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I-amidioo-U-n-trutoxyethylurea 
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2-2’-dipYridy1 
e#y~ened~~e 
@y&e 
w&mine 
~(~)~phor-lo-~ulfon~c acid 
c&-k) tartaric acid 
acetate 

The ligands, l-a~dina-~aikylurea, were synthesized in a chance observa- 
tion arising out of experiments designed to yield a biguanide derivative”.. ~rj~na~y 
designated as guanyIalkylureas, these compounds received a review treatment in 
1961 along with guany~ur~a and guany~t~ourea, coming in the wake of the che- 
mistry of metalbi~anide compiexes2. 

However, since 1961, many significant studies have been conducted on the 
syntheses, structure, kinetics of formation and the reactions of co-ordinated 
I-a~di~o-~-alkylureas. The chemistry of transition metal complexes of the ligands 
has also been extended. The present review covers the salient aspects of all the 
studies to-date in the iight of current views of st~r~ocbem~st~ and bonding in 
metal complexes. 

The syntheses of these figands arose out of an attempt to prepare a b~g~a~de 
derivative of ~e~yIan~ra~ate r. Since the Iatter was immisc~bl~ with water, 
ethanol was preferred as a solvent during the reaction of methylanthraniiate and 
dicyandiamide in the presence of copper acetate at reflux temperature, A deep 
violet solution resuhed, from which a copper complex was isolated, the analysis 
of which did not indicate the formation of a biguanide derivative of methylanthra- 
nifate but suggested a compound resulting from the combination of dicyandiamide 
and ethanol, Strong r~emblan~ of these products to ~opper~~ bis (guanylurea~ 
fed the authors to assume that the derivatives were ethyl substituted guanylureas. 
Just as in the presence of hydrogen ion a molecule of water combines with that of 
~~yand~a~de to form a molecule of guanylurea similarly a mohzcule of ethanol 
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was thought to add itself to that of dicyan~amide followed by a rearrangement 
to the ethylsubstituted guanylureas’. 

H,N-C-NH-CGN 

AH 

CM+ 
$- ROH- 

--P H,N--C-NH-C-NHR 

retlured 1 ihi tl 
Dicyandiamide I-Amidiao-U-alkylu Guanyfalkyfurea OI 

I-Amid&-3-alkylur 

This above addition reaction aIs0 occurs with other alcohols such as methy1, 
ethyl, n-propyf, isopropyl, n-butyl, isobutyl, n-amyl, isoamy1, n-hexyl, cyclohexyl, 
methoxyethyl, ethoxyethyl and butoxyethyl alcohols. Generally the copper com- 
plexes are isolated as complex acetates. These are converted to their sulphate 
salts from which copper is removed as the sulphide and the reagent precipitated 
as sulphates by the addition of acetone. In a few cases the hydrochIorid~ of the 
reagents have also been obtained by double decomposition with BaCI,. With the 
dihydric alcohol, ethylene glycol, however, a copper complex of guanylhydroxye- 
thylurea was obtained instead of the expected complex of ethylene-di-guanyl- 
ureaiq3*4 * 

A Japanese study’ of the above template reaction followed shortly and the 
isolated ligands were formulated as I-amidino-0-alkylethers, although no definite 
evidence was presented in support of this. An unambigous and independent syn- 
theses of several I-amidino-3-alkylureas bad now been reported from the reaction 
of guanidine hydrochIorIde with an &o-cyan&e in the presence of sodium and 
acetont?. 

HaN-C-NH*, HCI -t- R-N=C=O HIN-C-NH-C-NHR 

AH tiH tl 
I-Amidino-34kyhzrca 

The faifure of the I-amidino-3-alkylureas to form metaX cheIates in contrast 
to the positive reactions given by the template synthesis products identified the 
ligands, under review, as I-amidino-0alkylurea instead of 1amidino-3-alkylu- 
reas. Steric hindrance offered by the alkyl group of I-amidino-3-alkylureas prevents 
the -NHR nitrogen from forming bonds with metal ion@. Such a situation is 
less likety to exist in the I-amidino-0-alkylureas. It is also pertinent to mention 
that 1amidino-3-phenylurea obtained through the condensation of guanidine 
and phenyIurea, aIso fails to furnish any metal chelates’. An infra-red study’ 
involving amidinourea (guanylurea) and methyl and ethyl derivatives of the tem- 
plate syntheses reveal a strong carbonyl absorption band at I740 cm-’ in amidi- 
nourea and its absence in the other two reagents. Further, amidinourea does not 
have any band around 1200 cm-’ (characteristics of C-OR stretching vibration) 
and at 1400 cm-’ (C-H symmetrical deformation vibration) but the other two 
Iigands prominently display these very streng and sharp bands. A nickeI(rl) corn- 

