff. 

It is possible, then, that the tria-complexes of biguanides 

substituted at Nl could fall into two classes, those in which the ligands 

are coordinated through r and those in which coordination is through rl. 
While many complexes could belong to either class, those of 
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1-

1,1-diphenylbiguanide or 1,1-diisopropyl-biguanide are restricted, by 
~ 

steric considerations, to the latter class. Furthermore, since even 

small substituents produce some steric interactions, it seems more likely 

that all N1-substituted biguanides would coordinate in a similar manner; 

i.e. through r:f-. ( 

In order to make a study of the coordination of rfl -substituted 

biguanides, a series of chranium(III) complexes was prepared. Ligands 

ranging from the parent bigua.nide, to 1, l-dipheeylbigua11ide, all formed 

complexes quite readily with Chramium(III). Analytical data collected 

in table 2~, together with spectroscopic and magnetic data contained in 

tables 24. and 2.:ll.respeetively, all point to the fact that these compounds 

are tris-bigua.nide complexes with pseudooatahedral structures. 

In the case of tris (l,l-diphenylbiguanide) chromium(III) there is 

no doubt that the ligand is coordinated only through unsubstituted 

ni'l.;rogen donor atoms. For the other complexes, however, the type of 

coordina·hion cannot be decided by sterio considerations alone. The 

electronic spectra of all the chromium complexes have been measured, 

therefore, so that the type of coordination in the diphenylbiguanide 

complex can be compared with that in the complexes of other biguanides. 

b. Electron;tc Sp~ctm, 

The absorption spectra, in aqueous or alcoholic solutions, and the 

diffuse reflectance spectra of several chromium(III) biguanide complexes, 

measured in the 1000 to 220 mfl~mioron region, are listed in table 2.2. 

Same o£ the spectraare reproduced in figure 2.1. The assignments given 

in table 2.2 are based on the assumption that the Chromic ion is situated 



31 

in an octahedral ligand field (28). Although the low symmetry of the 

biguanides mea11s that the symmetry of the ligand field is necessarily' 

lower than n3, the absence of any noticeable splitting in the spin

allowed bands indicates that the perturbations of the octahedral energy-

levels are small. 

This apparent high symmetry of the ligand fields in the chromium 

complexes may be used as evidence that the biguanides are coordinated 

through unsubstituted nitrogen atoms in all cases studied here. The 

unsymmetrical addition of substituents to donor nitrogen atoms in the 

ligands wou.ld be expected· to cause far more severe distortions of the 

ligand field than the addition of substituents to non-donor nitrogen 

atoms. The absence of any apparent change in the symmetry of the ligand 

field as substituents are introduced can thus be taken to indicate that 

the substituents are not attaChed to donor nitrogen atoms. 

Additional evidence on the type of coordination in these complexes 

can be obtained by considering the energies of the absorption maxima in 

the electronic spectra. 

The position of the first spin allowed band in these spectra gives 

the value of the ligand field pa.ra:m.eter, 10 Dq or L\• This para:m.eter is 

a measure of the interaction between the metal and ligand orbitals and 

may have contributions from several sources. 

Pavkovic and Meek (70) studiE~~d the spectra of some nickel(II) 

complexes of N-aubstituted ethylenediamines. They found that 10 Dq 

changes from 11200 am-1 for ~Ni en3~c12 to 10,000 cm-1 for 

[Ni (N, N-dimethylen) 3J C~ and a spectrochemical series could be established 
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1. Cr(dlphenyl 8g)3 
2· Cr(phenyl8g)3 
3·Cr(Bg)3 
f.. Cr(methylBg)3 , 

' 5· Cr(BgH)3 CL3 

tq)OO 25000 

Diffuse Reflectance Spect:r·a of 
Cb:t!omium (III) Bigua.nid.e Complexes 

-1 em 30000 
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Table 4...& Electronic Snectra of Olromium(III) 

Biguanide Complexes 

Band positions in cm-l (molar ext. co-effs). 

* Mode (Solvent) Complex 

[Cr(Bg}
3

J Transmission (H2o) 

Refl. 

[Or(l4ethyl Bg)
3
J Transmission (~0) 

Ren. 
[Cr{phe~l Bg)3J Transmission {EtOR) 

Ren. 

[Cr(O-chlorophenyl Bg)} Transmission (EtOH) 

Refl. 

[Cr(diphenyl Bg)
3
J Transmission (EtOH) 

Re~ 

[Or{BgR):3 01:3] Refl. 

* Formula written vithout water of crystallisation. 

(~g·~4~g) 

13,550 

13,700 

14,000(sh) 

-.... 

13,800 

13,700(sh) 

13,900 

4x2g(F)-4~g 

20,200(90) 

20,000 

20,000(6.3) 

20,000 

20,400 

20,000 

20,200 

20,200 

20,400 

20,000 

20,700 

4 4r (F)- :A2g 1g 

26,000(57) 

26,200 

25,300{56) 

26,200 

25,500(sh) 

26,300(sh) 

26,400{sh) 

27,100 
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for the group of ligands studied. The series, in order of decreasing 

ligand field strength, was: 

en>N-methylen>N-ethylen-==N-propylen;:.N,N'-dimethylen:>N-methyl-Nethylen;r.N,N

dimethylen. The sl\ifts in the Dq values were attributed entirely to 

11 steric effects" since they were in the opposite direction to any which 

might be expected to arise from "inductive effects". A slightly 

different spectrochemical series was arrived at by Watt and Alexander 

(107), when they made a study of a series of rhodium.(III) complexes of 

the type [Rh(diamine)2ca;t Cl. The differences in the two series can 

be attributed to the smaller steric effect in the rhodium complexes 

where only two diamine molecules are present in the complex ions. !n 

this case the :i.nductive effect may determine the position of some of the 

ligands in the series. 

It seems clear, from the above, that in a series of complexes in 

which the ~e metal ion is complexed by several ligands differing only 

in the substituents on the donor atoms, some observable differences 

should appear in their electronic spectra. 

It can be seen, however, that in the spectra of the chromium(III) 

biguanide complexes, no such differences are displayed. Thus Dq is 

vii•tually the same for all of the complexes examined and this suggests 

that the ligands are all coordinated to the metal ion in the same way. 

Since the studies wit>h molecular models have demonstrated that in the 

diphe:nylbiguanide complex coordination must be via. unsubstituted 

nitrogen atoms only, it is suggested that in all the complexes examined, 

similar situations will be found. 
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It does not necessarily follow, of course, that in all complexes 

of ~-substituted biguanides the ligands are coordinated through 

un.substitutad nitrogen atoms only. However, the evidence ou·~lined above, 

together with that discussed in chapter 1, certainly suggests that such 

a situation is more likely than one in whioh the ligand is coordinated 

through the substituted nitrogen atoms. 

The possibility of conjugation in the Chelate ring in biguanide 

complexes has already been mentioned briefly, and bonding schemes suoh 

as XV have been. proposed for these camplexeso 

~N 
\ 
O=NH 
I \ I 
N M 
~ I \ 
0-NH 
I 

~N 

IVa 

H2N' 
\ 
o ... mr 

I! \ I 
N M 
\ I \ 
O=NH 

I 
B2H 

XVb 

For a bonding scheme like XV it is necessar.y that deprotonation 

of the ligand ooeurs at N3 and it is obvious that if a substituent 

ean be introduced at N3 it will act as a barrier to conjugation as 

shown in XXXVIII. 

H;zN 
.\ 

O=NII 
I \ I 

R-N 1-f 
\ I \ 
O=N 

I 
H2N' 

XXXVIII 
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Furthermore, for an N3-substituted biguanide, deprotonation must 

oocur at sane other nitrogen atom, probably '1:f, as shown in XXXVIII. 

Thus a oomparison between oomplexes of N3-substituted biguanides 

with those of other biguanides might well be useful both in deciding 

upon the degree of conjugation in these complexes and in determining 

how the protons are attaohed to the ligands. Differing degrees of 

oonjugation and deprotonation of different nitrogen atoms would be 

expected to give rise to changes in the eleotronio speotra of the 

complexes, since the charge ldi. stribution of tlle ligands would be 

altered. A comparison of the electronic spectra of complexes of m-3 ... 

substituted biguanides with those of other bigua:nides should enable 

any differences in the bonding in these complexes to be discerned. 

The only N3-substituted biguanide reported in the literature is 

1,2,3-triphenylbigua.nide which was prepared by Slo"t;ta and Tsehesche in 

1929 (9S). These authors found that this bigua.nide would not; form the 

usual pink complex with the eupric ion and it has been suggested earlier 

in this thesis that this lack of coordinating ability is due to the 
1 .2 presence of substituents at both r and N • Thus for this compound 

to form a chelate complex it must coordinate through a substituted 

nitrogen atom. 

It was necessar.y, therefore, to seek a suitable method for the 

preparation of an N3-substituted biguanide which would be able to form 

a ohelate complex in which two unsubstituted nitroge);l. atoms are 

coordinated to the metal ion. Several biguanide derivatives which 

would fulfil this requirement are shown below as structures XXXIX to XLI. 
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R R R 
I I I 

~N \ IN\ /NFL;. R'HN N NH R'HN N mmu 
\ I\/ 2 \I \ I 

c c c c c c 
II II II II II II 

HN NH HN NH HN NH 

XXXIX XLI 

The 11 31 5-trisubstituted biguanide1 XLI, suggested itself as the 

compound which could probably be prepared most readily. A survey 

of the literature had revealed that ar.yldi~des could be prepared 

quite easily and that they are quite stable at temperatures up to about 

60°0 (106). It seemed likely that an acyldicyanamide could be caused 

to react with two moles of an amine or amine hydrochloride in a similar 

procedure to that used for the preparation of 1,5-disubstituted biguanides 

(see page 4 ) • Such a reaction was envisaged as proceeding according to 

the equa.tion: 

Alkyldieyanamides are unstable even at room temperature and would therefore 

be unsuitable for suon a preparation. 

Accordingly, phenyldioyaiii!UDide was prepared by the literature method 

(12,106) which involves a three step reaction between aniline and cyanogen 

bromide. 

206H5~ + CN.Br 

HN(C6H
5

).CN + KOH 

KN(c6H
5

).CN + CNBr 

·---.:;,.. 

HNEC6H5).CN + c6H5~HBr 
KN(C6H5)CN + ~0 

c6H;N(CN)2 + KBr 



Several means of effecting a reaction between the phenyldi~ide 

and amines or a.m.tne-hyd.l'"oohlorides vrere tried. However, no reaction at 

all was caused by refluxing the compounds in alcoholic solution, and 

fusion of a mixture of the compounds at temperatures above 60°0 resulted 

only in the formation of a yellow polymer of the dicyanamide (106). 

Thus at this stage no satisfactory synthesis has been arrived at 

and further progress in this study must await the preparation of a 

suitable biguanide derivative. 

(a) freparation of the L~and6 

N1-substituted big~nides were prepared according to literature 

methods as follows: Bigua.nide (5.3); 1-methylbiguanide (45); 

1-phenylbiguanide, 1-(o-chlorophenyl)-biguanide and 1,1-diphenylbigua.nide 

(100). 

(b) Prf!paration of the •. chrom;tum(III) OomplexeJ! 

Tris (biguanide) chromium (III) and tris (1-meth.ylbiguanide) chrom:i:wn (III) 

were prepared by the literature method (77a). Analytical data for the 

complexes are contained in table 2.2. 

Complexes of chromium(III) with 1-ar,ylbiguanides were prepared by 

the dropwise addition of a concentrated solution of chrome alum to a hot 

(70°0) solution of the appropriate biguanide sulphate or hydrochloride in 

2N aqueous sodium hydro:d.de. The arylbiguanide complexes separated from 

the solution as dark red oils which solidified on cooling to room temperature. 

The complexes were isolated by decanting the supernatant solution while it was 
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still warm. The oily residue was washed, by decantation, with warm water. 

Purification was then effected by d:tssolving the complex in the minimum 

amount of alcohol filtering the alcoholic solution, and reprecipitating 

it by pouring the alcoholic solution into twice its volume of cold water. 

