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ABBREVIATIONS

AAUH, t-amidino-O-afkylurea
AMUH, i-amidino-@-methylurea
AEUH, I-amidino-0Q-ethylurea
APIUH, {-amidino-0-isopropylurea
AB'UH,  i-amidino-O-isobutylurea
AB°UH, j-amidino-O-n-butylurea
AAIUH, t-amidipo-O-isoamylurea
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AMEUH, l.-amidino-0-methoxyethylurca
AEEUH, 1-amidino-O-cthoxy ethylureca
AB"EUH, I-amidino-Q-g-butoxyethylurea

BigH, biguanide

Py, pyridine

ophen, ersho-phennnthroline

dipy, 2.2'-dipyridyl

€n, ethylenedianiine

givH, glycine

alanH, a-alanine

CS5H, d(+)camphor-10-sulfonic acid
d-tarit,, d{+) tartaric acid

Ac, acetate

A. INTRODUCTION

The ligands, i-amidino-O-alkylureas, were synthesized in a chance observa-
tion arising out of experiments designed to yield a biguanide derivative®. Originally
designated as guanylalkylureas, these compounds received a review treaiment in
1961 ailong with guanylurea and guanylthiourea, coming in the wake of the che-
mistry of metalbiguamde complexes?.

However, since 1961, many significant studies have been conducted on the
syntbeses, structure, kinetics of formation and the reactions of co-ordinated
}-amidino-G-alkylureas. The chemistry of transition metal complexes of the ligands
bas also been extended. The present review covers the salient aspects of all the
studies to-date in the hight of current views of stercochemistry and bondiug in
metal complexes.

B. THE LIGANDS, I-AMIDINO-O-ALKYLUREAS
{§) Syntheses, structure and general properties

The syntheses of these ligands arose cut of an attempt to prepare a biguanide
derivative of methylanthranilate!. Since the latter was immiscible with water,
ethanol was preferred as a solvent during the reaction of methylanthranilate and
dicyandiamide in the presence of copper{I) acetate at reflux temperature. A deep
violet solution resulted, from which a copper conplex was isolated, the analysis
of which did not iadicate the formation of a biguanide derivative of methylanthra~
nilate but suggested a compound resulting from the combination of dicyandiamide
and ethanol, Strong resemblance of these products to copper(Il) bis (guanylurea)
Ied the authors to assume that the derivatives were ethyl substituted guanylureas.
Just as in the presence of hydrogen ion a molecuie of water combines with that of
dicyandiamide to form a molecule of guanylurea similarly a molecule of ethanol
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was thought to add itself to that of dicyandiamide followed by a rearrangement
to the ethylsubstituted guanylureas!.

HyN—C—NH--C=N Cul+ H;N--C—NH--C-—OR 71— HiN--C-NH--C--NHR
I} + ROH———> ! ii Il |
NH refluzed H NH NH
Dicyandinmide 1-Amidino-O-alkylurea Guanylalkyluren or

I-Amidioo-1-alkylures

This above addition reaction also occurs with other alcohols such as methyl,
ethyl, n-propyl, isopropyt, n-butyl, isobutyl, n-amyl, isoamyl, n-hexyl, cyclohexyl,
methoxyethyl, ethoxyethyl and butoxyethyl alcohols. Generally the copper com-
plexes are isolated as complex acetates. These are coaverted 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 hydrochlorides of the
reagents have also been obtained by double decomposition with BaCl,. With the
dihydric alcohol, ethylene glycol, however, a copper complex of guanylhydroxye-
thylurea was obtained instead of the expected complex of ethylene-di-guanyl-
ureals3-4

A Japanese study’ of the above template reaction followed shortly and the
1solated ligands were formulated as l-amidino-0-alkylethers, although no definite
evidence was presented in support of this. An unambigous and independent syn-
theses of several 1-amidino-3-alkylureas had now been reported from the reaction
of guanidine hydrochloride with an iso-cyanate in the presence of sodium and
acetone®.

aeclanc

NH NH
I-Amidino-3-alkyTurea

N
H,N—C—NH,, HCl+R—N=C=0 —_ H.N—C—NH—C-NHR

The failure of the I-amiding-3-atkylureas to form metal chelates in contrast
to the positive reactions given by the template synthesis products identified the
ligands, under review, as [-amidino-O-alkylureas instead of l1-amidino-3-alkylu-
reas. Steric hindrance offered by the alkyl group of 1-amidino-3-alkylureas prevents
the —NHR nitrogen from forming bonds with metal ions®. Such a situation is
less likely to exist in the I-amidino-O-alkytureas. It is also pertinent to mention
that [.amidino-3-phenylurea obtained thsrough the condensation of guanidine
and phenylurea, also 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 1740 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
ligands prominently display these very streng and sharp bands. A nickel(Il) com-
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plex chloride of the methyl substituted reagent also corroborates these infra-red
absorprion bands. Estimation of methoxyl group of the methyl derivative gives
a satisfactory positive result.?

