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Abstract Two thiocyanato-Cu(II) complexes including

mononuclear dithiocyanato Cu(Me3dpt)(NCS)2 (1) and

the polymeric 1D [Cu(D,L-Ala)(lN,S–NCS)(H2O)]n (2)

were synthesized and structurally characterized (Me3dpt =

bis(N-methyl-3-propyl)methylamine, Ala = alaninate anion).

The IR spectrum of complex 1 confirmed the N-bonding

coordination mode of the thiocyanate groups, and its visible

spectrum revealed the square pyramidal geometry around

the central Cu2? ion. Single X-ray crystallography of 1

showed that the Cu(II) center displays square pyramidal

geometry with severe distortion toward trigonal bipyramidal

environment. Complex 2 forms a 1-D polymeric chain with

the NCS- acting as a lN,S-ligand. A distorted SP geometry

around the Cu2? centers was achieved by the O and N atoms

of alaninato anion, the aqua ligand and by the N and S atoms

of the bridging thiocyanate groups. Hydrogen bonds of the

type N–H���O, N–H���S and O–H���O are formed in this

complex leading to the extension of the 1D chain to a

supramolecular network.

Introduction

The thiocyanate ion NCS- is an ambidentate ligand that

has been used as a typical example for linkage isomerism

in coordination chemistry. Both its N and S atoms are

considered to be potentially donor sites. According to

Pearson’s classification for HSAB, the SCN- ion is clas-

sified as a soft base when it binds the metal ion from the

S-side and as an intermediate Lewis base when it acts as

N-bound. On the other hand, Cu2? behaves as an inter-

mediate Lewis acid [1]. Therefore, based on this classifi-

cation, Cu2? ion is expected to bind the two sides of the

SCN- ion but with higher tendency to bind to the nitrogen.

The thiocyanate anion is not biologically important but it

has been pointed out that it can compete with the toxic O2
2

species for binding to SOD (Cu–Zn superoxide dismutase)

[2]. The interaction of Cu2? compounds with SCN- leads to

the formation of many mononuclear N-bonding complexes

[3–6] as well as polynuclear species with the SCN- ligand

bridging Cu2? centers in a variety of coordination modes

[7–17]. These include lN,S–NCS [7–15], lN,N-NCS [16],

and lS,S-NCS [17] modes. The majority of the bridging

thiocyanato complexes were obtained with bi- and triden-

tate coligands in the Cu skeleton.

In general, five-coordinate Cu(II) species with an inter-

mediate stereochemical environment ranging between tri-

gonal bipyramidal (TBP) and square pyramidal (SP) were

found to be the major species that are formed in solid and in

solution states [3, 4, 18–25]. The nature of the coligand

around the central Cu2? ion plays a crucial role in adopting

one of the two geometries. For example, sterically hindered
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linear aliphatic tridendate- and tetradentate-amines

(Et3dien, pmedien, EtMe4dien, Me6trien),1 and tripodal N

donors tetraamine ligands (Me3tren, TPA)1 that can form

five-membered chelate rings with Cu2? ion, most likely

constitute distorted TBP geometry [3, 4, 21]. Replacing the

methylenic group(s) in TPA by ethylenic group(s) (pmea,

pmap, tepa) tends to stabilize SP geometries in the Cu(II)

complexes [22–25]. Partial increase in the steric environ-

ment of the coligand (Medpt, Et2dien) and/or increasing the

length of N donor amines around the central Cu2? ion

causes severe distortion from SP to TBP [7, 8].

The following study was undertaken to investigate the

molecular structures of the thiocyanato-Cu(II) complexes

derived from the tridentate amine Me3dpt and from alanine.

This will allow us to shed light on the bonding mode of the

coordinated thiocyanate ion (N-bonding vs. S-bonding) and

the dominating geometrical feature around the central

copper (SP vs. TBP) in this class of compounds.