The pink, powder,y precipitate which formed was filtered in a sintered 

glass crucible and dried over silica gel. 

f.r.pical quantities used in these preparations were 0.01 moles of 

the chromic salt and 0.0.3 moles of the biguanide salt in 50 mls. of 2N 

aqueous sodium hydroxide. The yields of the complexes varied but were 

normally quite low, and in the vicinity of' .30 to 50%. 

Tris(bigu.anide) chromium.(III) oh.1.orid.e was prepared from the complex 

base by the literature method (78). 

(c) J\paly:ses 

The analytical data for the chromium biguanide complexes are 

presented in table 2.3. 

C.bl:,omj.g was determined by heating a known amount of the finely powdered 

complex base to constant weight in a tared porcelain crucible. The 

residue was taken to be chromic oxide, Cr2o3• In all. cases, duplicate 

analyses were carried out with an error of less than 4% of the metal 

determined. 

N~troien was determined by a standard, semi-micro Kjehldahl method, 

using a potassium salphate, selenium metal, mercuric sulphate catalyst 

(9). Duplicate determinations were carried out with an error of less 

than 2% of the nitrogen determined. 
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Table ;? 8 3, 

-
Complex Found Oa.lc. 

Or 0 H IN 01 Or a H N 01 

[Or(Bg)3J~o 14.20 ;6.6 14.04 

[Or(methyl Bg)3J2,;H2o 11.96 24.54 6.56 47.9 u.s,; 2L~o.75 6.67 

[Cr(phenyl Bg)3J3820 8.33 46.07 ;.so .3.3 • .3 8,20 45.46 5.7.3 

[Cr(o-chlorophenyl Bg)JJ~O The complex was prepared but no~> analysed 

[Cr(BgH)3Jcl3,o.5820 15.27 4.78 22.6 
4•11 

15 • .30 ** 
[Or(diphenrl Bg)31.3H20 6,10 58.56 ;.o4 24.4 6,03 58.45 4.92 

Carbon and ~ogen analyses were carried out by the Alfred Bernhardt 
II 

;6.7 

47.8 

.3.3.1~ 

2/~oe4 

microanalytical service of the Max Planck Institute, Mulheim, West Germany. 

~orine was determined as follows (lOS). 

A small quantity of the complex, containing up to about 0.1 gm. of chlorine 

was weighed into a 250 ml, beaker, Five mls. of 5N silver nitrate 

solution and 15 mls, of cone, HNo3 were added in that order, The resulting 

suspension was protected from light, warmed gently and carefully swirled 

from time to time. After about one hour the precipitate was filtered in a 

porosity 4 sintered glass crucible and washed with 1:1 HNo3• The crucible 

and contents were dried at 1.30°-150° and the precipitate weighed as AgOl. 

(d) Hagnetic Mea§u;ements 

2. 

The room temperature magnetic moments (at approximately ~20°0) were 

determined by the Gouy technique, A permanent magnet with a field strength 

of about 7 kilogauss was used in conjunction with a Stanton model SMl2 balance. 
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Go~ tubes were packed to a length of 5 em., and a weight which 

wa.s constant to within 1% over several packings. 

Diamagnetic susceptibilities for the ligands were calculated from 

Pascal's constants as listed in : Ma.gnetochemistry, by P.W. Selwood, 

2nd edition, Interscience, page 92, 1964. 

The magnetic results are as follows:-

Complex xg ?(1) XA10.3 p eff (B.M. ) T00 

[CrBg,;JBzO 16.13 85 6070 3.79 20.0 

[Cr(:m.ethyl Bg)3:rz.~o 13.89 140 6245 3.84 19.4 

[Cr(phenyl Bg)
3
J 3B20 9.81 258 6478 3.91 20.1 

[Cr(diphenyl Bg)3J,;~o 7.02 405 6450 3.88 19.0 

[Cr(BgH)3]Cl,; 0.5HzO 12.90 157 6228 .'3e86 23.5 

The diffuse reflectance 'spectra were measured on a Uni~ SP500 

modified as described by Smith a.nd,Wedd (99). 

Transmittance spectra were measured in either alcoholic or aqueous 

solution, according to the solubility of the complex, on a Perkin-Elmer 

model 4000A ~ctrophotometer. 
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OHAfTER J 

B~GUANIDE COMPLEXES OF OQBALT(IIl 

The curious fact that some biguanide complexes o£ cobalt(!!) are 

yellow, low-spin compounds while others are red and high-spin, has been 

mentioned earlier, in chapter 1. No systematic study and, consequent!1, 

no expJ.anation o£ this phenemenon has been reported and it is obvious 

that some investigation o£ it Should be worthwhile. Accordingly, a 

series o£ complexes o£ cobalt(II) with 1-substituted biguanides was 

prepared and their magnetic and spectral properties were studied. A 

list o£ the biguanide complexes reported previously together with new 

complexes prepared in this work, is contained in Table 3.1. 

The data in Table 3.1 allow a certain number of observations to be 

made regarding the biguanide complexes. Firstly, all the red complexes 

are those of aryl-substituted biguanides and furthermore they are all, 

with one exception, cationic complexes (i.e. they are sulphates or 

chlorides). Thus protonation of the ligand appears to cause the 

changeover from yellow to red form, only in the ease of the aryl .... 

substituted complexes. There appears to be one exception to this 

generalisation, the neutral complex of 1-(4-sulphophenyl)-biguanide 

which is reported (S3) to be red and high-spin. One possible explanation 

of this is that the sulphonic acid group in the ligand is capable o£ 

acting as an anion, so that the complex would be an ttinterna.l salt" or 

zwitterion. 



+ 
Known Complexes 

[Oo(Bg)t * 
[Co(BgH)2Jso

4
* 

[Ooen(BgH)iJ SO 4 
[Co 4-sulphophen.y'l Bg)2J 

[Co -~~(BgH)~ Clzl 

t 
New Complexes 

[Co{cyclohexyl Bg)2J 

[Co(cyolQhexyl BgH)i so4 
CCo(phenyl Bg)21 

[Co { o-ehlorophenyl Bg) 2] 

Colour 

YelJ.ow 

Yellow 

Yellow 

Red 

Red 

Yellow 

Yellow 

Yellow 

Yellow 

[Oo{o-ohlorophenyl BgH)21so4 Red 

[Co(m-ohlorophenyl Bg)2) Yellow 

[Oo(:m-ehlorophenyl BgH)ZJ so
4 

Red 

[Co (d.iphen.yl Bg)2J Yellow 

[Co(phenyl BgH)~ so
4 

Red 

[Co ((3-naphtb.yl Bg) 2J 

Ceo QJ-naphthyl BgH) 2J so4 

BgH = biguanide (02fi7N
5
). 

*Studied in this work; 

**At room temperatureo 

Yellow 

Red 

** 
fl eff (B .. M. ) 

2.49 

2.75 

2.74 

4.97 

4.84 

2.49 

2.62 

2.15 

4.23 

-

t Ftrv Con .. plefe fo~""''~.tlevru:~"'s Se-e. T(l).le "3·6 ·p, li-0 

Ret .. 

84 

84 

84 

83 

81 
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The room temperature magnetic moments of the yellow complexes lie 

~thin the range usually observed in fottr-coordinate, square-planar 

~omplexes of cobalt(II), and on this basis it would be reasonable to 

assume that they had this structure. Tetrahedral structures could well 

be assigned to the red complexes on similar grounds. 

In order to verif.y these tentative stereochemical assignments the 

spectra of the compounds, both electronic and vibrational, and the 

temperat11re dependence of their magnetic susceptibilities, were; measured. 

The theoretiea.l basis for the interpretation of the electronic 

spectra of both tetrahedral and octahedral complexes of cobalt(II) is 

well established. However, no such theory has been developed for the 

square-planar complexes of divalent cobalt, and indeed it is onlr 

recently that this stereochemistry has been recognised as fairly co.m.mon. 

At least two bands are usually observed in ·the visible and near 

infrared region of the spectra of tetrahedral cobalt(II) complexes (14). 

Tbese have been assigned as the transi·tions 4A2~ ~l (F) and 4~_,..4r1 (P), 

usually designated 1J 2 and 113 respectively (see figure 3.1). A third 

band, 11 1 (4A2- 4.r2), has not been observed often. This has been due 

both to its position at the low energy end of the near infrared region 

(ca 3000 - 5000 em·1) and to the fact that it is electric dipole 

forbidden in complexes of Td symmetry a.:nd will often have a. very low 

intensi·ty. Goodgame et. al. (46) observed fairly strong absorptions 
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due to 11 1 in a number of pseudo-tetrahedral complexes of cobalt(II) 

(with o311 and 0211 symmetry) • 

In general, tetrahedral complexes are Characterised by the broad 

and usually, intense absorption due to v 
3 

in the visible region 

(151 000 - 20,000 am-1 ) and a weaker absorption (112) in the near 

infrared. Colour is not an infallible guide to stereochemistry (14). 

Although most tetrahedral complexes of divalent cobalt are blue or 

violet, a number of red tetrahedral complexes have been reported ~uring 

the past ten years. Thus Cotton and Soderberg (20,21) have reported 

the pink complex bis-(dipivaloylmethanato) cobalt(II) whichhas been 

shown to be tetrahedral by X-ray diffraction (22). They noted that the 

extinction coefficient of the complex in solution for the ~.3 absorption 

was unusually low (en. 40) fol" a tetrahedral complex while the Raca.h 

para.'rlleter, B', was fairly high. It was possible to rationalise these 

abnormal values to some extent by showing that a good correlation could 

be obtained between the intensities of the absorption and the values of 

~B (AB = B - Bt) for a number of tetrahedral complexes. This 

relationship was postulated as arising from the fact that the intensities 

of the spectral bands in tetrahedral complexes are dependent on the amount 

of orbital mixing, of which the nephelauxetic para:meter, ~, {equal to 

B1/B) is a measure. 

A ntunber of red complexes of cobalt(II) with salicyliden.imenes 

have been reported (l6,26,64,65,lll) and all are considered to be 

tetrahedral. This stereochemistry has been assigned on the basis of 

spectroscopic (64,65), magnetic (lll) and X-ray diffraction (88) studies 
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of the compounds. Tsuehida. et. al. (65) have suggested that the low 

molar extinction coefficients for 11 3 in some of' these compounds may be 

due to a synunetry lower than tetrahedral. 

The energy level diagram for a d7 ion in an octahedral ligand 

field, calculated by Tanabe and Sugano (103), is reproduced in figure 

3.2. In weak and medium fields the ground state is a 4r1g level 

arising from the free ion 4r term., while in strong fields a 2:m level 

(from the free ion 2G term.) becomes the ground state. Most octahedral 

complexes of divalent cobalt have the quartet ground state although a 

few low-spin complexes are known (11,75). 

Four bands have been observed for spin-free, octahedral cobalt(II) 

and they have been assigned as follows (28): 

4r2g (F) ~ 4_rlg 

2p;g ~ 

4A (F)~ 
2g 

4rlg (F) ..,___ 

S - 9000 cm·1 

-l 
~ 11000 em 

16 -18000 em -l 

20 -21000 em-1 

All of the bands have very low intensities (E < 10 normally) since 

they are electric dipole forbidden. The weak absorption actual~ 

observed have been sb.ow by Holmes and McClure (51) to be vibration ... 

induced electric dipole transitions. 

It is unusua.l to find four separate bands in the spectrum of an 

octahedral complex of' cobalt(II). For example the spectrum of the 
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hexaquo cobalt(II) ion contains a. band at SOOO am-1, assigned as the 

~2g (F) ..,._ ~lg (F) transition and a split band at 16000 - 22000 am-1 

assigned as a combination of the 4A2g (F)~4r1g (F) (at 19600 am·1) 

and ~lg (P) ._. ~lg (F) (at 21600 om·1 ) bands (.37 ,65)0 

c) Sguaa-:f!lapr Coba.JJJU.) 

