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Chemistry of the WSe > Anion: Synthesis, NMR Spectroscopy, and Crystal Structure of the
Selenium Insertion Product [NEty]o[u-WSes][(SC4H3)SeCu),
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Received March 19, 1993®

Reaction of a CH;CN solution of [NEt,],[WSe,] with 1 equiv of lithjum (2-thienyl)cyanocuprate, Li[(CN)Cu-
(C4H;8)], affords [NEt,}2[u-WSes] [(SC4H3)SeCu], (1), in which a Se atom from the decomposition of the WSe,2-
anion formally has been inserted into the 2-thienyl—copper bond of Cu(CH3S) to form the 2-selenothiophene ligand.
[NEt,])2[u-WSe ] [(SC4H;)SeCul, crystallizes with four formula units in the tetragonal space group D;d - P4b2in
a cell of dimensions a = 15.732(2) A and ¢ = 14.992(3) A (T = 113 K). Full anisotropic refinement (4934 unique
data, 173 variables) of the structure on F,2 led to a value of R(F) = 0.055 for those 4282 data having F,2 2 2¢(F,2).
The molecule has a crystallographically imposed 2-fold axis. Four Se atoms are arranged in an almost perfect
tetrahedron about the W center; the Se atoms bridge to two Cu atoms, each of which in turn is bonded to a third
Se atom in a distorted trigonal planar array. Each of these latter Se atoms is bonded to a thiophene group at the
2-position. The 77Se NMR spectrum of a DMF solution of 1 exhibits two resonances at 6 905.8 and —18.1 ppm.
The 13C NMR spectrum displays six peaks at & 15.5, 52.7, 65.9, 124.5, 127.9, and 131.6 ppm, consistent with the

solid-state structure.

Introduction

The coinage-metal chemistry of the WS,2- and MoS,2-anions
has been well-documented,! but until recently only two examples
of compounds containing the WSe,- core were known.2? QOur
laboratory has uncovered a number of new coinage-metal/ WSe,2-
complexes,*¢ some of which are sketched in Figure 1. Unknown
among this chemistry are reactions involving chalcogen insertion.
There are some reported examples of selenium insertion into
metal-carbon bonds, where the carbon atom is part of an
aromatic’® or aliphatic® substituent. The present synthetic, NMR
spectroscopic, and crystallographic study expands the known
chemistry of coinage-metal/ WSe 2~ complexes and of selenium
insertion reactions.

Experimental Section

Syntheses and Physical Measurements. All syntheses and manipu-
lations were carried out in oven-dried glassware under purified N, with
the use of standard inert-atmosphere techniques.!® N,N-Dimethylfor-
mamide (DMF) was used as purchased from Baxter Healthcare Corp.,
Muskegon, MI. CH;3CN and Et;0 were distilled over appropriate drying
agents!! prior touse. Microanalyses were performed by Searle Analytical
Services, Skokie, IL. [NEt,]2[WSe,] was prepared by a modification of
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Figure 1. Sketches of relevant structures in the MQ,2-system (M = Mo,
W; Q =S, Se; M’ = Cu, Ag, Au; L = ligand; X = CI, Br).

the literature method.!? Li[(CN)Cu(C(H3S)] was used as received from
Aldrich Chemical Co., Milwaukee, WI.

Electronic spectra were recorded on a Perkin-Elmer 330 double-beam
UV-vis spectrophotometer. Infrared spectra were obtained on a Perkin-
Elmer 283 infrared spectrophotometer with the use of pressed KBr pellets.
The 7’Se NMR spectrum was recorded on a Varian XLA-400 spectrometer
equipped with a tunable probe and a deuterium lock. Chemical shifts
were referenced to the secondary standard PhSeSePh at § = 460 ppm.
The chemical shift scale was based on (CH3);Se at § = 0 ppm. Detailed
experimental procedures have been described elsewhere.!? The 2CNMR
spectrum was obtained on a Gemini 300 spectrometer with automatic
tuning capabilitiesand a deuterium lock. Chemicalshifts were referenced
to CD3;CN at é = 118 ppm. The 13C NMR data were collected from a
sample in a 5-mm round-bottom NMR tube, while a 10-mm NMR tube
was employed for 77Se NMR spectroscopy. A scanning frequency of
10 400 Hz, a delay time of 4 s, a pulse width of 11.8 us, and an acquisition
time of 0.603 s were employed for the collection of 1*C NMR data.

