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PREPARATION, CRYSTAL AND MOLECULAR
STRUCTURE OF (TRIPHENYLPHOSPHINO)-
BIS2-THIOXOHEXAMETHYLENEIMINE)COPPER(I)
CHLORIDE

BISERKA KOJIC-PRODIC, MARIJA LUIC

Rudjer Boskovic Institute, Department of Materials Research and Electronics, 41000 Zagreb, P.O. Box
1016, Croatia, Yugoslavia

PETROS KARAGIANNIDIS,* PERICLES AKRIVOS

Aristotelian University of Thessaloniki, General and Inorganic Chemistry Laboratory, P.O. Box 133,
GR-540 06 Thessaloniki, Greece

and STEFAN STOYANOV
University of Sofia, Department of Chemistry, 1 1. Antonov. Ave., 1126 Sofia, Bulgaria
( Received January 28, 1991)

The mixed ligand complex (triphenylphosphino)bis(2-thioxohexamethyleneimine)copper(I) chloride,
Cu(tclH),(PPh;)CI, has been synthesized and studied by spectroscopic methods and single crystal X-ray
diffraction. It crystallizes in space group PI, with @ = 11.110(1), b = 11.880(1), ¢ = 11.994() A, a =
98.86(1), B =90.92(1), y =96.71(1)° and Z = 2. The final R and R, values are 0.065 and 0.071,
respectively, for 3393 reflections with I> 3o(/). The copper atom is four coordinate, in a distorted
tetrahedral environment. The mean value of the two Cu-S bonds is 2.334(3) A and the Cu-Cl bond
distance is 2.394(2) A; the interbond angles around copper vary from 96.53(9) to 117.28(8}. A chair
conformation of one of the seven membered thione rings is stabilized by an intramolecular hydrogen bond
N1-H...Cl (3.192(7) A); the second analogous ring is disordered, exhibiting transitions from twisted to
distorted chair conformations.

Keywords: Copper(I), thiocaprolactam, X-ray structure

INTRODUCTION

The evergrowing interest in Cu(I) complexes with ligands possessing N and S donor
atoms is related to the presence of such moieties in a number of potential enzymic
sites.! Along this line of research, we have investigated a number of mixed ligand
Cu(I) complexes with phosphines and thiones as ligands. More recently, the particu-
lar features of compounds emerging from complexation of 2-thioxohexamethylene-
imine (o-thiocaprolactam, tclH), to Cu(I) halides® has prompted us to investigate
further the stereochemical preferences of Cu(I) sites where tclH is already coordi-
nated. The bulky thione is expected to induce low coordination numbers and all the
available evidence for its Cu,>2 Rh and Pt3 complexes indicate its coordination
exclusively through sulfur.

* Author for correspondence.
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In the present study, we report the synthesis, crystal structure determination and
reactivity of the complex Cu(tclH},(PPh,)Cl.

EXPERIMENTAL
Materials and measurements

All the solvents used were of reagent grade. Copper chloride (Merck) was used as
obtained, while w-thiocaprolactam (Aldrich) was recrystallized from hot methanol
prior to use. Elemental analyses for C, H and N were carried out on a Perkin-Elmer
240 Elemental Analyzer. The IR spectra were recorded in KBr discs on a Perkin-
Elmer 1430 spectrophotometer, while the electronic spectra were obtained by means
of a Shimadzu 160A spectrophotometer. A Bruker AW-80 spectrometer and internal
TMS standard were used for recording "H NMR spectra.

Preparation of the complex

To a solution of 1 mmol of freshly prepared Cu(tclH),Cl in 20cm® methanol,
a solution of PPh; in 20 cm? chloroform was added and the resulting solution was
refluxed for 2 h. The resulting clear solution was then filtered and allowed to stand at
room temperature for two days, at the end of which a microcrystalline product had
deposited. Its elemental analysis was satisfactory for Cu(tciH),(PPh,)CI; in order to
obtain crystals appropriate for the subsequent crystal structure determination, an
initially obtained sample was redissolved in hot methanol and recrystallized by slow
evaporation at room temperature of a methanol : toluene (1 : 1) mixture.