The spectra of a number of complexes of divalent cobalt, believed 

to have this stereochemistry, have been reported. Everett and Holm 

(35), who studied the equilibrium: 

square-planar tetrahedral 

in a series of bis (~-ketommino) cobalt(II) complexes, publiShed the 

spectra of both the square-planar and tetrahedral species. The former 

compounds gave rise to a band at approximately 8500 am-1, often with a 
shoulder on the high energy side. No further ligand field bands are 

shown before the charge transfer bands, whioh appear in each ease 
-1 above about 15000 om • 

The spectra of some disalicylidene-diaminato-cobalt(II) complexes 

of the type: 

(n = 2 or .3) 

have been reported (64) • These complexes, in which the ligands are 

constrained to square-planar ooordination, eaon give rise to a single 

band at 8.300- 8500 cm·1• 
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Although there is, as yet, no theoretical basis for interpreting 

these spectra there seems to be some justification for expecting that 

square-planar cobalt(II) gives rise to a band or possibly two bands in 

0 -1 the region of oOOO em o 

d) Biguanide Complexes - SJ2~Ctb§ 

The diffuse reflectance spectra of a number of biguanide complexes 

are listed in table 3o2 where the compounds are grouped according to 

colour and room temperature magnetic properties (see Table 3.1). Typical 

spectra are Shown in figure 3.3. 

It may be seen that each of the yellow, low-spin, complexes gives 

rise to only one band in the region e~ined, at 9000 - 10,000 am-1• 

-1 The red complexes each exhibit two bands' one near 10,000 am and one 
. -1 

at about 18500 om • 

There is a close resemblance between the spectra of the low-spin 

biguanide complexes and the spectra of the square-planar complexes 

discussed in the previous section. A band position of 10,000 am-1 for 

the biguanide complexes compared with s;oo cm-1 for the ~-ketowmino 

complexes is not unreasonable since ligands with nitrogen donor atoms 

are usually higher in the spectroChemical series than those with oxygen 

donor atoms. Thus the electronic spectra are consistent with the 

assignment of a square-planar stereochemistry to these complexes. 

The interpretation of the spectra of the red, high-spin, compounds 

could be approached on the basis of either pseudo-tetrahedral or a 

pseudo-octahedral stereoChemistry. In the former case the two bands 

would be assigned as the~ 2 and v3 absorptions, corresponding to the 
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:b.ble 3.~ 

[Co(Bg)2J2I1z0 

[Co(BgH)2Jso4 1,5H20 

[Co (ey-clohexyl Bg)2J 1.5~0 

[Co(oyolohexyl BgH)2lso4 
[Co(phenyl Bg}21 o.;~o 

[Co ( o-ohlorophet'l.yl Bg) 21 Oo5R.20 

[Co (m-ohlorophe:ey-1 Bg)2J 

[Co(diphenyl Bg)2J 2,:s:2o 

[Co(phenyl BgH)2Jso4 
[Oo(o-ohlorophenyl BgH)2]so4.z.;:s:2o 
I:Co(m.-ohihorophanyl BgH)2Jso4 
[Co (~-naphthyl BgH) 2J SO 4 

9,900 

10,100 

10,000 

9,200 

9,800 

10,000 

9,900 

10,000 

9,800 

9,800 

9,800 

9,800 

18,500 

18,450 

18,500 

18,400 



Abscmption 

(Arbitrary Units) 

5000 

fuo (phenyl BgH)
2
J 

[Co (phBg) ZJ 

10000 15000 . 20000 
Figu:t"e 3.3. Diffuse Re.flectance Spectra of Co(II) Bigua.nide Complexes. 

-1 em 

25000 

U1 
w 
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4r1 (F)+-- 4A2, 4r1 (F)..,.:- 4A2 transitions in Td symmetry. On the other 

hand, if the complexes are considered to be pseudo-octahedral the low 

energy band would be assigned ·to the 4r2g (F)- ~lg (F) while the high 

energy absorption would be expected to contain both the 4A2g(F~· 4r1g(F) 

and 4r~1 (P) ~-4rlg (F) bands. 
. g 

Although a tetrahedral structure is easily visualised for a complex 

with the formula Co(aryl BgH)2 so
4
, octahedral stereochemd.stry would 

require either that sulphate is coordinated or that each biguanide is 

coordinated to two cobalt atoms as shown in figures 3.4 a and 3o4b. The 

infrared spectra of these complexes, discussed later in section 3.4 make 

it quite clear that sulphate is not coordinated. This leaves structures 

such as 3o4a and 3./+b as the only possibilities providing octahedral 

coordination of the cobalt ion. Although axial interactions such as 

these are known to exist in some complexes (441 50) they would be expected 

to be much weaker than an actual coordinate bond. Furthermore it is 

difficult to see why protonation of the ligands should bring about an 

interaction such as this, strong enough to impose pseudo-octahedral 

stereochemistry on the metal ion. 

In order to gain some further indication of the stereochemistry of 

the complexes, some attempts were made to measure the intensities of the 

absorptions. It was found that the pressed alkali halide disc techldque 

(13) was ru1satisfactory in this case, because clear dispersions of these 

complexes in the halides could not be produced. Solution meaSttrements 

were made difficult by the fact that the complexes, once prepared and 

dried, would not readily redissolve in water. This was overcome by some 
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Figure 3J. a 
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Figure 3.4 b 
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extent by dissolving one of the complexes in weakly acid solution, in 

which some dissociation takes place, then increasing the pH by addition 

of alkali. Measurements of the spectrum of [Co(~ohlorophenyl BgH)2Jso4 
made at two different pH values are shown in figure 3.5. A molar 

extinction coefficient of 126 was found for v3 at pH value of 12. This 

is likely to be less than the true value since there is most proba.b:cy

some dissociation of the complex. Thus the molar extinction coeffic:l.ent 

(E. max) for the 1.1
3 

band is considerably higher than might be expected for 

an octahedral complex, yet is well within the range of values expected 

of pseudo-tetrahedral complexes. 

For tetrahedral cobalt(II) the parameters Dq and B can be obtained 

by solution of the equations: 

1l 2 :::: E [ Jhr
1 

(F) J E 4A2 (F) = 15 Dq + 7.5 B' ... Q 

1J3:::E[Jhr1 (P)J - E 4A2 (F) =15Dq+7.5B+" 

where Q = i-[( .. 6 Dq + 15 B)2 + 64 (Dq)2Ji 

which are derived (14) from the matrices of Tanabe and Sugano (103). 

Values for these parameters in the biguanide complexes are in all cases 

very close to 600 am-1 for Dq and 700 am·1 for B. The figure for B 

lies well within the range usually observed for tetrahedral cobalt(II) 

(usually 600 ... SOO am -l) whereas the Dq value is higher than any reported 

previously. However, it is not unreasonably high since the figures 

available for comparison, pertain to nitrogen - donor ligands which are 

lower in the spectrochemical series. FUrthermore, it has been shown (36) 

that the theory upon which these ca.lcu.lations are based is only 

qualitative:cy- useful, especially for compounds with symmetry lower than Td. 
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20 

10 
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Solution Spectrum of Co(m-chlorophenyl8gH)2.so4 

Figure 3·5 



59 

'-thus the values of Dq and B' quoted may well be subject to large errors 

and the calculations are of little importance in determining the 

structures of the eamplexeso 

Satisfa.ctoty theoretical treatments for the magnetic properties 

of tetrahedral and octahedral eobaltous complexes have been developed 

so that explanations are available for most of the phenomena observedo 

' 
For tetrahedral eoba.lt(II) with an orbital singlet ground state, 

the orbital contribution to the magnetic moment is explained by the 

mixing into the ground state, by means of spin-orbit coupling, of o 

orbitally degenerate upper level. The express:J.on for the magnetic 

moment then takes the form (l4): 

flleff = 2 ·!1,..; 4 A l [S,(S+l)Jt B.M. • ••••••• ._ ..... • .... • (.3.1) 
.. 10 Dq 

Where J.. is the spin-orbit coupling constant for a single electron 

and 10 Dq is the separation between the ground state and the level 

being mixed in. 

This mechanism satisfactorily accounts fol" the range of magnetic 

moments (4.0 to 4.S B.M.) actual~ observed in tetrahedral cobalt(II) 

complexes. The slight temperature dependence of the magnetic moments 

of these complexes. has been accounted for by the int:t•oduetion of a 

temperature independent term into the expression for the magnetic 

suaeeptib~lity. This is given by (.3S): 
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2; .. 209;. ' SN p 10 Dq = • 10 Dq • • ••••••••••••••••••• (:3.2) 

Cotton at. al. (19) appear to have used these expressions with a 

good deal of success in correlating the magnetic and spectroscopic 

properties of a number of cobalt(II) complexes. 

b) QQtahedraJ. Oo'balt(I.:J:) 

In octahedral cobalt(II) complexes the orbital degeneracy of the 

ground state c4rl) gives rise to an orbital contribution to the magnetic 

moments, which Should therefore lie between the limits C4S(S+l)Jt 

and [4S(S+l) + L{L+l)]t. The values actually fe>und depend upon the 

ame>unt of quenching of the orbital contribntion and are usually between 

4.8 and 5.2 B.M. (ll). 

A few octahedral complexes are known in which the ligand field is 

so strong that the doublet state, ZoE, bas crossed the 4r1 (F) level and 

become the ground state. In these complexes the magnetic moments are 

close to the spib only value of 1.73 B.M. although there is a slight 

orbital contribution. 

No satisfaetor.y theory has yet been developed for the low-spin,four

ooordinate complexes of ooba.lt(II). These are assumed to be squa.re-~lanar 

although the X-ray stxuctures of very few have been determined. Jeffrey 

(52) has shown that the cobalt(II) phthalocyanine complex is square-planar. 

!todle;r et. al. (33,87) have demonstrated that bis (o-phenylenebisdimethylarsine) 

cobalt(II) perchlorate exists in two isomeric forms, both of which contain 

weakly coordinated perchlorate although in one form the coordination is 
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stronger than the other. Both forms may be considered as square-planar 

cobalt(II) with weak axial interactions. 

Magnetic moments of these and other complexes (39) which are thought 

to be square-planar fall within the range 1.9 • 2.8 B.M. and temperature 

dependence studies have shown (U) that the orbital contribution is 

maintained down to low temperatures. It has been found that not all of 

the low-spin complexes obey the exact Curie-Weiss law so that in some 

eases it is only possible to obtain approximate values for the Weiss 

constant. 

The fact that both the spin and orbital contributions to the magnetic 

moments of oobalt(II) complexes var,r with stereochemistr.r and ligand field 

strength, makes the magnetochemioal method & powerful tool in structural 

studies on these compounds. .Although room temperature magnetic moments 

alone are often a useful guide to stereochemistry temperature dependence 

studies are more conclu~:d.w. 

The temperature dependence of the magnetic properties of a number of 

cobalt(II) biguanide complexes have been studied here for the first time. 

Results from these studies are ~rised in table 3.3 and figures 3.6 to 

3.8. It may be seen that three distinct types of magnetic behaviour 

have been encountered. 

The yellow, low-spin compounds, with one exception, have magnetic 

properties consistent with those expected for square-planar cobalt(II). 

That is, the magnetic susceptibilities follow the Curie-Weiss law with 

only minor deviations from the linearity expected. The lack of a~ 



recognised theory for this stereochemistry precludes further discussion. 

The sole exception in this series of compounds is bis-(biguanide) 

cobalt(!!) salphate which is anti!erromagnetic, with a Curie temperature 

below and probably quite close to 120°K. Above 140°K the susceptibility 

obeys the Curie-Weiss law with a e value of 320°K. No detailed 

examination of' this phenomenon was made and it can only be postulated 

that there is some interaction between the cobalt atoms in adjacent 

layers of the solid compound. It is not readily apparent wl:zy' this complex 

Should be the only one giving rise to such behaviour and a more detailed 

investigation might prove interesting. 

For the red, high-spin complexes the magnetic properties may be 

explained on the basis of' pseudo-tetrahedral stereochemistry. Curie-Weiss 

law behaviour is observed in all eases, with e values up to 10°K. The 

temperature dependence of the magnetic moments is slight and the moments 

lie within the range expected for tetrahedral cobalt{II)o 

The magnetic moments of these complexes could equally well arise in 

pseudo-octahedral coordination. However, the small temperature dependence 

of the magnetic moments is not typical of Cobalt (II) complexes with this 

stereochemistry. 