Copper(Il) acetate may be replaced by copper(ll) 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(II) 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-
nzous in that prolonged refluxing of nickel(II} chloride, dicyandiamide and me-
thanol has provided the nickel(fl) bis(l-amidino-O-methylurea) complex. These
reactions are believed to be kinetically controlled®.

Copper dicyandiamide sulphate has also been found to react with methanotl
providing the rose red copper(il) bis {1-amidino-O-methylurea) sulphate®.

(i) Dissaciation constants

The acid dissociation constants Ka, and Ka, of several l-amidino-O-
alkylureas have been determined by the usual Bjerrum technique. The values
{Ka,=~10"'") indicate a far stronger donor ability compared with amidinourea
(Ka, = 10~°) but somewhat weaker compared with biguanides (Ka, 2 107121011,

C. METAL CHELATES
(i) Copper(ff) complexes

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

fa) Bis (I-amidino-O-alkylurea) copper( II) saits. The ligands react with aquo
copper(1I) ions around pH 6-7 to provide rose-red coloured compiexes. The cations
have been isolated in the form of a farge number of salts including the iodide,
thiocyanate and the thiosulphate. The sofubility of the salts (e.g. chloride and
acetate) in aqueous medium decreases with increase in the chain fength of the alkyl
substituent, whereas that in alcohol increases. The electrolytic conductance values
in aqueous medium are in fair agreement with that for bi-univaleat electrolytes.
The complexes provide magnetic moment values around [.7-1.8 B.M. The elec-
tronic absorption spectra exhibit one absorption band around 18,870-18,520 crn™!
which is characteristic of square planar copper(II} compiexes with four nitrogen
donors**' 5. The closely related copper(Il) bis(biguanide)chloride also exhibits
a single absorption band*® around 19,600 cm™!. 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 tetragonality of the complexes®?- ' ® dimethylsuifoxide >
methanol > water.

Complex Yooy i

dimethyl sulfoxide methanol water
[Cu{AMUH).KAc). 20,000-20,400 cm—* 19,050-19,160 em—? 18,180-18,350 cm—?
ICU(AEUH),{AC), 19,200-20,200 18,690-19,050 1B,020-18&,350

(b) Copper(Il) bis{ 1-amidino-O-allcylurea). The above copper(il} salis preci-
pitate the rose-red complex base on ireatment with alkali. These complexes conform
toan anhydrobase formula indicating the inner metalliccharacteristicsof theligands.
The bases liberate ammonia on treatment with ammonium 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 decornpose'Z.

{c) Ceopper(il) mono(i-amidino-O-alkylurea) complexes. Spectrophoto-
metric studies of the system aquo copper(ll}: i-amidino-O-alkylurea shows two
distinct equilibria, the formation of a blue mono l-amidino-O-alkylurea com-
plex around pH 4-5 and the formation of rose-red bis(l-amidino-G-alkyturea)
complex above pH 6:

pH4—5

[Cu(ag)]*’+AAUH —— {Cu(AAUH)(aq)]*?
pHS

[Cu(AAUH)aq]*? + AAUH=—=[Cu(AAUH),]**

Following the spectrophotometric indication of the existence of a mono complex
in solution (by Job’s variation), preparafive studies have led to the isolation of
deep blue dichloro mono (l-amidino-O-alkylurea) copper(ll) complexest®- 1%,
These complexes are, however, stable in solution only around pH 4 and readily
undergo transformation to the rose-red bis complex above pH 6.

