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SUMUARY
The major part of this project consists of a study of some
structural problems relating to biguanide complexes., As an adjunct to
thig work the reactions of the sulphur-containing ligands, guanylthiourea
anl dithiobiuret, with transition metal ions have been examined, The
coordination chemigtry of the related oxy-compounds, biuret and
gunylurea which have been gtudied extensively by previous authors, has

besn revieved,

A series of chromium(III) complexes with l-substituted biguenides
hag been prepared, some for the first time., The electronic gspectra of
the chromivwm complexes have been interpreted in favour of coordination
vie ungubstituted nitrogen atoms onlys, This hypothesis is in accord

with deductions made from studies of molecular models,

A gystematic investigation hag been made of the cobalt(II) complexes
of l~gubstituted biguanides., 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 abgorption gpectra have demonstrated that two stereochemigtries
exlst in the series of compounds exemined, It hag been shown that the
red complexes obtained from the reaction of cobaltous salts and
l~arylbiguanideg in neutral solutions are pseudowtetrahedral, In alkaline
solutions the same reactants afford yellow, square-planar complexes.

The reactions of cobalt salts with l-alkylbiguenides yield the yellow
square-plansr complexes under both neutral and alkaline conditions, The
bonding in these complexes and the reasons for the formation of two

different stereochemigtries are discussed,



The infrared sgpeetra of a number of complexes of unsubstitubed
biguanide with chromium(III), cobalt(II) and copper(II) have been
studied for the firgh time, Measurements were made on both the
cationic and neubral complexes, The observation that N-H bending
frequencies are higher and G-N gtretching frequencies lower in the
cationic complexes than in the corresponding neutral complexes, is in

agreement with a proposed bonding scheme for the biguanide complexes.

As an extengion of the work on biguanide complexes the reaction
of guanylthiourea and dithiobiuret with transition metal ions have
been studied, It has been demonstrated that cupric sulphate is
reduced by dithiobiuret and a cuprous complex ig precipitated,
Guanylthiourea and cupric salts react with the formation of mixed
valence Cu(II) Cu(I) complexes. A chromium(III) complex of
guanylthiourea hag been shown to exist in solution although the pure
complex has not been isolated in the solid state.
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Ligands

A great deal of interest has been taken in the group of compounds
with structures based on I, overleaf, Here X and Y represent oxygen,
sulphur or the imino group as shown in II through VII. The
importence of the compounds, and their derivatives, arises from the
ugefulness of many of them, both as drugs and ag ligands in forming
complexes with trensition metsl ionse Thege properties have gtimulated
research into the chemistry of the compounds and, indeed, a number of
attenpts have been made to correlate the complex forming ability of the
compounds with their biolegical activity (e.ge 42, 109)e

lele Biguanides

Biguanide, II, and its derivatives have been more extensively
studied than any of the other compounds. The parent compound (II) was
reported first by Rathke in 1878 (76). The syntheses of the hundreds
of subgtituted biguanides reported since then have been greatly
stimulated by the fact that many of them possess useful medicinal
properties. Thus biguenides have found usés as hypoglycemic agents,
trypanocides, bactericides, antirheumatic and anti-inflemmatory drugs

and in the treatment of skin and mental disorders.

The first biguenide complex was made by Rathke (76), who obtained
a pink precipitate, of bisbiguanidecopper(Il) sulphate, by heating a
golution containing cuprie sulphate, ammonia,'and a crude preparation of
biguanide., Numerous complexes of biguanide and its derivatives with a

majority of the trensition metals have been prepared gince, Most of
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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 biguanide complexes. Ray (78) has prepared a fairly comprehensive
review of the chemistry of biguanides and biguanide complexes, covering
the literature up to about 1960, Table I,l page 8 in this chapter is an
up=dated version of a table in Ray's review, and lists all the biguanide

conplexes reported before July 1968,

a) Preparstion of the Biguanideg

Since Ray (78) has given a fairly extensive review of the methods
of preparing the various biguenides, a brief summery is all that is

necesgary here,

Biguanide itself can be prepared quite satisfactorily by heating a
finely ground, intimate mixture of dicyandiamide and ammonium chloride
at 160-165°C for about 10 minutes, The biguenide is isolated from the
byproducts ag its copper complex and then liberated from the complex in
acld solution (53)s The disadvantages of the method are the low yield
(ca. 15%) and the necessity for the tedious separation as the copper
complexe

A method which hag neither of thege disadvantages wes reported by
Shirai and Sugiro (95)s In their procedure, Owalkylisourea, guanidive
and guanidine hydrochloride are heated in alecoholic solution, affording

biguenide hydrochloride in yields of about 60%,

Substituted Biguanides

l-mono- or 1l,l-di- substituted biguanides are readily prepared by
the reaction of dicyandiamide with the appropriate amine hydrochloride



(100, 45).
HZN.O( ¢eNH) JNH,G N + RR'NH,HC1 —= RR'N.C(:NH) .Mi.G(:NH)NH?.HCl.

(R = H, alkyl or aryl; R!' = alkyl or aryl),
1,5~disubstituted biguanides can be prepared fairly readily by a two~gtep
synthesis (24),

NaN(CN)? + RRINH HCL—= RR'N,C(:NH) JNH,C3N + NaCl,
RRIN GG (sNH) JH,C N + RYR™ NH HC1—=RRIN,C(:NH) JNH.C (sNH) JNR'RW  HCL

(R = H, alkyl or aryl; R!' = alkyl or aryl;
RU = H, alkyl or aryl; R™ = alkyl or aryl),

Biguanides substituted at the 2« or 3= position have besn reporbed,
Cramer (23) prepared 1,2-disubstituted bigusnides by the reaction of
N,Ntmdisubstituted thioureas with guanidine in the presence of mercuric
oxides

(HQN)z CeNH + RHN,C(:3) JHR _HgO RHN oG (sNRY) JNH oG ( sNH) o} e

1,2, 3=triphenylbiguanide has been prepared by the reaction of
synbriphenylguanidine and cyanamide (98),

N, (:NG) JNHG + NIL, oCN—s NHF,C (:N6) ,NJ.C (eNH) . NEL,

Curd et., ale have reported the preparation of a number of
l-aryl=2e=alkyl=5=alkylbiguanides as part of their work on synthetic
antimalarials (24),

ArNCS + NaHN,ON ——=  ArN:C(.SNa),NH.CN,

Arl a0 (.ONa ) JNHON + RI ——= ArN:C(.8Na) JNH.ON.
ArN:C(SR) ,NH.CN + RNH,, —= ArN:C (NHR) JNH,CON,

ArN:C( . NHR) JNH.CN +RIRSNH Ha —= ArN:C( NHR)NH,C (:NH)NRIR®,

(Ar=aryl; R=alkyl; R'= alkyl, R"= alkyl),
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1,1,4yks5s5,=hexamethyl~igo=" biguanide has been prepared (49)
according to the following series of reactions:
. A .
2 (GHB)QN.GN.ZHa — (GHB)ZN.G(:NH).N:CGl.N(GHB)ZoHGl.

CH,),NH ; ‘
(_3_)2_3, (01{3)21\'{.(3(1\11{) .N:C(.N(GHB)Z), N(GHB)Z.

The foregoing review of the literature concerning the preparation
of biguanides, demonstrates that quite a variety of thege compounds

hag been reported,

However there are quite a few types of biguanide derivatives which
have not yet been prepered and some of these would be interesting as
potential ligands in complex formabtion with transition metals, These

are discussed in a later section of this chapter;

b)  The Structure of Biguanide and its Derivatives

Structure II is only one of a number of pogsible bonding schemes
for the biguanide molecule, an alternative, proposed by Wellman and
Harris (110) being VIII below

Hzmmclzl..m.cliumz }%N‘(ﬁf‘ﬂz?“mg
NH NH NH NH,
11 VIII

Since bobth 3wgubstituted- and 1, 1l;4y4e5,5=~ hexagubsbituteds
biguanides are known, both structures II and VIII must exist at least
in gome biguanide derivatives., Thus structure VIII cannot have a
subgtituent in the 3~ position while II cannot give rise to lylydybs5s5=
hexagubgtituted productss No conclusive evidence has yet been reported
which egbablishes the structﬁre of the parent compound, On the other

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

- “ .
+ + , %
o [
P g i g
X X XTI

 1leRe  Guanylures and Guanylthiourea

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 outs
The reaction of dicyandiamide with aliphatic aleohols in the presence of

cupric salte was degcribed as proceeding according to the equation:

Gu(OhAe) ,
Hzm,c(zmz).mncm*m{ —— Hzmc(:m).mac(:o).mm.

It has been shown recently (27) that the reaction affords, not the -
alkylguanylurea ag suggested by Ray, bub the Owalkylguanylurea as shown

in the reaction:

Cu(0he)

HN,0(:1H) JH.OHHROE — 2

Hy . (:17H) JH.C (LOR) :NH

The review and a gserles of papers published by him and his coworkers
relating to thege gso=called Nlmalkylguanylureas ghould in fact, definitely

refer to the corresponding O-alkylguanylureag.

le3e Biuret, Dithiobiuret and Thicobiurel

The preparation and properties of these compounds and numerous

derivatives of them have heen described by Kurzer (54). Only the parent
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compounds biuret and dithiobiuret have been shown to form complexes

with transition metels and a discugsion of these ig presented later in

this chapter. Complexeg of thiobiuret have nol been reported.

l.4e Biguanide Complexes

Biguanide, like many other ligands, is a moderately strong base
(PKa=12.8 at 25°C). The neutral molecule achs as a bidentate
chelating agent, bonding to metal lens through two of its terminal
nitrogen atoms thus forming a gix-membered chelate ring. The numerous
substituted biguanides which have been shown to form complexes with
transition metal ions (see Table 1,1) are all bases with pKa values

comparable with that of the parent compoundc

In strongly alkeline solutions, a biguanide loses a proton and under
these conditions neubtral complexes are formed with transition metal iong =
i.ee big~biguanide complexes with divalent metal ions and tris~complexes

with trivalent cationg,

Although it is accepted that two of the four terminal nitrogen atong
act as donorg in complex formation, it has not been proved which two they
are, Thus there are al least four bonding schemes which may be correct

(see XII to XV) for neutral complexess

HZN\ H2N\ \« HZN\
e H}{/cm% "Nﬁ D
' é o= fH oo 1, N Gl
/i 2 / /
HN HN H,N
XTI XITI XIV XV

M repregents the fequired fraction of a co-ordinated metal ion

iees one half or one third)e
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Table 1,1

Known Biguanide Complexes of the first row transition metals

Metal Ton

Ligand VIV CrIII MnLII MnIV FeII FEIII GoII GOIII

Bi guanide + + & + * + + o+

lemethyle
biguanide * +

Lmethyle + +
l-propyl=

l=igopropyle

I=-butyle
l-hexyl- + + +

i (2~hydroxy—- .
ethyl )= + +

1 (3=hydroxy=
propylL)-

1= (2~methoxy~
ethyl)=

1w (3-methoxye
propyl )=

1=-pheny e + *
l=benzyle + +

Lo (pethoxy
phenyl )-

1~ (p-acetylam-
inophenyl.)-

T (fmesulpho~
phenyl )= + .
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Table 1,1 (Cont'd)

Known Biguanide Complexes of the first row transition metals
conbinued

Metal Ione

Iv T . 11T .. IV o IT - ITX OII I ., I GuII ZnII

Ligand v Cr Mn Mn™ Fe™ ™ Fe c Co Ni
1w (p=sulphamoyle -

phenyl.)- + + o+
1o (Lenaphes

thyl ) * +
1w (2w gulphow

l-naphthyl)- + * +
1,2~ (o-pheny=

lene )= + o+ * o+

.1, P (e‘bhy-.

Jene )m 4 o+
1,1-dimethyle + * * +
1,l-diethyl- + + +
1, 5=diphenyl + +
lemethylm]l e

phenyle + +
Jwethylebem

phenyl— + +
1= (p=chloroe

phenyl )5

isopropyle ) + + +
1,1-dethyle5-

phenyl- * +
1,1,5,5=tetram—
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Table 1,1 (Conttd)

Known biguanide complexes of 2nd and 3rd row

Lrangition metals
Metal Ion

Ligand

Ru

IIT o, ITT

Rh w.,v.vI

PdII PatV Re' 0g'! T ITL 5, I

peIl pplV ppl T

Biguanide

J-mebhyle
biguanide

lwethyle
1, l~dimethyle

L (R-hydroxye
othyl )

1w (3=hydroxy-
propyl)e

T (Remethoxyw
ethyl)w

Lo { 3wine bhosy =
propyl)=

l~phenyl-
l=benzyl-~
1, 5-diphenyle.

1yl-diethylese
phenyle

1~ (p~chloroph=
enyl)=5
isopropyls

Notes Complexes

reported after 1960 are those of iron(II) and iron(III)

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

iridium(III) (Refs 97), platimm(II) (91), platimm(IV) (Ref, 93)

and gold(I) and gold(IIL) (Ref, 92),
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When a proton is added to each ligand molecule, so that the compléx
becomes & cation with the ligands formally neutral, even more
?ossibilities arise, BRay and coworkers (78,86) have proposed XII and
XVI as the structures which best account for the chemical properties of
neutral and cationic biguenide complexes, respectively., In the latter
cage (XVI) the biguanide molecule is supposed to act as a zwitterion,

+
RRN RRIN - SN
\ \ | 2
=3 C=1H C=N'
/ 0\ / A\ [/ \
N M N M HN M
\ Y W/ N\
C-NH, C~NRWRM™ C-NH,
/ / | /
RURMY BN HN
XVII XVIII VI

In Ray!s opinion, then, an iﬁino nitrogen is deprotonated in both
the neutral and cationic complexes, the proton in the latter case being
accommodated on a quarternary nitrogen. He pointed to the preparation
of complexes of 1,1,5,5~tetrasubstituted biguanides as évidence in favour
of this hypothesis, reasoning that in these complexes only the
imino-nitrogens could be deprotonsted. He appears to have neglected the
posaibility that the imido nitrogen, NB, could bg deprotonated in this
case., (see XVII end XVIII),

The structure (XIII) proposed by Curd and Rose (25) was discounted
by Ray (78) because it did not explain adequately the chemical prdperties
of biguenides as obgerved by him, However, Ray's arguments and
experiments haéé not proved conclusively that XIII or XVII or XVIII are
incorrect. The preparation of a complex with an Nz-substituted biguanide
would eliminate structures XVII and XVIII, but no such preparation appears

to have been reported.

