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AbShCt 

The preparation, characterization, X-ray crystal structures and “Se CP-MAS solid state NMR spectra 
of adducts of 1,5,9,13-tetraselenacyclohexadecane with copper(I)trifluoromethanesulfonate and mer- 
cury(II)cyanide are reported. Crystal data: [(Cu(Se(CH,),),)][SOsCFs] (1); orthorhombic; space group 
B22,2; a = 8.947 (2); b =15.184(2); c =15.918(2) A; V= 2162.2 A3; Z = 4; FW= 696.77; pc = 2.140 g 

cme3; A = 0.71069 A; R(F) = 0.044 for 622 data (I > 2.%(I)). (Hg(CN),)((Se(CH,),),) (2); mono- 
clinic; space group P2,/c; a = 5.822(l); b =12.457(2); c = 14.074(2) A; B = 99.07(1)O; V = 1008.1 A3; 
Z = 2; FW = 736.79; pc = 2.427 8 cm -3; h = 0.71069 A; R(F) = 0.038 for 1153 data (I > 2.50(Z)). 1 
displays orientational disorder of the S03CF3- anion and correlated disorder of the complex cation. The 
refinement was stabilized using soft restraints. The cation is a three-dimensional polymeric complex with 
pseudo-tetrahedral coordination about copper to four distinct ligands. 2 consists of linear Hg(CN), 
molecules which interact weakly with four selenium atoms from different ligands to give a tetragonally 
distorted octahedral arrangement. 

Introduction 

As part of a program designed to investigate the metal-binding properties of 
selenium coronands [l], we have recently described [2] the first selenium coronand- 
metal complex, namely 1,5,9,13-tetraselenacyclohexadecanecopper(I1) trifluoro- 
methanesulfonate, [CU(~~S~~)])[SO,CF,]~, and its spontaneous electron transfer 
reaction in organic solvents to give a Cu’ complex as well as the intermediate radical 
cation [16Se4] + and the stable dication [16Se4]*+. We now report the preparation 
of adducts of Cu(SO,CF,) and Hg(CN), with [16Se4] and their characterization, 
X-ray crystal structures and “Se CP-MAS solid state NMR spectra. 

Experimental 

Solid-state NMR spectra were recorded on an instrument (built in-house) operat- 
ing at a field of 1.4 T. This produces a resonance frequency of 11.4 MHz for “Se. 
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Spectra were excited using single-contact Hartmann-Hahn cross-polarization. The 
matched r.f. field strength was 40 kHz for “Se. The same field strength was used for 
proton decoupling during data acquisition. Samples were spun at the magic angle at 
frequencies of 2-3 kHz. The magic angle was correctly set within &O.l” by 
optimizing the Iinewidth on weII crystallized samples of (tBu,Sn),Se, and H&,0, - 
2H,O. Chemical shifts were measured relative to long cylindrical samples of 
aqueous H,SeO,. These were converted to shifts based on the standard MqSe scale, 
by an independent experiment. 

Solvents were distilled before use and were dried, as necessary, by literature 
procedures. Reactions were performed under nitrogen by use of standard Schlenk- 
tube techniques. 

Microanalyses were performed by Mr. M.K. Yang of the Microanalytical 
Laboratory of Simon Fraser University. 

Synthesis of [Cu(l 6Se4)][So,CF3] (I) 
Copper(I) trifluoromethanesulfonate (Cu*(OTf)(~H&,) (12 mg, 0.0478 mmol) 

was dissolved in 1 ml of CH,CN/CH,Cl, (l/l) under a nitrogen atmosphere. A 
solution of 1,5,9,13-tetraselenacyclohexadecane = (16Se4) (1 eq.) in 1 ml of the same 
solvent was added, the mixture was stirred for 3h at 50°C and the mixture was 
concentrated to a volume of 1 ml. Vapour diffusion of diethyl ether into this 
solution resulted in the deposition of white crystals (24 mg, 72%); IR (KBr): 2950, 
1445,1435,1275,1235,1170,1150,1040,650,550 cm-‘; CP-MAS S(“Se)( f 1 ppm; 
ref.Me$e): 112 (IQ = 115 Hz), 159 (IQz = 45 Hz). Anal Found: C 22.65; H, 
3.41. C,,H,,F,O,SSe,Cu c&d.: C, 22.41; H, 3.47%. These results are indis- 
tinguishable from those for the copper(I) salt obtained by the reduction of 
CU(~~S~~)(SO$ZF~)~ [2]-crystals of which were used for the X-ray structure 
determination. 

