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SYNTHESIS AND STRUCTURAL INVESTIGATION OF
METAL COMPLEXES OF 1-AMIDINO-2-THIOUREAS

CHITTA R. SAHA and NITISH K. ROY
Department of Chemistry, Indian Institute of Technology, Kharagpur 721302, India

(Recetved July 6, 1982)

Some new metal complexes of 1-amidino-2-thioureas? and its §- and N-alkyl derivatives have been
isolated and characterized by electronic, vibrational and pmr spectral studies, magnetic and con-
ductance measurements and thermal analysis, The ligands behave as SN or NN donors depending
mainly on the pH of the medium and the nature of the metal atom. Protonation at the central nitro-
gen atom of the chelate ring converts the inner complexes to cationic ones and vice-versa. Electronic
and pms spectral data confirm the presence of strong ring currents in these chelates, Probable structures
of the complexes have been suggested on the basis of their physicochemical properties,

INTRODUCTION

Few investigations on the synthesis and structure of metal complexes of 1-amidino-2-
thioureas have been made so far.!® Earlier workers suggested nonplanar chelate ring
structures for them.?**® The ligands possess nitrogen and sulphur donors and the relative
coordinating abilities of these donor atoms should depend on experimental conditions
and the nature of the metal atoms. As SN donors, they stabilize lower oxidation states
of metal atoms® and lower and electron density on NO in metal nitrosyls,” The structures
of metal complexes of similar ligands like biguanide and dithiobiuret®~*® suggests similar
n-electron delocalized structures for these metal complexes. In the present paper we
report the isolation of some new complexes and propose most probable structures on the
basis of their physico-chemical properties.

EXPERIMENTAL

Analytical grade reagents and pure distilled solvents were generally used throughout the
work. The ligands and the known compounds were prepared according to literature! 3612
Vibrational (in KBr mull), electronic and pmr spectral studies, magnetic and conduc-
tance measurements and thermal analysis were carried out using Beckman IR-12, Cary
17D and EM 390 90 MHz spectrophotometers, a Gouy balance, a Phillips conductivity
bridge and derivatograph, and a Paulik and Erdey instrument, respectively.

Preparation of the Complexes
The numbers used in this section refer to corresponding complexes in Table 1,

Synthesis of NN Bonded Complexes

Nickel(Il) Complexes
Ni(HSEATU),X,; (X = CI, Br, I).  Saturated ammonium halide solution was added

tHATU = l-amidino-2-thiourea, HMNATU = N-methyl-1-amidino-2-thiourca, HNEATU = N-ehtyk1-
amidino-2-thiourea, HSEATU = S-ethyl-1-amidino-2-thiourea,
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dropwise to a suspension of Ni(SEATU),? (5 g) in water (100 cm®) at 80° with con-
tinuous stirring. When most of the suspension had dissolved, the mixture was filtered
and the filtrate produced orange crystals of the subject compounds on aerial evaporation.
Ni(HSEATU),80,H,0 separated out in the form of fine crystals on treating the aqueous
solution of the complex chloride with sodium sulphate. The complexes were washed
with water and dried over CaCl, .

Copper(Il) Complexes

CufATU),. A methanolic solution of CuCl; (0.01 mole, 25 cm®) was slowly added to
that of HATU (0.04 mole, 100 cm®) containing sodium hydroxide pellets (1.5 g) at 0°,
At first, a brown precipitate appeared which dissolved slowly on. shaking, producing
a rose-red solution. It was filtered quickly and the filtrate produced rose-red crystals
within half an hour. CWHSEATU), X, (X = Cl, Br) and CufHSEATU), SO H,0 were
isolated following the method of preparation of the corresponding nickel(II) complexes.

[Cu{HSEATU)H,0),] X, (X = Cl, Br). Dropwise addition of appropriate halo-
acides (1:1) to an aqueous solution of Cu(HSEATU), X, (X = Cl, Br) turned the rose-red
colour of the solution slowly to blue. The addition of the haloacid was continued until
the blue colour of the solution became most intense (pH = 4.0). The clear filtrate was
allowed to evaporate in an atmosphere of the corresponding hydrogen halide in a desic-
cator. Blue crystals of [Cu(HSEATU)(H,0),]1X; (X = Cl, Br) separated out from the
solution within 4 days. These were washed with methanol and dried over CaCl,.

