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I. INTRODUCTION 
Chemically arid structurally biguanide (I), guanyl- 

urea (11), and biuret (111) arc closely relat’ed com- 
pounds. Both I and I1 may be derived from I11 by 
the substitution of both or only one of the oxygen 
atoms of thc latter by the corresponding number of 
imino (=NH) groups. 

1 3  5 1 2  4 
HaNCNHCNHi HiNCNHCNHi a k H  

AH 2 4  AH 3 

I I1 
Biguanide Guan ylurea 

(guanylguenidine) (dicyandiamidine) 
1 2  3 

HiNCNHCNHi 

I I I I  
I11 

Biuret 

The nitrogen atoms are numbered in order to in- 
dicate the position of the substituents in the various 
alkyl and aryl derivatives of the compounds. Di- 
cyandiamidine is also used as an alternative name for 
guanylurea, but the latter name has some advantage 
as it indicates directly the position of a substituent in 
the guanyl or urea end of the molecule. Some workers 
write “diguanide” for biguanide. The latter term is, 
however, preferred as it offers no difficulty in naming, 
for instance, a derivative of the composition C2H4- 
(C,HsNs)* as ethylenedibiguanide. 

An exhaustive review of biuret and related com- 
pounds, including a short account of the biuret reac- 
tion and the structure of biuret-metal complexes, 
has recently been published (80). 

The present article attempts to offer a comprehensive 
review of the metal complexes of biguanide and guanyl- 
urea, inclusive of their many substituted derivatives. 
Some metal complexes of guanylthiourea (t,hiodi- 
cyandiamidine), the sulfur analog of guanylurea, 
have also been incorporated. These two types of 
chelating ligands combine with many metals of the 
transition series to give a large and remarkable variety 
of complexes. A systematic study of these in com- 
paratively recent times has not infrequently led to 
interesting and illuminating conclusions on problems 
of valency and as to the structure and stability of 
cotirdination compounds. 

For obvious reasons a short account of the prepara- 
tion, properties, and structure of biguanides and 
guanylureas has been embodied as a necessary prelude 
with a view to elucidating their complex-forming 
character, These two classes of compounds have 
attracted considerable attention recently, since the 
discovery of the antimalarial activity of paludrine, 
N1-(p-chlorophenyl)-N6-isopropylbiguanide (30). This 
has led to the study of many substituted biguanides, 
as well as of guanylureas and biurets corresponding to 

paludrine, with particular refrrpnce to their physiologi- 
cal and chemotherapeutic properties (25, 26, 27, 28). 

Relevant literature references have been covered up 
to December, 1958, but a number of later papers and 
communications have also been noted. 

11. BIQUANIDES AND GUANYLUREAS 

A. MUTUAL RELATION, TRANSFORMATION, 

AND BTRUCTURE 

1.  Mutual relation 
The close resemblance among biguanide (I), guanyl- 

urea (11), and biuret (111) may be attributed to their 
derivation from the same parent source, i.e., carbonic 
acid (IV) or its amides, carbamic acid (V) and urea 
(VI). Guanidine, an amidine of carbamic acid, is also 
included in this group. 

HOCOOH BiNCOOH HiNCONHn 
IV V VI 

Carbonic Carbamic Urea or 
acid acid carbamide 

HN-C(OH)NH* HiNC( 3”) NBi 
VI8 VI1 

Pseudourea Guanidine 

Guanylurea may thus be regarded as a guaneide 
of carbamic acid, just as biuret may be viewed as a 
ureide of the same. In a similar manner biguanido 
may be considered as a guaneide of pseudourea ( V I a ) .  

The formation of guanylurea from a guanidine salt 
and urea by fusion (lo), in which a molecule of guani- 
dine combines with a molecule of urea liberating a 
molecule of ammonia, is quite analogous to that of 
biguanide from guanidine hydrochloride at  180-185°C. 
(6)) when two molecules of guanidine condense to- 
gether, losing a molecule of ammonia. This exactly 
resembles the formation of biuret from the thermal 
decomposition of urea nitrate (187). 
HnNC(=NH)NH* + HaNCONHi --t 

HiNC(=NH)NHCONHi + NHs 
Guanylurea 

HzNC(=NH)NHi + HiNC(aNH)NHi --t 

HzNC(=NH)NHC(=NH)NHz + NHI 
Biguanide 

HzNCONHa + HiNCONHi --t HzNCONHCONHs + NH: 
Biuret 

The reverse reaction, leading to the formation of 
guanidine from the fusion of a mixture of biguanide 
and an ammonium salt, has also been described (15, 
90). The name biguanide, therefore, seems appropriate 
by analogy with the name biuret. Another name used 
for biguanide, guanylguanidine, also bears the same 
significance. The close relationship between guanyl- 
urea and biguanide ie evident from their formation 
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from one and the same source material, dicyandiamide, 
by its union with a molecule of water and one of 
ammonia, respectively. 

4 3 2  1 
H,NC(=NH)NHCN + HsO --* HzNC(=NH)NHCONHi 

Guanylures 

H,NC(=NH)NHCN + NHs -+ 
Dicyaiidismide 

1 2 3  4 6  
HsNC( =NH) N HC( =NH)NHi 

Biguanide 

2.  Transformation 
Some substituted biguanides suffer more or less 

rapid hydrolysis in acid solution. A solution of palu- 
drine, N1-(p-chlorophenyl)-N6-isopropylbiguanide, in 
moderately strong hydrochloric acid, when kept 
for about a year, deposited crystals of N1-b- 
chloropheny1)-N4-isopropylguanylurea (26). But much 
more rapid hydrolysis occurred in the case of 
N1-(p-sulfamoylphenyl) biguanide and some of its 
substituted derivatives (78). Almost complete con- 
version was observed within 12 hr. a t  room tem- 
perature. The presence of a sulfamoyl group in the 
para position of the phenyl radical in a substituted 
biguanide molecule appears particularly responsive to 
its rapid hydrolytic change. The substitution of the 
amine hydrogen in the sulfamoyl group by alkyl, 
dialkyl, or aryl radicals exerts no appreciable effect 
upon the rate of this change, but, on the other hand, 
it is more or less strongly retarded by alkyl, dialkyl, 
or aryl substitution at  the other end (N6-position) of 
the biguanide molecule. This stabilizing influence of 
substitution at the Ns-position is attributed by Kundu 
and RAY (78) to increased resonance, arising from 
conjugation in the case of aryl or some hyperconjuga- 
tion in the case of alkyl groups. A quantitative study 
of the kinetics of transformation has been made by 
Kundu (77) at two different temperatures, 32' and 
46°C. 

Obviously in an aqueous solution of a biguanide 
there tends to be an equilibrium between the biguanide 
molecule and the products of its hydrolysis, a guanyl- 
urca and ammonia, though the amount of the lattcr 
might be negligibly small to begin with: 
RNHC(=NH)NHC(=NH)NH, + H10 e 

RNHCON€IC(=NH)NHa f NHa 

In acid solution the equilibrium reaction proceeds 
rapidly to the right, owing to removal of ammonia 
as an ammonium salt. If the guanylurea salt formed 
by hydrolysis be sparingly soluble, the hydrolytic 
change proceeds almost to completion. The reverse 
change, the ammonolysis of guanylurea to biguanide, 
is also suggested by the above rcaction. 

Guanylurea is readily transformed into its sulfur 
analog, guanylthiourea (VIII), by heating any of its 

salts with hydrogen sulfide water (171). The reaction 
may be regarded as a case of sulfhydrolysis of guanyl- 

HiNC(=NH)NHCONHI + H*8 4 
4 3 2  1 

VI11 
Guan ylthiourea or 

thiodicyandiamidine 

HzNC(=NH)NHCSNH* + Hi0 

urea. The reverse change, the hydrolysis of guanyl- 
thiourea to guanylurea, is also implied. The trans- 
formation of guanylthiourea into biguanide is illus- 
trated by the preparation of some substituted bi- 
guanides from amines and (S-ethy1)guanylthiourea 
(170, 171) as also from guanidine and substituted 
thiocarbamide (24). 

3. Structure 
In view of the remarkable complex-forming capacity 

of biguanides and guanylureas a consideration of their 
structure is of special significance. As in the case of 
biuret (80), no definite and unambiguous structure 
can necessarily be assigned to the biguanide or guanyl- 
urea molecule. The structures of these compounds 
are most satisfactorily represented like that of biuret 
as a resonance hybrid, to which contribution is made 
by several tautomeric configurations including some 
zwitter ions. 

Besides the conventional structure (I), the biguanide 
molecule may occur in the form of tautomers (Ia, 
Ib, and IC), owing to prototropy. Each of these may 
again resonate among several valence-bond struc- 
tures. Structure I, for instance, furnishes possibilities 
of seven different modifications by resonance, of which 
Id, Ie, and If are examples. Besides, the molecule may 
be further modified by hydrogen bonding, giving rise 
to cyclic structures like Ig. Similar cyclic structures 
of paludrine and other substituted biguanides are 
supposed to influence profoundly their physiological 
properties (30). 

H%NC=NCNH, H*NCNHC&H, H ~ N C ~ H ~ C N H ,  

H& AH HA A-  &- AH 
I s  Ib Ic 

+ + + +  
HZN=CNHCNHs H*NCNHC=NHs HzN=CNH=CNHa 

Id Ie If 
HsNCNH-CN& 

Ig 
In a similar manner guanylurea can also be repre- 

sented as occurring in various tautomeric forms, Ira, 
IIb, IIc, and IM, including the zwitter ions like IIe, 
IIf, and IIg. The usual conventional structure (11) 
of the compound may resonate with the four different 

HA- RH HA -NH I I I 

H N . .  I1 .H- A 

HN- -NH 
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structures IIh, IIk, 111, and IIm. In addition a cyclic 
structure of the typc of IIn may arise through the 
formation of a hydrogen bond. 

HN=CNACNIIt IIzNC=NCNHZ HzNCNzCNH, 
I1 I 

(If1 kH !I1 k H  0 NHz 
IIn IIb ITC 

HN=CN=CN H2 IInNCNIICNHa HjNC=NCN 112 
I 1  

4 t 

I II 
0- NII 

II I\ 
0 h -  OH NHI 

IId 110 IIf 

H,NCNH&NHz HzNCNIIC=NHs HzN=CNHCNHz 
+ + + 

I 11 
0- NH 

I1 I 4 4- 0 HN- 
IIK IIh IIk 

.L I. 

H~NCN H=CN 1 1 ~  H,Nc==N HCNH? H~NC-NH-CN 1 1 ~  
II /I 

0 I - R r r  0.  * . H-N 
I Is FIN- 

111 IIm IIn 

The structure of guanyithiourea is closely analogous 
to that of guanylurea in all respects and requires, 
therefore, no special treatment. 

The molecules of biguanide, guanylurea, and guanyl- 
thiourea all possess active functional groups which 
readily lend themselves to the formation of metal 
complexes in a suitably activated state of the molecule, 
most favorable for the purpose (cf. Section 111,B). 

B. GENERAL METHODS OF PREPARATION 

1. Bigwnide and substituted bigmnides 

(a) Biguanides 

In  1879 Rathke (101) first prepared biguanide by 
digesting a mixture of thiocarbamide and guanidine 
thiocyanate with phosphorus ttichloride. The reaction 
obviously occurs through the formation of cyanamide 
from thiocarbamide, which then reacts with guanidine 
to yield biguanide. But the method gave a very poor 
yield. The sulfate of the base was obtained in the form 

CS(NH2)r 4 CNNHa + IIzS 

HINCN + HaNC(=NH)NHz -+ 

HaNC(=NH)NHC(-NH)NHa 
Biguanide 

of rhombic crystals having the composition C1HTNs.- 
H2S04.Hz0. The author observed that the substance 
reacted with a solution of copper(I1) sulfate to give 
rose-red crystals of a complex copper(I1) base and the 
corresponding sulfate having the composition Cu(C2- 
HsN&-2HX, where X = OH or +SO,. 

A better yield was obtained by heating dicyandi- 
amide with ammoniacal copper(I1) sulfate solution a t  
105-110°C. for 12 hr. in a sealed tube. A solution of 
the complex copper(I1) biguanide sulfate in the least 
possible excess of dilute sulfuric acid, on evaporation 

in a vacuum over sulfuric acid, gave crystals of the 
biguanide sulfate (71). The method was found quite 
satisfactory, as regards both yicld and the absence of 
secondary products. 

The preparation of biguanide hydrochloride by heat- 
ing an alcoholic solution of dicyandiamide with am- 
monium chloride served as an improvement upon the 
previous method (173). 

Still better results wcrc obtained by heating an 
intimate mixture of ammonium chloride (8 g.) and 
dicyandiamide (5 g.) a t  195°C. for 5-10 min. (0). 
Substitution of ammonium iodide for ammonium 
chloride further increased the yield from 21 to 45 pcr 
cent (89). An intimate mixture of finely powdered 
dicyandiamide and ammonium chloride was heated 
to 173°C. for 5 min. The cooled product of the rc- 
action waa extracted with water and filtered from any 
insoluble residue. From the filtrate copper(I1) bi- 
guanide sulfate wm precipitated by the addition of 
ammoniacal copper(I1) sulfate solution. The coppcr 
compound was dissolved in the least excess of dilute 
sulfuric acid, and the biguanidc acid sulfatc was 
crystallized from the solution by concentration on thr 
water bath. The free biguanidc base in the anhydrous 
crystalline state hm also been isolated from the sulfatc 
by reaction with barium hydroxide solution (99) or 
with metallic Rodium in alcoholic solution (170). 

The reaction leading to the formation of biguanidc 
from dicyandiamide and ammonium chloride or iodidc 
consists merely in the addition of a molecule of am- 
monia to one of dicyandiamide. 
H,NC(=NH)NHCN + NH, -+ 

H,NC(=NH)NHC(=NH)NHs 
Biguanide 

Preparation of biguanide in good yields (18-30 per 
cent) with the use of ammonium methane- or benzene- 
sulfonate in place of ammonium chloride has also been 
described (90). 

(b) Substituted biguanides 
Methylbiguanidc has bcen prepared through its 

copper derivative by triturating dicyandiamide with 
copper(I1) sulfate and digesting the mixture with n 
20 per cent folution of methylamine. On keeping thr 
decp blue liquid for several days, or prefcrably upon 
heating it in a scaled tube for a few hours a t  100- 
1 lO"C., the complex coppcr(I1) biguanide sulfatr 
scparated in the form of rcd nccdles. From the com- 
plex copper salt the methylbiguanide sulfate can then 
be obtained as in the case of the simple biguanidc. 
Thc free methylbiguanide base has also been obtained 
in the form of an uncrystallizable mass (154). 

Ethylbiguanidc sulfate and ethylbiguanide base in 
crystalline form havc also bccn prepared in the same 
manner (49). Preparation of ethylbiguanide hydro- 
chloride by heating an alcoholic solution of dieyandi- 
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amide with ethylamine hydrochloride has also been 
described (173). 

Fusion of 2-aminoe thanesulfonic acid (taurine) with 
dicyandiamide has led to t,he direct preparation of 

N1-(2-sulfoethyl) biguanide, H03SCH&HaNHC(=NH)- 
NHC(=NH)NH2, from an aqueous solution of the 
melt by precipitation with alcohol (159). 

N1,N1-Diethylbiguanide has been prepared as its 
sulfate from its copper compound. A mixture of di- 
ethylamine hydrochloride and dicyandiamide was 
heated at 130OC. for several hours and the product 
extracted with chloroform. The chloroform was then 
evaporated and the residue dissolved in water. From 
the aqueous solution copper(I1) N1,N1-diethylbiguanide 
was precipitated by the addition of copper(I1) sulfate 
and potassium hydroxide. The copper compound was 
dissolved in dilute sulfuric acid, and the copper was 
removed by precipitation with hydrogen sulfide. From 
the filtrate diethylbiguanide sulfate was precipitated 
by alcohol (51). A more direct method consists in 
heating together dicyandiamide, diethylamine (33 
per cent solution), copper(I1) sulfate, and water under 
pressure on the water bath with frequent shaking; 
copper(I1) sulfate solution should be added in small 
portions a t  a time, a fresh quantity being introduced 
as soon as the precipitated copper hydroxide from the 
previous addition dissolves to give a red solution. 
The complex copper(I1) N1,N1-diethylbiguanide sul- 
fate readily separates in red crystals (137). 

Phenylbiguanide base and its salts (chloride, nitrate, 
and sulfate) were first prepared by Bamberger (3) 
by treating N1-phenylguanylthiourea with silver oxide, 
mercuric chloride, silver nitrate, and silver sulfate, 
respectively, in the presence of ammonia. 

1 

C~H~NHCSNHC(=NH)NHZ + 3"s + 2MX -+ 

N1-Phcnylguan ylthiouren 
CeHsNHC(=NH)NHC(=iTJII)NH2 + h119 + 2NHiX 

Ai'-Phenylbigunnide 
M = Ag or f H g ;  X = OH, C1, NO:, or fS01. 

Phenylbiguanide hydrochloride (173), p-tolylbi- 
guanide hydrochloride (<57), and N',N'-diphenylbi- 
guanide hydrochloride (5 1) have been prepared by 
heating an alcoholic solution of dicyandiamide with 
aniline hydrochloride, p-tolylamine hydrochloride, and 
diphenylamine hydrochloride, respectively. An alter- 
native method is to fuse the two reactants together on 
an oil bath. p-Hydroxyphenyl-, p-anisyl-, and 0- and 
p-phenetylbiguanide hydrochlorides have been prc- 
pared in this manner (83). 

A number of N'-suhstituted biguanides have been 
prepared by the fusion of dicyandiamide with alkyl- 
or arylamine salts of methanesulfonic, benzenesulfonic, 
or toluenesulfonic acid. Methyl-, isopropyl-, cyclo- 
hexyl-, benzyl-, phenyl-, p-sulfamoylphenyl-, dimethyl-, 
diethyl-, and diphenylbiguanides, besides N1-methyl- 

N '-phenylbiguanide and pentamethylenedibiguanide, 
have thus been obtained (90). 

Heating dicyandiarnide with hydrochlorides of aro- 
matic amines in aqueous solution aerves, however, as 
a general method of preparing the hydrochlorides of 
N '-arylbiguanides (23). Good yields of the hydro- 
chlorides of phenyl-, m-nitrophenyl-, phydroxyphenyl-, 
p-phenetyl-, p-ethylcarboxylate phenyl-, N1-methyl- 
N1-phenyl-, and 1-naphthylbiguanides have been 
obtained by this method. Hydrochlorides of m-phenyl- 
enedibiguanide, diphenyldibiguanide, and 4-amino-4'- 
(N1-biguanid0)biphenyl (4-H*NCeH&sH&nHaNr,-4) 
have also been obtained in the same way (23). 

The same method was employed for preparing the 
salts of N1-(p-methoxypheny1)biguanide (171)) N 1 -  
(4-sulfophenyl) biguanide (153), and N1-(2-sulfo-l-naph- 
thy1)biguanide (132), as well as for (p-acetylamino- 
pheny1)biguanide and p-phenylenedibiguanide (134). 
Preparation of o-phenylenebiguanide by this method 
has been described by some workers. The cyclic 
structures I X  (37, 188) and X (39, 94, 95) have been 
assigned to this compound. Structure X represents 
the molecule as an iminazole derivative. 

NH-C(=NH) N 
/ 'NH CeH4 ' \ /  b H C ( = N H ) N %  

NH 
/ C8H4, 

NH-C(=NH) 
IX X 

Biguanides substituted in positions N 1  and N' were 
first prepared by Bamberger (3) through the removal 
of sulfur from phenylguanylthiourea in the presence 
of aniline. 

A number of N1,N2-disubstituted arylbiguanide 
bascs (anhydrous) and their hydrochlorides have been 
prepared by the action of guanidine upon disubstituted 
thiocarbamides in alcoholic solution in the presence 
of mercuric oxide (24). 

PI?NC(=NH)NHZ + NSC(=NR)NHR -+ 

HzNC(=NH)NHIC(=NR)NHR + HzS 

Various substituted biguanides with substituents a t  
the N1- or N6-position of the molecule have been 
prcparcd from dicyandiamide and the corresponding 
aryl- or alkylamine either by heating the reactants in 
aqueous solution in the presence of copper(I1) sulfate 
or by fusing the amine hydrochloride with dicyandi- 
amide and then precipitating the copper(I1) biguanide 
sulfate from the solution of the reaction product by 
trcatmcnt with ammoniacal copper(I1) sulfate solu- 
tion. Copper is removed from the latter by hydrogen 
sulfide, and the filtrate from copper(I1) sulfide is 
evaporated under reduced pressure or else treated with 
alcohol or acetone. The sulfates of the substituted 
biguanide bases are thus obtained in well-formed 
crystals. In some cases crystals of the sulfate separate 
out directly from the solution of the copper complex 
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in dilute sulfuric acid. The preparation of the follow- 
ing substituted biguanides in the form of their sulfates 
by the general reaction outlined above has been re- 
ported: N1-propyl-, N1-isoamyl-, N1,N1dimethyl-, 
N1-hexyl-, N1,N1-diallyl-, Nl-crotyl-, and N1-isoamyl- 
enebiguanides (171) ; 2-hydroxyethyl-, 3-hydroxy- 
propyl-, 2-hydroxypropyl-, 2-methoxyethyl-, and 3- 
methoxypropylbiguanides (84, 162) ; isopropyl- and 
n-butylbiguanides (159) ; benzylbiguanide (108) ; hexa- 
methylenedibiguanide (43) ; piperazinedibiguanide 
(125). 

Ethylenedibiguanide has been prepared by the re- 
action between molecular proportions of ethylene- 
diamine hydrochloride and dicyandiamide a t  140- 
150°C. The aqueous solution of the cooled and solidi- 
fied melt is treated with an ammoniacal solution of 
copper(I1) sulfate, when copper(T1) ethylenedibi- 
guanide sulfate is precipitated. From a solution of the 
complex copper compound in dilute sulfuric acid copper 
is removed by hydrogen sulfide. The filtrate from 
copper(I1) sulfide, on treatment with alcohol, gives 
crystals of the biguanide sulfate (37). 

The yield obtained is, however, extremely poor. 
A much better result is obtained by heating a mixture 
of ethylenediamine hydrochloride (1 mole), dicyandi- 
amide (2 moles), and anhydrous copper(I1) sulfate 
(0.25 mole) a t  140445°C. with constant stirring to a 
perfectly homogeneous blue melt. The cooled mass is 
treated with slightly ammoniacal water. The rose-red 
silky residue of the copper compound is filtered off 
and decomposed with dilute sulfuric acid (1:l v/v), 
when crystals of ethylenedibiguanide sulfate are ob- 
tained (22). 

All doubts regarding the composition and constitu- 
tion of ethylenedibiguanide have been finally set a t  
rest by an analysis of the product thus prepared (22), 
and the previously suggested cyclic monobiguanide 
formulas XI (37) and XI1 (39) have been replaced 
by XI11 (22). 

NH-C(=") HzC-NH, 

NH-C(=NH) HnC-N 
/ )" I /CNHC(=NH)NH1 
\ 

CZH4 

XI XI1 

CH*NHC(=NH)NHC (=")"I 

~HINHC(=NH)NHC(=NH)NH1 
XI11 

Ethylenedibiguanide 

Ethylenedibiguanide, hexamethylenedibiguanide, 
and decamethylenedibiguanide have also been prepared 
as their sulfates from the corresponding amines by 
interaction with (S-ethyl)guanylthiourea, followed by 
treatment with sulfuric acid (171). The reaction occurs 
with elimination of ethyl mercaptan. 

H1N(CHz).NH* + PRSC(=NH)NHC(=NH)NH, + 

( CHz) n I HNC( =NH) NHC(=NH) NHs] 2 + 2RSH 
R - CIHI. 

Biguanides substituted a t  the N1- and N6-positions 
were prepared for the first time by the action of a 
dialkylcyanamide on an alkylguanidine (156). 
RZNCN + HINC(=NH)NHR 4 

RzNC( =NH)NHC(=NH)NHR 

N l, NK-Dimethyl- and N l, NK-diallylbiguanides were 
prepared (170) by heating a mixture of methylamine 
and allylamine hydrochloride (three moles) and sodium 
dicyanimide at  130°C. From the solution of the cooled 
melt the pure biguanide was obtained through ita 
copper compound as usual. The reaction occurs through 
the intermediate formation of a substituted dicyandi- 
amide. The latter reacts with the excess of amine 
hydrochloride, yielding the N1,NKdisubstituted bi- 
guanide. Using dimethylamine, N1,N1,Ns, Ns-tetrameth- 
ylbiguanide sulfate wag also synthesized by this method 
(170). The same product was also obtained by heating 
RNH,.HCI + (CN)*NNa -P RNHC(=NH)NHCN + NaCl 

RHNC(=NH)NHCN + RNHz.HC1 + 

RNHC(-NH)NHC(=NH)NHR.HCI 

copper dicyanimide with dimethylamine in aqueous 
solution in a sealed tube at  120°C. (170). 
(NC)sNCuN(CN)i + 4(CHn)zNH + Hz0 -* 

2( CHa),NC(=NH)NHC(=NH)N( CHa), + CUO 

Interaction be tween (S-ethyl-N l-methyl)guanyl thio- 
urea and methylamine in aqueous solution on the water 
bath leads to the formation of N1,N2dimethylbiguanide 
with liberation of ethyl mercaptan. 

H,NC(ENH)NHC(=NCH~)SCPH( + HzNCHa 4 

( S-Ethyl-"-methyl) guanylthiourea 
HINC(=NH)NHC(=NCH,)NHCHg + CzHsSH 

With dimethylamine under the same conditions 
NllN1,N2-trirnethylbiguanide is the product formed 
(170). 

When a benzene solution of sym-triphenylguanidine 
is mixed with an ethereal solution of cyanamide, and 
the mixture is evaporated over sulfuric acid in a desic- 
cator under ordinary pressure, crystals of N1,N2,N*- 
triphenylbiguanide separate out (170). 

C'HsNHC(=NCoHs)NHCsHr + CNNH, + 

CaHrNHC(=NCsHr) N( CaHs)C(=NH)NH* 
N',NZ,N'-Triphenylbiguanide 

Since the discovery of the antimalarial activity of 
paludrine numerous substituted biguanides have been 
prepared and their physiological activities studied. 
Bigusnides with alkyl or aryl substitution at the N1- 
and N6-positions of the molecule have been synthesized 
by the interaction of an aryl- or alkyldicyandiamide 
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either with an amine hydrochloride or with the amine 
in the presence of copper(I1) sulfate, in boiling aqueous 
ethanol, dioxane, or ethoxyethanol (7, 28, 30). 

A num ber of N2,Ns-dialkyl (or N*,N6,N6-trialkyl)- 
Nkwylbiguanides have also been synthesized in two 
different ways: (a) from mono- and dialkylamines 
and an N2-alkyl-N1-aryldicyandiamide and ( b )  from an 
N1-alkyl(or N1,N1-dialkyl)-N4-arylguanylthiourea by 
desulfurization with mercuric oxide in the presence 
of an alkylamine (25). 

A series of N4,Nb-dialkyl-N~-arylbiguanides has been 
similarly obtained from an N1,N2-dialkyldicyandiamide 
and an arylamine, as well as by desulfurization of an 
N1-alkyl-N4-arylguanylthiourea in the presence of 
an alkylamine (27). 

Substituted biguanides are also formed by the re- 
action between cyanamides and substituted guanidino- 
magnesium halides, as well as by that between cyano- 
guanidines and substit,uted aminomagnesium halides 
(18). 

Ha0 
R”’R”NC(=NMgI)NHC( =NH)NRR’ + 

R”’R”NCN + IMgNHC!(=NH)NRR’ -+ 

R’”R’’NC(=NH)NHC(=NH)NRR’ + HOMgI 

nIo R”NHMg1 + CNNHC(-NH)NRR’ -+ 

R”NHC(=NMgI)NHC(=NH)NRR’ + 
R”NHC(=NH) NHC(=NH) NRR’ + HOMgI 

A biguanide derivative of an amino acid type, 
biguanidoacetic acid, C2HaN6CH2COOH, has been 
prepared in the form of its hydrochloride from biguanide 
and monochloroacetic acid in alcoholic solution. It 
reacts with both acids and alkalis, and forms the sodium 
salt, C4IlsO2NsNa, and the hydrochloride, C4H902N6 .- 
HC1 (99). Using dimethylbiguanide the preparation 
of a dimethyl derivat,ive, N6,N6-dimethylbiguanide- 
N1-acetic acid, has also been reported (170). 

A biguanide derivative of acid amide type, oxalyl- 
biguanide, C202[HNC(=NH)NHC(=NH)NH], has 
been obtained by the action of ethyl oxalate on bi- 
guanide in alcoholic solution (99). It forms colorless 
needles and yields, when warmed with dilute hydro- 
chloric acid, biguanidoglyoxylic acid, HzNC(=NH)- 
NHC(=NH)NHCOCOOH, m.p. 240°C. It forms a 
sodium salt (99). Malonylbiguanide has also bcen 
prepared in a similar manncr from ethyl malonate and 
higuanide (99). 

1. Guanylurea and substituted guanylureas 

(a) Guanylurea 

The formation of guanylurea from dieyandiamide 
by acid hydrolysis was observed as early as 1862 (68). 

The preparation from urea or urethan and guanidinc 
carbonate by fusing a mixture of the two was de- 
scribed several years later (5, 10). Cyanuric acid has 
also been used in place of urea (1 74). 

HsNCONHz + H*NC(=NH)NHs -+ 

H1NCONHC(=NH)NHz + NHa 
Guanylurea 

The usual preparation of the salts of the base is, 
however, based on the acid hydrolysis of dicyandiamide 
(68, 74, 175, 183). 

HsNC(=NH)NHCN + HIO -, HnNC(=NII)NHCONH, 

Commercial calcium cyanamide is generally treated 
with dilute sulfuric acid for the preparation of guanyl- 
urea. The cyanamide is gradually added to a solution 
of 33 per cent sulfuric acid. The cooled product is 
extracted with hot water. The filtrate is concentrated 
and the calcium sulfate that separates first is removed. 
Further coneen tration gives crystals of guanylurea 
acid sulfate, C2HOONJ. H2S04-2H20. The free base has 
been obtained as prismatic crystals by treating the 
sulfate with barium hydroxide solution (70, 175). 

(b) Substituted guanyluress 
Since from the nature of its composition the const,itu- 

tion of guanylurea is more unsymmetrical than that 
of biguanidc, there may be many more possible isomeric 
modifications for a monosubstituted guanylurea than 
for a monosubstituted biguanide; substitution may 
occur here either in the guanyl or in the urea part of 
the molecule. 

The seven methods employed for the preparation of 
substituted guanylureas are discussed below. 

( 1 )  Acid hydrolysis of substituted dicyandiamides: 
This method may result in the formation of N4-mono- 
substituted or N4,N4-disubstituted guanylureas. The 
preparation of the chloride and the sulfate of phcnyl- 
gusnylurea from phenj * !icyandiamidc by heating 
with hydrochloric acid and sulfuric acid, respectively, 
serves RS an illustration (30). NI-(p-Chloropheny1)- 
guanylurea sulfate and N4-(p-sulfamoylpheny1)guanyl- 
urea sulfate have also bcen prepared by this method 

Benzeneazodicyandiamide and its derivatives are 
also eonvrrtcd by treatment with alcoholic hydro- 
chloric acid into arylguanylureas with elimination of 
nitrogen (185). 

