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Reactions of copper(I) halides with triphenyl phosphine in acetonitrile followed by the addition
of salicylaldehyde N-ethylthiosemicarbazone {(2-OH—CgH,)(H)C?>=N*-N*H-C'(=S)N'HEt,
Hsstsc-NEt} in chloroform in 1:2:1 (Cl) or 1:1:1 (Br, I) molar ratios yield mononuclear,
[CuCl(n'-S-H,stsc-NHEt)(PPh3),] (1) and sulfur-bridged dinuclear, [Cu,Xo(uu-S-Hostsc-
NEt),(PPh;),] (X=Br, 4; I, 5) complexes. Similarly, reaction of silver halides (Cl, Br) with
H,stsc-NEt in acetonitrile followed by the addition of PPh; to the solid that formed (1:1:2
molar ratio), yielding mononuclear complexes, [AgX(n'-S-H,stsc-NHEt)(PPhs),] (Cl, 2; Br, 3).
All these complexes are characterized with analytical data, IR, and NMR spectroscopy and
single-crystal X-ray crystallography. The ligand favored n'-S bonding in 1, 2, and 3, and x-S
bonding in 4 and 5. Cu - - - Cu contacts were 3.063 A. The complexes form 1-D or 2-D H-bonded
networks, entrapping solvent in some cases.

Keywords: Salicylaldehyde N-ethylthiosemicarbazone; Triphenyl phosphine; Copper; Silver;
Sulfur bridging

1. Introduction

N, S-donor thiosemicarbazones, (R'R*C*=N*-N*H)-C(=S)N'R’R?*), have shown
variable donor properties and structural diversity involving the formation of mono-,
di-, and poly-nuclear complexes. In addition these thio-ligands and their complexes find
catalytic, analytical, and biological applications [1-3]. Among transition metals, the
thiosemicarbazone complexes of nickel(II) and copper(Il) have been intensively studied,
as some of them show anticancer, antifungal, and antibacterial activities [4-8].
Coordination chemistry of thiosemicarbazones with copper(I) and silver(I) halides have
been reported [9-29], as not much was known earlier for these metals in their univalent
state [1].

Benzaldehyde thiosemicarbazone (Hbtsc-NH,: R!, R?=H) with copper(I) halides
(CuX) in the presence of PPhjs as a co-ligand formed three types of complexes: type 1 for
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Scheme 1. Bonding modes.

X =I; types 1 and 2 for X=Br; and type 3 for X =CI (scheme 1) [27]. For silver(I),
there is only type 2 reported with Hbtsc-NH, for X = Br [20]. For R'=OH and R*=H,
the salicylaldehyde thiosemicarbazone (H,stsc-NH,) behaved differently, forming type
1 compound with copper(I) chloride instead of type 3 formed by Hbtsc-NH,; with
copper(I) bromide and copper(I) iodide, both types 2 and 3 exist in the same crystal
lattice (bond isomerism) [15]. For silver(I) chloride, H,stsc-NH, formed type 3
compound and with silver(I) bromide exhibited bond isomerism similar to that shown
by copper(I) bromide/iodide [15]. Among N'-susbstituted thiosemicarbazones, salicy-
laldehyde N-methylthiosemicarbazone (H,stsc-NHMe, R*=methyl) with copper(I)
chloride formed type 1 compound (similar to that with H,stsc-NH>), and with copper(I)
bromide and iodide, formed type 3 compounds and did not exhibit bond isomerism
(unlike the behavior shown with Hjstsc-NH>) [15]. Silver(I) chloride and bromide both
have formed type 1 compounds with H,stsc-NHMe, similar to that formed by copper(I)
chloride.

Continuing to investigate the effect of substituents at C* and N' of thiosemicarba-
zones, in this article we describe coordination chemistry of copper(I) and silver(I)
halides with salicylaldehyde N-cthylthiosemicarbazone (H,stsc-NHEL).