.
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Further sbructural isomers must be considered when complexes of
gome subsgtituted biguanides are studied, In the case of an Nlmsdbﬁtituted
biguanide it is not only necessary to decide whether eminow or imino
nitrogens are co-ordinated, bubt, also whether the substituted amino

group is cowordinated or not (as in XIX and XX),

RHN N
\ HZ\
C== O=l
7\ / A\
NH M NE M
N/ N
On-NH2 OuHR
Il /I
HE HN
XIX XX

For N'-gubstituted biguanides Ray and Sahe (86) have postulated
structure XX on the basgis of their chemical evidence and once again
their hypothesis is open to gome doubt, In poaﬁulating XX they have
made the agsunpbion that biguanides are able to cowordinate through a
substituted nitrogen atom. Since meny ligands; notably Nesubstituted
ethylenediamines and salicylaldimines, are known to do just that, their
assunpbion would appear at first sight to be qﬁite reasonable, However
they seem to have ignored the fach that Cramer (23) and Slotta and
Tschesche (98), having prepared 1,2-di-substituted biguanides, found
that they could not isolate copper complexes of them, This fact suggests
that biguanides may not readily co-ordinate through substituted nitrogen
atomg, Purthermore it bas been shown by Diana et. al, (27) that although
O-substituted guanylureas(XXI)and N -gubstituted guanylureas (XXIT)
readily form complexes with metal iona, the Nlnsubstituted guanylureas
(XXIII) do nots They atbributed these properties to the sterie hindrance
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between the metal ion and the substituent which cannot be avoided when

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

subgbituted nitrogen atom,

B HQ o
P o1 G

{ af a
‘ =NH =N G=NH

/ /

5N RHN HN
XXI XXIT XXTII

It should be noted that Ray and Dubts (82) had previously, and
migbakenly, assigned structure XXIV to the compounds which were in
fact Owgubstituted guanylureas XXI. Ray and Dutia thus thought they
had proof that guanylureas, at least, could co-ordinate through
substituted nitrogen atoms (as in XXV),

0 0
\ \
C-NHR C-NHR
/ [\
H¥ HN M

\ v\
C=NE C=N
/ /

H,N H,N
LIV XV

Studies of the chemiecal properties of biguanide complexes appear

to have left ue with very little definite information about their

gbructures, Thus there is still uncertainty about which two of the four

terminal nitrogen atoms in the parent biguanide are actually co-ordinated
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in metal complexeg; 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 substitubed nitrogen atoms are

able to co-ordinate with the metal,

Very little use has been made of physical techniques in structural

studies of the biguanide complexes,

The infrared gpectra of some copper and nickel complexes with
gubstituted biguanides have been used to demonstrate (77) that isomerism
of some kind may exist in these supposedly square planar complexes.

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

vibrational modes of the complexes,

Blectronic spectroscopy has been used to a limited extent in
gtudies of biguenide complexes, Single-crystal spectra of some
big~biguanide-copper(Il) and ~nickel(II) halides (15) and of tris-
biguenide chromium(III) (5) have been reported recently., Banerjea and
Bagu (6) have recently studied the solution and diffuse reflectance
spectra of a gilver(III) complex of the tetradentate ethylenedibiguanide,
The abgorption and circular-dichroism spectra of the tris-biguanide
complexes of chromium(III) and cobalt(III) have been reported by

Michelsen (59).
These studies have been concerned nobt with the bonding in the ligands

but rather with thevenvironmeub of the metal iong,

A number of thermodynamic studies of biguenide complexes of copper(II),
nickel(II), cobalt(III) and chromiwm(III) have been made., Both

gspectrogcoplc and potentiometric techniques have been uged in these studies,
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The kinetics of the digsociation of some tris-biguanide complexes of
chromium(III) and cobalt(IIl) were investigated by Banerjea and coworkers
(8)s They followed changes in concentration of the various species
spectrophotometrically at sultable 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)s 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 betwsen the base strength of
the biguanides and the gbability of their complexes, An interesting
problem has been posed by earlier gtudies of biguanide complexes of
cobalt(I1), 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 48 B.M,

Tt has been postulated (78) that the yellow complexes are low-spin,
square planar, There has been no gystematic study of this phenomenon

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

1.5, Guanylurea Complexes

Table 1,2 which lists the known guanylurea complexes collates data
from a review by Ray (78) and the literature after 1961, As mentioned
earlier (page 6) the alkylguanylureas are now referred to correctly as
O=alkylguanylureas rather than Nlualkylgu&nylureag as degeribed in many

earlier papers,

The similarity of the visible absorption spectra of biguanide and

guanylurea complexes wag 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 XXIXb which are analogous to gtructure

XV, proposed earlier for biguanide complexes,

H?_I\q Ll N M HQI\‘T
C= C=N C=N -NH C=NH
[\ / o\ /N /N /A
NH H NH W™ N M N M N M
\ o/ \ \ o/ \ N/
CmNHz Q=) CwNH2 (e CealTH
/ / / / /
0 HO HO HO HO
XTI XXVIT IXVIIx IXIa LEI%b
(Refe 78) (refo 27) (ref. 27)

Structure XXVI cannot hold in the case of an Owalkylguanyluresa and
ig therefore mogt probably incorrect also for the parent compound,
There is no real evidence available which enableg a choice 1o be made
between the other structures, although XXIX has the advantage that it
allows gtabilisation of the chelate ring by deleocalisation of 7 - electrons,
In the cationic guanylures complexes the extra probon on each ligand
molecule must presumably be asccommodated on a nitrogen atom. Once
again there are geveral possible structures which could account for the
protonation and some of these, XXX to XXXIII, are shown below with

appropriate references 1f they have appeared in the literature,

+ & &
HN HN H. N f
3 3\ 3 2}
C=N C=l C=N C=NH
/N /N / o\ AR
NH M N M NH M NH M
\ / v/ \ / \ /
C-NH, C~IH,, C=H C=NH
/ / /
0 HO HO HO
XXX XXXI XXXIT XXXIIT
(Ref. 78) (refs 27) (refs 27)
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Iable 1,2

Known CGuanviures Complexes

Metal Ion

Ligand vV optHT GOII cot T N3t gt 71T pgll
guanyluresa + + + + o+
O-methylguanylurea (a) * T
Omethyl- (a) + * * * " +
O=igopropyle * +

O=n=butyl ‘ (a) + + + & +
O=igo=butyls * + + + &
o.,j_sa..amylm +* + + + %+
Ownimhexyle + * + + *
0w (2=hydroxyethyl e +

Ow (2-methoxyethyl )= (b) (b) (b)
O~ (R-ethoxyethyl )= (a) (b) (b) (b)
Ow(2-butexyethyl)=  (a) (b) (b) (b)
Ombenzyles + +

Nz’uphenyl * + + +

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

(2) and (b) represent complexes reported after 1960 as followss:
(a) Dutta R.L. and lahiry S,, Ref, (32),
(b) o f oo " (31),
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Structure XXX, proposed by Ray (78), cen be assumed to be incorrect

on the same grounds used for excluding XXVI,

There ip at this stage no means of choosing between the remaining

strucbures,

Complexes of Ne-subgtitubedwguanylureas are not well known. It has
been ahéwn that Nlmgubstituteduguanylureas do not form complexes (27)
and apart from this, the only work on Nesubstitubed-guanylurea complexes
was the preparation of a copper(II) complex of Néhphenyiguanylurea by
Ray and Bandyopadhayay (79)e

Physiochemical studies éf guanylurea complexes have been even legs
numerous than in the case of biguanide complexes, Quantitative studies
of the stabilities of some copper(I)) and nickel(II) complexes have been
conducted by Dutta (29), who measured concentrations spectrophotometrically

at sultable wavelengthse

The electronic spectra in the visible region, for a number of
copper (II) and nickel (II) (29) and gome cobalt(III) complexes (30) of
alkyleguanylureas have been measured, Room tempersture magnetic moments
of some complexes have been determined (31,32) but no temperature

dependence studies have been reported,

le6bs  Guanylthiourea Complexes

Complexes of guanylthioureas have been studied to a very much lesger
extent than have those of the biguanides and guanylureag., Table 1.3

ligts the known complexes of guanylthioureas:
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Table 1,3
Ligand Cott mtt cutt patl
guanylthioures + - + + (Ref. 78)
Seethylguanylthiourea * + * (Ref. 69)

Ray and coworkers (80,78,73) have suggested that, unlike guanyluvea,
guanylthiourea may coordinate with a metal ion either through two niltrogen
atoms or through one nitrogen and the sulphur atom. Structure XEXIV was
proposed for the palladium(II), cobalt(II) and (III) and the copper(II)
complexes while the nitrogen-bonded structure, XXXV wes assgigned to the

nickel complex, These structural assighments were based on the colours

of the

HN H.K

\ 2\
£ = Nﬁz C =N
/ \ / \

HH M NH M
A /

e C w NH2

/ 4

HN 3

XEETV XXXV

complexes and the reactions of the complexes with warm alkali, It was
suggested that the decompogition of the cobalt, copper and nickel
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 alkalil 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 8 - ethyl-
guanylthioures 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 O value of 17°K while the copper complex had a moment of 1.82 B,M.
at 292°K and a © value of 4°K,

Colour and chemical properties implied metal-sulphur bonding in
the cobalt complex and metal-nitrogen bonding only, in the copper and

nickel complexegs

The anélytic&l applications of guanylthiourea were studied by
Trimble (104). Of twenty metal ions studiéd, he found that only five
(Cu(II), Co(II), WL (II), PA(IY) and Ag(I)) afforded precipitates with
the ligand. Analyses of these precipitates showed that the compounds
formed were not stoichiometric, although in some cases they were almogt
s0, For these complexes the metal to ligand ratios were as follows:

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

The ratio for palladium wes indeterminate and the sﬂgver compound
was not analyseds
1.7, Biurel Complexes

There have been relatively few biuret complexes reported, bubt most

of these have been studied in details The X-ray structures of the copper



complexes K, [Cu(62H302N3)2] 4,0 and [Cu(C

2757273

H,.0,N

)2

] €1, have been

determined (43,44) Nardelli and coworkers have determined structures for

the zine(II) cadmium(II) and mercury(II) complexes (61,62,63),

Structures of several other complexes have been inferred from

spectroscopic evidence (17,57,58)

Three distinet types of coordination have been found in biureb

complexese

In the anionic copper complex mentioned above, biuret is a

bidentate ligand, coordinating through two nitrogen atoms as shown in

XXXV, The complex isksqudré'piaﬁar although there are weak axial

interactions between the copper ion and two nitrogen atoms from adjacent

complex molecules,

(Such a gituation is depicted for a hypobhetiecal

biguanide complex in figure 3,48 on pagess).

[0
\
Cw NH HY -
/ \ /
HN Cu

XXXVI

[ HyN
H2\

/
HN
\

/

"
C-0 0=
N /N
fu\\ )NH
G =0 0 -G
TXXVIX

++

The gituation is different in catlonic copper biuret complex where

it was found (43,44) that biuret ig bonded to the metal via two oxygen

‘atoms as shown in XXXVII.

Again, the complex is square planar and in

this cage there are weak axial interactions with the two chloride anions,

A gimilar structure has been determined for the cationic zine(II) complex

(63).

Nardelli et. als (61) have been determined the complete structure
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of the complex Gd012.202H502N3, They found that each cadmium ion is
surrounded by an octahedron congisting of four chloride ions and two
oxygen atoms, one from each of the two monodentate biuret moleculess
The octahedra are joined, by shared edges made up of bridging chlorines,

into long chains,
The same authors have shown that the corresponding mercury (IT)

complex is isostructural (62), Melson and MeClellan (57) have used
infrared and electronic spectroscopy to determine the structures of a
number of biuret complexes of divalent metals. TFor complexes with the
general formula [MII(62H502N3)1012, where M is Ni, Gu, Co or Ma, they
coneluded that the ligand is bidentate and coordinated via oxygene

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

perchlorate by Chatterjee and Porter (12),

It appears, then, thal the type of coordination undergone by
biuret with transition metal ions depends largely upon the conditiong
maintained during the reaction, In the cationic complexes obtained from
neutral golubions the bonding is via oxygen while the anionic complexes
obtained from alkaline sgolution, coordination is via deprotonated amino

groupss
1.8, Dithiobiuret Complexes

The only one of these complexes to have been obtained pure and
properly characteriged is a silver(I) derivative reported by Stephen
and Townshend (100) as having the formula LAg2(02H5NBSé)3](NOB)2, The
authors interpreted the infra-red spectrum of this complex as indicating

monodentate coordination of dithiobiuret via a sulphur atom,
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Bandyopadhayay (4) obtained a number of coloured dithiobiuret
derivatives when he cauged dithiobiuret to react with transition metal
salts in agueous solutions., Most of these compounds were stable to
dilute mineral acids but decomposed to the metal sulphides in alkaline
solution or upon heating. The compounds were neither characterised

nor analysed in any waye

The only other dithiobiuret complex reported previously is the
yellow cuprous compound obtained from the reaction of dithiobiuret and
cuprous chloride in an aqueous medium (3). This complex was nob

characterised in any way.
1.9 Conclusions

The gross structural features of the complexes mentioned in this
review have been egtablished to a large extent., Thus it is obvious
that blguanides are able to coordinate only through nitrogen donor
atoms, and it appears that guanylureas do the same (10), There is
gome evidence, however, that guanylthioureas are coordinated through
nitrogen~gulphur in some complexes and nitrogen alone in otherge The
type of coordination in biuret complexes appears to depend mainly upon
the method of preparation, ILittle can be said at this stage 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 (43,44) and zinc (63), Clearly the
mogt useful way to obtain similar details for the other complexes is to
undertake Xeray diffraction studies on them, However, it seems certain
that the application of other, less time-consuming, techniques should

provide some insight into the bonding in these complexes,
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It should be posgible to determine which are the donor atoms in
mogt complexes, by means of electronic spectroscopys Such studies
have already been used in determining the type coordinatioﬁ in some
biuret and guanylurea complexes and should be applicable to guanylthiourea

and perhaps dithiobiuret complexes,

Infrared spectroscopy has been used to a limited extent in
studies on biuret complexes, Its use in other cases may be restricted
somewhat by the complexity of the molecules involved, Magnetochemical
gtudies should provide information on the stereochemigtries of the metal
ion in some complexes and will thus be indireectly useful only, in studies

of the bonding in the ligands,

Complexes of biguanide and its derivatives have been studied more
extensively thean the complexes of any of the other ligands mentioned
above and yet very little definite detailed structural information is
available, In the cage of the Nlnsubstitumed biguanides, for exemple,
it is nobt known whether the subgtituted nitrogen is coordinated with the
metal or not. The possibility of conjugation in the chelabte ring has
not even been discussed previously although 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 gbudy of the compounds by chemical and physical techniques

should lead to a betber undergtanding of at leagh some of these poinbs.