Synthesis of Hg(CN),(I6Se4) (2) 
A mixture of 16Se4 (20 mg, 0.0413 mmol) and Hg(CN), (1 eq.) in dry acetone (2 

ml) was reflexed for 2 h under nitrogen. The mixture was concentrated to a volume 
of 1 rnI and allowed to cool to 0 o C. The resulting colourless needles were collected 
by filtration, washed with cold acetone, and dried in vacua (25.6 mg, 84%); IR 
(KBr): 2990. 2940, 1445, 1420, 1330, 1290, 1225, 730; CP-MAS S( “Se)(+ 1 ppm; 
ref. Me,Se): 127 (‘J(Se,Hg) = 123 Hz; *J(Se,Se) = 43 Hz), 202 (‘J(Se,Hg) = 110 Hz; 
*J(Se,Se = 43 Hz). Anal. Found: C, 22.73; H, 3.00; N, 3.65. C,,H,,Se,N,Hg &cd.: 
C, 22.82; H, 3.28; N, 3.80%. 

X-Ray crystallography 
All crystals were mounted on Pyrex filaments using epoxy resin. Measurements 

were made with an Enraf-Nonius CAD4F diffractometer using graphite mono- 
chromatized radiation. Crystallographic details for both 1 and 2 are given in Table 
1. 

The unit cell for 1 was determined from 25 well-centred reflections in the range 
30 d 213 d 38”. Two intensity standards were measured after each 1.33 hours of 
exposure to the X-rays and showed no systematic variations in intensity throughout 
data acquisition. Data reduction was performed including corrections for absorption 
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Fig. 6. Solid state CPMAS ‘7se NMR spectrum of 2. 
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satellites indicating a 77Se-77Se coupling of 43 Hz. Since no four bond 77Se-77Se 
couplings have been observed in the course of our work on selenium coronands, we 
conclude that the observed 43 Hz coupling occurs between Se atoms from different 
rings which are c&related in their arrangement about the Hg atom. It is interesting 
to note that the intensity of these satellites requires that the observed coupling could 
arise from only one of the two geometrically different cis Se-Hg-Se relationships. 
(i) Se-Hg-Se 71.77(3)“, or (ii) Se-Hg-Se 108.23(3)“. 

The quadrangular conformation of the ring in 2 differs from that apparently 
predominating in 1 and in the uncomplexed ligand [l] in that the corners occupied 
by selenium atoms are formed by two consecutive gauche bond torsion angles of 
opposite sign (denoted G-G+). Considering the weakness of the Hg . . : Se interac- 
tions, it must be concluded that the energy difference between these two types of 
ring conformation is small. A similar relationship was found between the two 
conformers of 1,3,7,9-tetraselenacyclododecane which cocrystallize [l]. The crystal 
structure of 1,3,6,9,11,14_hexathiacyclohexadecane [12] also contains two different 
conformers, one of which is analogous to that in 2. The preference for G+G+ over 
G-G+ comers in cycloalkanes [19] must be considerably diminished when the 
comer atom is replaced by selenium since the distance between the cross-comer 
hydrogen atoms effectively increases. The consequent choice of comer types results 
in the coexistence of different highly flexible low-energy conformers which have 
similar overall physical dimensions. This is presumably the cause of the disorder 
evidenced in the structures of 16Se4 [l] and 1. Finally, the apparent greater stability 
of such conformations over, for example, the [4444] conformation has been attri- 
buted [l] to their relative compactness. 
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