Cucwdin. Chem. Rev., 2 (1967) 441459 
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plex chloride of the methyl substituted reagent also corruborates these infra-red 
absorprion bands. Estimation of metboxyl group of the methyl derivative gives 
a satisfactory positive result.* 

Copper(U) acetate may be replaced by copper@) chloride in the above 
reactions although the acetate possesses an advantage because of the higher 
solubility of the complex copper acetate. The apparent failure of nickel(H) acetate 
to bring about the alcohol addition reaction was presumed to be due to a weaker 
stability of the corresponding nickel complex”. However, this appears to be erro- 
neous in that prolonged refluxing of nickel(J3) chloride, dicyaudiamide and me- 
thanol has provided the nickel(H) bis(l-a~dino”~-methyiurea) complex. These 
reactions are believed to be kinetically controlledg. 

Copper dicyandiamide sulphate has also been found to react with methanol 
providing the rose red copper(R) bis (l-amidino-O-methylurea) sulphateg. 

(ii) ~issociatiun cxmsffftzts 

The acid dissociation constants 1ya, and Ku, of several I-amidino-U- 
alkylureas have been determined by the usual Bjerrum technique. The values 
(k’a 1 z IO-“) indicate a far stronger donor ability compared with amidinourea 
(Ka, zz lo-‘) but somewhat weaker compared with biguanides (Kairz?: 10-‘2)“oV ‘I. 

C. METAL CHELATES 

(i) Copper(H) complexes 

Bipositive copper complexes of these ligands can be classified under three 
categories. 

(a) Bis (I~~idino-U-n co~~~~~r~) snlts. The ligands react with aqua 
copper(H) ions around pH 6-7 to provide rose-red cotoured complexes, The cations 
have been isolated in the form of a large number of salts including the iodide, 
thiocyanate and the thiosulphate, The solubility of the salts (e.g. chloride and 
acetate) in aqueous medium decreases with increase in the chain length of the alkyl 
substituent, whereas that in alcohol increases. The electrolytic conductance values 
in aqueous medium are in fair agreement with that for bi-univalent electrolytes. 
The complexes provide magnetic moment values around 1.7-1.8 B.M. The elec- 
tronic absorption spectra exhibit one absorption band around f 8,870-l 8,520 cm-’ 
which is characteristic of square planar copper(R) complexes with four nitrogen 
donorP* ’ 5_ The closely related copper bis~i~auide)chloride aiso exhibits 
a single absorption bandr6 around 19,600 cm -I. The solution absorption of these 
bis complexes in different solvents, namely dimethylsulfoxide, methanol and water 
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have been studied and the position of absorption bands have been interpreted to 
give the following order of tetragonaiity of the complexes”* * * dimethyIsuifoxide> 
methanol > water. 

G?t?lpleX 

[Cu(AMUH),J(Ac), 

PWAEUH),I(Ac), 

*mu in 

dimethyl sulfoxide 
20,000-20,400 cm-’ 

19,80&20,200 

methanol 
19,050-19,160 cm-* 

18,69&19,050 

water 
18,18~18,35O cm-’ 

18,02tS18,350 

fb) Copper bis(I-amidino-0-aikylurea). The above copper(H) salts preci- 
pitate the rose-red complex base on treatment with alkali. These complexes conform 
toan anhydrobase formulaindicating the inner metaiiiccharacteristi~of theligands. 
The bases liberate ammonia on treatment with ammoniunl salts, providing the 
salts of the earlier category. These observations evidently indicate the protonation 
of a -NH, group that remains free even after complexation. The anhydrobases 
are quite stable in boiling water or aqueous alcohol, whereas the corresponding 
copper bases of amidinourea readily decompose’2. 

(c) Copper(U) mono(I-amidino-0-alkylufea) complexes. Spectrophoto- 
metric studies of the system aquo copper( I-amidino-O-alkylurea shows two 
distinct equilibria, the formation of a blue mono I-amidino-O-alkylurea com- 
plex around pH 4-5 and the formation of rose-red bis(1amidino-O-alkyiurea) 
complex above pH 6: 

p?i4--5 
[Cu(aq)]+‘+AAUH e ~~~~AAUH) @cM+z 

[Cu(AAUH)aql + ’ f AAUH- [Cu(AAUH),] + 2 

Foliowing the spectrophotometric indication of the existence of a mono complex 
in solution (by Job’s variation), preparative studies have led to the isolation of 
deep blue dichloro mono (I-amidino-O-aikyiurea) copper(I1) complexes”* i2. 
These complexes are, however, stable in solution only around pH 4 and readily 
undergo transformation to the rose-red bis complex above pH 6. 