In conjunction with sgtudies of the biguanide complexes it should be
interesting to investigate the complexes of gome of the other ligands.
A comparison of the properties of biguanide with those of gunanylurea and

guanylthiourea in which one nitrogen is replaced by oxygen or sulphur
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and with biuret or dithiobiuret, where two nitrogens are replaced, should

be ingbructive,
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CHAPTER 2
BIGUANIDE COMPLEY®WS
Studies of the Coordination of Biguanide and Subgtituted Biguanides

The bonding in biguanide complexes has not been studied previously
in any detail., Some features on which evidence is required are the

following:

(i) the correct formulation of biguanide complexes as either
cationie or neutral species

(11) the arrangement of protons on the ligands in these
camplexes. |

(iii) the degree of conjugation in the chelate ring

(iv) the ability of substituted nitrogens to aect as donor atoms

in ecomplex formation.

In this study it has been demonstrated that biguanide complex bases
should, in facht, be formmlated as the hydrated, neutral species rather
than as the corresponding hydroxides, Infrared and visible = U,V,

gpectra have been used to egtablish formulae for these complexes,

Points (ii) and (1ii) are closely related since the arrangement of
protons on the ligend skeleton is dependent upon whether or not there
-is conjugation in the chelate ring., Attempts have been made to devige
& suitable synthesis for No-substituted biguanides which should be of use

in an invegtigation of these features,

Complexes of some lesubatituted biguanides have bsen studied and it
has been shown that in none of these complexes does a sgubstituted nitrogen

act as donor atom,
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2s1s Formulation of Biguanide Complexeg

In general it is accepbed that bigusnide complex salts contain
the cationic species, [M(BgHi;ln+, agsociated with anions, nX~,
However, in the case of the corresponding complex bases both the
formuilae [M(BgH)n](OH)n and DuCBg)n;.nHéo have been used indiscriminately.
It is clear that these two formulations imply the existence of two
distinctly different complex species, one cationie the other uncharged.
In the former species the ligand is fbrmally uncharged, in the latter it

is deprotoneted and therefore negatively charged,

Some indication of the correct formmlation of the complex bages can
be obtained from the fact that they can be dehydréted eagily to the
anhydrous compounds which can only be formulated EM(Bg)ng. Now if the
hydrated complex bage is actually [M(BgH)&l(OH)n, then dehydration hag
resulted in & change in the nature of the complex species, from [M(BgH)ﬁ]n*»
to DﬂCBg)ﬁ). Thug dehydration should also be accompanied by gome changes
in the préperties of the complex, The infrared spectra of several
hydrated and anhydrous complex bases have been measured, and while a
detailed discussion of these gpectra is reserved for chapter 4, the following
pointg are of gignificance here. The only changes obgerved in the infrared
gpectrs of the complexes after dehydration were the absence of bands in
the 3 micron region, which could be attributed to O-H stretching
vibrationgse No shifts weie observed in the N«H deformation and C-N
gtretching bands, which occur below 1700 enl. Tt has similarly been
found that debhydration does not result in any changes in the electronic

spectra of biguanide complex bases, Thus these observations, which ghould

be fairly sensitive to changes in the nature of the complex species,

¥ B@H £ ‘Rf(&)uam’aflﬁ
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suggest that the hydrated and anhydrous complexes should be gimilarly
formulated as [(M(Bg) ].xH,0 and [M(Bg)n] .

In support of this hypothesis it has been shown that thére are,
on the other hand, marked differences between the properties of a
complex base and the corresponding salt. A detailed study of the
infrered gpectra of a”nnmber of these complexes is described in
chapter 4. It has been found that for a complex salt the N-H
deformation frequencieg are higher and the C-N sgtretching frequencies
lower than for the corresponding bage. Furthermore the electronic
gspectra of complex bases and salts are significantly different.
From teble 2,1 it may be seen that there ig a hyposochromic shift of the
spin allowed bands on passing from bage to salt, in the octahedral
complexes of chromiwn(III) and cobalt(III),

Cemplex Diffuge Reflectance spectrum (en™t)
[0 (BgH) 4 CL, 20,7005 27,100
(Co(Bg) 31 19,600; 26,800
[Co (BgH) 5101, 20,2005 27,800

This evidence favours different formulations for bigusnide complex
bages and salts and it would appear that the specles should be formulated as
[M(Bg)ﬁ].xﬁéﬁ and EM(BgH)éIXn regpectively,



The steric interactions ceaused by the addition of substituents to
one coordinated nitrogen atom in each of the ligands in a tris-biguanide
complex were examined qualitatively by means of covalent molecular

nodels (Catalin),

It was found that although three unsubstituted biguanide molecules
could be accommodated easily’around a metal ion, the gddition of even a
gmall subgtituent, such as a methyl group, gave rise to a certain amount
of steric intermction, 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-subgtituted biguanides ecould be
accommodated even though coordinated through the substituted nitrogen

atoms,

For the 1,l-disubgtituted biguanides the steric interactions were
mach greater, It seemed to be peossible for 1,l-dimethyl biguanide to
coordinate through Nl, although steric interactions were congidersble,
However, substituents as large or larger than isgopropyl or phenyl
groups made coordination via Nl impossible, Thus, should the tris
(l,1~diisopropyi~biguanide) or tris (1,)-diphenyl-bigusnide) complexes
of a transition metal be forme&, coordination would necessarily be by

means of the unsubstituted Nz.

It is possible, then, that the tris-complexes of biguanides
subgtituted at Nl could fall into two classes, those in which the ligands
are coordinated through Nl and those in which coordinatién is through N2¢

While many complexes could belong to either class, those of
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1,l-diphenylbiguanide or 1,l-diisopropyl-biguanide are restricted, by
W

steric considerations, to the latter class. Furthermore, since even
small substituents produce some steric interactions, it seems more likely
that all Nl~sdbstituted biguanideg would coordinate in a gimilar manner;
i.es through ¥, S

In order to make a study of the coordination of Nlnsubstituted
biguanides, a series of chromium(III) complexes was prepared. Ligands
ranging from the parent biguanide, to 1,1l-diphenylbiguanide, all formed
complexes quite readily with chromium(III), Analytical dats collected
in table 2u§, together with spectroscopic and magnebic data contained in
tables 24, and 2.l.respectively, all poinb to the fact that these compounds

are tris-biguanide complexes with pseudooctahedral structures,

In the case of tris (1,l-diphenylbiguanide) chromium(III) therse is
no doubt that the ligand is coordinated only through ungubsbituted
nitrogen donor atoms, For the other complexes, however, the type of
coordination cannot be decided by sberic 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, Electronic Spectra

The absorption spectra, in aqueous or alccholic solutions, and the
diffuse reflectance spectra of several chromium(III) biguanide complexes,
measured in the 1000 to 220 millimicron region, are listed in tabls 2.2,
Some of the gpectraare reproduced in figure 2,1, The agsignments given

in table 2,2 are based on the assumption that the chromic ion is situated
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in an octahedral ligand field (28). Although the low symmetry of the
biguanides means that the symmetry of the ligand field is necessarily
‘lower than D s 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 would 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 apg substituents are introduced can thus be taken to indicate that

the subsbituents 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 abgorption maxims in

the elsctronic spectra.

The position of the first SPin allowed band in these spectra gives
the value of the ligand field paremeters 10 Dg or 4, This parameter is
a measure of the interaction between the metal and ligand orbitals and

may have contributions from several sources.

Pavkovie and Meek (70) studied the spectra of some nickel(II)
complexes of N-gubstituted ethylenediamines. They found that 10 Dq
changes from 11200 cu™ for [(NL en, o1, to 10,000 ot for

[Ni(N,N;-dimethyﬂ.en)Blcl2 and a gpectrochemical series could be established
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Table 2,2

Band positions in - (molar ext, co-effs),

Eleectronic Spectra of Qaremium(III}

Gomplez* Mode (Solvent) (ZEg »%—""Azg) I‘ng (F)’vs—l* by ng(Ii‘) -— I*Azg
[cr(Bg)BI Transmission (H,0) 20,200(90) 26,000(57)
Refl, 13,550 20,000 26,200
{Cr (Methyl Bg)31 Transmission (H,0) 20,000(63) 25,300(56)
Refl, 13,700 20,000 26,200
(G (phenyl Bg),) Transnission (EtOH) | 20,400 |
Refl, 14,000(sh) 20,000 25,500(sh)
[Cr(0~chlorophenyl Bg)BJ Trangmission (EtOH) -- 20,200 - -
Refl, 13,800 20,200 26,300(sh)
[or(aiphenyl Bg)3] Transmission (EtOH) 20,400
Refl, 13,700(sh) 20,000 26,400 (sh)
[cr(ng)B 013] Refl, 13,900 20,700 27,100

#*
Formula writien without water of crystallisation,
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for the group of ligands studied. The series, in order of decreasing
ligand field strength, was: _
en>N;methylen>N~éthylen=thropylen>N,N'~dimethylen>N~methyl~NethylenbN,N;
dimethylen, The shifts in the Dg values were attributed entirely to
tateric 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 ERh(diamine}zclélcl. The differences in the two series can
be attributed to the smaller steric effect in the rhodium complexes
where only two diemine moleculesg are present in the complex ions. In
this case the inductbive 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 same 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,

Tt can be seen, however, that in the spectra of the chromium(III)
biguanide complexes, no such differences are displayeds Thus Dg is
virtually the same for all of the complexes examined and this suggests
that the ligands are all coordinated to the mebal ion in the same way,
Since the studies with molecular models have demonstrated that in the
diphenylbiguanide complex coordination must be via unsnbstituted
nitrogen atoms only, it is suggested that in all the complexes exemined,

gimilar situvations will be found.
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It does not necessarily follow, of course, that in all complexes
of Nl-substituted biguanides the ligands are coordinated through
ungubgtituted nitrogen atoms only., However, the evidence outlined above,
together with that discussed in chapter 1, certainly suggests that such
a situation is more likely than one in which the ligand is coordinated
through the substituted nitrogen atoms.

2.3, N -Subsbituted Biguanides

The possibility of conjugation in the chelate ring in biguanide
complexes has already been mentioned briefly, and bonding schemes such

ag XV have been. proposed for these complexesa

2 | A

\
C=H C.NH
/N / VN /
N M —> N M
VN N7\
C-NH C=NH

/ - /
HQN HéN

XVa XVb

Por a bonding scheme like XV it is necessary that deprotonation
of the ligand occurs at N3 and it is obvious that if a substituent
can be introduced at N3 it will act as a barrier to conjugation as
shown in XXXVIII.

HéN
A\
C=NH
I\ /
RN M
\ /N
C=N
/
HkN

XXXVIIT
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Furthermore, for an N3~substituted biguanide, deprotonation must

occur at gome obher nitrogen atom, probably Nz, ag shown in XXXVIII,

Thus a comparison between complexes of N3~substituted biguanides
with those of other biguanides might well be useful both in deeiding
upon the degree of conjugation in thege complexes and in determining
how the protons are attached to the ligands, Differing degrees of
conjugation and deprotonation of different nitrogen atoms would be
expected to give rise to changes in the electronic spectra of the
camplexeé, gince the charge @l stributlon of the ligands would be
altereds A comparison of the electronic spectra of complexes of NB“
substituted biguanides with those of other biguanides 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=triphenylbiguanide which was prepared by Slobtta and Tschesche in
1929 (98), These authors found that this biguanide would not form the
usual pink complex with the cupric ion and it has been suggested earlier
in this thesis that this lack of coordinating ability is due to the
presence of substituents at both Kl and Nz. Thug for this compound
to form a chelate cdﬁplex it mast coordinate through a substitubted

nitrogen atom,

It was necessary, therefore, to seek a suitable method for the
preparation of an N3~substituted biguanide which would be able to form
a chelate complex in which two unsubstituted nitrogen atoms are
coordinated to the metal ion., Several biguenide derivatives which
would fulfil this requirement are shown below as structures XXXIX to XLI.



' i T
|
N N  RWN N M RN N NHR
2N M WaVE: VAW,
¢ ‘ G (] ' (#
I [ I
HN HY NH
XIX XL ) LI

The 1,3,5«brisubstituted biguanide, XLI, suggested itself as the
conmpound whieh could probably be prepared most readily. A survey
of the literature had revealed that aryldicyanamides could be prepared
quite easily and that they are quite stable at temperatures up to about
60° (106). It seemed likely that an aryldicysnsmide could be caused
to react with two moles of an amine or amine hydrochloride in a gimilar
procedure to that used for the preparation of 1,5-disubgbituted bignanides
(see page 4, )e Such a reaction was envisaged ag proceeding according to

the equation:
N2C - N(Ar) = N - C=N + ZBRHZ——A;RHN;6(=NH)-NH~G(=NH)-NHR

Alkyldicysnamides are unstable even at room temperature and would therefore

be unsuitable for such a preparatione

Accordingly, phenyldicyanamide was prepared by the literature method
(12,106) which involves a three step reaction between aniline and cyanogen
bromides

R0 HANH, + CNBr — ——> HN (C,H,JON + G HNH,HBr
HN(OJH)ON + KOH =~ ——> KN(CgH, )N + Hy0
KN(CHON + CMBr ———> G HAN(CN), + KBr
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Several means of effecting a reaction between the phenyldicyanamide
and amines or amine-hydrochlorides were tried. However, no resction at
all was caused by refluxing the compounds in aleoholic solution, and
fugion of a mixture of the compounds at temperatures above 60°C resulted

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

Thus et this stage no satisfactory synthesis has been arrived at
and further progress in this study must await the preparation of a

suitable biguanide derivative.
Rode : IBNTAL

(a) Preparation of the Ligands

Nlusubstituted biguanides were prepared according to literature

methods as follows: Biguanide (53); l-methylbiguenide (45);
l-phenylbiguanide, l-(o~chlorophenyl)~biguanide and 1,l-diphenylbiguanide
(100),

Tris(biguanide) chromiwm(III) and tris(l-methylbiguanide) chromiuwm(III)
were prepared by the literature method (77a). Analytical data for the

complexes are contalned in teble 2,2,

Complexes of chromium(III) with l-arylbiguanides were prepared by
the dropwise addition of a concentrated solubtion of chrome alum to a hot
(70°G) solution of the appropriate biguanide sulphate or hydrochloride in
RN agueous sgodium hydroxide. The arylbiguenide complexes separated from
the solution as dark red oils which solidified on cooling to room temperature.

