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PREPARATION AND REACTIVITY OF PLANAR 
TRIGONAL COPPER(1) COMPOUNDS. 

CRYSTAL STRUCTURE OF 

BROMIDE 
BIS(2-THIOXOHEXAMETHYLENEIMINE)COPPER(I) 

PETROS KARAGIANNIDIS*, PERICLES AKRIVOS 
General and Inorganic Clieniistry Department, Aristotelian Vnirersity of Tliessaloniki, 

P.O. Box 135, GR-S40 06 Tliessaloniki, Greece 

BISERKA KOJIC-PRODIC and MARIJA LUIC 
Rudjer Boskocic lnstitute, Department of Materials Research and Electronics, 

P.O. Box 1016,41000 Zagreb, Croatia 
(Receired 12 April 1991; in final form 11 February 1992) 

The crystal and molecular structure of bis(2-thioxohexamethyleneimine)copper(I) bromide, Cu(tclH),Br, 
is reported. The compound is a three-coordinate monomer and crystallizes in space group P2,/n with 
a=8.807(1), b=  15.893(1), c= 12.385(1)& /3= 105.98(1)0 and 2=4. It is symmetrically folded with respect 
to the Cu-Br bond, the copper atom being slightly elevated (0.036A) relative to the plane defined by the 
two sulfur and one bromine donor atoms. The two equivalent Cu-S bonds are 2.228(2)A and the Cu-Br 
bond distance is 2.385(1)& the interbond angles around copper being close to 120'. Its reactivity towards 
small molecules (e.g.,CS,, CO,) and Lewis bases (e.g., pyridine, PPh,, AsPh,), hasalso been investigated. 

Keywords: Copper(1). lactam, X-ray structure, reactivity 

INTRODUCTION 

One of the most interesting features of copper(1) is its protean, stereochemistry and 
possibilities of tuning stereoelectronic factors controlling it, aimed at representation 
of active enzymic sites.' Indeed, copper is second only to iron in occurrence in 
natural redox systems. Along this line, we have studied the coordination to copper(1) 
sites2 of thiones possessing an a-nitrogen hereroatom, in an attempt to model 
thionucleocides and thioaminoacids, which have in several cases been found to 
coordinate to copper atoms. Particular emphasis has been placed on the determination 
of the stereochemistry of the metal centre and the coordination mode adopted by 
the ligands. Recently, we initiated an investigation of the bonding mode of 
2-thioxohexamethyleneimine (o-thiocaprolactam, ~ C I H ) ~ ,  as cited in preliminary 
reports? This bulky thione offers a saturated flexible backbone in contrast to our 
previous investigations involving compact planar thione molecules. The results of 
this study are presently described. 

*Author for correspondence. 
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216 P. KARAGIANNIDIS ET AL. 

EXPERIMENTAL 
Materials a i d  Measiireriierrts 
All solvents used were of reagent grade. Copper bromide (BDH) was used without 
purification, while o-thiocaprolactam (Aldrich) was recrystallized from hot methanol. 
Elemental analyses were carried out on a Perkin-Elmer 240B element analyzer. IR 
spectra were recorded in KBr discs on a Perkin-Elmer 1430 spectrophotometer, while 
electronic spectra were obtained by means of a Shimadzu 160 A spectrophotometer. 
A Bruker AW-80 spectrometer was used for recording 'H NMR spectra. The chemical 
shifts obtained in deuterated chloroform solutions are given (6,  ppm) downfield from 
internal TMS standard. A Varian FT20 spectrometer was used for recording I3C 
NMR spectra 

Synthesis 
Reaction of CuBr with excess thione (1 :3 molar ratio) was carried out in methanol, 
with moderate heating for about 15 min. The clear solution was allowed to cool and 
a white precipitate formed. Its analysis was satisfactory for Cu(tclH),Br (calc.: C, 
35.86; H, 5.52; N, 6.97%; found: C, 35.27; H, 5.48; N, 6.74%). Slow evaporation 
of a 1:l CH,OH:CHCI, solution of the complex at  room temperature produced 
crystals suitable for X-ray diffraction studies. 