The fact that it is not possible to correlate b.r means of equation 

3.1, the magnetic moments of the red complexes with the tetrahedral Dq, 

values obtained in the previous section does not necessarily invalidate 

the assignment of pseudo-tetrahedral structures to them. Any apparent 

discrepancr,y can be explained by noting that the symmetry of the complexes 



[Co(Bg)2J.2Hz0 [Co (BgH)21 SO 4 1. 5Hz0 

T°K XA X 106 p:J.Jd_f T°K XA x 10-6 fllerr 

290.5 21.3.3 2.24 290.5 2.37.3 2 • .36 

269.5 2.310 2.24 274.0 244]. 2.32 

256.0 2415 2.2.3 21!4.5 2614 2.27 

2.36.0 2597 2.22 227.5 2662 2.21 

218.0 2781 2.21 211.8 27.30 2.16 

197.5 .3027 2.20 194.0 28.39 2.11 

177 .3.300 2.17 17'7.5 290.3 2.04 

164 . .3601 2.18 161 .3061 1.99 

156.5 .3758 2.l.S l4l .3117 1.88 

1.36.5 426o 2.17 121 .32.34 1.78 

118 2926 2.17 102.5 .3252 1.64 

104.5 5452 2.14 

91.5 6149 2.1.3 
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T~b*e 212 (Oont 1d) 

[Oo(cyc1ohe~1 Bg)2Jl.5H20 [oo(cyc1ohe~1 BgH)ZJ so4 
T°K XA x 10""6 fllerr T°K '\ X 10""6 fU.err 

291.9 2608 2.48 293.2 2626 2.49 

268.8 2792 2.46 256.3 2991 2.49 

241.0 3070 2.44 221.4 3381 2.46 

21.3.0 3450 2.4.3 185 • .3 4017 2.45 

186.0 3867 2.41 147.0 4924 2.42 

160.4 4487 2.41 121 •. 0 588,; 2.40 

1.39.1 5107 2 • .39 100.0 7044 2 • .38 

119.8 580.3 2 • .37 

100o0 70J~ 2 • .38 

[oo(phenyl Bg)2J5H20 [Oo(o-Ch1oropheny1 Bg)~Oo5820 

T°K XA x 10 ... 6 Jllerr T°K XA X 10 ... 6 Jl1ef'f 

290.5 3075 2.68 286.5 2005 2.16 

27.3.1 3276 2.68 270.0 2122 2.15 

252 • .3 35.33 2.68 25.3 2250 2.14 

2.30.3 .3840 2.67 2.3.3 242.3 2.13 

210.5 4163 2.66 216 2579 2.12 

191.7 4619 2.67 200 2757 2.11 

170.7 5140 2.66 186 2918 2.10 

150.5 5808 2.66 162 3.330 2.07 

130.7 6620 2.64 142o5 .3792 2.09 

114.5 7498 2.63 123.5 4377 2.09 

101.4 5301 2.08 -



6; 
~ab1~ ~.J {Oont'd) 

[Co{pheny1 Bg~so4 1.5H2o [oo{~-naphthy1 BgH);i so4 
T°K XA X 10-6 flleff T°K XA X 10-6 Jlleff 

292o7 9Sl3 4.so 293.7 9327 4.70 

267e5 10684 4.so 273.6 9966 4.69 

240.0 111371 4.79 253.5 10690 4·68 

213.0 1)291 4.78 232.2 11590 4.66 

1S6.o 15175 4.77 212.4 12590 4.64 

158.; 17675 4.75 191.9 13870 4.6.3 -

132.0 21195 4.75 164.7 16070 4.62 

112.5 2/.,80.3 4.74 l3S.o 19100 4.62 

95.5 28967 4.73 119.0 22120 4.61 

96.9 26710 4.58 

[Co(m....ehloropheny1 l3gR)21so4 [Co(o-.ehloropheny1 BgH)iJ so4.2.5H20 

T°K XA x 10-6 fllef:f ~°K ~X 10-6 Jlleff 

295.7 1021.3 4.94 290.7 8036 4.:3.3 

267.0 11332 4.94 274.0 85.31 40~3.'3 

239~8 
I 

1257$ I 4.93 251.5 920.3 4.32 

212.9 I 14086 4.92 231.2 9957 4.31 

1s6.o 16078 4.91 211.5 10846 4.30 

158.0 1SS13 4.90 190.0 11S89 4.28 

131.3 I 2253S 4.89 164.1 13809 4.27 
I 

105.0 2774! 4.85 149.8 15034 4.26 

137.1 16.3$9 4.:23 

124 • .3 17814 4.23 

110.0 19952 4.21 

94.5 2.3009 4.19 
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1 Co(8g)2 
2 Co(o-chlorophenylBg)2 
3 Co(cyclohexyl8g)2 
4 ~o (phenyl8g)2 

Figure 3-6 
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is most probabl7 a good deal lower than Td and, as mentioned before, 

these calculations are onl7 qualitative in such circumstances. 

A detailed stud7 of the infrared spectra of biguanides and biguanide 

complexes is left until chapter 4. However, it is of interest to 

consider here the use of infrared spectroscop7 in deciding whether or not 

the sulphate radicals are coordinated to the oobalt(II) ions in the 

biguanide complex salts. 

The free sulphate ion has tetrahedral (Td) symme·tr.r and gives rise 

to t110 infrared active vibrations, denoted V 
3 

and 1.1 4, which are both 

triply degenerate. Two other vibrations ~1 and~2 are Raman active 

only,. If the sym.metcy of the sulpha.te ion is lowered, e.g. by" 

C!i)Ordination to a metal ion, the vibrations v1 and v2 become infrared 

active and the degeneracies of v3 and ~4 are lowered according to the 

correlation table, .3.4. Nakamoto et. al. (60) found that -v
3 

and v
4 

were each split into two bands for monodentate coordinated sulphate and 

into three bands in the case of bidentate sulphato group. Furthermore 

the7 observed enhanced intensities in bands assigned to -v1 and 112 for 

coordinated sulphate ions. 

The infrared spectra of all the biguanide complex sulphates 

contained bands which could be assigned to the -v3 and -v 4 modes of the 

sulphate ion, see table .3.5, but none which could be attributed to~1 
or ll2• Furthermore, in all oases but one, the bands assigned to 1J.3 

and 1.1
4 

were single maxima, that due to v 3 being fairly broad in all cases. 

In all the complex bases a number of weak to medium bands appeared in the 

9 ~ region and in most cases these were ~pad b7 the intense, broad, 
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Corn.J.a.tiop, T~bj.e fgr Td,~v a.nJ!,.~v (Reference 60). 

Table 3.4-

Point Group lll vz "V3 "V4 

Td Al (R) E (R) F2 (I,R) F2 (I,R) 

02v ~ (I,R) E~ (I,R) ~ (I,R) A1 (I,R) + E (I,R ) 
+E (I,R) 

c3v A1 (I,R) A1 (I,R) + A2 (R) A1 (I,R) A1 (I,R) + B1 (I, R) 

+ B1 (I,R) + B2 (I,R) 

. + B2 (I,R) 

!!,ble 3..,2 

J1b,t~o!WJ, treguenc:i;em of tpe sp.lpte ,ioAJ.ll Oo(n}_e~gy.a.J.lide, com:gl;§xes 

Complex 
11 

3 

Assignment 
114 

(Co(phenyl BgH)2Jso4 1081 v.s. br 610 s 

[Co(o-chlorophenyl BgH)2Jso4 1071 v.s. br 611 s 

[Co(m.chloropbeny1 BgH)21so4 1075 v.s. br 610 s 

[Co (~-naphthyl BgH)2J so 4 lOS; v.s. br 60Ss 

[Co (BgH)2J SO 4 1122, 1087, 1066 v.s. 617 s 

[Co(cyc1ohe~1 BgH)2Jso4 1082 v.s. br 610 a 
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sulphate (v
3
) absorption which appears in the complex salts. However, 

in the spectrum. of [Co (BgH)zl SO 
4 

a series of three maxima was observed 

in this region. Since only a single maximum was found at around 6oo cm-1 

(1J
4

) and since no bands attributable to -v1 and v2 could be found, the 

only reasonable explanation for the apparent splitting of the v3 
vibration is that it is actually due to a superposition of the biguanide 

absorption in this region on the sulphate absorption. 

T11us the infrared spectra demonstrate that none of these complexes 

contain coordinated sulphate, and the structural assignmen·cs made 

previously are supported. 

The evidence obtained in this study on the biguanide complexes of 

cobalt(II) points to the existence of two types of compounds, namely 

those with square-planar and those with pseudo-tetrahedral ste~eochemistries. 

The latter group comprises those compounds with the general formula 

roo(ArBgH)i 2+ (i.e. the cationic complexes of 1-a.rylbigmmides) while 

all of the other complexes investigated fall into the former group. Thus 

the structural properties of the cobalt(II) biguanide complexes may be 

summarised as follows: 

(i) Neutral biguanide complexes of cobalt(!!) ~re yellov, 

low-spin, and square-planar. 

(ii) The cationic complexes of biguanid.e and 1-a.lkylbiguanides 

with cobalt(!!) are also yellow, low-spin, and square-planar. 

(iii) The cationic complexes of cobalt(II) with 1-a.rylbigua.nides 

are red, high-spin, and pseudo-tetrahedral. 
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It has been observed before that the stereochemical configuration 

of complexes formed by cobalt(II) and nickel(II) with a series of 

~-ketorumino ligands changes trom square-planar to pseudo-tetrahedral 

as the substituent on the nitrogen donor atom is increased in size 

(34,35). In these cases it was postulated that the change in 

configuration was caused mainly by steric interaction between the 

N-substituted chelate rings. 

The change from square-planar to tetrahedral stereochemistry in 

the case of the cobalt(II) biguanide complexes, on the other hand, 

seems fairly certain to be almost en·birely an electronie effect. 

This is suggested by the fact that whereas the [Co(cyclohex;ylBgJri 2+ 

cation is low-spin and square-planar, the [Co(phenylBgH)2J 2+ cation 

is high-spin and tetrahedral. In these two complexes the steric 

effect should be ahnost identical so that the difference in 

stereochemistry can be attributed to the difference between the electronic 

properties of the cyclohexyl- and phenyl ... groupso 

A theory has been developed here which accounts for the facts 

(i - iii) mentioned above and which is based on the differences in 

p~operties of a~l (alic.yclic) and aryl substituents. It is postulated 

that a resonance hybrid of structures XLII (a~ e)represents the bonding 

in fCo(Bg)2J. 

Thus the delocalisation of the formal positive charge over all the 

nitrogen atoms in the ligand provides a stabilising effect on the planar 

chelate ring. jn alkyl substituent on ~, being essentiallY an 

"electron donor", enh.a.nces the ability of conjugated system to accommodate 
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Cl b c 

XL.ll 

XLIII 



76 

the positive charge and increases the stability of the planar 5,rstem. 

On the other hand, an aryl substituent (see figure XLIII) competes 

with the conjugated system for the lone pair electrons on ~ and 

effectively isolates ~ from the system. Thus the stability of the 

planar configuration is lowered. 

Pro·tonation of the ligand adds another positive charge to the 

system. In the complexes with biguanide and the alkyl-biguanides this 

charge can still be accommodated by delocalisation over all five nitrogen 

atoms and the planar configuration is retained although it is destabilised 

to some extent. However in the 1-arylbiguanide complexes, in which ml 
is isolated, the extra charge cannot be delocalised sufficiently by the 

conjugated system (in which only four nitrogen atoms remain) and the 

chelate ring reverts to a puckered configuration. This distortion of 

the chelate ring might be expected to destroy the planarity of the complex 

ion and result in the change to ~ pseudo-tetrahedral structure. 

The biguanides were all prepared by well known literature methods 

which are summarised in chapter 2. 