The complexes were isolated by decanting the supernatent solution while it wes
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gtill warm, The oily residue was washed, by decantation, with wearm water,
Purification was then effected by dissolving the complex in the minimum
amdunt of aleohol filtering the aleoholic solution, and reprecipitating

it by pouring the aleoholic solubtion into twice its volume of cold water,
The pink, powdery precipitate which formed was filtered in a sintered

glass crucible and dried over silica gel,

Typical quantities used in these preparations were 0,01 moles of
the chromic éalt and 0,03 moles of the biguanide selt in 50 mls, of 2N
agueous sodium hydroxide, The yields of the complexes varied but were

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

Trig(biguanide) chromium(III) chloride was prepared from the complex
bage by the literature method (78).

(e) Analyses

The analytieal data for the chromium biguanide complexes are
presented in table 2.3,
Chromium wes determined by heating a known amount of the finely powdered
complex bage to constant weight in a tared porcelain crucible, The
regidue was taken to be chromic oxide, CrZOB. In all cages, duplicate
analyses were carried out with an error of less than 4% of the metal

deternined,

Nitrogen wag determined by e standard, semi-micro Kjehldahl method,
uging a potagsium sulphate, selenium metal, mercuric sgulphate catalyst
(9)e Duplicate determinations were carried out with an error of less

than 2% of the nitrogen determineds



Table 2,3

Complex Found Calc,

Op 1C N__[ClLyCr |G H N 6l
ECr(Bg)Blnéo 14420 56,6 14404 56,7
[Cx (mothyl Bg) ) 245H,0 11.96|24054] 6.56(47.9|  [11.23|24.75|6.67] 47,8
[Gr (phenyl Bg)333H20 8433]46407|5480(33.3 8420|45446(5.73| 33415
[Cr (o~chlorophenyl Bg)B'.I H,0| The complex was prepared but not analysed
[Cr(BgH)31613.0.5H2O 1527|4078 22,6 15430 ﬁ@gé 22,6
[Cr(daiphenyl Bg)gl3H,0 | 6410580565604 [2hed| | 6003|5845|4492|240k

Carbon and Hydrogen analyses were carried out by the Alfred Bermhardt
i :
microanalytical service of the Max Planck Institute, Mulheim, West Germany,

Chlorine wes determined as follows (108),

A small quantity of the complex, containing up to about 0.1 gm of chlorine
was weighed into a 250 mle bea.ker.- Five mls. of 5N silver nitrate |
solution and 15 mle, of conc, HNO, were added in that order, The resulting
guspengion was protected from 1ight, warnmed gently and carefully swirled
from btime to time. After about one hour the precipitate was filtered in a
porosity 4 sintered glass crucible and washed with 1:l HNOB. The crucible
and contents were dried at 1300-1500 and the precipitate weighed as AgCl,

(d) Megnetic Meagurementsg

The room temperature megnetic moments (at approxima‘bely 2000) were
determined by the Gouy technique. A permanent magnet with a field girength
of about 7 kilogauss was used in conjunction with a Stanton model 8MI2 balence,
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Gowy tubes were packed to a length of 5 cm,, and a weight which

we.s constant to within 1% over several packings;

Diemagnetic susceptibilities for the ligands were calculated from
Pagealls constants ag listed in : Magnetochemistry, by P.W. Selwood,

2nd edition, Interscience, pagé 92, 1964

The magnetic results are as follows:-

Table 2,é

X Xy | % 103 0
Complex g A Fers(BM,) | 1%
lichgBJ B0 16,13 | 85 | 6070 | 3.79 20,0
[Cr (methyl Bg)yl2. 5H,0 13,89 | 140 | 6245 | 3.84 | 1944
[Gr(phenyl Bg) gl 3H,0 9,81 | 258 | 6478 | 3,91 20,1
[Cr (diphenyl Bg),]3H,0 7,02 | 405 | 6450 | 3,88 19,0
[Or(BgH)BJ €1y 0.5H,0 12,90 15? 6228 3486 2345

Blectronic Spectra
The diffuse reflectance spectra were measured on a Unicam SP500

modified as described by Smith and Wedd (99).

Transmittance spectra were measured in either aleoholic or aqueous
solution, according to the solubility of the complex, on & Perkin-Elmer

model 4000A spectrophotometer,
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GHAPTER 3
BIGUANIDE COMPLEXES OF COBALT(II)

The curious fact that some biguanide complexes of cobalt (II) are
yellow, low-spin compounds while others are red and high-spin, has been
mentioned earlier, in chapter 1l No systematic study and, consequently,
no explanation of this phenomenon has been reported and it is obvious
that some invegtigetion of it should be worthwhile., Accordingly, a
series of complexes of cobalt(II) with l-substituted biguanides was
prepered and their magnetic and spectral properties were studied. A W
list of the biguanide complexes reported previougly together with new
complexes prepered in this work, is contained in Table 3.l.

The data in Table 3,1 allow a cerbain number of observations to be
made regarding the biguanide complexess 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)s Thus protonation of the ligand appears to cause the
changeover from yellow tc red form, only in the case of the aryl-
subgtituted complexes. There appears to be one exception to this
generalisation, the neutral complex of 1-(4-sulphophenyl)-biguanide

which is reported (83) to be red and high-spin. One possible explanation
| of this is that the sulphonic acid group in the ligand is capable of
acting as an anion, so that the complex would be an "internal salt" or

.zwitterion;
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Table 3,1 Gobalt(IT) Complexes with No-Substituted Biguanides,

Known Complexes ! Colour *}:eff (BaMs) Ref,
[Go(Bg) )" ' Yellow 2.49 8
[Go(BgH), ] 80 4* Yellow 2,75 84
[Goen (BgH),,] 80 B ‘ Yellow 274 84,
[Co 4-sulphophényl Bg), Red 4a97 83
[Co m-phenylene (BgH),] €1,/ Red J2%: 72 81
New Complexes '

[Co(eyelohexyl Bg)2] Yellow 2,48

[Co(eyclohexyl BgH) ol 80 4 Yellow 2449

[Co (phenyl Bg)zl Yellow 2,62

[Co (o-chlorophenyl Bg), Yellow 2.15

f_% (e»chioraphenyi BgH)Z] S0 4 Red Le23

[Co (m~chlorophenyl Bg)Z] Yellow -

[Co (m=chlorophenyl BgH),l 50 ;, Bed b9

[Co (diphenyl Bg)zj ' Yellow | -

[Co (phenyl BgH),] S0 s Red 4e80

[Co (P=naphthyl Bg),] Yellow -

[Co (B-naphthyl BgH),] 80, Red 470

BgH = biguenide (02H7N5).
*Studied in this work;
¥#*At room temperature.

+ Fou Cfom(a’é.’é farmulzx/'mws see lable 3¢ PS50
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The room temperature magnetic moments of the yellow complexes lie
within the range usually observed in four-coordinate, squars-planar
somplexes of cobalt(II), and on this basis it would be reasonable to
agsume that they had this structure, Tetrahedral structures could well

be asgigned to the red complexes on similar grounds.

In order to verify these tenbtative stersochemical assignments the
spectra of the compounds, both electronic and vibrational, and the

temperature depandence of their magnetic susceptibilities, were measured,

3s1 Electronic Spectra

| The theoretical basis for the interpretation of the electronic
gpectra of both tetrahﬁdral and octahedral camplexés of cobalt(II) is
well esbablighed, However, no such theory has been developed for the
square-planar complexes of divalent cobalt, and indeed it is only
recently that this stereochemigbry has been recognised as fairly common,

a) Tetrahedral Complexes of Cobalt(IT)

At least two bands are usually observed in the vigible and near
infrared region of the spectra of tetrahedral cobalt(II) complexes (14).
These have been assigned as the transitions 4A2~* 4T1 (F) and Aﬁz—ﬂaATl (®),
usually designated V, and V5 respectively (see figure 3.1)s A third
band,‘vl (4ﬁ2—e'4T2), has not been obgerved oftens This has been due
both to its position at the low energy end of the near infrared region
(ca 3000 - 5000 cmfl) and to the fact that it is electric dipole
forbidden in complexes of Td gymmetry and will often have a very low
intensity., Goodgame ets 8l, (46) observed fairly strong absorptions
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due tO‘Vl in a number of pseudo-tetrahedral complexes of cobalt (II)
(with Gy, and Gy, symmetry) o

In general, tetrahedral complexes are characterised by the broad
and usually, intense absorption due tO"VBkin the visible region
(15,000 ~ 20,000 en™) and a weakor absorption (v,) in the near
infrared, Colour is not an infallible guide to sterecochemistry (14).
Although mogt tetrahedral complexes of divalent coball are blue or
violet, a number of red tetrahedral complexes have been reported during
the past ten years., Thus Cobbton and Soderberg (20,21) have reported
the pink complex bis-{dipivaloylmethanato) cobalt(II) whichims been
shown to be tetrahedral by X-ray diffraction (22). They noted that the
extinction coefflcient of the complex in solution for the Vg abgorption
was unusually low (ca. 40) for a tetrahedral complex while the Racah
parameter, B!, was fairly high. It was possible to ratiocnalise these
abnormal values to some extent by showing that a good correlation could
be obtained between the intengities of the absorption and the values of
AB (AB = B -~ B') for a number of tetrahedrsl complexes., This
relationship was postulated as arising from the faet that the intensities
of the spectral bands in tetrahedral complexes are dependent on the amount
of orbital mixing, of which the nephelauxetic parameter, p, (equal to

B!/B) is a measure,

A number of red complexes of cobalt(II) with salicyliden‘imenes
have been reported (16,26,64,65,111) and all are considered to be
tetrahedral, This stereochemigtry has been assigned on the basis of
spectroscopic (64,65), magnetic (111) and X-ray diffraction (88) studies
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of the compounds, Tsuchida et. al. (65) have suggested that the low
molar extinction coefficients for'v3 in some of these compounds may be

due to a symmebtry lower than tetrahedral,

b) Octahedral Complexes of Cobalt (II)

The energy level diagram for a d7 ion in an octashedral ligand
field, ealculated by Tanabe and Sugano (103), is reproduced in figure
342, In weak and medium fields the ground state is a 4‘I‘lg level
ariging from the free ion 4? term, while in strong fields a 2E level
(from the free ion <G term) becomes the ground state, Most octahedral
complexes of divalent cobalb have the quartet ground state although a

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

Four bunds have been observed for spin-free, octahedral cobalt(IT)

and they have been assigned as follows (28):

| -1
4T2 g é_%lg 8 = 9000 om
%y ~ 11000 em™t
b, g () < 16 ~18000 cu™
, ,, -1
“*Tlg (p) < 20 ~21000 em

All of the bands have very low intensities (¢<10 normally) since
they are electric dipole forbidden, The weak absorpbion actually
observed have been shown by Holmes and MeClure (51)'to be vibration -

induced electric dipole transitions,

It is wmsual to find four separate bands in the gpectrum 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 8000 cm"l, agsigned as the
4ng (r) ‘"ATlg (F) transition and a split band at 16000 = 22000 cm™T
agsigned as a combination of the 4'Azg (F)<~«4Tlg (F) (at 19600 cu™t)

and 4T1g (P)<=~4T1g (F) (at 21600 cm™) bands (37,65)

e) Sguare-Planar Gobalt(II)

The spectra of a number of complexes of divalent cobalt, believed
to have this stereochemigbry, have been reported, Everett and Holm
(35), who studied the equilibriums

square-planar e tetrahedral

in a series of bis (P -ketoamino) cobalt(II) complexes, published the
gspectra of both the square-planar and tetrahedral species, The former

compounds gave rise to a band at approximately 8500 o™

s often with a
shoulder on the high energy side, No further ligand field bands are
gshown before the charge transfer bands, which appear in sach casge

above about 15000 emfl.

The spectra of some disalicylidene-diaminatomcobdlt (II) complexes

of the type:

(CH,),,
/ \
CH=N

_ ~ “Co \/ N—'ﬂG\I\I =\
G

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

(n=2 or 3)

constrained to square-planar coordination, each give rise to a single

bend at 8300 - 8500 om™r,
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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

the region of 8000 ent,

d) Biguanide Complexes - Spectra

The diffuse reflectance spectra of a number of biguanide complexes
are listed in table 3,2 where the compounds are grouped according to
colour and room temperature magnetic properties (see Table 3.,1). Typieal

 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 examined, at 9000 - 10,000 cm"l.

The red complexes each exhibit two bands, one near 10,000 cmfl

at about 18500 emr.

and one

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

biguanide complexes and the spectra of the square-planar complexes

discussed in the previwus4section. A band pogition of 10,000 cmfl

the biguanide complexes compared with 8500 em™

for
for the pketoamino
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 electronie gpectra are consistent with the

asgignment of a sgquare-plavar 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
pssudo=-octahedral stereochemistry., In the former case the two bands

would be assigned as the'\l2 and“ﬁB absorptions, corresponding to the
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Table 342
Diffuse Reflectance Spectra of Cobalb(II) B
Yellow, Low-gpin complexes
[Co(Bg),]2H,0
Lco(BgH)glso4 1.5H,0
[Co (eyclohexyl Bg),! 1.5H,0
[Co(cyelohexyl BgH),! 80 N
[Co (phenyl Bg)zl 045H,0
[Co (o~chlorophenyl Bg)z],o,5H20
[Co (m-chlorephenyl Bg),]
[Co(diphenyl Bg),l2.H,0

Red, High-gpin Complexes

[Co(phenyl B‘gH)2] 80 N
[Go (o-chlorophenyl BgH)21304.2.5H20
[ Co (m~chlorophenyl BgH)zl 80,

[Co (P~naphthyl Bgn)zilso4

e Complexe

Band positions (g@“l)

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



Absopption
(Arbitrary Units)

 Tolghenyl Bem),Jsqf

5000 10000 15000

: T 20000 25000
Figure 3.3. Diffuse Reflectance Spectra of Co(II) Bigusnide Complexes.
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“p. ()= 4y, %1, (BY™ 44, trensitions in T, symwetry, On the other
hand, if the complexes are congldered to be pseudo-octehedral the low
energy band would be assigned to the 4“I.‘zg(}i‘)"‘”“"‘[‘Tlg(}.“) while the high
energy absorption would be expected to contain both the 4A2g(F)ﬁ* 4Tlg(l?')
/and 4Tlg(P)«%w4T1g(F) bands.

