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Triphenylphosphite has been converted into tris(pheny1thio- 
methy1)phosphane (1) by reaction with LiCH2SPh/DABC0, 
and subsequently into the corresponding sulfide (2) and sele- 
nide (3) by treatment with elemental sulfur or selenium, re- 
spectively. Ligands 2 and 3 react with copper(1) halides CuX 
(X = C1, Br, I) in polar organic solvents to give either 1 : 1 (X = 
C1: 4, 7, X = Br: 5,  8 )  or 1:2 complexes (X = Br: 9, X = I: 6, 
10). The crystal structures of five of these complexes have 
been determined by single crystal X-ray diffraction studies. 
All compounds of the type [(PhSCH2)3P=S/Se]CuX (X = C1, 
Br) form centrosymmetrical dinuclear complexes featuring a 
four-membered ring core Cu2[S/Se], fused to two five-mem- 
bered rings Cu[S/Se]PCS through common trans edges. Only 

one of the three phenyl-thiomethyl functions is involved in 
coordination to a metal center. The compound 
[(PhSCH,),%P=S](CuI), (6) is associated into a centrosymme- 
trical tetranuclear complex containing two four-membered 
rings (ICu2S) bridged via iodine atoms in 1 . 3 4 s  positions. 
The ligand is found to employ two of its PhSCH, functions 
for metal coordination, giving rise to two five-membered 
rings fused to the four-membered rings via neighbouring ed- 
ges. In all cases, therefore, the P=S/Se functions of the li- 
gands are the preferred donor sites, which are used for the 
building of bridgehead structural units of polynuclear com- 
plexes. 

Introduction 

Thioethers (RSR') are important ligands for the coinage 
metals. Their coordination chemistry is particularly relevant 
for the role of copper in biological systems[']. but also for 
the stabilization of copper-containing aqueous solutions 
employed in electrochemical processes[2] and for the pro- 
duction of copper sulfide based pigments, colloids and 
nano-particle~l~]. Except for the biological aspects, the role 
of tliioethers is similar in the solution chemistry of silver 
and gold[4]. The soft donor character of the sulfur ligands 
is an excellent match for the coinage metals in their low 
positive oxidation states, and the donor properties are even 
more pronounced in chelating p~lythioetherd~]. 

Phosphane sulfides R3PS (and selenides) are also excel- 
lent soft donors, but their affinity for low-valent coinage 
metals has been probed much less, and the knowledge of 
the structural chemistry of their complexes is only limited[']. 
This is surprising considering the importance of thiophos- 
phanes and thiophosph(on/in)ates in agricultural chemistry 
and the exposure of these chemicals to metal ions in many 
environmental compartment~[~]. There are also quite diverse 
selenium sources in the environment, which allow rapid 
further transformation of SlSe compounds. 

Molecules offering a combination or thioether citid phos- 
phane sulfidelselenide functions are only scarcely rep- 
resented in the literature[']. and their role as ligands for 
coinage metals has not been investigated. A study was 
therefore initiated in this laboratory that should provide 
basic information on the special features of this new typc 
of ligands. Tris(phcny1thiomethyI)phosphaiie sulfide/sele- 

nides (PhSCH&P=X (X = S, Se) were chosen as the ligand 
prototypes, and copper@) salts CuX as the substrates for 
coordination. 

Results 

Ligand Synthesis 

Tris(phenylthiomethy1)phosphane. 1, is prepared fi-om tri- 
phenylphosphite and three equivalents of the DABCO com- 
plex of phenylthiomethyllithiuin in a tetrahydrofuran/hex- 
ane solvent mixture first at ambient and finally at reflux 
temperature. An aqueous workup of the reaction mixture 
gives good yields of a crude liquid product (71 %), which is 
readily idcntified by its analytical and spectroscopic data 
(Experimental). Treatment of compound I with elemental 
sulfur or selenium in chloroform and precipitation of the 
products with pentane af€ords the corresponding sulfide (2) 
and selenide (3), respectively, in high yields as colourless, 
crystalline derivatives [94% yield, m.p. 100°C (2), 90% 
yield, m.p. 107°C (3)]. 