(b) £ren§ration of the Complexes 

For the complexes all preparative operations were carried out on a 

vacuum line under an atmosphere of pure ~ttrogen, with the strict 

exclusion of atmospheric oxygen. The complexes are extremely sensitive 

to aerial oxidation when wet, but reasonably stable when dry. They were 

stored in an atmosphere of pure nitrogen. 
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(i) ,Ppmplexes of tne typ§ ~Oo(R-:.Sigmmige)2J .ni:t2!h, (R.=H or al~~) 

These complexes were prepared b.Y the dropwise addition of 

a concentrated aqueous solution of cobaltous chloride or 

sulphate to a vigorously stirred solution of the biguanide 

sulphate or chloride in 2N aqueous sodium hydroxide. To 

avoid precipitation of cobalt hydroxide, an excess of ligand 

was used, The yellow precipitate was filtered on sintered 

glass, washed with water, water-alcohol then alcohol, and 

dried in vacuo until it had attained the consistency of a 

fine, dr,r, powder, 

(ii) .Q..cmmlexes o_f the Type [OqiR ... Bg)2L!£t = a:ry;t) 

Arylbiguanides though insoluble in water, are readily 

soluble in alcohol. Thus it was found that the arylbiguanide 

cobalt(II) complex bases could be prepared most conveniently 

from alcoholic solution. 

A concentrated aquemts solution of cobaltous chloride 

hexahydrate was added slowly, to a vigorously stirred solution 

of the arylbiguanide base in nol"mal alcoholj.c sodium hydroxide, 

A slight excess of the ligand was used, The yellow complex was 

filtered, washed with alcohol, and dried as in (i). 

(iii) Ogmpl$i2Xe§ o;k the t:m§ Cp_o,(R. ::- J.3d)~..§.O 
4
_(!=H or allcyl) 

Dilute aqueous ammonia (2N) was added dropwise to a 

vigorously stirred aqueous solution of cobaltous sulphate and 

the appropriate biguanide sulphate until a greenish yellow or 

yellow precipitate was obtained. 
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The reaction mixture was then stirred until the 

precipitate became bright yellow, which sometimes 

took several hours. A fifty percent excess of the 

ligand was used in each preparation to avoid 

precipitation of' cobaltous hydroxide. 

The complexes were filtered, washed and dried as 

described in sectio11 (i). 

(iv) Oomt~leXe.§ of the type_~Oo.{R..BgM)2]SQ4 (~ = a;al) 

Of several methods which were tried1 the 

following was found to be the most satisfactory: 

An ice~cold1 concentrated methanolic solution of an 

arylbiguanide base was added slowly to three times its 

volume of an ice-cold aqueous solution of cobaltous 

sulphate. The reaction mixture was stirred continuously 

during the addition of' the ligand. The red precipitate 

was filtered immediately and washed with a few mls. of 

very cold ( ... 10°0) water/methanol mixture. It was then 

dried in vacuo. Stoichiometr:i.c amounts of the ligand 

and cobaltous sulphate were used. It is interesting 

to note that the complexes dissolved quite readily in 

the supernatant liquid if the temperature were allowed 

to rise appreciabl~· or in the wash solution if it were 

not kept cold. However, once dried, the complexes 

would 110t dissolve in water or alcohol unless these were 

made slightly acid. 
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Analytical data for the complexes discussed are set out in table 

[~balt analyse~ were carried out by first fusing the complexes with 

sodium pyrosulphate (appro~imately· 3 gm. Na2s2o7 per 100 mgm. complex) 

until a clear melt was obtained. The cooled melt was then dissolved 

in water and the cobalt estimated by the gravimetric pyridine -

thiocyanate method. 

Carbop..and II,Jdrogen microanalyses were carried out by Alfred Bel'l'.lhardt, 
u 

Mulheim, Germany. 

N~trogen was determined by a semi-micro Kjehldahl method (9). 

(d) Elec:tron:i.,o .. m2ectra were measured as described on page 41 

(e) Magnetic Mea§Jl}."'emenjg@ were carried out by the Gouy method on a 

temperatuxe-variable balance constructed in this department. 

The design is based upon that published by Figgis and Nyholm (40). 



Table 3.6 

Analyses of Cobalt (II) Biguanide Complexes 

Found Caleulated 
Complex Co c 1I N so= Go c H N so

4 .4 

[Co(Bg)2J2HzO 20.3 16.43 5.35 47.3 20,0 16.27 5.43 47.5 

[Go(BgH)~so4.1.5H20 15.4 - - 36.3 15.4 36.5 

[Co { cyc1ohexyl Bg)2I 1. 5Hz0 1.3 .. 1 - - 31.1 13.1 .31o0 

[Co ( cyclohe:xyl BgH)21 SO 
4 llo27 - - 26.8 18.2 11.3 26.9 18.4 

g [Co(phenyl Bg)} 0,~0 14.3 - - 32.9 14 .. 0 33.3 

[Go(pheeyl BgH)~ so4.1.~0 10.87 - - 26.1 18.1 n.o 26,1 17.9 

[Go (o-chlorophenyl Bg)t 0,~0 11.7 39.29 3.98 28.6 12.0 39.30 3.90 28.6 

1Go(o-chloropheny1 BgH)2Jso4.z.~o 9.2 30.67 3.96 22.5 15.9 9.5 30.83 4.05 22.5 15.4 

[Go(m-ch1oropheny1 BgH)2J so
4 n.o - - 23 .. 9 17.0 10.2 24.2 16.6 

[Go(~-naphthy1 Bg)21 ll.3 - - 26.5 ll.2 26.4 

[Go (P-na.phthyl BgH}21 SO 
4 9.8 - - 22,7 15.6 9.7 23,0 15.77 

[co(diphenyl Bg)2J2~0 9.9 - - 23.2 9.8 23.4 

----------------- ~------~----~-
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o&l&lm 4 

The correlation of the infrared spectra and structures of biguanides 

and biguanide complexes have not been studied before. Indeed there have 

been only two occasions on which the spectra of such compounds have been 

reported. Ray (77) used the infrared spectra of copper(II) and ntckel(II) 

complexes with 1,1-disubstituted biguanides to show that certain of these 

compounds exist in two differel'l.t forms, which he postulated were the cis

and trans-isomers. The other instance was the publication by Colthup et. 

al. (18) of' the infrared spectra of biguanide sulphate (XLV) and 

1,1,2,2,4,5,5-heptrumethylbiguanide (XLVI) 

XLV XLVI 

For XLVI they assigned a band at 1600 am-1 to the O=N stretching 

mode while a band at about 1550.1600 am·l in the spectrum of' XLV was 

assigned to a N - 0 .. N stretch. It was postulated that in XLV the lower 

frequency indicated an equivalence of the 0 - N bond orders br~1ght about 

by resonance. 

One of the diff'icu,lties experienced in interpreting the infrared 

spectra of biguanide complexes arises from the large number of atoms in the 

ligand. For example, the bis(biguanide)eopper(II) molecule contains 27 

atoms, and gives rise to 75 norma1avibra.tions. Although some of the 
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vibrations ~lll be degenerate and some infrared-inactive, the spectrum 

will remain complicated. 

Furthermore, in the absence of X-ray structural data for biguanide 

complexes, the data necessar,r for a normal coordinate analysis are not 

known. ' Thus it is necessary to make use of the less rigorous, though 

useful, grm~1-f.requency approach in interpreting the infrared spectra. 

In this study the spectra of free biguanide base and several of 

its complexes are reported for the first time. Progress is made in 

correlating these spectra with structures that are proposed for the 

complexes and a number of assignments are made. 

Moat of the assignments made here are based upon assignments 

reported in the literature for compounds with functional groups 

resembling those found in biguanides. TI1e correlation table shown 

below is based upon results obtained previously for such compounds as 

urea (71, 112), the guanidinUtm ion (2) and ethylendiamine (74). 

Co;g::elation Table for C,omaoun.9.t!! ~e~!.'!i!.t:l.~.Q BiguaniS!, 

F,regyency; Ran.i2 (wave numbers) &&~ignment 

3600 - 3000 N-H stretch 

1600 .. 1750 

1600 .... 1700 

1350 - 1600 

1000 - 1250 

<1000 

~bending 

C = N stretch 

N - C - N stretch 

NH2 rock 

skeletal modes 



Biguanida and its complexes all give rise to strong broad bands in 

the region 2800 - .3500 em""1 (see figure 4.1) • These bands may be 

assigned -vrith certainty to N ... H symmetric and antisymmetric stretching 

modes. A fairly complex series of maxima is usually observed between 

3000 and .3500 em·1 with a long shoulder of lower intensity below 3000 cm-1• 

This lower energy absorption together with the breadth and complexity 

of the whole band system is characteristic of hydrogen bonding (1S1 72). 

The complexity of the absorption in this region makes a detailed 

analysis virtually impossible and, therefore, the spectra were recorded 

without any attempt being made to interpret them further. 

Deuteration experiments, which were carried out primarily to assist 

in the assignment of bands below 2000 em"'\ showed that bands in the 3 r 
region were displaced to 4 - 5 p in good agreement with the expected 

isotopic shifto (Compare figures 4.1 and 4.2). 

-1 :r_ae 2})00, -. 7QQ. em B,egign 

Between 1150 and 1700 cm•l a number of bands, most of them fairly 

intense, appear in the speeti~ of biguanide and its complexes. (See 

figure 4.3) According to the correlatlon table presented earlier in 

tl:ds chapter, (page 82) the vibrational modes which give rise to absorption 

in this region are the ~ bending and rooking and the C = N (or 

N - C - N) stretching modes. Below 1150 cm-1 it is expected that 

absorption due to various skeletal modes will appear. 
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As mentioned earlier the spectra of some deuterated compounds were 

measured so that absorptions due to N - H vibrations could be distinguiShed 

from those due to skeletal vibrations. The spectra of biguanide and 

partially deuterated biguanide are listed in table 4.1 and those of' 

tris(biguanide) chromium(III) il'l. its normal and deuterated forms, in table 

4.2. A number of spectra of complexes of biguanide with transition 

metal ions are summarised in table 4.3. 

The remainder of this chapter contains an analysis of the spectra, 

first of' free biguanide, then of its complexes. It will be demonstrated 

that assignments made for the spectrum 0f the ligand are in agreement 

with those made for ita complexes. Certain regular differences between 

the spectra of the cationic and ~eutral complexes will be pointed out 

and attempts made to rationalise them. Finally, the correlation of the 

spectra with the structures proposed in an earlier chapter are discussed. 

Partial deuteration of biguanide was accomplished by dissolving it 

in 99.5% D2o, allowing the solution to stand for several hours, then 

evaporating the solution to dryness under reduced pressure. Because the 

free base is not particularly stable, the dissolution and evaporation 

were not repeated. However, sufficient evidence was obtained with the 

partially deuterated compound to enable some tentative assignments to be 

made. 

Bands which appear at 1600 and 1625 em·1 and at 1200 om·1 in the 

spectrum of the undeuterated compound are diminiShed in intensity upon 



[ Cr(BgH) 
3
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2800 

85 

3000 3200 

N-H Stretchi.ng Abscrpti.on 

Figure 4.1 

-1 
340.0 em 
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1200 1400 

Figure 4.3 

1600 1800 -1 
em 
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-1 partial deutera.tion while new bands appear at 1220 and 923 em • In 

the spectrum of the undeuterated compound the 1600 - 1625 cm-1 band 

is assigned as the NH2 bending mode and the 1200 am-1 band to the N!Iz 
-1 rocking vibration. The new bands, appearing at 1220 and 923 em 

after deuteration are therefore assigned to the ND2 bending and 

rocking modes. These assignments give very satisfactory values for the 

isotopic Shift, (1.33 and 1.30 respectively). Deuteration does not 

affect bands at 1509 and 1401 =-l and these are assigned as N - C ... N 

stretching modes. Even the 1509 am•1 band is well below the usual 

range for C = N stretching vibrations, and it is postulated therefore 

that, as in the case of the biguanide cation (see pa.ge81), a resonance 

effect gives rise to an equivalence of all the C - N bond orders. 

Below 1200 cm-1 the spectrum appears to be affected only slightly 

-1 by deuteration, and the bands in the region 1200 - 700 em are 

therefore assigned to Skeletal modes. 

The spectrum of the chromium biguanide complex in the 1200 - 1700 cm-1 

is much better resolved than ·!;.hat of the free ligand so that assignments, 

based on studies with the deuterated complex, are more easily· made. 