Soliitiori of the striictiire 
Crystallographic data and details of data collection and refinement are listed in 
Table I. Reference reflections showed a loss of intensity of about 2.6%. A correction 
to the intensities was applied. Data reduction was performed by the Enraf-Nonius 
SDP/VAX p a ~ k a g e ; ~  Lorentz and polarization effects corrections were performed 
and an absorption correction was applied based on a 'I"-scan of the reflections 012, 
013, 014, 025 and 026. Minimum transmission was 0.82. The structure was solved 
by direct methods, using SHELX-86.6 Copper scattering factors and anomalous 
dispersion values were taken from International Tables for Crystallography,' while 
for other atoms the scattering factors were those included in SHELX-76.* 

The H-atoms were located by a difference Fourier map. The structure was refined 
by a full-matrix least-squares m e t h ~ d ; ~  non-H atoms were refined anisotropically 
and H atoms with isotropic thermal parameters. Drawings were prepared by the 
PLUTO program as implemented in the SDP p a ~ k a g e . ~  Calculations were carried 
out on a MICROVAX I1 in the X-Ray Laboratory of the Rudjer Boskovic Institute, 
Zagreb. Final atomic coordinates are listed in Table 11. 

RESULTS AND DISCUSSION 
Description of the strirctirre 
The molecular structure of the monomer is shown in Figure 1 and selected bond 
lengths and angles are listed in Table 111. The figure reveals a three coordinate copper 
centre, the coordination sphere consisting of two tclH ligands and a bromine atom. 

The compound is symmetrically folded with respect to the Cu-Br bond, which is 
2.385(1) A. This bond length is appreciably shorter than those reported for cubane-like 
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COPPER(1) COMPLEXES 217 

TABLE I 
Summary of crystal and intensity collection data. 

Formula 
fw 
4) 
b(A) 
4) 
P(d%) 
v(A3)  
2 
D,,,,,Ahlg m-3)  
Space group 
Crystal dimensions (mm) 
Linear absorption coeficient (cm-1) 
F(W) 
Radiation 
Temperature (K) 
0 range (deg) for cell detn. 
No. of reflections for cell detn. 
Omin, max 
01/20 scan (A) 
hkl  limits 
Reflections collected 
Reflections with I>2a(i) 
No. of refined parameters 
Weighting scheme ZioJJF0J -lFc\12 
R ,  R ,  

CuBrS,N,C,,H,, 
401.89 
8.807( 1) 
15.893(1) 
12.385(1) 
105.98( 1 ) 
1666.5(3) 
4 
1.602 

0.3 x 0.4 x 0.5 
39.17 
816 
Cu K a  (graphite monochromator) 
297+ 1 

25 
2, 25 
Aw=0.80+0.35 tan 0 

3260 
1667 
253 

0.033,0.035 

P2,ln 

7-12 

O-t10,0-+18, -14-14 

l /~r=uZ(Fo)+0.0007F~ 

TABLE I I  
Final atomic coordinates and equivalent isotropic thermal parameters ( x 10'). 

x/a Ylb  z/c Ueq(AS 

Br 0.1488(1) 0.0929(0) 0.0830( 1) 698(3) 
cu 0.41 18(1) O.lOOS(0) 0.2027( 1) 523(3) 
s1 0.5649(2) -0.0132(1) 0.2301 (1) 632(6) 
s 2  0.5064(2) 0.2237( 1) 0.2788( 1) 591(5) 
N1 0.3633(7) -0.0774(3) 0.0504(5) 592(23) 
CIA 0.4955(7) -0.0861(3) 0.1291 ( 5 )  554(24) 
C2A 0.5904( 10) -0.1648(4) 0.1308(8) 793(36) 
C3A 0.5023(11) - 0.2442(4) 0.1470(8) 901(44) 
C4A 0.3799(13) -0.2770(5) 0.0456(9) 1083(55) 
C5A 0.2439(11) -0.2176(4) - O.OO39(7) 848(41) 
C6A 0.291 1 (1 1) -0.1 349(4) -0.0420(6) 696(30) 
N2 0.2573(6) 0.2924(3) 0.1377(4) 532(2 1 ) 
ClB 0.3849(7) 0.3038(3) 0.2191 (4) 454(21) 
C2B 0.4268( 10) 0.3920(3) 0.2593(5) 616(25) 
C3B 0.4670( 10) 0.4496(4) 0.1734(7) 727(32) 
C4B 0.3241( 11) 0.4842(4) 0.0872(7) 771(35) 
C5B 0.2179(10) 0.4185(4) 0.0 145 (6) 705(29) 
C6B 0.1466(8) 0.3567(4) 0.0789 (6) 623(25) 

Ueq = 4 1,z uijaFafiiij. 
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218 P. KARAGIANNIDIS ET AL. 

FIGURE 1 
hydrogen bonds are denoted by dashed lines. 

A PLUTO drawing of the Cu(tclH),Br molecule with the atom numbering. Intramolecular 

TABLE 111 
Interatomic distances (A) and bond angles ("). 