Cobalt{Ill) Complexes

Orange Co(ATU)31.5H,0 (compound 11) A saturated aqueous solution of
[Co(NH;3)6]Cl3 (0.01 mole) was mixed with a saturated methanolic solution of the
ligand (0.05 mole). A brown precipitate of Co(ATU); (SN bonded) appeared within
30 minutes. The mixture was then treated with sodium hydroxide pellets (4 g) and kept
for 24 hrs, During this time most of the brown precipitate dissolved to produce a deep
orange solution. It was heated at 60° on water bath for 20 minutes and filtered quickly.
The filtrate produced orange crystals of the compound on concentration in a vacuum
dessiccator. The diaquo-complex (compound 12) was obtained by heating a saturated
aqueous solution of Co(ATU);1.5H;0 (0.01 mole) with NH,Cl (0.05 mole) at 80°
on water bath for 30 minutes. This was filtered hot and the filtrate produced orange
crystals of the subject compound on cooling.

[Co(SEATU),(OH)(H,0)] . Passage of air through an aqueous suspension (100 cm®)
of Co(SEATU),® (0.01 mole) for 6 hrs produced an orange solution. This was filtered
and the filtrate produced orange crystals of [Co(SEATU),(OH)H,0)] on vacuum
evaporation. For the preparation of complex halides (compounds 14 and 15), saturated
aqueous solutions of [Co(SEATU),(OHXH;0)] (0.01 mole) were heated with the
appropriate ammonium halide (0.05 mole) on a water bath for 30 minutes. The solution
gave crystals of the complex halides on aerial evaporation.

Synthesis of SN bonded complexes.

Nickel(lI) Complexes

Ni(HATU), X; (X = Cl, Br, NO;). Saturated acetone solutions of the appropriate
nickel(II) salts (0.01 mole) were thoroughly mixed with those of HATU (0.04 mole)
at 0°. The mixture was filtered immediately and the filtrate produced red crystals of
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the subject compounds within 30 minutes. The crystals were washed with acetone and
dried over CaCl,. Nif{ATU), (compound 19) was prepared by treating a methanolic
solution of Ni(HATU),Cl, with dilute sodium hydroxide in methanol. The mixture
was filtered immediately and the filtrate produced silky red crystals of the subject com-
pound within 5 minutes.

NiL,X, (L = HNMATU, HNEATU, X =Cl, Br). Aqueous solutions of the appro-
priate nickel(I1) halide 50 cm®, 0.01 mole) and the ligand (50 cm®, 0.04 mole) were
mixed together and heated at 80° on a water bath for 15 minutes. The clear filtrates
produced red crystals of the desired compounds on vacuum evaporation. The complex
sulphate (compound 24) and the innter complexes (compounds 25 and 26) precipipated
out in the form of fine crystals on treating aqueous solutions of the corresponding
complex chlorides with sodium sulphate and sodium hydroxide solutions, respectively.
The precipitates were thoroughly washed with water and dried over CaCl,.

Copper(1l) Complexes

Cu(HL), X, (L =NMATU; X =F, %S04). An aqueous solution (50 cm®) of HNMATU
(0.04 mole) was rapidly added to a well-stirred aqueous solution of the corresponding
Cu(ll) salt at room temperature, Bluish-pink crystalline precipitates were obtained in
both cases. These were filtered, washed and dried as usual.

Cobalt(II1} complexes.

CoL, (L = NMATU, NEATU). A saturated aqueous solution of Co(NH,)sCl; (0.01

mole) was mixed with a saturated methanolic solution of the ligand (0.06 mole) at room

temperature. The solution was made alkaline (pH = 12) with sodium hydroxide and kept
in a desiccator for 3 days. The colour of the solution became deep brown. It was filtered,

and the filtrate on evaporation produced deep brown crystals of the desired compound.

These were purified by recrystallization three times from methanol.

Palladium(II) and Platinum{II) complexes.

The Palladium(II) complexes (compounds 31-34) were obtained by adding an aqueous
solution of the ligand (0.01 mole) to that of PdX, (0.001 mole, X = Cl, Br) at 50 to 60°.
The resulting solution was filtered and the filtrate produced light brown crystals of the
desired compound on evaporation. Other complexes of palladium(II) and platinum(Il)
(compounds 35-40) were isolated in 1:1 haloacid medium following the above procedure.