Although a tetrahedral structure is easily visualised for a complex
with the formula Co(aryl BgH)2 SOA’ octahedral stereochemigtry 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 3.4b. The
infrared spectra of these complexes, discussed later in section 3.4 make
it quite clear that sulphate ig not coordinated., This leaves structures
such ag 3,48 and 3.4b ag the only possibilities providing octahedral
coordination of the cobalt ion., Although axial interactions such as
these are known to exist in samé complexes (44y50) they would be expected
to be much weaker than an actual coordinate bonde Furthermore it is
difficult to see why protonation of the ligands should bring about an
inberaction such ag this, strong enough to impose pseudowoctahedral

stereochenistry on the metal ions

In order to gain some further indication of the stereochemistry of
the complexes, some attempts were made to measure the intengities of the
absorptions, It wae found that the pressed alkali halide disc technique
(13) was unsatisfactory in this case, becsuse clear dispersions of these
complexes in the halides could not be produceds Solution measurements
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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extent by dissolving‘one of the complexes in weakly acid solution, in
which some dissociation takes place, then increaging the pH by addition
of alkali, Measurements of the spectrum of [Co(m~chlorophenyl BgH)z]'SO4
made at two different pH values are shown in figure 3.5, A molar
extinction coefficient of 126 was found for vB‘ at pH value of 12, This
is likely to be less than the true value since there is most probably
some digsociation of the complex., Thus the molar extinclhion coefficient
(€ max) for the'vé bend is considerably higher than might be expected for
an octahedral complex, yet is well within the range of values expecteé

of pseudo~tetrahedral complexes,

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

by solution of the equations:

vzzE[l*Tl F] - B 4A2 (F) =15Dq + 7e5 B = @
1,33@[%1 (B)] - B %, () =15Dg+7.5B+Q

where @ = +((=6 Dq + 15 B)® + 64 (0g)3]%

which are derived (14) from the matrices of Tanabe and Sugano (103).
Values for these parameters in the biguanide complexes are in all cages

L for Dq and 700 o™

very cloge to 600 em~ for B, The figure for B

lies well within the range usually observed for tetrahedral cobalt(II)
(usually 600 - 800 cmfl) 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 calculations are based is only

qualitatively useful, especially for compounds with symmetry lower than Td‘
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IS

Solution Spectrum of Co(m-~-chlorophenylBgH),-S0y

Figure 35
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Thus the values of Dq and Bi quoted may well be subject to large errors
and the caleculations are of little importance in determining the

gstructures of the complexes,

3630 Maenetochemiat

Satisfactory theoretical treatments for the magnetic properties
of tetrahedral and octahedral cobaltous complexes have been developed

so that explanations are available for most of the phenomena observed.

a) Tetrahedral Cobalt(II)

For tetraﬁedral cobalt(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 an
orbitally degenerate upper level, The expresgsion for the magnetic
moment then takes the form (14):

/uef£=2lile—-’4x :l [S‘(ﬁ*l)]% BQMQ 2088088468600 008008 (301)
.10 Dg

Where A ig the spin-orbit coupling constant for a gingle eléctrqn
and 10 Dg is the separation between the ground state and the level

being mixed in,

This mechanigm saﬁisfactorily accounts for the range of magnetic
moments (4e0 to 4e8 BsM,) actually observed in tetrahedral cobalt(IX)

| complexes, The slight temperature dependence of the magnetic moments

of these complexes has been accounted for by the introdﬁction of a

temperature independent term into the expression fér the magnetic

susceptibility., This is given by (38):
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“P.IoPe = BNP2/10 D = 292710 D eeveencercresesnnses (362)

Cotton et al, (19) appear to have used these expressions with a
good deal of successg in correlating the magnetic and spectroscopic

properties of & number of cobalt(II) complexes.

'b) Octehedral Gobalt(II)

In octahedral cobalt(II) complexes the orbital degeneracy of the
ground state (4Tl) gives rise to an orbital contribution to the magnetic
moments, which ghould therefore lie between the limits E&&(S*l)T%
and [4S(8+1) + L(L*l)]%; The values actually found depend upon the
amount of quenching of the orbital contribution and are usually between
4e8 8nd 5,2 BJMe (11).

A few octahedral complexes are known in which the ligand field is
g0 strong that the doublet state, 2E, has crossed the 4Tl (F) level and
become the ground states In these complexes the magnetic moments are
close to the gpin only value of 1,73 B.M, although there is a slight

orbital contribution,

No satisfactory theory has yet been developed for the low=-spin,fours
coordinate complexes of cobalt(II), These are agsumed to be square-planar
although the X-ray structures of very few have been determined. Jeffrey
(52) hag shown that the cobalt(II) phthalocyanine complex is square-planar,
Rodley ete ale (33,87) have demonstrated that bis (o-phenylenebisdimethylarsine)
cobalt(II) perchlorate exists in two isemeric 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 (I1) 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.Ms and temperature
dependence studies have shown (41) thet the orbital contribution is
mainteined down te low temperaturess It has been found that not all of
the low-gpin complexes obey the exact Curie-Weiss law so that in some
eages it is only posaibie to obtain approximete values for the Weiss

congtant,

The fact that both the gpin and orbital contributions to the magnetiec
moments of cobalt(II) complexes vary with étereochemistry and ligand field
strength, makes the magnetochemicel method & powerful tool in structural
sﬁudies on these compounds, Although room temperature magnetic moments
alone are often & useful guide to sgtereochemistry temperature dependence

studies are morve conclugive,

d)

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 summarised in table 3.3 and figures 3.6 to
3e8s It may be geen that three distinet types of magnetie behaviour

have been encountered,

The yellow, low-spin compounds, with one exception, have magnetie
}properties’consistent with those expected for square~planar cobalt(II),
That is, the magnetie susceptibilities follow the Curie-Welss law with

énly winor deviations from the 1in@arity‘axpected. The lack of eny
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recognised theory for thils stereochemistry precludes further discussion,

The sole exception in this series of compounds is bis-{biguenide)
cobalt(II) sulphate which is antiferromagnetic, with a Curie temperature
below and probably quite close to 120°K,  4bove 140°K the susceptibility
obeys the Curie-Weiss law with a 6 value of 320°K, No detailed
examination of this phenomenon wag made end 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 why this complex
should be the only one giving rise to such behaviour and a ﬁore detailed

invegtigation might prove interesting.

For the red, high~spin ceﬁpl@xes the magnetic properties may be
explained on the bagis of pseuﬂo»tatrahedrél stereochemistry, Curie-Weiss
law bebaviour is observed in all cases, with © values up to 10°K,  The
‘temperature dependence of.the megnetic moments is glight and the moments

lie within the range expected for tetrahedral cobalt(II),

The megnetic 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 by means of equation
3e1, the magnetic moments of the red complexes with the tetrahedral Dg
values obtained in the previous section does not necessarily invalidate
the agsignmment of pseudo~tetrahedral structures to them, Any apparent
diserepancy can be explained by noting that the gymmetry of the complexes



[Co(Bg),] «2H,0 [co(BgH)21394'1;5H20

1k 2 x20°  Fese 1k *ax10®  Fere
29045 2133 2:24, 290,5 | 2373 R.36
269.5 2310 2624, 27440 2441 2.32
25640 2415 2423 Rhhe5 | 2614 2427
23640 2597 2422 227,5 | 2662 2421
218,0 2781 2,21 211.8 | 2730 2,16
197.5 3027 2.20 1940 | 2839 2,11
171 3300 2.17 177.5 | 2903 2,04
164, - 3601 2,18 161 3061 199
15645 3758 218 141 3117 1.88
13645 4260 2.17 121 3234 1.78
118 2926 2.17 102,5 | 3252 1eb4
1045 5452 2,14

9145 6149 2,13
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Table 3.3 (Cont'd)

[Co(eyclohexyl Bg),l11,5H,0 [Go(eyclohexyl BgH),1 50 4
8 "ax10%® Mo 1%  "wx30®  Pegr
29149 2608 Re48 29342 2626 2649
26848 2792 2,46 256,3 | 2991 2049
241.0 3070 Rebd | 2214 | 3381 -
213,0 3450 2443 185,3 | 4017 2445
18640 3867 2641 7.0 | 4924 2e42
16044 LAY Re41 121,0 5883 2440
139.1 5107 2439 100,0 | 7044 2,38
119.8 5803 2,37 |

10060 7011 2438

[Go (phenyl Bg),) 5H,0 [Go (omchlorophenyl Bg), 0s5H,0
7oK % g 1076 Mapr % %30 Mepp
29045 3075 2,68 28645 2005 2416
273.1 3276 2,68 27040 2122 2415
252,3 3533 2,68 253 2250 2.1
23043 3840 2,67 233 2423 2413
210.5 4163 Re66 216 2579 2.12
191.7 4619 2,67 200 2757 2,11
70,7 | 5u0 2066 186 | 2918 210
150,5 | 5808 2.66 162 3330 2,07
130,7 6620 2464 2.5 | 3792 2,09
114e5 7498 2,63 123.5 | 4377 2409

10144 5301 2,08
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Tabl (Conttd)
(o (phenyl BgH)lS0 ), Le5H50 [Co(p-naphthyl BgH),) 80 3

9K % x 1070 Meee O %1976 Mgee
292,7 9813 480 293.7 | 9327 4e70
267,5 10684, 4480 273.6 | 9966 469
240,0 11871 4e'19 253.5 | 10690 Lo68
213.0 13291 4a18 232,2 | 11590 4e6b
18640 15175 ba'T 212.4 | 12590 | 4eb4
1585 | 17675 475 1929 | 13870 | 463
132,0 21195 4e'l5 16447 | 16070 4e62
112.5 24803 be'Th 138,0 | 19100 | 4.2
95.5 | 28967 473 119,0 | 22120 | 4L
96,9 | 26710 458

[ Co (mmchlorophenyl BgH)z] S0 i [Go(o-chlorophenyl BgH):g 80 4 2‘;,532
1K ax10®  Pegr % %x10%  ferr
295,7 10213 b9k , 290,7 | 8036 4e33
2670 11332 IRCTA 2740 | 8531 4e33
239.8 12578 |, 4e93 2515 | 9203 he32
212,9 14086 492 231e2 | 9957 4e31
18640 16078 491 2115 10846 430
15840 18813 4490 190,0 11889 428
1313 22538 4e89 164.1 | 13809 42
105,0 27741 485 149.8 | 15034 4e26
137.1 16389 4e3
12463 | 17814 4e?3
110,0 | 19952 he?l
%e5 | 23009 4e19




500~

il

400}

100

200

-

66

1 Co(Bg), |
2 Colo-chlorophenylBg),
3 ColcyclohexylBg)y,

4 *Cof(phe;nleg‘)z

i 3 i

N

160
Figure 3.6




70

is mosgt probably a good deal lower than Td and, as mentioned before,
these caleulations are only quslitative in such circumstances,

3¢4 Infrared Spectra of the Cobal‘bill) Biguanide Complexes

A detailed study of the infrared spectra of biguanides and biguanide
complexes is left until chapter 4. However, it is of interest to
congider here the use of infrared gpectroscopy in deciding whether or not
the sulphate radicals are coordinated to the cobalt(II) ions in the

biguanide complex saltse

The free sulphate ion has tetrahedral (T;) symmetry and gives rise
to two infrared active vi'bra‘c.ion's, denoted V 3 and v 4 which are both |
triply degenerate, Two other vibrations v, 8nd V, are Raman active
only, If the symmebtry of the sulphate ion is lowered, e.g. by
coordination to a metal ion, the vibrations v, and v, become infrared
active and the degeneracies of Vg and v 4, &re lowered according to the
correlation table, 3.4, Nakemoto et, ale (60) found that v 3 end v,
were each split into two bands for monodentate coordinated sulphate and
into three bunds in the case of bidentate sulphato group, Furthermore
they observed enhanced intengities in bands assigned to v, and v, for

coordinated sulphate ions,

The infrared spectra of all the biguanide complex sulphates
contained bands which could be assigned to the Vg and v 4 modes of the
sulphate ion, see table 3,5, bub none which could be attributed to 111
or Va. Furthermore, in all cases bul one, the bands assigned to V3
and v 5, ere gingle maxima, that due to V3 being fairly broad in all casess
In all the complex bases & number of weak to medium bands appeared in the

9 m region and in most cases these were swamped by the inbense, broad,
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,,QQV_Q_QQ‘QB v (Reference 60),

Table 3.4
Point Group vy Vs 2 v
Ty A (R) E (R) F, (1,R) F, (1,R)
Cov Al, (I1,R)| E (I,R) Ay (1,R) Al (I,R) + E (I,R)
+% (I,R)
GBV Ay (I,R) A (I,R) + Ay (R) Ay (I,R) Ay (I,R) + B, (1,R)
+ By (I,R) + B, (1,R)
*B, (1,R)

Complex “"/3 | Aggignment ’Vé
[Co(phenyl BgH),] 304 \ 1081 vese by 610 s
L Co(o-chlorophenyl Bgﬁ)a] S0 L 1071 vess br 611 8
[ Co(m-chlorophenyl BgH),) S4 1075 ve8, br 610 s
[ Co (P=naphthyl BgH)‘Z] 80 A 1085 ves. br 608 8
[ Co (BgH)2] S0 4 1122, 1087, 1066 v.s, 617 8
[Co(cyclohexyl Bgh),!80 4 1082 V.S, br 610 s
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sulphate (Vb) abgorption which appears in the complex salts. However,

in the spectrum of EGo(BgH)ZJSO4 8 series of three maxima was observed

in this region, Since only a single maximum was found at around 600 et
(VA) and since no bands attributable‘to Vl and wé could be found, the
only reasonable explanation for the apparent‘splitting of the‘UB
vibration is that it is actually due to a superposition of the biguanide

abgorption in this region on the sulphate absorption.