2[Cu(AAUH)Ci,] z$ [CU(AAUH)~]CI, + CuCi, 

These compounds also have magnetic moments in the range 1.7-1.8 B.M. and 
their electronic spectra in aqueous solution exhibit one asymmetric band around 
15,380-15,100 cm-‘. The considerable shifting of the band towards lower fre- 
quency compared to that in the rose-red bis complexes may be interpreted in 
terms of a distorted octahedral structure in soiution13*‘g*20. 

The overall instability constants of the bis complexes have been evaluated 
by spectrophotometric measurements. For comparison, the copper complexes 
of amidinourea and of biguanide are included in Table-2. As is indicated by the 

Coordh. Chem. Rev., 2 (1967) 441-459 
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TABLE 1 

COPPERWCOMPLEXESOF 1-AMIDIHO-0-ALKYLURE~S 

Compmmd COlOW Molar conductance Electronic spectra Magnetic Ref. 

in aqueous medium v, cm-’ .? moment 
mhos crrP mole- (B-M.) 

[Cu(AMUH)dCI, rose-red 242.8 18.515 43 1.65’ 12 
ICuW=W,ICI, rose-red 256.4 18,515 43 i-79* I2 
I~(AMUH)Ci~~ blue - 15,150 32 I.71 I2,4 
[CufAEUH)CI,] blue - 15,150 32 I.82 ‘12.4 
[Cu(AMEUH)&& rose-red 186.6 - - 1.74 4 
CCufAEEUHLlCL rose-red 2i6.8 - - I.78 4 

* Magnetic moments are reported for the corresponding sulphate salt. 

acid dissociation constants the 1-amidino-O-aIkylureas are stronger as co-ordi- 
natiog agents than amidinourea but somewhat weaker than biguanides. 

fd_) iWxed chelates of copper( Extensive spectrophotometric studies in 
solution have been completed for the system bis(i-a~!idino-U-alkyIurea) copper@) 
and o~hoph~nanthro~ne, 2-2’-dipyridyl, glycine or r-atanine at varied pH in 
aqueous or aqueous alcohotic medium. Molar ratio variation studies definitely 
point to 1: 1 interaction between the starting copper(I1) cheiate and one of the 

TABLE 2 

INSTABfLITt’ CONSTAKIS OF COPPER(Il:I) AND NICKELb) COMPLEXES OF I-AMIDINO-O-ALKYLUREAS, 

AMIDINOUREA AND BfGUANlDES 

t-Amidino-0-methylurea 1.02 x IO-‘6 3.50 x lo-” 10 
I-Asnidino-0-ethylurea 4.91 x io-‘8 I .55 x IO-11 10 
Amidinourea 6.11 x 1O-8 - 10 
Biguanide 4.90 x IO-‘0 3.20 x lo-‘* 16,21 
N’-Methylbiguanide 7.08 x 1O-‘8 1.66 x lo-” 16.21 
N ‘-Ethylbiguanide 1.02 x 10-l’ 1.66 x 10-1” 16,21 

above ligands. Convincing sp~troph~tometric results have been obtained which 
indicate that the mixed chelates are of the type ~Cu(AAUH) (X.X/XY)]‘” (where 
XX = ophen or dipy and XY = g1yH or alan H). The absorption spectra of the 
mixed chelates” Table-3 are suggestive of a distorted octahedral structure for 
these compIexes 1g*20. Atttempts to crystallise the compiexes have not as yet 
succeeded. SimiIar results have been obtained with the corresponding biguanide 
complexes and the above chelating iigands, though in the latter case, isolation of 
the mixed chelates in solid crystalline form has been possiblez2. 
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TABLE 3 

CQPPER(IK) MtXED CHELATES 

System Cmnposifiun pN of maximum Elercronic specfru Ref. 

formation v, cm-~ & 

[Cu(AMUH),f(Ac),: dipy 
1:1 

~~u~AMUH)~](Ac)*: ophen * ’ 1 

[Cu(AEUH),](Ac),: dipy 
1:l 

~Cu(AEUH),](Ac),: ophen ’ ” 

[Gu~A~UH)~J(Ac~~: gIyH ” ’ 

[~u(AMUH~~(Ac~~: alanH ” * 

[Cu(AEUH),](Ac),: glyH I:1 

CCu(AEUH),I(Ac),: alanH 
% I:1 

64.5 

5.5-6.0 

7 

5.5-6.0 

7 

7-8 

7 

7 

f 
l&620- 
14,710 

i 14,710 15,870- 

1 14,930 15,87O- 

f 
15,38Ci- 
14,710 

( 
17*.54a- 
16,950 

f 
17,86#- 
I6,950 

t 17,540- 15,950 

I 
17,54@- 
16,950 

63 17 

54 17 

64 17 

54 17 

40 17 

44 17 

41 17 

44 17 

The nickel(H) complexes of these Iigands are of the foIlowing two types: 

(a) Nickel(ll) bis(l-amidina-o-ar , [iVi(A A ZJ;I J. These yellow 
coloured compounds are precipitated from a solution containing nickel(l1) ion 
and excess Iigands in the presence of alkali . lz These have the composition of 
aohydrobases and are generally insolubie in water but many have been purified by 
~~staI~sation from alcohol. The complex nickef base of l-amidino-~-bntoxy 
ethylurea undergoes decomposition when heated with an ammonium salt in 
aqueous medium. 