Experimental

Materials and physical measurements

N,N0,N00-Trimethylpropylenetriamine (Me3dpt) was pur-

chased from Aldrich. All other materials were reagent

grade quality. Infrared spectra were recorded on a JASCO

FT/IR-480 plus spectrometer as KBr pellets. Electronic

spectra were recorded on an Agilent 8453 HP diode UV–

vis spectrophotometer. Thermal decomposition of the

alaninato complex 2 was measured at a heating rate of

10 �C/min using a Perkin-Elmer TGA7 thermogravimetric

analyzer with aluminum pan in a dynamic atmosphere of

nitrogen. Elemental analyses were carried out by the

Atlantic Microlaboratory, Norcross, Georgia USA.

Caution: Salts of perchlorate as well as their metal

complexes are potentially explosive and should be handled

with great care and in small quantities.

Synthesis of Cu(Me3dpt)(NCS)2 (1). To a warm meth-

anolic solution containing the Me3dpt ligand (0.50 mmol)

and Cu(ClO4)2�6H2O (0.186 g, 0.50 mmol) in 20 mL

MeOH, ammonium thiocyanate (0.076 g, 1.0 mmol) was

added. The resulting solution was heated for 5 min on a

steam-bath, filtered through Celite and then allowed to

crystallize at room temperature. The resulting precipitate

that separated within 2 days was collected by filtration,

washed with Et2O, and air dried (overall yield 80%). Single

crystals suitable for X-ray analysis were obtained upon

re-crystallization of the complexes from H2O. Character-

ization: Found: C, 37.2; H, 6.7; N, 19.6%. Calcd for C11

H23N5CuS2 (MM = 353.03): C, 37.4; H, 6.6; N, 19.8%. IR

(KBr, cm-1): 2074 (vs), UV–vis. {kmax, nm (emax,

M-1 cm-1)} in CH3CN: 686 (204) and 932 (141).

Synthesis of [Cu(D,L-Ala)(SCN)(H2O)]n (2). To an

aqueous solution (40 mL H2O) containing CuSO4�5H2O

(2.0 g, 8.0 mmol) and D,L-alanine (1.0 g. 16 mmol), KSCN

(0.4 g, 4.0 mmol) dissolved in 10 mL of H2O was added

dropwise, and the resulting green solution was filtered and

kept in the refrigerator. The green crystals which separated

after several days were collected by filtration and air dried

(overall yield: 60%). Characterization: Found: C, 20.9; H,

3.6, N 12.2%. Calcd for C4H8CuN2O3S (MM = 227.72 g):

C, 21.1; H, 3.5; N, 12.3%. IR (KBr, cm-1): 3500 (br), 2170

(m), 2108 (vs), 1586 (s), 1391 (m).UV–vis. (kmax):

*650 nm (very broad).

X-ray crystal structure analysis

The X-ray single-crystal data of the two compounds were

collected on a Bruker-AXS SMART APEX II CCD dif-

fractometer at 100(2) K. The crystallographic data, condi-

tions retained for the intensity data collection, and some

features of the structure refinements are listed in Table 1.

The intensities were collected with Mo-Ka radiation (k =

0.71073 Å). Data processing, Lorentz-polarization, and

absorption corrections were performed using SAINT,

APEX, and the SADABS computer programs [26–28]. The

structures were solved by direct methods and refined by

full-matrix least-squares methods on F2, using the SHEL-

XTL [29] program package. All non-hydrogen atoms were

refined anisotropically. The hydrogen atoms were located

from difference Fourier maps assigned with isotropic dis-

placement factors and included in the final refinement

cycles by use of geometrical constraints.

