
Volume 33 

Number 11 

May  25, 1994 

Inorganic Chemistry 
0 Copyright 1994 by the American Chemical Society 

Communications 
Syntheses, Structures, and Reactivities of Terminal Selenido Complexes of Tungsten 
Daniel Rabinovich and Gerard Parkin’ 
Department of Chemistry, Columbia University, New York, New York 10027 
Received January 28, 1994 

Our interest in metal-ligand multiple bonding’ has recently 
centered on complexes that exhibit terminal multiple bonds 
between the transition metals and the chalcogens, as exemplified 
by the complexes trans-W(PMe3)4(E)2 (E = S,Z Te3 ) and 
C ~ ~ ~ M ( E ) ( N C S H S )  (Cpt = Cp* or CpEt*; E = 0, S, Se, Te; M 
= Zr,4 Hfs ).6 In this paper we report the syntheses, structures, 
and reactivities of some terminal selenido complexes of tungsten 
and comment upon both the similarities to and differences from 
their sulfido and tellurido analogues. 

We have previously described the facile dehydrogenation of 
H2S by W(PMe3)4(s2-CH2PMe2)H to give the purple bis(su1fido) 
complex trans-W(PMe3)4(S)2.2 In a similar fashion, the green 
bis(se1enido) complex trans-W(PMe3)4(Se)2 is readily obtained 
in ca. 90% yield by the reaction of W(PMe3)4(.r12-CH2PMe2)H 
with excess H2Se (Scheme l).7,8 However, although the final 
products W(PMe3)4(S)2 and W(PMe3)4(Se)2 are analogous, an 
interesting difference in the reactions of H2S and H2Se with 
W(PMe3)4(v2-CH2PMe2)H is manifested by the compositions of 
the intermediates that have been isolated, namely the yellow bis- 
(hydrosulfido) complex W(PMe3)4(SH)2H2 and the emerald- 
green mono(se1enido) complex W(PMe3)4( Se)H2, re~pectively.~JO 
In the presence of a second equivalent of HzSe, W(PMe3)4(Se)- 
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H2 is rapidly converted to W(PMe3)4(Se)2, accompanied by 
elimination of H2. Similarly, W(PMe3)4(Se)H2 reacts with H2S 
to give cleanly the novel mixed-chalcogenido complex W(PMe3)4- 
(S)(Se) (Scheme 1).8 

As with W(PMe3)4(S)z2 and W(PMe3)4(Te)2,3 the trimeth- 
ylphosphine ligands in W(PMe3)4(Se)2 are labile and may be 
displaced by aldehydes to give the blue-green complexes 
W(PMe3)2(Se)2(q2-OCHR) (R = H, Ph) in 4 5 4 5 %  isolated 
yields (Scheme 1).8 The formation of the derivatives W(PMe3)2- 
(Se)2(+-OCHR) is reversible, and addition of excess PMe3 
regenerates W(PMe3)4(Se)2. 

Equilibrium measurements of the reactions of W(PMe3)4(E)2 
(E = S, Se, Te) with PhCHO at 30 ‘C (eq 1) indicate that the 

Ke 
W(PMe,),(E),+ PhCHO e 

W(PMe,),(E),(q’-OCHPh) + 2PMe, (1) 

equilibrium constants KE span a substantial range of more than 
3 orders of magnitude.” However, although the trend is 
monotonic, K s  is much more comparable to K T ~  than to Ks; Le., 

The PMe3 ligands in W(PMe3)4(Se)2 may also be displaced 
by Bu‘NC to give W(PMe3)2(CNBut)2(Se)2 (Scheme 1).8 In 
this respect, theselenido complex W(PMe3)4(Se)2 resembles much 
more its sulfido rather than its tellurido analogue, since W(PMep)4- 
(Te)2 undergoes reductive coupling of the two terminal tellurido 
ligands to give an 72-ditellurido derivative, W(PM~~)(CNBU‘)~-  
( v2-Te2). l 2  

The molecular structures of W(PMe3)4(Se)H2,” W(PMe3)4- 
(Se)2,14 W(PMe3)2(CNBut)*(Se)2,l5 and W(PMe3)2(Se)2(+ 
OCHPh)16 have been determined by X-ray diffraction, and their 
respective W=Se bond lengths are summarized in Table 1. 