Thus the infrared spectra demonstrate that none of these complexes
contain coordinated sulphate, and the gbructural assignments 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%eoéhemistries.
The latter group comprises those compounds with the general formula
[Co(AngH)é]z* (i.es the cationic complexes of l-arylbiguanides) while

all of the other complekea investigated fall into the former group, Thus
the struetural properties of the cobalt(II) biguanide complexes may be

summarised as follows:

(1) Neutral biguanide complexes of cobalt(II) are yellow,
low-spin, and square-planar,

(1i) The cationic complexes of biguanide and l-alkylbiguanides
with cobalt(II) are also yellow, low-spin, and square-plahar.

(iii) The cationic complexes of cobalt(Il) with l-arylbiguanides

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
P=ketoamino ligands changes from square-planar to pseudo-tetrahedral
ag the substituent on the nitrogen donor atom is increased in sgize
(34,35)s In these cases it was postulated that the change in
configuration wag caused mainly by steric interaction between the

N-subgtituted chelate rings,.

The change from square-plansr to tetrahedral stereochemistry in
the case of the cobalt(II) bigusnide complexes, on the other hand,
seens fairly certain to be almost entirely an electronic effect,
This is suggested by the fact that whereas the [Go(cyclohexylﬂgHélz*
cation is low-spin and square-planar, the [Go(ph@nyiBgH)zjzﬁ cation
is high-gpin and tetrahedral. In these two complexes the steric
effect should be almost identical so that the difference in
stereochemistry can be attributed to the difference bstween the electronic

properties of the cyclohexyl- and pheny1~groups;

& theory has been developed here which accounts for the facts
(i -« 1ii) mentioned above and which is based on the differences in
properties of alkyl (alieyclie) and aryl substituents, It is postulated
~that a resonance hybrid of structures XLII (a - €) represents the bonding
in [Co(Bg),] .
Thus the delocalisation of the formal positive charge over all the
nitrogen atoms in the 1igand provides a stabilising effect on the planar
chelate ring, An alkyl substituent on N, being essentially an

glectron donor", enhances the ability of conjugated system to accommodate
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the positive charge and increases the stability of the planar system,
On the other hand, an aryl substituent (see figure XLIII) competes
with the conjugated gystem for the lone pair electrons on Nl and
effectively isolates Nl from the system. Thus the stability of the

planar configuration ig lowered,

Protonation of the ligand adds another positive charge to the

gystem, 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 desgtabilised
to sgome exbent, However in the l-arylbiguanide complexes, in which Nl

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, Thig distortion of

the chelate ring might be expected to destroy the planarity of the complex

ion and result in the change to a pseudo-tetrahedral struecture,
306,  EXPERIMENTAL

(a) Preparation of the ligands

The biguanides were all prepared by well known literature methods

which are summarised in chapter 2.

(b) Preparation of the Complexes

For the complexes all preparative operations were carried out on a
vacuum line under an atmosphere of pure nitrogen, with the striect
exclugion of atmospheric oxygen. The complexes are extremely sensitive
to aerial oxidation when wet, bul reasonably stable when dry. They were

stored in an atmosphere of pure nitrogen,



Vi

(1) Complexes of the type [Co(R-Biguanide),].nH,0. (R=H or alkyl)

These complexes were prepasred by the dropwise addition of

a concentrated dqueous solution of cobaltous chloride or
sulphate to a vigorously stirred solution of the biguanide
sulphate or chloride in 2N agueous sodium hydroxide, To
avold precipitation of cobalt hydroxide, an excess of ligand
was used. The yellow precipitate was filtered on sintered
glass, washed with water, water-alecohol then aleohol, and
dried in vacuo until it had atiained the consistency of a

fine, dry, powders

(11) Gomplexes of the Type [Co(R - Bg),l (R = aryl)

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 aleocholic solution.

A concentrated aqueous solution of cobsltous chloride
hexahydrate was added slowly,‘ta & vigorously stirred solubion
of the arylbiguanide base in normal alcoholic sodium hydroxide,
& glight excess of the ligand was used. The yellow complex was
filtered, washed with alcohol, and dried as in (i)

1”EQQ”Rge_B:H)éL§Q4 (B=H or alkyl)

Dilute aqueous ammonia (2N) was added dropwise to a

vigorougly stirred aquebus solution of cobaltous sulphate and
the sppropriate 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 hourse A fifty percent excess of the
ligand wag used in each preparation to avoid

precipitation of cobaltous hydroxide.

The complexes were filtered, washed and dried ag

deseribed in section (i),
Complexes of the type fGos’HntH)z;_‘@QA (R = aryl)

0f several methods which were tried, the

following was found to be the mogt satisfactory:

An ice~cold, 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%C) water/methanol mixture. It was then
dried in vacuo. Stoichiometric amounts of the ligend
and cobaltous sulphate were used. It is interesting
to note that the complexes dissolved quite readily in
the gupernatant liquid if the temperature were allowed
to rise appreciably or in the wash solution if it were
not kept cold. However, once dried, the complexes

would not dissolve in water or aleohol unless these were

mede slightly acid,
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(e) Apalyses

Analytical dats for the complexes discussed are set out in table
3060
Cobalt analyseg were carried out by first fusing the complexes with
sodium pyrosulphate (approximetely 3 gm, Na232®7 per 100 mgm, complex)
until & clear melt was obtaineds. The cooled melt was then dissolved
in water and the cobalt estimated by the gravimebric pyridine -

thiocyanate methods

ogen microanslyses were carried out by Alfred Bernhardt,

Mglheim, errmany.

Nitrogen was determined by a semi-micro Kjehldehl method (9).

(@) Electronic gpectra were measured as deseribed on page 4/

(e) Magnetic Meaguremenis were carried out by the Gouy method on a

temperature~variable balance constructed in this department,

The desigh is based upon that published by Figgis and Nyholm (40).
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Found - Calculated _
Complex Co ¢ H N S0 4 €o C H K 1) A
[Co(Bg),l2H,0 20,3 16443 5.35 47.3 20,0 16,27 5.43 4T.5
[Co(BgH),1 80 0 Lo 50 15.4 = - 36.3 15.4 3645
[€o{cyclobexyl Bg)z_l 1.5H,0 13,1 - ) 13.1 31,0
(Go{cyclohexyl BgH),!S0 4 11,27 - - 26,8 18.,2] 11.3 26,9 18.4
[Co (phenyl Bg)2] 0. 5H,0 4.3 - - 32,9 14.0 33.3
[Co(phenyl BgH),S0,.1.5H,0 10,87 - — 26,1 18,1] 11,0 26e1 17,9
[Co (omchlorophenyl Bg);g 0. 5H,0 11.7 3929 3.98 28,6 12,0 39.30 3.90 28.6
|Go(o~chlorophenyl Bgﬁ)z] 394~2§5H20 962 30.67 3.96 22,5 15.9 95 30683 4605 22,5 15.4
[Co (m—chlorophenyl BgH)23 S0 4 11.0 - - 23,9 17.0{ 10.2 2462 16.6
[Co(P-gaphthyl Bg),] 113 - - 26,5 11,2 2644
(Co (P-naphthyl BgH),! 894 9.8 — - 22,7 15,65 9.7 23,0 15.77
[Co(aiphenyl Bg),12H,0 9.9 — - 23,2 9.8 2344,




Infrared Svectra of Bigsuanide Complexes

The correlation of the infrared spectra and structures of biguanides
and biguanide complexes have not been studied befores, Indeed there have
been only two occasions on which the spectra of such compounds have been
reporteds Ray (77) used the infrared spectra of copper(II) and nickel(II)
coumplexes with 1,l-disubstituted biguanides to show that certain of these
compounds exist in two different forms, which he postulated were the cig
and trans-isomers, The other instance was the publicétion by Colthup et.
al, (18) of the infrared spectrs of biguanide sulphate (XLV) and
1,1,2,2,4,5,5~heptamethylbiguanide (XLVI)

N N + (cH,),N N N(CH,)
SNVINS R PENNSTR
( 4 (] 3 & (oM ¢
( 1 I 50, o
( NH, NH, )2 (033)2N NGHB

XLy XLvI
For XLVI they assigned a band at 1600 cmfl to the C=N stretching

mode while a band at about 1550-1600 o

in the spectrum of XLV was
asgigned to & N - C = N stretche It was postulated that in XLV the lower
frequency indicated an equivalence of the C = N bond orders brought about

by resonance,

One of the difficulties experienced in interpreting the infrared
gpectra of biguanide complexes arises from the large number of atoms in the
ligand, For example, the bis(biguanide)copper(II) molecule contains 27

atoms, and gives rise to 75 normal %ribrations, Although some of the
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vibrations will 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 necessary for a normal coordinate analysis are not
known, ' Thus it is necessary to make use of the less rigorous, though

useful, group-frequency 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 mmber of assignments are made,

Moagb of the assigmments made here are based upon assignments
reported in the literature for compounds with funetional groups
resembling those found in biguanides. The correlation table shown
below is basged upon results obtained previously for such compounds as

urea (71, 112), the guanidintidm ion (2) and ethylendiamine (74).

Correlation Table for Compounds Related to Biguanide

Frequency Range (wave numbers) Aggignment;
3600 - 3000 N-H stretch
1600 - 1750 NH2 bending
1600 - 1700 C = N stretch
1350 - 1600 N = C = N gtretch
1000 - 1250 NH, rock

<1000 skeletal modes
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Regults and Discussion
4ol The 4000 = 2000 c™ Region

Biguanide and its complexes all give rise to strong broad bands in
the region 2800 - 3500 en™t (see figure 4el)e These bands may be
agsigned with certainty to N - H gymmetric and antisymmetric stretching
modes, A fairly complex series of mexima is usually observed betweeh

-l

3000 and 3500 om -1

with a long shoulder of lower intensity below 3000 cm
This lower energy absorption together with the breadth and complexity
of the whole band system is characteristic of hydrogen bonding (18, 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 asgsignment of bands below 2000 cmﬁl, showed.that bands in the B[L
region were diaplaced to 4 - 5 m in good agreement with the expected
igotopic shifte (Compare figures Ae1 and 4.2).

4eR

Between 1150 and 1700 cmf"l & number of bands, most of them fairly

intense, appear in the spectra of biguanide and ite ccmplexns; (See
figure 4e3)  According to the correlation table pregented earlier in
this chapter, (page 82) the vibrational modes which give rise to absorption
in this region are the NH2 bending and rocking and the ¢ = N (or

o],

N = € = N) stretching modes. Below 1150 em ™ it is expected that

absorption due to various skeletal modes will appear.
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As mentioned earlier the spectre of some deuterated compounds were
meagured go that abgorptiong due to N - H vibrations could be distinguished
from thoge 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) in 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 4e3.

The remainder of this chapter contains an analysis of the spectra,
first of free biguanide, then of its complexess It will be demonstrated
. that assignments made for the spectrum of the ligand are in agreement
with those made for its complexes. Certain regular differences between
the spectra of the cationic and neutral complexes will be pointed out
and attempts made to rationalise them, Finally, the correlation of the
spectre with the structures proposed in an earlier chapter are discusseds

(a) _Spectrum of Bigusnide Bage

Partial deuteration of biguanide was accomplisghed by dissolving it
in 99.5% D20, allowing the solution to stand for several hours, then
eveporating the solution to dryness under reduced pressure, Because the
free base is not particularly stable, ths‘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 — end at 1200 em — in the

spectrum of the undeuterated compound are diminished in intengity upon
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d o

2800 3000 3200 3400 cm !

N-H StretchingﬁAbsorption

Figure 4.1




87

[Cr(Bg)3]

[Cr (BgH) y]C1,

- 1200 1400 , 1600 1800 cm™

Figure 4.3 )
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partial deuteration while new bands appear at 1220 and 923 cm"l. In

-]

the spectrum of the undeuterated compound the 1600 - 1625 cm — band

is assigned as the NI, bending mode and the 1200 en™  band to the N,

rocking vibration, The new bends, appearing at 1220 and 923 o™t

after deuteration are therefore assigned to the ND2 bending and
rocking modes. These agsignments give very satisfactory values for the

isotopic shift, (133 and 1.30 respectively), Deuteration does not

1

affect bands at 1509 and 1401 om ~ and these are assigned as N = C = N

1

gtretching modes, Bven the 1509 em™ band is well below the usual

range for C = N gtretching vibrationg, and it is postulated therefore
that, as in the case of the biguanide cation (see page81), a rescnance
effect gives vrise to an equivalence of all the C - N bond orders.

-,

Below 1200 em — the spectrum appears to be affected only slightly

by deuteration, and the bands in the region 1200 « 700 et are

therefore agsigned to skeletal modes.

(b) Tris(biguenide) chromium(III)

The spectrum of the chromimm biguanide complex in the 1200 - 1700 em™*

is much better resolved than that of the free ligand so that assigmments,

baged on studies with the deuterated complex, are more easgily made,

1

The disappearance of the band at 1624 - 1630 em — upon deuteration means

that it can be agsigned definitely to the Nﬂé bending mode, while the

=l

lack of any significant shift in the 1560 - 1580 em — bend indicates that

this is very largely an N - C - N stretching absorption. The broad band

at 1458 amfl becomes resolved, after deuteration, into a strong broad
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Table

Deuterom
Biguanide

ca, 1620 shg

1600 )
1500 sv br )
1405 8 )

1220 m
1200 w

1135 w
960 m

923 m

g W

905 m
818 m
762 m

L Tt

..l)

#
nide Bage and Deuherated Biguanide Bage

Aggighment

I\II-I;2 Bending

N = € = N Stretching

ND2 Bending
NHZ Rocking
Skeletal modes

ND2 Roeking

Skeletal modes

#% v = yery, 8 = strong, m = medium, w = weak, br = broad,



33, and deuterated

oxBe, .D_b_g;%.g.asam Asglgnment
1630 vs 1630 w sh NH, bending
1624 vs
1580 vs) 1561 vs) )
1560 vs) %Zég zz) ) Meinly N = € = N
1458 ve br e 2 S stretehing
11%28 3}; NH2 rocking
1227 m br NDz bending
1098 m 1091 w
1054 m 1026 w
1004, w ND, rocking (?)
bdy wu 925 ww
852 ww
830 ww
770 w

764 m
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-l

paximm at 1415 om L

and a weeker one at 1485 em . Thus overall there
appears to be no real shift in this absorption, and it too is assigned

as an N = C -~ N gtretching mode,

It is interesting to note that there appears to be very little
coupling between the N ~ H bending and N - € - N stretching modes in
biguenide complexes, This is in contrast to the case of 1,3-diimine
complexes for which infrared spectra have been measured recently, For

these complexes, bands at 1580 and 1620 ™t

were both shifted
significantly upon deuteration, indicating that the N - H bending mode
made a congiderable contribution to both bands.