[NEt }u-WSeJ (SCHj)SeCul (1). A Li[(CN)Cu(CH3S)]solution
in THF (5.1 mL, 0.25 M) was added dropwise with stirring to a solution
of [NEt,]2[WSe4) (1.0 g, 1.3 mmol) in CH3CN (20 mL). The clear red
solution obtained was stirred for 15 min before filtration. Slow addition
of Et,0 produced within 1 day X-ray-quality crystals of [NEt)2[u-
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Table I. Crystal Details for [NEty]2[z-WSes][(SC4H3)SeCu)2

empirical formula Ca4H6CuzN2S,SegW

fw 1211.44

T 113K

space group D}, — Pab2

a,A 15.732(2) A

¢, 14.992(3) A

v, A3 3710.5(10)

4 4

d(caled) 2.169 g/cm?

abs coeff 10.24 mm-!

no. of reflns collected 5107

no. of indep refns 4934 [R(int) = 0.0230]
final R indices [7 > 24(1))¢ R1=0.055,wR2 =0.111
R indices (all data)® R1=0.068, wR2 = 0.114

aR1 = T|IF - |Fd|/TIF; wR2 = [L[w(F? - FH?)/

wFA1/2

WSes] [(SC4H3)SeCu]; (1) (0.143 g, 18.5% yield) as red scalenchedra.
Anal, Caled: C,23.79; H, 3.83; N, 2.31. Found: C, 23.81; H, 3.58; N,
2.37. UV-vis (DMF) [Anax, nm (¢, M-l cm-1)]: 276 (1710), 314 (2400),
336 (2400), 484 (580). IR (KBr): 330, 290, 280 cm™!. 13C NMR
(DMF): § 15.5 (CH3), 52.7 (CH,), 65.9 (C(1)), 124.5, 127.9 (C(3),
C(4)),131.6 (C2). "7Se NMR (DMF): 6-18.1 (Se~C), 905.8 (Se-W).

Crystallographic Study. Crystals of 1 are remarkably stable with
respect to oxidation and hydrolysis. A unit cell of a suitable crystal of
1 was obtained at 113 K from the setting angles of 25 reflections that
had been centered on an Enraf-Nonius CAD4 diffractometer. During
data collection the intensities of six standard reflections remained constant
within counting statistics. Some crystallographic details are listed in
Table I; more are available in Table SI.!4

Intensity data for 1 were processed by methods standard to this
laboratory.!® The structure was solved with the direct methods program
SHELXTL.PC!¢ and refined by full-matrix least-squares methods on
Fo2'7 The positions of the hydrogen atoms were determined from
geometrical considerations and were idealized. All non-hydrogen atoms
were refined anisotropically. The final refinement of F,2 for 4934 data
and 173 variables led to a value of Ry(F,?) (WR2) of 0.114 for all data
and to a value of R(F) (R1) of 0.055 for those 4282 data having Fo2 >
20(F,?). Nounusual features were observed in the final difference electron
density map. Final positional parametersare givenin Table II; anisotropic
displacement parameters of all non-hydrogen atoms may be found in
Table SII; positional and isotropic displacement parameters for the
hydrogen atoms are given in Table SIIL.!4