The disappearance of the band at 1624 - 1630 cm·1 upon deuteration means 

that it can be assigned definitely to the N52 bending mode, while the 

lack of any significant shift in the 1560 - 1580 cm-1 band indicates that 

this is very largely· an N - C - N stretching absorption. The broad band 

at 1458 cm-1 becomes resolved, after deuteration, into a strong broad 



** (1625 vs 
(1600 V$ 

(156o sh 
(1509 VS 
(1411 VS 

1200 s 

1109 w 
10.32 m 

914 w 
850 w 

Table .4.1 

ca. 1620 sh) 
) 

1600 ) 
1500 sv br ) 
1405 s ) 

1220 m 

1200 w 

11.35 w 
96o m 

92.3 m 

905 m 
818 m 
762 m l 

* All data given in wave-numbers (cm-1 ) 

NH2 Bending 

N - C - N Stretching 

ND2 Bending 

~Rocking 

Skeletal modes 

ND2 Rocking 

Skeletal modes 

** v = very 1 a = strong, m = medium_, w = weak, br = broad. 



16.30 va 

1621t vs 

1580 vs) 
1560 vs) 

l458 vs br 

1260 sh 
1240 vs 

1098 m 

1054 m 

770w 

90 

Deuteratti! 
OrBg3 

16.30 w sh 

1561 vs) ) 
1546 vs) ) 
l485 vs) ) 
1415 s ) ) 

1227 m br 

1091 W! 

1026 WI 

1004 w 

925 vw 

852 vw 

830 vw 

~bending 

Mainly N ... C - N 
stretcb.ing 

~rocking 

ND2 bending 

ND2 rooking (?) 
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maximum at 1415 am-1 and a weaker one at 1485 am-1• Thus ovei~ll there 

appears to be no real shift in this absorption, and it too is assigned 

as an N - C - N stretching mode. 

It is interesting to note that there appears to be very little 

coupling between the N - H bending and N - C - N stretehing modes in 

biguanide complexes. This is in contrast to the case of 113-diimine 

complexes for whiCh infrared spectra have been measured recently. For 

these complexes, bands at 1580 and 1620 am·l were both shifted 

significantly upon deuteration, indicating that the N - H bending mode 

made a considerable contribution to both bands. 

Deuteration of Cr(Bg)
3 

causes the disappearance of the 1240 cm-1 

band. As in the case of the free ligand, this band is assigned to the 

NH2 rocking mode. The band which remains in this region at 1227 c.m·1 is 

assigned to the ND2 bending mode (giving an isotopic shift, ~H/VD = 1.33). 

It is not possible to make a defirdte assignment for the ND2 rocking 

mode which is expected to appear at around 930 cm-1 (assuming an isotopic 

shift of 1.33), although it could be assigned to a new band which appears 

at 1004 cm-1• This assignment gives an isotopic shift of 1.25 which is 

low for a pure NB2 rocking mode but this could result from coupling of 

the NB2 rocking mode with some other mode of the ~e symmetry. 

Below 1200 am-1 the spectrum is almost unaffected by deuteration and 

only some minor shifts, generally to lower frequencies, are found together 

with some small Changes in intensity. Absorption in this region is most 

probably due to various skeletal modes. 
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(c) ae.ctra. of Bigw+nide Complexes in General 

The assignments made for the spectra of biguanide and tris(biguanide) 

chrondum(III) have been used in making similar assignments for the spectra 

listed in table 4.3. The region of greatest interest in these spectra is 

that between 1350 and 1700 am-1 in which the N - C - N stretching and N-H 

bending modes are found. In order to facilitate a more detailed 

examination of the spectra in this region, they were plotted for comparison 

in figure 4.4. Here, the systematic differences between the spectra of 

the cationic and neutral complexes are highlighted and it may be observed 

that for a particular metal ion, the N-H bending frequency is higher and 

the N - C - N stretching frequencies are lower, in the cationic complex. 

These observations are perhaps most satisfactorily explained b,r 

making use of the work of Bellamy and Williams (10) who provided an 

explanation for the pattern of C - H stretching and deformation frequencies 

in a mumber of CH3 - X compounds. In the case of" the methylhalides they 

poat·uJ..a.ted that as the series is traversed from CH.:l the Ja charactel"' of 

the C .. I\• bond increases and as a result the .! character of the C - H 

bond increases along the same series. Since ,u orbite.ls are more diffuse, 

yet have greater directional properties than .! orbitals, an increase in 

the ~ character of the C - H bonds would be expected to give rise to ~lorter 

bond lengths and higher C - H stretohulg frequencies, while the decreasing 

directional character of the bonds Should be reflected in a lowering of the 

0 - H bending frequencies. These expectations are borne out by experiment. 

Hadzi (47) has extended these arguments to explain the differences in 

N • H stretching and bending frequencies between aliphatic and aromatic 
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amines. He suggested that in the aromatic amines there is conjugation 

of the ni'l:;rogen lone pa.ir electrons with the aromatic ring and this is 

facilitated if the lone pair orbital has more B character. n1e increase 

in the ~ character of the lone pair orbital requires a corresponding 

increase in the ! character of the N .... H bonds. which in ·turn gtves rise 

to increased N - H stretching frequencies and decrease N - H bending 

frequencies. Hadzi also made similar observations on the spectra of 

phenols and aliphatic alcohols. 

Arguments such as these may well be applicable in the case of the 

bigttanide complexes. It has been postulated in an earlier chapter that 

the structures of the cationic and neu-tral complexes can be represented 

by XLVII and XLVIII below, in wh.i.eh there are two amino groups conjugated 

with the :Chelate ring. 

XLVII XLVIII 

This sttuation bears some resemblance to the case of the aromatic 

a.mines. Protonation of the chelate ring (probably a.t N~) decreases 

the effectiveness of the conjugation in ·the system., weakens the C ... N 

bonds and gives rise to lower N - C - N stretching frequencies. The 

decreased degree of conjugation will have the added effect of lowering 

the ~ character of the nitrogen lone pair orbitals and, hence, of 
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increasing the ~ character of the N - H bonds. This should result in 

higher N - H deformation frequencies in the protonated (cationic) 

complexes, as observed, and lower N - H stretching frequencies. While 

no significant differences in the N - H stretching frequencies have 

been observed between the two types of complex, this does not mean that 

the above e::cpla.nation is faulty, since hydrogen bonding tends to over

shadow all other effects in this region of the spectrum. 

Infrared spectra. were measured on a Perkin Elmer model 221 or a 

Gru.bb Parsons 11Spectromastertt spectrophotometer. Samples were prepared 
" 

by mulling compounds in liquid paraffin (nujol) or hex:achlorobutadiene 

and mounting bet"t-roen alkali halide plates. 
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CHAPTERJi 

Some C.~InJll:.,exe§ of Sul:gqur...Containigg Ligand.J! 

Gue.nylurea., biuret, gu.anylthiourea and dithiobiuret all have 

structures which are similar, in many respects, to that of biguanid.e. 

However, the presence of oxygen or sulphur, as well as nitrogen, in 

these compounds should allow the formation, in each case, of at least 

two types of chelate complex with transition metal ions. Thus it has 

been shown (see references in chapter 1) that biuret is coordinated 

through nitrogen alone in some of its complexes and through oxygen alone 

in others. Similarly it has been suggested (78) that guanylt~1ourea 

forms two kinds of complex; those in which the ligand ooordinates 

solely through nitrogen, and those in ·which coordination is through both 

nitrogen and snlphur. Guanylurea appears to be coordinated through 

nitrogen in all of its complexes (78). Too few complexes of dithiobiuret 

have been s·hudied for any conclusions to be drawn, regarding the means of 

coordination of this ligand. 

A stuqy of the coordination chemistry of some of these compounds is 

a natural extension of an investigation of biguanide complexes. The 

structural similarity between biguanide and the oxygen- or sulphur

con·Ga.ining ligands could well mean that information derived from an 

examination of one group of compounds will be useful in the study of 

another group. 

It was decided to concentrate here on the sulphur-containing ligands, 

guanylt.hiourea and dithiobiuret, since complexes of biuret and guanylurea 

have been studied quite extensively elsewhere. Accordingly, work has 

been directed at both extending the range of ~lown complexes of these 
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ligands and checking some of the earlier reports of their complexes. 

From the limited data available (69,73,80) it appears that the 

type of bonding in complexes of guanylthioureas may depend both upon 

the metal ion involved and the substituents on the ligand. It has 

been postulated (69,7.3,SO) that in the known complexes of gu.anylthiourea 

and S-ethylgua:nyl'thiourea the type of coordination with the different 

metal ions is as shown in table 5.1. 

. .. .._ -
~i~an.d 00III 

guanylthiourea N-S 

S-ethylguanylthiourea 

* Table 5ol 

Co II Niii 

N-S N .... N 

N...S N-N 

-

cui I Pdii Ref. 

N-S N-S (73,80) 

N-N (69) 

---- .. 
* N-S: refers to coordination via nitrogen and sulphur, e.g. as in XXXIV 

N-N refers to coordination via nitrogen alone, e.g. as in XXXV. 

~N NH NH \! \c/j . 
II I 

HN S 
\Mj 
I \ 

XXXIV 

H2N\ I NH\ /SH 

c 0 
II ll 

HN N 
\M/ 
I \ 

XXV 

It is interesting to note that ·t;he thioamide group provides similar 

alternative bonding schemes to those found in thiocyanate complexes. 
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Lewis, NyhoJ.:m and Smith (56) have pointed out that the type of coordination 

in thiocyanate complexes may be correlated with the classification of 

metal ions proposed by Arhland, Cbatt and Davies (1). They noted that 

class (a) metals (see figure 5.1) form isot~tocyanates (N-bonded), while 

class (b) metals form thioo,yanates, (S-bonded). 

In view of the similarity between the thioc,yanate and thio~ide 

groups it might be expected that the same factors trlll govern the nature 

of the coordination of the two groups witll the various transition metal 

ions. Thus it would be expected that only metal-nitrogen bonds would 

be formed in guanylthiourea complexes with class (a) acceptors while both 

metal-nitrogen and metal-sulphur bonds would be formed in the complexes 

with class (b) acceptors. 

The data in table 5.1 are not entirely compatible with these 

expectations, since cobalt-sulphur bonding has been inferred both for the 

eobalt(II) and eobalt(III) gua~lthiourea complexes. This is in co~hrast 

to the situation in the thiocyanate complexes of cobalt, where metal

nitrogen bonding is known to exist. 

However, eobalt(II), oopper(II), nickel(II) and, possibly, cobalt(III) 

are in the border region between (a) and (b) class ions, and it is 

probable that the weak (a)- character is, in some cases, overridden by 

other factors. The palladium(II) ion is definitelf in class (b) and, 

as expected, metal-sulphur bonds appear to be present in the 

gua.nylthiourea. complex (73). 

It has been observed (80) that the reactions of gua.nylthiou.rea with 

cupric salts afford browniSh-yellow products, containing copper and ligand 
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in an approximately 1 to 1 mole ratio. The room temperature magnetic 

moments of these products are anomalously low and chemical evidence 

suggests that they contain metal to sulphur bonds. There has been no 

attempt made to explain these observations and the unusual properties 

of these compounds should therefore provide an interesting study. It 

is interesting to note, too, that copper is an element in the border

region of the classification of Ahrland et. al. (l). Oopper(II) 

generally exldbits class (a) character while copper(!) is considered as 

belonging in class (b). 

The work of Ray and Obaudhury (So) on these copper derivatives has 

been repeated and extended here, and some interesting results have been 

obtained. 

To date there have been no reports of guanylthiourea complexes of 

me·bal ions with definite class (a) behaviour. Accordingly, the reaction 

between guanylthiourea and the chromium(III) ion has been studied here. 

The reactions between cupric salts and guanylthiourea have been 

investigated briefly, both by Trimble (10/+) and Ray and Cha.udhu:ry (80). 

It was observed that in all cases these reactions yielded products which 

contained copper and guanylthiourea in an approximately 1 to 1 mole ratio. 