ACu{AAUH)CL, ] = [Cu{AAUH),]Cl, +Cull,

These compounds also have magnetic moments in the range 1.7-1.8 B.M. and
their elecironic spectra in aqueous solution exhibit one asymmetric band around
15,380-15,100 cm—*. The considerable shifting of the band towards lower fce-
quency compared to that in the rose-red bis complexes may be interpreted in
terms of a distorted octahedral structure in sclution!3 1920,

Fhe overall instability constants of the bis complexes have been evaloated
by spectrophotometric measurements. For comparison, the copper(II} complexes
of amidinourea and of biguamide are included in ‘Table-2. As is indicated by the
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TABLE 1
COPPER{1l) COMPLEXES OF 1-AMIDING-(J-ALKYLUREAS
Compound Colour Molar conduciance Electronic spectra Magnetic Ref.
in aqueous medium v, em! € moment
mhos cm?® mole* {B.M.}
FCuAMUR).]Cl. rose-red  242.8 {B, 515 43 1.65* 12
[Cu(AEUH),ICI, rose-red  258.4 IB,51% 43 179+ 12
[CWAMUH)CL,} blue — 15,150 32 L7 12,4
[Cu/AELIH}C!:] blue — 15,150 iz 1.B2 12. 4
[CuAMEUH).[Ci. rosered 1B6.G —_ — 1.74 4
FCu{AEEUR)},ICl. rose-red 2168 _ —_ 1.78 4

* Mapgnetic moments are reported for the corresponding sulphate salt.

acid dissociation constants the l-amidino-O-alkylureas are stronger as co-ordi-
nating agents than amidinourea but somewhat weaker than biguanides.

{d) Mixed chelates of copper(FT). Extensive specirophotometric studies in
solution have been completed for the system bis(i-amidino-O-alkylurca) copper{Il)
and ortkophenanthroline, 2-2'-dipyridyl, glycine or x-alanine at varied pH in
aqueocus or aqueous alcoholic medium. Molar ratio variation studies definitely
point to I:1 interaction between the starting copper(II} chelate and one of the

TABLE 2

INSTABILITY CONSTANTS OF COPPER{II) AND NICKEL{H} COMPLEXES OF [-aAMIDINO-O-ALKYLUREAS,
AMIDINQUREA AND BIGUANIDES

Ligands Insrability constanis Ref.
Copper(ll} Nickel(I1)

t-Amidino-Q-methylurea 1.02 x 1Q-1% 350X I0-H 10
t-Amidino-0-ethylurea 4.97x 10~ 1.55x 1012 10
Amidinourea 6.11 % 10-? — 10
Biguanide 4.90 x 1019 3.20 1014 16, 21
N _Methy!biguanide 1.08 x 101 166 10— 16, 21
N 1-Ethylbiguanide 1.02x 1047 1.66 > 1012 16, 21

above ligands. Convincing spectrophotometric results have been obtained which
indicate that the mixed chelates are of the type [Cu(AAUH) (XX/XY)]"™" (where
XX = ophen or dipy and XY = plyH or alan H). The absorption spectra of the
mixed chelates®? Table-3 are suggestive of a distorted octahedral structure for
these complexes’® 2%, Atttempts to crystalliss the complexes bave not as yet
succeeded. Simitar results have been obtained with the corresponding biguanide
complexes and the above chelating ligands, though in the latter case, isolation of
the mixed chelates in solid crystalline form has been possible?2,
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TABLE 3
COPPER{II} MIXED CHELATES
System Composition  pH of maximum  Electranic spectra Ref.
formation ¥, cmrt E
. | 341 66.5 15,620~
[Cu(AMUH),J(Ac).: dipy 14.710 63 17
. 1:1 5.5-6.0 15,870~
{fCutAMUH).}(Ac),: ophen { 14,710 54 17
o i:1 7 15,870~
[Cu(AEUH).X{Ac),: dipy { {4,930 63 B
[CWAEUH).)(Ac);: ophen 17" 5.5-6.0 {ing 5 17
1:1 7 17,540
[Cu(AMUH),KAG),: glyH {leosp % 17
1:1 17,860~
CufAMUH)a{AC),: alanH -8 { 16.950 44 17
. 1:1 7 17,540
FCU{AEUH):[(Ac)s: glyH [ 16,950 41 7
S 111 7 17,540
[Cu{AEUH);}(Ac)a: alanH 16.950 44 17

{§i) Nickel(Il} complexes
The nickel(If) complexes of these ligands are of the following two types:

fa} Nickel(H} bis{I-amidino-O-alkylurea}), [NifAAU};). These yellow
coloured compounds are precipitated from za solution conataining nickel{il} ion
and excess ligands in the presence of alkali'?, These have the composition of
anhydrobases and are generally insoluble in water but many have been purified by
crystallisation from alcohol., The complex nickel base of I-amidino-O-butoxy
ethylurea undergoes decomposition when heated with an ammonium sait in
agueous medium.