RESULTS AND DISCUSSION

Different types of complexes with these ligands have been synthesized both in aqueous
and nonaqueous media. The ligands behave both as NN and SN donors depending on the
experimental conditions and the pH of the medium. NN bonded complexes were isola‘ed
under alkaline conditions while the SN bonded complexes were obtained at neutral or
slightly acidic pH. Palladium(II) and platinum(II) always form SN bonded complexes.

NN bonded complexes.

The colours and 2groperties of these complexes are comparable to those of the correspon-
ding biguanides.* Inner complexes of nickel(Il), copper(Il) and cobalt(Ill) with HATU
were isolated from aqueous or methanolic solutions under highly alkaline conditions. The



20: 02 23 January 2011

Downl oaded At:

THIOUREA COMPLEXES 169

complexes are stable towards water or cold alkali, but are decomposed by hot strong base.
The ligands themselves, however, decompose under these conditions. Attempts to convert
the inner complexes to the corresponding cationic ones by the addition of dilute HX or
NH;X (X = Cl, Br, 1/250,) under different experimental conditions were unsuccessful
and led to metalligand bond rupture. Warm NH,Cl solutions convert Co(ATU); to
[Co(ATU),(H,0),] Cl and the latter forms [Co(ATU),(OHXH,0)] with dilute alkali.

Inner and cationic complexes of HSEATU were synthesized in ammoniacal and
slightly acid solutions, respectively. Attempts to synthesize [Co(HSEATU);]X,
(X = Cl, Br, %S04) or Co(SEATU); in the presence of excess ligand under different
experimental conditions were unsuccessful and led to the isolation of bis-chelate com-
plexes. A pH dependent equilibrium (1) operates in the case of the copper(1l) complexes
and mono- and bis—chelates were isolated at ph = 3 and ~ 7 respectively. Their properties
are comparable to those of corresponding copper(II) biguanides.?°

——

Cu(HSEATU), X, «—OI_-?- [Cu(HSEATU) (H,0),;] X, + H,;SEATU' )

SN bonded complexes.

The physicochemical properties of these complexes are different from those of the NN
bonded species. The conductances of the deep red diamagnetic complexes Ni(HATU), X,
(X = Cl, Br) in methanol indicate them to be 2:1 electrolytes. HNMATU and HNEATU
also form red diamagnetic nickel(II) complexes in water which are more stable than
Ni(HATU), X,.

The pink complexes Cu(HNMATU),X, (X = F, %S0,) were prepared in neutral
aqueous solution, Isolation of these complexes was possible due to their high insolubilities.
Preparation of copper(II) complexes with X = Cl, Br was not possible due to reduction of
Cu(Il) to Cu(I) by these thioligands.® The water-insoluble reddish-brown complex,
Co(ATU);.3H, 0 was converted to the corresponding cationic one, Co(HATU)3(S04)3/3.
DMSO by (NH4),S0,4 in DMSO. These two compounds are, however, decomposed to
CoS by hot alkali. The inner complexes Co(NMATU); and Co(NEATU), were converted
to their corresponding complex chlorides by dilute ammonium chloride solution.

Complexes M(HL), X, (M = Pd, Pt; L = ATU, NMATU, X = Cl, Br) are soluble in
water and stable towards dilute acid. They are decomposed to metal sulphides by warm
alkali. Their conductances in water show them to be 2:1 electrolytes. The mono-chelates
M(HSEATU)X, (M = Pd, Pt; X = Cl, Br) were isolated from acid solution, Attempts to
synthesize the corresponding bis-chelate or inner complexes in the presence of excess
ligand under different experimental conditions were unsuccessful.

General characteristics of the complexes.

Except the NN bonded complexes of HATU and SN bonded complexes of HSEATU with
Pd(II) and Pt(II), all species can be obtained both in inner and cationic forms according
to equation (2).

nH
MLn ——— [M(HL),)™ ()]
n(OH)

The complexes are decomposed by strong acids or alkalies. The inner complexes are
insoluble in water, methanol etc., while the corresponding cationic ones are soluble in
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these solvents, Conductance data, conductometric titrations and magnetic moments of
these compounds agree with their formulae as given in Table 1. The SN bonded com-
plexes are decomposed easily to metal sulphides by alkali while the NN bonded com-
plexes are decomposed to metal hydroxide under the same conditions. N-alkyl-l-amidino-
2-thioureas were always found to behave as SN donors. Isolation of their NN bonded
complexes was not possible. .