Deuteration of Cr(Bg) 3 causes the disappesrance of the 1240 ot

band, As in the case of the free ligand, this band is assgigned to the

NH, rocking mode, The band which remains in this region at 1227 et

is
assigned to the ND, bending mode (giving an isotopic shift, VH/D = 1,33).
It is not possible to make a definite agsigmment for the ND2 rocking

mode which is expected to appear at around 930 et (assuming an isotopic
shift of 1.33), although it could be aseigned to a new band which appears
at 1004 cm"l. This agsignment gives an isotopic shift of 1,25 which is
low for a pure I\IH2 rocking mode but this could result from coupling of
the NH2 rocking mode with some other mode of the same symmetry,

Below 1200 cm"l

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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Table
Infrared Spectra of Biguanide Complexeg

[CoBg, ) [Go(BgH), 150, | [Cubg,] [0 (BgH) ] 01, Assigmment
1608 vs 1661, vs 1625 vs 1686 vs)
1630 w ) NH deformation
1631 sh 1605 vs 1610 w )
1567 vs 1513 vs 1566 vs (1545 s )
(1515 sh;
NwCa-21\N
(1493 vs 1391 w (1490 sh )
(1462 w (1460 vs 1435 w g streteh
(1449 vs
1295 va 1304 s 1280 vs 1284 m g NH, rock
1218 w 1259 m
1158 w 1160 ww
1116 w br obscured by 1114 ww 1104 ww
g0 43
1062 1057 1043
1016 w sh 970 ww
952 vw 967 ww 937 w 963 wvw
787 w br . 808 w 800 s
762 w br 754 w 787 w 754 sh
738 w 720 8
672 m 678 m
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Table 4e3 (Cont!d)

[Cr(BgH) 3“‘ 013

[CngBJ Asgignment
(1630 vs (1673 vs br) NH, deformation
(1624 vs (1624 m gh )
51528 ve g
1560 ve 1509 8 br ‘
(1258 ve 12,06 w ) N =G « N stretch
1372w )
1260 sh 1267 sh ~
1240 vs 1240 vs g NH, rock
1148 sh 1148 sh
1098 m 1128 w
1054 m 1093 ww
Uk w 951 vw
(784 sh
770 w (764 w
[coBgB:] ;nl-lz‘ [Co (BgH)BJ 613 Assigrment
1630 vs) (1665)
21610 vs) (1690) e br NH2 bending
(1600 sh
1575 vs br 1510 s br
1450 vs br NeC=N gtretching
1395 s
1255 sh .
roc
1235 vs 1240 m Nﬁz
1107 w 1129 w
1055 w
1086 ww
949 w 954 v
( 760 sh

( 733 m
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(¢) Spectra of Bigusnide Complexes in General

The assignments made for the spectra of biguanide and tris(biguanide)
chromiwm(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 cu™r

in which the N - C - N stretching and N=-H
bendin.g 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 betwsen 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 sbretehing frequencies are lower, in the cationic complexe

These obgervations are perhaps most satigfactorily explained by
meking use of the work of Bellemy and Willisms (10) who provided an
explanation for the pattern of C - H stretching and deformation frequencies
in a number of Gﬂé - X compounds. In the casgse of the methylhalides they
postulated that as the series is traversed from GHBF the p character of
the € ~ X bond increases and as a result the g character of the ¢ - H
bond increases along the same series. Since p orbitals are more diffuse,
yeb have greater directional propertles than g orbitals, an increage in
the g character of the C - H bonds would be expected to give rise to shorter
bond lengths and higher C - H stretching frequencies, while the decreasing
directional character of the bonds should be reflected in a lowering of the

C = H bending frequencies, These expectations are borne out by experiment;

Hadzi (47) bas extended these arguments to explain the differences in

N = H stretching and bending frequencies between aliphatic and aromatic
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I.R. Spectra of Biguanide Compleies Between 1350 and 1700 cm-]

——— N=C:N STRETCH = =—m——3¢—— §~H DEFORM —3
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Figure 4.4
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amines, He suggested that in the aromatic amines there is conjugation
of the 'ni'brogen lone pair electrons with the aromatic ring and this is
facilitaﬁed 1f the lone palr orbitsl has more p characters The increase
in the p character of the lone pair orbital requires a corresponding
inerease in the g character of the N - H bonds"which in turn gives rise
to increased N - H stretching freguencies and decreage N -~ H bending
frequencies, Hadzi also made similar observations on the spectrs of

phenols and aliphatic alcoholss

Arguments such as these may well be applicable in the case of the
bigunanide complexas; It has been postulated in an earlier chapter that
the structures of the cationic and neutral complexes can be represented
by XLVII and XLVIII below, in which there are two amino groups conjugated

 with the shelate ringe

H
il i
HY N HN  NH
N4 N/
M M
XLVIT XLVIII

This situation bears some resemblance to the case of the aromatic
amines, Protonation of the chelate ring (probably at i ) 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 p character of the nitrogen lone pair orbitals and, hence, of
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increasing the p character of the N - H bondss This should result in
higher N - H deformation frequencies in the protonated (ecationic)
complexes, as obgerved, and lower N -~ H gtretching frequencies, While
no significant differences in the N - H gtretching frequencies have
been obgerved between the two types of complex, this does not mean that
the above explanation is faulty, since hydrogen bonding tends to over-

shadow all other effects in this region of the spectrum,

4w3s  EXPERIMENTAL

Infrared épectra were measured on a Perkin Elmer model 221 or a
Grubb Parsons "Spectromaster® spectrophotometer, Samples were prepared
by mulling ;ompounds in liquid paraffin (nujol) or hexachlorobutadiene
and mounting between alkali halide plates,



CHAPTER 5
Some Complexes of Sulphur-Containing Ligands

 Guanylurea, biuret, guanylthiourea and dithiobiuret all have
structures which are similar, in many respects, to that of biguanide,
However, the presence of oxygen or sulphur, as well as nitrogen, in
these compounds should allow the formation, in each cage, of at least
two types of chelate complex with transition metal iohs. Thus it has
been ghown (see references in chapter 1) that biuret is goordinated
through nitrogen alone in some of its complexes and through oxygén alone
in others. Similarly it has been sﬁggested (78) that guanylthioursa
forms two kinds of complex; those in which the ligand coordinates
solely through nitrogen, and those in which coordination is through both
nitrogen and sulphur, Guanylurea appears to be coordinated through
nitrogen in all of its complexes (78)e¢ Too few complexes of dithiobiuret
have been studied for any conclusions to be drawn, regarding the meang of

coordination of this ligand,

A study of the coordination chemistry of some of these compounds is
a natural extension of an invegbigation of biguanide complexes, The
structural similarity between biguanide and the oxygen~ or sulphur-
containing 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,
guanylthiourea and dithiobiuret, since complexes of biuret and guanylurea
have been studied quite extensively elsewhere. Accordingly, work has

been directed at both exbending the range of known complexes of these
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ligands and checking some of the earlier reports of their complexes.

541 Guanylthiourea 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 (69,73,80) that in the known complexes of guanylthiourea
and S-ethylguanylthiourea the type of coordination with the different

metal iong is as shown in table 5.1,

i
Table 5,1
Ligand cor | cott| mMT | cull | pa®t | Rer.
guanylthiourea N-S NS | NN | N8 | NS (73,80)
Sesthylguanylthiourea NS | NN | NeN (69)

# N-S refers to coordination via nitrogen and sulphur, e.ge as in XXXIV

N-N refers to coordination via nitrogen alone, e.g, as in XXXV,

HzN\G /NH\O//NH | HzN\C/NH\ O/SH
| | o
1 - HY W
\M / \M /
/ \ / \
- XXXIV XXV

It is interesting to note that the thicamide group provides similar

alternative bonding schemes to those found in thiocyanate complexes,
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Lewis, Nyholm and Smith (56) have pointed out thaet the type of coordination
in thiocyanate complexes may be correlated with the clagsification of
metal ions proposed by Arhlaﬁd, Chatt and Davies (1). They noted that
class (a) metals (see figure 5,1) form isothiocyanates (N-bonded), while
class (b) metals form thiocyanates, (S-bonded),

In view of the similarity between the thiocyanate and thioamide
groups it might be expected that thé game factors will govern the nature
of the coordination of the two groups with the various transition metal
. dons, 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 cobalb-sulphur bonding has been inferved both for the
cobalt(II) and cobait(III) guanylthiourea complexes, This is in conbrast
to the situation in the thiocyanate complexes of cobalt, where metale

nitrogen bonding is known to existe

However, cobalt(IL), copper(Il), 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 definitely in class (b) and,
ag expected, metal-gulphur bonds appear to be present in the

guanylthiourea complex (73).

It has been observed (80) that the reactions of guanylthiourea 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 contein metal to sulphur bonds. There hasg 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. (1)s Copper(II)
generally exhibits class (a) character while copper(I) is considered as

belonging in class (b),

The work of Ray and Chaudhury (80) oa these copper derivatives has
‘been repeated’and extended here, and some interesgting results have been

obbained,

To date there have been no reports of guanylthiourea complexes of
metal ions with definite class (a) behaviour. Accordingly, the reaction
between guanylthiourea and the chromium(IIL) ion has been studied here,

562 Copper Complexes of Guanylthioures

The reactions between cupric salts and guanylthiourea have been
investigated briefly, both by Trimble (104) and Ray and Chaudhury (80),
It was obgerved that in all cases these reactions yielded products which
contained copper and guanylthiourea in an appréximately 1 to 1 mole ratios
The magnetic moments of these compounds were found (80) to be lower than
expected for magnetically dilute 69 complexes, and this was attributed to
"an unusually high temperature effect." Tt is not at all clear what

was meant by this statement since it was not elaborated upons
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Although Rey and coworkers (80,73) have found that nickel(II)
and cobalt(II) form bis-guanylthiourea complexes, and cobalt(III)
formg a tris-guanylthiourea complex, they did not comment upon, or
suggest a reason for, the fact that cupric salts afford only
monoguanylthioures complexes, Furthermore, it is interesting to note
that Paigankar and Haldar (69) have recently prepared a copper(II)
complex of Seethylguanylthiourea which hag a metal ligand ratio of 2 to
le It is a normal, pearamagnetic complex with a magnetic moment of
1.82 B,M, and its magnetic susceptibility obeys a Curie-Weigs law with
a Gwvalue of 4 K. These authors did not comment upon the fact that the
introduction of an a-ethylusmbstituent 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 bebween guanylthiourea and the Seethyle
guanylthicuresa appear to be very significant, a detailed investigation
of the reactiong of the former compound with cupric salls hasg been

undertaken here.

It has not been possible in thig 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
049 copper-ligand ratio, when he caused cupric acetate and guanylthiourea

to reacts Ray and Cheudhury (80), however, claim to bave prepared pure
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samples of the compounds [011(021{51*1 1,3') (HZO)QJ 80, +4H,0 and
[ou(0,8,,8) (0) (5,0) 1,0, |

Products obteined in this work have been assigned formulae such
as [Ou, (CH.N,S), Cle x (O HNS), where x =0 to 0.5),  The material
from one preparation, with x = 0.5, was studied in some detail. In
agreement with the results of Ray and Chaudhury (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
sugceptibility showed that the Curie-Weiss law was obeyed, with 6 = 4°K.
(See table 5.2 and figure 5.,2), Thus the possibility that magnetic
interaction between two copper(II) ions in a diﬁeric molecule had reduced

the magnetic moment, could be eliminated.

It was noted, however; that if the magnetic susceptibility of a
dimeric molecule were attribubted to only one of the copper atoms; the
other being diamagnetic, then the paramagnetic copper atom would have a
magnetic mement of approximetely 1.9 B.Ms Such a situation would require

II

that the complex be formulated as Cu Cut (02H.5N 48‘)2 01.%(022{61« 4s~:); 1e€e

the complex would contain both cuprie and cuprous ions,

Similar fermulstions for the compounds prepared by Ray and Chaudhury
(20) would be:

II I I
+ Cu (02H5NZ§)2‘HSO .6H20 and Cu

4
Magnetic moments based on these formulae are 2,08 B.M, and 2,03 B,M,

Cu . Cu’ (c,H,,5), (08) 2H,0,

respectively, There appears to be no satisfactory alternative means of

explaining the magnetic properties of these compounds., Furthermore,



2K Xg X' X Pose (M) %,
28445 3478 1506 1626 193 616
250.8 3463 1717 1837 1,93 544,
217.3 4e22 1996 2116 1.93 413
183.0 5,01 2370 2490 1492 402
150,1 6,18 2923 3043 1493 329
116,5 804 3803 3923 1692 255

#*  Molecular weight, based on the copper analysis, is taken as 473.0
## Dismegnetic correction taken as 120 x 10"'6 Collabe

#t Dota in Cegese unita,

there is @ certain anmount of indirect evidence which favours the

hypothegis:

(1) It is well known that compounds with 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:
2 RuSH + [0] —> RS8R + H,0.

Guanylthiourea should therefore be capable of acting as a reducing

agent, accounting for the reduction of copper(li) to copper(I).

(11) 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 guanylthioures
by blocking the formation of the digulphide. Thus, S~ethylguanylthiourea
is a normal chelating agent, and forms the expected big-complex with

copper(II),.