P(OPh)3 + 3 LlCHZSPh -j 3 L1(OPh) +(PhSCH&P 1 
I +  S -+ (PhSCH&P=S 2 
1 +  Se -+ (PhSCH2)?P=Se 3 

Solutions of the three ligands in chloroform show the 
expected "P{'H)-NMR singlct signals with chemical shifts 
6(P) and coupling constants 2J(3'P-1H) following the oxi- 
dation of the phosphorus atoms on going from 1 to 2/3. 
The J(7'P-77Se) coupling constant in compound 3 (744 Hz) 
is an important reference value for the changes observed 
upon complexation (below). 
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The 'H and "C{'H',-NMR data indicate a symmetrical 

structure with three equivalent thioether groups at the central 
P and P=S/Se units. The ligands 1-3 can therefore be ex- 
pected to be tripodal donors through their thioether func- 
tions, complemented by donor properties at the P, P=S and 
P=Se centers, but with a different orientation in space. These 
additional donor capabilities can make one or more of the 
thioether functions redundant, if the acceptor properties of 
the metal coinponent favour bonding to the sulfide/selenide 
end. In this case the ambidentate ligands may thus act simul- 
taneously through different functionalities. 

The Phosphine SulfidelSeienide Compounds (2, 3) as 
Ligands in Copper(I) Halide Complexes 

Anhydrous copper(1) chloride dissolves i n  a solution of 
an equimolar quantity of the ligand 2 in chloroformlaceto- 
nitrile. Cooling of the resulting solution gave single crystals, 
which could be shown to be the 1 : 1 complex (4) by their 
analytical data. The crystals tend to disintegrate rapidly at 
ambient temperature and pressure owing to their high con- 
tents of crystal chloroform (below). but the solvent-free 
powder obtained after prolonged exposure of the samples 
to high vacuum is a colourless, air-stable inaterial (m.p. 
119 "C, with decomposition). 

The 1:1 complex of copper(1) bromide (5) is obtained 
in a similar manner as light pale-green, solvent-free single 
crystals (m.p. 11 5 "C), albeit in low yield owing to unfavour- 
able solubility characteristics. 

By contrast, analogous reactions of ligand 2 and CuI 
with the same stoichiometry (1 : 1) gave the 1 :2 complex (6. 
single crystals) even in experiments where a deficit of CuI 
was present. 

(PhSCHZj;P=S + CUX + /(PhSCH2)3P=S]CuX 4: X=CI 
5:  X=Br 

2 + 2 CUI + [ (P~SCH~)~P=S](CLII~~ 6 

The results with the selenidc ligand (3) show a similar 
trend: The CuCl complex (7, m.p. 122°C as a powder) has 
the 1 : 1 stoichiometry, and its single crystals contain chloro- 
form solvent, but less than the crystals of the sulfide ana- 
logue (4). With CuBr, both the 1 : l  complex with crystal 
chloroform (8, single crystals) and the 1 :2 complex (9, as a 
powder, m.p. 165 "C) are obtained. Finally, CuI affords only 
the 1:2 complex (10, as a powder, m.p. 192°C with de- 
composition). No single crystals could be obtained of any 
CuI complex of the selenide ligand 3. 

(PhSCFI,),P=Se + CuX + [(PhSCH2),P=Se]CuX 7: X=Cl 
8: X=Br 

3 + 2CuX + [(PhSCH2)3P=Se](CuX)r 9. X=Br 
10: X = I  

The CuCVCuBr complexes of the sulfide ligand 2 are sol- 
uble in chloroform, while the CuI complex is soluble only 
in dimethylsulfoxide. With the selenide ligand 3, only the 
powder samples of the CuCl complex are soluble in CHC13, 
however the crystals of the C u r l  and CuBr complexes and 
the powder samples of the CuI complex again dissolve only 
in Me2S0. 

Solubilities are generally low, and concentrations are suf- 
ficiently high for NMR studies only at or above room tem- 
perature. Under these conditions the ligands show retention 
of their virtual threefold symmetry in solution. Since the 
solid state structures require nonequivalent thioether 
groups (below), this result indicates rapid site exchange of 
the metal atoms at the donor functions in solution. For the 
selenide complexes 7- 10, the J(P, Se) coupling constants 
are reduced significantly as compared with the value for the 
free ligand, suggesting that the selenium atoms are directly 
involved in the complexation. 

In the FAB mass spectra of the complexes the cations 
[LCu]' are the predominating parent species (L = 2, 3), 
formed in the loss of a halide anion from the monomer. 

Crystal and Molecular Structures of the Complexes 
The crystal structures of the four 1 : 1 complexes 4, 5 and 

7 ,  8, and of the 1:2 complex 6 have been determined by 
single crystal X-ray diffraction studies. Crystal and struc- 
ture solution and refinement data are summarized in Tables 
I and 2, the molecular structures are shown in Figures 1-5. 
and selected details about bond lengths and angles are given 
in the captions to these Figures. 