(b) NickelfIl) bis{l-amidino-O-alkylurea) sailts, [Ni{AAUH},]X,. Treat-
ment of the above complex 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 —INH; 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
nickel(I} complexes in general is less than that of the corresponding copper(Il)
complexes. Measuremenis of electrolytic conductance in aqueous solution or in
methanol (for the complexes of 1-amidino-O-ethoxyethylurea and butoxyethylurea)
provide values in agreement with the bi-univalent nature of the complexes®-4-13,

The complex nickel bases as well as their salts are diamagnetic. The com-

Coordin. Chem. Rev., 2 {1967) 441459
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TABLE 4
NICKEL{i}} COMPLEXES OF 1-AMIDINO-{)-ALKYLUREAS
Compound Cofour Mbolar conductonce  Electronic spectra  Magnetic Ref.
in agueous solution 3 ppet g moment
mhos cm? mole™ 1
MNIAMUH),ICI, veilow 2510 22,730 55 diarnagn. 10, 13
{NHAEUH),ICl, - 2H.O yellow 247.8 n130 47 diamagn. 10, 13
[Mi{AMEUR),JCI. vellow 218.6 22,220 45 diamagn. 4
[NI{AEEUH),IC!, yellow 161.5* 22,220 46 diamagn. 4

* In methanol solution.

plexes show bands around 22,730-22,220 cm™! in their electronic spectrum*-*°,
The electronic spectra* and the dizmagnetisn are regarded as diagnostic of a
square planar arrangement??~2°, (Table 4).

The formation of some of these nickel(IT) complexes namely of t-amidino-O-
methylurea and l-amidino-O-ethylurea has been followed gquantitatively by
spectral measurements. These studies show that unlike the copper(Il) complexes
the nickel(1D) bis(i-amidino-Q-alkylurea) complexes are formed in a single step.
The instahility constants have been evaluated and these are slightly lower than
those of biguanide complexes!®:2*-16,

(iii) Cobalt(Il) complexes

The I-amidino~O-alkylureas react with cobali(Il) salts in the presence of
ammonia to precipitate cream coloured bis(i-amidino-O-aikylurea) cobalt(EI)2%,
Whereas the biguanide suiphate and cobalt{Il) salts react under similar conditions
to precipitate bis(biguanide) cobalt(I{} sulphate®? or, in the presence of NaOH,
the bis(biguanide} cobali(I) hydroxide, the i-amidino-O-alkylureas provide the
cobalt(II} complexes as ihe anhydrobases. The magnetic moments of severai
cobalt(Il) complexes all lie within the range 2.3-2.3 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
measurements indicate absence of any band in the tetrabedral cobalt(I) region
(650-700 mp)?®8-2%-3% and also of any band in the octahedrai cobalt(II} region
(~ 550 mu)-32.33 A planar quadrico-ordinate complex of cobalt(I) should
show a band around 1200 mu3*:?5. But unfortunately this region has not been
covered in the above study.

The above complexes are, however, more susceptible to donor solvents,
Thus in methanol, tetrahydrofuran and also in dioxan, rapid oxidation occurs

* Note added in proof: A detailed study ol the absorblion spectra of several nickel (1I) complexes
in the solid state and in different solvents has since appeared. V. RASMUSSEN AND W, A. BAKER,

F. Chem. Soc. A, (196T) 580.
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TABLE 5
COBALT(II} COMPLEXES OF 1-AMIDINO-O-ALKYLUREAS
Compound Colour Malar conductance Magnetic monient Ref.
in methanol (B.M.)
mhos cm* mole™t
[Co(AMU),1 dirty yellow 21 2.34 26
silky crystals
{Co{AE,) pale yellow i1 2.36 26
{C(:i(AI'i LU) pale yellow 21 2.52 26
[Co(AB"U},} pale yeliow 20 2.36 26
[CofAB'L),] pale yellow 2% 2.32 28
[Co(AA'U}.] pale yellow 20 2.52 26

with the appearance of the two usual cobait(IfT) bands>¢-*7 around 330-350 mp
and 480-500 mu.

These compiexes liberate ammonia from ammonium salts and undergo
ready oxidation to cobait(IlI}. However, they are quite stable in the dry solid
state even at 120 °C, (cee Table 5).