B r C u  2.385( 1) Br-Cu-S1 119.7(0) 
cu-s 1 2.228(2) Br-Cu-S2 119.7(1) 
cu-s2 2.228(2) s2-Cu-Sl 120.6(1) 
S l -ClA 1.691 (5) Cu42-ClB 110.8(2) 
S 2 C l B  1.696(5) Cu-Sl-CIA 111.4(2) 
N l C l A  1.304(8) ClA-Nl-C6A 128.6(5) 
N l C 6 A  1.466(9) S 1-C 1 A-N 1 123.2(4) 
C l A C 2 A  1.501 (9) N1-C1 A-CZA 118.6(6) 
C2AC3A 1.523(11) S 1-Cl A-C2A 118.3(5) 
C3AC4A 1.505( 13) ClA-CZAC3A 113.0(7) 
C4AC5A 1.516(12) C2A-C3A-C4A 116.8(7) 
C5A-C6A 1.494 10) C3A-C4A-C5A 115.2(7) 
N 2 C l B  1.299(7) C4A-C5A-C6A 114.7(8) 
N2-C6B 1.461(8) Nl-C6A-C5A 113.6(6) 
C l B C 2 B  1.500(7) ClB-NZ-C6B 127.2(5) 
C2BC3B 1.518(11) S2-C 1 B-N2 122.7(4) 
C3BC4B 1.512(11) N2-CIB-C2B 118.0(5) 
C4BC5B 1.521 (10) S2-ClB-C2B 119.3(4) 
C5B-C6B 1.507( 11) ClB-C2B-C3B 114.4(5) 

C2B-C3B-C4B 113.9(7) 
C3B-C4B-C5B 115.2(6) 
C4B-C5B-C6B 114.3(6) 
N2-C6BC5B 113.7(6) 

cores offormula [CuBrPR,], lo  or tetrahedral monomers," which vary from 2.51( 1) 8, 
for (3,5-dimethylpyridine),CuBr to 2.599(2) 8, for [CuBtP(r-Bu),],. It is close to the 
terminal Cu-Br distance of 2.3 19(2) 8, observed in [NEt,],[Cu,Br,] l2  and exceeds 
the corresponding bond lengths in linear CuBr; units, e.g., in [PEtPh,][CuBr,] and 
[PP~,][CUB~,],'~ which range from 2.207(2) A to 2.224(2) A, respectively. 

The two Cu-S bond lengths are identical, 2.228(2)A. They are in close 
agreement with several trigonal Cu(1) systems, e.g., Cu(diditme),C1,14 where diditme 
= N,N'-dimethylimidazolidine-2-thione, and bis(2-thiouracil)chlorocopper(I)~dmf,15 
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COPPER(1) COMPLEXES 219 

A 

FIGURE 2 Molecular packing in the crystal. 

while they slightly exceed those reported for Cu(tetrahydro-lH-pyrimidine-2- 
thione),C1,16 Cu(N-ethyl-l,3-imidazolidine-2-thione),C1” and Cu(1-phenyl-3-(2- 
pyridyl)-2-thiourea},C1 l8 (2.206(2) to 2.218(2) A). The two S-Cu-Br angles are both 
equal to 119.7”, thus giving rise to a totally symmetric chromophore; the N-C-S-Cu 
torsion angles are -4.2(6) and - 1.9(5)”, respectively. 

The intramolecular hydrogen bonds N1-H. ..Br (N1 . . .Br, 3.388(6)1(, H . .  .Br, 
2.379(4)1(, Br-H-N, 178(3)”) and N2-H. ..Br (N2...Br, 3.327(5)A, H...Br, 2.369(4)A, 
Br-H-N, 157(4)”) provide additional stabilization to the overall conformation, as has 
been found to be the case in analogous c~mplexes .~  In the crystal lattice the molecules 
are held by Van der Waals interactions as shown in Figure 2. 

A slight elevation (0.036A) of the copper atom relative to the rest of the 
chromophore is observed, lying within the range observed in trigonal planar or 
elongated trigonal bipyramidal copper(1) coordination spheres. Finally, the ligand is 
in a chair conformation with puckering parameters for both rings, Q=O.742(9) and 
0.7547) A and 0 =33.6(8) and 32.9(6)”, respectively. 