(iii) Furthermore the presence of metal-sulphur bonds in the
copper-guanylthiourea compound, inferred elsewhere (80) from its chemical
properties, can be understood if it is agreed that cuprous iong are
pregent, Copper(I) is known to belong in class (b) of the Ahrland
clagsification (1) and should readily form metal-sulphur bonds. In the
Swethyleuanylthicurea-copper complex reported by Palganks and Haldar (69),
only cupric ions, known to have class (a) character, are present and, as

expected, only metal-nitrogen bonds are found,

(iv) The reaction of dithiobiuret with cupric salts is also
pertinent here, It has been shown in this study (pagems) that the yellow
compound, previously supposed (4) to be a dithiobiuvet complex of copper(II)
is actually a cuprous complex. In this case, copper(II) is completely
reduced to copper(I) whereas in the reaction with guenylthiourea, only half
of the copper(II) is reduced,

&b this stage it is only possible to gpeculate on possible structures -
for the copper~guanylthiourea compound.  All that can be seid is that it
is most probably a mixed-valence compound conteining both copper(II) and
copper(I) iong in 1:1 mole ratioce It is interesting to compare the
properties of the copper-guanylthlourea complexes with those of other

mixed-valence compounds reported previously.
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For mixed-valence compounds there exisbs the possibility that
electron transfer may occur between two metal ions of different
valence, This electron transfer can, under sgome circumsbances, 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 clasgsifying mixedw-valence compounds based on physical

properties,\as set oubt in table 5.3.

Both the electronic gpectrum and magnetic properties of the copper
guanylthioures complexes desgeribed above have been measured. The
magnetie properties (Table 5.2, figure 5.,2) obey the Curie-Weiss law,
implying that the compound is magnetically dilute and could belong to
either class I or class III-A, The electronic spectrum (figure 5.3)
containg intense absorption which could be attributed to either mixedm
valence or metal-ligand charge transfer. The latter might be expected
for metal-sulphur bondse | |
5¢3 Reactions of Chromium(IIL) with Guanylthiourea

Accordingly, the reaction between guanylthiourea and the chromium(III)
ion has been studied here in an atiempt to debermine whether camplexes

can be obtained, and, if so, to determine the type of coordination involved,

No guanylthiourea complexes of metal ions with definite class g
character (see figure 5.1 page ) have yet been reporteds As mentioned
earlier, gusnylthiourea would be GXpedted to coordinate through nitrogen
alone in these complexes, whereas coordination via sulphur and nitrogen

would be expected in complexes with class b metals.

While attempts to prepare a complex from aqueous solutions were not
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successful, it was found that an aleoholic solution containing chromie
chloride and guanylthiourea slowly turned pink-violet, suggesting that
gsome reaction was occurring. In order to determine the nature of the
species formed, a serieg of solutions containing a fixed concentration
of chromie chloride with varying amounts of ligand were made up as set

out in table 5,4,

fable A
Solution No, 1 2 3 L 5 6 7 8
Mole ratios
guanyithiourea/GrGlB 0e5 1e0 1o5 240 245 340 345 4e0
Colour at equ\;um ¢ -green > grey  +—pink-violet—
Absorbance at 515 m u 023 0623 0426 0,36 0,53 0,73 1,04 1,02

All of the solutions were originally green and the electronic
spectra contained two bands, at 15,400 and 21,400 emfl, characteristic
of the octehedrel [0x01,(H)0),]" on, Within a matter of mimutes
solutions (7) and (8) began to darken and within one day thej had
become pink-viclet; at the same time solution (6) had become greyish.
In all solutions the two spin allowed bands observed previously had
shifted to higher energies, the larger shifts being obgerved in those
gsolutions containing ligend in greater éoncentrations. After fourteen
days pink precipitetes had formed from solutions (7) and (8) and the
spectre. of these two solutions, and of (6), had become very similar,

1 -l

each giving rise to bands at about 19,400 em — and 24,500 em™—s These



112
band positions remained constent 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 thoge of the

pink solutions (6), (7) and (8).

It is significant thet the pink colour developed only in those
solutions where the ligand to chromiwm(III) mole-ratioc was equal to or
grester than three. In solulbions with greater ligand concentrations
there appeared to be no increage in the hypsochromic shift of the
absorption maxims, Thig suggests that the trism(guanyithiemrea)
chromium(III) species is formed in solution, Furthermore, the fact that
no isoshestic point has been found indicabes that more than one complex
species is formed by the reaction of GrGl3 and guanyithiourea, most

probably the mono - and bis- complexes.

The pogitions of the two bands observed for the pink solutions, atb
19,400 and 24,500 cmfl, are in the region associated with the chromium(III)
octahedrally coordinated by six.nitrogen étomso These band positions are
compared with those for chromium(III) complexes of nitrogen containing

ligands, in Table 5.5.

Table 5.5
Complex b, (F) <A1, (F) b, (1) —1, (F)
Or(guanyl'bhiourea)B | 19,400 24,4500
r (Be), 20,000 26,300
Cr en, 21,680 28,490
Cr (15,) 6* 21,500 28,500

# Values given in Jorgensen C.K, : Absorption Spectra and Chemical Bonding
) in Complexes, Pergamon p. 290,
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Thus, as expected, metal nitrogen bonds only, appear to be formed between
guanylthiourea and chromiwmm(III),

Attempts wére 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 chaplter. All solid products
from solutions of guanylthioures and chromic ion showed evidence of partial
decomposition of the ligand to dicyandiamide (which gives rise to two bands
in the CEN gtrebehing region of the infrared sgpectrum of these products),
One particular sample wag analysed completely and characterised by spechral
and magnetic measurements, The analysis cérresponded to the formula

Sapy
Cr, (G, HN 8)3 (C2 4) C1,.x0H,0H where x is approximately 6, CzHSNA
is guanylthiourea and 82 ANA is dicyand;amide. The presence of methanol
in the producht is suggested by the analyses and by the appearance of bands

at 2816 and 2922 em™r

in the C-H stretching region, of the infrared gpectrum,.
Other bands expected for methanol, the O-H stretching and CH bending, are
magked by N-H bending and stretching and C-N stretching modes, respectively,
of the guanylthiourea and dieyandiamide molecules, The infrared spectrum

is listed in table 5,5,

Room temperature (293.0°K) magnetic measurements for the compound gave
a grom susceptifility (xg) of 11,28 cegess This corresponds to a magnetié
moment per chromium atom, based on the chromium analysis, of approximately
3¢5 BeMs, which is lower than expected for a magnetically diluteAdB complexs

The electronic spectrum of the compound was measured both by diffuse
reflectance (see figure 5.4) andrin 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 cmfl
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can be asgigned as the 4Tﬁzg(]i‘)ﬂ-_z‘;é.zg transitions in octahedral symmetry,
The small shoulded observed at 13,700 cmfl is assigned as the spin-forbidden,
2Eé<”'4A2g transition, in octahedral symmetry. Both spin allowed bands
show evidence of marked splitting, This is to be expected, since the

formula for the compound does not allow for a highly symmetrical ligand

field,
Table 5,6
Infrared Spectra below 2000 ™ of Guanylthiourea Compounds
Guanylthiourea Chromium Copper. Agﬁignmgnt*
Guanylthioures Guanylthioures,
Sompound Compound
1635 sh 1590 1645 vs br
1612 vs 1670 vs br NH, bending
1572 vs)
1565 va)
1508 vs br 1512 vs 1505 vs) N-C=N stretching
1483 vs . 1480 sh)
1458) |
Tig) ™ VE-N +Ve-8
1415 vs \ 1430 vs
1325 s 1340 & 1320 s
1240 8 : 1250 8
1188 s
1165 sh 1152 s 1155 s
1068 m 1050 8
962 w
943 8
895 m 905 m
890 sh
758 sh 760 sh 713 8
740 s 715 s 715 8

®lsgignments are based on empirical correlations with earlier work on thiourea
. and dithiobiuret (101), together with work carried out in this project
on biguanides,
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It can be concluded from thege results that the chromic ion and
guanylthiourea apparently react in solution to form a tris-(guanylthiourea)
chromium complex specles of some kind, The species does not precipitate
from solution, but ingtead precipitates are formed which contain both

guanylthiourea and the decomposition product dicyandiamidé‘

5¢4 Reachions of Dithiobiuret with Transition Metals

Only the silver(I) complex [Ag2(62H5N382)3](N03)2 has been
characterised previously (101). The two copper compounds which have been
reported, the products of the reactions between dithiobiuret and the cupric
(4) and cuprous (3) ions respectively, were both described as yellow, bub

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,

56k a) Cer Dithiobiuret Comp:

The bright yellow product obtained when an agueous solution of cupric
sulphate was added to an aqueous solution of dithiobiuret, was found to be
diamagnetic at room temperasture., Furthermore, no maxima were observed in
its diffuse reflectance spectrum between 300 and 1000 millimicronss These
date, together with a complete elemental analysis of the compound indicate
that it should be formulated as the copper(I) complex, [Cu,(C,H,N,S,),180 40

This result is readily explained by the fact that dithiobiuret is known
to be a fairly strong reducing agent (54)s It seems certain that the cupric

ions have been reduced by the ligand,
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The close similarity of the formule of the cuprous complex with
that of the silver(I) complex mentioned above, was suggestive that the
two compounds might have similar structures. Accordingly the infrared
spectrum of the copper(l) complex was measured for comparison with the
gpectrum of the silver complex, reported by Stephen and Townghend (101);
The two spectra, listed in table 5,7, are in good agreement and it seems
cerbain that the structures of the two complexes are also very much

alike,

Stephen and Towngshend suggesbed that the silver dithiobiuret complex
had the same structure as the thiourea complex, EAgﬁbuBJ(NOB)za which
they algo studied. It wag proposed that the dithiébiuret would be

monodentate and coordinated through a sulphur donor atom,
5¢5 Conclusgions

This sgction of the project, the study of the sulphur containing
ligands guanylthiourea and dithiobiuret, was undertaken 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 demongtrated that both guanylthiourea and dithiobiuret,
in reacting with cupric salts, reduce them at least partly ﬁo the cuprous
state. The reducing properties of these ligands are attributable to
thiol groups which are readily oxidised to inter- or intra-molecular

disulphide linkages.

An interesting extension of this work would be the study of the
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3000 s br

1633 w
1613 p

1552 8 br
1500 sh

192 s
1405 8

1113 8

786 m
T4k 8

7 w

This Work —
A y
Complex Dithiobiuret Cu
Complex
3230 s 3350 3050
to
3100 8 3000 Js br =3350 8 br
1636 w sh 1631 w )
1603 m 1612 s 1610 8 br)
1556 s 1546 s 1572 8 )
1527 w gh )
1480 m 180 m sh 1471w )
1400 w ch 1393 139 m )
1333 vs 1319 ve )
obscured
998 w 962
831l m _
99w )
706 w 725 m 718 m
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Table 547

Infrared Spectra of dithiobiurel and its complexes

#

Asgiprment (101)

(NH) stretching
Nﬂé bending

 (C=N) stretching

(C“S) atrs

(NHQ) rocking

Mogtly C=5
Some C=N

¥ g = gtrong, w = weak, m = medium, br = broad, sh = shoulders
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S—gubstituted compounds in which the reducing properties should be
blocked, Some complexes of Sw=ethylguanylthiourea have been studied by
Paigankar and Haldar (69) who found that it acted as 2 normal bidentate
chelating agent with cobalt(II), nickel(II) and copper(II),.

The fact that the reaction of guanylthiourea and chromium(III)
regults 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 unsubstituted thiol group, Thus a study of the
reasction of an S-gubstituted guanylthiourea with chromium(III), and

other metal ions, may be worthwhile.

506  EXPERIMENTAL
a, Preparation of the ligands

Guanylthiourea and dithiobiuret were prepared by the literature
method (55). H23 was passed inbo a hol agueous solubtion of dicyandiamide
for several hours, The required products were obtained from the

resultant solutions

be  Preparation of Copper-Guanylthiourea Gompound

An agueous solution containing 2.5 gm. of cupric chloride
hexahydrate was added to a vigorously stirred agueous solution of 3.5 gme
of guanylthiourea, 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 yellowigh-brown powder. The yield was approximately 1.5 gm;

or 4%, based on the amount of eupric chlorides
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The compound wag analysed for copper, nitrogen and chlorine,
Found: Cu, 26,9, 26.7%; N, 30.8, 30.8%; Cl, 8,2%,
Caleulated for: Cu, (62H5N 43)201,%021%1&1 43.,
Cu, 27.8%; N, 30.75; Cl, 7.8%,
Another preparation of the compound gave the following analyses:

Cu, 27,0, 2702%; N, 2696; R648%,

The magnetic properties of the compound have been summarised in

table 5,2 and the infrared spectrum is listed in table 5,6,

cs Preparation of Chromium-Guanylthiourea Adducts

The solid residue desecribed in section 5 was prepared ag follows:
A solution of 0,9 gms, guanyithiouﬁea and 0.3 gms, of GrGl3 in 30 mls,
of methanol ﬁas allowed to stand in a stoppered flagk for three months,
The pink-violet solution was then poured into 30 mls. of dioxan and a
pink preeipitate wag immediately obtained, Thig was filtered, washed

with dioxsn and dried in the air at room temperature.

Analyses: Or, 11.4%; C©, 18,26%; H, 5.03%; N, 25,21%;
S, 9480%; Cl, 10.52%.

As gtated earlier, the material was formulated as Gr2(02H5NZS)3
ce
H "] #,
(OZHZ‘_NA?(B.XOHBOH, (x6) ¢ S0

de  Copper Dithiobiuret Complex

The complex was prepared by adding solution containing 0483 gnse
of cupric sulphate pentahydrate in 10 mlse. of water to a golution of
0,90 gms, of dithiobiuret in 50 mls. of hot water. A yellow precipitate
was obtained immediately. This was washed with water and dried in vacuo

over silica gels
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Analyses: Found: GCu, 20,7, 20.9%; C, 11.53%; H, 2.74%; N, 19.86,

19.82%; 8, 35.3% (total S)e ‘

Caleulated for Cu2(02H5N332)33043 Cu, 20,253 C, 11.47%; H, 2.40%;

N, 20.04%; 8, 364%.

xg = w0od5 Cogese (Room Temp@rature).

Analyses:

The chromiwm-guanylthiourea compound was anslysed by the
Alfred Bernhardt Micronalybtical Service at the Max Planck Institute,
n .
Mulheim, West Germany., All € and H analyses were algo carried oubt by

this service.

Coppers wag determined by first decomposing the complexes with a 1:l
mixture of concentrated nitric and sulphuric acids then plating out the
copper on a tared platinum cathode, by the usual method (Ref. 105, page
603),

Sulphur: 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).

Phygical Meagurements were carried oub as described in earlier chapters,
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