Solution of the structure

The crystallographic data and details of data collection and refinement are listed in
Table 1. Reference reflections showed a loss of intensity at about 4.4% during data
collection. An adequate correction to the intensities was applled Data reduction was
performed by the Enraf-Nonius SDP/VAX package,* Lorenz and _polarization
effects were corrected. Absorption correction was by a ‘¥-scan of the 2 23,112,123,
224,234,235, and 4 4 6 reflections; minimum transmission was 0.93.

The structure was solved by direct methods (SHELX-86°). Copper scattering
factors and anomalous dispersion values were taken from International Tables for
Crystallography.® For other atoms, the scattering factors were those included in
SHELX-76.” A difference Fourier map revealed disorder of the N2 — C30 thione
ring. Two different locations for N2, C29 and C30 atoms were observed. According
to the height of peaks for these atoms in a difference map, occupancy factors were
assigned (0.75 and 0.25). It appears that the distorted chair conformation prevails
over the twisted one. The results of least-squares refinement agreed with these values
for occupancy factors. The structure was refined with a full-matrix least-square
procedure. The non-hydrogen atoms were refined anisotropically with exception of
N2, N2A, C27, C29, C29A, C30 and C30A, which were treated in the isotropic
thermal mode. Hydrogen atom positions were derived on stereochemical grounds
and refined under restricted conditions according to the pivot atoms. The N-bonded
hydrogen atoms were located by a difference Fourier map and N-H distances
adjusted to the theoretical value; hydrogen atoms of the N2 — C30 ring were not
found.
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TABLE 1
Summary of crystal data.

Formula C;oH;,N,S,CICu
fw 619.73
a(A) 11.110(1)
bA) 11.880(1)
e(A) 11.994(1)
a(deg) 98.86(1)
B(deg) 90.92(1)
y(deg) 96.71(1)
V(A% 1552.7(3)
V4 2
D.pea (Mg.m™3) 1.326(1)
Space group P1
Crystal dimensions (mm) 0.2x0.2x0.1
Linear absorption coefficient (cm™!) 9.92
F(000) 648
Radiation Mo Ka- (graphite monochromator)

Temperature (K)

297 +1

0 range (deg) for cell detn. 9, 14

No of reflections for ceil detn. 25

Omin, 6max 2,25

®/20 scan (°) Aw = 0.80 + 0.35tanf

h kI limits —13-+13, —14-14, —14—14
Reflections collected 10895

Reflections with I > 3o(f) 3393

No of refined parameters 311

Weighting scheme Zu{|F,| — |F,|]? I/w = o*(F,) + 0.0012F2
R R, 0.065, 0.071

(A/o)max 0.264 (C17, x)

Interatomic distances, bond and torsion angles and analysis of the ring puckering
were calculated by a program for analysis of molecular geometry.® Drawings were
prepared by the PLUTO program as implemented in the SDP package.* Calculations
were carried out on the MICROVAX II of the X-Ray Laboratory of the Rudjer
Boskovic Institute, Zagreb, Yugoslavia. Final atomic coordinates for the heavy
atoms and selected bond lengths and angles are given in Tables II and III.

RESULTS AND DISCUSSION

Characterization of the complex

The main scope of the work reported was to extend our recent studies?> on the
coordination mode expressed by w-thiocaprolactam towards Cu(I) halides in the
presence of triaryl phosphine ligands, as well as the reactivity of these compounds. In
every case the relatively ionic character of the Cu-Cl bond makes it neccessary to
apply extensive and prolonged heating in order to afford the desired compound.
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Nevertheless, the initially prepared complex Cu(tclH),Cl, which revealed spectral
and physical properties in accordance with those already quoted,® proved unstable in
solution, especially in the presence of light. Indeed, after two days in dilute
chloroform solution a dark yellow microcrystalline product deposited and spectral