Results

Synthesis and Spectroscopy. M/WSe, complexes (M = Cu,
Ag, Au) have been found to be stable in M:W ratios of 2:1 and
3:1 when M is ligated by phosphine.®* Compounds with M:W
ratios of 4:1 are also known for WS,!8.19 and WSe, systems.20
Our attempts to obtain a compound with a Cu:W ratio of 1:1
have failed. However, examples possessing cyano ligands are
known in the corresponding sulfide systems.! Although the
reagent lithium (2-thienyl)cyanocuprate, Li[(CN)Cu(C,H;S)],
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Table II. Atomic Coordinates (X104) and Equivalent Isotropic
Displacement Parameters (A2 X 10) for
[NEt,]2[u-WSe4)[(SC4H3)SeCu];

x y z Uleq)®
w 7316(1) 7684(1) 10000 16(1)
Se(1) 8408(1) 7557(1) 11050(1) 22(1)
Se(2) 7411(1) 9000(1) 9273(1) 19(1)
Se(3) 7661(1) 7990(1) 6717(1) 42(1)
Cu 7525(1) 7906(1) 8231(1) 24(1)
S 7809(2) 9950(2) 7129(3) 46(2)
c() 7540(7) 9160(7) 6436(7) 28(6)
Cc(2) 7579(9) 10726(8) 6411(9) 46(9)
Cc(3) 7283(9) 10389(10) 5597(9) 53(10)
C(4) 7219(5) 9500(5) 5536(6) 13(4)
N(1) 0 10000 10000 14(4)
c(11) 524(6) 9393(6) 9424(7) 21(5)
C(12) 13(7) 8867(7) 8767(8) 34(6)
N(2) 10000 10000 5000 34(6)
Cc@21) 10077(10) 8893(9) 6247(9) 49(10)
C(22) 9528(8) 9346(8) 5576(8) 39(8)

NQ@3) 5000 10000 7787(8) 25()

cGl) 5561(7) 9434(9) 7237(8) 43(6)
C(32) 4415(7) 9464(7) 8364(7) 26(5)
C(33) 4838(8) 8808(8) 8948(9) 39(7)
C(34) 5091(11) 8821(11) 6647(11)  75(12)

¢ U(eq) is defined as one-third of the trace of the orthogonalized Uy
tensor.

is used principally to effect a number of carbon—carbon and
carbon-heteroatom bond-forming reactions,?? we thought it
offered an interesting alternative to the usual Cu(I) sources.
Reaction of 1 equiv of Li[(CN)Cu(CH;S)] with 1 equiv of
[NEt4)2[WSe,] did not afford a 1:1 species but rather the 1:2
species [NEt,)3[#-WSe,] [(SCH3)SeCu]; (1) in 18.5% crystalline
yield. The nature of the other products was not investigated, nor
was there an attempt made to maximize the yield. The only
source of Se for this reaction is decomposition of the WSe,?-
anion, for which there is precedent.* Formally, Se is released
from WSe,?- and is inserted into the Cu—C bond?? of the Cu-
(C4H3S) moiety to afford the 2-selenothiophene ligand.
Infrared and electronic spectra for 1 are well within the range
observed for other WSe, derivatives.® W-Sevibrations in the IR
spectrum are observed in the region 280-330 cm™! while intense
bands in the region 310-340 nm are found in the absorption
spectrum. Furtherinterpretations have been detailed previously.
The 77Se NMR spectrum contains two resonances; the peak
at 905.8 ppm is within the range established for metal-bridging
Seatoms, particularly for Cu/W compounds.>25 This resonance
isupfield of the resonance observed for (u-WSe,) [(PMe,Ph),Cu],,
but the environments around the Cu atoms in these two compounds
are significantly different. The resonance at —18.1 ppm in the
77Se NMR spectrum of 1 is also within the limits established for
Se atoms bearing organic substituents.2’> Consistent with the
solid-state structure, the 13C NMR spectrum of [NEty) ;[u-WSe4)-
[(SC4H3)SeCu], displays six resonances. The two peaks assigned
to the cations are within expected ranges (15.5 and 52.7 ppm).26
Free thiophene displays two chemical shifts at 124.4 and 126.2
ppm.2¢ The spectrum of 1 contains four additional resonances
attributed to the anion: 65.9, 124.5, 127.9, and 131.6 ppm. The
C atom attached to Se should experience the most marked shift
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Figure 2. Structureofthe [u-WSe4][(SC4H;)SeCu]a?-anionin [NEt]>
[u-WSe4]{(SC4H3)SeCu)a (1). For the non-hydrogen atoms the 50%
probability ellipsoids are depicted.

