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SYNTHESIS AND CHARACTERIZATION OF MIXED- LIGAND COMPLEXES OF
Cu(I) CONTAINING HALIDES, TRIPHENYLSTIBINE AND
TRIPHENYLBISMUTHINE, N,N-DIMETHYL-N’-PHENYLTHIOUREA (dmptH),
N,N-DIBUTYL-N’-PHENYLTHIOUREA (dbptH) AND 1,3-THIAZOLIDINE-2-
THIONE (tzdtH).

Sudhir Ranjan and Sheo K. Dikshit’
Department of Chemistry
Indian Institute of Technology, Kanpur 208 016, U.P., India

ABSTRACT

The triphenylstibine and bismuthine complexes [Cu(EPh;)(LH),X] (LH = N,N-
dimethyl-N"-phenylthiourea) (dmptH), N,N-dibutyl-N’-phenylthiourea (dbptH) or 1,3-
thiazolidine-2-thione (tzdtH); E = Sb or Bi; X = Cl, Br or I have been prepared and
characterized on the basis of analytical, IR, electronic (UV-Vis), 'H and *C NMR, FAB mass
and conductivity measurements. In all cases there is a distorted tetrahedral environment
around Cu(I} and the ligand (LH) binds through the thione sulphur atom to copper(l). This is
confirmed by FTIR spectra of the complexes. The complexes show v(Cu-Sb) in the range
180-195 em™.

INTRODUCTION
The involvement of copper(I) in several biologically important reactions and copper-

sulphur interactions.'

the suitability of copper(l} complexes in providing models for the
representation of several cnzyme sites.™® and the stereochemical factors responsible for
geometrical preferences of copper(l) compounds arc some of the factors which have
stimulated enhanced rescarch activity in this arca. This is exemplified by reports on the
ligating behaviour of tetracyclic thiones, thioureas® and N-substituted derivatives of

thiourea.*"! Copper(l) complexes with 1.3-thiazolidine-2-thione and its N-methyl and N-cthyl
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derivatives have been reported.!'>  Karagiannidis and many other workers have
characterized a number of copper(l) complexes with heterocyclic thiones, possessing an o-
nitrogen hetero atom, and triphenylphosphines'> and triphenylarsines' by single X-ray
crystallography. The properties of transition metal complexes of triphenylphosphine,
triphenylarsine and heterocyclic thiones are fairly well known, but their stibine and
bismuthine analogues are rare.

Following our interest in the coordination properties of ligands containing the H-N-

"3 we have recently reported the phosphinc and arsine counterparts'' of the

C=S group,
complexes. For the sake of comparison, we describe herein the synthesis and characterization
of novel copper(l) distorted-tetrahedral complexes, [Cu(EPh;}(LH),X], with the title ligands.
The IR spectral studies of the ligands and complexcs show the involvement of the thione

sulphur in coordination. The ligands can be represented by the structures as shown in Fig. 1.

EXPERIMENTAL
Materials and Instruments

All chemicals used were cither of AnalaR or chemically pure grade. The ligands. N.N-
dimethyl-N"-phenylthiourea''  (dmptl), N.N-dibutyl-N’-phenylthiourca''  (dbptH) were
prepared by the direct addition of phenylisothiocyanate to the appropriate secondary amine in
methanol in 1:1 ratio, and the products were recrystallized from acetone. The ligand 1,3-
thiazolidine-2-thione was purchased from Eastern Organic Chemicals and recrystallised from
hot water before use. The complexes [Cu(SbPh3);X]'® were freshly prepared according to the
literature method just prior to use.

The carbon. hydrogen and nitrogen analyses were performed at the Microanalytical
Laboratory, Indian Institute Technology Kanpur. The IR spectra were recorded on a
Shimadzu 1R-420 spectrophotometer in KBr pellets in the range 4000-400 em” and FTIR
spectra in Nujol mulls in polyethylene plates in the range 700-100 cm™ on a Perkin-Elmer
Far-IR 1700X spectrophotometer. The electronic (UV-Vis) spectra were recorded on a
Shimadzu Double beam UV-160 spectrophotometer in acetonitrile. 'H and *C NMR were
recorded on a Bruker-WP-80 spectrometer. Conductivity measurements were performed on a
Toshniwal Conductivity Bridge in acetonitrile. Sulphur, halides and copper were determined
gravimetrically.'™ The melting points of the complexes were recorded on a Fisher-Johns