It is immediately obvious from these presentations that 
all 1:1 complexes (Figures 1-4) are present as centrosym- 
metrical dimers [LCuX], based on the same structural prin- 
ciple, with only minor differences in the ligand confor- 
mations. They contain a core structure composed of two 
CuX units bridged by the (P=S/Se) sulfur or selenium 
atoms. Only one of the three thioether groups of each li- 
gand is engaged in coordination to the copper atoms, 
whereas the other two are dangling freely in different con- 
formations. A four-membered ring Cu2(S/Se)2 with the hal- 
ogens in tmns positions is thus fused to two five-membered 
rings CuS2CP through common CuS edges. The copper 
atoms are tetrahedrally tetracoordinated, but with short 
transannular Cu.-Cu contacts. The phosphorus atoms are 
a150 tetracoordinated, while the (P=X) bridgehead sulfur/ 
selenium atoms have steeply pyramidal threefold coordi- 
nation. 

Specific details are as follows: Complex 4 crystallizes 
with three mole-equivalents of  crystal chloroform in the tri- 
clinic cell (space group Pi, Z = 2 formula units). This 
chloroform is lost rapidly at ambient temperature leading 
to a decay of the lattice. Crystals of the complexes 7 and 8 
are isomorphous and contain one mole-equivalent of crys- 
tal chloroform in the triclinic cells (space group Pi, Z = 2 
formula units). Cell dimensions of both compounds (at 205 
K) are very similar. Compound 5 crystallizes monoclinically 
without any chloroform (space group P21/n, Z = 4 for- 
mula units). 

The 1 :2 complex 6 forms centrosymmetrical tetrameric 
units composcd of two dimers linked by iodine bridges out 
o f  1 . 3 4 ~  positions (Figure 5). In each of the dimers the 
ligand 2 is bridging the two copper atoms through its (P=S) 
sulfur atom (S4), and two of its three thioether functions 
(S2, '33) are engaged in metal coordination. Iodine bridging 
(12) of the two copper atoms leads to four-membered rings 

106 Chem. Brr./Rwtieil 1997, 130, 105- 110 



FULL PAPER Ambidentate Ligand Systems in Copper(1) Complexes 

Table 1. Crystal data, data collection and structure refinement for 
compounds 4, 5 and 6 

Table 2. Crystal data, data collection and structure refinemcnt for 
compounds 7 and 8 

4 5 6 7 8 

C y t a l  data 
Empirical formula 
Mr 
Crystal System 

a [A] 
h “41 
c @I 
a [“I 
B (“I 
Y [“I 
v ~ 4 ~ 1  
P,,,~ Igcm-’l 

F(0001 [el 

Space group 
Cryst. Dim. [inni] 

Z 

p (Mo Ka) [cm-’1 

Dcrta collection 
Diffraciomeier 
Radiation 
1‘ (“C) 
Scan mode 
hkl range 
Measured refl. 
Unique refl. 
Used refl. 
Absorption correction 

71rniniTman 

Refinement 
Refined parameters 
H atoms [found/cdlcd.l 

C,H,,CI ,,CUPS, 
889.68 
triclinic 
P i  “0.21 
0.30, 0.35, 0.45 
l0.650( 1)  
11.492(1) 
15.969(2) 
106.80(1) 
103.12(1) 
93.53(1) 
1805.2(3] 
1.637 
2 

16.4 
892 

C,, H2,RrCuPS, 
576.04 
monoclinic 
P24n [No. 141 
0.13, 0.25.0.50 
12.585(2) 
8.487(1) 
22.272(4) 
90 
104.59(1) 
90 
2302.1(6) 
1.662 
4 
1 I60 
31.2 

C,, H,,Cu,I,PS, 
813.47 
monoclinic 
P 2 , h  [No. 141 
0.30, 0.40, 0.45 
12.264(2) 
13.1 92(2) 
16.783(3) 
90 

90 
108.85(1) 

2569.qn) 
2.103 
4 
I 560 
44.5 

Enrafh-onius CAD4 
Mo K ,0.71069 A, graphite monochromator 

-62 -62 -62 

+13/+14/?19 -16,+15/+10/+27 +15/-16/+21 
7074 5448 6072 
7074 4975 5332 
7061 4924 4883 [F,>_4a(Fo)] 
no empirical empirical 
4- 0.701611.0000 0.8001/0.9995 