Results and discussion

Synthesis of the complexes

The monomeric Cu-dithiocyanato complex Cu(Me3dpt)-

(NCS)2 (1) and the bridging thiocyanato polymeric 1D

1 Ligand abbreviations: Me3dpt, bis(N-methyl-3-propyl)methyl-

amine; Medpt, bis(3-aminopropyl)- methylamine; Mepea, N-(2-pyr-

idylmethyl)-N-[2-(2-pyridylethyl)]methylamine; TPA, tris(2-pyridyl-

methyl)amine; Me3tren, tris(N-methyl-2-aminoethyl)amine; Me6tren,

tris(N,N-dimethyl-2-aminoethyl)-amine; Me6trien, 1,1,4,7,10,10-hex-

amethyltriethylenetetraamine; pmap, bis[2-(2-pyridylethyl)]-(2-pyridyl-

methyl)amine; pmea, bis(2-pyridylmethyl)-2-(2-pyridylethyl)amine;

tepa, tris[2-ethyl-(2-pyridyl)]-amine; Et3dien,N,N0,N00-triethyldiethy-

lenetriamine; Et2dien, N,N-diethyldiethylenetriamine; Me5dien,

N,N,N0,N00,N00-pentamethyldiethylenetriamine; EtMe4dien, N0-ethyl-N,

N,N00,N00-tetramethyldiethylene- triamine; pdpa, N-(2-aminopropyl)-

N,N-bis(2-pyridylmethyl)amine; pzdepy, N,N0-bis[2-(2-pyridylethyl)]-

piperazine; Ala, alaninate ion; Gly, glycinate ion.
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complex [Cu(D,L-Ala)(NCS)(H2O)]n (2) were synthesized

in moderate yields. The two complexes were obtained in a

straight forward manner by the reaction of a methanolic

solution of Cu(ClO4)2�6H2O or an aqueous CuSO4�5H2O

solution and the appropriate ligand in 1:1 M ratio with

NCS- anion. The isolated complexes were characterized

by elemental analyses, IR and UV–vis. spectroscopy as

well as by single-crystal X-ray crystallography. The com-

plexes are soluble in acetonitrile, methanol, and DMSO.

Also, for comparison, the complex Cu(Mepea)(NCS)2 that

was structurally characterized [30] was synthesized using a

similar procedure as that described for 1.

Infrared spectra

The IR spectra of the complexes under investigation exhibit

very strong bands over the 2,070–2,110 cm-1 region due to

the asymmetric stretching vibration of the coordinated

thiocyanate group, mas(C:N) (Table 2). In this class of

compounds, it has been indicated that the mas(C:N)

frequencies could be used as criteria to differentiate

between S-bonded (2,110–2,140 cm-1) and N-bonded

(\2,110 cm-1) complexes [3, 4, 31–33]. Thus, the observed

mas(C:N) frequency of the mononuclear Cu(II) complex 1

is most likely consistent with N-bonded thiocyanate that

was also confirmed by X-ray. The stretching frequencies of

mas(NCS-) of the alaninato complex 3 are located within the

same range reported in 1D polymeric bridged end-to-end

thiocyanato complexes derived from glycine and from N,N-

dimethylamino ethanol (mas(NCS-) = 2,100 cm-1) [36,

37], and in the doubly bridging dinuclear complexes

[Cu2(Medpt)2(lN,S-NCS)2](ClO4)2 and [Cu2(Et2dien)2-

(lN,S-NCS)2](ClO4)2 [7, 8] (see Table 2). Although one

would expect the split of mas(NCS-) around 2,100 cm-1 in

complexes bridged by thiocyanate into two absorption

bands due to the stretching frequency of S- and N-bonded

thiocyanate groups, this was not always the case, and a split

was also observed in mononuclear-coordinated thiocyanato

complexes 1 and [Cu(TPA)(NCS)]ClO4 [4]. This analysis

clearly indicates the difficulty of reaching a solid conclusion

concerning the bonding coordination mode in the thiocya-

nato-Cu(II) complexes based on the mas(NCS-) stretching

frequency.

The IR spectrum of [Cu(D,L-Ala)(lN,S-NCS)(H2O)]n

shows a broad band around the 3,500 cm-1 region due to

m(O–H) of the water molecule. The stretching absorption

bands located at 1,586 and 1,391 cm-1 were assigned to

mas(COO-) and ms(COO-), respectively, of the alanine

ligand. The splitting Dm(COO-) between the two carbox-

ylate bands (D = 195 cm-1) was found to be comparable to

that observed in [Cu(Ala)2�H2O] in which the monodentate

bonding of the carboxylate group was confirmed [36].