(b) Nickel(I..) bis(l-amidirto-O-alkyhrea) salts, [Ni(AA UH) 2 IX,, Treat- 
ment of the above comptex bases by dilute acids or with ammonium salts lead to 
the formation of orange-yellow compounds as a consequence of the protonation 
of the free -NH, group of the ligands. Starting from the chloride a large number 
of salts with other anions have been obtained by metathesis. The solubility of the 
nickeI(iI) complexes in general is less than that of the corresponding copper(H) 
complexes. Measurements of electrolytic conductance in aqueous soIution or in 
methanol (for the compIexes of l-amidino-O-ethoxyethylurea and butoxyethylurea) 
provide values in agreement with the bi-univalent nature of the complexes3*4* 13. 

The compIex nickel bases as weIl as their salts are diamagnetic. The eom- 

Coor&n. C&m. Rev., 2 (1967) 441-459 
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Com~oaad Coiour Mofar conductance Electronic spectra Magrxetic Ref. 
in aqueous sohlion v, cm-’ E moment 
mhos cm2 mole- ’ 

~i(AMUH)JCi, yellow 251.0 22,730 55 diamagn. 10, 13 
[~i(~UH)*]~l~ * 2H,O yellow 247.8 22,730 47 diamagn. 10, I3 
[Ni(AMEUH),]CI, yeliow 2 18.6 22,220 4.5 diamagn. 4 
~i~~~U~)*lCl~ yellow P51.5+ 22,220 46 diamagn. 4 
_~ 
* In methanol solution. 

plexes show bands around 22,73&22,220 cm-’ fn their eiectr~rGc spectrum4* “. 
The electronic spectra* and the diama~etism are regarded as diagnostic of a 
square planar arrangement23-2s, (Table 4). 

The farmation of some of these nickel(rX) complexes namely of I-amidino-CL 
methylurea and 1-amino-U~thy~urea has been followed quantitatively by 
spectral measurements. These studies show that unlike the copper complexes 
the nickel(II) bis~l-amidino-U-a~kyiurea) complexes are formed in a single step. 
The instability constants have been evaluated and these are sIightly Iower than 
those of biguanide complexes”* Zip 16. 

The l~~~dino-~-alkylure~ react with cobaIt~I) salts in the p~~se~~ of 
ammonia to precipitate cream cofoured &is~~-a~di~o-~-a~kyi~rea) coba~t~~)‘s_ 
Whereas the biguanide sulphate and cobalt@) salts react under similar conditions 
to precipitate bis~iguanide) cobalt~) sulphate” or, in the presence of NaOI-I, 
the bis~iguanide) cobalt~~ hydroxides the ~-amidi~o-U-alky~ure~ provide the 
cobalt@) complexes as the anhydrobases. The magnetic moments of several: 
cobalt(U) complexes all lie witbin the range 2.3-2.5 B.M. Since the complexes 
are all anhydrobases, these measurements appear to indicate a square planar 
structure. In acetone solution the complexes remain pale yellow and spectral 
me~urements iudi~te absence OF any band ti the tetrahedra1 coba~t~ region 
f650-700 m~)28*2g*30 and also of any band in the octahedraf cobattCUC) region 
(~550 rnfi] 31*32*33. A planar quadricosrdinate complex of cobalt should 
show a band around 1200 rnfl 34*35 But unfo~unately this region has not been . 

covered in the above study. 
The above complexes are, however, more susmptible to donor solvents, 

Thus in methanol, tetrahydrofuran and also in dioxan, rapid oxidation occurs 

* Note added in proof: A detailed study of the absorbtion spectra of several nickel (Ii) complexes 
in the solid state and in different solvents has since appeared. V. RASMUSSEN AND W. A. BAKER, 
f_ Chetn. Sot. A, (1967) 580. 
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dirty yellow 
silky crystals 
pale yellow 
paie yelfow 
pale yellow 
pale yellow 
pale yellflw 

21 2.34 26 

II 2.36 26 
2.52 26 

;A 2.36 26 
21 2.32 26 
20 2.52 26 

with the appearance of the two usual cobalt(~~I) bandsJ6*37 around 33@-350 m# 
and 480-500 rnp. 

These complexes liberate ammonia from ammonium salts 
ready oxidation to cobait(Iff). However, they are quite stable in 
state even at 120 “C, (tee Table 5). 