20)ie W 0 

361 253 27 1 
0/24 012 1 0!21 

-10.0514 -10.0413 0.0261I- 

-10 1474 -/0.1054 0.02901- 
[d 

0 0704/4.4176[b1 0.019S/3.8316Lh1 Unit weights 
1.30/-0.97 0.42/-0.49 0.63b1.13 

Crystai data 
Empirical formula 

Crystal System 
Space group 
Cryst Dim. [mm] 

M, 

a Hi 
b [A1 
c lA1 

WOO) [el 
p (MU K ~ )  [cm-l] 

Datu colleclion 
Diftrdclometer 
Radiation 

T W )  
Scan mode 
hkl range 
Measured refl. 
Unique refl. 
Used refl. 
Absorption cnrrectmn 

TmidTmax 

Refinement 
Refined parameters 
H atoms [foundicalcd.] 

Weighting pdr. 

ptin(maximin) [eA-3] 

C22H,,CI,CuPS,Se 
697.85 
triclinic 

0.25. 0.35, 0.50 
10.246(1) 
10.356(1) 
13.373(2) 
103.06(1) 
102.25(1) 
92.20( 1 
1345 4(3) 
1.737 

p i  po. 21 

C2,H2,BrC13CuPS3Se 
742.31 
triclinic 
P i  [No. 21 
0.24, 0.50.0.50 
12.262(2) 
10 394(2) 
I3.J96(3) 
103.29(2) 
102.34(2) 
92.31(2) 
1362.6(5) 
1.809 

2 2 
696 732 
28.9 42.0 

EnrafNonius CAD4 
Mo K ,O.i1069 A, graphite monochromator 

m/e 0 

- 1 3 , ~  12/-13,+12/+16 +12/+12/?16 
5424 5056 
5417 5049 
5408 5047 
empirical empirical 

-68 -6s 

0.7570I0.9997 0 . 4 5 ~ 0 . 9 9 9 2  

290 290 
0122 0122 

-/o.os I n 40.0355 

-10.0793 -/0.0900 
[bl 

0.0432!1.0156[h1 o.057610.9n51 
o 97/-0.83 12W0.73 

Cu2SI, and these rings are connected via the remaining iod- 
ine atoms (11). The copper atoms are again tetrahedrally 
tetracoordinated with short transannular Cu.-Cu contacts. 
It appears very likely that the selenium analogues (9, 10) 
have similar structures, but no single crystals could be ob- 
tained for further investigation. 

Conclusions 

The present studies have shown that the new thioether/ 
phosphane sulfide/selenide mixed functional ligands of the 
type (PhSCH2),P=S/Se (2, 3) can form dinuclear 1:l (4, 5,  
7, 8) and tetranuclear 1:2 complexes (6, 9, 10) with cop- 
per(1) halides. In these coordination compounds the phos- 
phane sulfide/selenide groups are the preferred donor sites 
which become bridgehead atoms between neighbouring 
metal centers. Coordination to the halide anions is retained 
throughout, and the thioether functions are only partially 
employed for dative bonding to the extent that they can 
finally secure tetrahedral tetracoordination of the metal 
atoms. Tn all structures the copper atoms are components 

of four-membered rings with transannular metal-metal con- 
tacts, which very surprisingly are much shorter for the se- 
lenium compounds (ca. 2.76 A) as compared to the anal- 
ogous sulfur compounds (ca. 2.82 A). All compounds arc 
diamagnetic, as judged from NMR studies, and strongly 
Vis-luminescent upon UV irradiation. They are stable in air 
and soluble in polar solvents. In solution rapid donor site 
exchanges occur leading to an equilibmtion of all thioether 
functions on the NMR time scale. 

This work was supported by Deutsrize Forscliungsgemeinscltaft 
and by Fonds der Cizemiscizen hduslrie. The authors are indebted 
to Mi-. J R i d e  for establishing the X-ray data sets. 