2. Experimental

Copper(I) halides were prepared by reduction of CuSOy4-S5H,0O using SO, in the
presence of NaX (X =Cl, Br, and I) in distilled water. Silver(I) halides were prepared by
the reaction of silver(I) nitrate in methanol with NaX (X =Cl, Br) [30]. The N-ethyl
thiosemicarbazide, salicylaldehyde, and PPh; were procured from Aldrich Sigma Ltd.
Salicylaldehyde N-ethylthiosemicarbazone was prepared by the condensation of
salicylaldehyde with N'-ethylthiosemicarbazide. Elemental analyses for C, H, and N
were carried out using a thermoelectron FLASHEA1112 analyzer. The melting points
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were determined with a Gallenkamp electrically heated apparatus. Infrared (IR) spectra
of the ligand and complexes were recorded from 4000cm™' to 200cm ™' (using KBr
pellets) on FTIR-SHIMADZU 8400 Fourier Transform and Pye Unicam SP-3-300
spectrophotometers. '"H NMR spectra of complexes were recorded in CDCl; with TMS
as the internal reference on a AL-300 FT JEOL spectrometer operating at 300 MHz.

2.1. Synthesis of[CuCl(nl-S-sttsc-NHEt)(PPh3)2]- (0.33CHCL3) (1)

To a solution of copper(I) chloride (0.020g, 0.20 mmol) in acetonitrile (6 mL) was
added PPh; (0.106 g, 0.40 mmol). The solution was stirred for 2h until cream colored
precipitate formed. Acetonitrile was removed by decantation and chloroform was
added to the precipitate followed by the addition of H,stsc-NHEt (0.045 g, 0.20 mmol),
and the contents were stirred for 5Smin. After addition of methanol and refluxing for
Smin, a clear solution was obtained. On slow evaporation of solution at room
temperature, yellow crystals of 1 formed. Yield: 72%; m.p. 174-178°C. Anal. Calcd for
Cy46.33H43.33CLCuUN;OP,S: C, 62.71; H, 4.89; N, 4.74. Found: C, 62.41; H, 5.16; N, 4.42.
Main IR peaks (KBr, cm™"); v(O-H), 3380(m); v(N'-H), 3240(b); v(N>-H), 3110(b);
v(C-H), 3000(s); v(C=N) + v(C=C), 1615, 1570(s); v(C-N), 1035(b); v(P—Cpy), 1110(m);
V(C=S8), 965(b). '"H NMR (8, ppm, J, Hz, CDCl5): 12.49 (s, N*H); 9.59 (s, OH); 8.38 (s,
C°H); 7.30 (m, 32H; C>°H, Ph-P); 6.96 (m, C"*H); 3.63 (t, N'CH,); 1.22 (t, CHj;).

2.2. Synthesis of [AgCl(qI-S-sttsc-NHEt) (PPhs),] (2)

To AgCl (0.025g, 0.17mmol) suspended in acetonitrile (10mL) was added Hjstsc-
NHEt (0.038 g, 0.17 mmol). The contents were stirred for 24 h until precipitate formed.
To the precipitate PPhs (0.090g, 0.34 mmol) was added with stirring until a clear
solution was obtained and the resulting solution was kept for crystallization. Yellow
crystalline compound was formed. Crystals were grown from a mixture of CH,Cl, and
CH;CN. Yield: 70%; m.p. 175-180°C. Anal. Calcd for C4sH43AgCIN;OP,S: C, 62.00;
H, 4.83. Found: C, 62.60; H, 4.73. "H NMR (8, ppm, J, Hz, CDCls) 12.20 (s, N*H); 9.59
(s, OH); 8.61 (s, C*H); 7.32 (m, 32H); C>°, Ph-P); 6.54 (s, N'H); 6.94 (m, C"*H); 3.70
(t, N'CH,); 1.26(t, CH3).

2.3. Synthesis of [AgBr(qI-S-sttsc-NHEt) (PPh3),] (3)

To AgBr (0.025 g, 0.13 mmol) suspended in acetonitrile (10 mL) was added H»,stscN-Et
(0.029 g, 0.13 mmol). The solution was stirred for 24 h until white precipitate formed.
To the precipitate PPh; (0.068 g, 0.26 mmol) was added and stirred until a clear solution
was obtained. Slow evaporation of the filtrate containing about SmL of CH,Cl,
yielded white transparent crystals. Yield: 75%; m.p. 179-182°C. Anal. Calcd for
C46H43AgBrN;OP,S: C, 59.00; H, 4.60; N, 4.49. Found: C, 59.53; H, 4.58; N, 4.77.
"H NMR data (8, ppm, J, Hz, CDCls): 11.42 (s, N°H); 9.52 (s, OH); 8.57 (s, C*H); 7.33
(m, 32H; C*°, Ph—P); 6.54 (s, N'H): 6.94 (m, C"*H); 3.69 (t, N'CH,); 1.2 (t, CHj3).
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2.4. Synthesis of [CuBr(u-S-H,stsc-NHEt) (PPh;s) [,+2CHCI; (4)