Infrared spectra.

The assignment of some important ir bands of these complexes have been made (Table 2)
after due consideration to similar compounds.?*#:¢:'8"1% Absence of any bands in the
region 2600 to 2000 cmi’! in neutral or monobasic salts of the ligands probably indicates
the absence of the —SH group. The vN_c.n bands are split in the NN bonded complexes
(compounds 2-4 and 12-14; Table 2) but not in the SN bonded ones (compounds 5, 6,
8-10; Table 2). The most characteristic differences between the spectra of NN and SN
bonded complexes are that, in the former, the bands due to vn_c_g (3) and vc._g remain
almost unchanged relative to those in the free ligands and only one new band appears at
~ 500 cm™' due to vy_n. In the latter, the first two bands i.e. ¥N_c-s (3) and vc_g
undergo appreciable lower frequency shifting and two new bands at ~ 500 cm™ (due to
vm-n) and ~ 350 cm™' (due to vy_g) appear. The positions of the bands appear to be
insensitive to the nature of the metal atoms. In M(HSEATU)Cl, (M = Pd, Pt), the »c_
band shows an appreciable red shift and two new bands at ~ 490 (vy_n) and ~ 360 cm”
(vm-s) are observed. All these observations suggest SN bonding in these complexes.

Electronic spectra.

Electronic spectral data for the complexes in the solid state and in solution are presented
in Table 3. The striking resemblance of the d-d band positions of the nickel(Il)
(compounds 1-6), copper(Il) (compounds 19-25) and cobalt(Ill) complexes
(compounds 28-31) to those of the corresponding metal biguanides suggests 12, 24'%:% the
presence of NN bonding and strong chelate ring currents. The spectra of the other
nickel(lI) (compounds 7-12), copper(I) (compounds 26,27), cobalt(IIl)
(compounds 32-34) and palladium(Il) complexes (compounds 15-18) are completely
different from those of the NN bonded ones and indicate SN bonding. The spectra of the
NN bonded nickel(II) complexes are consistent with the energy level diagram for square-
planar complexes with delocalized m-electron systems'’ as only two d-d bands are
observed in compounds 1-6. In the SN bonded complexes (compound 7-12, 14-16), the
appearance of three d-d bands may be due to a lower symmetry of coordination.
Assigning the first band to the ' A,; = ! By; (xy - x?—y?) in-plane transition, the orbital
splitting parameters were calculated assuming a correction factor?* (F, = 10F,
= 800 cm™* for nickel(IT) and 600 cm™! for palladium(IT)) for both SN and NN types of
complexes. The results show A, (NN) > 4,(SN) for nickel(II) and A,(Pd) > A, (Ni) for
the SN bonded complexes. For L -+ M charge transfer bands, the relation CT(Pd)> CT(Ni)
also holds good.?'® The A, values for SN donor complexes of nickel(I) (~ 21,000cm ')
and palladium(IT) (~ 23,000 cm ') place these ligands in the following SN donor spectro-
chemical series: dithiooxamide > N, N-dimethyldithiooxamide > HATU > HNMATU >
dithiomalonamide > diphenyldithiomalonamide.?

For PA(HSEATU)X, and Pt(HSEATU)X, (X = Cl, Br), higher A, values for X = Cl
then X = Br are in accordance with the relative positions of the halogens in the spectro-
chemical series and support the presence of coordinated halogen in the complexes.

For the orange cobalt(Ill) complexes, relatively high values of 10 Dq and low values
of B indicate the presence of extensive metal ligand n-bonding. The splitting of the
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'Ay > 'Ay band due to frans-H,0 molecules was not observed. The bands at
~ 16,650 cm™' for compounds 30-31 are assigned to 'A,; - 3Ty transitions due to

their very low intensity. In Co(ATU),, the ' Ay, - ! T, absorption is masked by intense
charge transfer bands.

Nmr studies.