melting point apparatus and are uncorrected.
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Fig. 1. Structures of the Ligands
Syntheses
Preparation of [Cu(SbPh;}dmptH);X] (X = Cl, Br, 1) [(1) - (3)]. In a benzene solution (50

mL) of [Cu(SbPh3);X] {1 mmol, 1.16 g (X = Cl), 1.20 g (X = Br) 1.24 g (X = 1)}, a solution
of an equivalent amount of dmptH (2 mmol. 0.360 g) in benzene (25 mL) was added slowly
with constant stirring at room temperature for 5 h (the iodide complex precipitated during the
course of the reaction). The volume of the reaction mixture was then reduced to about 5 mL
and stepwise addition of petroleum ether (60-80°C) with constant shaking initiated the
precipitation of the desired complex. The complex was separated by centrifugation and
washed several times with petroleum ether and dried in yacuo over P4Oyy for several hours.

Yields. 0.573 g (X =C1), 0.493 g (X =Br), 0.570 g (X = 1).

Preparation of [Cu(SbPh;}dbptH),X] (X = Cl, Br, 1) {(4) - (6)]. For the preparation of

these complexes the above method was followed but in the case of X = Br, the desired
complex were precipitated as a result of stirring for 5 h at room temperature. The complexes
were recrystallised from CH3;CN-CHCI; (1:1). Yields, 0.332 g (X = CI), 0.319 g (X = Br),
0251 g(X=1).

Preparation of [Cu(SbPh;)(tzdtH),X| (X = CI, Br, I) {(7) - (9)]. In a benzene solution (50
mL) of [Cu(SbPh;3);X] {1 mmol, 1.16 g (X =Cl), 1.20 g (X = Br) 1.24 g (X = 1)}, a solution
of an equivalent amount of tzdtH (2 mmol. 0.338 g) in benzene (25 mL) was added with
constant stirring. The solution immediately became pale yellow, and was stirred for about 8 h

at room temperature. During the course of the reaction the complexes precipitated. The
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volume of the reaction mixture was then reduced to about 5 mL and an excess of petroleum
ether (60-80°C) (150 mL) was added with constant shaking to ensure the complete
precipitation of the complexes. The solution was left for a few hours to allow the complexes
to settle. The complexes thus obtained were separated by centrifugation and washed several
times with petroleum ether and dried In vagcuo over P40y for several hours. Yields, 0.533 g
(X=C.0.703 g (X =Br), 0.537g (X =1).

Preparation of [Cu(BiPh;Y(dmptH),;X] (X = CI, Br, I) [(10) - (12)]. A quantity of 2.0 mmol
(0.880 g) of BiPh; solution in benzene (30 mL) was flushed with argon for an hour and

appropriate amounts of CuX (1.0 mmol) and the ligand dmptH (2.0 mmol, 0.360 g) were
added to this solution. The reaction mixture was stirred for 7 h in an ice bath (temperature <
5° C). During the course of the reaction, a clear solution was obtained followed by
precipitation of the complexes. The reaction mixture was brought to room temperature and
the solvent of the resulting solution was evaporated on a rotary evaporator to dryness. The
complexes were washed with chloroform-petroleum ether (1:4). The complexes thus
obtained were separated by centrifugation and dried in vacuo over P4O)o for several hours.

Yields. 0.451 g (X = Cl). 0.530 g (X = Br), 0.492 g (X = I).

RESULTS AND DISCUSSION

The formation of the complexes may be depicted by the following general equations,

[Cu(SbPh;);X] + 2LH — [Cu(SbPhy)(LH)2X] + 2SbPh;
{Benzene, room temperature, 5-8 h}

(LH = dmptH. dbptH, tzdtll ; X = Cl, Br, I)

CuX + 2BiPh; + 2dmptH — [Cu(BiPh;)(dmptH),X] + BiPh;
(Benzene, temperature < 50¢, 7 h) (X=CL Br,])