(2)  Acid hydrolysis of substitutcd higuanidcs: Some 
substituted bigiianides are more or less readily hy- 
drolyzcd and dcaminated into the corresponding 
guanylureas in aqueous acid solution (26, 78). Ri- 
guanides, more or less readily susceptible to surh 
denmination by hydrolysis leading to thc formation 
of corresponding guanylureas, can be represen ted by 
the general formula 

(78). 

RC~H~NHC(=N€I)NHC(=NII)NR’R’’ 

where R = 11, CI, or HzNOzS (also with its hydrogcn 
atoms partially or wholly replaced by CHB, C J ~ S ,  
or CaIIs); R’ = H, CH3, or C2Hs; and R ”  = C”J, 
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C2Hs, CsH,, C4H9, etc. Deamination occurs invariably 
at the carbon atom nearest to the phenyl and p-sul- 
famoylphenyl groups in particular, giving RCeHd- 
NHCONHC(=NH)NR’R”. 
(3) Reaction between cyanourea and amines: N4- 

Methylguanylurea has been prepared by this method 
from cyanourea and methylamine by heating an alco- 
holic solution of the two in a sealed tube. 
HINCONHCN + HSNCH: + HaNCONHC(=NH)NHCH* 

NcMethylgurtnylurea 

Dimethyl- and diphenylguanylureas have also been 
prepared in this manner, using dimethylamine and 
diphenylamine, respectively (84, 170). The preparation 
of N4-methylguanylurea by the action of ammonia 
on l-cyano-3-methylurea, CHaNHCONHCN, has a150 
been described (169). 

(4) Reaction between a substituted urea or urethan and 
guanidine or a substituted guanidine carbonate at the 
melting point of the mizture: N1-Phenylguanylurea, 
N1- (p-chlorophenyl) guanylurea, N *- (pace tylamino- 
phenyl)guanylurea, and N1,N1-diethyl-N4-phenyl- 
guanylurea have been prepared by this method (79). 

(6) Interaction of a n  aryl isocyanate in acetone solu- 
tion with a monoalkyl- or diallcylguanidine: The re- 
action leads to the formation of N4-alkyl(or N4,N4- 
dialky1)-N1-arylguanylureas (26) ; 
pClCsH4NCO + H*NC(=NH)NHCHa 4 

p-ClCa&NC( OH)NHC(=NH)NHCHa 

The only compound of the N1-alkyl-N4-arylguanyl- 
urea series prepared in a similar manner was N4-(p- 
chloropheny1)-N1-isopropylguanylurea, which resulted 
from the interaction of isopropyl cyanate and p- 
chlorophenylguanidine. 

(6) Action of nitrous acid on  substituted biguanides: 
Arylbiguanides of the formula XCaHrNHC(=NH)- 
NHC(=NH)NHI are converted by nitrous acid into 
the corresponding dicyandiamide and arylguanylurea 
(91). Several N‘-alkyl(or N4,N4dialkyl)-N1-(p-chloro- 
pheny1)guanylureas have been prepared by this re- 
action (26). The formation of N1-methyl-N1-phenyl- 
guanylurea from N1-methyl-N1-phenylbiguanide and 
of piperidylguanylurea from piperidylbiguanide by 
the action of nitrous acid was, however, observed much 
earlier by Pellizzari (96). 

(7’) Action of alcohol m dicyandiamide in the presence 
of a copper(1Z) salt: This elegant and interesting method 
of preparing monoalkylguanylureas has been recently 
reported (45). The reaction is analogous to the acid 
hydrolysis of dicyandiamides except that the presence 
of a copper(I1) salt in place of an acid is necessary for 
its occurrence. 
HSNC(=NH)NHCN + ROH + HaNC(aNH)NHCONHR 

where R = CHa, C2Hs, n-C4H0, iso-C*HQ, iso-CrH11, 
and n-CsHla. Evidence has also been obtained for the 

formation of N1-(2-hydroxyethyl)-, N1-isopropyl-, N1- 
(2-methoxyethyl)-, and N1-benzylguanylureas. The 
term alcoholysis is probably ‘not inappropriate for 
this type of reaction. The action of hydrogen ions or of 
copper(I1) ions may be due to their capacity to en- 
hance the reaction rate and/or to shift the equilibrium 
by removing the product of reaction. Copper(I1) ion 
is more powerful than the hydrogen ion, as i t  can ac- 
celerate the formation of guanylurea in both aqueous 
and alcoholic solutions. 

Among the copper salt5 copper(I1) acetate waa 
found to be most satisfactory. From a solution of the 
complex copper(I1) alkylguanylurea acetate, which 
separates in the form of red-violet crystals on cooling 
the reaction mixture after reflux, the sparingly soluble 
sulfate is precipitated by treatment with ammonium 
sulfate. From a suspension of the complex sulfate 
in water copper is removed by hydrogen sulfide, and 
the filtrate on concentration and treatment with ace- 
tone gives shining snow-white crystals of the alkyl- 
guanylurea sulfate. 

Stabilized diazoguanylurea compounds, having the 
general formula RN2NHC(=NH)NHCONHR’, have 
also been prepared (86), where R is the nucleus of a 
diazd compound of the benzene series and R’ is an 
alkylol or an alkoxyalkylol group. 

5. Guanylthioureas 
Guanylthiourea was first prepared by Rathke, who 

obtained it by heating thiourea with thiophosgene at 
100-1 10°C. or with phosphorus pentachloride at 100°C. 
(loo). 

Bamberger in 1883 obtained better results by digest- 
ing dicyandiamide or a guanylurea salt with hydrogen 
sulfide water a t  60-70°C. for several days (4). The 
method was, however, studied in detail much later 
(171). 

A further modification of the method consists in 
heating dicyandiamide or a substituted dicyandiamide 
in a methanol solution of hydrogen sulfide a t  78430°C. 
By this method N4-(4-chloropheny1)- and N4-(4iodo- 
pheny1)guanylthioureas have been prepared in addition 
to N4-isopropyl- and N4-(n-buty1)guanylthioureas (17). 

Phenylguanylthiourea has been prepared by heating 
a mixture of phenylthiourea and guanidine carbonate 
(3). 
CsHbNHCSNH, + HZNC(=NH)NH, -+ 

Ct.HsNHCSNHC(=NH)NH, + NH: 
N1-Phenylguanylthiourea 

N~,N*,N4-Triphenylguanylthiourea was prepared by 
the action of phenylthiourea on diphenylguanidine 
in benzene solution (101). 
C~H‘NHCSNHI + HNC(I1NCsHs)s * 

4 1 2  
C~H~NHCSN(CEH~)C(E=NH)NHC~H~ + N& 

Condensation of guanidine with various alkyl and 
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aryl isothiocyanates in alcoholic solution gives N1- 
alkyl(or ary1)guanylthioureas with good yields in the 
aliphatic but not in the aromatic series. Salts of N1- 
methyl-, Nl-ethyl-, N1-propyl-, N1-isobutyl-, N1-allyl-, 
N1-isoamyl-, N1-phenethyl-, N1-(p-hydroxyphenyl)-, 
N1-(pdimethylaminophenyl)guanylthioureas, and of 
p-phenylenebisguanylthiourea, prepared in this man- 
ner, have been described (172). 

RNCS + HzNC(=NH)NH? + RNHCSNHC(=NH)NHr 

(S-Ethyl) guanyl thiourea bromide and (S-e thyl-N 1- 
methy1)guanylthiourea bromide have also been pre- 
pared by boiling a mixture of the corresponding guanyl- 
thiourea or its carbonate and ethyl bromide either 
alone or in anhydrous ethanol (170, 171). 
(RN=)C(SH)NHC(=NH)NHs + C2H6Br - 

(RN=)Cf SC1H6)NHC(=.NH)NHI .HBr 
R - H or CHI. 

C. PROPERTIES OF BIGUANIDES AND GUANYLUREAS 

The properties which primarily call for attention 
in connection with the complex-forming capacity of 
ligands are their behavior as bases, acids, zwitter ions, 
or polar molecules. Comparatively weaker bases and 
weaker acids are known to form more or less strong 
complexes, Too strong a base readily combines with a 
hydrogen ion in preference to a metal ion and shows 
a great tendency to occur as a simple cation. Too strong 
an acid readily parts with its hydrogen ion to exist 
as a free simple anion with little tendency to share 
electrons with a metal ion. Too weak a base is rather 
averse to share electrons with a hydrogen ion or a 
metal ion and tends to remain more or less as a free 
molecule. Too weak an acid in a similar manner re- 
mains practically undissociated, with little tendency to 
part with its hydrogen ion for sharing electrons with 
a metal ion. 

Biguanides and guanylureas are moderately strong 
bases and form well-defined salts. Many so-called 
acid salts of biguanides are also known, whose forma- 
tion can presumably be attributed to a comparatively 
weak character of biguanide as a diacid base (50, 101). 

Of the many known salts of biguanide some typical 
examples (where BH = CzH,Ns, a molecule of bi- 
guanide) are: the carbonate, BH .H2COa, prismatic 
crystals, sparingly soluble in alcohol; the chlorides, 
BH.HC1, glistening needles, m.p. 235"C., and BH.-  
2HC1, large plates, m.p. 248°C.; the nitrates, BH.- 
"Os, glistening prisms, m.p. 192"C., and BH.- 
2HNOa, needles; the sulfates, BH H,SO*. HzO, rhombic 
crystals, and (BH),.HaSOa (99, 101). 

The use of biguanide sulfate, C2H7N,.H,SO,- 1.5H20, 
has been suggested as a primary standard for acid- 
base titration (103). 

The free anhydrobase, C2H7N, crystallizes from 
absolute alcohol in glistening prisms (99). 

Guanylurea generally behaves as a monacid base 

and, except for its acid sulfate, forms in most 
cases normal salts with one equivalent of acid. The 
free (anhydro) guanylurea 'base crystallizes from 
alcohol in lustrous prisms, containing alcohol of 
crystallization; i t  melts at 105°C. and evolves am- 
monia on boiling with water (70, 175). With sulfuric 
acid it forms the acid salt, C2HeON4*HpSO,*2H20 (175), 
which loses all its water at 100°C. The chloride and the 
nitrate have the composition C2HeON4.HC1.0.5H20 
and C2HaONI.HNOI, respectively (5, 74). 

Guanylthiourea closely resembles guanylurea, thougk 
it is a much weaker base than the latter. I ts  hydro- 
chloride, C2H6SN, * HCl, readily hydrolyzes in aqueous 
solution, giving an acid reaction (100). 

A quantitative measure of the basic character of 
ligands is given by the value of the dissociation con- 
stants of their conjugate acids, the protonated ligands 
BgHzf or BgH8++ as the case may be (where BgH = 
a molecule of any biguanide). The dissociation constants 
Kat and Ka1t of the first and the second protonated 
biguanide and its several substituted derivatives have 
been determined by the usual pH method (32, 106, 
160, 167) and from their ultraviolet absorption speetta 
(54) within a certain range of pH values. The results 
obtained by different workers are collected in table 1. 

Subatance 

Biguanide . . . . . . . . . . . . . . . , , . , . 
NI-Meth ylbiguanide . . . . . , . . . . , . . 

NlCyclohexylbiguanide . . . . . . , . . , , 

N1,NLDimethylbiguanide. . . . . . . . . 
N*,NI-Diethylbiguanide. . . , , , , . , . , 
NlPhenylbiguanide. . . . . . . . . . , , . . . 
NL(pChloropb 
NLBensylbigua 
NL(pToly1)biguani 
N'-(pPhonetyl)biguanide.. . 
N L (  1-Napbthy1)biguanide. , 
NIIsopropyl-Ntphenylbiguanide. . . 
Nl(pChlorophenyl)-Ntisopropyl- 

b i p u a n i d e . . , . . . . . . . . . . . . . . . . , . , 

NL (pIodopheny1)-Ntisopropyl- 

Nl(pChlomphenyl)-Ntiaopropyl- 

Nl-(pChlorophenyl)-Nrisopropyl- 

N t  (pChlorophenyl)-Nrisopmpyl- 

biguanide . . . . . . . . . . . . . . . . . . . . . . 
N-methylbipuanide , . . , . . , . . , . . , 
Ntmethylbiguanide . . . . . . . . . . . . . 
Ncrnethylbiguanide. . . . . . . . . . . . . 

11.6 
1 2 . 8  
11.4 
11 .5  
11 .6  
11.6 
11.35 
11 .5  
11 .4  
11.36 
11.3 
11.4 
11 .4  
11 .6  
11.7 
10.7 
10.4 
11.26 
11.8 
11.8 
1 0 . 2  
11.6 
10.4 
10.2 

11.4 

1 1 . 0  

12 .8  

11 .8  

12 .2  

PKO" 

- 

2 .8  
3 . 1  
3 . 0  
3 . 1  

3 . 0  
3 . 1  
3 . 0  
3 . 1  
3 . 1  
2 . 9  
3 . 3  
3 . 2  
2 . 8  
2 . 6  
2 . 2  
2 . 2  
2 . 7  
2 . 6  
2 . 7  
2.06 
1 . 9  
2 . 3  
2 . 3  

2 .2  

2 . 8  

a . 2  

2 . 4  

2 . 3  

2 . 0  

- 
Tern- 
pera- 
ture 

C. 
32 
25 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
26 
32 
32 
32 
32 
26 
26 
32 

26 

26 

25 

26 

26 - 
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11 .8  

11 4 

11.6 

The conductivity of the free biguanide base and of The pKat values of guanylureas indicate that the 
its nitrate in aqueous solution within a wide range of unsubstituted simple ’guanylurea is a weaker base 
concentration has been measured and the degree of than ammonia, whereas the N1-alkylguanylureas are 
dissociation of the base, BH3(OH)s S BH30H+ + much stronger bases and approach the biguanides in 
OH-, calculated (178). The values obtained are com- -this respect. 

~~ 

a C. 
11 3 2 . 9  I 8 32 (32) 

9 , Q  2 . 1 5  1 . 4  32 (32) 

10.75 3 . 6  2 3 32 (160) 

parable to those of barium hydroxide. The second dis- 
sociation constant of the base has also been determined 
by conductometric and potentiometric titration of its 
aqueous solution by strong acids. The mean value of 
the constant Kat# for BH,OH+ BH3++ + OH- 
is given by 2.24 X 10-lo a t  25°C. (178). 

The dibiguanides, R(C2HsN&, can similarly give 
four dissociation constants, Kall K , I ~ ,  K,w, and KdItIt, 
The values determined for ethylene-, m-phenylene-, 
and hexamethylenedibiguanides (R = CzH4, C6H4, 
and C&2, respectively), are given below. 

11 .8  

11 4 

11.6 

Refer- Dibiguanide 

~~ 

a C. 
11 3 2 . 9  I 8 32 (32) 

9 , Q  2 . 1 5  1 . 4  32 (32) 

10.75 3 . 6  2 3 32 (160) 

N1, N’-Ethylenodibiguanide 
NI,Nl(~Phenylene)dibi-  

guanide. . . . . . . . . . . . . . . .  
NL, N‘-Hexamethylenedibi- 

guanide . . . . . . . . . . . . . . . .  

Substance 1 PKa’ 1 pK.” Reference 

Guaaylurea. . . . . . . . . . . . . . . . .  
NLMethylguanylurea. . . . . . . . .  
NLEthylguanylurea. ......... 
NLIsobutylguanylurea. ....... 
NLIsoamylguanylurea ........ 
NI-(n-Heryl)guanylures. ..... 

8 . 2  1 . 8  (44) 
10.4 2 . 9  (44) 
11.16 a . 2  (44) 
‘J . 8  2 . 8  (44) 

10 .3  2 . 9  (44) 
10. a 3 .26  (44) 

111. METAL COMPLEXES OF BIGUANIDEB 
AND GUANYLUREAS 

A. GENERAL PROPERTIES 

Biguanides and guanylureas combine with many 
elements of the transition series to give highly colored 
chelate complexes of the inner-metallic type. Both 
these groups of compounds function as bidentate 
ligands with a replaceable hydrogen atom in a poten- 
tially acidic or salt-forming imino group and also have 
coordinating amino groups for the chelation of metal 
ions. In conformity with their bidentate character the 
maximum number of molecules of these ligands (dibi- 
guanides being excluded) required for the formation of 
a square planar complex is two; for an octahedral one 
it is three. Compounds containing only one molecule of 
the ligand in the case of divalent metals forming planar 
complexes, and two molecules of the ligand in the case 
of trivalent and tetravalent metals forming octahedral 
complexes, are also known. Table 3 provides a list of 
the known metal complexes of biguanides and table 4 
lists the metal complexes of guanylureas and guanyl- 
thiourea. 

It is interesting to note that N’-arylguanylureas or 
their derivatives fail to give any colored complexes 
with metal ions (78). 

With each type of ligand the color of the metal com- 
plex varies with the nature of the metal ion and its 
valency, as well as with the number of the ligand mole- 
cules in the complex. The color is also slightly modified 
by substitution in the ligand molecule. Table 5 gives 
a summary of the color of the metal complexes of 
biguanides and guanylureas together with the wave- 
lengths of their absorptivity maxima and their molar 
absorptivity, as determined in aqueous solution a t  room 
temperature in some cases. 

The infrared spectra of more than a dozen biguanide 
(substituted) complexes of copper (I I) , nickel (11) , and 
palladium(I1) in the spectral region of 2-15 microns 
have been published by Sadtler Research Laboratories, 
but their interpret,ation is lacking (116,155). 

In color the metal complexes of guanylurea resemble 
more or less closely the corresponding complexes of 
biguanide. The metal complexes of guanylthiourea, on 
the other hand, show somewhat darker colors. 

The metal complexes of biguanides are comparatively 
more stable than those of the guanylureas (34, 44, 109, 
114). 

The metal complexes of these ligands are usually 
cationic in nature, and the anhydrobases form hy- 
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Nl-Methylblguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N1-Ethylbiguanide.. 
NI-(n-Propy1)biguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N1-Isopropylbiguanide . . . . . . . . . . . . . . . . . . . . . . . .  
NI-(n-Butyl)biguanide. . . . . . . . . . . . . . . . . . . . . . . .  
N1- (n-Hexyl) biguanide 
NI,NI-Dimethylbiguanide, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N1,NI-Diethylbiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NI-(2-€1ydroxyethyl)biguanide. . . . . . . . . . . . . . . . . . . . . . . . . .  
N1-(3-Hydroxypropyl) biguanide . 
N~-(2-€Iydroxypropyl)biguanide. . . . . . . . . . . . . . . . . . . . . . . . .  
NI-(2-Methoxyethyl)biguanide. . . . . . . . . . . . . . . . .  
N1-(3-Methoxypropyl) biguanide . . . . . . . . . . . . . . . . . . . . . . . . .  
N1,NI-Ethylenedibiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NIN1-Hexamethylenedibiguanide . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  
NI-(p-Phenety1)biguanide 
NI-(pAcetylaminopheny1 

NI-(o-Pheny1ene)biguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N1-(p-Sulfamoylphenyl)biguanide. . . . . . . . . . . . . . . . . . . . . . . .  
N1-(l-Naphthyl)biguanid 
N1-(2-Sulfo-l-nsphthyl) b 
Nl-MethyLN1-phenylb 
N l ,  A'&-Diphenylbiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ne-Ethyl-NI-phenylbig 
No, NE-Diethyl-N1-phenylbiguani 
NI-(pChlorophenyl )-N%opropy 
NI,NI-(m-Phenylene)dibiguanide. 
NI,NI-(pPhenylene)dibiguanide. . . . . . . . . . . . . . . . . . . . . . . . .  
Piperacinedibigusnide .......................... 

Nl-(4-Sulfophenyl) biguanide . . . . . . . . . . . . .  
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+ 

+ + 

+ + 

TABLE 3 
The k n m  metal wmplexeJ of b*nides* 

Metel Ion 

Big u a n i d e IT - 
~ o I I l  

+ + + 

- 

+ + + + 

+ + + + 

+ + + 
+ 

+ + 
- 

- 
CUI] 

+ + + + + + + + + + + + + + + + + + + + 
t + + + + + + + + + + + + + 

- 

- 

C P '  

+ - 

+ 

+ 

+ + + + 

+ + 
- 

Mn'" and 
MnIV co" Ni" Pd" 4g"' 

_. 

+ 

Rev 0.w 

+ 

+ + (MnIV) 

+ 

+ 

+ + 

+ 
- 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + .+ + + + + + + - 

+ + + 

+ 
+ + 
+ + + 
+ + 

+ 
+ + 

+ 

droxides and salts. In most cases the solubility of the 
complexes of the biguanide series is comparatively less 
than that of the corresponding complexes of the guanyl- 
urea series (cf. Sections IV and VI). All known metal 
complexes of guanylthiourea, on the other hand, are 
practically insoluble (cf. Section VII). 

The magnetic properties of the metal complexes of 
all these ligands are in keeping with their nature as 
inner-metallic penetration or lower-level complexes, 
except in the case of manganese(1V) biguanide and 
rhenium(V) biguanide complexes, which show rather 
anomalous magnetic behavior. The values of the mag- 
netic moment of all the metal atoms, excepting that 
of rhenium(V), in these complexes agree closely with 
what might be expected theoretically on the basis of 
Pauling's valence-bond theory (92, 93; cf. Sections IV, 
VI, and VU). 

A summary of the properties and constitution of the 
complex compounds of some metallic elements with 
biguanides and guanylureas was reported by RAy in 
1955 (116). 

TABLE 4 

The known metal complexes of guanylurem* 

Guanylures = HnNCONHC(=NH)NHz 
1 4 

Guanylurea . . . . . . . . . . . .  
NLMethylgusnylurea. . , 
NLEthylguanylurea . . . . .  
NI-Isopropylguanylurea . , 
Nl(n-Butyl)puanylurea. , 
NI-Isobutylguanylurea . . , 
NlIaoamylguanylurea . . .  
N1- (n-Hexy1)guanylu rea , 

NL(2-Hydroxyethyl)- 
guanylures . . . . . . . . . . .  

NLBeneylguanylurea. . . .  
NLPhenylguanylures. . . .  

+ + + + + + + + 
+ + + 
+ 

+ + + + + + + + + + + + + + + 
+ + (CO" + 

+ + 
and 
CO"') 

B. STRUCTURE 

Though the complex compounds of biguanide with 
copper(I1) and nickel(I1) were described more than 
three quarters of a century earlier (49, 71, 101, 154, 
173), their structures formed a subject of controversy 
for a long time. The earliest interpretation was due to 
Tschugaeff (182) and to  Ley and Muller (82). 

From a consideration of the complex-forming capac- 
ity of acid imides and related compounds, Tschugaeff 

Guanylthiourea . . . . . . . . . .  I 
~ ~~ 

* Plus aigns indicate the oceurrenoe of complexes. 
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TABLE 6 

Color and absorption of th mehl wmpkxea of biguanides and gtmnylureaa 
= wavelength for absorptivity maximum; e = molar ebsokptivity 

Metal 
- __._ 
Vanacliirin(1V) ................................ 
Cliromiiirn(lI1) : 

Trio roiiiplexoo, ............................. 

Ria coinplexes., ............................. 

Manannoaef 111). .............................. 
ManganeodIV) . .  
Cohalt,(lI). . . . .  . .  
Cohnlt(II1) : 

Trio complexes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bin complexes . , . . . . .  

Nickal(I1) . . . . . . .  . . . . .  

Copper(I1) : 
IJni oornplexes. . . . . . . . . . . . . . . . . . . . . . .  

Ris complexes. . . . . . . . . . . . .  

eiac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palladium(I1). ................................ 
Silver(II1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Rhenium(V) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Osmium(V1). ................................. 

Complex with Bipuanide 

Bluish green to light green 

Crimson (base); yellow (salt); Xmsx, - 485 mp: e - 102.9 (pH, 6.0) (159) 
Violet-red to rose-red; Am. - 490 
mp; e = 76 for diaquo complex (Clod 
(8a) 
Chooolate-red (base); yellow (salt) 
Dark red to chocolate-red 
Yellow and red 

Dark red (baae); yellow (salt); Amsx. - 480 mp: e = 231.6 (pH, 6.0) (159) 
Red to red-violet; yellow; bright 
green (rare) 
Orange-yellow to yellow; AmX = 
460-470 ma; e = 49-67 (pH. 8) (109) 

Blue; Amax = 060 mp; ei - 35-47 
(pH, 4.25) (114) 
Roee-red; violet-red: rarely green; 
Amax, = 520 m p ;  e t  - 38.5-48 (pH, 7) 
(114) 
White 
Light yellow 

Orange-red to purple-red witb ethyl- 
enedibigiianide only 
Roee-violet (base); brownish yellow 
(salts) 
Yellow 

(182) represented the metal biguanides as coordination 
complexes having the structure shown in formula 
XIV. This formula, however, does not represent the 
complex as an inner-metallic salt and can neither ac- 

..*NHz--C=NH 
NH I ] W 2  

I )A&.., '. 
"*NHz-C=NH 

XIV 

count for the formation of the complex anhydrobases of 
the composition Me'1(C2H6NK)2 or Me"'(C2H6N&, nor 
for the great stability of the metal complexes of 
biguanides, as shown by later workers (116,146). 

Ley and Muller (82) formulated the metal complexes 
of biguanides as inner-metallic salts and represented 
them by structure XV, in which the metal atom replaces 
the hydrogen of the central imino group of the biguanide 
molecule and simultaneously coordinates with the nitro- 
gen atoms of the two amino groups a t  the end. The struc- 
ture was suggested by the analogous behavior of acid 

Me - Cu or Ni; X - a univalent anion. 

, ***Me;** * * *  ... I 
xv 

imides in forming metal complexes of similar character, 
particularly by the observation of the authors that bi- 

Complex with Guanylurea 
- 

Orange-red to rose-red 

Dark rose-red; XmX. = 485 mp; e - 
201.7 (pH, 7.5) (488) 
Yellow 

Yellow; 440 mp; a - 47-55 
(pH, 7.5) for alkylguanylureas (44) 

Blue; Amax. - 660 mp; ei - 32-38 
at optimum pH (44) 
Red-violet; Xmax. - 640 mp; (1- 

36-43 (pH, 7.6) (44) 

White 
Light yellow 

Complex with 
Ouanyl thiourea 

Brown 

Chocolate-brown 

Scarlet-red 

Orange 

Brown 

Crimson (bane); 
chocolate (salt) 

formamidine and guanylformamidine retain their 
complex-forming power even when substituted by 
phenyl groups a t  positions 2,4, and 5. 

(2)H-C=NH (I) (2) H--C=NH (1) 
I 

"(3) 
I 

(4)H*N- A ~ " ( 5 )  
Biformamidine Guanylformsmidine 

In the structure suggested by Ley and Muller each 
biguanide molecule functions as a tridentate ligand, 
giving rise to a rather unlikely pair of adjacent four- 
membered rings. Besides, the formation of octahedral 
biguanide complexes of cobalt(II1) and chromium(II1) 
of the composition [Me(C2H7Ns)a]8+, as described by 
later workers (128, 146), cannot be accounted for ex- 
cept on the basis of the bidentate character of the 
ligand. 

A somewhat similar structure (XVI) fof the metal 
complexes of biguanides was advanced by Slotta and 
Tschesche (170). From the facts that the complex- 

. .  ... "=!-"] 
( W 1  I 

* 'NH=C-NHz 
. .  

XVI 

forming capacity of the biguanide is not affected by 
substitution in position 1 or 5, or in both the 1- and 
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the 5-position of its molecule, while this is completely 
inhibited by simultaneous substitution in positions 1,2,  
and 3 of the molecule, the authors concluded that in 
metal complexes of biguanides the hydrogen atom of 
the central imino group of the biguanide molecule is 
replaced by the metal atom, to which the nitrogen atoms 
of the other two imino groups are linked by auxiliary 
valency. The structure, however, suffers from the 
same defects as those of Ley and Muller's formula, 
and in addition has the potential capacity to make the 
molecule behave as a cation of valency higher than what 
is actually observed. 

Traube and Glaubitt (180) from a study of the solu- 
bility of copper(I1) hydroxide in solutions of guanylurea 
and biguanide came to a similar conclusion and sug- 
gested structure XVII for the copper(I1) biguanide 
complex. 

+ 
HjN--C=NH 

I 
I 

* *  * * HzN-C=NH . I  ( W Z  
[N=~-;H 2.. .  

*-Cu * . 
HN=C-NH, 

XVII 

As in the previous two cases the authors assume the 
formation of four-membered rings, which, as is well 
known, is not likely to give rise to a stable complex 
like copper(I1) biguanide. 

A study of the preparation and properties of the 
chromium(II1) tris(biguanide) complexes led RAy 
and Saha (146) to suggest structure XVIII for the 
metal complexes of these biguanides, where Me = 

- NHg-C=NH Ix2 r-(&N'- :* M;? \ .. YH+ I 

HN=C-NH; N=C-NHj 
XVIII 

a bivalent metal atom; for a trivalent metal mostly 
three biguanide molecules are thus linked to one and 
the same metal atom. In this structure the hydrogen 
atom of an imino (=NH) group in each biguanide 
molecule is replaced by the metal atom and one of the 
two amino groups is linked to the metal atom by a 
coordinate bond, thus forming a six-membered ring. 
The other amino group of each biguanide molecule 
acts as a basic group and can combine with water or 
acids to form a complex base or its salts. It might also 
be assumed that the biguanide molecule reacts in its 
tautomeric zwitter-ion form (36) with the metal ion. 

B N C N H C ~ H ~  

AH 8- 
The cationic complexes of such chelating ligands have 
been termed inner-metallic salts of the third order 
(132). 

Several evidences have been advanced in favor of 

structure XVIII: (1) The cationic copper(I1) complexes 
of aminoguanidine, described by Thiele (1 70), have been 

assigned structure XIX. A similar structure might, 
therefore, be assigned to the biguanide complexes (146). 

(2) The formation of copper(I1) complexes by N'-(p- 
chlorophenyl)-Nb,NK-diethyl-N1-methylbiguanide (31, 
116) provides evidence for the replacement of a hydro- 
gen atom in one of the imino (=") groups of the 
biguanide molecule by the copper atom. The central 
imino (-NH-) group is considered unreactive for 
this purpose, as it cannot give rise to a stable ring. 
(3) The reaction of complex chromium(II1) and co- 

balt(II1) biguanide bases with mercury(I1) chloride 
in aqueous solution, giving rise to sparingly soluble 
compounds of the composition, Cr(BHgC1)a and Co- 
(BHgCl)a.HgClz (150), where B = CiHKNh, furnishes 
evidence regarding the presence of only one free amino 
(-NHi) group in each biguanide molecule bound 
to 'the metal atom. On the other hand, the formation 
of sparingly soluble compounds of the infusible white 
precipitate type of the composition B(HgC1)2 from 
the free biguanide base and mercury(I1) chloride 
suggests the reactivity of both the amino groups in a 
biguanide molecule. Furthermore, the fact that co- 
balt(II1) tris(ethy1enediamine) fails to react in a 
similar manner with mercury(I1) chloride is regarded as 
vidence for the inertness of bound -NH2 groups (150). 

(4)  The formation of cobalt(II1) biguanide silver 
ydroxide, C O ( B - A ~ O H ) ~ . ~ ~ ,  where B = CzHeNs, 

provides another instance in support of this con- 
clusion (150). 

(6) A considerably higher molecular rotation (* 
2100' approx.) of optically active enantiomers of com- 
plex cobalt(II1) tris(biguanide) salts, [CO(BH)~]X~,  
as against that of the enantiomers of cobalt(II1) 
tris(ethy1enediamine) salts ( j=f300° approx.), is be- 
lieved to furnish evidence of a much lower order of 
symmetry in the molecule of the former, due pre- 
sumably to an unsymmetrical bonding of the sym- 
metrical biguanide molecule in the complex (129). 