Cobalt(EEI) complexes are of the following types: 

and uuderga 
the dry solid 

(a) arcs-I-amidiro-O-a~ky~~~ea cobalt (ill)-compIexes, {(%(A A UH) &Y3 and 
hetero I-omidino-0-oikyluxea cabaft complexes. The hydrated bases of these 
chelates have been obtained by oxidising a mixture of cobalt(H) salts and an excess 
of the ligands 38*3g concerned by W,O,. These are geoeraliy dark-red in cotouc and 
their solubility in aqueous solution decreases with increase in the chain length of 
the substituent, whereas that in ethanol and acetone increases, The compiexes 
liberate ammonia from ammonium salts and for:71 the corresponding salts. Con- 
ductance me~urements in aqueous solution indicate the &i-univalent eIectrolytic 
nature of the complexes, The eiectronic absorption spectra reveal the usual two 
bands of octahedrai cobalt(IIL) chelates around 28,000 and 21,000 cm-’ represent- 
ing the two transitions ‘Tzg +- ‘A Ig and ‘T1, +- “A Ig. The compounds are all 
diamagnetic. ~though co~espouding bi~anide complexes are resolvable into 
optical isomers, these chelates could not be resolved presumably due to their high 
solubility in aqueous medium. 

A hetero l-amidino-U-ethylur~ bis(l-a~dino-~-methylurea) has also been 
obtained by the action of l-a~di~o-~~thylurea on the diammine bis(l-amidino- 
O-methylurea) cobalt(i_IQ complex. The complex is highly soluble, behaves as a 
tri-univalent electrolyte and exhibits two ligand field bands39 at 27,800 cm-’ 

and at 20,800 cm-‘. 

Cuordin. Chem. Rev., 2 (1963 441459 
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(b,J Bis~I-a~idino-~~~kyItirea~ CO~QZ~~II~~ complexes. The complexes be- 
longing to this category can be sub classified as follows : 

fl) rwfium. x.21 +” where X = NH,, Py, j?-picoline, CHsCN 

(2) [CofAAUH), X,-j + ’ where X = NO, or CN 

(3) cco(~U~~(~)l+= where AA = ophen, dipy, glyH, en, bigH. 

(1) fCo(AAUH),X,]+“. Air oxidation of a mixture of cobalt(H) salts, 
I-amidino-O-alkylurea sulphate (1:2) in the presence of ammonia leads to the 
syntheses of diammine bis (I-amidino-O-alkylurea) cobalt(IIl) complexes. The 
I-arnidino-U-all&urea iigands undergo protonation to different extents depending 
on the experimental conditions of the syntheses. Thus monopositive ICO(NH~)~ 
(AMU),]+, bipositive [Co(NH,),(AMU) (AMUH)J2’ and tripositive [Co 

Nf,MAMUW,13+ have all been isolated in the form of a large number of 
salts4’. Extensive measurements of the equivalent weights and conductance in 
aqueous solution have been reported in order to confirm the ionic natures of the 
Werent complex species. Oxidation of the freshly prepared yellow coloured 
bis(l-amidino-~-al~lurea) cobalt(H) in the presence of ammonia also leads to 
many similar products. The yellow &is complex readily liberates ammonia from 
aqueous ammonium thiocyanate solution providing crystals of [Co(NH,),(AAU) 
(AAUH)](SCN),. FaiIure of such a reaction with KSCN indicates that the reaction 
with ammonium thiocyanate first reads to the &ease of ammonia in solution which 
thkn forms the diammine complex, the whole process being favoured by the pre- 
sence of the thiocyanate ion4’. 

The above diammine complex reacts with oxalic acid at room temperature 
to provide rose-red [Co(NH,),(AAUH),](C,o,),_, and on a steam bath the 
intense violet oxalato-oxalate salt [Co(C,O,) (AAUH),](C,O&,s. The reactions 
with other bidentate ligands (e.g. u-phen, dipy, glyH, en or BigH) to produce the 
heterochdates (Co(ophen) (AAWH),]+3 etc.. do not proceed below 65-70 “C. 
These reactions have been taken to suggest tentatively a tram diammine structure 
for these complexes. A comparison with the reactions of cis and trans diammine- 
bis(biguanide) cobah salts4rgq2 appears to support such a trans configuration 
for the above complexes. 

Hydrogen peroxide oxidation of the cobalt(H) complex in the presence of am- 
monia was also undertaken and a diamminebis(l-amidino-CLalkylurea) isolated. 
The visible absorption spectra of this product as also the one obtained by an air 
oxidation method were identical, both she:;riog absorption bands at 330-340 rnp 
and at 4S6-505 rnp. The expected further splitting43*44 of the Iower energy ab- 
sorption bands due to a tetragonal field was not realised due to the close positions 
of ammonia and the f -amidino-O-alkylureas in the spectrochemical series. Splitting 
of the first visible absorption spectral band has been observed in trans (dihalo- 
genoacetato) (tetrammine) cobalt(III)45 and diacetaio bis (ethylenediamine) 
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cobait@I)46 and similar complexes 47 though not in the cases of cis and trots 
isomers of diam~nebis(ethylenediami~e~ cobalt@IQ4*. 