The analytical data of the complexes are given in Table I and are consistent with the
stoichiometries proposed. The conductivity of the complexes was found to be in the range 9-
20 Q' e¢m® mol” in acetonitrile solution. indicating the non-electrolytic nature of the

complexes.'’™®

In order to confirm the molecular weight of the synthesized copper
complexes, FAB mass spectra were recorded. Theoretically calculated molecular weight for
the representative compounds (1), (4), (8), (10) and (11) are 811.7, 899.0, 1023.2. 689.7 and
733.2 g respectively. The observed mass spectra of the compounds (1), (4), (8), (10) and (11)

are 812.900. 1025, 691 and 735 clearly indicating the formulated molecular weight.
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IR Spectra
The IR spectral data of the ligands dmptH, dbptH and their complexes are

summarized in Table II. Both ligands adopt the thione form in the free state and in their
complexes. This is evident by the absence of the v(SH) band, in the 2500 em’ region and by
the presence of v(NH) in the range 3310-2900 em”. Both ligands contain the thioamide
group (H-N-C=S) and should give rise to four characteristic thioamide bands, namely I, II, III
and IV in the regions at 1500, 1300, 1000 and 800 em™, having contributions from v(C-N) +
S(N-H), v(C=S) + v(C=N) + v(C-H), V(C-N) + v(C-S) and v(C-S) modes of vibrations,
respectively. All these bands are found for the ligand dmptH but band III of ligand dbptH is
too weak to be observed. The other bands useful for identification of donor atoms are v(NH)
and v(C=S). All complexes exhibit the characteristic bands of triphenylstibine and
triphenylbismuthine.'® The mode of ligand bonding is decided on the basis of the shifts of
v(NH). v(C=S) and the four thioamide bands on complexation. The thioamide bands II and II1
have contributions from v(CN) and v(CS) vibrations, but v(CS) contributes more than v(CN)
to the thioamide bands,'q therefore, band II can be utilized to decide the coordination site, but
it is difficult to decide the coordination site on the basis of the shifts of band III.

The band at 3310 and 3240 cm™, assigned to v(NH) for both the free ligands dmptH
and dbptH, respectively, are observed in the range 3200-3050 cm™ for the complexes (1)-(6),
and in the range 3150-3050 cm™ for the complexes (7)-(9). The red shift of the v(NH) bands
is probably due to hydrogen bonding in the complexes. The thioamide band 1. having
contributions from §(N-H) + v(C-N), shifts slightly towards the higher frequency region or
remains almost unaffected. indicating the non-involvement of the NH group in coordination.
The thioamide bands l1, having more contribution from v(C=S), undergoes a red-shift or is
split and intense bands are observed in the lower frequency region. In the case of compound
(1) the broad thioamide bands 11 of the ligand dmptH at 1325 and 1295 cm™ is split into three
bands at ca, 1320, 1275 and 1205 cm™, and in compound (4), the bands II are split into four
bands at ¢a, 1320. 1300, 1265 and 1200 cm’’, The broad thicamide bands I of the ligand
dbptH observed at 1350, 1330 and 1325 cm’' are red-shifted on complexation, and the band at
1325 em™ becomes sharp. These shifts indicate the involvement of the C=S group in
coordination. This is also supported by the red-shift of the v(C=8) by ¢ca, 30-40 cm’l. A red-
shift or splitting of the thioamide band 1V is also observed. The bands observed at 770 and
710 cm™ are assigned as the thioamide bands IV. The band at 770 cm™ is split into two bands

at ¢a, 770 and 730 cm’' for compounds (1)-(6), but the band at 720 cm™ is not discernible in