Experimental Section 
General: All experiments were routinely carried out in an atmos- 

phere of dry nitrogen. Solvents were dried and saturated with nitro- 
gen; glassware was oven-dried and filled with nitrogen. Standard 
analytical and spectroscopic equipment was uscd throughout. 
Starting materials were commercially available or prepared and 
purified following published procedures. 
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Figure 1. Molecular structure of the complex 
[(PhSCH2),P = S]CuCl(CHCl 3)3, 4(CHC& with atomic number- 
ing: the solvent molecules are not shown; hydrogen atoms are omit- 
ted (OKTEP, 50%, probability ellipsoids: the complex is aggregated 
to give dimers with a crystallographic center o f  inversion); selected 
bond lengths [A] and angles ["I: Gu-CI 2.259(1), Cu-S1 2.317(1), 
C U - S ~  2.485(1). CU-S~ '  2.379(1), CU-CU' 2.822(1), P-S2 
1.990(1); C1-CU-SI 126.53(5), CI-CU-S~' l17.80(5), 
SI -Cu-S2' 101.86(4), CI-CU-S~ 103.35(5), S1 -Cu-S2 
95.09(4). S ~ - C L I - S ~ '  109,10(4), p F s 2 - C ~  99.68(5), p F s 2 - C ~ '  

101.08(5), CU-S~-CU' 70.90(4) 

Figure 2. Molecular structure of the complex 
[(PhSCH2),P=S]CuBr, 5, with atomic numbering; the crystals con- 
tain no solvent molecules (ORTEP, 50'%1 probability ellipsoids: the 
dimers have a crystallographic center of inversion: phenyl groups 
apd hydrogen atoms are omitted for clarity; selected bond lengths 
[A] and angles ["I: Cu-Br 2.374(1), Cu-S4 2.377(1), Cu-S4' 

Br-Cu-S4 118.60(3), Br-Cu-S4' 103.87(3), Br-Cu-S3' 
3.438(1). C U - S ~ '  2.328(1), CU-CU' 2.817(1), I'-S4 1.986(1); 

127.1 113). S4-Cu-S3' 99.14(4). S4-Cu-S4' 108.41131. 
s3'-Cu-s4' 96.84(4), P F s 4 - c ~  101 63(5). P-S4-Cu' 99 17(5), 

CU-S~-CU'  71 59(3) 

Figure 3. Molecular structure of the complex [(PhSCH&P= Se]- 
CuC1(CHC13), 7(C,HCI3), with atomic numbering. two monomers 
are aggregated to give a centl-osymmetrical dimer; the chloroform 
molecules are not shown: phcnyl groups and hydrogen atoms are 
omitted for clgity (ORTEP, 50% probability ellipsoids); selected 
bond lengths [A] and angles ["I: Cu-CI 2.266(1), Cu-Se 2.608(1), 
Cu-Se' 2.492(1), Cu-S3 2.316(1), Cu-Cu' 2.773(1), P-Se 
2.136(1); CI-Cu-Se 102.91(4), C1-Cu-Se' 116.50(4), CI-CU-S~ 
126.94(4), Se-Cu-Se' 114.17(2), S3-Cu-Se 95.23(4), 
S3-Cu-Se' 99.61(4), P-Se-Cu 96.12(4). P-Se-Cu' 97.63(4). 

Cu-Se-Cu' 65.83(2) 

Figure 4. Molecular structure of the complex [(PhSCH:),P=Se]- 
CuBr(CHCI,), 8(CHC13), with atomic numbering; the crystals are 
isomorphous to those of complex 7 (OKTEP, 50% probability ellip- 
soids: the dimer has a crvstallo~ra~hic center of inversion): hvdro- 
gen atoms are omitted; ielected bond lengths [A] and angles ["I' 
Cu-Br 2.404(1). Cu-Se 2.604(1). Cu-Se' 2.493(1). Cu-S3 
2.324(1), Cu-Cu' 2.?46(1), P-Se 2.144(1); Br-Cu-Se 101.66(3), 
Br-Cu-Se' 116.05(3), Br-Cu-S3 125.56(3), Se-Cu-Se' 
114.8512). Se-Cu-S3 95.7013). Se'-Cu-S3 100.8113. P-Sc-Cu 

'95 98(3), P-Se-Cu' Y9.11(3), Cu -Se-Cu' 65:15(2) 

Tvis~p/ien~~lt/~ic~t?~et~j~l)p~zosphnnc (1): Triphenylphosphite (20.9 
ml, 80 mmol) is dissolved in tetrahydrofuran (50 ml), cooled to 
O"C, and treated with a solution of pheriylthiomethyllithi~rn[~] 
(DABCO-complex, 240 mmol) in hexane with stirring. The solu- 
tion turns brown. Stirring i s  continued for 2 h at 20°C and for 4 h 
at reflux temperature. For workup, two 100 ml portions of 2.5 M 

aqueous ammonium chloride solution are added. The organic 
phase is removed and dried with magnesium sulfate before the sol- 
vent is removed in a vacuum to leave the product as a brown oil 