To a solution of copper(I) bromide (0.033 g, 0.27 mmol) in acetonitrile (8—10 mL) was
added PPh; (0.063 g, 0.23 mmol). The solution was stirred for 1.5h and cream colored
precipitate formed. Acetonitrile was removed by decantation and chloroform was
added to the precipitate followed by the addition of Hjstsc-NHEt (0.054 g, 0.24 mmol);
the contents were stirred for 5-10 min giving a clear solution. Slow evaporation of the
solution at room temperature resulted in green crystals of 4. Yield: 73%; m.p. 176
178°C. Anal. Calcd for CsgHsgBr,ClgCu,NgO,P5S,: C, 46.50; H, 3.88. Found: C, 46.86;
H, 4.07. Main IR peaks (KBr, cm™'); v(OH), 3350(m); v(N'H), 3280(b); v(N°H),
3080(m); v(C-H), 2950(s); v(C=N)+ v(C=C), 1610, 1570 (s); v(P—Cpyp), 1150(m);
V(C-N), 1030(b); v(C=S), 950(b). '"H NMR (5, ppm, J, Hz, CDCl5) 12.26(s, N*H);
9.51(s, OH); 8.61(s, C*H); 7.41(m, 32H; C>°H, Ph-P); 6.53(s, N'H); 6.96 (m, C"*H);
3.70 (m, N'CH>); 1.56 (t,CH3).

2.5. Synthesis of [Cul(p-S-H,stsc-NHEt)(PPh;z) [, 2CH;CN (5)

To a solution of copper(l) iodide (0.036 g, 0.19 mmol) in acetonitrile (8-10mL) was
added PPh; (0.048 g, 0.18 mmol). The solution was stirred for 1.5 h giving cream colored
precipitate. Acetonitrile was removed by decantation and chloroform was added to the
precipitate followed by the addition of H,stsc-NHEt (0.044 g, 0.20 mmol); the contents
were stirred for 5-10min giving a clear solution. Slow evaporation of the solution
at room temperature resulted in yellow crystals of 5. Yield: 74%; m.p. 194-196°C. Anal.
Calcd for CgHgrCusI,NgO,P5S5: C, 50.21; H, 4.32; N, 7.81. Found: C, 50.47; H, 4.33;
N, 8.0l1. Main IR peaks (KBr, cm™'); v(OH), 3380(m); v(N'H), 3340(b);
v(N?H), 3125(m); vw(C-H), 3005(s); w(C=N)+v(C=C), 1635, 1585 (s); v(P—Cpy),
1125(m); v(C-N), 1055(b); 1(C=S), 970(b). 'H NMR (8, ppm, J, Hz, CDCl3) 11.59(s,
N2H); 9.46(s, OH); 8.65(s, C*H); 7.38(m, 32H; C>°H, Ph-P); 6.56(s, N'H); 6.96 (m,
C"*H); 3.69 (t, N'CH,); 1.57 (t, CHs).

2.5.1. Ligand. IR bands (KBr pellets, cm™"); w(OH), 3695(s); v(N'H), 3400, 3360(s);
V(N’H), 3170(w); W(C—H), 3040(s); 1(C=N)+ v(C=C), 1615, 1555(b); u(C-N), 1050(s);
V(C=S), 940(s). '"H NMR data (8, ppm, J, Hz, CDCI5): 10.73 (s, OH), 9.68 (sb, N°H),
8.18 (s, C*H), 7.30 (m, C°H+ C°H), 7.08 (sb, N'H), 6.91 (m, C'H+C®H), 3.31
(m, CH,), 1.28 (t, CH3).