245

MIXED-LIGAND COMPLEXES OF Cu(l) HALIDES

'syead wnipaw w pue peoiq .ig 1pjnoys s ‘dieys s “Jeam sajousp m ,

MOgel 4q 0051 49 0567
wgh| YAq| w 9ce w069 ‘S 0€L - SOTELMOLEL | M STSISS66T | S0011 MOSIE (6)
w 0gz1 4q Sopl 49 0b6T
g6 M 67T u9cg w069 ‘S 0€L - SCTEN‘MS9CL | MOTSL S 0651 | S 0011 MOSIE (8)
w Ol 44 Q0S| 44 0p67
wcel # 887 W Opg 5069 S€L - S CTEL‘MGLel ] 4s0TS150091 [ S50l Ys 0S0€ ()
ys
w 0z€l u (oS 1 0687 ‘s 0567 | (Hidgp)
- - - 4q Q1L ‘W OLL - HMOLEL MOSEL | W OCST s S651 | 4 ST SQbze | puesSry
w 0TI ‘M S9Z1 W Gpgy
- - - MO69 ‘M STLSOLL | MS90L | ‘M SOEI ‘W OzEl wcesl| Ssoll w08 1g (9)
$00T1 ‘1 69T W Qpg|
- - - WG9 ‘M STLSOLL | M0901 | ‘W OOEL ‘W OZEI WSl | S00l1 Wosig ©)
$00T1 ‘M S9Z1 HOPS1 YS 0067
- - - w069 ‘M OTLSS9L | MO901 | ‘W 00E] ‘% OTE] NSesT | S001T 49 0S1€ )
w ST 1 W Spe|
5081 YY) SZeE| S069 WOyl SO8L | #6901 | ‘W SLTI “4q 0TS w9l | SSIIL 44 00Z€ (€)
w011 w (0gS| 4s G867
5181 M 8T SOEE | 069 ‘MOFL S 08L | MS901 | ‘W 08TI 49 0ZE1 M009i | SOIII 49 0vIE 14}
u SOT1 w Geg| 4s S16T
181 M $87 SOCE| W08 ‘YSQTL S OLL | M S90T | ‘M SLTI 49 OTE] MSesl | s0011 44 0S0€ (1
M 561 M GeSl w | (pp1dwp)
- - - 4G QIL W OLL | M §901 g GTel Wogegl | 49 SpIL| 49 0S0€-01€E | puedi
Al 1 i ]
(Qs-nO)A | (x-mD)a | (SnD)a spueg apiureony | (So)A (HNA | xapdwon

o(,.12) saxardwo) wayy pue fidqp ‘Hrdwp jo spueg Y[ 10lepy || 3jqeL

GTOZ Asenuer €0 92:T0 ® [Arelqiaul|D-AlsleAluN eUOZ Y UBYLON] Aq papeojumoq




Downloaded by [Northern Arizona University-Cline Library] at 01:26 03 January 2015

246 RANJAN AND DIKSHIT

compound (1). The band at 710 cm™ in the compound is absent but may perhaps be coupled
with the band due to the phenyl groups at 690 cm™'. The band at 770 cm’”' of the dbptH ligand

shifts to 730 cm™' and the one at 710 cm’* shifts to 690 cm™

. All these observations clearly
indicate the involvement of the C=S group in coordination.

Four thioamide bands of the ligand tzdtH, I at 1500 cm™, Il at 1245 cm™, III at 990
em and IV at 690 and 650 cm™, were assigned by Preti and Tosi®® who have reported
various complexes with deprotonated ligands. Vibrational analysis of the ligands has also
been carried out by Devillanova et al.'® The band at 650 em™, which is assigned to v(CS)
asym by Preti and Tosi®® is mainly due to v(C,S,), (C; = carbon atom bonded with the ring
sulphur, S = ring sulphur), by Devillanova gt al.'® Keeping this difference of opinion in mind
we have taken various other bands to decide the coordination site and not only the thioamide
bands.™® The IR spectral data of the free ligand tzdtH and its complexes are summarized in
Table I1I. This ligand tzdtH is also bonded to the metal through the thione sulphur as shown
by the shifts of the v(CS) and v(CN) + §(NH) bands. The IR bands, namely v(NH) at 3100
em’', V(CN) + §(NH) at 1500 cm™ v(CS) at 1090 and 545 cm’", v(CS;) + &CS) + ring def (C
= carbon atom bonded to thione sulphur and ring sulphur) at 585 cm™, ¥(C1S)) + ring def. at
650 cm™ and A(CS) at 435 cm”' of the free ligand.' are used to decide the donor site.
Comparison of the IR spectra of the free ligand with its complexes shows that the v(CS) band
shifts to the lower frequency region. The A(CS) band at 435 cm™ of the ligand is absent in the
IR spectra of the complexes. The major shifts of the bands arising due to the C=S group
indicate the involvement of the thione sulphur in the coordination. Other bands at 585, 650
and 1500 cm™' of the free ligand are observed either as such or shift towards the higher
frequency region due to complex formation, which indicates the non-involvement of the ring

sulphur and NH group.
Fig. 2 shows representative far-FTIR spectra of the complexes (3), (8) and (10). The