The magnetic moments of these compounds were found (80) to be lower than 

expected for magnetically dilute d9 complexes, and this was attributed to 

11an unusually high temperature effect." It is not at all clear what 

was meant by this statement since it was not elaborated upon. 
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Although Ray and col.rorkers (SO, 73) have found that nickel(II) 

and cobalt(II) form b:i.s-gua.nylthiourea complexes, and cobalt(III) 

forms a tris-guanylthiourea complex, they did not comment upon, or 

suggest a reason for, the fact that cupric salts afford only 

monogua.nylthiourea complexes. Furthermore, it is interesting to note 

that Paiganka.r and Haldar (69) have recently prepared a copper(II) 

complex of S-ethyl.guanylthiourea which has a metal ligand ratio of 2 to 

1. It is a normal, paramagnetic complex with a magnetic moment of 

1.82 B.M. and its magneti.c susceptibility obeys a Ourie-Weiss law with 

a 9-value of 4°K. These authors did not comment upon the fact that the 

introduction of an S-ethyl-substituent into the ligand allowed the 

formation of a bis-complex with markedly· different properties to the 

complexes of the parent ligand, obtained by Ray and Chaudhury (80). 

Because the differences between guanylthiourea and the S-ethyl

guanylthiourea appear to be very significant, a detailed investigation 

of the reactions of the former compound with cupric salts has been 

undertaken here. 

It has not been possible in this study to obtain stoichiometric 

compounds by the reaction of' cupric salts with guanylthiourea. Two 

different preparations under the same conditions, gave copper-ligand 

ratios of' 1 to 1.1 and 1 to 1.25 respectively. Similar difficulties 

were experienced by Trimble (104), who obtained a product with a 1 to 

0.9 copper-ligand ratio, when he caused cupric acetate and guanylthiourea 

to react. Ray and Chaudhury (80), however, claim to have prepared pure 
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samples of the compotmds [Cu{C2H
5
N
4
s) (R:2o)J so

4
.4'ff:2o and 

[Cu(C2H5N4~>) (OH) (~o)J.HzO• 

Products obtained in this work have been assigned formulae such 

as [C~(C2H5Nt)2 01. x (C2H6N
4
s), where x = 0 to 0.5J. The material 

from one preparation, with x = 0.5, was studied in some detail. In 

agreement with the results of Ray and Chau.dhury (80) the material had 

a. lower magnetic moment than expected for a copper(II) compound. 

However, an investigation of the temperature dependence of the magnetic 

susceptibility showed that the Curie-Weiss laliJ' was obeyed, with e = 4°K. 

(See table 5.2 and figure 5.2). Thus the possibility that magnetic 

interaction between two copper(II) ions in a dimeric molecule had reduced 

the magnetic moment, could be el::i.m:l.:nated. 

It was noted, however, that if the magnetic sUsceptibility of a 

dimeric molecule were attributed to only one of the copper atoms, the 

other being diamagnetic, then the paramagnetic copper atom would have a. 

ma.gnet:l.c moment of approximately 1.9 B.M. Such a situation would require 

that the complex be formulated as Cuii. Cui (C2H
5
N 
4
s)2 Cl.i-(c2:a:6N f); i.e. 

the complex would contain both cupric and cuprous ions. 

Similar formulations for the compounds prepared by Ray and Chaudht~ 

(80) would be: 

II I . II . I .. Cu • Cu (C2H
5
N
4
s)2.HSo

4
.6H2o and Cu. • Cu (C2H5N4s)2 (0H).2~0. 

Magnetic moments based on these formulae are 2.08 B.M. and 2.03 B.M. 

respectively. There appears to be no satisfactory alternative means of 

explaining the magnetic properties of these compounds. Furthermore, 
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Table 2,.2 

*** Magnetic Pronerties of Copper Gyaavlth~ourea. Com~Yn£ 

T°K !.,g !:..Jl X ** ~eft: (B .M.) 1 A ~ -
28/+-5 3.78 1506 1626 1.93 616 

250.8 3.63 1717 18.37 1.93 5~ 

217.3 4.22 1996 2116 1.93 47.3 

183.0 5.01 2370 21t90 1.92 402 

150.1 6.18 292.3 3043 1.93 329 

116.5 8.04 3803 3923 1.92 255 

* Molecular weight, ba'sed on the copper analysis, is taken as· 473,0 

** Diamagnetic correction taken as 120 x 10""6 e.g. So 

*** Data in c.g.s. units. 

there is a certain amount of indirect evidence which favours the 

hypothesis: 

(i) It is well known that compounds w'ii;,h the thiol (-SH) group 

are reducing agents, the reducing properties being due to the fact that 

the following reaction, the formation of a disulphide,. can occur: 

Guanylthiourea should therefore be capable of acting as a reducing 

agent, accounting for the reduction of copper(II) to copper(I). 

(ii) It is now possible to explain the differing coordination 

properties of guanylthiourea and S-ethylguanylthiourea. The ethyl-group 
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in the latter compound destroys the reducing property of the guanylthiourea 

by blockin.g the formation of the disulphide. Thus, s ... ethylguanylthiourea 

is a normal chelating agent, and forms the expected bis-complex with 

copper(II). 

(iii) Furthermore the presence o.f me·ool-sulphur bonds in. the 

copper-guanylthiourea compound, inferred elsewhere (80) from its chemical 

properties, can be understood if it is agreed that cuprous ions are 

present. Copper(!) is known to belong in class (b) o.f the Ahrland 

classification (1) and should readily .form meta.l...sulphur bonds. In the 

S-ethylguaeylthiourea-copper complex reported by Paiganka and Haldar (69), 

only cuprj.c ions, known to have class (a) character, are present and, as 

expected, only metal-nitrogen bonds are found. 

(iv) The reaction o.f dithiobiuret with cupric salts is also 

pertinent here. It has been shown in this study (pageu,) that the yellow 

compound, previously supposed (4) to be a dithiobiuret complex o.f copper(II) 

is actually a cuprous complex. In this case, copper(II) is completely 

reduced to copper(!) whereas in the reaction with guanylthiourea, only half 

o.f the copper(II) is reduced. 

At this stage it is only possible to speculate on possible structures 

.for the copper-guanylthiourea compound. All that can be said is that it 

is most probably a mixed-valence compound containing both copper(II) and 

copper(!) ions in 1:1 mole ratio. It is interesting to compare the 

properties o.f the copper-guanylthiourea complexes with those o.f other 

mixed-valence compounds reported previously. 
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For mixed-valence compounds there exists the possibility that 

electron transfer may occur between two metal ions of different 

valence. This electron transfer can, under some circumstances, give 

rise to unusual magnetic, spectral and electrical properties. 

Measurement of these properties for a particular compound may afford 

useful structural information, Robin and Day (25a) have proposed a 

method of classifying mixed-valence compounds based on physj.cal 

properties, as set out in table 5.3. 

Both the electronic spectrum and magnetic properties of the copper

guanylthiourea complexes described above have been measured. The 

magnetic properties (Table 5.2, figure 5.2) obey the Curie-Weiss law, 

implying that the compound is ma.gne·tically dilute and could belong to 

either class I or class III-A.. The electroP,.ic spectrum. (figure 5.3) 

contains intense absorption which could be attributed to either mixed

valence or metal-ligand charge transfer., The latter might be expected 

for metal-sulphur bonds. 

5.3 ~ctions of Ohromium(I:t,I.l.l!it~j}:qanxJ:thio-m:ea 

Accordingly, the reaction between guanylthiourea and the chromium(III) 

ion has been studied here in an attempt to determine whether complexes 

can be obtained, and, if so, to determine the type of coordination involved. 

No guanyHihiourea complexes of metal ions with definite class !. 

character (see figure 5.1 page ) have yet been reported. As mentioned 

earlier, guanylthiourea would be expected to coordinate through nitrogen 

alone in these complexes, whereas coordination via sulphur and nitrogen 

would be expected in complexes with class £ metals. 

While attempts to prepare a complex from aqueous solutions were not 



,,~ .__..-

(6} -~net~lJ,fdtiufe; 
· J-1{t~~ie ,o,r 

~a~~j~ t~ver~~ 
•\~w .l:.tl~pt>tat~t~e.!'t. · 

~ .. ~ ...... ,,. 

~OUR ~~ .. SSt:S ('!cPJf~i;:Jl'\':~J.l>l'$CS:0o1tfPQ.UNDS 

/, ',, 

·;i*); il~~~~~~#~ 
··· viLl~~~;tt'~ti()J<S·m 

the viSible ~gion . . 
/ 

(Sf $peetra of~~.ituent 
ipn:s no,t discernible 

.. 
(.6) Magtietically dilute 

cm.ssrn:a 

. ( l) · All. metali~ns;indi~~n
gui&llable 

(2.). a:. maximal; ~Qmple'te 
delocalizilf,ro~ ov~r the 
ea.ti()n sublat.t. 

(3). •et,allre~'ilt1~i~; 
re!llSt.iVityi~~tange 
l~.:_,IO,.,II:ob~rem ··· 

( 4). Absorpti~ ~~n .the 
'\tlfrai'ed' op&q~witb 
metallicre~tivity in 
the visible tegip~ 

(5) Spectra ofeo,nstituent 
jons not di'Sela~hfe 

(6) Either ferioniagn'Ptie 
'" itb a b:4<h .Ourie 
tempera.tJt,re 1)1' 
<iuJ.magnette, depending 
upQn the presence 1)r 
absence of looal 
moments 

'··~ .. ·•··. t i. 



• 6 Diluted 5x 

--" --> 
0 

.4 

.2 
[Cu guanylthiourea]so4 , Reflectance vs. LiF 

Fig. 5. 3 

10,000 15,000 20,000 25,000 30,000 c-m 



successful, it was found that an alcoholic solution containing chromic 

chloride and guanylthiourea slowly turned pink-violet, suggesting that 

some reaction was occurring. In order to determine the nature o:f the 

species formed, a series of solutions containing a fixed concentration 

of chromic chloride with varying amounts of ligand were made up as set 

out in table 5.4. 

Solution No. l 2 4 5 6 7 

Mole ratio: 

guanylthiourea/CrC13 0.5 1.0 1.5 2.o 2.5 3.0 3.5 4.0 

Colour at equ\ium green ~ grey <t--pi:nk-.violet-~ 

JAbsorbance at 515 m /u o.23 o.23 o.26 o.36 o.53 o.73 1.04 1.02 

All of the solutions were originally green and the electronic 

spectra contained two bands, at 15,400 and 21,400 cm·1, characteristic 

of the octahedral [OrO~ (~0) 41+ ion. Within a matter of minutes 

solutions (7) and (S) began to darken and within one day they had 

become pink-violet; at the same time solution (6) had become greyish. 

In all solutions the two spin allowed bands observed previously bad 

shifted to higher energies, the larger shifts being observed in those 

solutions containing ligand in greater concentrations. After fourteen 

days pink precipitates had formed from solutions (7) and (8) and the 

spectra of these two solutions, and of (6), had become very similar, 

each giving rise to bands at about 19,400 om.""'1 and 241500 om ... 1• These 



band positions remained constant thereafter. The solutions of lower 

ligand concentration had also come to equilibrium at this stage and the 

spectra of these solutions contained bands at frequencies intermediate 

between those exhibited by the original green solutions and those of the 

pink solutions (6), (7) and (8). 

It is significant that the pink colour developed only in those 

solutions where the ligand to chromium(III) mole-ratio was equal to o:r 

greater than three. In solutions with greater ligand concentrations 

there appeared to be no increase in the hypsochromic shift of the 

absorption maxima. This suggests that the tris-(guanylthiourea) 

chromium(III) species is formed in solution. lfu.rther.more, the fact that 

no isosbestic point has been found indicates that more than one complex 

species is formed qy the reaction of CrC13 and guanylthiourea, most 

probably the mono - and bis- complexes. 

The positions of the two bands observed for the pink solutions, at 

191400 and 241 500 om-1, are in the region associated with the ohromium(III) 

octahedra1ly coordinated by siXw·.ni trogen a. tom so These band po si tiona are 

compared with those for chromium(III) complexes of nitrogen containing 

ligands, in Table 5.5. 