2.6. Crystallography

The single crystals of 1-5 were mounted on glass fibers and data were collected using a
goniometer Xcalibur and Ruby (Gemini Cu) detector, each equipped with a graphite
monochromator and Cu-Ko radiation (1 =1.54184 A) for 1, and Mo-Ka radiation
(A=0.71073 A) for 2-5. The unit cell dimensions and intensity data were measured at
110(2) (1), 123(2) (3-5), or 295(2) (2). The data were processed (data collection,
refinement, and reduction) with CrysAlisPro. The structures were solved by direct
methods using SHELXS-97 and refined by full-matrix least-squares based on F* using
SHELXL-97. All non-hydrogen atoms were refined anisotropically. The crystallo-
graphic data are given in table 1.
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3. Results and discussion

3.1. Synthesis and spectroscopy

Copper(I) chloride was first reacted with one mole of PPh; in acetonitrile and to the
white precipitate suspended in chloroform was added one mole of Hsstsc-NHEt;
however, no clear solution was formed. Thus use of two moles of PPh; instead of one
was necessary for obtaining a clear solution. Copper(I) bromide and iodide were reacted
with PPh; and H,stsc-NHEt in 1:1:1 molar ratios in the same sequence and formed
clear solutions. For silver, Hpstsc-NHEt was first reacted with silver(I) chloride or
bromide in acetonitrile in 1: 1 molar ratio and then addition of two moles of PPh; was
necessary to get a clear solution. Slow evaporation of the solutions in each case gave
crystals of [CuCl(n'-S-H,stsc-NHEt)(PPhs),] (1), [AgX(n'-S-Hastsc-NHEt)(PPhs),]
(Cl, 2; Br, 3), and [Cu,X,(u-S-Hjstsc-NHEt),(PPhs),] (X=Br, 4; I, 5). IR spectra
show various bands due to v(O-H), v(N'-H), v(N*~H), V(C-Hary1), W(C=S), v(P-Cpp)
and some other bands at positions different from the free ligand supporting that the
thio-ligand coordinates to metal as a neutral ligand. Complexes 1-5 show 'H NMR
signals for N°H, OH, C*H, and N'H protons at § 11.59-12.49, 9.46-9.59, 8.38-8.65,
and 6.53—6.56 ppm, respectively. The ethyl protons were also identified at § 3.63—
3.70(CH>») and 1.2-1.56 ppm(CHs3). These NMR signals were at positions altered from
those of the thio-ligand.

3.2. Crystal and molecular structures

The crystal data for 1-5 are given in table I; table 2 contains important bond
lengths and angles. Table 3 shows a comparison of analogous complexes with
different bonding trends. Complex 1 crystallizes in rhombohedral crystal system with
R-3 space group, while 2-5 crystallize in the triclinic crystal system with triclinic
space group.