(iv) Cobalt{IIi} complexes

Cohalt{III} complexes are of the following types:

(a) Tris-1-amidino-O-alkylurea cobalt (III)-complexes, |Co( AAUH) J1X  and
hetero 1-amidino-O-alkylurea cobaft(IIl} complexes. The hydrated bases of these
chelates have been obtained by oxidising a mixture of cobalt(II) salts and an excess
of the figands3®3® concerned by H,O,. These are generally dark-red in colour and
their solubility in aqueous solution decreases with increase in the chain lenzth of
the substituent, whereas that in ethanol and acetone increases. The complexes
liberate ammonia from ammoaoium salts and form the corresponding saits. Con-
ductance measurements in aqueous solution indicate the tri-univalent electrolytic
nature of the complexes. The electronic absorption spectra reveal the usual two
bands of octahedral cobalt(I{I} chelates around 28,000 and 21,000 cm ! represent-
ing the two transitions 'T,, « 4, and T, « '4,,;. The compounds are ail
diamaguetic. Although corresponding biguanide complexes are resolvable into
optical isomers, these chelates could not be resolved presumably due to their high
solubility in agueous medium.

A lhetero l1-amidino-O-ethylurea bis(t-amidino-O-methylurea) has also heen
obtained by the action of I-amidino-O-ethylurea on the diammine bis{i-amidino-~
O-methylurea) cobalt(fil} complex. The complex is highly soluble, behaves as a
tri-univalent electroiyte and exhibits two ligand field bands®? at 27,800 cma™!
and at 20,800 cm~1.

Caardin. Chem. Rev., 2 {1967 441-459
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(b)) Bis{ I-amidino-O-alkylurea) cobalt{IIl) complexes. The complexes be-
longing to this category can be sub classified as foflows:

(1) [Co(AAUH),X,]*" where X = NH,, Py, 8-picoline, CH,CN
(2) [Co(AAUH), X,]*! where X = NO, or CN
(3) [Co(AAUH),(AA)]"" where AA = ophen, dipy, glyH, en, bigH.

(1) [Co(AAUH),X,1*". Air oxidation of a mixture of cobalt(Il) salts,
l-amidino-O-alkylurea sulphate (1:2) in the presence of ammonia leads to the
syntheses of diammine bis (l-amidino-O-alkylurea) cobalt(II[) complexes. The
I-amidine-0O-alkylurea ligands undergo protonation to different extents depending
on the experimental conditions of the syntheses. Thus monopositive [Co(INH ),
(AMU),1", bipositive [Co(NHj),(AMU) (AMUHR)}** and tripositive [Co
(NH;),(AMUH),]** have all been isolated in the form of a large number of
salts*®. Extensive measurements of the equivalent weights and conductance in
aqueous solution have been reported in order to confirmn the ionic natures of the
different complex species. Oxidation of the freshly prepared yellow coloured
bis(l-amidino-O-alkylurea) cobalt(If) in the presence of ammonia also leads to
many similar products, The yellow bis complex readily liberates ammonia from
aqueous ammonium thiocyanate solution providing crystals of [Co(INH,).(AAU)
(AAUH)J(SCN),. Failure of such a reaction with KSCN indicates that the reaction
with ammonium thiocyanate first feads to the release of aminonia in solution which
then forms the diammine complex, the whole process being favoured by the pre-
sence of the thiocyanate ion*%.

The above diammine complex reacts with oxalic acid at room temperature
to provide rose-red [Co(NH3),(AAUH),}(C,0,); s and on a steam bath the
intense violet oxalato—-oxalate salt [Co(C,0,) (AAUR),](C,0,4)s.s. The reactions
with other bidentate ligands (e.g. e-phen, dipy, glyH, en or BigH) to produce the
heterocbelates [Co(ophen) (AAUH),]*? etc. do not proceed below 65-70 °C.
These reactions have been taken to suggest tentatively a frans diammine structure
for these complexes, A comparison with the reactions of ¢is and frans diammine-
bis(biguanide) cobalt(I1I) salts****2 appears to support such a frans configuration
for the above complexes.

Hydrogen peroxide oxidation of the cobalt(IT} complex in the presence of am-
monia was also undertaken and a diamminebis(I-amidino-O-alkylirea) isolated.
The visible absorption spectra of this product as also the one obtained by an air
oxidation method were identical, both shevring absorption bands at 330340 my
and at 456-505 myu. The expected further splitting*?-** of the lower energy ab-
sorption bands due to a tetragonal field was not realised due to the close positions
of ammonia and the -amidino-O-alkylureas int the spectrochemical series. Splitting
of the first visible absorption spectral band has been observed in frans (dihalo-
genoacetato) (tetrammine) cobalt(ITD** and diacetaio bis (ethylenediamine)
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cobalt(II)*°® and similar complexes®? though not in the cases of cis and trans
isomers of diamminebis(ethylenediamine) cobalt{ITT)*8.