Visible spectra

The visible spectral data for the Cu(II)-thiocyanato com-

plexes in acetonitrile are collected in Table 2 together with

other related systems. The complexes display a broad

absorption band in the 590–700 nm region. This spectral

feature is consistent with five-coordinate Cu(II) complexes

that often may be associated with a low-, or high-energy

shoulder. In many cases, the low-energy shoulder indicates a

square pyramidal (SP) geometry, whereas the presence of

a single d–d band at k[ 800 nm (dxy, dx2 - y2 ? dz2) with

a high-energy shoulder (spin forbidden, dxz, dyz ? dz2) is

typical for trigonal bipyramidal (TBP) stereochemistry [37].

Therefore, based on the above criterion, the electronic

spectral data of the complexes under investigation are con-

sistent with SP geometry. The SP stereochemical configu-

ration seems to be the predominant geometry in most of

the Cu(II) complexes. However, it has been observed that

Table 1 Crystallographic data and processing parameters

Compound 1 2

Empirical formula C11H23CuN5S2 C4H8CuN2O3S

Formula mass 353.03 227.74

System Orthorhombic Triclinic

Space group Pna21 P - 1

a (Å) 12.393(2) 5.5929(11)

b (Å) 19.736(3) 7.3208(15)

c (Å) 13.708(2) 10.019(2)

a (�) 90 98.16(3)

b (�) 90 99.64(3)

c (�) 90 108.70(3)

V (Å3) 3352.8(9) 374.58(17)

Z 8 2

l (mm-1) 1.547 3.150

Dcalc (Mg/m3) 1.399 2.019

Crystal size (mm) 0.30 9 0.20 9 0.15 0.32 9 0.25 9 0.11

h max (�) 26.36 26.41

Data collected 25630 2976

Unique refl./Rint 6799/0.0632 1519/0.0330

Parameters 349 113

Goodness-of-Fit on F2 1.010 1.100

R1/wR2 (all data) 0.0365/0.0723 0.0373/0.0974

Residual extrema (e/Å3) 0.40/-0.29 0.79/-0.58

Crystallographic data for the structures 1 and 2 have been deposited

with Cambridge Crystallographic Data Centre, CCDC-765695 and

765696, respectively. These data can be obtained free of charge from

the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.

uk/data_request/cif or from 12 Union Road, Cambridge CB2 1EZ,

UK
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TBP geometry was adopted by tripodal tetraamine-Cu(II)

complexes that form five-membered chelate rings with

Cu(II) ion [4, 7, 18, 20–25]. Increasing the steric hindrance

on the coordinated linear tridentate amine in the five- or six-

membered chelate rings tends to cause a severe distortion

from SP to TBP geometry. This is clearly demonstrated in

Cu(Me3dpt)(NCS)2 (1), [Cu2(Medpt)2(lN,S-NCS)2](ClO4)2,

and [Cu2(Et2dien)2(lN,S-NCS)2](ClO4)2 [7, 8]. In most

cases, the complexes may exhibit intermediate geometries

that are slightly distorted from the ideal SP or TBP. The

geometrical SP finding about the Cu(II) ion in solution is

consistent with the X-ray structural data.