3.2.1. Molecular structures (1-5). In 1, Cu' is bonded to two PPh; at Cu—P bond
distances, 2.2395(17) and 2.2578(17) A, one sulfur of Hpstsc-NHEt and one CI™ at
2.3567(17) and 2.4493(16) A, respectively (figure 1). Cu—Cl distances are much less
than the sum of ionic radii of Cu™ and CI~ (2.58 A) [31]. Also, the Cu—P and Cu-S
bond distances are close to other monomeric complexes with two Ph;P ligands [15,
27, 32]. The C-S bond distance is 1.704(6) A, significantly longer than the C=S
double bond distance of 1.62A but shorter than a C-S single bond distance of
1.81 A, suggesting partial double bond character in the C-S bond [33]. Angles
around Cu are 99.04(6)-130.84(6)° with P-Cu-P bond angle being largest and
P-Cu—Cl being smallest. With methyl substituent at N', the angles are 102.02(7)—
123.68(7)° with P—-Cu-P bond angle being largest and P-Cu—Cl being smallest [15].
Thus the angles around Cu vary with variation in substituents at N'. The bonding
pattern in 2 is similar to that of its N-methyl analog, [AgCl(n'-S-Hastsc-
NHEt)(PPh3),] [15]. There is marginal difference in Ag-P, Ag-S, and Ag-Cl
distances of 2 in comparison to its N-methyl analog (cf. Ag-P, 2.4716(4), 2.4746(4);
Ag-S, 2.5924(4) and 2.7192(4) A) [15]. The angles around Ag are 98.17(4)-115.53(4)°,
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Table 2. Selected bond lengths (A) and angles (°) for 1-5.
1
Cu-P1 2.2395(17) Cu-S 2.3567(17)
Cu-P2 2.2578(17) Cu-Cl 2.4493(16)
S-C8 1.704(6) P1-Cu-P2 130.84(6)
P1-Cu-S 110.48(6) P2-Cu-Cl 100.09(6)
P2-Cu-S 102.91(6) S—Cu—Cl 112.75(6)
P1-Cu—Cl 99.04(6) C8-S—Cu 109.46(19)
2
Ag-P1 2.4991(11) Ag-S 2.6056(11)
Ag-P2 2.4736(10) Ag—Cl 2.6591(12)
S-C1 1.690(5) Pl-Ag-P2 113.76(4)
Pl-Ag-S 115.53(4) P2-Ag—Cl 108.92(4)
P2-Ag-S 108.14(3) S-Ag—Cl 98.17(4)
Pl-Ag-Cl 111.12(4) Cl-S-Ag 102.50(15)
3
Ag-P1 2.4599(6) Ag-S 2.6082(6)
Ag-P2 2.4776(6) Ag-Br 2.7206(3)
S-C8 1.700(2) Pl-Ag-P2 113.81(2)
Pl-Ag-S 107.382(19) P2-Ag-Br 114.171(16)
P2-Ag-S 115.03(2) S—-Ag-Br 98.686(16)
Pl-Ag-Br 106.375(16) C8-S-Ag 101.64(8)
4
Cu-P 2.2426(6) Cu-S 2.4654(5)
Cu-S 2.3711(5) Cu-Br 2.4371(3)
S-C8 1.715(2) Cu---Cu 3.134(1)
S-Cu-S 99.254(17) P-Cu-S 106.20(2)
Cu-S-Cu 80.745(17) P-Cu-S 115.918(19)
C8-S—Cu 112.67(7) S—Cu-Br 114.988(16)
C8-S—Cu 104.80(6) S—Cu-Br 103.859(15)
P-Cu-Br 115.709(17)
5
Cu-P 2.2632(10) Cu-S 2.4404(10)
Cu-S 2.3789(12) Cu-1 2.6350(5)
S-C8 1.726(4) Cu---Cu 2.9704(9)
S—Cu-S 103.91(3 P-Cu-S 107.69(4)
Cu-S-Cu 76.09(3) P-Cu-S 118.40(4)
C8-S—Cu 114.94(14) S—Cu-1 117.12(3)
C8-S—Cu 102.53(13) S—Cu-1 101.04(3)
P-Cu-I1 109.02(3)
Table 3. A comparison of bonding trends of 1-5 with previously reported complexes.
Hbtsc-NH,» H>stsc-NH, H,stsc-NHMe sttsc-NHR2
Metal salt (R', R*=H, H) (R', R*=0H, H) (R', R®*=0H, Me) (R', R®>=O0H, Et)
CuCl (1-S), Type 3 (n'-S). Type 1 (n'-S), Type 1 (n'-S). Type 1
CuBr 1'-S). Type 1 & (u-Br) +(u-S), (1-S). Type 3 (1-S). Type 3
(n-Br), Type 2 Types 2 and 3
(Bond isomerism)
Cul (1'-S), Type 1 (D) + (u-S), (1-S). Type 3 (1-S). Type 3
Types 2 and 3
(Bond isomerism)
AgCl - (u-S), Type 3 (n'-S), Type 1 (n'-S), Type 1
AgBr (u-Br), Type 2 (-Br) + (u-S), (n'-S), Type 1 (n'-S), Type 1
Types 2 and 3
(Bond isomerism)
Reference [20, 27] [15] [15] This work

See scheme 1 for details of ligands and types of complexes. Type 1 is mononuclear, type 2 is halogen bridged dinuclear, type 3
is sulfur-bridged dinuclear. Bond isomerism refers to the existence of both types 2 and 3 in the same lattice.



Downloaded by [Renmin University of China] at 10:34 13 October 2013

Copper and silver thiosemicarbazones 1757

different from its methyl analog (cf. 100.634(13)-125.395(14)°) [15]. The P-Ag—P in
2 is much smaller (113.76(4)°) than found in its methyl analog, i.e., 122.859(14)°.
The bonding pattern of 3 is similar to that of 2 with P-Ag-P angle of 113.81(2)°
(figures 2 and 3).