Replacement of ammonia by pyridine during the air oxidation of the cobalt(Il)
complex has provided a series of variedly protonated cations wviz. [Co(Py),
(AMU),} and [Ca(Py),(AMUH),]%. Equivalent weight and conductance studies
have been made to elucidate the ionic nature of these complexes*®. 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 usual two ligand field bands around 29,000 cm™ and 20,000 cm ™.
Similar complexes with f-picoline and acetonitrile have alsc been characterised?®®,
The complexes are believed ta possess frans disposition of the two unidentate
ligands, (Table 6).

(2) [Co(AAUH),X,]* where X = NO, or CN. Two series of dinitrobis
(1-amidino-0-alkylurea) cobalt{III) nitrite have been synthesised and characterised.
Aerial oxidation of cebalt{IT) nitrate, 1-amidino-O-alkylurea sulphate and sodium
nitrite in aqueous solution provides orange red crystals of the trans derivative.
Action of l-amidino-O-alkylurea sulphate on sodium cobaltinitrite on the other
hand leads to the brownish red cis dinitro series®®. Evidence has been cited in
favour of the cis-trans isomerisation. The salts of the ¢is series provide much lower
conductance values in methanol (A, = 37-55 mhos) in contrast to the normal
conductivity (A = 100105 mhos) of the tranc series. The low conductance of
the cis complexes has been interpreted to arise out of strong ion-pair forma-
tion®*1~52, The electronic absorption spectra of both the series show two similar
bands around 350 mu (*T,, + 4, transition) and around 440-48C mu (T, «
'A,4 transition). The cis 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 nitrito
complex. Both the samples, however, show strong bands around 810-830 cm™
due to bending modes of the nitrite group. The trans compound, however, gives
only one band at 1315 cm™ !, whereas the brown-red cis variety shows as expected,
two bands?? at 1310 csm™* and at 1335 cm™. The cis series of salts has a slightly
higher solubility in methanol than the corresponrding trans seres. Both series
of complexes are stable to heat at 120 °C and on boiling in agueous medium there
occurs no evohition of nitrous fumes. On treatment with dilute HCl, however,
nitrous fumes evolve and reduction to cobalt(TI) takes place’°.

The action of KCN on tris (1-amidino-O-methylurea) cobalt(I) base or on
tris (1-amidino-O-ethylurea) cobalt(III) base and also on diamminebis (1-amidino-
O-alkylureas) bas led to the isolaton of dicyanobis(l-amidino-0-alkylurea) cobalt
(III) base as yellow coloured products, These are highly soluble in aqueous me-
dium. A trans configuration has been assumed*®. A frans configuration earlier
proposed intuitively for the dicyanobis (biguanido) cobalt(I1II) has recently been
coniirmed in our Laboratory from an infra-red study33.

Coordin. Chers. Rev., 2 {196T) 441459
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(3) [Co(AAUH),(AA)]™" where AA = ophen, dipy, glyH, en and bigH.
A series of heterochelates cobalt(TII} complexes has been obtained by the action
of bidentate ligands such as erthophenanthroline, 2-2’-dipyridyi, ethylenediamine
etc. on diaminine bis (l-amidino-O-alkylurea) cobalt(II[} or on dipyridinebis
(l-amidino-0-alkylurea) cobalt(IIl} complexes. The resulting heterocbelate com-
plexes are highly soluble in aqueous solution. All these exhibit the usual cobalt(1I1)
spectral bands, the position of the bands being in conformity with the established
sequence of these ligands in the spectrochemical series®®57.

The heterochelates, biguanidebis(l-amidino-O-alkylurea) cobalt(Ill) com-
plexes have reasonabie solubility and have been described in the form of a number
of salts®®. 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 l-amidino-O-methylurea and l-amidino-O-
ethylurea heterochelates have been resolved by the fractional crystallisation of the
d-camphor-10-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 cation®®.