(22.6 g, 71 'X I  yield]. Attempted distillation results is extensive de- 
composition. - 'H NMR (CDCI,): d = 3.28 [d, J(P,H) = 5.4 Hz, 
2H, CH2]; 7.1557.45 (m, 5H, Ph). - 13Cf1H} N M R  (CDCI;): 6 = 
28.4 [d, J(P,C) == 26.4 Hz, CH2]; 126.3. 128.9, 129.6 (s. lor ortho-, 
paru-, and rneta-CH), 136.3 [d. J(P,C) = 3.9 Hz, @so-C]. - "P{'H] 

[M-' ~ Sf'h]. - CZ1H2,PS3 (400.55): calcd. C 62.97, H 5.28, I' 7.73, 
S 24.01; found C 62.65. H 5.38, P 7.91, S 22.85. 

T~~s~jyhcn~vlthi~ii~~et]z1'I/phosplia~ie Suljile (2): A solution of com- 
pound 1 (17.90 g, 45 mmolj in chloroform (50 ml) is allowcd to 
react with elemental sulfur ( I  .44 g, 45 mniolj for 2 h. The product 

NMR (CDCII): 6 = -27.0 (s). - MS (El): d z  400 [M']. 291 
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Figurc 5. Molecular structure of the complex [(PhSCH,),P=S]- 
(CuI),. 6, with atomic numbering; two dinuclear units are associ- 
ated to give a centrosymmetrical tetranuclear aggregate (ORTEP; 
50% probability cellipsoids); hydrogen atoms are omitted: selected 
bond lengths [A] and angles ["I: Cul-I1 2.579(1), Cul-12 
2.598(1). Cu2-I2 2.648(1), CU~-11' 2.527(1), Cul-S4 2.385(1), 
Cu2-S4 2.423(1), CUI -S3 2.488(1), Cu2-S2 2.374(1), Cul-Cu2 
2.830(1), P-S4 1.984(1); Cul-12-Cu2 65.3(1), Cul-I1 - C U ~ '  
93.8(1), C U ~  -S4-Cu2 72.1(1), CulLS4-P 91.8(1), Cu2-S4-P 
97.8(1), 11-CUI-12 113.5(1)> Il'-Cu2-12 120.3(1), TI -Cul-S4 

11 5.9(1) I1 '-Cu2-S4 1 I3.8( 1 ) 

is precipitated by careful addition of pcntanc (20 ml), collected by 
filtration, washed with small amounts of penlane, and dried in a 
vacuum (18.3 g, 94% yicld: white powder, m.p. IOO'C, soluble in 
di- and trichloromethane and other polar. non-protic solvents). - 

7.21-7.37 (m, 5H, Ph). - "C('H} NMR (CDCI?): 6 = 33.8 [d, 
J(P.C) = 48.5 Hz. CH,]; 127.4, 129.2. 130.3 (s; ortho-, para-, and 
mefa-CH), 134.6 [d, J(P,C) = 4.4 Hz, ipso-CHI. - 31P{IH} NMR 
(CDCI,): 6 = 49.7 (s). - MS (EI): m/z = 432 [M+], 323 [M+ - 

29.64; found C 56.63, H 4.57, P 7.10, S 29.94. 

'H NMR (CDCI3): 6 = 3.51 [d, J(P,H) = 7.9 Hz, 2H, CH,]; 

SPh]. - Cz'H21PS4 (432.61): calcd. C 58.30, H 4.89, P 7.16, S 

Tris(plienylthiometh~l~pho.~phaI~e Selenide (3):  The procedure is 
the same as described for 2, using 15.00 g of compound 1 (37.4 
mniol) and 3.00 g of grey selenium (37.4 mmol); yicld 16.4 g, 90%. 
colourless powder, m.p. 107 "C. soluble in polar, non-protic organic 
solvents. - 'H NMR (CDCI,): 6 = 3.62 [d, J(P,H) = 7.8 Hz, 2H, 
CH,]; 7.17-7.39 (ni, 5H. Ph). - I3C{'H) NMR (CDCI,): 6 = 33.5 
[d, J(P.C) = 40.2 Hz, CH,]; 127.5, 129.3, 130.4 (s, ortho-, para-, 
and mnetu-CH), 134.4 [d, J(P,C) = 5.0 Hz, @so-CHI. - 31Pj'H} 
NMR (CDCI,): F = 36.7 [s/d, J(P,Se) = 744 Hz]. - MS (EI): 
ndz = 480 [M+], 400 [M+ - Se]. 371 [M' - SPh]. - C21H21PS3Se 
(479.51): calcd. C 52.60, H 4.41, P 6.46, S 20.06, Se 16.47; found 
C 52.99, H 4.44, P 6.44, S 20.20, Se 15.70. 