Table INI. Selected Bond Lengths [A] and Angles [deg] for
{NEty]{u-WSes][(SCH3)SeCu),*

W-Se(1) 2.338(1) S—C(2) 1.667(14)
W-Se(2) 2.344(1) s—C(1) 1.674(11)
W-Cu 2.696(2) C(1)-C(4) 1.54(2)
Se(2)-Cu 2.331(2) Cc(2)-C(3) 1.41(2)
Se(3)-C(1) 1.898(11) C(3)-C(4) 1.40(2)
Se(1)-W-Se(1’)  109.14(6)  Cu-Se(2)-W 70.42(4)
Se(1)-W-Se(2)  109.97(4)  C(1)-Se(3)-Cu 105.5(3)
Se(1)-W-Se(2)  109.31(4)  Se(3)-Cu-Se(2)  129.13(7)
Se(1)-W-Se(2)  109.30(4)  Se(3)-Cu-Se(1)  121.02(7)
Cu’-Se(1)-W 70.44(5)  Se(2)-Cu-Se(1’)  109.83(6)

a Symmetry transformation used to generate equivalent atoms: —y +
3y —x+3/2,-z+2

and thus is assigned tothe resonance at 65.9 ppm. Theremaining
resonances are close to the expected region, but they reflect the
inequivalencies of the carbon atoms within the thiophene ligand.

Structure. The structure of [NEt,);[u-WSey) [(SC4H;)SeCu);
(1) consists of well-separated anions and cations. The structure
of the anion is shown in Figure 2. Selected metrical data for the
anion are given in Table III, while complete metrical data are
given in Table SIV.!4 This anion is most closely related
structurally toanionsin the Cu/MoS,! and Cu/WS2"-2? systems.
The present anion possesses a crystallographically imposed 2-fold
axis. The W center is nearly tetrahedral (Se—-W-Se angles varying
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1986, 114, 1L19-123.
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from 109.14(6) to 109.97(4)°); it shows the least amount of
distortion of the known WSe, compounds.>® The geometry about
the Cu atom is roughly trigonal with the angle that includes the
metal-bridging Se atoms being significantly less (Se(2)-Cu-Se-
(1) = 109.83(6)°) than the angles that involve the inserted Se
atom ((Se(3)—-Cu-Se(1’) = 121.02(7) and Se(3)-Cu-Se(2) =
129.13(7)®°). Stericrestrictionsimposed by the thiophene moiety
are evident in this last angle. The Cu—Se—C bond angle (105.5-
(3)°) is in the range expected for atoms in a bent environment.

W-Se bond lengths (2.338(1) and 2.344(1) A) are within the
range reported for other mixed-metal!4$ species. The W—Cu
distance, 2.696(2) A, is the shortest reported in such systems and
may be a manifestation of a weak WYL-Cu! interaction.?® Bond
lengths for the Cu and metal-bridging Se atoms are similar to
those reported for analogous compounds®¢ (2.331(2) and 2.336-
) //\&) butareclearly longer than the Cu—Seipertion distance (2.284-
(2) A).

Discussion

There are a few examples of selenium insertion into a metal-
carbon bond. Through the use of the selenocyanate anion Se has
beeninserted at-90 °Cinto the metal-benzylidene bond in several
M(CO); systems, M = Cr, W.” Elemental Se can also be
employed, but the reaction is less facile. Elemental Se has been
employed as a source of Se for insertion into M—C bonds in (»*-
RC;sH,);MMe;® and in (°-RCsH,),M(CsH4R"),® compounds,
where M = Zr, Hf; R = H, ¢-Bu; and R’ = H, p-Me. These
reactions were carried out in boiling heptane. But the present
use of WSe,2- as a source of Se for insertion into a metal-carbon
bond is unique.

2-Selenothiophene is a potential ligand for a variety of other
metal systems, as it should be highly nucleophilic. The tellurium
analogue, 2-tellurothiophene, has been ligated to a metal system
by direct reaction.3!
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