Replacement of ammonia by pyridine during the air oxidation of the cobalt(II) 
complex has provided a series of variedly protonated cations uiz. [Co(Py), 
(AMU&]’ and ~Co~~~~(~UH)~lr3. Equivalent weight and conductance studies 
have been made to elucidate the ionic nature of these complexes4g. The reactions 
of oxalic acid and other bidentate ligands with these complexes have been studied 
with results similar to those for the diammine series. The electronic absorption 
spectra show the usuai two ligand field bands around 29,090 cm-“ and 20,000cm-t. 
Similar complexes with &picoline and acetonitrile have also been characterised4g. 
The complexes are believed to possess trans disposition of the two unidentate 
ligands, (Table 6). 

(2) CCoCAAUW,X,I+ where X = NO2 or CN. Two series of dinitrobis 
(l-a~dino-~-alkyIurea) cobah nitrite have been synthesised and characterised. 
Aeriai oxidation of cobalt(lI) nitrate, I-amidino-O-alkylurea sulphate and sodium 
nitrite in aqueous solution provides orange red crystals of the tams derivative. 
Action of I-amidino-Q-alkylurea sulphate on sodium cobaltinitrite on the other 
hand leads to the brownish red cis dinitro seriesso. Evidence has been cited in 
favour of the cis-trans isomerisation. The salts of the t=is series provide much fewer 
conductance values in methanol (nM = 3’7-55 mhos) in contrast to the normal 
~uductivity (A M = 100-105 mhos) of the &ZPZS series. The low conductance of 
the c&r complexes has been interpreted to arise out of strong ion-pair forma- 
tious’“52. The electronic absorption spectra of both the series show two similar 
bands around 350 rnp (IT,, c ‘A rs transition) and around 440-480 rnp (‘T,, +- 
‘A Ig transition). The ct complexes, however, provide distinctly higher molar 
absorptivity, The infra-red absorption spectra do not show any band around 
1050 cm-’ indicating the absence of a metal oxygen linkage arising from a uitrito 
complex. Both the sampfes, however, show strong bands around 810-830 cm’% 
due to bending modes of the nitrite group. The trum compound, however, gives 
oniy one band at 13 15 cm-‘, whereas the brown-red cis variety shows as expected, 
two bandss3 at 1310 cm-l and at 1335 cm-‘ ‘. The c& series of salts has a slightly 
higher solubility in methanol than the corresponding trans series. Both series 
of complexes are stable to heat at 120 “C and on boiling in aqueous medium there 
occurs no evolution of nitrous fumes. On treatment with dilute HCI, however, 
nitrous fumes evolve and reduction to cobalt(iQ takes places*, 

The action of KCN on tris (I-~diuo-U-methyiur~) cobalt(B) base or on 
tris(i-amidino-O-ethylurea) cobalt(III) base and also on diamminebis (l-amidino- 
O-alkylureas) has led to the isolation of dicyanobis(l-amidino-~-~lur~) cobalt 
(III) base as yellow coloured products. These are highly soluble in aqueous me- 
dium. A tram couf@uration has been assumed40. A truns configuration earlier 
proposed intuitively for the dicyanobis (biguanido) cobalt(III) has recently been 
cor&rmed in our Laboratory frdm an infra-red study5’.. 

Courdi... Chma Rev.. 2 (1967) 441-459 
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(3) [~o(~UH)~(~)I~~ where AA = ophen, dipy, glyph, en and bigH. 
A series of heterochelates cobaft(III) complexes has been obtained by the action 
of bide&ate ligands such as orthophenanthroline, 2_2’-dipyridyl, ethylenediamine 
etc. on diaminine bis (l-amidino-O-alkyiurea) cobalt(IL1) or on dipyridinebis 
(l+amidino-0-alkilurea) cobalt(II1) complexes. The resulting heterochelate com- 
plexes are highly soluble in aqueous solution. All these exhibit the usual cobalt(II1) 
spectral bands, the position of the bands being in conformity with the established 
sequence of these ligands in the spectrochemical series56*57. 