Thermal analysis of complex 2

The thermal analysis of complex 2 was investigated in

order to provide insight into the coordinated water mole-

cule. The first step of the thermogravimetric analysis

corresponds to dehydration at 148 �C (mass loss: Calcd

= 7.9%, Found = 8.1%). The DTA profile shows this as

an endothermic step at Tmax = 148 �C. The following

decomposition step starts just above 150 �C and completed

around 300 �C. This step corresponds to the loss of alanine

ligand with Tmax = 209 �C (mass loss: Calcd. = 39.2%,

Found = 40.3%). Further heating led to reductive degra-

dation of Cu(II) ? Cu(I), which resulted in the formation

of the polymeric species [Cu(SCN)]n at about 330 �C. This

process was followed by another weight loss of 15.4%

over the temperature range 350–525 �C (Tmax = 377 �C),

which may indicate the release of sulfur (Calcd. = 14.1%)

with the formation of another polymeric residue [Cu(C

N)]n. Similar thermal decomposition behavior was reported

with [Cu(Gly)(SCN)(H2O)]n [34].

Description of the structures

Cu(Me3dpt)(NCS)2 (1): The asymmetric unit of 1 consists

of two crystallographic-independent Cu(Me3dpt)(NCS)2

monomers. Perspective views together with the atom

numbering scheme are presented in Fig. 1a, b, respectively,

and selected bond parameters are given in Table 3. Each

copper center is penta-coordinated by the three N donor

atoms of the amine ligand and two N atoms of the terminal

thiocyanato ligands. The coordination polyhedron may be

described as distorted square pyramid with s = 0.37 (Cu1),

and 0.49 (Cu2) [38]. The apical sites in CuN5 polyhedra are

occupied by central N atoms of the Me3dpt ligands [Cu(1)-

N(8) = 2.190(3); Cu(2)-N(4) = 2.203(3) Å]. The basal

Cu–N bonds vary from 1.994(3) to 2.026(3) Å for Cu(1),

and from 1.992(3) to 2.046(3) Å for Cu(2). The metal

centers deviate from their CuN4 basal planes by 0.289 and

0.315 Å for Cu(1) and Cu(2), respectively. The bond

parameters of the thiocyanato ligands are in the following

ranges: N–C: from 1.157(5) to 1.166(5) Å; C–S:

from 1.625(4) to 1.640(4) Å; Cu–N–C: from 164.4(3) to

178.2(4)�, and N–C–S: from 178.8(3) to 179.2(3)�.

In 1, the non-coordinated S atoms act as acceptors for

hydrogen bonds of type N–H���S to form a supramolecular

2D system oriented along the [1 0 0] and [0 1 1] directions

(Table 4; Fig. 1c).

[Cu(D,L-Ala)(lN,S–NCS)(H2O)]n (2). The principal

structural features of complex 2 are illustrated in Fig. 2a,

and selected bond parameters are summarized in Table 3.

The copper center of [Cu(Ala)(NCS)(H2O)]n complex is

penta-coordinated by O(1) and N(1) of alaninato anion, by

S(1) and N(2A) of l-N,S-bridging thiocyanato anion, and

O(3) of aqua ligand, resulting in a CuN2O2S chromophore.

Table 2 Visible spectral data of the Cu(II)–NCS complexes in CH3CN, geometry, and the IR asymmetric stretching frequency of the coor-

dinated thiocyanato group

Complex kmax, nm (emax, M-1 cm-1) Geometrya mas(C:N), cm-1 Ref.

Cu(Me3dpt)(NCS)2 (1) 686 (204), 932 (141) Severe dist SP 2074 This work

Cu(Mepea)(NCS)2 681 (195) Severe dist SP 2072, 2097 This work

680 (200), 940 (70, sh) 2090 [30]

[Cu(pzdepy)(NCS)]ClO4 591 (304) Dist SP 2071 [3]

[Cu(TPA)(NCS)]ClO4 690 (179), 865 (303) TBP 2050, 2092 [4]

[Cu2(BBAT)(NCS)4]�2CH3CNb 658 (287) Dist SP 2069, 2090 [3]

[Cu2(Et2dien)2(lN,S-NCS)2](ClO4)2 625 (399), 810 (v w) Dist. SP 2101 [9]

[Cu2(Medpt)2(lN,S-NCS)2](ClO4)2 604 (286) Dist SP 2116 [7, 8]

[Cu(D,L-Ala)(lN,S-NCS)(H2O)]n (2) 650 (v br)c Dist SP 2108 This work

[Cu(Gly)(lN,S-NCS)(H2O)]n 641(v br)c Dist Oh 2100 [35]

a Geometry as determined by X-Ray
b BBAT 3,5-bis[bis(2-pyridylmethyl)aminomethyl]toluene
c Measured in Nujol mull

616 Transition Met Chem (2010) 35:613–619
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The coordination geometry may be described as distorted

square pyramid (s = 0.154) with S(1) in the apical site.