Figure 1. Molecular structure of [CuCl(n'-S-H,stsc-NHEt)(PPh;),] - 0.33CHCl5 (1).

Figure 2. Molecular structure of [AgCl(n'-S-H,stsc-NHEt)(PPh;),] (2).
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Figure 3. Molecular structure of [AgBr(n'-S-H,stsc-NHEt)(PPhs),] (3).

Figure 4. Molecular structure of [CuBr(u-S-H,stsce-NHEt)(PPh3)], - 2CHCl; (4).

In 4, each Cu is bonded to one terminal Br, two bridging S, and one PPh;, thus
acquiring four-coordination (figure 4). The central core Cu(u-S),Cu has unequal Cu-S
distances, 2.3711(5) and 2.4654(5) A, forming a parallelogram. The Cu-P and Cu-Br
bond distances are 2.2426(6) and 2.4371(3) A. Angles around each copper reveal a



Downloaded by [Renmin University of China] at 10:34 13 October 2013

Copper and silver thiosemicarbazones 1759

Figure 5. Molecular structure of [Cul(u-S-Hstsc-NHEt)(PPhj3)], - 2CH3;CN (5).

distorted tetrahedral geometry (80.745(17)-115.918(19))°. Bond parameters of 5 are
similar to 4 (figure 5). The Cu--- Cu separation in 5 (2.9704(9) A) is smaller than in 4
(3.134(1)1&). As expected the C-S bond distances are longer in 4 and 5 due to sulfur
bridging, intermediate in 1 and shortest in 2 and 3. Further, angles at Cu and S of the
central cores are much different due to the presence of bulkier iodide in 5.

3.3. Packing interactions

Complexes 1-5 exhibit different types of intra- and intermolecular hydrogen bonds due
to the absence or presence of solvent in the crystal lattice (table 4). In mono- and
dinuclear complexes, the halides form intramolecular hydrogen bonds with hydrazinic
hydrogen at N? (1, CI---N?, 3.160; 2, Cl---N?, 3.290; 3, Br--- N2 3.424: 4, Br---N?,
3.316; 5, 1---N?, 3.607; A). In dinuclear complexes, 2-hydroxy is engaged in
intramolecular hydrogen-bonding with azomethine nitrogen (HO---N3, 2.092, 4;
1.974, §; A), while in mononuclear (1-3) it is engaged in intermolecular hydrogen-
bonding with halide (O-H - --Cl, 2.291, 1; 2.258 2, O-H - - - Br, 2.389 3; A).
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Table 4. Hydrogen bonds for 1-5 (A and °).

DH---A d(D-H) d(H---A) dD---A) /(DHA)
1

N@2)-H(2)---Cl 0.88 2.29 3.159(5) 170.3
N3)-H(3B)- - - CI(1) 0.88 2.96 3.722(6) 145.5
O-H(0A)---Cl 0.84 2.29 3.131(4) 177.2
C(10)-H(10C) - - - CK(1) 0.98 2.841 3.489 124.33
C(3A)-H(3AA) .- C(6B) 0.947 2.872 3.745 153.71
C(6A)-H(6AA) - --C(3A) 0.949 2.701 3.638 169.67
C(10)-H(10A) - - - C(6D) 0.980 2.845 3.585 132.86
C(10)-H(10A) - -- C(5D) 0.980 2.778 3.511 132.04
C(4A)-H(4AA) - - - C(4E) 0.950 2.708 3.613 159.53
C(4A)-H(4AA) - - C(5E) 0.950 2.868 3.570 122.33
2

O(1)-H(1)---Cl 0.82 2.26 3.063(3) 166.9
N(2)-H(Q2C)---Cl 0.86 243 3.290(4) 176.1
C(6D)-H(6DA) - --C(3E) 0.93 2.829 3.668 150.67
C(2C)-H(2CA) - - - C(6) 0.93 2.837 3.395 139.37
3

O(1)-H(1A) -- - Br 0.84 2.39 3.1948(18) 161.0
N(2)-H(2B)- - - Br 0.84 2.55 3.424(2) 173.1
C(114)-H(11C)---S(1) 0.95 2.993 3.873 154.78
C(3)-HGA)- - C(124) 0.95 2.895 3.518 124.29
C(226)-H(22E) - -- C(5) 0.95 2.762 3.473 132.19
4