(6) A structural formula similar to XVIII for the 
biguanide complexes of bivalent metals has also been 
suggested by Stumpf (176, 181). 

An alternative structure (XX) has been suggested 
by Curd and Rose (29) on the basis of a symmetrical 
disposition of the biguanide molecules in a planar 
structure in its copper(I1) complex by analogy with 
copper(I1) phthalocyanine. But this would make the 
complex cation with four free amino groups show a 
higher valency than that which is actually observed. 
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For the same reason a complex chromium(II1) or 
cobalt(II1) biguanide base of this structure would 
react with a much larger number of mercury(I1) 
chloride molecules than is found in the products actually 
isolated (150). 

NeC-NHz 1 ~ - J = N H . .  

'" ' AH (HX)2 
I ,Me*... I 

HzN-CsN 'HN=C-NHa 
xx 

In metal complexes of biguanide substituted at N1- 
and/or Ns-positions it has been assumed that the com- 
paratively less basic of the two groups in those posi- 
tions cotirdinates with the metal atom. Thus salts of 
metal complexes of phenylbiguanide behave more or 
less as ammonium salts and not like those of aniline. 
This indicates the presence of a free amino (-NH2) 
group of each biguanide molecule occurring in the 
complex, for salt formation (136). Further support 
to this assumption has been derived from a study of the 
reaction of copper (11) N l,N'diethylbiguanide, which 
might otherwise exist in two isomeric forms owing to a 
difference in the disposition of metal-ligand bonds. 
A solution of this complex copper(I1) base in methanol, 
when heated with a solution of copper(I1) salicylalde- 
hyde in the same solvent, gives a sand-colored crystal- 
line precipitate having the composition and structure 
shown in formula XXI (116, 137). 

EH=O. SiJH 

NH 
II 

,CH=V--CNHCN(C*Hj)2 
: I1 * + HzO 

N--dul,, CeHi 
'0-il1,, 

XXI 

The slow decomposition of the complex copper(I1) 
N1,N1-diethylbiguanide salts in aqueous solution with 
separation of copper(I1) oxide, indicating the weakness 
of the copper-nitrogen coordination bond, is also in 
favor of the assumption that this bond links the metal 
with the nitrogen atom of the --N(CH& group 
(116, 137). 

In view of the close resemblance in properties of 
the metal complexes of biguanide and guanylurea , 
a similar structure may be assigned to both. 

Tschugaeff (182), on the basis of Schiff's investiga- 
tion of the metal complexes of biurets, represented 
the metal complexes of guanylurea by structure XXII  
(where Me = a divalent metal) and suggested a 
similar formula also for the biguanide complexes 
(cf. formula XIV). 

A configuration represented by formula XXIII 

OIC-NH . . . .NH*-(j=NH 

NH 
I \ '  
NH ,.."e, I 

HN-L-NH;. NH-C-0 
XXII 

was given to nickel(I1) guanylurea by Weinland (186), 
assuming a tautomeric structure of the ligand. 

XXIII 

Dumont (41) has, however, proposed structures 
XXIVa and XXIVb for nickel(I1) guanylurea com- 
plexes. 

0-C-NH '. / I 
HN=C-NH,, . 

I 

" 
I 

HO-C-N 
XXIVb 

M y  and Bandopadhyay (lis), by analogy with 
the structure (XVIII) of metal complexes of biguanide 
proposed by Ray and Saha (146), have represented the 
constitution of metal complexes of guanylureaa by 
formula XXV (in which Me = a divalent metal). 

A very close resemblance in the absorption spectra 
of the corresponding biguanide and guanylurea com- 
plexes of metals like copper(II), nickel(II), cobalt(III), 
etc., speaks strongly in support of this view (cf. table 
5 and Sections V and VIII). 

The structural analogy of the cobalt(II1) biguanide 
complex to that of biuret has also been deduced in a 
similar manner by Kato (75) from a similarity of their 
absorption curvm. 

Slotta and Tschesche (170) observed that guanylurea 
substituted at  the N1- or N'-position by a methyl 
group loses its complex-forming character. This could 
not, however, be confirmed by Dutta and RAy (46,47), 
who have described a large number of metal complexes 
of methylguanylurea and of other alkylguanylureas. 

On the other hand, Kundu and RAy (78, 116) have 
shown that substituted guanylureas having a phenyl 
group or a derivative thereof at the N1-position, i.e., 
adjacent to the -CO- group, lose their complex- 
forming power altogether. A possible explanation of 
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this behavior has been suggested by the authors (78) 
on the assumption that the N1-atom, being situated 
between the two electron-attracting groups, carbonyl 
and phenyl, loses much of its basic (coordinating) 
character . 

Metal complexes of guanylthiourea differ in certain 
cases from those of guanylurca in their color and other 
properties. It is believed that this ligand can react 
in either of its tautomeric forms (A or B) to give rise 
to inner-metallic complexes of different structures, 
depending upon the nature of the metal (97, 126). 

HzNCNHCNH, HN=CNHCNHt 

4 AH 8H AH 
A B 

The copper(I1) complex of the ligand is brown, 
while that of nickel(I1) is orange, resembling the 
complexes of nickel(I1) guanylurea and nickel(I1) 
biguanide. The brown color of the copper(I1) complex 
suggests the presence of a copper-sulfur bond, which 
accounts for the rapid decomposition of the complex 
into copper sulfide on warming with dilute acid or 
alkali solution. The nickel complex, on the other hand, 
is unaffected by boiling alkali solution. Furthermore, 
while the copper complex contains only one molecule 
of guanylthiourea per copper atom, the nickel atom 
combines as usual with two molecules of the ligand. 
Their structures are, therefore, represented by formulas 
XXVI and XXVII, where X = OH or $30,. 

/ ~ N = Y - N H , .  

X X V I I  

Both cobalt(I1) and cobalt(II1) guanylthioureas, 
having the composition Co(C2H6SN&.3Hz0 and Co- 
(C2HdN,),.3HzO, respectively, are brown, and are 
decomposed by warm alkali with the formation of 
black cobalt sulfide. This suggests the presence of a 
cobaltaulfur bond in these molecules. The structure 
of the cobalt(I1) complex, for instance, is represented 
by formula XXVIII. The palladium(I1) complex 
behaves like the cobalt(I1) complex and, unlike that of 
nickel(II), is believed to contain metal-sulfur bonds 
(97). 

. H,N-C=NH “=y--S\ *.. I 

**=c6\ YH NH 
I 

S-C-NH HN=C-NHZ*‘ 
XXVIII 

IV. METAL COMPLEXES OF BIGUANIDES 

A .  COPPER(II) BIOUANIDES 

The earliest observation about the formation of 
copper(I1) biguanide complexes was made by Rathkc 
(101), who prepared t>he copper base and its sulfate. 
Subsequently a large number of other salt8, as well as 
copper(I1) complexes of many substitutcd biguanidcs, 
have been described. In  all these compounds a coppcr- 
(11) ion is associated with two units of the ligand 
forming the complex. They are, therefore, named 
copper(1I) bis(biguanide) complexes. They form red 
or rose-red crystals. 

But copper has also been found to form 4-covalentt 
complexes containing only one unit of the ligand bound 
to a copper(I1) ion. In  a few instances they have been 
found to give rise to a binuclear configuration. All the 
unibiguanide copper(I1) complexes are blue or dark 
blue in color (33, 162). 

Copper(I1) dibiguanide complexes, containing only 
one unit of the ligand per copper(I1) ion, like the bis- 
(biguanide) complexes, are red or rose-red in color 
(cf. table 10). 

1. Bis( biguanidc) complexes 

The composition of the copper(I1) bis(biguanide) 
complexes can be represented by the general formulas 
[ C U ( B ~ ) ~ ]  and [ C U ( B ~ H ) ~ ] X ~ ,  where BgH = a mole- 
cule of biguanide or substituted biguanide and X = 
OH or any univalent anion or an equivalent of any 
polyvalent anion. They all form red, rose-red, or red- 
violet crystals. The sulfates, as a rule, are sparingly 
soluble in water. Most of the complex bases behave 
in a similar manner. They are all paramagnetic with 
a moment, value of 1.73-1.84 Bohr magnetons, as 
expected (149, 163). The value is lower than khat of 
the simple copper(I1) ion of 1.9-2.2 Bohr magnetons, 
indicating a square planar Configuration with dsp2  
hybrid bonds (140). hleasurcnicnts of equivalent 
conductivities of some of these copper(I1) bis(bi- 
guanide) salts (117, 122) and of their molecular weights 
in isolated cases (117, 122) demonstrate the bipositive 
character of the complex copper(I1) bis(biguanide) 
ion. They are all decomposed by acids, but are more or 
less stable toward alkalis. 

The complex bis(biguanide) hydroxides ‘are generally 
prepared by the action of an ammoniacal copper(I1) 
salt solution on an alkaline solution of the biguanide 
sulfate concerned. The anhydrobase, Cu(Bg)z, is 
formed from the hydroxide a t  110OC. with loss of 
water. A few complex bases, which are extremely 
soluble in water, are prepared from their sulfates 
by the action of barium hydroxide solution (162). 
The salts are usually prepared by heating the com- 
plex bases with solutions of ammonium salts a t  60- 
7OOC. for some time on the water bath, or by treating 
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TABLE 6 

The knuwn copper(ZZ) bis(biguunidc) complexes 
BH = a molecule of biguanide; B‘H = a molecule of a eubetituted biguanide 

Ligand 

Biguanide .......................................... 
CrH7N: 

NLMethylbiguanide. . . , , . , . . . . . . . . . . . . . . . . . . . . . . . . . . 
NLEthylbiguanlde.. . . . . . . . . . . . . . . . . . . . . . . , .  I ,. I I , .  I 

NL(n-Propyl)biguanide.. . . . . . . . . . . . . . . . . , .  . . . . . . . . . . 
NLIsopropylbiguanide. . . . . . . . . . . . . . . . . . . . . . . . , , , . . . , 
NL(n-Butyl)blluanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
NL(n-Hexyl)biguanide.. . . . . . . . . . , .  . . . . . . . . . . . . . . . . . . 
NL(2-Hydroxyethy1)biguanide. . . . . . I . . I . . . . . . . . . , . , . , 

CH:C:H:N: 

CrItCrHtN: 

C:HGHiN: 

CIHICIHIN: 

CcH:C:H:N: 

C:Hi:CaH:N: 

H0CrHtC:H:N: 

NL(3-Hydroxypropyl)bigu.nide.. . . . . . . I . . . . . . . . . . , . . , 
H0C:H:C:H:N: 

NI-(Z-Hydroxypropyl)bilu.aide.. . . . . . . . . . . . . . . , , , , . . , 
H0CaHiC:H:Ni 

N~(2-Methoxyethyl)bi~uanids.. . . . . . . . . I . . . . . . . . . , , . , , 
CH:OCiHtC:H:Ni 

NL(3-Metholypropyl)biguanide. . . . . . . I . . I I . . . . . , . , . , , 
CH:OC:H:C:H:N: 

NL(2-8ulf~thyl)biguanide. , . . . . . . . . . . . . . . . . . , . , . . . . . , 
NI,NLDimethylbiguanide. . . . . . . . . . . . . . . . . . , . . . . . , . . . . 
NI,NI-Diethylbiguanide. . , . . . . . . . . . . . . . . . , . . . . . . . . , , , . 

HO:SC:HIC:HINI 

(CHi):C:HrN: 

(CrH:):C:H:N: 

N1-Phenylbiguanide . , . . . . . . . . I . . . . . . . . . . . . . . . , . . . . . . , 
C:&C:HtNn 

o- Phenylenebiguanide , . . , . . , . . . . . . , . , . . . . . . . . . , , . . . . , , 
NLBensylbiguanide . . . . . I . . . I . . . . . . . . . . . . . . . . . . . . . . . , C:HtC:N:N: 

CiHrCH:CaH:N: 

NL(pToly1)biguanide. . . . . . . . . . . . . . . . . . , . I I . . . I . . . . . , 
NL(pPhenety1)biguanlde. . . . . . . . . , . . . . I , . . . . , . , . , , , . , 
N~-(pAoetylaminophenyl) biguanlde , . . . . . . . . . . . . . . . . . . . 
NL(4-8ulfopbenyl) biguanide, , . , . . . , . . , , . . . . , . . . , . , . , . . 
NL(p8ulfamoylphenyl)biguanide. . . . . . . . . I . . . I . . . . . . . . 
NLMethyl-N~-phenylblguanide. , , . . . . . . . . . , . . . . . . . , , . . 
NL(1-Naphthyl)biguanide.. . . . . . . . . . . . . . . . . . . I . . . . . . . . 
NL(2-8ulfo-l-naphthyI)biguanide. , , . . , . . , , . . . . . . . . . . . . 
NI,N).Diphenylbiguanide, , . . . . . . . . . . . . . . . . . . . . . . . . . . . 
NLEthyl-NLphenylblguanide , . . . . . . . . . . . . . . . . . . . . . . . . 
N~(pChlorophanyl)-N:-isopropylblguanide. . . . , . . . . . . . . 
N:,N~Diethyl-NLphsnyIbiguanlde. . . . . , . . , . . , . . . . , . . . . 

pCH:C:&C:H:Ni 

~C:HIOCIH~CIH:N: 

pCHiC0NHC:HtC:HtN: 

~-HOISC:H~C:II:N: 

pH:NOa8C:HtCrHtN: 

C:Hi (CHI) C:H: N: 

CioHiCtHt Nr 

HOI~CIOH:C:HIN: 

(C:H:):CaH:N: 

GH:(C:H:) C:H:N: 

~CIC:H~(C:HI) C:H:N: 

C:H:(C:H:)rCiHiN: 

Complex(a) 

ICu(B)rl, [Cu(BH):lX: 
X - OH, F (4), c1 (Z), Br (a), I (31, 8CN, NO, (l), NO1 (Z), H:PO: (a), 

1co: (41, 180: (4), 1804 (a), 18101 (a). 1890: (2), GrO: (a) 
x - 4M07O:I (4) 
Equivalent aonduativity for the abloridr at 86OC.: A, - 144.0 mhar 
[Cu(B‘):l, [Cu(B’H):IX: 
X - OH (1.6). CI (2.61, 1804 
ICu(B’)r], [Cu(B’H)r]Xr 
x - Cl (0.6), 1804 
[Cu(B’):], [Cu(B’H):lX: 
x - c 1  (2.6), 1804 
ICu(B’)a]. [Cu(B’H)alX: 
x - 1804 (0.6) 
ICu(B’)i], [Cu(B’H):IX: 
X - OH (0.6), C1 (1.51, 1804 
ICu(B’)rl, ICu(B’H)aXa 
X - OH, CI ( Z ) ,  NO: (4), 1504 (2) 
ICu(B’):], [Cu(B’H):IX: 
X - O H  (2.5), CI (a), Br (O.S), I (2.6), NOI ( 3 4 ,  NO: (2), CHICOO 

(4.6), 4CO: (2). 4804 (6), 4&01 ( I ) ,  1510, (1)s 1HPO4 (2.6), tHABO4 
(4), icr04 (3) 

The baee is highly soluble in water. 
[Cu(B’)rI .0.6Na0, [Cu(B’H)rlX: 

The base is highly soluble in water. 
[Cu(B’H)rlXr 
X - OH (4), C1 (3), Br (1.5), I ( Z ) ,  Not (S), NO, (41, tC01(4), 4804 (a), 
The base is highly soluble in water. 
ICu(B’H)aIX: 
X - OH (O.S), CI (0.6), NO: (1.6), 1804 (1) 
The base is highly aoluble in water. 
ICu(B’)rl~O.6I-IrO, [Cu(B’H)rIX: 
X - CI, NO: ( l ) ,  4 9 0 4  (0.6) 
The bsse is sparingly soluble in water. 
[CU(B’):].Z.~HIO: loses all water a t  1OO’C. 

[Cu(B’H):lXi 
x - CI (2.6). 1804 
ICu(B’)rl, ICu(B’H)rlX: 
X 
Xi = OH, C1 (1) 
Balte mostly decompose in aqueous solution with separation of oopper(I1) 

ICu(B’):l, [Cu(B’H)rlXr 

x - c1, NO: (21, 1.50~ (4), 45x0: (31, 1510: (l), ICrOc (41, 1HPO4 (8.6) 

48iO: (3),  48:Oo (l), 1CrOi (3), 1HPO: (3) 

C1 (1.5), Br, I, NO:, $804 (3) 

oxide. 

X = OH, C1 (6,3), Br ( Z ) ,  I (2), SCN ( l ) ,  NO: (1). NO: (11, ClO:, BrOi, 
101, 4804 (4, €4, 4SrOa ( Z ) ,  1Sr01 (1 ,  01, WrOc (1) 

[Cu(B’)r] HrO, [CI I (B‘H)~]SO~*~HIO 

[Cu(B’):I, [Cu(B’H)rlXr 
X - CI (1.5), Br (2.6), I ( Z ) ,  NO: (1.6), NO: (Z), 180: (3), 1&0: (1.61, 

aCrO4 (3) 
IC;(B”jajXr 
X = OH, C1 (b), Br, I, NO: (l), 1801 
[Cu(B’H):lXa 
X - OH (3), c1 (4.61, Br (a), I, 4804 
[Cu(B’):l~0.6HrO. [CU(B‘H)~]XS 
x - CI (41, 1804 (4) 
[Cu(B’):l.HrO (also with 1.5 H:O), soluble in alkalis 
[Cu(B*)r]K:.H:O or [Cu(B*):]Nar.2.8H:O, where B*H - B’ 
[Cu(B’H):lX: 
X - OH (4), CI (1.6), 1804 (1.6) 
[Cu(B’Hh]X: 
X - OH, CI (l), Br (1). I (a), NO:, 4504 (4) 
[Cu(B’):], [Cu(B):] .H:O, [Cu(B‘H):lXr 
X - C1 (1.6), Br (1) I ,  SCN, NO:, G O ,  1804 (7) W:0: (2), 1810: (2) 
[Cu(B‘)a], soluble in alkali 
[Cu(B*):]Kr~4H:O or ICu(B*):] Na:~SH:O. where B*H - B’ 
[Cu (B’H)rlXr 
X - OH ( Z ) ,  C1 (1.6), 1804 (1) 
[Cu(B’H):](OH):. H:O 

[Cu(B’H)r](OH)r* 0.6Hr0 

[Cu(B’H)rlX: 
x - CI (3), 1804 (1) 

Referenaar 

(2,71,101,117, 
151, 181) 

(122, 173) 

(a) The figure in parentheaa after an anion denotes the number of water moleaula in the aryntds. 
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the complex bases with an adequate amount of dilute 
acids. The insoluble complex sulfates are obtained 
directly by the addition of an ammoniacal copper(I1) 
sulfate solution to that of the biguanide sulfate or 
chloride. Many salts, which are sparingly soluble in 
water, have been prepared by double decomposition 
from the complex chloride and the corresponding alkali 
salt in aqueous solution. Table 6 furnishes a list of the 
known copper(I1) bis(biguanide) complexes. 

The copper(I1) complex of o-phenylenebiguanide 
has been represented by structure XXIXa, differing 
from that of other bis(biguanide) complexes, in view 
of the unusual constitution of the ligand itself (39). 

, .Cu/,-NH 

XXIXa 

The constitution of the complex is, however, better 
represented by structure XXIXb, in conformity 
with that of the biguanide complexes in general. 
The complex copper(I1) base is olive-brown and its 
sulfate is green (39). The ligand, therefore, behaves 

. .CU/,-N 
\>CNH, 

(JH)C- NH 
N 

XXIXb 

more like an iminazole than a biguanide derivative. 

Polyhalides of copper (11) bis(biguanide) complexes 
A number of sparingly soluble or insoluble copper(I1) 

bis(biguanide) polyhalides have been prepared by 
reaction between the solution of a copper(I1) bis(bi- 
guanide) halide and that of iodine in potassium chloride, 
potassium bromide, or potassium iodide, as the case 
may be, using either of the solutions in excess. Many 
of these compounds are iridescent and show the 

phenomenon of dichroism with metallic luster (119). 
Their composition and properties are given in table 7. 

Two different modifications of some 
copper(I1) bis(biguanide) complexes 

Copper(I1) bis(pheny1biguanide) base and many of 
its salts have been found to occur in two forms, a 
and p, differing in color, melting point, and solubility 
(122). The phenomenon is believed to be due either to 
a difference in the crystal form or to the occurrence 
of isomerism in a planar structure, owing to the un- 
symmetrical nature of the ligand. The view that the 
two varieties are related as cis (a) and trans (p) isomers 
has, however, been preferred (122). Their properties 
are summarized in table 8. 

Copper(I1) bis(1-naphthylbiguanide) dichloride, [Cu- 
(CloH7C2HaN,)2]C12, has been obtained in two differ- 
ently colored crystals, chocolate-red and blue-violet. 
In aqueous solution, however, both give a light red 
color (144). 

Copper(I1) bis [NI-(4-~ulfophenyl)biguanide] has also 
been found to occur in two forms, red-violet, and green 
(132, 153). The red form changes to the green variety 
on digestion with hot concentrated ammonia solution, 
The red variety contains one molecule of water and 
the green form contains 1.5 H20 per molecule. Bot,h 
show the identical magnetic moment value of 1.84 
Bohr magnetons (132). 

Two different modifications, red and blue, of copper- 
(11) bis[N1-(p-chlorophenyl)-Ns-isopropylbiguanide] 
have been reported. Both the compounds are soluble 
in alcohol, but sparingly soluble in water. The blue 
variety changes into the red form when heated in 
alcoholic solution (102). 

Two varieties of copper(I1) bis(N1,N1-diethylbi- 
guanide), red and blue-violet (137), are also known; 
they are sparingly soluble in water but dissolve readily 
in methanol, ethanol, and acetone. The red variety 
melts a t  199-200OC. and slowly changes into the blue- 

TABLE 7 
Polyhalides of copper(ZI) bis(biguanide) complexes 

X=Cu(GH,",)a 

1 . . . . . . . . 
2 . . . . . , , , 
a . . . . . . . , 
4 . . . . . . . . 
6. . . . . . . . 

8.  , . . . . . . 

~ 

Compound 
___ ~~ 

Method of Preparation 

[Xlclr in excess and iodine in potassium iodide 

[XlBrr in excess and iodine in potassium iodic'e; or 
[XIIr and an excess of iodine in potassium bromide 

[XlIr and iodine in potassium iodide: [XlClr or 
[XIBrr and an  excess of iodine in potassium iodide 

[XJClr or [XIBrr and iodine in potassium bromide 

[XlIr and an eFcess of iodine in potassium bromide 

[XICl: in excess and iodine in potassium chloride; 
[XlClr or [XIBrr and an exoess of iodine in potaa- 
d u m  chloride 

Properties 

Dark red, silky crystala; slowly losea iodine on 
keeping 

Bright red, needle-shaped crystala: slowly losee 
iodine on keeping: isomeric with compound No. 6 

Dark green, needle-shaped crystala 

Yellowiah red, silky crystals 

Green, needle-shaped. silky crystala: changes read- 
ily to compound No. 2; a owe of either dimorph- 
ism or iaomerism due to the transfer of 8 mole- 
cule of iodine from 11 to bromide ion 

Greenish black cryetals changing readily to 8 yel- 
lowish brown, granular product of identical com- 
position; dimorphous: does not lose more than 
36 per cent of iodine even a t  140OC. 
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TABLE 8 

Properties of the a- and @;forma oj  copper(ZI) bis(bipurni&) 
c m p b x e s  

X = CU( C6HsCrHsNs)i; XO CU( C6HsCzHsNs)r 

Compound 

[XIClr 

[X]lSOC. . . . . 

[x1:slo#. . . . . 

Propcrties 

a-Form 

Light pink crystals; insoluble 
in water; changes into the 8- 
form whcn moist 
Light pink; soluble in meth- 
81101, ethanol, and acetone; 
insoluble in chloroform or 
bensene: melts 155'C. (d.); 
moleoular weight (by boiling 
point in methanol) - 382.3; 
calculated value, 415.5 
Contains 6 HrO; blue-violet 
crystals: solubility (28°C.) - 2.1088 g. per 100 g. of so- 
lution; changes to the @-form 
on rapid heating at 102-103 
OC.; in contact with water 
changes to the @-form after 
several days; loses ail water 
without change on slow heat- 
ing and melts a t  170°C. (d,):  
presence of moisture is neaee- 
nary for transformation; 
equivalent conductivity, A, 
(28°C.) 117.9 mhos; de- 
gree of dissociation (cryo- 
ocopic) - 0.7 
Light pink crystals; solubil- 
ity (28OC.) = 1.71 g. per 1 0 0  
g. of solution; gradually 
Changes to the @-form in the 
presence of moisture 
Light pink crystals; spar- 
ingly soluble in water; 
changes to  the #-form on di- 
gestion with boiling water 
Violet crystals; solubility 
(28'C.) = 0.4988 g. per 100 

changes to the @-form in con- 
tact with water; A, (28OC.) - 110.5 mhos 
Red-violet crystals: contains 
I HtO; solubility (26°C.) - 
0.096 g. per 100 g. of soh- 
tion; changes into the &form 
rapidly in the presence of 
moisture 
Contains 4 H:O; sparingly 
soluble pink crystals; changes 
rapidly into the 0-form when 
heated with water 
Pink crystals; sparingly solu- 
ble in water: changes readily 
to the &form when heated 
with water 

g. Of sOlUtiOn; gradually 

&Form 

Dark red crystals; insol- 
uble in water 

Dark red crystals; more 
soluble in alcohol and 
acetone than the a-form; 
melting point 165°C.: 
molecular weight - 382 

Contains 3 HrO; red c ry6  
tala; solubility (28°C.) - 1.6055 K .  per 100 g. of 
solution; melting point 
210°C.; A, (28°C.) - 
117.5 mhos; degree of 
dissociation (cryoscopic) - 0.9 

Deep rose-red crystals; 
solubility (2S°C.) = 1-55 
g. per 100 g. of solution 

Brown crystals; difficultly 
soluble in water 

Red crystals: contains 1 
HrO; solubility (28°C.) 
= 0.2923 g. per 100 g. of 
solution 

Dark violet crystals: sol- 
ubility (28OC.) = 0.0457 
9.  per 100 g. of solution 

Contains 6 HrO; spar- 
ingly soluble, violet-red 
crystsls 

Red crystals; sparingly 
soluble in water; contains 
1 H:O 

violet form when kept in contact with water. The 
blue-violet variety, on the other hand, changes into 
the red form when heated a t  160-162°C. Both show 
the same magnetic moment value of 1.68 Bohr mag- 
netons (137). 

Copper(I1) bis(biguanide) complexes 
in analytical work 

Precipitation of copper(I1) bis(biguanide) sulfate 
from eolution has been employed for the estimation 
of copper on both the macro and the semimicro scale 

(145). The precipitate formed in the cold (10OC.) 
is dried a t  50-6OOC. and weighed as [CU(C~H,N,)~]- 
SO4 .3Hz0. Zinc, cadmium, mtxgnesium, alkali metals, 
molybdate, and tungstate do not interfere. Nitrates 
and an exces8 of ammonium salts should be absent, 
The method has also been employed for the volumetric 
estimation of copper, using rubeanic acid as an external 
indicator (145). 

Copper(I1) bis(biguanide) chloride has been used 
as a reagent for the estimation of mercury by precipitat- 
ing it from cold (15-20OC.) neutral solutions contain- 
ing potassium iodide. The precipitate is dried a t  105OC. 
and weighed as [Cu(CzH7N&]HgI4. Many cations 
and anions interfere. Good results are obtained only 
by careful observance of specified conditions (12). 

W. Unibiguunide complexes 

(a) Mononuclcar 
The observation that the red-violet color of the 

copper(I1) bis(biguanide) complexes in aqueous solu- 
tion changes gradually to deep blue with progressive 
addition of acid has led to the isolation of unibiguanide 
copper(I1) complexes (33). The color change hm been 
explained on the basis of stepwise decomposition: 

[Cu(BgH)t]++ + H +  [Cu(BgH)]++ + (BgH2)+ 
C U + +  + (RgH*)+ [Cu(BgH)]++ + H +  

BgH - a molecule of any biguanide. 

The unibiguanide complexes are, thercfore, stable in 
acid solutions only within a certain limit and are de- 
composed by excess acid. The coordination number of 
the copper(I1) atom is satisfied finally by water mole- 
cules, anions, or other ligands, as the case may be, 
Formation of unibiguanide copper(I1) complexes by 
mixing equimolecular proportions of copper(I1) bis- 
(biguanide) chloride and copper(I1) chloride in aqueous 
solution has also been demonstrated from a study of 
their absorption spectra (33, 114). 

The general method of preparing unibiguanide cop- 
per complexes consists in treating a solution of the 
copper bis(biguanidc) salt, either alone or previously 
mixed with an equimolecular quantity of the cor- 
responding copper(I1) salt, with a dilute acid having the 
same anion, until the color of the solution becomes deep 
blue at  about pH 3.54.5. The crystals obtained on 
cooling can be recrystallized from very 'dilute acid 
solution (pH, 3.5). In aqueous solution the copper(I1) 
unibiguanide complexes suffer a reversible change into 
the corresponding bis(biguanide) complexes and simple 
copper(I1) ion (33,34, 114, 162). 

P[Cu(BgH)] ++ e [Cu(BgH)r] ++ + CU++ 

The complex glycine and alanine copper (11) bi- 
guanide salts of the composition [Cu(Gn or An)(BgH)]- 
Xvaq (where GnH or AnH is a molecule of glycine or 
alanine, BgH = a molecule of any biguanide, and X = 
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CI or Br) have been prepared by mixing solutions of 
copper(I1) bis(biguanide) chloride (or bromide), copper- 
(11) chloride (or bromide), and glycine or alanine in 
molar proportions of 1 : 1 : 2, respectively. The solu- 
tion on concentration on the water bath and subse- 
quent cooling deposits deep blue-violet crystals of the 
complex amino acid copper(I1) biguanide salt. The 
product can be recrystallized from hot water without 
change. These salts can also be prepared by treating 
the particular unibiguanide copper(I1) complex with 
the amino acid in molar proportions in aqueous solu- 
tion a t  a pH of about 6-7 (33). Their absorption spectra 
show that they are not molecular compounds of copper- 
(11) bis(biguanide) salt and copper (11) glycine or cop- 
per(I1) alanine, but contain a univalent complex cation 
of the composition noted above (33). They furnish 
instances of heterochelate copper(I1) compounds. 

Measurements of magnetic susceptibilities of most 
of the copper(I1) unibiguanide complexes show that 
their magnetic moment values vary from 1.70 to 1.86 
Bohr magnetons, except in the case of a few hetero- 
chelate compounds which give somewhat higher values 
of about 1.99 Bohr magnetons (33,163). 

(b) Binuclear 

Copper(I1) bis(2-hydroxyethylbiguanide) and bis- 
(2-hydroxypropylbiguanide) salts suffer hydrolysis in 
boiling aqueous solution or suspension with the forma- 
tion of ultramarine-like, deep blue, insoluble, crystal- 
line binuclear complexes. For complete conversion the 
solution or the suspension of the bis(biguanide) salts 
is heated on the water bath for 6-8 hr. (162). The 
complex binuclear sulfates are, however, more readily 
obtained by refluxing for about 4 hr. a mixture of di- 
cyandiamide, ethanolamine or 2-hydroxypropylamine, 
and copper(I1) sulfate (CuS04.5Hz0) with water in 
proportions employed for the preparation of the cor- 
responding copper(I1) bis(2-hydroxyethylbiguanide) 
or bis(2-hydroxypropylbiguanide) sulfate (162). 