[Cu(1)–S(1) = 2.8071(13) Å]. The alaninato anion acts as

a bidentate N, O-chelating ligand to form a five-membered

ring around each copper center with Cu(1)–N(1) =

2.004(3) and Cu(1)–O(1) = 1.956(3) Å. The Cu(1)–O(3)

bond length of the aqua ligand is 1.994(3) Å. The l-N,S-

bridging thiocyanates form 1D chains of polyhedra

oriented along the a-axis of the triclinic unit cell: [Cu(1)–

S(1) = 2.8071(13), Cu(1B)–N(2) = 1.946(3) Å, Cu(1)–

S(1)–C(4) = 95.49(14), C(4)–N(2)–Cu(1B) = 162.9(3);

N(2)–C(4)–S(1) = 178.1(4)�]. The Cu���Cu intrachain

separation is 5.5929(13) Å, and the shortest Cu���Cu

interchain distance is 3.6527(9) Å. Hydrogen bonds of type

N–H���O and N–H���S are formed from the N(1) donor atom

to acceptors O(2A) and S(1C), respectively. Further

hydrogen bonds of type O–H���O are observed between

aqua ligand O(3) and oxygen atoms of carboxylato groups

of adjacent alaninato ligands (Fig. 2a; Table 4). These

hydrogen bonds extend the 1D chains of polyhedra to a

supramolecular network (Fig. 2b).

Conclusions

The Cu(II)-thiocyanato complex 1 derived from the linear

tridentate amine ligands Me3dpt and Mepea [30] clearly

indicates that increasing the size of the chelate rings to six

tends to increase the distortion toward a TBP environment.

With bidentate and less hindered linear tridentate coli-

gands, the possibility of isolating polynuclear Cu(II)

complexes with bridging NCS- is high. This was the case

with [Cu(D,L-Ala)(NCS)(H2O)]n (2), and this finding is in

complete agreement with previous results for complexes

derived from Gly, Medpt, and Et2dien [7, 8, 34]. In general,

increasing the steric hindrance at the terminal coordinated

Fig. 1 a, b Perspective view of

the two crystallographic-

independent Cu(Me3dpt)(NCS)2

(1) units with the atom

numbering scheme. c Crystal

packing view. Hydrogen bonds

are indicated by broken bonds
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N donor atoms of the tridentate amines by incorporation of

alkyl group(s) and/or heterocyclic N-ring(s) most likely

suppresses the formation of bridging thiocyanato-Cu(II)

complexes. The molecular dimensions and geometries of

the synthesized complexes can be controlled by careful

selection of the metal coligand moiety. Also, in mononu-

clear Cu(II)-thiocyanato complexes, the Cu2? ion favors

the N-bound coordination of the SCN- over the S-bound.

Table 3 Selected bond lengths (Å) and angles (�) for compounds 1
and 2

Compound 1

Cu(1)–N(9) 1.994(3) Cu(1)–N(6) 2.003(3)

Cu(1)–N(10) 2.014(3) Cu(1)–N(7) 2.026(3)

Cu(1)–N(8) 2.190(3) Cu(2)–N(2) 1.992(3)

Cu(2)–N(1) 2.010(3) Cu(2)–N(5) 2.028(3)

Cu(2)–N(3) 2.046(3) Cu(2)–N(4) 2.203(3)

S(1)–C(1) 1.625(4) S(2)–C(2) 1.640(4)

S(3)–C(12) 1.627(4) S(4)–C(13) 1.640(4)