The pmr spectral data of some of the nickel(II) and cobalt(III) complexes are presented
in Table 4 and the assignments have been made with reference to Ni(Hbg),Cl,.!? The
spectra can be explained on the basis of the suggested structures in Figure 1. The signals
appearing in the range of 0-2.5 7 in compounds 1, 2, 4, 6 and 8 are due to the H, protons.
This indicates the planarity of the metal-ligand ring and the presence of strong chelate
ring currents in these complexes. In the orange inner complexes of nickel(Il) and
cobalt(IIT) (compounds 2 and 8 respectively) the presence of signals in this range is in
accordance with their NN bonded structures (Fig. 1c). The absence of this signal (H,) in
the inner complexes of Ni(ATU), (compound 3), Ni(SEATU), (compound 5) and
Co(ATU); (compound 7) and its presence in their corresponding cationic complexes
(compounds 4 and 6) support the suggested structures shown in Fig. le for compounds 3
and 7, Fig. 1g for compound 5, Fig. 1d for compound 4 and Fig. 1h for compound 6
(Table—4). Splitting of the Hg proton signals in compounds 3 and 7 is due to their unsym-
metrical structures (Fig. le). Protons corresponding to f8,, being nearer to less electro-
negative ring sulphur atoms will be slightly more shielded than 8, protons. Similar split-
tings of the NH,, protons and upfield shifting of H(a, ) relative to H(a, ) in compounds 2
and 8 can be explained by the inductive effect of the sulphur group (Fig. 1e). This split-
ting does not occur in symmetric structures of Ni(Hbg),Cl,.'> The pmr signais of
PA(HSEATU)Cl, and Pd(HNMATU),Cl, could not be properly assigned due to over-

TABLE 4
Pmur spectral data for selected complences®

Compound CH, CH, Hq Hg Hy

1. Ni(Hbg),Cl, - - 5.35Q2) 3.44) 0.12(1)
broad narrow broad

2. Ni(ATU), - - 4.8(a,,1) 4.2(2) 0.8(1)
5.2(a,,1) narrow broad

3. Ni(ATU), - - 5.8(1) 3.4(,.,2) -
broad 4.4(8,,2)

narrow

4. Ni(HATU),C1, - - 5.6(1) 3.4(,,2) 0.6(1)
broad 4.0(8,,2)

narrow

5. Ni(SEATU), 8.7(1,3) 6.8(q,2) 4.9(2) 4.002) -
broad narrow

6. Ni(HSEATU),Cl, 8.8(t,3) 6.8(q,2) 4.8(2) 3.6(2.1) 2.1(0.8)
broad narrow broad

7. Co(ATU), - - 5.6(1) 3.4(8,,2) -
Very broad  3.9(6,2)

8. Co(ATU), - — 4 8(ex,,1) 3.8(2) 1.2(1)
broad narrow broad
5.4(a,,1)
narrow

aRecorded in d® -DMSO; Figure in parentheses indicate relative intensities; t = triplet, q = quartet.
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FIGURE 1

lapping and broad peaks. However, the absence of any proton signals in the range 0-3.0 7
in the former and their presence at 1.4 7 in the latter, supports the suggested structures,
Fig. li and Fig. 1d, respectively.
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Thermal analyses.

The lattice water molecules are generally lost in the temperature range 80 to 120°. Higher
temperatures (120 to 150°) required for the dehydration of orange Ni(ATU),.1.5H,0,
orange Co(ATU);.1.5H,0 and chocolate Co(ATU);.3H,0 and the complex sulphates
(Table 1) indicate the possibility of strong hydrogen bonding between H,O and the
ligand or sulphate ions as the case may be. The diaquocomplexes of copper(ll) and
cobalt(III) lose coordinated H,0 molecules in the temperature range 150-200° with
partial decompositions.

The suggested structures of these complexes shown in Fig. 1 can explain all of their
physicochemical properties. The presence of chelate ring currents in these complexes is
responsible for their high stabilities. Conversion of the inner complexes to the corres-
ponding complex salts via protonation of ligand nitrogen atoms is only possible if the
n-electron delocalization is preserved. This happens through the protonation of the N,
atom in case of metal complexes of HSEATU (Figs. le and 1d) and HNMATU (Figs 1g
and 1h). NN bonded inner complexes of HATU, on the other hand, cannot be converted
to the corresponding cationic ones because protonation of any ligand nitrogen atom
destorys the m-electron delocalization either partially or completely (Fig. le). Non-
existence of inner complexes such as M(HSEATU)X, (M = Pd, Pt; X = Cl, Br) must be
due to absence of H,, protons in their structures (Fig. 1i).
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