The binuclear diol complexes have also bcen pre- 
pared from an aqueous solution of the corresponding 
copper(I1) (2-hydroxyethy1)biguanide salts by neu- 
tralization with alkali to pH 6-7. The solution turns 
deep blue and dark blue crystals of the complex diol 
compound separate from it. The binuclear diol-copper- 
(11) complexes are believed to occupy an intermediate 
position between the corresponding unibiguanide and 
bis(biguanide) complexes. An exccss of alkali solution 
changes them into bis(biguanide) complexes with 
separation of some copper(I1) hydroxide (162). 

A brick-red crystalline product of composition CuO - 
CUB:, where B’H = HOCaH6C2H6N,, has been de- 
scribed. The compound is named paxodicopper(I1) 
bis [Nl-(3-hydroxypropyl)biguanide], to which formula 
XXX has been assigned (162). The substance was 
prepared in a manner similar to that followed in the 

pH 6.5-7.5 
[Cu(B’H)(Hh0)2]+’ ____+ [CU(H,O)OH(B’H)]’ 

pH 4--6 1 ncid A H 2 0  1 hyddyda 

I - [ c ~ ( B ~ H ) ~ J + +  
alkali 

‘OH 

case of the diol-dicopper (11) complexes described be- 
fore (162). The compound is unaffected by alkalis, 

NH 
I1 

H~CHNCNHCNH, 
I . II 

H2C ’*. N 
I .. / 

HZCOH * *CU 
I 
b 
I 

H~NCNHCNHCH~ 
II 
NH 

xxx 
but is changed into the corresponding bis(biguanide) 
complex by treatment with an ammonium salt solu- 
tion or by the controlled act,ion of dilute acids (162). 

[CU~(B’),O] + 2HpSO4 [Cu(B’H)*]SO4 + CUSO~ + H20 
All the binuclear copper(I1) complexes are insoluble 

or sparingly soluble in water. The diol complexes are 
changed by alkali solution into the corresponding 
bis(biguanide) bases with separation of some copper- 
(11) hydroxide. They show a magnetic moment value 
of 1.67-1.73 Bohr magnetons (163). 

All the known unibiguanide complexes of copper(I1) 
(mononuclear and binuclear) are included in table 9. 

3. Dibiguanide complexes 
Copper(I1) complexes of several dibiguanides- 

namely, ethylene-, hexamethylene-, m-phenylene-, 
p-phenylene-, and piperazinedibiguanides-have been 
described (table 10). Being a quadridentate ligand, 
a molecule of a dibiguanide combines with one atom of 
copper to form a square planar complex. They are pre- 
pared like the bis(biguanide) complexes and show more 
or less similar properties. The dibiguanide copper(I1) 
complexes are, as a rule, much less soluble than the 
bis(biguanide) complexes, are somewhat more stable 
toward acids, and are not affected by alkalis. 

Dittler (37) described a rose-red copper(I1) ethylene- 
biguanide sulfate of a different composition, Cu(C4- 
HsN&. H ~ O I - ~ H Z O .  A similar composition, but with 
1 HzO, was assigned to the compound also by Dubsk9, 
Langer, and Strnad (39), assuming the ligand to be a 
monobiguanide, derived from ethylenediamine and 
dicyandiamide with loss of one molecule of ammonia. 
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TABLE 9 
The known copper( IZ) unibiguanide complexes 

substituted biguanide; GnH = a molecule of glycine; 
AnH = a molecule of alanine 

BH = a moleerile of biguanide; B’H = a molecule of any 

H&-NH--C(=NH) HIC-NH.. *Cul/-NH 
I . \  I \  I 

Ligand 

Biguanide . . . . . . . . . . . . . . . . . .  
NLMethylhiguanide . . . . . . . . .  
NI-Ethylhiguanide. . . . . . . . . . .  
Nl,N’-Dimethylbiguanide.. , . . 
N1,NLDiethylbiguanide. . . . . .  
NL(2-Hydroxyethy1)biguanidn 

CrHiNi 

CHICSHIN, 

C:HiC:H*Ni 

(CH:):C:HINI 

(CrHi)rC:HiNi 

HOCsHtCiHaNI 

NL(2-Hydroxypropyl)biguadid 
HOCIH~C:H*NI 

NIBensylbiguanide. . . . . . . . . .  
CeHiCHaCiHoNi 

Biguanide + glycine.. . . . . . . .  
CsHiNi + HrNCHtCOOII 

Bigusnide + alanine.. . . . . . . .  
CrHiNi + HiNCyHtCOOH 

Nl-Methylbigusaide + glycine 
NLEthylbiguanide + glyoine. 
NLEthylhiguanide + alanine. 

Complex(‘) 

[Cu(HiO)i(BH)]Cl:.2H:O 

[CuCldB’N) 1, 

[CuCI:(B’H)] ’O.6H:O 

[CuXr(B’H)] ‘O.6H:O 
x - CI.+SOI 
[CuCl:(B’H)] ‘0.6H:O 

[Cu(H:O):(B’H)]X: 
x - a, is01 
[Cu:(OH):(B’H):lXr 
X = CI, Br, I, NOS, NOI, tS04,  

[Cu:(OH):(B’H):lX: 
X - CI (21, Br, I, NO: ( l ) ,  NOI 

[Cu(H:O):(B’H) 1901 

tS:Oi, iHPO4, iHAsO1 

(0 ,  is01 
[CuCI:(B’H)] .0.6H:O 

[ C u ( W  (BH)IX 
X - Cl (M), Br (21, I ( 1 )  
[Cu(An) (BH) IC1 3 HYO 

[Cu(Gn) (B’H) IC1 .O.BHrO 
[Cu(Gn) (B’H) ICI.6.6H:O 
[Cu(An) (B’H) ]a* 2H10 

(4 The figure inside the parenthesoa after an anion denotes the number 
ot water molecules in the crystals. 

This has, however, been shown to be erroneous, and 
it has been proved that the ligand is a true dibiguanide 
(22). The correct composition of the complex copper- 
(11) salt (sulfate) of the ligand is represented by 
[CuC2H4(C2H6N5)2]SO~.2.5H20 (22, 140), and the 
structures XXXI (37) and XXXII (39), suggested by 
the earlier workers, have been replaced by XXXIII 
(140). 

pphenylenedibiguanide and piperaeinedibiguanide 
complexes of bivalent metals (copper, nickel) present 

I ,Cu/2)VH 

HgC-N-C(=NH) H1 
XXXI XXXII 

N H 
/I 

H , ~ $ J  HC N H ii N 
II 
N H  

X X X I I I  

difficulties of structural representation in view of their 
apparent bridging of para positions of the ring by bond 
formation with the metal atom, unless, of course, a 
dimeric or polymeric structure for the complexes be 
assumed. An x-ray study of their crystal structure 
will be of considerable interest in this connection. 

B. NICKEL(I1) BIGUANIDES 

1. Bis(biguanide) complexes 
Like mpper(II), nickel(I1) forms bis(biguanide) and 

dibiguanide complexes, but no unibiguanide nickel 
complexes have been described. In this respect the 
nickel(I1) complcxes differ from those of copper(I1). 
Though the formation of a nickel(I1) biguanide complex 
was noticed as early as in 1878 (lOO), very little at- 
tention was paid to the subject for a long time. Hy- 
drated nickel(I1) biguanide base and its sulfate (53), 
and the anhydrobase, chloride, and sulfate of phenyl- 
biguanide (173), are the few compounds described by 
earlier workers. Mention may also be made of the 
nickel(I1) complex of o-phenylenebiguanide reported 
by Ziegelbauer (188). A large number of nickel(I1) 
bis(biguanides) and dibiguanides have, however, been 
prepared within the last two decades. In table 11 are 

TABLE 10 

The known copper(ZZ) dibiguanide complexes 
B’HI = a molecule of any particular dibiguanide 

Ligand ComDlex I References 

N’,NLEthylenedihiguanide. . . . . . . . . . . . . . . . . . . . . . . . .  
CiHdC:H*Ni)i 

Nl, NLHexamethylenediblguanSde 
CiHidCiHaNi): 

Nl,NI-(m-Phenylane)dibiguanide. . . . . . . . . . . . . . . . .  
CiHdC:HiNr)r 

NI,Nl(pPhenylene)dibiguanide. . . . . . . . . . . . . . . . . . . .  
CIHI(C:H~N~)I 

Piperasinedibiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CtAa(CrHnN+i 

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

[Cu(B”)].H:O, rose-red, sparingly soluble in water: [Cu(B”Hi)]X: 
X = Cl (1.6), Br (1.6), I (1.6), SCN (lLi), NO: (l.S), NO1 (1.6), 

Equivalent conductivity (32OC.) of the ohloride - 134.6 mhos 
[Cu(B”Hi)IX: 
X E OH (l) ,  C1 (4), SCN (1.6), CHICOO (6 ) , iS01 (4);roabviolet 

[Cu(B”)], [Cu(B”Hi)IXi 
X I OH, C1 ( M ) ,  Br (2). I ,  SCN (11, 4801 (0.6), +Si01 (2.6); r o w  

A, (3!M°C.) of the chloride - 137.4 mhos 
[Cu(Bf’H:) IX: 
X - OH (6.6), Cl (3). is04 (2.6): violet, crystalline powder, In- 

[Cu(B”)], [CU(B”HY)IX: 
X - OH (3), Cl (41, NO: O), 4801 (6.6): red-violet crystalline 

1804 (2.6), +St01 (2.6): rose-red, silky cryatals 

crystals, insoluble in water 

violet crystals 

soluble in water 

powder, almost inaoluble in rater 

(22, 37, 39, 140) 
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TABLE 11 

The known nickel( I I )  bis(biguani&) wmpbzea 
BH = a molecrile of biguanide; B’H - a molecule of a substituted biguenide 

Ligand 

Biguanide ......................................... 
CtHrN, 

N1-Methylbiguanide . . . . . . . . . . . . . , , . , , . , . , . . . , . . . . . . 
NI-E thylblguanide . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . 
N1-Propylbiguanide. . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . , 
N’-Isopropylbiguanide 

NI-(n-Bntyl)biguanide. . . . . . . , ~ . . . . . , , . 
NI-Hexylbiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
N’,NLDimethylbiguanide, . . . . . . . . . , . , . . , , . . . . . . . . , , 

CHICIH~NI 

CiHiCiHaNi 

CaHrCtHoNi 

CiIirCrHaNi 

OHoCrHsNi 

CsHirCrHsN, 

(CH:)rCrHgNa 

(CrHdrCsHrN# 

H O C Z H ~ C ~ H ~ N I  

N1,NLDiethylbiBuanide.. . . . . .  
NL(2- Hydroxyethyl) biguanide . . . . . . . . . . . . . . . . . . . . . , , 

NL(3-Hydroxypropy1)biguanide. . . . . . . . . . . . . . . . . . . . . , 
HOCSH~C~HONI 

N~(2-Hydroxypropyl)biguanide. . . . . . . . . . . . . . . . . . . . . , 
HOCaHaCrHaNs 

NL(2-Methoxyethyl) biguanide. . . . , . . . . , . . . . . . . . . . . , , 
CHIOC~H&H~NI 

NL(3-Methoxypropyl) biguan 
CHaOCrHsCsHsNI 

N~-(2-8ulfoethyl)bignanide. . 
NLPhenylbiguanide , . . . . . . . . . . . , . . 

HOISCZ€IIC:H~NI 

CsHiCrHsNi 
. . . . . . . . . . .  

NL(o-Phenylene)biguanide 

N1-Benzylbiguanide. , . . . . . . . , . . . . . . . , . . . . . . . . . . . . . 
Nl-(pTolyl)biguanide. , . . . . . . . . . . . . . . . . . , . . . . . . . . . , 
NL(pAcetylaminopheny1)biguanide. . . . . . . . . . . . . . . . , 

NL(4-Sulfophenyl)biguanide.. . . 
NI-(pSulfamoylpheny1)biguanide , , . . . . . . . . . . . . . . . . . 
NLMethyl-NLphenylbiguanide . , . . . . . . . . . . . . . . . . . . . 
NL(1-Naphthy1)biguanide.. . 
N~-(2-Sulf~l-naphthyl)biguanide, . . . . . . . . . . . . . , . . . . 
N1,NbDiphenylbiguanide. . . . . . . . . . . . . . . . . . . . . . . . . , 

CaH4CrlIbN6 

C6H,CHrCrHsNfi 

~ C H I C ~ H I C Z H ~ N I  

~ C H I C O N H C ~ H ~ C ~ H ~ N I  

~-HOISC~H&IH~NI 

~ H ~ N S O ~ C O H ~ C Z H ~ N I .  . . . . . . 
CsH,(CH:)CrH,Nfi 

CiaHiCzHsN, 

o-HOiSCtoHsCtHsN, 

(CsHs) ~CZHINI 

iVrEthyl-NI-phenylbiguanide. . . . . . . , . . . . . . 
N~(pChlorophenyl)-N~-isopropropylbiguanide. . . . . . . . . . 
NI,N~Diethyl-NLphenylbiguanide. . . . . . . . . . . . . . . . . . 

C~HI(C~H~)C:HINI 

pCICsH4(CiHr)CrH~N, 

CsHdCrHi)rC:H4N: 

Complex(” 

[Ni(B)zl, INi(BH)rlXr 
X - OH, F (4), Cl(2). Br (1.5), I, SCN, Clog ( l ) ,  BrO: (1.6), 101 (0.6), (304, 

MnO4, BF4, NO: ( l ) ,  NOS (I) ,  5CO: (2), iI01 (7.6), 180: (3, 1804 (a), 
1SrO: (2), 1SiOa (2), We04 (31, 1CrO4 (3), fFe(CNh (41, 1Fe(CN)a (e), 
1[Fe(CN),NO] (1). +Co(CN)s (e), iCo(N0:)1 (18), 1Hgh 

[Ni(BH)r]Fr. NHdF. 2HF ,3.5Hr0 
[Ni(BH)r]r(Na or NH*)rMo7Orr (4) 
Am (25°C.) = 122.9 mhos (chloride) 
xg for [Ni(B)r] = -0.149 X 10-8 
x p  for [Ni(BH)r](OH)r - -0.2212 X 10-1 
[Ni(B’H)rClr.4.5HrO 

[Ni(B’H)z]Clr~ 0.5IIrO 

[Ni(B’):l. [Ni(B’II)r]Xs 
X - O H  (2.5), CI (1.5). 1904 ( I )  
[Ni(B’),], [Ni(B’H)r]SOc 

[Ni(B’)al, [Ni(B’H)zIXr 
X 3 CI ( l ) ,  1904 (1.5) 
[ Ni( B ’) 11, [Ni (B ‘H) r ]Xr ,2H:O 
X CI, NOI, tS04  
[Ni(B’H)r]Cl:. O.5H:O 

[Ni(B’H)~]Clr~O,5HrO 

[Ni(B’H)t 1x9 
X = OH (0.5), C1, Br, I, NOI, 1C01, 1804 ( 6 3 ,  1Sr0: (2.5),18:01 (Z), 1CrOc 

(3) 
% (sulfate) = -0.2040 X 10-1 
[Ni(B’)zI .0.5Hr0, [Ni(B‘H):lXr 
X = Cl (0.5), I ( l ) ,  NO1 ( l ) ,  $504 (3.6), 18rO: ( 3 4 ,  t&Oc (0, iCrO4 (4) 
% (sulfate) - -0.4547 X 10-1 
[Ni(B’H)tlXr 
X - OH (1.6). C1 (4.5). I (1). NOS (21, 1804 (a), +si01 @.e), i&01 (a), 

1CrO4 (8) 
xp (sulfate) - -0.3430 X 10-1 
[Ni(B‘)z] 0.5Hr0. [Ni(B’H)r]Xr 
X = C1 (11, NO3 (1). ti304 (1) 
x g  (sulfate) = -0.4186 X 10-8 
[Ni(B‘):] .O.BHzO, [Ni(B’H)r]Xr 
X = Cl, NO: (11, 1904 (0.5) 

(aulfate) = -0.4075 X lo-’ 
[Ni(B’)r].2.5HrO; loaea water at 100°C. 

[Ni(B’)zl~0.5HrO, [Ni(B’H)rjXr 
X = C1 (21, 4504 (0.5) 
[Ni(B’II)z]Xr 
X = OH, Cl (31, Br ( l ) ,  I, NO1 (11, 4SOc (3) 
[N~(D’II),]XI 
x - OH, Cl (3), is04 
[Ni(B’)1].2HrO, soluble in alkali: [Ni(B*):lK:.3.5H:O or [Ni(B*)r]Na*.tHgO, 

[Ni(B’)zJ, [Ni(B’H)rlXr 
X = OH, C1 (0.5),  NO: (1.5), 4504 (2.6) 
[Ni(B’II)z]Xz 
X = 011, Cl (a), Br (2), I (2), $SO4 (2) 
[Ni(B’)l], [Ni(B’)rl.l.2HzO, [Ni(B‘)r] .2.5HrO, [Ni(B’H):j% 
X = c1 (2).  $504 (1) 
[Ni(B’€I)~I(OH)r~3H10, soluble in alkalis: [Ni(B*):]K:.PH:O or 

[Ni(B’H)1]Xz 

% (hydroxide) - -1.096 X 10-1 
[Ni(B’H)rl(OH)r 

[Ni(B’)r] HrO 

[Ni(B’H)zlXr 
X = OH (0.5). C1 (2.5). t S 0 r  (1) 
xI (hydroxide) = -0.453 X 10-1 

where B*H = B’ 

[Ni(D*)zlNar~2IIrO where B*H = B’ 

X OH (1.5), Cl (2), 1SOr (1.6) 

References 

(53, 100, 143, 
161, 177, 181) 

(4 The figure in parentheses after an anion indicates the number of water molecules in the orystals. 
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[X]?:.3HrO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[XIB; I . 2 H r 0 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[X]II*l.6Hr0 and [X]II.HtO.. . . . . . . . . . . . . . . . . . . . . .  

[XlBrr. [XI&, with 0.5, 1.6, and 3.5 HaO. . . . . . . . . . . .  

[Xlclr. [X18, with 6 and 8.6 HiO. . . . . . . . . . . . . . . . . .  

recorded all the known nickel(I1) bis(biguanide) com- 
plexes. 

The preparation of the complex nickel(I1) biguanide 
bases and their salts resembles closely that of copper- 
(11) bis(biguanides). Most nickel(I1) biguanide com- 
plexes are either orange or yellow; a few are red. They 
also resemble the corresponding copper(I1) complexes 
in solubility; all are decomposed by acids but unaf- 
fected by alkalis. As a rule, all nickel(I1) biguanide 
complexes are diamagnetic. This furnishes evidence 
of their square planar structure with dsp2 hybrid bonds 
(92) * 

Nickel(I1) o-phenylenebiguanide has a somewhat 
different composition and structure, resembling its 
copper(I1) analog (Section IV,A,l; references 39 and 
188). 

Nickel(I1) bis(biguanide) polyhalides 
Like its copper analog nickel(I1) bis(biguanide) 

forms a number of highly colored polyhalides. They 
have been prepared like the corresponding copper- 
(11) compounds from solutions of nickel(I1) biguanide 
halides and of iodine in potassium chloride, potassium 
bromide, or potassium iodide, as the case may be 
(119, 143). Their composition and properties are given 
in table 12. 

As shown in table 12, in many of these cases different 
methods of preparation led to products with different 
amounts of water of crystallization in the molecule. 

Different modifications of some nickel(I1) 
bis(biguanides) 

A number of nickel(I1) bis(biguanide) complexes 
are known to occur in two or more modifications dif- 
fering mainly in color. This difference is believed to 
arise in many cases from a difference in their molecular 
configurations, related as cis-trans isomers, but the 
phenomepon may m well be due to polymorphism. 
No definite conclusion is, however, possible without 
an x-ray study of their crystal structure. Table 13 
gives a summary of these compounds, where the dif- 

[XlClr in exceaa and iodine in potassium iodide 

[XlBrr and requisite amount of iodine in po- 
tassium iodide 
[XlCIi, [XlBrr. or [XlIt and an excess of io- 
dine in potaeaium iodide: or [ X ] h  in excess 
and iodine in potassium iodide 
[XICI: and iodine in potassium bromida; 1x1- 
Bra in excess and iodine in potassium bromide; 
[XlIi and an excess of iodine in potassium bro- 
mide 
[XlClr and iodine in potassium chloride with 
either in e x c w  

ferent varieties are designated as a, 8, and y. 

Nickel(I1) bis(biguanide) complex in analysis 
Nickel has been estimated volumetrically by precipi- 

tation as nickel(I1) bis(biguanide) hydroxide, [Ni- 
(CzH,N&](OH)z, followed by titration with a standard 
acid in the presence of an indicator (85). The method 
permits the estimation of nickel when mixed with 
metals like beryllium, zirconium, iron, aluminum, 
chromium, titanium, uranium, antimony, bismuth, 
and arsenic, after precipitation as above in the presence 
of tartaric acid as a masking agent (85). 

2. Dibiguanide complexes 
Nickel(I1) dibiguanide complexes resemble the cor- 

responding copper (11) complexes in composition and 
general properties and are prepared in a similar manner. 
Like its bis(biguanide) complexes, all dibiguanide 
complexes of nickel(I1) are orange-red or yellow, but 
they are comparatively less soluble and more stable. 
The complex nickel(I1) ethylenedibiguanide base, 
however, has not been isolated in a pure state. The 
known nickel(I1) dibiguanide complexes are listed in 
table 14. 

Nickel(I1) ethylencdibiguanide, like the correspond- 
ing copper(I1) complex, was previously represented 
by a different composition and structure, as the ligand 
was then believed to be a monobiguanide derivative 
(see Section IV,A,l; references 37 and 39). 

c. PALLADIUM(II) BIQUANIDES 

Palladium(I1) biguanide complexes are very similar 
to those of nickeI(I1) in composition and properties. 
The metal forms only bis(biguanides) and dibiguanides 
with square planar structure. They are invariably 
diamagnetic and form light yellow, silky crystals. 
The palladium(I1) complexes are comparatively less 
soluble and more stable than the corresponding nickel- 
(11) compounds. The known palladium(I1) biguanides 
and dibiguanides are listed in table 15. 

Thiocyanates of palladium(I1) biguanide complexes, 

TABLE 12 
Polyhalides of nickeZ(ZZ) bipuanide compbxea 

X = Ni(CnHTNs)l 

Compound I Method of Preparation I Properties 

Dark green, needle-shapod crystals: sparingly 
soluble in water and ineolublo in alcohol; 
change8 to iodotriiodide with an excess of KII 
Brownish black, silky, needle-shaped crystals: 
sparingly soluble in water 
Brownish black or green, needle-shaped crys- 
tals; sparinply soluble in water but readily 
soluble in alcohol 
Greenish black, needle-shaped, fine crystals 

Greenish yellow, silky. needleshaped crystals 
with B bronze luster: sparingly soluble in water 
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Compound 

TABLE 13 

Diflerent modijcutim of some nickel( II) bis( bigwnides) 

Nickel N I p  henylbigu snide. . . . . . . . . . . . . . . . .  
tNi(B')rl (123) 

Nickel NL(ptoly1)biguanide base and salts (67) 
[Ni(B'H):](OH):, . . . . . . . . . . . . . . . . . . . . . . .  

[Ni (B 'HI: El: . 3 HtO . . . . . . . . . . . . . . . . . . . . .  
[Ni(B'H):lBr:.H:O. . . . . . . . . . . . . . . . . . . . . .  
[Ni(B'H):]SO4.3H:O. . . . . . . . . . . . . . . . . . . . .  

Niokel N*-(pphenetyl)bipanide baae and salt 
(56): 

[Ni(B'H):l(OH)r. . . . . . . . . . . . . . . . . . . . . . . .  

[Ni(B'H)r]CB*aH:O. . . . . . . . .  

INi(B'H):lSO4. . . . . . . . . . . . . . . . . . . . . . . . . .  

Nickel Nr(l-naphthyl)bipanide. 
[Ni(B'):] (144) 

Sodium d t  of nickel NI-(Zsulf~l-naphthyI) 
bigusaide. ................................ 

[Ni (0tBCitHtCrHrN1) r 1 Nar .7H& (1 32) 

u-Form 

Occurs also with 0.6 H:O; red; in- 
soluble in water; soluble in alcohol 
and acetone; ohanges rapidly to  
the &form; decomposes without 
melting a t  266'C. 

Light orange; insoluble in water 

Buff-colored; insoluble in  water 
Buff-colored; insoluble in water 
Buff-colored; insoluble in water 

Bu5-colored; insoluble in water; 
changes on drying to the &variety 
LigM yellow; moderately aoluble 
in hot water 

Contains 3 HrO; reddish cream; 
insoluble in water 
Also occurs with 1 H:O: flesh-cob 
ored; insoluble in water; sparingly 
aoluble in alcohol; dissolves in py- 
ridine to  a red solution 

Yellow cryatals; soluble in water 
with partial hydrolysis 

@-Form 

Yellow; inaohb~e in water, alco- 
hol, and acetone; decompoaea 
without melting a t  265OC. 

Pink; changea to the a-form on 
warming with water; insoluble 
in water - 

- 
- 

Orange: insoluble in water 

Brick-red; insoluble in water; 
slowly changes to the u-form 
when moist 
Contains 2 HrO; brick-red; in- 
soluble in water 
Occurs also with 2.6 HIO; yel- 
low; insoluble in water; aoluble 
in pyridine and warm alcohol to 
a yellow solution 

Red 'crystals; soluble in water 
with partial hydrolysiq 

?-Form 

Occum also with 0.6 H:O; deep 
yellow; obtained from the moist u- 
variety on keeping; insoluble in 
water, alcohol, or acetone; decom- 
poses without melting a t  263°C.; 
believed to be a moleoular com- 
pound cr solid solution of u- and 
&forms 

Yellow; insoluble in water; changea 
to  the u-form in presence of a drop 
of dilute acetic acid 
Orange-yellow; insoluble in water 
Orangiwellow; insoluble in water 
Orange-yellow; inaoluble in water 

- 

Occurs with 2 Hi0  only; buff-col- 
ored; inaoluble in water; apsringly 
soluble in alcohol; dissolves in py- 
ridine to a yellow solution 

such as those of biguanide, methylbiguanide, and di- 
methylbiguanide, on treatment with dilute sulfuiic 
acid (pH 2) suffer rearrangement with the formation 
of insoluble, brownish red, silky crystals of palladium- 
(11) bisfiiguanide) thiocyanatopalladite (107, 139). 
ZIPd(RH)*](SCN), + 2H+ + 

[Pd(RH)*]Pd(SCN)d + 2RHI+ 
RH - C~HTN:, CHIC:H~NI, or (CHI):C:HINI. 

D. COBALT(II) BIGUANIDES 

Rathke (100) observed the formation of a yellow 

cobalt(I1) biguanide complex but failed to isolate it in 
a pure state. Cobalt(I1) complexes of biguanide and 
ethylenedibiguanide were first prepared by R4y and 
Ghosh (140). These form greenish yellow, silky crystals, 
sparingly soluble in water. In  this respect they resemble 
more or less the corresponding nickel complexes. But 
the cobalt(I1) biguanides are rather unstable and are 
readily oxidized in moist air to form cobalt(II1) com- 
pounds. They are also readily decomposed by acids. 

Cobalt(I1) bis(biguanide) sulfate, [CO(BH)~ )Sop 
4Hz0, is obtained as a greenish yellow, silky precipitate 

TABLE 14 

The known nickeZ(IZ) dibiguanide complexes 
B"H2 - a molecule of a dibiguanide 

Ligand 

Nl,NI-Ethylenedibiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C:H4(CtHrNi)r 

N1, NLHexamethylenedibipanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CsHir(CrHaNi)r 

CEH~CIHENI): 

COH~(C:HENI): 

C4Hm(C:HrNr): 

N',Nl-(m-Phenylene)dibigusnide, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nl.Nl-(  gPbeny1ene)dibiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Piperaiinedibiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[Ni(B"H:)JX: 
X = Cl (1.6), Br (2.6), I (1.61, SCN (1.6), NO: (1.61, 

A, (34'C.) for the chloride - 138.6 mhos 

[Ni(B"H-)]X: 
X = OH, C1 (4), 1504 (4) 
[Ni(B")l, [Ni(B"H:)]Xr 
X = OH, OH (2). 1804 (6) 
INi(B91. lNi(B"H~)lX: 
X = OH (I&), C1 (3), 1804 (2) 
INi(B9 1, [Ni(B"H:)]X: 
X 0 OH (l.S), C1 (7.61, 1804 (4.6); orange: insoluble 

[ Ni(B"H:) ](OH):. Ni (OH)*. 6H:O ; buff -colored; insol- 

xg (3OOC.) = 4.31 X 10-9 
Magnetic moment - 2.48 Bohr magnetons 

NO: (1.6),  1904 (Z), 1&01 (2.5) 

(chloride) - -0.4436 X 10-9 

in water; all lose water a t  IlO'C. 

uble in water, loses 6 HtO at 1 10°C. 

Refcrences 

6) A B ~ U N  in parenthssss after an anion indicatss the number of water molecules in the cryatals. 
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TABLE 15 

The known palladium(ZZ) biguuni.de comp&za 
BE1 = a molecule of biguanide; B’H = a molecule of B substituted biguanide; B’Ht = a molecule of a dibiguanide 

Ligand 

Biiuanide ...................................................... 
CiHiNi 

NI-Methylbiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CHICIH~NI 

NLEthylbiguanide. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CIHICIHINI 

NI,N‘-Dimethylblgitantde. . . .  .................... 
(CH:):CiHiNi 

NL(2-IIydroxyethy1)bigusnide. . . . . . . . . . . . . . . . . . . . . . . . . . .  

NL(3-Hydroxypropyi)biguanide. . . . . . . . . . . . .  
HOCIII~C~HINI 

HOCIHICIHINI 

CHIOCiH&iHeN, 

CHIOCIHICYH~NI 

C ~ H ~ ~ I H I N I  

CtHrCH:C:H:Ni 

( C ~ H ~ C Y H I N I  

CIF~I(C:HI)~CYH~NI 

CIH~(CIHONI)~  

NI-(Z-Methoxyethyl)biguanide.. . . . . . . . . . . . . . . .  

N’-(S-Methoxypropyl) biguanide . . . . . . . . . . . . . . . . . . . . . . . . . .  
NI-Phenylbiguanide. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N’-Bensylbiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N1,NrDiphenylbiguanide. . . . . . . . . . . . . . . . . .  

NI,N~Diethyl-N~-phenylbiguanide . . . . . . . . . . . . . . . . . . . . . . . .  

NI,Nl-Ethylenedibiguanide . . . . . . . . . . . . . . . . . . . . . . . . .  