()} 1-amidino-O-alkylureabis(biguanide jcobalt(II1) complexes. Action of
I-amidino-O-alkylureas on cis diamminebis (biguanide)}cobalt(III) has givenrise to
a series of highly crystalline and moderately soluble red coloured complexes of
1-amidino-0-alkylureabis(biguanide) cobalt(III)*’. A large number of salts are
known with tri-univalent electrotytic nature. The electronic absorption spectral
measurements reveal two ligand field bands around 28,500 cm™! and 21,000 cm™1,
A number of these cations have been resolved via fractional crystallisation of the
chloride dextrotartrate and the dextro camphorsulphonate salts. Addition of the
chloride salt to an excess of sodium dextrotartrate provides, on coohng, crystals
which are very rich in the ievo diastereoisomer. Further fractionation of these crystals
provides the pure diastereotsomer which has been converted to the levo sulphate.
On the other hand, the dextrecamphorsulphonate salt appears in the racemic form
from which fractional crystallisation provides both the diastereoisomers. In both
these cases the Jevo diastereoisomer forms the less soluble fraction. However,
attempts to obtain the iodide salt from the camphorsulphonate led to substantial
loss of optical activity, {(Table 7).

Replacement of a biguanide molecule of tris (higuanide) cohalt(IIT} complex
by any of the several {-amidino-O-alkylureas does not change the sign of rotation
of the less soluble diastereoisomer. Replacement of a biguanide by l-amidino-O-
alkylurea introduces a greater asymmetry as is revealed by higher molar rotation
values. Furthermore among the l-amidino-O-altkylureas themselves, asymmetry
appears to decrease with increasing chain length of the alkyl substituent.

Both the diasterecisomers and the pure active complex sulphates are per-
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TABLE 7

CHARACTERISTICS OF THE OFTICAL ISOMERS OF COBALT(IH} COMPLERES OF 1-AMIDING-O-ALKYLUREAS
Compound faly’, degrees [M]p'®, degrees Ref.
ICo(BigH)Y (AMUH),J(CS)}, —200 —2174 39
ICo(BigH) (AMUH), —250 —1930 19
TICO(AMUH) (Bigh)y1yry ¢ - 4-SHO —375 —2396 57
HCo(AMUH) (BigH), (SO, ; * 3H,0 —408 —2338 57
FCo(AEUH) (Big)™Yy. ., - 4.5H,0 —337 —2197 58
/ICo(AEUH) (BigH), (S0, , * 3H,0 —375 —3197 58
1{Co(AP UH) (Bigh, %L, . - 4H,O —325 —2139 57
NCo(AP'UH) (BigH),} SO‘}, s 3HL0 —350 —2104 57
HCO(ABIUH) (Bigh),} g.ryy, - 4.5H,0 —325 —2213 57
HCo(ABUHj) (BigH}, (SO, , - 2H,0 —350 —2090 57
- [M]D [a}n » Molecular weight

100

fectly stable in aqueous solution at 25 °C. There was no evidence of racemization
taking place when the products were heated up to 120°C for several hours.
These optical 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 circular dichroism.

{v) Oxo-vanadium(1V)} complexes

A few oxovanadium(IV) complexes®® of l-amidino-O-alkylureas and 1-
amidino-O-alkoxyalkylureas have been prepared by the action of alkali on a
mixture of vanadylsuiphate and a large excess of the ligands. These form bluish
green to rose-violet crystals and conform to anhydrobase formula. They have
magnetic mement values of about 1.7 B.M. indicative of quadrivalent vanadium,
and resemble the oxo-vanadium(IV) complexes of biguanides and some substituted
biguanides®®. The complexes are insoluble in common soivents. The electronic
absorption spectra and infra-red spectra have not been recorded, (see Table 8).

{vi) Palladium(Il) complexes

Complex pailadium(IX) bis (l-amidino-(-alkylurea} sulphates have been
prepared as sparingly scluble products by the addition of sodium chleropalladite
to that of the 1-amidino-O-alkylurea sulphate in faintly ammoniacal me-
dium?* %1, The chloride and a few other salts have also been reported. The
complex. bases react with ammonium salts to liberate ammonia providing the
corresponding salts.

The thiocyanate salts on treatment with dilute acid solution and on warming
provide insoluble, ruby-red coloured palladium(II) his (I-amidino-O-alkylurea)
palladothiocyanates,
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2 [PA(AAUH)?} (SCN), + 2HCl —» [PA(AAUH),] [PHSCN), I +
2 AAUHLHCI

The complexes are all stable to boiling water and alcohol, provide the ex-
pected conductance values and like the corresponding nickel(II) complexes, are
diamagnetic pointing to square pianar stereochemistry, (Table 8).