O(1)-H(10) - - -N(1) 0.68(3) 2.09(3) 2.691(2) 148(3)
N(2)-H(2N) - - Br 0.75(2) 2.58(2) 3.3154(18) 1712)
C(15)-H(15A) - --O(1) 1.000 2.478 3.180 126.92
C(23)-H(23A) - -- CI2A) 0.958 2.723 3.555 146.67
5

O-H(0)---N(1) 0.84 1.97 2.708(4) 145.5
N(Q)-H(2B)- -1 0.88 2.81 3.607(4) 151.1
N(3)-H(3B)---N(1S) 0.88 2.41 3.116(6) 137.4
C(3B)-H(3BA) -- - C(3A) 0.95 2.682 3.550 152.19
C(28)-H(2S1)--- O 0.979 2.708 3.284 1118.00

In 1, one independent molecule is connected with adjacent molecules through
C—H---a(ph) (2.701, 2.872 A) interactions between phenyl rings of PPh; forming a
dinuclear unit. This unit has no direct interaction with similar units, however, these
units interact indirectly via CHCl; present in the lattice {(N")H,CH - - - Cl, 2.841 A} and
form a zig-zag 1-D chain. This chain is connected with similar adjacent chains through
O-H---Cl, 2291 and (N)H,CH---Cl, 2.841 A interactions forming a 2-D sheet
(figure 6). In 2, there is no solvent present in the lattice. Interactions between phenyls of
PPh; of adjacent molecules {C—H ---nz(ph), 2.829 A} form a dinuclear unit. Two
dinuclear units are connected through interaction between hydroxyl and chloride
(O-H---Cl, 2.258 A). Repetition of these interactions led to formation of 1-D chains.
The 2-D sheet is formed via C-H---m(ph), 2.837 and (C*=N)x---7(ph), 3.367A
interactions (figure 7).
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Figure 7. Packing interactions in 2.

In 3, a 1-D chain is formed through C-H---n(ph), 2.762 and C-H---7(S=C),
2.993 A interactions. Interactions between adjacent 1-D chains {O-H - - - Br, 2.389 and
C-H .. - n(ph), 2.895 10\} form a 2-D sheet (figure 8). In 4, one dinuclear unit is
connected to the adjacent dinuclear unit through (N=N)x---7m(ph), 3.248;
(ph)7 - - - (ph), 3.390; and (C*=N)zx - - - w(ph), 3.275 A interactions, resulting in forma-
tion of 1-D chains. There is no direct contact between two adjacent 1-D chains but these
are connected through CHCI; present in the lattice {H-O-.--H-CCl;, 2.478; C-
H.--CI-CHCl,, 2.723 A} forming 2-D sheets (figure 9). In 5, 1-D chain is formed by
(ph)7 - - - (ph), 3.292 A interaction of PPh; of adjacent molecules. A 2-D sheet is
formed either through interactions between adjacent 1-D chains {(C=S)x- - (ph),
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Figure 8. Packing interactions in 3.

Figure 9. Packing interactions in 4.

3.378; (C’=N)7-- -7, 3.367 A} or through CH;CN present in the lattice {H-O---H-
CH,CN, 2.708; N'-H...N-CCH3, 2.410 A} (figure 10).

4. Conclusion

Coordinating properties of H,stsc-NHMe and H,stsc-NHEt are similar with CuCl,
AgCl, and AgBr forming n'-S bonded tetrahedral complexes, while with CuBr and Cul,
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Figure 10. Packing interactions in 5.

they formed u-S bridged dinuclear complexes. Hstsc-NH, forms 75'-S bonded
tetrahedral complex with CuCl, u-S bridged dinuclear complex with AgCl and bond
isomerism with CuBr, AgBr, and Cul having u-X and u-S bridged molecules in the
same unit. The absence of ~OH substituent as in Hbtsc-NH, showed more random
behavior: u-S bridged with CuCl, »'-S bonded and u-Br bridged dimer with CuBr and
n'-S bonded with Cul.

Supplementary material

Full details have been deposited with the Cambridge Crystallographic Data Centre,
CCDC for 1-5 are 858597-858601. Copies of this information can be obtained free of
charge from The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: 44-
1223-336-033; E-mail: deposit@ccdc.cam.ac.uk; or http://www.ccdc.cam.ac.uk).
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