Chmpleda) 

IPd(B):I, [Pd(BH)ilXr 
X - OH, Cl (Z), Br (11, I (2), SCN ( l ) ,  NO:, 8804 (3). +Si01 (3), 

A, (28OC.) for the chloride - 120.76 mhos 
x. (hydroxide) - -0.258 X 10-6 
IPd(B’H):lX: 
X - OH (0.6), C1 (3). SCN (2), NO: (1.61, 8804 (11, Pd(SCN)( 
A, (3OOC.1 for the ahloride - 112 mhw 
A, for the sulfate - 107 mhw 
IPd(B‘H):lXi 
X - OH (l) ,  ci (Z), NOI, +SO4 (1) 
A, (30°C.) for the chloride - 120 mhos 
[Pd(Bf)r].0.6H:O, IPd(B’H):]Xi 
X - C1 (Z), SCN (1,6), NO8 (0.6), Pd(SCN)d 
A, (30°C.) for the chloride - 113 mhos 
[Pd(B’):l, [Pd(B’H):IXi 
X - 011 ( I&) ,  C1 (0.6), NO: (0.6), 8804 (2) 
[Pd(B’):l.0.5HiO, [Pd(B’H)ilXi 
x - c l  (11, 1904 (3) 
[Pd(B’H)r]S04.Hi0 

[Pd(B‘H)r]S04.2H:O 

[Pd(B’)iI, [Pd(B’H)rlXi 
X 
[Pd(B’)il, [Pd(B’H)r]Xi 
x - CI (2), +SO4 (1.6) 
[Pd(B’H):lXi 
X E OH (3), CI (1.6), 4804 (1.6) 
[Pd(B’H)iI(OH)r 

[Pd(B31, [Pd(BW:)lXi 
X - OH, Ci (a), 1501 (3) 
All componnds are insoluble in water 

Pd(SCN)d, PdCh, PdCh (6) 

C1 (1.5), NO, ( l ) ,  isor (1) 

(d The figure in parenthssea after an anion denotes the number of water moleculee in the crystnls. 

by the addition of a cold ammoniacal solution of bi- 
guanide sulfate to one of cobalt chloride in the presence 
of ammonium sulfate. It loses its water of crystalliza- 
tion at 105OC. The corresponding complex base, [Co- 
(BH)2](OH)z, is precipitated in the form of silky yellow 
flakes by using an excess of sodium hydroxide solution 
in place of ammonia. The complex base is fairly stable 
in the dry state, but undergoes slow oxidation in moist 
air. At 7OOC. it loses water and changes to the anhydro- 
base, [Co(B)z]. Their magnetic susceptibility values 
at 3OOC. are given below (141). 

xI  (sulfate) = 6.787 X 10-6; magnetic moment - 
2.75 Bohr magnetons 

x. (hydroxide) = 8.268 X 10-6; magnetic moment - 
2.49 Bohr magnetons 

Cobalt(I1) ethylenedibiguanide sulfate, [CoC2H4- 
( C ~ H E N ~ ) ~ ] S O I . ~ . ~ H ~ O ,  is obtained similarly as a very 
sparingly soluble, greenish yellow, silky precipitate 
from an ammoniacal solution of ethylenedibiguanide 
sulfate and one of cobalt chloride. It loses one molecule 
of water at 8OOC. On treatment with very dilute sodium 
hydroxide solution, the complex sulfate changes to the 
light yellow anhydrobase in a rather impure form (140). 
The complex sulfate at 26OC. gives a magnetic suscepti- 

bilit,y value of X ,  = 6.81 X 10-a; its magnetic moment = 
2.74 Bohr magnetons (141). 

The values of the magnetic moment of these yellow 
cobalt(I1) biguanide complexes differ considerably from 
that of cobalt(I1) ion (5.04 Bohr magnetons) in simple 
cobalt(I1) salts. They are, however, much nearer the 
theoretical value for a 4-covalent cobalt(I1) complex of 
the penetration type with square planar structure con- 
taining dsp2 hybrid bonds. On the basis of Pauling’s 
theory (02, 93) a complex cobalt(I1) compound of this 
type should have a moment of 1.73 Bohr magnetons, 
corresponding to the spin moment of one unpaired 
electron. The higher values for the magnetic moment 
of 2.5-2.75 Bohr magnetons found in the case of co- 
balt(I1) biguanides have been attributed by Rhy and 
Ghosh (141) to an incomplete quenching of *the orbital 
moment of the unpaired electron of the cobalt(I1) ion 
in the complexes, which really possess a square planar 
configuration with dsp2 bonds. 

On the other hand, cobalt(I1) with N*-(4-sulfo- 
pheny1)biguanide and with N*-(m-pheny1ene)dibi- 
guanide has been found to form red paramagnetic com- 
plexes, the values of whose magnetic moment approach 
that of the simple cobalt(I1) ion. 

CobaIt(I1) N1-(4-~ulfophenyl)biguanide, (Co(HO8S- 
CsH4CzHaN6)n] .5H20, forms quite stable, beautiful, 
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vermilion-red crystals with a magnetic moment of 
4.97 Bohr magnetons; x0 (27OC.) = 15.0 X lo-’. 
It is sparingly soluble in water, but dissolves in aqueous 
alkali to form a yellow solution which readily turns 
red, owing to oxidation (132). 

Cobalt(I1) N1-(mpheny1ene)dibiguanide chloride, 
[ C O C ~ H ~ ( C ~ H , I N ~ ) ~ ] C I ~  * 3H20, likewise forms vermilion- 
red crystals; it is fairly stable in dry air, but is oxidized 
readily when moist. It also shows an effective moment 
value of 4.84 Bohr magnetons; xR (3OOC.) = 16.11 X 

Both of these red cobalt(I1) complexes lose all their 
water molecules at 100OC. without any appreciable 
change in color and values for the magnetic moment 
(159). These red cobalt(I1) biguanides might be re- 
garded as either ionic complexes or outer-level covalent 
complexes having tetrahedral (spa) or square planar 
(sp2d) configuration with practically unquenched 
moment (88, 127). 

A grayish brown cobalt (11) o-phenylenebiguanide, 
[Co(C8HsN&] e2H20, with a structure analogous to 
those of the corresponding copper and nickel com- 
pounds, has also been described (39). 

(127). 

E. COBALT(III) BIGUANIDES 

Complex compounds of biguanides with cobalt (111) 
were very little studied until the last two decades. 
In 1896 Ziegdlbauer (188) described a red cobalt(II1) 
o-phenylenebiguanide of the composition Co(C8H8- 
Ns)a.3.5H20. The same compound in the anhydrous 
Atate, as well as a red-brown acetate, Co(C81&N5)a.5- 
CHaCOOH .B20, were prepared and analyzed as late 
as 1938 (39). Strictly speaking, o-phenylenebiguanide 
is more a benziminazole derivative than a true bi- 
guanide. A systematic study of cobalt(II1) biguanide 
complexes, leading to the preparation of a large variety 
of these compounds, has subsequently been made. 
These can be classified under three main groups: 
( 1 )  tris(biguanide) complexes ; (2) bis(biguanide) com- 
plexes; (3) dibiguanide complexcs. As a tripositive co- 
balt atom invariably forms octahedral complexes, 
those of the bis(biguanide) and dibiguanide groups 
contain also other ligands for the saturation of the co- 
ordination number of the metal atom. In the case of 
dibiguanide complexes this is often realized by the 
formation of binuclear structure. 

The complex cobalt(II1) bigunnide bases arc usually 
dark red to rose-red, and their salts are red, orange- 
red, or golden-yellow. The compounds are all diamag- 
netic, which is characteristic of all octahcdral cobalt- 
(111) complexes with d2spa hybrid bonds (121, 161). 

1.  Tris(biguanide) complexes 
Cobalt(II1) tris(biguanide) bases have usually been 

prepared by oxidizing a mixture of cobalt chloride, 
biguanide sulfate, or substituted biguanide sulfate, as 

the case may be, in strongly alkaline solution with a 
vigorous current of air. The yellow cobalt(I1) biguanide, 
which separates first, is slowlf oxidized and gradually 
passes into solution with a red color. Oxidation with 
air may, however, be avoided by evaporating on the 
water bath a concentrated alkaline solution of hexam- 
minecobalt(II1) chloride and the biguanide sulfate con- 
cerned ( 166). 

All complex cobalt(II1) tris(biguanide) bases, except 
that of (2-hydroxyethyl)biguanide1 are more or less 
sparingly soluble. From these bases the corresponding 
salts are prepared by neutralization with suitable 
acids, or by digesting with ammonium salts on the water 
bath. 

The known cobalt(II1) tris(biguanide) complexes 
are summarized in table 16. 

In alcoholic solution the anhydrous cobalt(II1) 
tris(pheny1biguanide) base, C O ( C ~ H , C ~ H ~ N ~ ) ~ ,  has been 
found to give a molecular weight of 1000-1200 (ebul- 
lioscopic method), which is nearly twice its normal 
value of 590. The dihydrate in the same solvent shows 
a still higher value of about 1700 against its normal 
value of 626. The phenomenon has been attributed to 
the formation of polynuclear complexes by polymeri- 
zation. For the anhydrobase a dimeric formula with a 
binuclear structure has been suggested (121). 

B’ - CsHrCiHbNI. 

Optically active modifications of cobalt(II1) 
tris(biguanidc) complexes 

Rdy and Dutt (129) accomplished the resolution of 
cobalt(II1) tris(biguanide) chloride, [Co(C2€€7N,)]Cl3, 
into its optically active enantiomers by converting the 
complex chloride into d-tartrate chloride, d-tartrate, or 
d-camphorsulfonate, The diastereomers, containing the 
respcctive anions, were isolated in the pure state by 
fractional crystallization of the partial racemates, the 
2-salt being less soluble in all cases. 

The phenomenon of “asymmetric transformation of the 
second order,” as described by Kiihn (76), was observed 
during the fractional crystallization of the d-tartrate 
chloride. Further evidence regarding the phenomenon 
was derived from the study of the “addition curve,” 
as described by Jamieson and Turner (72). It expresses 
the rotation as a function of the acid-base ratio. 

In a solution of the d-tartrate chloride of the race- 
moid complex it has been shown that there is an equi- 
librium between the dextrorotatory and the levorota- 
tory forms, with the former in slight excess. The 
first crop of crystals separating from this solution con- 
sisted of pure levorotatory diastereomer. From the 
dextrorotatory mother liquor the pure dextrorotatory 
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TABLE 16 

The known wbalt(l1Z) tris(bigwmide) compbxcs 
BH 5 a molecule of biguanide; B‘H = a molecule of a substituted biguanide; B*H = B‘ 

Ligand 

Bisuanide.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CIHINI 

NlMethylbiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NlEthylbiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NL(n-Heryl)biguanide. . . . . . . . . . . . . . . . . . . . . . . . .  

NL(2-Hydroxyethyl) biguanide. . . . . . . . . . . . . . . . . . .  

N1,NLDimethylbiguanide. . . . . . . . . . . . . . . . . . . . . . .  

N1,NlDiethylbiguanide. . . . . . . . . . . . . . . . . . . . . . . . .  

NLPhenylbiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHICIHINI 

CIHIC~H~NI  

CIHIICIHINI 

HOCYH~CIHINI 

(CHI)ICIHINI 

(CIHI)ICIHINI 

CIHICIHINI 

NLBencylbiguanide . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NL(CSulfopheny1) bigusnide. . . . . . . . . . . . . . . . . . . . .  

NL(6PhenyIene)bigusnide. . . . . . . . . . . . . . . . . . . . .  

N~(2-SulI~l-nsphthyl)biguanide. . . . . . . . . . . . . . . .  

NL(~Chlorophenyl)-N’-isopropylbiguanide. , . . , , . 

CIHICHICIHINI 

~-HSOICIHICIHINI 

COHGHINI 

O-HOISCIOHICIHINI 

PCICIH~CIH~)C~HINI  

+Cot,  $C&, 4801 (3.6), +SO4 (3.6), 49101, is&, 18eOa (3.6), 4101 (3), iCrOc 
(4), 1HPOt (3), &CIOHIIOSOI, t(C1.101) 

XI - Cl.COa, Cl.Se04, (OH)SOa, CI.SIOI @.a), CI.CrO4, CI.HPO1, Cl.d-C4HtOc 
AIOYI (2VC.) for the base - 92.0 mhos 
a (cryoscopic) - 0.87 in 0.267% nolution 
A, (26°C.) for the chloride - 138.6 mhos 
a (cryoscopic) = 0.98 in 0.6784% solution 
[Co(B’H)aIXt 
X = C1, 1801 (1.6) 
[Co(B’H)i]r(SOdr. 1.6H10 

[Co(B’H)iI(OH)r 

[CO(B’H)I],(SO$I.~HIO; very soluble in water 

ICo(B’)11.0.6Ha0 

[CO(B‘)I] .2.6H10 

[CO(B’)I], [Co(B’)r].3H10 (insoluble in water and alcohol), [Co(B’):] 92Hr0 

X Cl (2.5), Br ( l) ,  I ( l ) ,  SCN (3), Nor (0.6), NO1 (0.6), iC01  ( l ) ,  1804 (61, 
(insoluble in water but soluble in alcohol and acetone), [CO(B’H)I]XI 

+Si01 (3.6), +Sr01 (l), +CrOc (1) 
X I  = Cl.d-CdH10a 
A, (36OC.) for the chloride - 141.3 mhos 
a (cryoscopic) 
x g  = -0.6501 X 10-1 
[Co(B’H) I 1x1 
X - OH, C1 (3), 1904 (6) 
(CO(B’)I].~HIO, (Co(B’)1]*7Hi0, K I ( C ~ ( B * ) I ] * ~ H ~ O  (B*H B’) 

[CO(B’)I], [Co(B’)r] .3.6HiO, [Co(B’)r]~6CHiCOOH~HtO 

0.76 in 0.5342% solution of the chloride 

[Co(B’)r] .6HrO, Nat[Co(B*)t].2H10, Kt[Co(B*)t] ‘5Ha0 

[Co(B’)i] .2Hr0 

(*) The figure in parentheses after an anion denotes the number of water molecules in the cryetals. 

form was obtained by repeated fractional precipitation 
with alcohol. The slow rate of transformation in solu- 
tion leading to an equilibrium, suggested thereby, was 
verified by experiments with a freshly prepared solu- 
tion of the d-tartrate chloride of the racemoid complex, 
aa well as of their levorotatory and dextrorotatory 
enantiomers. 

From a measurement of the specific rotations of the 
freshly prepared solutions of the levorotatory and the 
dextrorotatory forms, as well as of the same solutions 
after sufficient time had been allowed for equilibrium 
when no further change in their rotation occurred, the 
equilibrium compositions of the solutions were deter- 
mined. From this the equilibrium constant for the trans- 
formation h a l t  * d-salt was calculated for two different 
temperatures, 25OC. and 46.1OC. A value of 923 cal. 
aa the heat of transformation from the 2-salt to the 
d-salt was thus obtained from the temperature varia- 
tion of the equilibrium constant. The free-energy 
changes for the process were found to be given by 89.1 
cal. a t  25OC. and 30.4 cal. a t  46.1OC. The two equi- 
librium constants are given as KU = 1.16 and = 
1.05 (129). 

From a solution of the d-tartrate of the racemoid 
complex, both the levorotatory and the dextrorotatory 
forms can be obtained in the pure state by the normal 
process of fractionation only as the least and the most 
soluble fraction, respectively, owing to their favorable 
solubility and stability relationships (129). 

From the pure levorotatory and the dextrorotatory 
forms of these diastereomers pure optically active en- 
antiomers of the complex cobalt(II1) tris(biguanide) 
chloride, nitrate, and sulfate were prepared. The 
average molecular rotation of all these active salts a t  
31OC. has a value of about *211O0 per cobalt atom 
(120). The salts in the solid state retain their optical 
activity unchanged even after a year, but in solution 
above 25OC. they slowly lose their activity by racemiea- 
tion (129). 

The same authors (130) have determined the ki- 
netics of racemization of I- and d-cobalt(II1) tris(bi- 
guanidc) d-tartrate chloride, as well as of the pure enan- 
tiomers, 2- and d-cobalt(II1) tris(biguanide) chloride, in 
aqueous solution at different temperatures, and the 
activation energy in each case was calculated from the 
temperature coefficient of the rate constant. The values 
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found for the activation energy are 22,310 and 21,350 
cal. per mole for the I- and the d-diastereomer, respec- 
tively, and 13,930 cal. per mole for t,he pure active 
enantiomers of the complex chloride. Many simple 
and complex foreign cations, including the hydrogen ion, 
when added to the solution retard the inversion rate of 
the active cobalt(II1) tris(biguanide) chloride, which is 
more or less completely inhibited by calcium, copper- 
(11), manganese(II), and hydrogen ions even when 
present in very small quantities. Anions have generally 
no effect on the rate of transformation, excepting for 
hydroxide ion, which exercises a powerful accelerating 
effect on the rate of racemization (130). 

From a consideration of the kinetics of racemization 
of the cobalt(II1) tris(biguanide) complexes and a 
critical examination of the previously suggested theories 
regarding the mechanism of racemization of optically 
active coordination complexes, RAy and Dutt  (131) 
have suggested a new mechanism for the process on the 
basis of intramolecular rearrangement of the chelating 
groups. This does not admit of the opening of any 
chelate rings or of any of the metal-ligand bonds even 
for a moment. According to this view, when a molecule 
is activated by the addition of energy two pairs of octa- 
hedral bonds, holding any two of the three chelating 
groups, rotate along their own planes in opposite 
directions through an angle of 45'. The bond angles 
between the planes of two pairs remain, however, un- 
changed at 90' during t,he process. The activated mole- 
cule with its distorted octahedron, on the removal of 
excess energy, can then return to the normal octahedral 
state either by retracing its previous steps to regenerate 
the original active form, or by a further rot,ation 
through 45' of the displaced chelating pairs in the 
same direction as before to degenerate into the mirror- 
image enantiomer of its former structure. Since the two 
enantiomers have equal energy content, both are 
formed with equal ease. The mechanism proposed by 
RAy and Dutt  is illustrated in figure 1.  

Cobalt(II1) tris(pheny1biguanide) chloride has also 
been resolved into its optical enantiomers through the 
fractional crystallization of its d-tartrate chloride. 
The levorotatory diastereomer, being less solublc, 
separates out first. The dextrorotatory form is obtained 

from the mother liquor. Their molecular rotation is 
given by [MI:' = f 288'. From the two diastereomers 
the opt,icslly active pure dextrorotatory and levorota 
tory components of the cobalt(II1) tris(pheny1bi- 
guanide) chloride, sulfate, and nitrate were prepared 
with an average molccular rotation, [MI$', equd to * 
2469'. The kinet,ics of racemization of the complex 
levorotatory chlnride was also measured at different 
tempcraturcs and tho activation energy for the change, 
calculated from the temperature coefficient of the rate 
constant, was found to be 9700 cal. per mole (168). 
This is much lower than that for cobalt(II1) tris(bi- 
guanide) chloride (13,930 cal.). 

2. Bis(biguanide) complexes 
Several bis(biguanide) complexes of cobalt(II1) 

have been described, which necessarily contain other 
ligands as well to saturate the coordination number 
(six) of the metal atom. With two identical or dif- 
ferent monodentate ligands in the complex, some new 
varieties of the bis(biguanide) complex have been 
obtained. These are mainly diamminecobalt(III), 
hydroxoaquocobal t (111) , and dicyanocobal t (111) bis- 
(biguanide) complexes. The charge on the complex 
ion varies of course with the nature of the monodentate 
ligand present. 

In the case of diammine and hydroxoaquo complexes 
two series of compounds, related to each other as cis- 
trans isomers, have been isolated. 

The cis series of these compounds was studied by 
Rhy and Ghosh (138). The diamminecobalt(II1) 
bis (biguanide) sulfate, [ Co ( "I) 2 (C~HTNI)~  12 (SOJ a 12- 
H20, was obtained by the oxidation of cobalt(I1) bis- 
(biguanide) suspended in concentrated ammonia solu- 
tion with a current of air. The filtrate, on neutralization 
with dilute sulfuric acid and cooling, deposited red 
crystals of the complex sulfate after a day or two. 
On the passage of a current of air through the filtrate 
until all ammonia had been removed, the color of the 
solution turned violet. This solution, after neutraliza- 
tion with dilute sulfuric acid and standing for a day 
or two in the cold, deposited beautiful, needle-shaped, 
violet crystals of the hydroxoaquocobalt(II1) bis- 
(biguanide) sulfate, [Co(H20) (OH) (CtH,N&]SO,. 2.5- 

[dl Ibl IC1 
FIQ. 1. Racemization of active cobalt,( 111) biguanide complexes. (a) Dextrorotatory 

form (octahedral); (b) intermediate form (distorted octahedral) ; (c) levorotatory form 
(octahedral). 
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H20 (138). This complex hydroxoaquo sulfate loses 
3.5 H 2 0  when heated to 80°C. and is thereby converted 
to the brown-violet sulfatohydroxocobalt(II1) bis(bi- 
guanide), [Co(OH)(SOc)(CZH,N~)z]. On exposure to 
moist air the latter changes back to the original violet 
hydroxoaquo complex (138). 

A series of other salts of the hydroxoaquo complex, 
viz., the chloride (lHzO), the nitrate, the sulfite, the 
thiosulfate (lHzO), and the dithionate (1H20), have 
been prepared and the equivalent conductivity of the 
chloride determined (138). Am(25"C.) for the chloride 
= 120.6 mhos. 

The complex base, [Co(HzO) (OH) (CzH7N&](OH)z.- 
HzO, is precipitated in the form of dark violet crystals 
by the action of alkali on the solution of the complex 
chloride. At 80°C. i t  loses all water, including even 
that inside the complex, to form a dark violet product 
of the composition Co(0H) (CZHaN&, which is repre- 
sented as a binuclear diol complex having the structure: 

,OH*., 
(CZHBNB)~CO*, CO(CZHBNI)Z 

"0' 

This is regardcd as evidence for the cis configuration of 
these hydroxoaquo complexes and consequently of the 
parent diammine complex (138). The formation of an 
oxalatocobalt (111) bis( biguanide) oxalate, [ Co( CzO4)- 
(CzH.rN~)z]zC~04.4H~0, from the hydroxoaquo base and 
oxalic acid, which loses all its water at 95°C. without 
any change, is also cited as additional evidence in sup- 
port of this conclusion (142). 

The violet crystals of hydroxoaquocobalt(II1) bis- 
(biguanide) thiosulfate (lHzO), formed by precipitation 
from a solution of the complex chloride with that of 
sodium thiosulfate, change irnmcdiately into a bright 
green, insoluble product with an excess of the precipitant 
(thiosulfate). The same change also occurs slowly on 
shaking the violet crystals with water alone and more 
rapidly upon the addition of a trace of acid. The product 
has the composition Coz(SzOa)l(CzH7Ns)a.211z0 and 
loses all its water a t  90°C. without any change. It does 
not rcact with a solution of barium chloride in the cold, 
and for this reason is represented by a binuclear struc- 
ture (138). 

[( CZH,NS)Z(S~O~)C~SZO,--CO( Sz0a)(CzIJ,N3*1 .2HzO 

But no definite conclusion is possible without an analy- 
sis of its structure by physical methods. 

The trans series of these diammine and hydroxoaquo 
complexes was investigated by R&y and Majumdar 
(142), and a number of basic and normal trans-diam- 
minecobalt(II1) bis(biguanide) salts have bcen de- 
scribed. These by deamination and dehydration, fol- 
lowed in certain cases by hydrolysis, havc led to the for- 
mation of hydroxoammine-, acidohydroxo-, hydroxo- 
aquo-, diacido-, and diaquocobalt(II1) bis(biguanide) 

salts. The trans configuration of the series was deduced 
from a consideration of the composition and properties of 
the hydroxoaquocobalt(II1) bis(biguanide) oxalate 
in the series, as well as from the difference in properties 
of the compounds of this seriea from those of the cis 
series. 

The parent compound of the trans series, the diam- 
minecobalt(II1) bis(biguanide) hydroxide sulfate, [Co- 
(NH~)z(CZH~N~)Z](OH)SOI.~HZO, is obtained in the 
form of rectangular red crystals by passing a current 
of air through a mixture of biguanide sulfate and cobalt 
chloride in 6 N ammonia solution. The compound loses 
water and ammonia to give the hydroxoamminecobalt- 
(111) bis(biguanide) sulfate, [Co(NHa) (OH) (CZHIN~)~]- 
Sod, a t  90°C. and the sulfatohydroxocobalt(II1) bis- 
(biguanide), [CO(OH)(C~H~N~)ZSOI], a t  100OC. (142). 

From the diamminecobalt(II1) bis(biguanide) hy- 
droxide sulfate, the corresponding nitrate hydroxide 
(l.5HzO) and the chloride hydroxide, and from the 
latter by deamination a t  80°C. the chlorohydroxocobalt- 
(111) bis( biguanide) chloride, [ Co( OH) Cl(CzH7N6) ]CI, 
were obtained (142). Suitable treatment of the diam- 
mine complex with dilute acids or ammonium salts 
led further to the preparation of its sulfate chloride 
(IHzO), sulfate (12Hz0), chloride (2HzO), and nitrate 
(tHzO), besides the sulfate bromide and the sulfate 
iodide of somewhat different( composition, [Co(NH&- 
(CzH7N& ]zBr~(14)S04~3.5Hz0 (142). 

The sulfate of the diammine complex, when dried at 
llO°C., gave by deamination sulfatocobalt(II1) bis- 
(biguanide) sulfate, [Co(SO,) (CZH~N~)Z]ZSO~. In a 
similar ninnncr the chloride of the diammine complex 
gave the dichlorocobalt(II1) bis(biguanide) chloride, 
[COC~Z(CZH~N~)Z]C~.  The equivalent conductivity for 
the complex diammine chloride gave a rather high 
value of 178.8 mhos, indicating hydrolysis into a hy- 
droxoaquo complex (142). 

ICo(NH,)g(C*H,Ns)ilCls + 2HzO 
[C~(I~~O)(OM)(C~IIIN~?Z]C~~ + NH&1 + NH, 

The trans-hydroxoaquo cobalt(II1) bis(biguanide) 
sulfate, [CO(IT~~)(O€I)(C~II~N~)~]S~~~~H~~, was ob- 
tained in the form of very soluble, red crystals from the 
aqueous solution of the sulfatohydroxocobalt(II1) 
bis(biguanidc) by hydrolysis. The corresponding chlo- 
ride (IHZ0) was prepared similarly by the hydrolysis 
of chlorohydroxocobalt(II1) bis(biguanide) chloride, 
to which it changes back by dehydration a t  80°C. 
The oxalate (4Kz0) of thc hydroxoaquo complex was 
prepared by neutralization of the complex base with 
oxalic acid in the form of highly soluble, prismatic, 
rose-colored crystals. The base was obtaincd in aqueous 
solution from the solution of its sulfate and barium 
hydroxide solution (142). 

The hydrolysis of dichIorocobalt(II1) bis(biguanide) 
gave the chloride of the diaquo complex, [Co(HzO)z- 
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Compound 

[Co(NIIi)a(BH)r]r(SO~)i~12HiO. . . . . . . , , , , . , , , . . . , , 

(Co(HaO)(OH)(BI?)r](OII)r. . . . . . . . . . . , , . , , . , , , , . , 

[Co(IIaO)(OIJ) (BH)iJSO4. . . . . . . . . . . , , , . . , , . . . , . . , . 
[Co~HiO~~OH~~B€I~rlC1a~H~O. . . . . . . . . . . . . . . . . . . . . . 

(C2HTNa)sC13, which was found to revert back to its 
parent dichloro complex upon dehydration at 110OC. 
The corresponding sulfate of the diaquo complex was 
obtained in a similar manner from the hydrolysis of 
sulfatocobalt(II1) bis(biguanide) sulfate (142). 

The characteristic properties of the cis and trans 
isomers of some of the typical cobalt(II1) bis(biguanide) 
complexes are summarized in table 17. 

The properties of the diamminecobalt(II1) bis- 
(biguanide) complexes suggest that in their solutions 
there is evidently an equilibrium among the diammine, 
hydroxoaquo, and diaquo complexes, any of which 
may separate from the solution under circumstances 
favorable for its occurrence in high concentration. 
There is scope for physicochemical studies in this con- 
nection. 

Oxidation of cobalt(I1) bis(biguanide) sulfate sus- 
pended in an aqueous solution of methylamine, ethyl- 
amine, or n-propylamine with a current of air has 
also led to the preparation of the corresponding bis- 
(alkylamine)cobalt(III) bis(biguanide) sulfatc hydrox- 
ides, which crystallize with 4, 3, and 5.5 molecules of 
water, respectively. They can be represented by the 
general formula [CO(RNH~)~(B’H)~ J(OH)SO,. With 
benzylamine a normal sulfate of the composition [Co- 
(RNHz)2(B’H)z]z(SO&* 10HzO has been obtained (106). 

Using pyridine in place of the amines Ghosh and 
Gupta (58) have similarly prepared the dipyridine- 
cobalt(II1) bis(biguanide) hydroxide, [ C O ( C ~ H ~ N ) ~ -  
(C2H7N&](OH)3, in the form of red crystals. From the 
complex hydroxide a number of its salts like the chlo- 
ride dihydroxide (0.5HzO), the chloride dibromide 
(2H20), the iodide (2Hz0), the nitrate, the sulfate 
(12H20), the thiosulfate (6HzO), and the oxalate (8Hz0) 
have been obtained. The equivalent conductivity for 
the nitrate a t  35OC. is given by A, = 156.3 mhos. 
The solution of the red thiosulfate, like the thiosulfate 
of the hydroxoaquocobalt(II1) bis(biguanide) complex, 
gives a precipitate of the green, binuclear, thiosulfato 

Properties 

Cis form Trans form 

Red crystals; soluble in water; solution readily 
turns violet, forming hydroxoaquo co-nplex by 
hydrolysis. and reacts alkalina 
Contains 1 IlrO; dark violet, needlsshaped Forms red solution: not isolated in the solid 
crystals: insoluble in water; form8 binuclear state; givcs with oxalic acid highly soluble, 
bridge compound at  80°C.; gives with oxalic rose-red. priemstic crystals of an oxalate (4 
acid blue-violet, prismatic crystals, insoluble IhO) which reacts acid to litmus in solution 
in water, of ICO(CIOI)(BH)~]C~O~~~H~~ 
Contains 2.5 HaO; rectangular, violet prisms; Contains 2 HIO; red crystals: very 6oluble in 
sparingly soluble in hot water water; solution reacts alkaline to litmus 
Violet prisms; soluble in water: gives with Red-violet, needle-abaped crystals; soluble in 
NarStOi solution a violet thiosulfate, spar- water: solution reacts alkaline; does not react 
ingly soluble in water; turns in presence of a with Na,S,Oi solution unless acidified, when i t  
trace of acid into the insoluble, binuclear, gives the insoluble green product 
green complex 

Light rose-red, prismatic needles: solution neu- 
tral to litmus 

(bridge) compound by treatment with an excess of 
thiosulfate solution or a trace of acetic acid (138). 
The solution of the complex oxalate, when heated to 
6OOC. in the presence of a little sulfuric acid, changee 
gradually in color from red to violet with elimination of 
pyridine and deposits, on cooling, violet crystals of 
oxalatocobalt(II1) bis(biguanide) oxalate, identical 
with that obtained from the cis-hydroxoaquo complex 
(142). Unlike the diamminecobalt(II1) bis(biguanide) 
complex, the dipyridine complex does not readily hy- 
drolyze to give rise to hydroxoaquo and diaquo com- 
plexes. From an examination of the properties of the 
thiosulfate and oxalate salts of the dipyridine complex 
a cis configuration might be assumed for its structure, 
though a trans configuration is preferred by Ghosh 
and Gupta (58). 