V(NH) absorption is moderately shifted towards lower frequencies with respect to the
frequency in the free ligand solid phase spectrum. This is due to H-bonding in the complexes.
The involement of nitrogen of the NH group is ruled out as no v(Cu-N) bands in the region
290-330 cm™' appear for any complex. In the [R spectra new bands present in the lower
frequency region at 330-341 cm™ (Tables Il and IlI) are tentatively assigned to v(Cu-S)
according to literature data.??2 This assignment is supported by the noticeable shift of the

v(C=S) band. The bands present at 285, 228 and 157 em” are typical for v(Cu-Cl). v(Cu-Br)
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Fig. 2. The Far-FTIR Spectra of the Complexes (3), (8) and (10} in the Region 700-100 cm”'.
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and v(Cu-1), respectively.®?? Goodfellow et al. and Park and Hendra measured the infrared
spectra of alkylarsine and alkylstibine complexes of Pt and Pd and assigned v(M-As) and

2 the normal mode of the

V(M-Sb).* According to Whiffen’s normal coordinate analysis,
t-vibration corresponds essentially to the Sb-C(Ph) stretching vibration on a qualitative basis.
The t-vibration appears at 257 and 270 c¢m™ which shows an increase of 5-10 cm on
complexation (Fig. 2). This indicates the involvement of the Sb atom of triphenylantimony in
bond formation with copper(l). A similar kind of shift associated with P-C(Ph) and As-C(Ph)
has been observed in [Cu(PPh;);CN] and [Cu(AsPh;),CN] by Cooper et al.>  On the basis

of this spectral analysis we assign the band in the region 195-180 cm™' as w(Cu-Sb).

El ic (UV-Vis) and NMR S

The electronic (UV-Vis) and 'H NMR spectral data of the complexes and free ligands
with assignments are collected in Table IV. As expected, intraligand (IL) bands are observed
in the UV region for the complexes (1)-(12).

The 'H NMR spectra of the complexes clearly show the peaks due to the ligands and
triphenylstibine and triphenylbismuthine. On complexation, the peaks shift slightly towards
higher magnetic field. These shifts towards lower & values indicate the non-involvement of
the nitrogen atom in dmptH and dbptH, as well as the nitrogen and ring sulphur atoms in
tzdtH as donor sites in the respective complexes. The 'HNMR signals due to the >NH group
of the ligands dmptH and dbptH are not discernible. whereas for the ligand tzdtH it is
observed as a very broad weak signal. The 'H NMR spectra in the >NH region show a
downfield shift on going from iodide to bromide to chloride, indicating the non-involvement
of the >NH group in the complexation. This unusual phenomenon may be due to a gradual
decrease in intramolecular hydrogen bonding strength.'"™® The proportion of protons
observed by integration exactly matches with the proposed stoichiometry of the complexes.

C NMR spectra of representative complexes with assignments are given in Fig. 3
and the data are collected in Table V. In the substituted thiourea and its metal complexes, the
BC NMR signals for the C=S carbon®*? are found in the range 170-194 ppm, which is in
very good agreement with our observations. '>C NMR data of 1,3-thiazolidine-2-thione are
given as 51.3. 33.8 and 202.0 ppm for C-N, C-S and C=S$ carbon atoms respectively.?’ In the
complexes there is a shift towards higher field [lower values ppm (8)]. Other peaks due to

phenyl rings and alkyl groups are observed in the expected characteristic range (Fig. 3).
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(Cu(SbPh; }(dbptH),Br] (8)

LJ N\ A ind

[Cu(SbPh;)(dmptH),Br] (2)

[Cu(SbPhy)(tzdtH),C1] (10)

1 1 L
200 150 100 50 0
e § (ppm)

Fig. 3. '*C NMR Spectra of the Complexes (2), (8) and (10).
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Sb~ :

Cu

S/ ™~
| o, T\N/ ’
H;C N—yf H—n  \
@ g: } B
Fig. 4. Suggested Structure of the Complex. [Cu(SbPh;)(dmptH),X].

Conclusion

On the basis of the spectral analysis we infer that these complexes adopt distorted

tetrahedral geometry. In these cases the ligands LH were found to be coordinating through the

thione sulphur. In all cases there is an intramolecular N-H....X hydrogen bond (Fig. 4).
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