TABLE 11
Final atomic coordinates and equivalent isotropic thermal parameters { x 10%).
xla ¥/b zje U, (A
Cu 0.2747(1) 0.3420(1) 0.2158(1) 569(3)
P 0.2593(1) 0.1750(1) 0.2814(1) 460(5)
Cl 0.4693(2) 0.4445(2) 0.2750(2) 709(7)
Sl 0.2431(2) 0.3300(2) 0.0216(2) 790(8)
S2 0.1278(2) 0.4639(2) 0.2693(2) 909(9)
Cl 0.2388(5) 0.1888(5) 0.4332(5) 472(21)
C2 0.1624(6) 0.1120(6) 0.4843(6) 585(24)
C3 0.1521(7) 0.1282(7) 0.6003(6) 673(29)
C4 0.2176(8) 0.2205(7) 0.6675(6) 674(30)
Cs 0.2973(8) 0.2946(7) 0.6177(6) 754(34)
Coé 0.3064(7) 0.2785(6) 0.5011(6) 645(27)
C7 0.1291(6) 0.0747(5) 0.2211(5) 455(22)
C8 0.1288(7) —0.0422(6) 0.1923(6) 626(27)
C9 0.0278(8) —-0.1119(7) 0.1432(7) 771(32)
Cl10 —0.0748(8) —0.0649(7) 0.1226(6) 728(31)
Cl1 —0.0775(7) 0.0515(7) 0.1521(7) 786(33)
Ci2 0.0252(7) 0.1198(6) 0.1996(7) 669(30)
Cl13 0.3874(6) 0.0901(5) 0.2604(5) 489(22)
Ci4 0.4558(6) 0.1001(6) 0.1678(6) 587(25)
Ci1s 0.5522(7) 0.0380(7) 0.1469(7) 734(32)
Cl6 0.5820(7) —0.0349(8) 0.2191(7) 788(31)
C17 0.5124(8) —0.0457(8) 0.3126(8) 832(38)
C18 0.4173(7) 0.0184(7) 0.3334(7) 699(31)
C19 0.2901(7) 0.4637(6) —0.0090(6) 642(28)
C20 0.2379(9) 0.5030(8) —0.1097(7) 842(34)
C21 0.1640(10) 0.6023(9) —0.0765(9) 1009(49)
c22 0.2332(10) 0.7184(8) —0.0448(9) 975(45)
C23 0.3163(10) 0.7297(7) 0.0557(9) 912(40)
C24 0.4151(8) 0.6509(6) 0.0431(8) 772(34)
NI 0.3681(5) 0.5333(5) 0.0579(5) 608(22)
C25 0.1660(0) 0.5600(0) 0.3790(0) 954(39)
C26 0.0800(0) 0.6450(0) 0.4240(0) 1194(54)
C28 0.2090(0) 0.7890(0) 0.5670(0) 2215(114)
N2 0.2705(0) 0.5675(0) 0.4240(0) 1577(58)
N2A 0.2340(0) 0.5370(0) 0.4530(0) 419(45)
C27 0.1599(0) 0.7652(0) 0.4428(0) 2099(79)
C29 0.3292(0) 0.7482(0) 0.5425(0) 1397(60)
C29A 0.3114(0) 0.7211(0) 0.5745(0) 418(53)
C30 0.3105(0) 0.6223(0) 0.5391(0) 2709(155)
C30A 0.2620(0) 0.5990(0) 0.5680(0) 549(65)

* The N2—C30 ring is disordered; A denotes the atoms in different locations;

Uy =P T

* kT o
U;a%a%a,a;

%



18: 01 23 January 2011

Downl oaded At:

THIOCAPROLACTAM COMPLEXES 25

TABLE I
Selected bond distances (A) and angles (°) for the complex.
(a) distances {b) angles
Cu-P 2.234(2) S1-Cu-S2 96.5(1)
Cu-Cl 2.394(2) Cl-Cu-S2 107.9(1)
Cu-Sl1 2.330(3) CI-Cu-S1 110.6(1)
Cu-S2 2.339(3) P-Cu-S2 117.3(1)
p-Cl 1.823(6) P-Cu-S1 115.9(1)
P-C7 1.826(6) P-Cu-Cli 108.1(1)
P-Cl13 1.837(7) Cu-P-Cl13 117.5(2)
S1-C19 1.709(8) Cu-P-C7 113.4(2)
§2-C25 1.619(2) Cu-P-Cl1 113.8(2)
C7-P-Cl13 103.7(3)
Ci-P-C13 103.0(3)
CI-P-C7 103.8(3)
Cu-SI1-CI19 106.0(3)
Cu-S2-C25 114.6(1)
P-CI-Cé6 117.6(5)
P-C1-C2 124.0(5)
P-C7-Ci2 117.2(5)
P-C7-C8 125.1(5)
P-C13-Cl8 123.0(5)
P-C13-Cl4 117.8(5)
S1-C19-N1 120.0(6)
S1-C19-C20 120.4(6)
S2-C25-N2A 118.8(1)
S2-C25-N2 119.51)
$2-C25-C26 120.7(1)