In a similar manner oxidation of cobalt(I1) bis(n- 
hcxylbiguanide) and of cobalt(I1) bis(benay1biguanide) 
sulfate in the presence of aqueous pyridine has led to the 
preparation of dipyridinecobalt(II1) bis(mhexy1bi- 
guanide) hydroxide, [Co(C6H6N)2(CsHlaCzHeNa)z] (OH)a, 
in violet crystals (42), and of dipyridinecobalt(II1) 
bis(bcnzy1biguanide) sulfate, [CO(C~H~N)Z(CBH~CK~CZ- 
HeN6)2 J2(S04)3.2.5H20 in the form of red-violet crystals 
(108). 

Sengupta and Rhy (161) have recently described a 
number of dicyanocobalt (111) bis(biguanide) complexes 
in which biguanide and several substituted biguanides 
occur as chelating ligands. These were obtained in the 
form of sparingly soluble, golden-yellow, shining, silky 
crystals by heating on the water bath a mixture of a 
cobalt(II1) tris(biguanide) complex and potassium 
cyanide in aqueous solution. The reaction is represented 
as follow, where BgH is a molecule of any biguanide: 
[Co(BgH)a]Cls + 2KCN -+ 

[Co(CN)z(BgH)(Bg)l + BgHCl + 2KC1 

From the complex bases a number of their soluble 
salts were obtained by digestion with ammonium 

TABLE 17 

CobaZt(lZZ) bis( biguunide) conplezes (cis and tram) 
BH = CzH7Ns 
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salts, and the addition of suitable alkali salts to the solu- 
t8ion of the fairly soluble dicyanocobalt(II1) bis(bi- 
gunnide) chlorides led to the separation of many other 
sparingly soluble salts of the cobalt(II1) complex. 
Like cobalt(II1) complexes in general, all these di- 
cyanocobalt(II1) bis(biguanide) compounds are dia- 
magnetic (161). They are, however, decomposed by 
acids (161). 

Table 18 provides a list of the known dicyanocobalt- 
(111) bis(biguanide) complexes. 

TABLE 18 

The known dicyanocoball( I I I )  bLq( higuanidas) 
BH = a molecule of biguanide; B’H = a molecule of a 

substituted biguanide 

Biguanide Ligand 

Biguanide . . . . . . . . . . . . . . 
CaHiNi 

NLMethylbiguanide. . . . 
CHICYHaNa 

N’,Nl-DImethylbiguanidi 

NLEthylbiguanide.. . . . . 
NI,N’-Diethylbiguanide . 
Nl-(n-Hexyl)bigusnide. . 
NLPhenylbigunnide.. . . . 
N1-Bensylbiguanide.. . . . 

(CH:)aCaHaNr 

CaHaCaHaNi 

(CaHI):CIHiNs 

COHIICYHI NI 

CiHaCIHeNb 

CaHaCHaCaH~Na 

[Co(CNlrB(BH) I ,  [Co(CN)dBH)alX 
X - Cl, NOI, SCN. 1804 (1) 
A, (35’C.) for the obloride 128 

Q (baae) = -0.6224 X 10-0 
Q (sulfate) - -0.1821 X 10-0 
[Co(CN)a(B’H)aIX 
X - OH ( l ) ,  C1 ( M ) ,  +SO4 (2.5) 
Am (35°C.) for the chloride - 129.9 

Q (base) - -0.5055 X 10-1 
[Co(CN)r(B’H)r]X 
X - OH, 4804 
[Co(CN)r(B’H)alX 
X - OH, 1904 (2) 
[Co(CN)rB’(B’H) 1, 

[Co(CMa(B’H)alX 

[CO(CN)a(B’H)aIX 
X - OH (2.5), C1 
[Co(CN)a(B’H)a]X 
X - OH, C1 (2.5), is04 (5) 
A, (35%) for the chloride - 127.3 

xr (base) - -0.2391 X 10-1 

mhos 

mhos 

[C0(CN)r(B’H)r]r804. HYO 

x = or1 ( I ) ,  tso4 (2.6) 

mhos 

The figure in parenthesen after an anion denotes the number of water 
moleoulea in the orystala. 

9. Dibiguanide complexes 
With dibiguanides the tripositive cobalt ion combines 

to form the binuclear dicobalt(II1) tris(dibiguanide) 
complexes, besides the mononuclear cobalt (111) di- 
biguanide complexes containing one molecule of a 
quadridentate dibiguanide ligand along with two other 
monodentate ligands for saturation of the coordination 
number of the metal. 

Dicobalt(II1) tris(ethy1enedibiguanide) hydroxide, 
[Coz { Cd%(C2HaN& 1 was prepared by digest- 
ing on the water bath a solution of hexamminecobalt- 
(111) chloride, [ C O ( N H ~ ) ~ ] C ~ ~ ,  with one of ethylene- 
dibiguanide sulfate in alkaline (5 per cent sodium 
hydroxide) solution. The complex base separated from 
the solution in the form of insoluble dark red crystals 
after the evolution of ammonia had ceased. The action 
of dilute acids on the complex base led to the prepara- 

tion of its chloride (12HzO), nitrate (9Hz0), and sulfate 
(12Hz0) in the form of insoluble reddish brown crystals 
(108). 

In a similar manner dicobalt(II1) tris(hexamethy1- 
enedibiguanide) hydroxide, [COZ { C ~ ~ ~ I ~ C Z H ~ N , ) Z  ] t 1- 
(OH)s, has been preparcd from hexamminecobalt- 
(111) chloride and an alkaline solution of hexamethylene- 
dibiguanide sulfate in the form of insoluble, dark red 
crystals (43). 

Dicobalt(II1) tris(m-phenylenedibiguanide) hy- 
droxide, [COZ { C ~ H ~ ( C Z H ~ N ~ ) ~ }  3](OH)6. 10HzO, was ob- 
tained in the form of insoluble red crystals by oxidizing 
with air a mixture of cobalt(I1) chloride (CoCI2.BHzO) 
and an excess of m-phenylenedibiguanide chloride in 
concentrated ammonia solution, followed by treatment 
with an excess of concentrated potassium hydroxide 
solution. The complex base, when treated with the 
requisite amount of appropriate dilute acids, gave 
salts like the chloride (13H20), the nitrate, and the 
sulfate (25Hz0) in the form of orange-red crystals 
(127). The chloride in aqueous solution gave an equiv- 
alent conductivity, A, (35OC.), of 129.1 mhos (127). 

The constitution of thcse binuclear dicobalt(II1) 
complexes is represented as follows, with a dibiguanide 
molecule serving as a bridge between the two metal 
atoms : 

[( B “H*)Co--( B”&)--Co( B”Hn)] Xs 

where B”Hz = a molecule of the dibiguanide and X = 
OH, C1, or $SO,. The quadridentate dibiguanide 
molecule at the center satisfies two cis positions of each 
octahedral cobalt attom on its two opposite sides (127). 
These binuclear dicobalt(II1) tris(dibiguanide) salts 
may, therefore, be capable of bcing resolved into their 
optically active enantiomers, or they may, like meso- 
tartaric acid, possess an internally compensated in- 
active configuration. 

A number of mononuclear cobalt(II1) complexes of 
these dibiguanides, containing two other identical or 
different monoden tate ligands, have also been described 
(108, 127). 

The oxidation of cobalt(I1) ethylenedibiyanide 
sulfate, suspended in aqueous ammonia, methylamine, 
or ethylamine, with air or hydrogen peroxide has led to 
the preparation of the diammine-, bis(methy1amine)-, 
and bis(ethylamine)cobalt(III) cthylenedib?guanide sul- 
fate hydroxide with 4, 4.5, and 3.5 molecules of water, 
respectively. With benzylamine the complex separated 
as a normal sulfate with 12 molecules of water. They all 
form rose-red crystals, soluble in water, and can be rep- 
resented by the general formula [Co(Am)zCzH4(C2- 
HaN&]X3.aq, where Am = ammonia or an amine and 
X = OH and/or +SO( (108). 

When pyridine was employed in place of ammonia 
or an amine, highly soluble, brownish violet crystals 
of hydroxopyridinecobalt(II1) ethylenedibiguanide sul- 
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fate, [CO(CF,H~N)(OH)C~H&~H~N~)Z ]SO, -3.5H20, were 
abtained (108). 

Oxidation of a mixture of cobalt chloride and m- 
phenylenedibiguanide hydrochloride in concentrated 
ammonia solution with air, followed by neutralization 
with dilute hydrochloric acid, has led to the preparation 
of diamminecobalt(II1) m-phenylenedibiguanide chlo- 
ride. It forms dark brown crystals, which suffer de- 
hydration a t  WOC. and deamination at 105OC. to give 
dichlorocobalt(II1) m-phenylenedibiguanide chloride, 
[COCIZC~HI(CZH~N~)~]CI. The equivalent conductivity 
in aqueous solution of the diammine chloride, A, 
(35OC.), is 148.05 mhos (127). From a solution of the 
complex diammine chloride the corresponding nitrate 
(1HzO) and sulfate (12H20) are precipitated by the 
addition of ammonium nitrate and ammonium sulfate, 
respectively; with caustic potassium hydroxide solu- 
tion the insoluble chocolate-brown hydroxide (5Hz0) 
is formed (127). 

A solution of the complex diamminecobalt(II1) m- 
phenylenedibiguanide chloride, when digested with con- 
centrated potassium hydroxide, gave, with loss of am- 
monia, pale brown crystals of a diaquo base, [Co- 
(HzO)zCsH~(CzHsN6)z](OH)s.Hz0. On treatment with 
dilute hydrochloric acid it gave red-brown crystals 
of thc diaquo chloride with an equivalent conductivity 
in aqueous solution of Am (35OC.) = 137.9 mhos. 
From the solution of the complex chloride sparingly 
soluble, orangc-brown crystals of the diaquo chloride 
(16H~o) and violet crystals of the oxalate (4H20) were 
obtained by the addition of alkali sulfate and oxalate, 
respectively (127). 

Action of potassium cyanide solution on dicobalt- 
(111) tris(ethy1enedibiguanide) and tris(hexamethy1- 
enedibiguanide) chloride a t  the temperature of a water 
bath, followed by treatment with ammonium chloride, 
led to the preparation of dicyanocobalt(II1) ethylenedi- 
biguanide chloride (3Hz0) and of the corresponding 
hexamethylenedibiguanide chloride (2.5H20), respec- 
tively, in the form of yellow crystalline precipitates. 
Dicobalt(II1) tris(m-phenylenedibiguanide) chloride 
under similar conditions gave orange-yellow crystals of 
the dicyanocobalt(II1) m-phenylenedibiguanide hy- 
droxide (2.5H20), from which by the action of am- 
monium sulfate the sulfate of the complex base con- 
taining nine molecules of water was prepared. The mag- 
netic susceptibility value for the hydroxide is given by 
xr = 0.4635 X lo-“ (161). All these dicyanocobalt(II1) 
dibiguanide complexes can be represented by the gen- 
eral formula [CO(CN)~(B”H~) ]X.aq, where B”Hz = 
a molecule of the dibiguanide and X = OH, C1, or 
*Sod. 

It is rather unlikely from stereochemical considera- 
tions that a molecule of hexamethylenedibiguanide 
might occur in a monomeric octahedral complex. In  
fact, even the dicyanocobal t (I 11) e thylenedibiguanide 

chloride has been found to change more or Iess readily 
into an amorphous gummy mass after its isolation (101), 
indicating the formation of polymeric aggregates, 

F. CHROMIUM(III) BIGWANIDES 

Chromium(II1) biguanide complexes were fist 
studied by RAy and Saha (146). Thcse resemble closely 
the cobalt(II1) biguanides in composition and proper- 
ties, though they are comparatively less stable than the 
latter . 

Unlike the cobalt(II1) biguanides, the chromium(II1) 
biguanide complexes are all paramagnetic with a value 
for the magnetic moment corresponding to the pres- 
ence of three unpaired electrons, in general agreement 
with practically all well-defined chromium(II1) com- 
pounds, both simple and complex. 

1. Tris(biguanide) complexes 
Chromium(II1) tris(biguanide) hydrate, [Cr(CzHa- 

N6)3].Hz0, has been obtained in the form of bright, 
crimson-red, prismatic crystals by the gradual addition 
of a saturated solution of chrome alum to one of bi- 
guanide sulfate in 30 per cent sodium hydroxide solu- 
tion. It behaves in aqueous solution as a triacid base, 
stronger than ammonia. In a pH titration it gives a 
sharp inflection at three equivalents of perchloric acid 
(sa). At 150-16OoC. it loses water to form the anhydro- 
base (146). Complexes with substituted biguanides were 
also prepared in a similar manner. Salts of the complex 
bases, particularly the chlorides, were prepared by 
treating the respcctive bases with appropriate acids or 
ammonium salts, The complex chlorides were then em- 
ployed for the preparation of other salts by double de- 
composition with the corresponding alkali salts. 

All chromium(II1) tris(biguanide) bases are red and 
their salts are yellow to orange-yellow, unless the anion 
is colored. 

The known chromium(II1) tris(biguanide) complexes 
are listed in table 19. 

2. Bis(biguanide) complexes 
The chromium(II1) tris(biguanide) base and its salts 

have been found to undergo slow hydrolysis in dilute 
aqueous solution, particularly on warming (146). This 
has led to the isolation of a series of hydroxoaquo- 
chromium(111) bis(biguanide) complexes (147, 148). 
These bis(biguanide) complexes in dilute aqueous solu- 
tion undergo further hydrolysis on keeping with elimi- 
nation of biguanide molecules, leading finally to the 
separation of chromium(II1) hydroxide. The sequence 
of the hydrolysis is represented as follows (146, 147). 
[Cr(C&N&]X, + 2H2O + 

[C~(HIO)(OH)(CIH~N~)ZIXI + C I H ~ N ~ - H X  

ICr(H10)r(OH)1(C~HrN6)lX + GHrN&.HX 

[Cr(H10)dOHhl + G H ~ N I . H X  

1 + H i 0  

1 + HIO 
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TABLE 19 

The knoton chtomium(ZZZ) Iris( biguanide) complexes 
BH = a molecule of biguanide; B’H = a molecule of a 

subetituted biguanide 

Ligand 

Biguanide , . . , , . . . . . . . , 
CtHiNi 

NL(n-Hexyl)bigusnide, . 
N1-Phenylbiguanide.. . . . COHIIC~HONI 

CIHIC~N~NI  

NLBenrylbiguanide . , . . 
C I H ~ C H ~ C ~ H I N ~  

[Cr(B)i], ICr(B)il. HtO, 

X 
[Cr(BH)a]Xa 

CI, Br, I, 11 (5.6), SCN. Not, 
NO:, HS, tC01 (3, $804 (2), 
18101, tCrO4 ( 6 ) ,  tCrOa (4). 
tFe(CN)n, tCo(CN)c, tCr- 
(SCN)I, tCo(NOt)i, CioHi1090 

X: - Cl.CO:, C1.801 (I) ,  (OH)- 
801 (2.6), Cl.SrO:, CI.CrO4(1), 
Cl.HPO4, c1. IFe(NO)(CN)o], 
(OH) (HKII)I, CI(BiIh, 
OH(SCNh (1) 

A, (30’C.) for the chloride - 148 
mhoa 

a (cryoscopic) for the chloride - 
0.97 in 0.72% solution 

a (cryoscopic) for the baae - 0.76 
in 0.25% s o l u t i o n  
(31°C.) for the hydrated baae - 16.47 X 10-6 

Magnetic moment = 3.88 Bohr 
magnetons 

[Cr(B’H):](OH)a, insoluble in 
water but soluble in alcohol 

[Cr(B’)al, [Cr(B’H)a]Xa 
X = OH, CI, Br, I, NOI, 1904 

(2), fCrO4 
A, (O’C.) for the chloride = 65 

mho8 
a (OOC.) for the chloride 0 0.86 

in 1% solution 
[Cr(B’)a].l.5HrO, [Cr(B’H)r]Xa 
x - CI. 1804 (2) 

Reference0 

(.) The figure in parcnthwes after an anion denotes the number of wster 
molecules in the arystals. 

The acid hydrolysis (aquation) of chromium(II1) tris- 
I (biguanide) and chromium (111) tris(pheny1biguanide) 
complexes into the corresponding diaquobis(biguan- 
ides), recently studied by Banerjea and Chakravarty 
@a), indicates a first-order dependence of the rate on 
both the complex and the hydrogen-ion concentrations. 
Under comparable conditions (complex, 0.001 M; 
HC104, 0.02 M; NaCIO4, 0.2 M ;  temperature, 35.5OC.) 
the pseudo-firsborder rate constants obtained are 0.08 
and 0.018 min.-’, respectively, indicating greater 
lability (kinetic) of the former, which is somewhat more 
8hbk (thermodynamic) (8). The authors suggest that 
the reaction involves protonation of the complcx-bound 
ligand a t  the basic imino (=NH) group which is free, 
followed by the actual loss of the ligand: 

lCr(BH)8]*+ + H +  [Cr(BH)*(BH*)]‘+ -+ 
[Cr(BH)2]*+ + BH2+ 

This mechanism accounts for all the observed facts: 
namely, the dependence of the rate on the concentra- 
tions of the complex and the hydrogen ions as also on 
the decrease in rate with decreasing basic strength of 
the ligand. In support of this the authors observe that 
in the cme of the analogous change for the chromium- 
(111) tris(ethy1enediamine) complex the rate is very 

SlOW 

much slower (155a), although this is less stable than the 
corresponding biguanide complex. This is expected, aa 
in the case of the ethylenediamihe complex protonation 
cannot occur without bond rupture because of the ab- 
sence of a free basic group (8a). 

These hydroxoaquochromium(II1) bis(biguanide) 
complexes resemble the corresponding cobalt(II1) com- 
plexes (138, 142). On treatment with hot sodium hy- 
droxide solution they are all converted to chromium- 
(111) tris(biguanide) hydroxide with separation of some 
chromium(II1) hydroxide (147). 

Hydroxoaquochromium(II1) bis(biguanide) sulfate, 
[Cr(H20) (OH) (CzH7N6)z]S04, separated &9 a violet 
crystalline precipitate when a concentrated solution of 
chromium(II1) tris(biguanide) hydroxide was heated 
on the water bath with a concentrated solution of am- 
monium sulfate. From the complex sulfate the corre- 
sponding chloride (1H20) was obtained by treatment 
with barium chloride solution. The chloride lost all its 
water, including the complex-bound molecule, in a vac- 
uum over concentrated sulfuric acid and gave a chloro- 
hydroxochromium(II1) bis(biguanide) chloride, [Cr- 
(OH)CI(C~H~NL)~]CI. This readily absorbed moisture, 
regenerating the parent hydroxoaquo salt. Alora at 
28.3 ‘C. for the chloride of the chlorohydroxo complex 
is given by 141.9 mhos, which indicates its reconversion 
into the bivalent cation of the hydroxoaquo complex, 
but the measurement of its molecular weight in 0.32 
per cent aqueous solution by the freezing-point method 
indicates the presence of the practically unchanged 
univalent cation of the chlorohydroxo complex (i = 
1.875). From a solution of the complex hydroxoaquo- 
chromium chloride other salts of the complex, viz., the 
bromide, the iodide, the thiosulfate, and the chromate 
(lHzO), were prepared by the action of solutions of ap- 
propriate alkali salts. The camphorsulfonate of the com- 
plex separated spontaneously from a solution of the 
corresponding tris(biguanide) salt upon hydrolysis. 
The hydroxoaquochromium(II1) bis(biguanide) hy- 
droxide and its nitrate were obtained by digestion of 
the complex sulfate with a solution of barium hy- 
droxide and barium nitrate, respectively (147). The 
thiocyanate of the hydroxoaquo complex was found 
to separate in the form of red-violet crystals from the 
mother liquor remaining after the crystallization of all 
tris(biguanide) thiocyanate, which was prepared by 
the reaction be tween chromium (111) tris (biguanide) 
sulfate and barium thiocyanate. The tris(biguanide) 
thiocyanate, as indicated by the cryoscopic measure- 
ment, is hydrolyzed in aqueous solution (148). 

The dithiocyanatochromium(II1) bis(biguanide) 
thiocyanate, [CI(SCN)~(C~H~N&]SCN, was obtained 
in the form of beautiful red crystals by heating on the 
water bath a mixture of concentrated solutions of chro- 
mium(lI1) tris(biguanide) hydroxide and ammonium 
thiocyanate until all free ammonia had escaped from 
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Ligand I Complex(') 

the solution. The measurement of its molar conductivity 
in aqueous solution (Alo24 att 28OC. = 276.6 mhos) and 
of its molecular weight by the cryoscopic method in 
0.37-0.75 per cent solution (molecular weight = 167- 
170; calculatt!d valiie = 428) indicate that the sub- 
stance readily undergoes hydrolysis, giving rise pre- 
sumably to a diaquo derivative, [Cr(HzO)~(CzH7N6)2]- 
(SCN)g, in solution (148). This was confirmed by the 
preparation of the brick-red diaquochromium(II1) bis- 
(biguanide) nitrate (1HzO) from the dithiocyanato- 
chromium(II1) bis(biguanide) thiocyanate by digestion 
with a concentrated solution of silver nitrate in the cold. 
The diaquo nitrate, however, lost all its water, includ- 
ing that bound inside the complex, a t  about 12OoC., 
obviously with the formation of a dinitratochromium- 
(111) bis(biguanidc) nitfrate (148). 

Using (2-hydro~yet~hyl)biguanidc Sengupta and RAy 
(166) have prepared a number of complex hydroxo- 
aquochromium(II1) bis(biguanide) compounds: the 
hydroxide (1.5HzO), the chloridc (2.5H20), the bro- 
mide (lHzO), the iodide (0.5HzO), the nitrate, the sul- 
fate (1.5HzO), the thiosulfate (1H20), the dithionate 
(3Hz0), and the chromate (1.51%0). The complex sul- 
fate was obtained in the form of rose-red crystals by 
adding a solution of chrome alum to an alkaline solution 
of (2-hydroxyethy1)biguanide sulfate and then heating 
the mixture on the water bath, followed by cooling and 
neutralization with dilute sulfuric acid. It gave a mag- 
netic susceptibility value, xB = 13.89 X a t  
32OC.; magnetic moment = 4.19 Bohr magnetons 
(166). From the sulfate the free complex base and the 
complex chloride were obtained as usual by the action 
of barium hydroxide solution and barium chloride solu- 
tion, respectively. The equivalent conductivity at 
35OC. for the chloride is given by A, = 147.8 mhos, a 
value which indicates partial hydrolysis. The other 
salts were obtained from the solution of the complex 
chloride by the addition of solutions of appropriate al- 
kali salts. With the exception of the chloride, the salts 
are sparingly soluble in water; the complex base, on the 
other hand, is highly soluble. The salts lose their com- 
plex-bound water molecules even at as low a tempera- 

Reference 

ture as 90°C., presumably giving rise to di-p-hydroxo- 
chromium(II1) tetrakis [ (2-hydroxyethy1)biguanide J 
salts (166). 

2 (Cr(H2O) (OH)(HOCZH~CZHRNS)ZI XZ -+ 

.Cr(HOC2HdC2HeNs)2 X, + 2 H 2 0  (HOCzH,C2H6N5)2Cr' . I 'OH' 1 . HO\ 

3. Dibigwlnide complexes 
Like cobalt(III), chromium(II1) combines with di- 

biguanides to form binuclear tris(dibiguanide) com- 
plexes. Several such complcxes, both as bases and as 
salts, with ethylenedibiguanide, hexamethylenedibi- 
guanide, m-phenylenedibiguanide, and p-phenylcnedi- 
biguanide have been described (43, 108, 127, 134). The 
complex binuclear tris(dibiguanide) bases were ob- 
tained as usual by the action of a saturated solution of 
chrome alum on a warm, strongly alkaline solution of 
the sulfate or chloride of the dibiguanide concerned. 
The complex bases form red crystals, which are spar- 
ingly soluble in water; from these bases salts were pre- 
pared in some cases as usual. Table 20 gives a list of 
these known dibiguanide complexes. 

G .  SILVER(III) BIGUANIDES 

RAY and Chakravarty (124) have described a com- 
plex silver ethylenedibiguanide base and some of its 
salts in which the central 4-covalent silver atom occurs 
in the tripositive state. The salts of the violet-red base 
form beautiful deep red, needle-shaped crystals. They 
are all diamagnetic like the nickcl(I1) and palladium(I1) 
biguanide complexes. The compounds are quite stable 
in the solid state; the nitrate can be recrystallizcd with- 
out change from 2 N nitric acid. As the electronic con- 
figuration of a tripositive silver ion resembles closely 
those of bivalent palladium and nickel, the authors as- 
sume that these complex tripositive silver biguanide 
compounds possess a square planar structure with 
dsp2  hybrid bonds as in the case of the nickel(I1) or 
palladium(I1) compounds (see structure XXXIII). 

Silver(II1) ethylenedibiguanide sulfate, [AgCpHd- 

N',WI-Ethylenedibiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C ~ H ~ C ~ H I N I ) ~  

N'J"-Hexamethylenedibiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N',NL(~Phenylene)dibiguanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ChHidCaHaNda 

CdI4CiII~Ndt 

N1,NL(pPhenylene)dibigvanide .......................................... 
CIH~(GHINS) I 

[Crz(B"HdIIXs 
X = OH, C1 (91, +SO1 (10); the salts loae water at 110% 
xg (30°C.) for the chloride = 8.764 X lo-' 
Magnetic moment = 3.58 Bohr magnetons 
[Cra(B"Ha)rl(OH)~~1.6HtO; IOBCE all the water at 120OC. 

[Cr:(B"Ha),lXo 
X = OH (4), C1 (S), NO,, 4804 (11) 
The base loses 4 H i 0  at OOOC. 
ICra(B'711.SHa0; losea 8.6 Ha0 at 10SoC. 

to form the anhydrobase, [Cra(B")il 
(43) 

(127) 

(') The figure in parentheses after an anion denotes the number of wstar moleoulea in the orystda. 
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Oomplex 

Di-a-hydroxomanganese tetrakidbiguanide) . . . . . . . . . . . . . . . . . . . . . . 
[Mnc(OH)c(B)c] *HtO 

Hydmxoaauomanganese ethylenedibiguanide. . . . . . . . . . . . . . . . . . . . . 
[Mn(HtO)(OH) (B')]  .O.SHIO 

Diaquommgmsw ethylenedibiguanide sulfate. . . . . . . . . , . . . . . . . . . . 
[Mn(H:O)dB'H:) h(80314H10 

Diwuomansaneae ethrlensdibiguanide nelenata. . . . . . . . , . . . . . . . . . . 
Dhuommganese ethylenadibisuanide chromate. . . . , . . . . . . . . . , , , , 

[Mn(HiO)dB'Hd b(&odB .6H10 

[M n(HtO)i (B'HI) 11 (CrO,) I .  6HsO 

(C2H6N~)l]t(SO&.7H20, is obtained in the form of red, 
silky crystals when a solution of silver sulfate mixed 
with one of ethylenedibiguanide sulfate is oxidized in 
the cold with potassium persulfate. The substance loses 
all its water at 8OOC. It is moderately soluble in water 
and gives a magnetic susceptibility value, X I  = 

The complex base, [AgCzH@~HaN&](0H)a.3H2Ol 
obtained from the sulfate by treatment with a cold 
15 per cent solution of sodium or potassium hydroxide, 
forms microcrystals of violet-red color, resembling 
those of potassium permanganate. It is Rparingly sol- 
uble in cold water and reacts strongly alkaline to litmus. 
X ,  = -0.393 X lo-" (124). 

The complex nitrate and the perchlorate (1.5H20) 
are prepared by treating the moist base with a cold 
solution of 1 N nitric acid and 60 per cent perchloric acid, 
respectively. While the complex nitrate is moderately 
soluble in water, the perchlorate is highly soluble. X ,  
for the nitrate = -0.402 X 

The rate of decomposition of the complex silver(II1) 
ethylenedibiguanide nitrate has been studied a t  differ- 
ent pH values at 25O, 35O, and 45OC. The reaction, 
which is pH dependent, is believed to occur in a com- 
plicated manner. It has been suggested that in aqueous 
solution the decomposition proceeds mainly through 
some intermediate stage with the formation of biposi- 
tive silver and hydrogen peroxide, while the direct 
decomposition of Aga+ to Ag+ predominates in acid 
solutions (158). 

-0.394 X lo-" (124). 

(124). 

Referenoe 

(111) 

Properties 

Chocolatecolored crystals; insoluble in water: loses water at QO'C.; 
hydrolyses in contact with water and reach strongly alkaline to Lit- 
mus; gives a violet solution in iyrupy phosphoric acid 

y (30'C.) - 31.9 X 10-8 
Magnetic moment - 4.70 Bohr magnetons 
Chocolate-red crystals; aparingly soluble in water; loam 0.5 H i 0  at 

QO'C.; aqueous solution strongly alkaline to litmus and hydrolyses 
to the diaquo complex 

x, (3OOC.1 = 12.88 X 10-0 
Magnetio moment - 3.22 Bohr magnetons 
Yellow, silky orystals; almost insoluble in water; loses water at 80°C.. 

x. (ZQOC.) - 18.12 X 10-6 
Magnetio moment - 4.67 Bohr magnetons 
Reeembles the sulfate in properties; does not decompose even in boiling 

Brownish yellow, silky crystals; sparingly soluble in water 
x, (30'C.) = 14.16 X 10-4 
Magnetic moment = 4.68 Bohr magnetons 

(111) 

(111) 
giving [Mn(HsO) (804) (B'Hr) lis04 

( I l l )  

(111) 
water 

H. MANGANESE BIGUANIDES 

Ray and RAY (111, 112) have recently described a 
number of quite stable biguanide complexes of tri- 
valent and tetravalent manganese. They form cationic 
complexes containing two bidentate biguanide mole- 
cules or one quadridentate dibiguanide ligand. Gen- 

erally speaking, they may, therefore, be rrgarded as 
complexes of the bis(biguanide) series. Thc triposi tive 
manganese forms hydroxoaquo bis( biguanide) and hy- 
droxoaquo dibiguanide complexes, besides the diaquo 
dibiguanide complex, while in the tetrapositive state it 
invariably forms dihydroxo bis(biguanide) and di- 
hydroxo dibiguanide complexes. 

1, Manganese(I1I) complexes 
Di-phydroxomanganese(II1) tetrakis(biguenide), 

1 b 2 H 8 N d 2 M n ,  ,OH-. /Mn(Cd%Nd2 e H 2 0  

"HO 

has been prepared by oxidizing with a brisk current of 
air a mixture of manganese(I1) sulfate and a strongly 
alkaline solution of biguanide sulfate. The manganese 
hydroxide, first formed in suspension, is gradually oxi- 
dized and converted into dark, chocolate-colored, glist- 
ening crystals of the dihydroxo compound. The Bame 
product results when a freshly prepared solution of 
manganese(II1) acetate is treated with an alkaline 
solution of biguanide (1 11). 

When ethylenedibiguanide waa substituted in the 
above preparation, dark chocolate-red crystals of 
hydroxoaquomanganese(II1) ethylenedibiguanide com- 
plex were obtained (111): 

IMn( Hz0) (OH) 4 H d  CzHsNs)zl-O. 6H:O 

The hydroxoaquomanganese(II1) ethylenedibiguanide 
in dilute acetic acid solution changes to diaquoman- 
ganese(II1) ethylenedibiguanide acetate, from which 
the sulfate, selenate, and chromate of the diaquo com- 
plex were prepared (1 11).  The composition and proper- 
ties of the known manganese(II1) biguanide complexes 
are summarized in table 21. 