Complex /(2) CuCl], (4): Copper(1) chloride (70 mg, 0.71 mmol) 
is dissolved in acetonitrile (25 i d )  and treated with a solutioii of 
compound I (305 mg. 0.70 mmol) in chloroform (25 ml) at 20°C 
for 12 h. The solvent is removed in a vacuum to leave a colourless 
powder (135 mg. 36% yield, m.p. 119°C with decomposition, sol- 
uble in chloroform and other polar non-protic solvents). Rcducing 
thc volume of the reaction mixture to only one half in a vacuum 
and initiation of crystallization by cooling the solution to -30°C 
gives a small amount of colourless crystals containing three Inole- 
equivalents of chloroform. These crystals disintegrate rapidly in air 
with loss of solvent. - 'H NMR (CDCl3): 6 = 3.63 [d, .I(P,H) = 
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6.7 Hz, 2H,  CH2]; 7.20-7.43 (m, 5H. Ph). - L3Cj1H} NMR 
(CDCI,): 6 = 32.5 [d, J(P,C) = 47.8 Hz, CH2]; 126.6, 128.9, 129.1 
(s, ortho-, para-, and mcra-CH), 135.0 [d, J(P,C) = 5.5 Hz, @so- 
CHI. - 31P(1H} NMR (CDC13): 6 = 59.5 (s). Note: The same or- 
der of notation and assigiiment of NMR data applies for the spec- 
tra of all other complexes (bclow). MS (FAB): m/z = 495 [M ' - 

C1 6.70; found C 47.40, H 4.01, Cu 11.8, CI 6.80. 
CI]. - C21HZ1PS4C~C1 (531.62): calcd. C 47.44, H 3.98. Cu 11.9. 

Coriplex "2) CuBr12 (5): Thc procedure is the same as for coin- 
plex 4. with CuBr (1  50 ing. 1 .05 nimol) and ligand 2 (450 mg, 1.05 
mmol): yield 115 mg (19%) of crystallized. solvent-free material, 
m.p. 115°C; soluble in chloroform and other polar, non-protic sol- 
vents). - 'H NMR (CDCI3): 6 = 3.63 (7.9); 7.25-7.44. - 13C{'H} 

31P{1H} NMR (CDC13): 6 = 70.9. MS (FAB): mn/z = 495 [M' - 
Br]. - CZ1H21PS4CuBr (576.04): calcd. C 43.79, H 3.67, P 5.38, S 
22.26, Cu 11.03, Rr 13.X7; found C 42.63, H 3.51, P 5.01, S 23.68, 
C u  10.7, Br 13.48. 

NMR (CDC13): 6 = 33.0 (45.9); 127.8, 129.3, 130.7, 133.8 (3.7). - 

Comp1e.x ((2) ( c U l j z ] d  (6), was prepared as described [or 4 from 
CuI (130 mg, 0.69 mmol) and ligand 2 (300 mg, 0.69 mmol): yield 
76 mg, 27'%, of crystallized, solvent-free material, m.p. 147°C with 
decomposition; soluble only in dimethylsulfoxide wilh slow de- 
composition. - 'H N M R  ([D,]DMSO): 6 = 3.80 (6.8): 7.25-7.49. 
- "Cj'Hf NMR ([DhIDMSO): 6 = 32.6 (46.0); 127.2, 129.1, 
129.4; 133.5 (4.0). - 31P(1H} NMR ([D,]DMSO): 58.8. - 
C21H21PS4CuZIZ (813.51): calcd. C 31.01, H 2.60, P, 3.81, S 15.76, 
Cu 15.62, 131.20; found C 31.17, H 2.85, P 3.62, S 15.91. Cu 15.3, 
I 30.82. 