The heterochelates, biguanidebis(I-amidino-U-alkylurea)i cobalt(III) com- 
plexes have reasonable solubility and have been described in the form of a number 
of salt.~~~. Conductance and equivalent weight measurements identify the com- 
pounds as tri-univalent electrolytes. The two ligand field bands are observed around 
28,000 cm-’ and 21,000 cm-‘. The I-amidino-O-methylurea and 1-amidino-t)- 
ethylurea heterochelates have been resolved by the fractional crystallisation of the 
~-~mphor-lo-sulphonate salts. The pure levo diastereoisomer has been reported. 
The corresponding dextro diastereoisomer was obtained in poor yield and low 
purity. Treatment of the levo disastereoisomer with potassium iodide provided the 
iodide salt of the levo cationjg. 

(c) i-amidino-O-afkylureabis(biguanide)cobait(III) complexes. Action of 
1-amidino-O-alkylureas on cis diamminebis (biguanide) cobaIt(III) has given rise to 
a series of highly crystalline and moderately soluble red coloured complexes of 
l-amino-O-a~ylureabis~i~anide) cobaIt~III)57. A large number of salts are 
known with tri-univalent electrolytic nature. The electronic absorption spectral 
measurements reveal two ligand field bands around 28,500 cm-’ and 21,000 cm-‘. 
A number of these cations have been resolved oia fractional crystallisation of the 
chloride dextrotartrate and the dextro camphorsulphonate salts. Addition of the 
chloride salt to an excess of sodium dextrotartrate provides, on cooling, crystals 
which are very rich in the levo diastereoisomer. Further fractiona~on of thesecrystals 
provides the pure diastereoisomer which has been converted to the Zero sulphate. 
On the other hand, the dexttocamphorsulphonate salt appears in the racemic form 
from which fractional crystallisation provides both the diastereoisomers. In both 
these cases the Ieuo diastereoisomer forms the less soluble fraction. However, 
attempts to obtain the iodide salt from the camphorsulphonate led to substantial 
Ioss of optical activity, (Table 7). 

Repfacement of a biguanide molecule of tris (biguanide) cobalt(III) complex 
by any of the several l-a~dino-O-~kylure~ does not change the sign of rotation 
of the less soluble diastereoisomer. Replacement of a biguanide by I-amidino-O- 
alkylurea introduces a greater asymmetry as is revealed by higher molar rotation 
values. Furthermore among the I-amidino-0-alkylureas themselves, asymmetry 
appears to decrease with increasing chain length of the alkyl substituent. 

Both the diastereoisomers and the pure active complex sulphates are per- 
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feet@ stable in aqueous solution at 25 “C, There was no evidence of radiation 
taking place when the products were heated up to 120 *C for several hours. 
These optic& isomers are interesting materials both from the point of view of 
mechanistic studies of racemization as well as being suitable molecules for study 
by the techniques of optical rotatory dispersion and circuh~ dichroism. 

A few o~ova~a~~~V~ ~ompiexes5~ of ~-~midiuo-O~alky~ure~ and I- 
~~no-~-a~oxyal~~ure~ have been prepared by the action of alkali on a, 
mixture of vanadylsulphate and a large excess of the ligands. These form bluish 
green to rose-violet erystaIs and conform to anhydrobase formula. They have 
magnetic moment values of about 1.7 B.M. indicative of quadriva~ent vanadium, 
and resemble the oxo-va~adjurn~ camplexes of bjg~nides and some subs~~uted 
biguanides _ GO The complexes are insoluble in common soivents. The electronic 
absorption spectra and infra-red spectra have not been recorded, (see Table 8). 