With the exception of hydroxoaquomanganese(II1) 

TABLE 21 
Tha kmnon manganese( IIZ) bigmnide compkztx 

BH = a molecule of biguanide; B"Ha = a molecule of a dibiguanide 
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cthylenedibiguanide the compounds show a value for 
the magnetic moment more or less in agreement with 
the theoretical value of 4.9 Bohr magnctons on the 
basis of spin-only effective formula for an ionic or 
outer-level tripositive manganese complex without any 
electron pairing. The lower moment value of 3.22 Bohr 
magnetons for the hydroxoaquomanganese(II1) ethyl- 
enedibiguanide suggests that i t  must be regarded as an 
inner-level complex with d2spa octahedral bonds, but 
with an incomplete quenching of its orbital moment 
(93). 

1. Manganese(IV) complexes 

Dihydroxomanganese(1V) bis(biguanidc) hydroxide, 
[Mn(OH)2(C2H7N6)2](OH)2, has bcen obtained in the 
form of dark red crystals by the action of potassium prr- 
manganate on an alkaline solution of biguanidc sulfate. 
Oxidation of a mixture of manganesc(I1) sulfate and 
biguanide sulfate in alkaline solution with hydrogcn 
peroxide or sodium pcrsulfatc also serves as altjernative 
methods of preparation. By treating a solution of the 
complex hydroxide in diliite acetic or nitric acid with 
solutions of appropriate alkali salts, the following salts 
of the complex base have been preparcd (112) : nitrate, 
sulfate (4.5H20), hydrogen phosphate ( 1.5H20), oxalate 
(0.51&0), iodate (2H20), chromate (3HzO), fluoberyl- 
late (3.5H20). 

The nitrate forms dark, chocolate-colorcd, shining 
crystals, readily soluble in water. The equivalent con- 
ductivity of its solution at 29°C. is A, = 130.2 mhos. 
The sulfate forms a snuff-colored crystalline powder, 
sparingly soluble in water; it loses 4.5 HzO at8 90°C. 
The iodate also loses 2 HzO in a vacuum (1 12). 

An alcoholic solution of ethylenedibiguanide sulfate, 
when treated with solutions of manganese(I1) sulfate 
and sodium persulfatc, gave sparingly soluble, reddish 
brown crystals of dihydroxomanganese(1V) ethylene- 
dibiguanide hydrate, [Mn(OH)2CzH~(CzH6N&) * 1.5Hz0 
(112). 

Action of potassium permanganate on an alkaline 
solution of hexamethylenedibiguanide sulfate also led 
to the formation of dihydroxomanganese(1V) hexa- 
methylenedibiguanide hydroxide, [Mn(OH)zCaH12(C2- 
HsNa)z](OH)2.2Hz0, in the form of insoluble, dark red 
crystals (43). 

The magnetic susceptibility of all thcse dihydroxo- 
manganese(1V) biguanide complexes has bcen measured 
a t  about 30°C. and their effective moment values have 
been found to lie between 2.0 and 2.83 Bohr magnetons, 
values which are much lower than the theoretical spin- 
only value of 3.87 Bohr magnetons for an ionic or 
covalent complex of tetrapositive manganese. A study 
of the variation of the magnetic susceptibility of di- 
hydroxomanganese(1V) bis(biguanide) nitrate with 
temperature shows a linear decrease of its value for the 
effective moment from room temperature (300°1<.) 

down to 140°K. A much higher effective moment 
value of 3.41 Bohr magnetons has, however, been re- 
ported for the complex nitrate in aqueous solution. 
A consideration of these facts has led to the concluaion 
that in the manganese(1V) biguanide complexes the 
bonds are of the covalent d2spa type with some mctal- 
metal linkage in the solid crystallinc state (1 12). 

I. VANADIUM(IV) BIGUANIDES 

Tetrapositive vanadium has been found to combine 
with biguanides to form vanadyl biguanides which may 
be represented as sixfold, and in some cases also as 
fivefold, coordination complexes, assuming that the 
oxygen atom satisfies only onc coordination position (9). 
All thesc compounds contain thr vanadyl group, VO++. 
Thesc oxovanadium complcxcs with biguanidcs and di- 
biguanides are preparcd by the rcttction bctwcen van- 
adyl sulfate and an excess of biguanides in alkaline 
solution. The products form bluish grcen to light grcen, 
insoluble, crystalline powdcrs. The complexes with 
alkyl biguanides are more or less hydrolyzcd in contact 
with water. The compounds can be heated to 110OC. 
without decomposition, but all are decomposed by acids 
(9). Their composition and values for the magnetic 
moment are given in table 22. 

TABLE 22 

The known r;anadium(ZV) biguanide c o m p b u j  
BH = a molecule of biguanide; B'H = a molecule of a 

substituted biguanide; B"HI = a molecule of a dibiguanide 

Ligand 

NLMethylbigiranide . . . . . . , . . . . . 
CHrCiHtNi 

NrEthylbiguanide. . . . . , , . . , . . . . 
CrHGHsNs..  . . . . . . . . . . . . . . . . 

N~,N'-Dirnethylbiguanide. . . . . . . . 
(CHi)rCillrNI 

Nl-(n-Hexyl)biguanide. . . . . . . . . . 
CaHiaCiHsNI 

N1,NIEthyIenedibiguanide. . . . . . 
C;HdCtH*Ndt 

N1,NI-Hexamethylenedibigusnlde. 
CaHrdCiHaNdi 

Complex 

[VO ( HtO) Br I 
XE - 3.95 x 10-4 
Magnetic moment = 1.76  

IV0B:I 
xg - 3.21 x lo-' 
Magnetic moment - 1.62  

IV0B:l 

Bohr magnetons 

Bohr magnetons 

Q = 2.17 X 10-8 
Magnetio moment - 1.46  

Bohr magnetons 
lv0R:l 
Q - 2.74 x 10-0 
Magnetio moment 1 . 8 0  

[VO(HsO)B: I 

Magnetic moment - 1 . 8 1  

Bohr magnetons 

xg = 2.37 x lo-' 

Bohr magnetons 
(VO(Hr0)B"j~O.  61310 
,Q = 4.36 X 10-4 
Magnetio moment = I .94 

Bohr magnetons 

1 . 5  HtO at 1lO'C. - 1.81 x 10- 

Bohr magnetons 

(VO(I~ tO)B"]~ l .6HiO:  IOSW 

Magnetio moment - 1.50 

A tetrapositive vanadium either in its simple or in 
its complex compounds should show a moment value 
of 1.73 Bohr magnetons, corresponding to the presence 
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of one unpaired electron on the basis of spin-only for- 
mula. Some of these vanadyl biguanide compounds, 
however, show a moment value of 1.48-1.62 Bohr mag- 
netons. The lower values possibly arise from an ex- 
change interaction leading to the formation of a metal- 
metal bond to a certain extent. 

J. RHENIUM(V) BIGWANIDES 

Ray and RBy (113) have recently reported the prepa- 
ration of a rhenium(V) biguanide complex, oxohydroxo- 
rhenium bis(biguanide) hydroxide, [ReO(OH) (CaH7- 
Ns)z](OH)z. This was obtained in the form of shining, 
rose-violet crystals by treating a strongly alkaline solu- 
tion of biguanide sulfate with one of potassium hexa- 
chlororhenite, K&eCh. Rhenium(1V) is oxidized by 
air during the reaction to rhenium(V). On treatment 
with ammonium salts or neutralization with dilute acids 
the complex base yielded a number of salts of the com- 
position [ReOz(CzH~Na)2]X, where X = C1, Br, I, 
SCN, NOa, CH&OO, $COa, tCz04, jSO,, and 
tHPO4 (113). It is, therefore, quite likely that during 
neutralization or salt formation the base suffers a 
change, owing to the transfer of a proton from the com- 
plex to the outer zone, giving [R~O~(C~HIN&]OH--  

The salts of the dioxorhcnium(V) biguanide complex 
form yellowish brown, silky crystals, sparingly soluble 
in water. The complex acetate a t  room temperature 
shows a molar conductivity of 74.76 mhos. The valence 
state of rhenium in both the base and its salts has been 
determined by their reaction with hydrogen peroxide 
in acid solution, followed by titration with perman- 
ganate. Both the base and its salts have been found to 
be diamagnetic. This is rather anomalous for a hexa- 
covalent pentapositive rhenium complex. Formation of 
a rhenium-rhcnium bond has been suggested as an ex- 
planation (1 13). 

HzO. 

K. OSMIUM(VI) BIGUANIDE 

A solution of osmium tetroxide, 0,904, in concentrated 
hydrochloric acid, when treated with an alkaline solu- 
tion of biguanide sulfate, was found to give a yellow 
crystalline precipitate, having the composition [OsOZ- 
(CzH6N&], of osmyl bis(biguanide) with hexnpositive 
osmium. The product suffered no change even when 
heated to 130OC. for several hours. On digestion with 
hot concentrated hydrochloric acid i t  dissolved to form 
an olive-green solution from which, upon the addition 
of biguanide sulfate, sparingly soluble, olive-green crys- 
tals of the osmyl bis(biguanide) sulfate, [OsOz(CzHr 
N&]SOd*HzO, gradually separated out (110). 

In the absence of any determination of the valence 
state of osmium the alternative formulas with tetra- 
positive osmium-viz., [OS(OH)Z(C~HBNS)Z] and [Os- 
(OH)2(CgH7Nb)2]SO(* HzO-might as well be suggested. 
But as the yellow anhydrobase does not lose any weight 

even a t  13OoC., the formation of a dihydroxoosmiiim- 
(IV) bis(biguanide) complex is rather unlikely. 

L. ZINC BIGUANIDES 

A number of zinc biguanide compounds containing 
biguanide, methylbiguanide, ethylbiguanide, and ethyl- 
enedibiguanide have been recently described (1 15). 
They have the formulas [Z1l(CzH6Ns)a 1, [Zn(CHaCn- 
HsN& I ,  [Zn(CzH~CL&”)a I, and [ Z ~ C Z H I ( C ~ & N S ) ~  1 - 
HzO, respectively. These compounds are prepared by 
the action of sodium zincate on biguanides in strongly 
alkaline solutions. They form white, silky crystah, hut 
are readily hydrolyzed by water with separation of 
zinc hydroxide; the zinc alkylbiguanides are the least 
stable and the zinc ethylenedibiguanide is the most 
stable in this respect. They can, however, be recrystal- 
lized from a hot solution of an alkali containing a little 
of the chelating ligand. 

V. STABILITY OF METAL-BIGUANIDE COMPLEXES 

In recent years there has been much study on a 
quantitative basis of the formation, dissociation, and 
stability of metal-biguanide complexes; those of bi- 
valent metals like copper and nickel have received par- 
ticular attention in this respect. The isolation of a 
series of unibiguanide and bis( bigunnide) complexes 
of copper(II), and of bis(biguanide) and tris(biguanide) 
complexes of cobalt(II1) and chromium(III), demon- 
strates that in these cases the complex formation occiirs 
stepwise through successive stages, in agreement> with 
Bjerrum’s theory (13). In the case of nickel(I1) and 
palladium(I1) biguanide complexes, however, only 
their bis(biguanide) compounds could be prepared. 
A physicochemical study of the mechanism of for- 
mation and decomposition of many of the metal- 
biguanide complexes has made it possible to define 
precisely the conditions and range of existence of these 
complexes inclusive of any of t,heir intermediate prod- 
ucts and to determine the instability constant of each. 
Two experimental methods have been mainly employed 
for this purpose: 

(1) The measurement of the pH of solutions in which 
the decomposition or formation of metal-biguanide 
complexes occurs and of the dissociation constants of 
the protonated biguanide ligand concerned (34, 36, 
157). 

(2) Spectrophotometric measurement of the optical 
density of the colored complex in solution in which its 
formation or decomposition occurs, together with a 
knowledge of the dissociation constants of the proto- 
nated ligands concerned (109, 114, 167). 

The formation and decomposition of metal-biguanide 
complexes have been discussed on a statistical basis 
in the light of Bjerrum’s theory (13) rn occurring gen- 
erally in a reversible manner through consecutive inter- 
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mediate stages except in the case of nickel and palla- 
dium (34, 36, 109, 114). 

A detailed study of the formation and decomposition 
of some copper(I1) and nickel(I1) complexes of differ- 
ent biguanides by the pH/potentiometric method has 
led to the conclrision that the copper(I1) biguanide 
complexes are formed or decomposed in aqueous solu- 
tion in two successive steps, involving an intermediate 
stage of unibiguanide complexes, while the nickel(I1) bi- 
guanide complexes, as well as the copper(I1) and 
nickel(I1) dibiguanide complexes, suffer complete dis- 
sociation in a single step and are also formed in a single 
step from their components. In  the case of copper the 
successive instability constants for the unibiguanide 
and bis(biguanidc) complexes are distinguished by the 
symbols k, and k2; the overall constant K is given by 
the product kt.kz (34, 105). 

The spectrophotometric method has also led to more 
or less similar values for the instability constants of 
many of these coppcr(I1) and nickel(I1) biguanide com- 
plexes (109, 114, 167). Tablc 23 gives these values in a 
collected form. 

The stepwise and reversible formation of copper(I1) 
biguanide complexes is represented as follows (34), 
where BgH = a molecule of any biguanide. 

CU++ + BgHs+ 

[Cu(BgH)] ++ + BgHz+ 

[Cu(BgH)]++ + H +  

[Cu(BgH)z] ++ + H +  

From table 23 the following order of stability for the 
4-covalent copper(I1) and nickcl(I1) complexes of differ- 
ent biguanides can be deduced: copper ethylene- 
dibiguanide > copper biguanide > copper methyl- 
biguanide = copper ethylbiguanide = copper (2-hy- 
droxyethyl) biguanide = copper (3-hydroxypropyl) bi- 
guanide z copper (2-methoxyethy1)biguanide z cop- 
per (3-methoxypropyl)biguanide = copper phenyl- 
biguanide > copper dimethylbiguanide > copper m- 
phenylencdibiguanide = copper diethylbiguanide. 

There is only a slight variation in the order for nickel 
complexes : nickel ethylenedibiguanide > nickel bi- 
guanide > nickel (2-hydroxyethy1)biguanide = nickel 
(3-hydroxypropyl) biguanide > nickel methylbiguanide 
= nickel ethylbiguanide = nickel (2-methoxyethy1)- 
biguanide = nickel (3-methoxypropy1)biguanide = 
nickel phenylbiguanide > nickel dimethylbiguanide. 

In  all cases the nickel complexes are much less stable 
than the corresponding copper complexes; the overall 
value of the instability constant for the nickel complex 
of amy particular biguanide is generally lo4 to lo6 times 
greater than that of the corresponding copper complex 
(i.e., the pK value is 4-5 units less). 

From a consideration of the KO? values (table 1) of the 
different biguanides, the instability constant values of 
whose copper(I1) and nickel(I1) complexcis are listed 
in table 23, they can be arranged in the following order 
of their basic strength : ethylenedibiguanide > bi- 

gunnide = methylbigunnide z ethylbiguanide = (2- 
hydroxyethyl) higuanide = (3-hydroxypropyl) biguan- 
ide = (2-methoxyethy1)biguanide = (3-methoxypro- 
py1)biguanide = dimethylbiguanidc = diethylbiguan- 
ide = m-phenylenedibiguanide > phenylbiguanide. 

No strict correlation between t,he basic strength of 
the ligands and the stability of their metal complexes 
could, however, be made (14, 16, 19, 20, 21, 35, 114). 

A comparison of the overall pK values of 4-covalent 
copper(I1) and nickel(I1) complexes of biguanides and 
dibiguanides with those of other ligands, as given below, 
shows that biguanides and dibiguanides behave as the 
most powerful coordinating agents of all these ligands. 

Salicylaldehyde and its 
derivatives, . . . . . . . . . . . .  

Acetylacetone and ita 
derivatives. . . . . . . . . . . . .  

Ammonia. . . . . . . . . . . . . . . .  
Etbylenedismine . . . . . . . . .  
Tetramines. . . . . . . . . . . . . .  
Biguanidea . . . . . . . . . . . . . . .  
Dibiguanides . . . . . . . . . . . . .  

8-14.4 (20, 87) 

1 2 1 7 . 4  (20) 
12.6 (1) 
19.6 (21) 
18.8-20.4 (I ,  m a )  
14.3-18.6 
14.4-21.0 

0 . 2  (87) 

12.4 (87) 
7 . 8  (1) 
1 3 . 8  (21) 
14-14.6 (1, 1668) 
10.4-13.6 
17.1 (for ethylene- 

dibiguanide) 

The stability of the silver(II1) ethylenedibiguanide 
nitrate in 2 N potassium nitrate solution has been deter- 
mined from the equilibrium constant of the reaction 
between the complex salt and hydrogen ion (nitric 
acid), using the acid dissociation constants of the ethyl- 
enedibiguanide base. The equilibrium constant was 
derived from the pH and Aga+-ion concentration of the 
equilibrated solution. The latter waa obtained from a 
measurement of the redox potential of the equilibrated 
solutions in the presence of Ag+ ion. It has been found 
that the silver(II1) ethylenedibiguanide complex, like 
the corresponding copper (11) and nickel(I1) complexes, 
dissociates in a single stage. The value of the instability 
constant of the complex ion for the reaction: 

[AgCzK(CzH~Ns)zJ*+ e Ag*+ + C~&(Cdh"h 

was also corrected for any decomposition of the tri- 
valent silver ion in aqueous solution. The decomposition 
of the latter in solution is believed to proceed as fol- 
lows : 

Aga+ + HzO S Ag+ + 2H+ + BO2 

The corrected value for the instability constant of 
the complex nitrate is given by pK = 52.16 a t  p = 
2 M potassium nitrate and 32OC. (157), as against 
21.66 of the copper(I1) ethylenedibiguanide complex 
(34) * 

From determinations of the equilibrium constants of 
the decomposition reactions of cobalt(II1) tris(bi- 
guanide) and cobalt(II1) tris(pheny1biguanide) com- 
plexes with acids and of the concentration of Coa+ ions 
in solution by the potentiometric method the instability 
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TABLE 23 

ZnsWi l i t y  m l c l n l s  of w p p r ( I Z )  and nickel(II) biguanidc compleza 
Values by both potentiornetria and speatrophotometric methods are given wherever available 

Temperature - 32°C.; p = ionic strength 

LIgand 

-~ ~ 

Blgurnlde ..................................................... 

NLMetbylblgiranide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Ni-Ethylbi@mdde ... . . . . . . . . . . . . . . ,. , . . . . . . . . . . . . . . . . . . . . . . . . . I , .  

NI-Phenylblgusnlde. . . . . . . . . . . . . . I . . , . . , . , , . . , , , , . , . . , . , , , , . , . , . , . . 

N1,NLDimethylbigusnide. . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Nl,N'-Dlethylbigusnide. . . . . . , . , . . . . . . . . . . . . . . . . . I . .  . . , .  . . . . . . . . . . . 

NI-(Z-Hydroryethyl)bigiisnide, . , , . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . 

N1-(3-Hydroxypropyl) bieuanide . . . . . . , . . . . . . , . . . . , . . . . . . . , . . . . . . . 

NL(lrMethoxyethy1)hilliisnide. . . . . . , , . . , . . . . , . , . . . , . . , . . . . , . . . . . . . . 

NI-(3-Methoxypropyl) blguanida . . . . . . . . . I I . . . . . . . . . . . . . . . . . . . . . . . . . 

NI,NLEthylenedlbiguinide, . . , . . . . , . , . . . . , . , . . . . . . , . . . . . . . , . . . , . . . . 

N~,NL(m-Pbenylsne)dibigu.rride. . . , . . , . . . , . . . . . . , . , , . , . , . . . , , , . , , . . 

Instability Conatants 

Copper oomplex 

ki - 7.87 X IO-" 
kr - 6.76 X lo-' 
K - 4.64 X 10-1' 

ki - 4.95 X 10-11 
k: - 6.01 X 10-8 
K - 2.Q8 X 10-l' 
a - 36.0  (660 mr); pH - 4.26 
( 1  - 38.6 (520 mr); pH > 7 . 0  
p - 0 . 6  M KCl 

ki - 3.0 X 10-1' 
ki - 2.36 X lo-' 
K - 7.08 X 

ki - 2 .8  X l O - l e  
ki = 2 . 8 8  X 10- 
K - 7.46 X 10-1' 
41 - 36.0 (660 mr); pH - 4.86 - 40.0  (520 mr); RH > 7 . 0  
p - 0 . 5  M KCl 

ki - 3.68 X 
k: - 2.70 X IO-' 
K - 1.02 x 10-1' 

L - 8.62 X 10-10 
I :  - 2.06 X IO-' 
R 3 1 ~ 7 7  x 10-17 

ki - 6.83 X 10-l' 
kr - 4.76 X IO-' 
K E 2.77 X 10-1' 
el - 42.16 (850 mr); pH - 4.86 
# S  - 85.6 (550 mr); PH > 7.0  
p - 0 . 6  M KCl 

ki 3.2  X lo-' 
kr = 8 .5  X lo-' 
K - 2.72 X 10-1' 

I1 - 1.04 x 10- 
kr = 4.68 X lo-' 
K = 4.9 x 10-11 

ki 1 . 1  X 10-'0 
k: = 1.13 X lo-' 
K - 1.24 X 10-I' 
e i  - 47.39 (640 mp); pH - 4.76 
e, = 46.88 (640 mr); pH - 8.0 
p = 0 .2  M KCl 

ki - 2.70 X lo-" 
kr = 0.38 X lo-' 

e1 = 34.67 (6-50 mp); pH - 4.76 
= 45.10 (526 md: PH - 7 . 5  

p = 0.2  M KCI 

ki - 1.70 X lo-" 
kr - 0.32 X 10- 

K = 1.03 x 10-17 

K = 0 . 6 8  x 10-17 
et  = 43.35 (640 md; pH - 4 .8  

= 47.30  (525 mp); pH - 7.5 
p = 0 . 2  M KC1 
ki - 3.02 X 10-'0 
kr - 0.39 X 109 
K - 1.17 X 
el - 37.80 (845 mp); pH - 6 . 0  - 47.88 (626 mp); pH - 7.6 
p - 0 . 2  M KCI 

K = 2.2  x lo-" 

K - 2.14 X lo-*' 
e E 5 0 . 5  (520 mr); pH - 4.0 
Y - 0.26 M KCI 

K - 3.63  X 1O-t@ 

Niakd complex 

K - 3.31 x 1 0 - 1 4  

R - 3.24 X 10-1' 
a - W . 0  (460 mp) 
p - 0 . 6  M KCI 
pH - 8 

K - 1.88 x 10-1' 

K - 0.66 X IO-I i  
e - 66.0 (466 mp) 
p - 0.5 M KCI 
pH - 8 .6  

K - 1.66 X 1O- l*  

K - 5.25 X 10-1' 

K - 0.12 X 10-li 
e - 86.0 (460 rnp) 
p - 0 . 6  M RCI 
pH - 7 . 8  

K - 4.27 X 10-11 

K - 2.07 X lo-" 

e - h l  . O  (460 mu) 
pH = 8 . 0  
p c 0.2  M KCI 

K - 4.78 X 10-1' 
e - 48.71 (470 mp) 
pH = 8 . 0  
p - 0 . 2  M K O  

K - 10.94 x 10-11 
e - 68 .I39 (460 mp) 
pH - 8.25 
p - 0 . 2  M KCI 

R - 1.77 X 
e - 64.21 (486 mr) 
pH - 8.26 
Y - 0 . 2  M Rcl 

K - 7.08 X 10-1* 

K - 3.81 X 10-18 
e - 114.0 (470 mp) 
p H  - 6.6 
c - 0.26 M KCI 

- 

Referenced 
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Complex 

Co(II1) tris(biguanide). ................................................... 
CoUII) tria(pheny1biguanide). ............................................. 

- 
h ki R 

10-1' 2 . 3 1  X 10-11 4 .86  x  io-^^ 
10-14 2!34 X 10-1' 7.80 x IO-' 

constants of these complexes have been calculated 
(36). I n  accordance with Bjerrum's view (13) the 6- 
covalent cobalt(II1) tris(biguanide) complexes have 
been shown to decompose in three consecutive stages: 

[CO(GH&I)I]*+ + H+ 
[CO(CPHIN~)~]'+ + H +  S [Co(CrH7Nr)]'+ + (GHsNs)+ 

[Co(CnH7Ns).d'+ + (CI&NI)+ 

[CO(C*H~N*)]'+ + H +  e Goa+ + (C,HaNs)+ 

The instability constants, kl, kz, and ka, for each 
stage (unibiguanide to tris(biguanide)), as well as the 
overall constant K = kl*kz.ka at 33OC., are given 
above (36). The K value for hexamminecobalt (111), 
however, is only of the order of 

The stability of chromium(II1) biguanide and of 
chromium(II1) phenylbiguanide complexes has been 
investigated in a similar manner from a study of their 
decomposition with acids (8). The successive instability 
constants, ka and I C z ,  only have been determined in these 
cams a t  32OC. (8). 

(81). 

CuRr.4HCl. ...................... 
CuRs.4HC1.2HiO.. ................ 
(RH)r~CuCL.ZHaO.. . . . . . . . . . . . . . . .  
CuRr .4HC1.2KOH. . . . . . . . . . . . . . . . .  
(RH)r,CuBrc. HrO. . . . . . . . . . . . . . . . .  
(CuRrh . 2HBr .6HtO . . . . . . . . . . . . . . .  
CUR. HI (more likely CuRI). . . . . . . . .  
CuRr.HaSO4. ...................... 
CuRt.2HNOr. ..................... 
CUR*. HNOi.Hr0. . . . . . . . . . . . . . . . . .  
C u R r ~ 4 N 0 ~ ~ 2 K O H . .  . . . . . . . . . . . . . . .  

Cr(II1) tris(biguanide). . . . . . . . . . . . . .  1.77 X 10-1' 1.27 X 10-8 
Cr(1II) tris(pheny1biguanide). . . . . . . .  1.11 X 10-11 1 .68 X 10-8 

Transparent, light blue 
Light blue 
Qreen 
Violet 
Golden-brown 
Violet Precipitate 
Di5cultly soluble; violet-black 
Insoluble; violet 
Grayish blue 
Light violet 
Grayiah violet 

A comparison of the instability constants of cobalt- 
(111) and chromium(II1) biguanide complexes shows 
that the cobalt(II1) complexes are more stable than 
their chromium analogs, and that the stability d e  
creases with the number of biguanide molecules in the 
complex. In  solution both the bis(biguanide) and the 
unibiyanide complexes presumably combine with the 
necessary number of water molecules for the saturation 
of the coordination number of the central metal atom 
in an octahedral configuration. 

VI. METAL COMPLEXES OF GUANYLUREAS 

A. COPPER(II) GUANYLUREAS 

The formation of rose-red copper(I1) guanylurea by 
the action of sodium hydroxide upon a solution con- 
taining copper(I1) sulfate and a guanylurea salt was 
first observed as early as in 18G2 by Haag (69). The 
reaction was regarded as a test for guanylurea. A simi- 
lar observation was also made by Baumann (10, 11) .  

The composition of the rose-red copper(I1) guanyl- 
urea is given as C U ( C ~ H ~ O N ~ ) ~ . ~ H Z O  (40, 74). By 
analogy with the copper biguanide base it is best repre- 
sented &9 [CU(CZH~ON~)Z](OH)Z. 

The use of guanylurea was suggested for the detec- 
tion of copper in a manner similar to that for nickel 

By treating the base with different acid solutions 
(63). 

under specified conditions Dubski and Strnad (40) have 
prepared a number of complex copper(I1) guanylurea 
salts as noted below: 

Salt I 

Moat of them oompounds oan be represented by the general formula 
[Cu(RH)rJXr as sal ts  of the complex copper guanylurea base, where RH - 
a molecule of guanylurea (CtHaON4) and X - a univalent anion or an 
equivalent thereof. 

A complex sulfate of composition [CU(RH)~]SO,*- 
1.5H20 has also been prepared in the form of sparingly 
soluble, ,red-violet crystals by treating an ammoniacal 
solution of copper(I1) sulfate with one of guanylurea 
sulfat'e (118). The complex sulfate on treatment with 
barium chloride solution gave red-violet crystals of the 
corresponding chloride (1  18). 

Copper(I1) N4-phenylguanylurea base, [CU(CaH&r 
H40N.&], has been obtained in the form of a violet 
crystalline precipitate by the action of an ammoniacal 
copper(I1) sulfate solution on one of N4-phenylguanyl- 
urea hydrochloride. The chloride of the complex copper 
base was prepared in the form of light blue crystals by 
digesting copper(I1) hydroxide with a solution of the 
phenylguanylurea hydrochloride. In a similar manner 
the light blue crystals of the complex sulfate were ob- 
tained from copper(I1) hydroxide and phenylguanyl- 
urea sulfate (118). The violet color of the complex 
copper(I1) phenylguanylurea (anhydrobase) changes to 
light blue on formation of its chloride and sulfate. 
This seems to suggest that in the former the metal- 
ligand bonds are of the planar covalent type with the 
formation of an inner-metallic complex, while in the 
latter they are of ionic character, giving rise to an as- 
sociated complex of the cuprammine type. A structural 
study of the base and its salts will be of particular in- 
terest in this respect. 

The preparation and properties of the complex coni- 
pounds of copper(I1) with a number of N'-alkylguanyl- 
ureas have recently been described by Dutta and RAY 
(46). It has been found that in addition to the copper- 
(11) bis(alkylguany1urea) complexes, all of which are 
rose-red in color, in a few cases copper(I1) unialkyl- 
guanylurea complexes of a deep blue color can also bc 
obtained. This denotes a close analogy with copper(I1) 
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biguanide complexes. Copper (11) bis(alkylguany1urea) 
complexes are much more stable than the copper(I1) 
bis(guany1urea) and bis(N4-phenylguanylurea) com- 
plexes, Solutions of the complex copper(I1) bis(alky1- 
guanylurea) bases in water or alcohol can be boiled 
without any change, while those of the copper(I1) bis- 
(guanylurea) or bis(N4-phenylguanylurea) complexes 
decompose with separation of copper(I1) hydroxide 
under the same conditions (46). 

The copper(I1) unialkylguanylurea complexes are 
formed a t  pH 4.0. In aqueous solution they undergo 
transformation to the rose-red bis(alkylguany1urea) 
complexes (46). 

2[Cu(R‘H)Clr] e [Cu(R’H),]Cl, + CuC14 

The solubility of the copper(I1) bis(alkylguany1urea) 
salts in water decreases with the increase in the chain 
length of the substituent alkyl groups, whereas it in- 
creases in alcohol (46). 

The complex copper (11) bis(alkylguany1urea) ace- 
tates were obtained by heating on the water bath a mix- 
ture of copper(I1) acetate, dicyandiamide, and an alco- 
hol containing the appropriate alkyl group. On cooling 
the mixture the acetate separated in red-violet shining 
crystals. Other salts were prepared from the complex 
acetate by the usual methods. The complex bases were 
obtained by the addition of alkali to the aqueous or 
alcoholic solution of the complex acetates or chlorides 

Copper(I1) unimethylguanylurea and uniethyl- 
guanylurea compounds were prepared by the addition 
of 3 N hydrochloric acid to an aqueous solution of their 
corresponding bis complexes until the color of the solu- 
tion changed from red-violet to deep blue (pH 3.8- 
4.0). On concentration and cooling the deep blue crys- 
tals of the complex dichlorocopper(I1) unialkylguanyl- 
urea separated out (46). 

The composition and properties of the copper(I1) 
alkylguanylurea complexes that have been described 
up to now are summarized in table 24. 