Complex 4A2 (F) <E-4:r2 (F) 4AI2 (F) ~4r1 (F) 

Cr(gua.nylthiourea)3 19,400 24,500 

Cr(Bg)3 20,000 26,300 

Or en3 21,600 28,490 

* Cr(NH
3

)6 21,500 28,500 

* Values given in Jorgensen C.K. : Absorption Spectra and Chemical Bonding 
in Complexes. Pergamon P• 290. 



11.3 

Thus, as expected, metal nitrogen bonds only, appear to be formed between 

guanylthiourea and chromium(III). 

Attempts were made to isolate sufficient of the solid complex for 

purposes of characterisation and details of these experiments will be found 

in the experimental section at the end of this chapter. All solid products 

from solutio:tls of guanylthiourea and chromic ion showed evidence of partial 

decomposition of the ligand to dic.yandiamide (which gives rise to two bands 

in the 0!: N stretching region of the infrared speotrum of these products). 

One particular sample was analysed completely and characterised by spectral 

and magnetic measurements. The analysis correspo11ded to the formula 
'S'll'liJ . 

Cr2 (o2H;Nf),; (02H4N4) 013.xea3oH_..where xis approximately 6, c2H5NJ[> 

is guanylthiourea and c2a4
N 4 is dicyandiamide. The presence of methanol 

in the product is suggested by the analyses and by the appearance of bands 

at 2816 and 2922 cm-1 in the 0-H stretching region, of ·the infrared spectrum. 

Other bands expected for methanol, the 0-H stretc~tng and CH bending, are 

masked by N-H bending and stretching and C-N stretching modes, respectively, 

of the guanylthiourea and dicyandiamide molecules. ~1e infrared spectrum 

is listed in table 5.6. 

Room temperature (29.3.0°K) magnetic measurements for the compom1d gave 

a gram susceptibility (Xg) of 11.28 c.g.s. ~1is corresponds to a magnetic 

moment per chromium atom, based on the chromium analysis, of appro:dmately 

.3.5 B.M., w:h.tch is lower than exp~cted for a magnetically dilute d3 complex. 

The electronic spectrum of the compound was measured both by diffuse 

reflectance (see figure 5.4) and in aqueous solution. There is no doubt 

that the chromium ion is surrounded by a pseudo-octahedral ligand field of 

fairly low symmetry. The two strong bands observed at 18,700 and 25,000 om-1 
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can be assigned as the 4T2g (F) ~4!2g transitions in octahedral symmetry. 

The small shoulded observed at 13,700 am-1 is assigned as the spin-forbidden, 

~g~ 4A2g transition, in octahedral symmetry. Both spin allowed bands 

~1ow evidence of marked splitting. This is to be expected, since the 

formula for the compound does not allow for a highly symmetrical ligand 

field. 

Ia.b;L,e 58 6 
-1 ,;tP,fra:r:e,Si S11ectra belQTrL 2QQQ am oL~ny;ltJ:liour~ea Compound§ 

~mt,hi~~ 

1635 sh 
1612 vs 

1508 vs br 
148.3 VS 

1415 VS 

' 
1.325 s 

1188 s 
1165 sh 
1068 m 

94.3 s 

758 sh 

740 s 

Chromium 
Guan;:y;lthioJ:Y:E!!:, 
Oomoound 

1590-
1670 vs br 

1512 VS 

1458) m 
144(.%) . 

1.340 s 
1240 s 

1152 s 
1050 s 

895m 

760 sh 

715 s 

2.9..21?.£ 
Gua.~lthiour~ 
Pomp9unq 

1645 vs br 

1572 vs) 
1565 vs) 

1505 vs) 
1480 sh) 

14.30 vs 

1.320 s 
1250 s 

1155 s 

962 w 

905 :m. 

890 sh 

773 s 

715 s 

* A.,ssignminl. 

~ bending 

N-0-N stretching 

*Assignments are based on empirical correlations with earlier work on thiourea 
:: ~ and dithiobiuret (101), together with work carried out in this project 
on biguanide s<> 
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~Abs. 

7 " 

25 

15000 20000 25000 cm1 

Diffuse Renectance · SpeeiWum of· Chromium (III )-Gu.an;y1thicrurea. Adduct 

U!.gure5.4 
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It can be concluded from these results that the chromic ion and 

guanyl·chiourea a.pparen·bly react in solution to form a tris-(guanylthiourea) 

chromium complex species of some kind. The species does not preoipj.tate 

from solution, but instead precipitates are formed which contain both 

gua.nylthiourea and the decomposition product dicyandiamide. 

Only the silver(I) complex [Ag2 (o2H5N3s2)3J(N03)2 has been 

characterised previously (101). The two copper compounds which have been 

reported, the products of the reactions between dithiobiuret and the m1pric 

(4) and cuprous (3) ions respectively, were both described as yellow, but 

were not further characterised in any way. 

In order to obtain a comparison between the coordinating properties 

of dithiobiuret, guanylthiourea and the other ligands mentioned earlier, 

its reactions with cupric salts have been investigated. 

~1e bright yellow product obtained when an aqueous solution of cupric 

sulphate was added to an aqueous solution of dithiobiuret, was found to be 

diamagnetic at room temperature. Furthermore, no ~x±ma were observed in 

its diffuse reflectance spectrum between 300 and 1000 millimicrons. These 

data, together wi"l:;h a complete elemental analysis of the compound indicate 

that it should be formulated as the copper(!) complex, [0~(02H5N3s2 )_i]so4• 

This result is readily explained by the fact that dithiobiuret is known 

to be a fairly strong reducing agent (54). It seems certain that the cupric 

ions have been reduced by the ligand. 

) 
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The close similarity of the formula of the cuprous complex with 

that of the silver(!) complex mentioned above, was suggestive that the 

two compounds might have similar structures. Accordingly the infrared 

spectrum of the copper(I) complex was measured for comparison with the 

spectrum of the silver complex, reported by Stephen and Townshend (101). 

The two spectra, listed in table 5.7, are in good agreement and it seems 

certain that the structures of the two complexes are also very much 

alike. 

Stephen and Townshend suggested that the silver dithiobiuret complex 

had the same structure as the thiourea complex, [Ap~tu3J (No3)2, which 
'" 

they also studied. It was proposed that the dithiobiuret would be 

monodentate and coordinated through a sulphur donor atom. 

This section of the project, the study of the sulphur containing 

ligands guanylthiourea and dithiobiuret, was Ulldertaken because of the 

structural similarities between these compounds, the oxyanalogues, and 

biguanide.. The result, however, has been rather to emphasise the 

differences in properties between the two groups of compounds. 

It has been demonstrated that both guanylthiourea and dithiobiuret, 

in reacting with cupric salts, reduce them at least partly to the cuprous 

state. The reducing properties of these ligands are attributable to 

thiol groups which are readily o:x:idised to inter- or intra•molemtlar 

disulphide linkages. 

An interesting extension of this work would be the study of ·~he 
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T~b1e ~.z 

* Inf~red Speo~a q~_dit~~o~~~et and it§ oomp1e~ 

,stephen & T..qvm§hSd 
l 

Th.i_fl Work 
'I' au•_._, A§~iggm.ent (101) 

Dith~biure~ AI!. I 
Ql!I Oom:Q;L~ Di,thiob:\uret 
Oomp1~ 

.32.30 s .3.350} 3050 
to 

.3000 s br .3100 s .3000 s br -.3.350 s br (NH) stretching 

16.33 w 16.36 w sh 16.31 w ) NR:z bending 
161.3 p 160.3 m 1612 s 1610 s br) 

1552 s br 1556 s 1546 s 1572 s ) (O=N) stretching 
1500 sh 1527 w sh ) 

1492 s 1480 m 1480 m sh 1471 w ) (O=S) str. 1405 s 1400 w sh 1.39.3 s 1.399 m ) 
1.3.3.3 vs 1.319 V$ ) 

111.3 s 111.3 s 111.3 s D obsgured ~ (~) rooking by so4 ( 11.3) 
998 w 962 w 

831 m 

786 m 799 w ) Mostly O=S~ 
744 s ) Some O=N 

717 w 706 w 725 m 718 m 

* s = strong, w = weak, m = medium, br = broad, sh = shoulder. 
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S-substituted compounds in whiCh the reducing properties should be 

blocked. Some complexes of S-ethylguanylthiourea have been studied by 

Paigankar and Haldar (69) who found that it acted as a normal biden·t.ate 

chelating agent with cobalt(II), niokel(II) and oopper(II). 

The fact that the reaction of guanylthiourea and chromium(III) 

results in the decomposition of a portion of the former without the 

formation of any stoichiometric complex, may be due at least partly to 

the instability of the unsu.bsti tuted thiol group. Thus a study of the 

reaction of an S-substituted guanylthiourea with ohromium(III), and 

other metal ions, may be worthwhile. 

Guanylthiourea and dithlobiuret were prepared by the literature 

method (55). ~S was passed in·t.o a hot aqueous solution of dicyandiamide 

for seve~l hours. The required products were obtained from the 

resultant solu-l:.ion. 

An aqueous solution contai~tng 2.5 gm. of cupric chloride 

hexahydrate was added to a vigorously stirred aqueous solution of 3.5 gm. 

of gua.nylthiourea. A brown. gelatinous precipitate formed immediately. 

This was centrifuged, washed once with water then twice with alcohol and 

dried at room temperature. The dark brown residue which formed, was 

crushed to a. yellowish-brown powder. The yield was approximately 1.5 gm. 

or 44%, based on the amount of cupric chloride. 
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The compound was analysed for copper, nitrogen and chlorine. 

Found; Cu, 26.9, 26.7%; N, 30.81 30.8%; Cl, 8.2%. 

Calculated for: CUz (C2H5N4s)2Cl.jc2H6N4s. 

Cu, 27.8%; N, 30.7%; Cl, 7.8%. 

Another preparation of the compound gave the following analyses: 

eu, 27.o, 27.2%; N, 26.6, 26.8%. 

The magnetic properties of the compound have been summarised in 

table 5.2 and the infrared spectrum is listed in table 5.6. 

The solid residue described in section 5 was prepared as follows: 

A solution of 0.9 gms. guanylthiourea and 0.3 gms. of cre13 in 30 mls. 

of methanol was allowed to stand in a stoppered flask for three months. 

The pink-violet solution was then poured into 30 mls. of dioxan and a 

pink precipitate was immediately obtained. This was filtered, washed 

with dioxan and dried in the air at roam temperatu~e. 

Analyses: Cr, 11.4%; c, 18,.26%; H, 5o03%; N, 25.21%; 

S, 9.80%; Cl, 10,.52%. 

As stated earlier, the material was formulated as er2 (C2H5N4s)3 tJ( 
(C2H4N4~3.xeB3oH, (x~ 6)~rl/.wo 

d. Cgp~~r Dithiobiyret Com~l~~ 

~1e complex was prepared by adding solution containing o.83 gms. 

of cupric sulphate pent.ahydrate in 10 mls. of water to a solution of 

0.90 gms. of dithiobiuret in 50 mls. of hot water. A yellow precipitate 

was obtained j.mmediately. This was washed with water and dried j_n. vacuo 

over silica gel. 
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Analyses: Found: Cu, 20.7, 20.9%; 0, 11.53%; H, 2.74%; N, 19.86, 

19o82%; s, 35.3% (total s). 
Calculated for 0~(02H5N3s2 )3 so4 : Cu, 20.2%; o, 11.47%; H, 2.40%; 

N, 20o045C; S, 3[./J.%. 

The chromium-guanylthiourea compound was analysed by the 

Alfred Bernhardt J.l:ricrona.lytical Service at the Max Planck Institute, 
tl 

Mulheim, West Germany. All G and H analyses were also carried out by 

this service. 

Oopp2r.: was determined by first decomposing the complexes with a 1:1 

mixt,ure of' concentrated nitric and &'Ulphuric acids then plating out the 

copper on a tared plaM.num cathode, by the usual method (Ref. 105, page 

608). 

Sylph:w;:: Total sulphur was determined by oxidation of any organic 

sulphur to sulphate, with bromine and nitric acid. The sulphate was 

then determined gravimetrically '(Ref. 105., page 467). 

Pp;zsical Measurem~nts wei•e carried out as described in earlier chapters. 
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