Complex ~~la~~~~ bis pi-amidino-~-alky~~ea~ sulphates have been 
prepared as sparingiy soluble products by the addition of sodium c~orop~adite 
to that of the l-amino-O-al~~urea stiphate in f&tiy ammoniacal me- 
dium3*4*6’, The chloride and a few other salts have also been reported. The 
complex. bases react with ammonium salts to Iiberate ammonia providing the 
~~~pou~ng salts. 

The ~ocyauate salts on treatment with dilute acid solution and on wig 
provide solubles ruby-red coloured p~adium~ bis (i-a~dino-U-a~~urea) 
p~ado~o~yanat~. 
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2 Fd(AAUHJ2] (SCN), + 2 HCI -+ ~d(MUH),] [Pd(SCN),]_. + 
2 AAUH.HCI 

The complexes are all stable to boifing water and alcohol, provide the ex- 
pected conducing values and like the ~orr~ponding nickels complexes, are 
diamagnetic pointing to square planar stereochemistry, (Table 8). 

TABLE 8 

OX~VAN~lUM(IV) AND PALLADIUM(II) COMPr.F.XES OF ~-A~UDINO-~-ALW~K.UWAS 

Cclmpound Cofow MognetiC M&T Ref. 
moment CkWdU&mCC 

(B.&f.) mhos cm* mofcrl 

WWAM WA bluish green lx?7 
Ivoww,I bluish green 1.68 
[VO(AEEUff)~~ sky bhte 1.67 
[VO(A~*~~)~] light grey-vialet 1.69 
[Pd(AMUH)JCf, - 2H,O cream diamagnetic 
fJ’d(AEUH),#ZI, - 2.5H,O cream diamagnetic 
[PdlAB”UH)&O, - 2H,O cream diamagnetic 
tf’d(AMEU),I cream diamagnetic 
[Pd(AEEU)J cream diamagnetic 
[Pd(ABRU}J cream diamagnetic 

- 

- 
- 
171.2 
224.8 
- 
- 
- 
- 

59 
59 
59 
59 
61 
61 
4 
4 
4 
4 

Zinc(n) forms colourfess crysta~n~ materials having the form~a 
[Zn(AAU),]. The complex bases are very weak, being more or less hydrolysed ia 
water and do not form any salts62. 

63 Chromium(IIf) complexes have been isolated as rose-red anhydrobases 
having the formula [Cr(AAU),]X H,Q by the addition of a chrom-ahun solution 
to an alkaline solution of 1-amidino-0alkylurea sulphates. On treating the 
complex bases with dilute HzS04, the complex sulphates were obtained as orange 
red precipitates, The chromium(lZf) complexes are less stable than the cobah(Ii1) 
complexes. The studies so far reported on Ghro~urn~r~ are admittedly very 
sketchy and c&I for further investigation, 

I-Amidiuo-6%alkyhxreas react with trimethoxy borate in methanol to give 
c~s~~~~~ cornpo~n~ @@AU) (OCH,),]. These hydroiyse in aqueous solution 
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and rapidly in acid solution, melt around 400 “C and decompose explosiveiy in 
air. It is to be hoped that further studies will soon be reported on these complexes. 

D. RE?ACTIONS OF CO-ORDINATED I-AhlIDINO-@ALKYLUREAS 

Copper@) bis (I-amidino-O-alky~~ea) base and the corresponding nicket(II) 
complex were found to react readiIy with sahcylaldehyde on refiuxing to provide 
complexes of the following types6’. 

OH iH 
RO-C-NH-C--&Cl-i 

HZ It 
whereM = Cu,NI,Co and R-CH3,C2H~,n-CjH7. iso-c+l,. 

n-C& and is0-C41$ 

The tris (I-amidino-0-alkylurea) cobalt(III) base apparently underwent a similar 
reaction but yielded a cobah complex. The copper(U) complexes are green to 
brown and have magnetic moment values around 1.85-1.97 B-M. The absorption 
spectra have not been reported and therefore no definite conclusion can be drawn 
about the stereochemistry. The nickel(I1) complexes of methyl, ethyl, n-propyl or 
isopropyl derivatives with salicylaldehyde (NiL,.2H,O, where LH = ligand) are 
green to greenish yellow and magnetic moments have been regarded as indicative 
of octahedral nickel(E). However with n-butyl and isobutyl substitution, the 
nickel(n) compIexes are orange red and diamagnetic. The authors believe that 
steric in!Iuence of the bulky substituents results in square planar structure. The 
brown coloured cobalt(II) complexes with magnetic moment values 3.2-3.6 B.M. 
are stated to be of tetrahedral stereochemistry. However, these values are much 
below the tetrahedral range (4.3-4.7) and no spectral contirmation or otherwise 
of the stereochemistry is presently available. 

E. STRUCTURE OF MEXAJ- CHELATES 

Originally the chelated structure (I) was suggested12 in keeping with the 
structure of metal biguanide complexes (II). An alternate structure (III) was dis- 
carded by the authors on the ground that copper offers green coloured complexes 
with acyloin oxime in which it is linked with both nitrogen and oxygen atoms of 
the Iigand, whereas the copper derivatives of the present Ligancis are all rose-red 
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in colour. Moreover in a molecule of these Iigands oxygen was considered unlikely 
to be available for do-ordination with the metal due to the possible formation 
of hydrogen bonds’*. 

Since the nature of these ligands is now extensively investigated and 
properly named as l-amidino-O-alkylureas instead of 1-amidino-34kylureas or 
~anylai~l~eas, their m~ta~iccomplex~ may be represented by structure (IV)6*8. 

The presence of free amino groups in these chelates has been demonstrated 
by their reaction with salicyialdehyde to provide complex of amidino-~-alkylurea 
Schiff base type ligands as already mentioned in section D. 

F. CO~CL~ING REMARKS 

The studies so far reported have established the strong field character of 
these fascinating ligands, which follow closely the biguanides and substituted 
biguanides in their transition metal chemistry. It is to be hoped that extensive 
studies will be undertaken in future years to explore the donor properties of these 
ligands to a still greater extent. 

We express our gratitude to Prof. S. I(, Siddhanti and Prof. S. R. Palit for 
their interest and to the Council of Scientific and Industrial Research, New Delhi 
for a maintenance grant to one of us (AS.). 
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