and analytical data confirm its formulation as (CuCl),(tclH);. The exceptional
stability of the compound with respect to Cu(tclH),Cl must be attributed to the
possible formation of a cubane-like structure probably analogous to those reported
for copper(I) and silver(I) tertiary butylthiolates.!® The IR spectrum of the title
complex reveals a split -NH band at ca 3180 cm™!, indicative of intramolecular
hydrogen bond formation, a phenomenon observed in several analogous com-
pounds.? The electronic spectra recorded in chloroform and ethanol reveal two
maxima at 288,245 nm and 278, 221 nm, respectively. They both differ substantially
from the spectrum of the thione, thus giving evidence for their MLCT nature. The
compound reported proved to be very stable in solution, but reactive upon UV
irradiation, a primary report of which has already been communicated.?® In the
present study, a 6 x 107> M solution of the compound was irradiated by a high
pressure 200 W/4 Osram lamp at 254 nm. An initial depression of the bands is
followed by a shift of the absorption maximum so that an isosbestic point is observed
(Fig. 1) at 304nm, in accord with observations during irradiation by the full
spectrum lamp.

Description of the structure

The molecular structure of the title complex is shown in Figure 2. The chromophore
consists of two sulfur atoms originating from two tclH molecules, the phosphorus
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FIGURE 1 Spectral changes during irradiation at 254 nm. Spectra recorded at 0, 5, 10, 15, 20 and

40 min after irradiation.

FIGURE 2

N

PLUTO drawing of the molecule with the atom numbering; the intramolecular hydrogen
bond is denoted by a dashed line.
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atom of the triphenylphosphine ligand and a chlorine atom, and possesses a distorted
tetrahedral arrangement around copper. The dihedral angle between the S1-Cu-S2
and P-Cu-Cl planes is 91.63(7)°.

The Cu-S distances are quite close (2.330(3) and 2.339(3) A respectively) and are
about equal to the sum of copper and sulfur covalent bond radii,'! 2.39 A. They are
longer than the corresponding bonds in [Cu(tclH),(AsPh;)Br],2® which were found
to be 2.310(1) and 2.315(1) A, and the terminal Cu-S distance of 2.326(3) A observed
in [Cu(py2SH),),Cl,,'? where py2SH is pyridine-2-thione. A substantial elongation
is however detected with respect to the monomeric compound Cu(tclH),I,?* where
the two Cu-S bonds are 2.238(1) and 2.250(1) A, respectively.

Close analogy was observed between the Cu—P bond length of 2.234(2) A in the
title complex and the value of 2.183(2),& in [Cu(Pcyc,)Cl],!? and is attributed to
the strong overlap between copper and phosphorus, facilitated by the near ortho-
gonality (vide supra) of the phosphine ligand towards the thiones. This bond length
lies near the lower extreme of Cu-P bond lengths, which have been observed to vary
from 2.23 to 2.31 A.1*

FIGURE 3 Molecular packing in the crystal.
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The Cu-Cl bond (2.394(2) A) is rather long relative to the value of 2.34 A assigned
to tetrahedral Cu(I),!! a fact attributed to the competition of Cl and P for the same
central metal ion orbital. It is, though, quite similar to that observed for several
monomeric Cu(PPh,),(L)Cl compounds, where L is dithiooxamide,'® 2-thiopyra-
zole-1,2-dicarboxamide'® or pyridine-2-thione.!”

The tcIH ligands exhibit differences in their internal geometry. One of them
(N1-C24 ring) exhibits a chair conformation,'® the other one is disordered flopping
between twisted and distorted chair conformation. The ring with the well defined
chair conformation is involved in an intramolecular hydrogen bond NI-
H...CL3.192(7)A[H...C12.189(3) A, < NI1-H... Cl178.5(3)°]. Molecular packing
is supported by the H...S interaction between molecules related by X, y, z, and X,
¥ + 1, z operations involving a hydrogen atom of a benzene ring [H10...8Sl1,
2.69(1) é]. These contacts are shorter than the mean H. .. S van der Waals distance!!
of 3.05A.

SUPPLEMENTARY DATA
Full lists of bond lengths and angles, hydrogen atom positions, temperature factors,

and observed and calculated structure factors are available from P.K.
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