Spectroscopic arid reactivity study 

The IR spectrum of the title compound offers further evidence concerning the 
coordination mode of the ligand, which occurs exclusively via the exocyclic sulfur 
atom; the characteristic NH stretching vibration is observed at  3150cm-’. The shift 
of this band relative to that observed in the free thione (3195 cm- ’) indicates significant 
intramolecular hydrogen bonding, as confirmed by the structural study. The electronic 
spectrum in methanol is dominated by a strong band at 277 nm, accompanied by a 
shoulder at  308nm. The latter must be attributed to a MLCT excitation, since no 

. analogous absorption is present in the spectrum of the free ligand. The ‘H NMR 
spectrum is ientical to that already reported? 

Upon treatment with equimolar amounts of NaOH or NaHCO, in methanol, the 
compound reacts forming an orange solid, which was formulated as [Cu(tcl)], on 
the basis of elemental analysis, its IR comparison against an authentic sample, formed 
by the reaction of CuBr with thiocaprolactam (sodium salt) at a 1 : 1 molar ratio. 
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220 P. KARAGIANNIDIS ET AL.  

It is clear that bulky ligands like tclH “crowd” the metal environment, thus giving 
rise to low coordination numbers; it seemed interesting though to investigate the 
extent of this crowding effect by forcing reactions of the complex with several small 
molecules as well as some Lewis base. The results of these studies are presently 
discussed. 

The title complex is readily soluble in CS,. After stirring for 15min at ambient 
temperature the solution was evaporated under reduced pressure to a third of its 
original volume, and was then allowed to further evaporate at room temperature. 
IR, ‘H NMR and electronic spectra of both the solution and the final solid product 
indicate that carbon disulfide is bound reversibly to the Cu(1) site. 

The complex is also readily dissolved in pyridine and a shoulder at  337 nm in the 
resulting electronic spectrum is indicative of pyridine adduct f~rmat ion . ’~  The ‘H 
NMR spectrum is similar though not identical to that recorded for the title complex 
(NH proton at  10.25 ppm, carbon protons at  3.47 (my 2H), 2.93 (m, 2H) and 1.77 ppm 
(my 6H), respectively). Slight differences observed may be attributed to a change in 
the copper electron density induced by the coordination of pyridine. Depression of 
the pyridine proton signals in the NMR of the isolated product (observed at  
7.1-7.3 ppm (m, 5H)) and the aforementioned shoulder in the electronic spectrum are 
observed after two days at  room temperature, thus indicating reversible binding 
of puridine to the CuS,Br core. 

Reactions of the complex with PPh, and AsPh, in mixed MeOH:CHCl, (1:l) 
media produce complexes of the formula Cu(tclH),(EPh,)Br or Cu(tclH),(EPh,)Br, 
depending on the molar ratio of the complex us the ligand. Resulting compounds 
were identified on the basis of elemental analyses and spectroscopic data. They are 
identical to those prepared using a different though it seems that the title 
complex and analogues should provide suitable starting materials for their 
preparation, 

Pyridine-Zthione also reacts, with substitution of tclH in the complex, the reaction 
being complete over a period of several days. The final product was again identified 
by spectroscopic data and by comparison of its properties with authentic 
[Cu(py2SH),Br], samples. 

In view of the above results and of the scarcity of Ci(1) monomer reactions with 
C02,20 we were prompted to investigate the ‘fixation’ of carbon dioxide in the title 
compound and its iodo counterpart. Chloroform solutions (0.1 M) of the complexes 
were pressurized with 1 atm of dry C 0 2  at room temperature for about 20miny after 
which solution IR spectra indicated (new bands at  1640, 1265 and 765cm-’) the 

0 

PPm 
FIGURE 3 13C NMR spectrum of the Cu(tclH),(CO,)I complex. 
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presence of coordinated CO, in the case of the iodo compound (Cu(tclH),Br appeared 
unreacted). Slow evaporation of the former solution produced an amorphous solid 
with identical characteristic bands in its IR spectrum, recorded in KBr. The close 
resemblance of this pattern to that reported for a Co-CO, complex2' is evidence for 
CO, coordination oia the carbon atom. The coordination of carbon dioxide is further 
confirmed by the I3C NMR of the product, which consists of signals lying close to 
those reported4b for Cu(tclH),X (C, =204.2, C3 =47.4, C,= 27.4, C, =24.0, C,.722.3 
and C,=43.1ppm; atom numbering as in the cited reference) and an additional 
resonance at  209.8 ppm, ascribed to coordinated CO, (Figure 3). This dramatic 
difference in reactivity between the two compounds may be the result of the symmetric 
chromophore present in the title complex, contrary to its iodo counterpart. 

SUPPLEMENTARY MATERIAL 

Tables of fractional coordinates for hydrogen atoms, thermal parameters and observed 
and calculated structure factors are available from P.K. 
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