N(1)–C(1) 1.166(5) N(2)–C(2) 1.157(4)

N(6)–C(12) 1.157(4) N(9)–C(13) 1.158(4)

N(9)–Cu(1)–N(6) 147.20(13) N(10)–Cu(1)–N(7) 169.46(12)

N(2)–Cu(2)–N(1) 141.70(13) N(5)–Cu(2)–N(3) 170.90(12)

N(1)–C(1)–S(1) 179.2(3) N(2)–C(2)–S(2) 178.8(3)

N(6)–C(12)–S(3) 178.9(3) N(9)–C(13)–S(4) 179.0(3)

C(1)–N(1)–Cu(2) 164.4(3) C(2)–N(2)–Cu(2) 174.3(3)

C(12)–N(6)–Cu(1) 173.6(3) C(13)–N(9)–Cu(1) 171.1(3)

Compound 2

Cu(1)���Cu(1A) 5.5929(13) Cu(1)–N(2A) 1.946(3)

Cu(1)–O(1) 1.956(3) Cu(1)–O(3) 1.994(3)

Cu(1)–N(1) 2.004(3) Cu(1)–S(1) 2.8071(13)

S(1)–C(4) 1.638(4) C(4)–N(2) 1.158(5)

N(2)–Cu(1B) 1.946(3) O(1)–C(1) 1.281(4)

O(2)–C(1) 1.237(4) N(1)–C(2) 1.480(5)

N(2A)–Cu(1)–O(1) 174.86(11) N(2A)–Cu(1)–O(3) 94.57(13)

O(1)–Cu(1)–O(3) 88.91(11) N(2A)–Cu(1)–N(1) 91.98(14)

O(1)–Cu(1)–N(1) 83.80(12) O(3)–Cu(1)–N(1) 165.62(13)

N(2A)–Cu(1)–S(1) 89.41(10) O(1)–Cu(1)–S(1) 94.29(8)

O(3)–Cu(1)–S(1) 91.23(8) N(1)–Cu(1)–S(1) 101.64(10)

C(4)–S(1)–Cu(1) 95.49(14) N(2)–C(4)–S(1) 178.1(4)

C(4)–N(2)–Cu(1B) 162.9(3)

Symmetry codes for 2: (A) x ? 1, y, z; (B) x - 1, y, z

Table 4 Hydrogen-bonding

system for compounds 1 and 2

a D donor, A acceptor

D–H���Aa Symmetry of A D���A (Å) D–H���A (�)

Compound 1

N(3)–H(3)���S(3) [-x ? 1/2, y ? 1/2, z - 1/2] 3.466(3) 167.8

N(5)–H(5)���S(4) [-x ? 3/2, y ? 1/2, z - 1/2] 3.517(4) 171.0

N(7)–H(7)���S(1) 3.555(3) 172.4

N(10)–H(10)���S(2) [-x ? 1/2, y - 1/2, z ? 1/2] 3.435(3) 153.8

Compound 2

N(1)–H(11)���O(2) [x ? 1, y, z] 3.098(5) 161.8

N(1)–H(12)���S(1) [-x ? 1, -y ? 2, -z ? 1] 3.641(3) 166.0

O(3)–H(31)���O(2) [x ? 1, y ? 1, z] 2.726(4) 172.8

O(3)–H(32)���O(1) [-x, -y ? 2, -z] 2.888(4) 171.1

Fig. 2 a Perspective view of [Cu(D,L-Ala)(lN,S-NCS)(H2O)]n (2)

together with the atom numbering scheme. b Crystal packing view.

Hydrogen bonds are indicated by broken bonds. Symmetry codes: (A)

x ? 1, y, z; (B) x - 1, y, z; (C) –x ? 1, -y ? 2, -z ? 1; (D) -x,

-y ? 2, -z; (E) x ? 1, y ? 1, z; (F) x ? 2, y, z

618 Transition Met Chem (2010) 35:613–619
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