Cornpluu ((3) CuC/]? (7): As described for complex 4, from CuCl 
(160 mg. 1.6 mmol) and ligand 3 (770 mg. 1.6 mmol); yield 435 
mg, 47%; colourless, air-stable powder, m.p. 122 "C with decompo- 
sition, soluble in chloroform; single crystals contain onc mole- 
equivalent of CHCI,. - 'H  NMR (CDC13): 3.80 (7.0): 7.25-7.48. 
- I3C{ 'H) NMR (CDCI,): 32.2 (37.5): 127.9. 129.3, 130.9; 133.3 
(3.3). - 31P{1H} NMR (CDC13): 43.6 (668). - MS (FAB): in/? = 
543 [M' - Cl]. - C21H21PS3SeCuCI (578.51): calcd. C 43.60, H 
3.66, P 5.35. S 16.63, Se 13.65, Cu 11.0, C1 6.1; found C43.55, H 
3.60, P 5.41, S 17.9, Se 13.4, Cu 10.6, CI 5.93. 

Complexus ((3) CuBr], (S), und ((3) ( C U B T J ~ ] ~  (9): Prepared as 
described for complex 5.  from CuBr (400 mg, 2.8 mmol) and ligand 
3 (1.34 g, 2.8 mmol). A small number of single crystals of complex 
8 containing one mole-equivalent of chloroform, which are un- 
stable at 20°C, was obtained on cooling the solution to -30°C. 
Rapid precipita(ion by removal or most of the solvent gave the 
1:2 complex 9 as a colourless, air-stable powder with the following 
analytical data. - 'H NMR ([D,]DMSO): 3.86 (7.3, 7.26-7.43. 
- 13C(IH) NMR ([DJDMSO): 31.5 (38.4); 126.7. 128.6, 129.0, 
133.2 (2.0). - ''P{IH] NMR ([DJDMSO): 45.4 (680). MS (FAB): 
i d =  = 543 [M+ - Br]. - C21H21PS1SeCu2Br2 (766.41): calcd. C 
32.91. H 2.76, P 4.04. S 12.55, Se 10.3. Cu 16.6. Br 20.9; found C 
32.60. H 2.88, P 4.0, S 13.39, Se 9.9, Cu 16.7. Br 21.9. 

Conip1e.v l ( 3 J  lCuI)2j2 (lo), was prepared as described for com- 
pound 6 from CuI (300 mg, 1.6 mmol) and ligand 3 (770 mg, 1.6 
mmol): yield 205 mg, 30%. colourless powdei-, m.p. 192°C with 
decomposition, soluble in dimethylsulroxide with slow decompo- 
sition. - 'H  NMR ([D,]DMSO): 3.87 (7.7). 7.23-7.46. - "C( IH) 
NMR ([D,]DMSO): 30.3 (37.5); 125.5, 127.3, 127.9; 131.7 (3.9). - 
"P(lH} NMR ([D,]DMSO): 48.5 (680). - MS (FAB): / H / Z  = 543 
[M+ - I]. - CZLH31PS3SeCu212 (860.41): calcd. C 29.32, H 2.46, 
P 3.60. S 11.2, Se 9.2, Cu 14.77, 129.5; found C 29.42, H 2.44. P 
3.55, S 11.30, sc 9.0, Cu 14.2, 131.9. 
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Crystal Strzicture Determination: Suitable single crystals of com- 

pounds 4; 5,  6, 7 and 8 were sealed under Argon in glass capillaries 
and examined with an Enraf Nonius CAD4-diffractometer with 
Mo-K, radiation (A = 0.71069 A). During data collection, three 
standard reflections were measured periodically as a general check 
of crystal and instrument stability. N o  significant changes were ob- 
served in any case. Intensity data were corrected for Lorenu polar- 
ization and absorption effects (except for 4). Structures were solved 
by direct methods['0] and refined by full-matrix least-squares calcu- 
lations against F2 (4, 5, 7, 8)[111 or F (6)['01. The thermal motion of 
all non-hydrogen atoms was treated anisotropically. All hydrogen 
atoms were calculated in idealized positions and allowed to ride on 
their corresponding carbon atoms with fixed isotropic contri- 
butions (I/tso,fix) = 0.08 A' for 5 and 6) ,  or their isotropic thermal 
parameters were tied to that of the adjacent carbon atom by a 
factor of 1.5 (for 4,  7 and 8). Further information on crystal data, 
data collection and structure refinement is summarized in Tables 1 
and 2. Important interatomic distances and angles are given in the 
corresponding figure captions. Further information may be ob- 
tained from Fachinformationszentrum Karlsruhe, Gesellschdft fur 
wissenschaftlich-technische Information mbH. D-76344 Eg- 
genstein-Leopoldshafen, on quoting the depository number CSD- 
59413, the names of the authors, and the full journal citation. 
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