Copper(I1) bis [Nl-(2-hydroxyethyl)guanylurea] sul- 
fate, [CU(C~H~OHC~H~ON~)~]SO~~~H~O, was prepared 
by heating a mixture of dicyandiamide, copper(I1) 
acetate, and ethylene glycol on the water bath a t  5OOC.; 
the mixture was filtered and the filtrate was then cooled 
after mixing with a concentrated solution of ammonium 
sulfate. The salt separated as a rose-colored precipitate 
(46) 

All hydrated salts lose their water a t  llO°C., and the 
carbonates lose both carbon dioxide and water at 
120OC. 

All complex copper compounds of guanylurea and its 
substituted derivatives are decomposed by acids. 

Magnetic susceptibilities of a number of these com- 
plex compounds of copper(I1) have been measured; 
their moment values have been found to lie between 1.62 

(46). 

TABLE 24 
The known copper(ZZ) alkylguunylureu complezap 
R’H = a molecule of the subtituted guanylurea 

Ligand 

N*-Methylguanylurea . . 
CHaCaHnON4 

NI-Ethylguanylurea., . . 
C ~ H I C ~ H I O N ~  

N1-Inobutylguanylurea . 
C4HtCaHtON4 

N1-Isoamylguanylurea. . 
CaHiiCrHtON4 

NI-(n-Hexyl)guanylurea 
C,HsCaHaONt 

NLBenrylguanylurea.. . 
CIHICHSCIHION~ 

Complex(*) 

ICu(R’h1, [Cu(R’H)i]Xi 
X = Cl, Br, I, SCN, Nor, NOI, CIO4, 

CHaCOO (2.5), tC01  (3). tCrOc 
(3.5), 1504 (3.5), tSr01, 1HPO4 (5.5) 

A- (35%) for the chloride - 121.4 
mho0 

[Cu(R‘H)Clrl, dichlorocopper methyl- 
guanylurea 

[Cu(R’)rl, [Cu(R’H)r]Xa 
X - C1 (].ti), Br (21, I, SCN, NOS, 

NOa ( l ) ,  C104, CHICOO (4.51, tC01 
(5), tCtO4 (3.51, +So4 (3), ~ S a 0 1  ( l ) ,  
tCrOc (2) 

A- (35%) for the chloride - 129.2 
mhos 

[Cu(R‘H)Clr], dichlorocopper ethyl- 
guanylurea 

[Cu(R’)rl, [CU(R’H)S]X: 
X - Cl (2), Br (1.5), I (21, NO,, 

CHICOO (3.5). tC01 (41, $804 (1) 
[Cu(R’)al, [Cu(R’H)iIXr 
X - C1 (2), Br (2), SCN (11, NOS, NOI 

(I), Clod (0.5), CHICOO (1.5), 
4904 (1.5), tSr01 (11, iHPO1 (2) 

[Cu(R’)rl, [Cu(R’H)r]Xr 
X 

[Cu(R’)tl, [Cu(R’H)rlXr 
X = C1 (2), Br, SCN (Z),  NOI (2). 

[Cu(R’h], [Cu(R’HIaIXr 
X - Cl (0.61, Br ( l ) ,  NOI (21, CiOl 

CHICOO (1.5), 4804 (0.61, t&Oi 
(0.5) 

C1 (2), Br (1.5), SCN ( l ) ,  NOI 
(Z) ,  C101, CHICOO (2), $ 9 0 4  

Clod, CHaCOO (1). )SO4 (0.6) 

[Cu(R’)aI, [CU(R’H)~IXS 
X - C1 (3), Br, SCN, CHICOO (l), 

4 8 0 4  (3) 

(d The figure in parenthaw after an anion denoten the number of water 
molecules in the crystals. 

and 1.86 Bohr magnetons, in agreement with the theo- 
retically expected value for the presence of one unpaired 
electron in the molecule (47, 118). 

B. NICKEL(II) GUANYLUREAS 

As with biguanides, nickel(I1) combines with two 
molecules of guanylurea and substituted guanylureaa to 
form yellow complexes of the inner-metallic type. 

The formation of a dense yellow crystalline precipi- 
tate of nickel (11) guanylurea, [Ni (C2HsONJ2] ~2H20, 
by the addition of a solution of any nickel(I1) salt to 
one of guanylurea in dilute alkali, was suggested as 
a delicate test for nickel by Grossmann and Schuck 
(61, 64). Methods were also developed for the gravi- 
metric estimation of nickel and its separation from other 
metals (59, 62, 65, 66). A volumetric method for the 
determination of nickel based upon the titration of the 
nickel(I1) guanylurea precipitate with potassium cya- 
nide solution, using silver iodide as indicator, has also 
been suggested (60). A method for the acidimetric ti- 
tration of nickel after precipitation with guanylurea 
has likewise been worked out (38, 52). 

The nickel(I1) guanylurea, like the corresponding 
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N1-Methylguanylurea . . . 
CHICaHiONd 

N1-Ethylguanylurea. . . . . 
CYHICYHION~ 

N’-Ieoprnpylguanylurea . 
N’-(,-Butyl)guanylures . 
N1-Isohutylguanylurea . . 

N*-Isoamylguanylurea. . . 

NI-(n-Hexyl)guanylurea. 

CIHICZIIION~ 

CtHDCrHtONt 

C ~ H B C ~ H I O N ~  

CiHiiCtHiONi 

CsHICiHIONt 

copper(I1) compound, is best represented as a base, 
[Ni(CnHaON&] (0H)z (1 18). 

Dubski and Strnad (40) have described the prepa- 
ration of some nickel(I1) guanylurea salts under strictly 
specified conditions. Their compositions are repre- 
sented thus: 

(A) [Ni(R)n] a4HC1.2H10 (yellow-green) 

(B) [ N I C ~ ~ ] H Z . ~ R H . H ~ O ;  also with 2H10 (yellow) 

(C) [ Ni( R)I] -2HNOs -2Hz0 (orange-yellow) 

Compound A, however, may be better represented as a 
double salt like NiC12.2RH2C1.2Hz0, while compound 
C may be regarded as a true complex salt, [Ni(RH)2]- 
(NOa)z*2Hz0 or [N~(RH)Z(HZO)~] (NO&, with planar 
or octahedral configuration, respectively. But the 
orange-yellow color of the nitrate gives rise to a strong 
presumption in behalf of the square planar configuration 
of its molecule with dspa hybrid bonds. 

Nickel(I1) N4-phenylguanylurea, [Ni(CsHsCzHa- 
ON4)z].Hz0, has been prepared in the form of spar- 
ingly soluble, orange-yellow crystals by the reaction 
between N4-phenylguanylurea hydrochloride and 
nickel(I1) sulfate in ammoniacal solution. It is decom- 
posed by warm alkali with separation of nickel(I1) hy- 
droxide, and is, therefore, much less stable than nickel- 
(11) guanylurea. The chloride and sulfate of the nickel- 
(11) phenylguanylurca complex have been obtained in 
the form of green crystals by digesting nickel(I1) hy- 
droxide with concentratcd solutions of the phenyl- 
guanylurea hydrochloride and sulfate, respectively 
(118). 

A large number of nickel(I1) complexes with many 
different NWkylguanylureas, resembling those of cop- 
per(II), have recently been described (47). All are 
orange-yellow in color and are more stable than the 
nickel(I1) complexes of guanylurea and N4-phenyl- 
guanylurea. The aqueous or alcoholic solution of the 
complex nickel(I1) N Wkylguanylurea compounds can 
be boiled without decomposition. They are not, decom- 
posed even by warm dilute alkali solutions. The complex 
nickel(I1) guanylurea base is, on the other hand, known 
to decompose with separation of nickel(I1) hydroxide, 
when its aqueous suspension is heated to boiling. As in 
the case of the copper(I1) alkylguanylurea complexes, 
the solubility of the nickel(I1) complexes in water de- 
creases with increase in the chain length of the sub- 
stituent in the guanylurea molecule, whereas the solu- 
bility in alcohol increases (47). 

The complex nickel(I1) alkylguanylurea bases have 
been obtained as bright yellow, crystalline precipitates 
by the addition of an excess of sodium hydroxide solu- 
tion to one containing a mixture of nickel(I1) sulfate 
and the alkylguanylurea sulfate concerned. By treat- 
ing the complex bases with 2 N hydrochloric acid or by 
digesting them with concentrated ammonium chloride 
solution on the water bath, their chlorides were pre- 

[Ni(R’)a], [Ni(R’H)rlXs (47) 
X - Cl, NOI, &SO4 (3), 1Sr01(2.6) 
Am (36%) for the chloride - 126.6 

mhoa 
[Ni(R’)rl. [NI(R‘H)IIXI (47) 
X - CI (2). Br ( l ) ,  I,  Clod, 1804 (7) 
Am (36OC.) for the chloride = 123.9 

mboa 
[Ni(R’)al, [Ni(R’H)rlXa (47) 
X = C1 (2.6), 4904 (1) 
[Ni(R’)rl, [Ni(R’H)sIXa (47) 
X = C1 (0.6),  NOI, tS04 (4) 
[Ni(R‘)sl, INi(R’Hh1Xr (47) 
X = C1 (2), tSOc (0.6) 
[Ni(R‘hI, INi(R‘HhIX1 (47) 
X = C1 (2), Br, I, NO1 (l.!J), tBOc 

[Ni(R’H)alX, (47) 
(0.5) 

X - OH, C1, 4904 

pared. The other salts of the complex bases were ob- 
tained from the chlorides by the action of appropriate 
alkali metal salts in aqueous ok aqueous alcoholic solu- 
tion (47). 

The composition and properties of the nickel(I1) 
alkylguanylurea complexes that have been prepared 
are listed in table 25. 

TABLE 26 

The known niekel(ZZ) olk.ylguany1ute.a compbzea 
R’H = a molecule of a substituted guanylurea 

Ligand 1 Refer- 
enoe 

The figure in parentbesea after an anion denotes the number of water 
molecules in the crystals. The hydrated Edt8 loae water ab 110OC. 

All the nickel(I1) complexes of guanylurea and sub- 
stituted guanylureas are decomposed by acids. With a 
few exceptions they are orange-yellow or yellow in color. 
Measurement of the magnetic properties of many of 
these yellow or orange-yellow compounds shows that 
they are diamagnetic, while the nickel(I1) “-phenyl- 
guanylurea chloride and sulfate, which form light green 
crystals, are paramagnetic with moment values of 2.84 
and 2.64 Bohr magnetons, respectively (93, 118, 120). 
These values are in close agreement with that of the 
free nickel(I1) ion with two unpaired electrons. These 
two light green nickel(I1) compounds may, therefore, 
be viewed as ionic or outer-level complexes. The yellow 
or orenge-yellow nickel(I1) complexes, being diamag- 
netic, should consequently be regarded as having 
square planar structure with dspz hybrid bonds (92, 
93). 

c. PALLADIUM(IL) OWANYLUREAS 

Palladium(I1) combines with guanylurea and sub- 
stituted guanylureas to form complexes which resemble 
the corresponding nickel (11) complexes in composition 
and properties. The palladium(I1) complexes are com- 
paratively more stable and less soluble than their 
nickel analogs, as is the case with their biguanide com- 
plexes. The palladium(I1) guanylureas form light yel- 
low crystals and are diamagnetic like ita biguanide 
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NI-Methylguanyluma. . . 
CHiCrHiONc 

CrZLCrHION4 

CtHICrFbONa 

CdHtCrHtONa 

CIHuCr HION4 

CIHIICXHIONI 

NI-Ethylguanylursa.. . . . 
Nl-(n-Butyl)guanylurea . 
N1-Isobutylguanylurea . . 
NLbosmylguanylurea. I . 
NI-(n-Hexy1)gusnylurea . 

complexes. Their methods of preparation resemble those 
of their biguanide complexes or of the corresponding 
nickel(I1) complexes (48, 4%). 

Table 26 gives a list of the palladium(I1) guanyl- 
ureas that have been described in the literature. 

[CO(R’H)I]XI (48, 48s) 
X = OH (3), C1 (4.6), 1804 (4) 
[Co(R’)aI.O.5HiO, [CO(R‘H)IIXI (48, 48.) 
x = c1 (5), is04 (5) 
[co(R’)~],  [Co(R’H)a]i(S031~3HrO (48, 488) 

(CO(R’)I].HSO, [CO(R’H)I]XI (48, 48s) 
X = C1 (1.5). 4804 (6.5) 
[Co(R’)11.0.5HtO (48, 48s) 

[CO(R’)I]. 2Ht0, (48, 488) 
[Co(R’H)rli(SOa)a~ 12HtO 

TABLE 26 

Thc known palladium(ZZ) guanylurea compkxes 
RH = a molecule of guanylurea; R‘H = a molecule of a 

substituted guanylurea 

Ligand 

Guaayluras . . . . . . . . . . . 
NcPhenylguanylurea.. , 

CrHsONc 

CtHICiHiONa 

N1-Methylguanyluras . , 
CHaCiIhONa 

NI-Ethylguanylurea.. . . 
C~HICIILON~ 

Nl-(n-Butyl)pusnylursa 

NLIsobutylguanyluren . 
N1-Isoamylguanylurea. , 

NL(n-Hexyl)guanyluras 

C~HSCIHION~ 

C ~ H ~ C S H I O N ~  

CsHirCi&ONd 

CtHiICiHIONt 

[Pd (RWr 1x1 
X - OH, CI (0.5) 
[Pd(R’)r], [Pd(R’H)rJXr 
X - OH (l) ,  C1 
R’HiIPdCle] 
IPd(R’H)rjXr 
X = C1 (2), I (2), SCN (l) ,  NC 

(2.5), )SOc (2), 1Pd(SCNh (rubj 
red) 

A m  (32°C.) for the chloride = 85, 
mhos 

[Pd(R’)iJ, [Pd(R’H)iJXr 
X = CI (2.5). I (Z), SCN (11, bSC 

A m  (32OC.) for the chloride - 112. 
(3), tPd(SCNh (ruby-red) 

mhos 
[Pd(R’)r]~O.JHrO. [Pd(R’H)rJXr 
x = c1 (2), 4804 (2) 
[Pd(R‘)rl 

[Pd(R%I 

[Pd(R’)rl.0.5HrO 

Refer- 
BUD&¶ 

(87, 118) 

(118) 

(48, 488) 

(48, 48s) 

(48, 48.) 

(48, 48s) 

(48. 48s) 

(48, 48a), 

(a) The figure in parenthesea after an anion denotes the number of water 
molecules in tbe crystals. All the hydrated salts lose their water at 110°C. 

The palladium (11) N ‘-me thy1 (or ethy1)guanylurea 
thiocyanate, on treatment with dilute acids, is trans- 
formed into the insoluble, beautiful, ruby-red palla- 
dium(I1) bis(methyl(or ethy1)guanylurea) thiocyanato- 
palladite with elimination of some alkylguanylurea 
(48a). I n  this they resemble the corresponding pal- 
ladium(I1) biguanide complexes (107). 

D. COBALT(III) GUANYLUREAS 

Tripositive cobalt has been found to combine with 
guanylurea and substituted guslnylureas to form com- 
plexes which resemble the corresponding biguanide com- 
plexes of the element in color, solubility, and magnetic 
properties (diamagnetic). Curiously enough, however, 
while the cobalt(II1) alkylbiguanide complexes are 
comparatively less stable than those formed by the 
simple unsubstituted biguanide, the order of stability 
in the case of the guanylurea complexes seems to have 
been reversed. The cobalt(II1) N1-alkylguanylurea 
complexes are more readily obtained and give rise to a 
series of much more stable salts. 

Only one compound of the simple guanylurea, cobalt- 
(111) tris(guanylurea), Co(C2H60N4),, and one of N4- 
phenylguanylurea, CO(C~H~C~H~ON~)~-~.~H~O, have 
been described. The former is obtained in the form of 

sparingly soluble, scarlet crystals by heating on the 
water bath a solution of hexamminecobalt(II1) chloride 
with a strongly alkaline solution of guanylurea sulfate 
in calculated proportions. The latter, prepared in a 
similar manner, forms red crystals soluble in water. 
Both the compounds are decomposed by acids and 
strong alkalis (118). 

Several fairly stable cobalt(II1) complexes with vari- 
ous N*-alkylguanylureas have recently been described. 
They have been prepared by oxidizing with hydrogen 
peroxide a mixture in aqueous alkaline solution of a 
cobalt(I1) salt and the alkylguanylurea concerned. 
The cobalt(II1) tris(alkylguany1urea) bases form rose- 
red crystals. From the bases, the chlorides and sulfates 
have been prepared by neutralization with the appro- 
priate dilute acids (48, 48a). Table 27 gives a list of the 
compounds studied. 

TABLE 27 

Thc known cobawZZZ) alkylguunylureu complezes 
R’H = a molecule of an alkylguanylurea 

I Ligand Complex(.) Refer- / enae 

The action of potassium cyanide solution on cobalt- 
(111) tris(methylguany1urea) and cobalt(IJ1) tris(ethy1- 
guanylurea) chloride or sulfate has led to the prepara- 
tion of dicyanocobalt(II1) bis[methyl(or ethy1)guanyl- 
urea] in the form of the yellow anhydrobase, [Co(R’H)- 
(R’)(CN)2], where R’H = a molecule of methyl(or 
ethy1)guanylurea (48, 48a). These are sparingly soluble 
in water and resemble the corresponding dicyanocobalt- 
(111) bis(biguanide) complexes (161). 

E. CHROMIUM(II1) QUANYLUREAS 

Only a few chromium(II1) alkylguanylurea com- 
plexes have been described (48, 48a). 

Chromium (111) tris(N1-me thylguanylurea) sulfate, 
[Cr(CH~CzH60N4)8]z(S04)~~9Hz0, was obtained as in- 
soluble, orange-red crystals when the dark, rose-red 
solution formed by the addition of a solution of chrome 
alum to an alkaline solution of methylguanylurea sul- 
fate was neutralized with dilute sulfuric acid (48, 484. 

In a similar manner complex chromium(II1) bases 
of butylguanyl-, isobutylguanyl-, and isoamylguanyl- 
urea have been obtained aa insoluble, rose-red pre- 
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cipitates by the action of a solution of chrome alum on 
an alkaline solution of the individual a1 kylguanyliirea 
milfate. These are soluble in alcohol and have the com- 
position [ Cr ( CIH G H I -  
ON&,], and [Cr(C6HllCzH40N4)S] *2H20, respectively 
(48, 48a). 

The chromium(II1) alkylguaiiylurea complexes are 
similar to, but less stable than, the corresponding 
cobalt (111) complexes. 

[ Cr (CrH aC2H4ON4) a ] a HzO, 

F. ZINC GUANYLUREAS 

Zinc methylguanylurea, [Z~(CHSCZHIONI)Z] * -  

0.5Hz0, and zinc ethylguanylurea, [Zn(C2H6C2H,- 
ON~)z].0.5H20, were obtained in the form of white 
crystals by the action of sodium zincate on methyl(or 
ethy1)guanylurea sulfatc in aqueous solution. They 
resemble the corresponding biguanide complexes and 
are slowly hydrolyzed by water in the cold, but more 
rapidly on heating, with separation of zinc hydroxide. 
They can, however, be recrystallized from hot alkali 
solution containing a small quantity of the chelating 
ligand (1 15). 

VJI. METAL COMPLEXES OF GUANYLTHIOUREA 
The metal complexes of guanylthiourea have been 

studied only to B very limited extent. But these differ 
in some cases from those of guanylurea, though the two 
ligands resemble each other closely in composition and 
properties. This seems to indicate the presence of metal- 
sulfur bonds in the molecules of metal complexes of 
guanylthiourea (see Section 111,B). 

(a) With guanylthiourea copper(I1) forms only one 
type of complex in which only one molecule of the ligand 
is bound per metal atom. 

Diaquocopper(I1) uniguanylthiourea base, [Cu- 
(H20)2(CzH&3N4)]OH, is obtained in the form of in- 
soluble brown crystals when a cold solution of copper- 
(11) sulfate is added to a strongly ammoniacal solution 
of guanylthiourea (126). In the absence of ammonia 
the sulfate of the complex base, containing 4 HzO, is 
precipitated (126). Both the complex base and its sul- 
fate are decomposed by warm dilute hydrochloric acid 
with separation of copper(I1) sulfide (126). The com- 
pounds show a magnetic momcnt value of approxi- 
mately 1.5 Bohr magnetons (126), which seems to sug- 
gest the development of antiferromagnetism or metal- 
metal bonding in the crystal. 

(b )  Nickel(I1) bis(guanylthiourea), [Ni(C2H$N&] .- 
I .5Hz0, separates as an insoluble, orange precipitate 
when a solution of nickel(I1) sulfate is added to one of 
guanylthiourea which has been rendered strongly alka- 
line with sodium hydroxide (126). The substance is 
diamagnetic like all orange-yellow nickel(I1) complexes 
and has, therefore, a square planar configuration with 
dsp* hybrid bonds. At 100°C. i t  loses water, forming an 
anhydrobase, and is readily decomposed by warm dilute 

acids though unaffected even by boiling alkalis (126). 
(c) Poddar and RBy (97) have described a cobalt(I1) 

bis(guanylthiourea), [Co(CzH~SN~)~](OH)z~HzO, which 
is formed as a brown crystalline precipitate when a solu- 
tion of cobalt(I1) chloride, ammonium chloride, and 
guanylthiourea is treated in the cold with a dilute solu- 
tion of potassium hydroxide until the mixture becomes 
almost neutral. The compound is decomposed by warm 
alkalis with the formation of cobalt(I1) sulfide; it 
is also decomposed by acids, and changes color, prob- 
ably owing to decomposition, on exposure to air for a 
long time (97). It gives a value for the magnetic mo- 
ment of 1.8 Bohr magnetons (97), corresponding to the 
presence of one unpaired electron in the molecule, in 
perfect agreement with the theoretically expected value 
for a square planar cobalt(I1) complex with a s p 2  hy- 
brid bonds. At 105OC. the substance loses three mole- 
cules of water and is converted to the anhydrobase, 
Co(CzHSN4)2 (97). 

(d) Palladium(I1) bis(guany1thiourea) base, [Pd- 
(C2H&3N4)2](OH)z.Hz0, was obtained as an insoluble, 
cream-colored powder when a solution of pallndium(I1) 
chloride and guanylthiourea in dilute hydrochloric acid 
vas treated with one of sodium acetate and sodium hy- 
droxide (97). The compound is decomposed by dilute 
acids with formation of palladium(I1) chloride; boiling 
dilute alkali solutions decompose i t  with separation of 
palladium(I1) sulfide (97). 

When an ammoniacal solution of palladium(I1) chlo- 
ride was added to one of guanylthiourea, chocolat,e- 
colored, silky needles of diamminepalladium(I1) guanyl- 
thiourea chloride, [Pd (NHa)2(C2H~SN4) IC1 * HzO, grad- 
ually separated out (97). The compound is slightly 
soluble in water and alcohol on warming, but is decom- 
posed by acids and alkalis (97). From a consideration 
of the color of the complexes and of their decomposition 
with formation of palladium(I1) sulfide in boiling alkalis 
the authors (97) assumcd the occurrence of a palladium- 
sulfur bond in their molecules. There is, however, no 
direct evidence for this assumption, since tjhe formation 
of palladium(I1) sulfide by the action of boiling alkalis 
might be attributed to the decomposition of the ligand 
itself. The decomposition of the palladium(I1) bis- 
(guanylthiourea) base by acids with formation of pal- 
ladium(I1) chloride cannot, on the other hand, be ac- 
counted for on this basis. But in all otherrespects the 
palladium(I1) complexes behave like those of nickel(T1) 

(e) When a solution of hexammineeobalt(IJ1) chloride 
was warmed with guanylthiourea in potassium hy- 
droxide solution until the color of the solution turned 
red and was then kept, after filtration, in the cold 
overnight, chocolate-brown crystals of the cobalt(II1) 
tris (guanyl thiourea) base , [Co (CzHsSN4)a] (OH) 8, sepa- 
rated (97). The compound is insoluble in water and 
alcohol, but is decomposed by alkalis with formation 

(97). 
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Bin complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Uni complex.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ria complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Uni complex.. . . . . . . . . . . . . . . .  

Copper NI-methylguanylurea 

Copper NLethylguanylurea 

Bis complex. . . . .  

Niokel Nknethylguanylurea. ............................... 
Nickel NLethylnuanvlurea. ................................ 

of cobalt sulfide (97). It loses three molecules of water 
a t  105OC., giving the anhydrobasc, CO(C~H&INI)~ (97). 

When, in place of cawtic potassium hydroxide, so- 
dium acetate was used in the above preparation, deep 
red, shining crystals of diamminecobalt(II1) bis(guany1- 
thiourea) base, [Co(NH&(C2H5SN&] *2Hz0, were ob- 
tained (97). The compound is slightly soluble in hot 
water and is decomposed by alkalis (97). It combines 
with acids to form salts, of which the chloride is highly 
soluble and the sulfate almost insoluble in water (97). 

Both the cobalt(II1) tris(guany1thiourea) and the di- 
amminecobalt(II1) bis(guany1thiourea) bases are dia- 
magnetic like all cobalt(II1) complexes (97). 

(f) With an excess of mercuric chloride in aqueous 
solution guanylthiourea gives a white precipitate hav- 
ing the composition CzH~SNI*2HgC1.HgClz .4Hz0 (97). 
It is decomposed slowly by hot water and rapidly by 
alkali solution with formation of black mercury(I1) 
sulfide (97). To a certain extent the compound re- 
sembles the infusible white precipitate and indicates the 
presence of two reactive amino groups in a molecule of 
guan ylthiourea. 

VIII. STABILITY OF METAL-GUANYLUREA COMPLEXES 
Though the metal complexes of simple unsubstituted 

guanylurea and of N4-phenylguanylurea are much less 
stable than those of biguanide and phenylbiguanide, the 
metal complexes of N1-alkylguanyl ureas are more or 
less stable than those of alkylbiguanides. This has been 
verified quantitatively in the case of copper(I1) and 
nickel(I1) complexes of guanylurea, Nl-methylguanyl- 
urea, and N'-ethylguanylurea (44). 

An acid solution of a copper(I1) salt containing an ex- 
cess of guanylurea or an alkylguanylurea hydrochlo- 
ride on gradual treatment with a solution of an alkali 
turns progressively blue. The intensity of the blue color 
reaches its maximum value for the wavelength 650- 
660 mp (absorptivity maximum) a t  pH 6.5-6.75 for 
guanylurea and at pH 4.5 for methylguanylurea and 

mr 

6.5-6.75 660 
7 . 5  540 

4 . 6  660 
7 . 0  540 

4 .5  660 
7 . 0  540 

7 . 4  440 
7 . 4  440 

ethylguanylurea. With increasing pH the blue color 
changes slowly to red-violet with a maximum intensity 
at or above pH 7 for methylguanylurea and ethyl- 
guanylurea, and above pH 7.5 for guanylurea having 
the wavelength of maximum absorptivity at 530-540 
mp (44). The composition of the blue complex in solu- 
tion in the case of alkylguanylureas was determined 
by Job's method from the spectrophotometric measure- 
ment of its optical density (44, 73, 184). This gave a 
metal-ligand ratio of 1 : 1, indicating the formation of a 
uniguanylurea complex corresponding to the copper(I1) 
unibiguanide complexes with almost the same wave- 
length for absorptivity maximum. This led to the 
preparation of unimethylguanylurea and uniethyl- 
guanyluree complexes of copper(I1) (see Section V1,A). 
The red-violet color at higher pH corresponds to the 
formation of copper(I1) bis(guany1urea) complexes 
with practically the same wavelength for absorptivity 
maximum as that for copper(I1) bis(biguanide) com- 
plexes. The copper(I1) guanylurea complexes are thus 
shown to be formed in two successive stages like the 
copper(I1) biguanide complexes (44). The values of the 
instability constant of copper(I1) guanylurea and cop- 
per(I1) alkylguanylurea complexes have been deter- 
mined from a study. of their formation reactions by 
measuring the optical density of the colored solutions 
and the dissociation constants of the protonated ligands 
(44). The values obtained are collected in table 28. 

A similar study has shown that the nickel(I1) com- 
plexes of methylguanylurea and ethylguanylurea, like 
the nickel(I1) biguanide complexes, are formed in a 
single stage to give only the bis(alkylguany1urea) com- 
plexes with their absorptivity maximum at 440-450 
mp and optimum pH above 7.4, as against 460-470 
mp and pH above 7.9 for the corresponding nickel(I1) 
biguanide complexes (44, 109). The values of their in- 
stability constants, thus determined (44), are included 
in table 28. 

The values of the instability constants of copper(I1) 

38.3 
38 .a  

3 2 . 4  
43.4 

3 2 . 2  
4 3 . 5  

5 5 . 2  
4 7 . 0  

TABLE 28 

Instability comtanls of copper(ZZ) and nickel(ZZ) alky2guanylureas ( 4 4 )  
p = 0.1 M potassium chloride; temperature = 32°C. 

ki = 7 . 8 6  X 1 0 - 6  
kr - 7 . 7 6  X 10-4 
K (overall) - klkx - 6 .  I X 10 1 

ki - 1 . 5  X 10-1 
kr - 6 . 8  X 10-1 
K (overall) = 1 . 0 2  X 10-11 

ki - 2 . 1  X 10-10 
kr - 2.37  X 10- 
K (overall) - 5 . 0  X 10-U 
K = 5 . 5  X 10-1' 
K = 1.55  X 10-1' 

Complex e l Instability Constant 
I 
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and nickel(I1) guanylurea complexes show that the 
substitution by alkyl groups at  the N1-position of the 
ligand considerably increases the stability of their cop- 
per and nickel complexes, making them comparable to, 
though somewhat less stable than, those of their corre- 
aponding biguanide complexes. The values of table 28 
give the following order of stability for the guanylurea 
complexes of copper(I1) and nickel(I1) : 
Copper Nbthylguenylurea > copper N'-methylguanylurea >> 

Nickel NLethylguanylurea > nickel Wmethylguenylurea 
Copper guanylureas > nickel guanylureae 

The value of the stability constant of the copper(I1) 
biguanide (unsubstituted) complex, on the other hand, 
is much greater than that of the copper(I1) guanylurea 
(unsubstituted), their pK values differing by about 11 
units (KC, for biguanide = 4.5 X lo-'*; KC, for guanyl- 
urea = 6.1 X For a comprehensive generalixa- 
tion in this respect further work on the copper(I1) and 
nickel(I1) complexes, involving a larger variety of sub- 
stituted guanylureas, is needed. 

A quantitative study on the stability of guanylurea 
complexes of other metals, as also of the metal com- 
plexes of guanylthiourea, is, however, lacking. 

In this connection it might be worth noting that di- 
thiobiuret, H,NCSNHCSNHa, the disulfur analog of 
biuret and biguanide, though closely related to guanyl- 
thiourea, fails to form any stable complex with metala 
(74 .  It is acidic and very sparingly soluble in water 
and acids. In alkaline solutions it bchaves as a powerful 
reducing agcnt with separation of sulfur from decom- 
position. 

An attempt has bcen made in this review to present 
a more or less complete, up-todate account of the 
work on the metal complexes of biguanides and guanyl- 
urens with an indication of the scope for further study 
in the subject relating to its preparative, structural, and 
kinetic aspects. The disposition and nature of the 
metal-ligand bond in the complexes have been dis- 
cussed and the need for an x-ray examination of the 
structure of these complexes has been stressed. Bi- 
guanides in general have been found to constitute a 
group of very remarkable chelating agents combining 
with quite a large number of elements of the transition 
series to give rise to coordination complexes of extra- 
ordinary stability, often of intense color and with capac- 
ity to stabilize the higher valence state of the central 
metal atom. 

copper guanylurea 
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