TABLE &
ONO-VANADIUM{IV) AND PALLADIUM{II) COMPLEXES OF l-AMIDINO-O-ALKYLUREAS
Compound Calour Magnetic Molar Ref.

momeant condustance

fE.M.) mhaz e mole?
IVOAMU),) biuish green 1.67 — 59
{VO(AEU).] bluish green 1.68 — 59
[VO(AEEUH).} sky blue 1.67 —_ 59
[VO(AR"EU).] light grey-violet 1.69 — 59
(Pd(AMUH),ICI, - 2H,O cream diamagnetic  170.2 6t
[PA{AEUH},]ICL, - 2.5H.O cream diamagnetic 224,83 61
[Pd(AB"UH}.]SO, - 2H,O cream diamagnetic — 4
{PA(AMEL},] cream diamagnetic — 4
{PA{AEEU}.) cream diamagnatic — 4
Pd(ARBRLI).] cream diamagnetic — 4

{vii} Zinc(H) complexes

Zinc(If) forms colourless crystalline materials having the formula
[Zn{AAU),]. The complex bases are very weak, being more or {ess hydrolysed ic
water and do not form any salts®2,

(viii) Chromium{IIl} complexes

Chromium(II[) compiexes®? have been isolated as rose-red anhydrobases
having the formula {Cr(AAU); X H,0 by the addition of 2 chrom-alum solution
to an alkaline solution of l-amidino-O-alkylurea sulphates. On treating the
complex bases with dilute H,50,, the complex sulphates were obtained as orange
red precipitates. The chromium(III) complexes are less stable than the cobalt(IIT)
complexes. The studies so far reported on chromium(IIl) are admittedly very
sketchy and czll for further investigation.

{ix} Boron(HI} complexes

1-Amidino-O-alkylureas react with trimethoxy borate in methanol to give
crystatline®* compounds {B(AAU) (OCH,,),]. These hydrolyse in aqueouns solution

Coordin. Chem. Rev., 2 (1967) 441459
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and rapidly in acid solution, melt around 400 >C and decompose explosively in
air. Tt is to be hoped that further studies will soon be reported on these complexes.
D. REACTIONS OF CO-ORDINATED [-AMIDINO-O-ALKYLUREAS

Copper(Il) bis { I-amidino-O-aikylurea) base and the corresponding nickel{IT)

complex were found to react readily with salicylaldehyde on refluxing to provide
complexes of the following types®®,

ao—%—uu—ﬁﬂsa:cn
NH WNH
A0
~q
NH tH
i i

where M = CUL N, CA' and R CHy ,CyHgn-CaHy, 156-CHy,
n-CaHg ana iso-CgHg

The tris (1-amidino-O-alkylurea) cobalt(IlL) base apparently underwent a similar
reaction but yielded a cobalt(Il} complex. The copper(1} complexes are green to
brown and have magnetic moment values around 1.85-1.97 B.M. The absorption
spectra have pot been reported and therefore no definite conclusion can be drawn
about the stereochemistry. The nickel(II) compiexes of methyl, ethyl, n-propyl or
isopropyl derivatives with salicylaldehyde (NiL,.2H,0, where LH = ligand) are
green to greenish yellow and magnetic moments have heen regarded as indicative
of octahedral nickel(IT). However with n-butyl and isobutyl substitution, the
nickei(TI) complexes are orange red and diamagnetic. The autheors helieve that
steric influence of the bulky substituents results in square planar structure. The
brown coloured cobalt(Il} 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 confirmation or otherwise
of the stereochemistry is presently availahle,

E. STRUCTURE OF METAL CHELATES

Originally the chelated structure () was suggested!? in keeping with the
structure of metal biguanide complexes (IT). An alternate structure (IIT) 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 lipand, whereas the copper derivatives of the present ligands are all rose-red
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0 NH NHR
g—-—m—:———n r.'%——m, C
=0
=N \m/a HN \M/a Hi 2
Ve a
NH3 NHE NHY
T by m

in colour. Moreover in a molecule of these ligands oxygen was considered unlikely
to be available for co-ordination with the metal due to the possible formation
of hydrogen bonds'Z.

Since the nature of these ligands is now extensively investigated and
properly named as l-amidino-O-alkylureas instead of l-amidino-3-alkylureas or
guanylalkylureas, their metallic complexes may be represented by structure (IV)®-°

e R —
e 7
. / Cout \ H N—-—C\
N N{: N
r;> hlm;
R

=

The presence of free amino groups in these chelates has been demonsirated
by their reaction with salicylaldehyde to provide compiex of amidino-O-alkylurea
Schiff base type ligands as already mentioned in section D.

F. CONCLUDING REMARKS

The studies so far reported bave established the strong field character of
these fascinating ligands, which follow closely the biguarides 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.
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