Of the complexes listed in Table 1, W(PMep)4(Se)H2, 
W(PMe3)4(Se)2, and W(PMep)2(CNBut)2(Se)2 represent rare 
examples of 18-electron terminal selenido complexes. As such, 
the tungsten-selenido interaction may be aptly represented as a 

Ks >> K% > K T ~ .  
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Table 1. W=Se Bond Length and 77Se N M R  Data for Terminal 
Selenido Complexes of Tungsten 

d(W=Se)/A 6(77Se)/ppm 2 J s p / H z  

W(PMe3)4(Se)H2 2.445(2) 1955 13 (quintet) 
W(PMeMSe)2 2.380( 1) 803 13 (quintet) 
W(PMeMS)(Se)  691 13 (quintet) 
W(PMe&(CNBut)2(Se)2 2.375(2) 824 15 (t) 
W(PMea)2(Se)2(q2-OCH2) 2312 12( t )  
W(PMe&(Se)2(q2-OCHPh) 2.317[4]" 2366 11 (t) 

2397 13( t )  

Average value for the two independent bond lengths [2.313(2) and 
2.321(2) A]. 
W e e  double bond, with littlecontribution from the triply bonded 
resonance structure W=Se+. Thus, it is notable that each of 
these 18-electroncomplexes possesses W=Se bond lengths [2.375- 
(2)-2.445(2) A] that are longer than the values that have been 
reported previously for terminal selenido complexes (2.15-2.34 
A),17J8 in which the tungsten centers are electronically unsaturated 
in the absence of lone-pair donation. Moreover, the formally 
16-electron complex W(PMes)z(Se)2(+-OCHPh), with an aver- 
age bond order of 2.5 for each of the selenido ligands, also exhibits 
slightly shorter W=Se bond lengths [2.313(2) and 2.321(2) A] 
than those observed for the above 18-electron complexes. 

The terminal selenido complexes have also been studied by 
77Se NMR spectroscopy, as summarized in Table 1. These data 
complement the 77Se NMR studies of Ibers on tungsten 
complexes,lg but of particular interest in the present study is that 
a range of more than 1700 ppm is observed for the chemical shifts 

use 77Se NMR spectroscopy with confidence to distinguish 
between terminal and bridging selenido ligands. 

In summary, the mono- and bis(se1enido) complexes W(PMe3)d- 
(Se)H2 and W(PMe3)4(Se)2 have been prepared by the reaction 
of W(PMe3)4($-CH2PMe2)H with H2Se. In terms of its 
reactivity, W(PMe3)4(Se)2 exhibits features by which it may be 
regarded to resemble more closely either its sulfido or its tellurido 
analogue, depending upon the reagent. Thus, the formation of 
the bis(se1enido) complex W(PMe3)2(CNBut)z(Se)2 rather than 
the diselenido complex W(PMe3)(CNBut)4(+Se2) indicates a 
closer similarity to its sulfido analogue, whereas in terms of the 
magnitude of the equilibrium constants for the reactions with 
benzaldehyde, W(PMes)4(Se)2 more closely resembles the tel- 
lurido analogue. 
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Supplementary Material Available: Table S1, giving analytical and 
spectroscopic data for all new complexes, Tables S2-S24, giving crystal 
and intensity collection data, atomic coordinates, bond distances and 
angles, and anisotropic displacement parameters, and ORTEP drawings 
for W(PMe&(Se)2, W(PMe3)4(Se)Hz, W(PMep)2(CNBu1)2(Se)2, and 
W(PMe&(Se)2(q2-OCHPh) (27 pages). Ordering information is given 

of terminal selenido ligands in a series of closely related comdexes. on any current masthead Page. 
Indeed, the 77Se NMR chemical shifts f i r  W(PMe&(Se)2, 
W(PMe3)4(S)(Se), and W(PMe3)z(CNBut)2(Se)2 arein the range 
that is commonly assigned to bridging selenido l i g a n d ~ . ' ~ J ~  As 
such, this suggests t h a t  fur ther  studies a r e  warran ted  in order t o  

(16) Crystal data for W PMe3)2(Se)2(~~-0CHPh): monoclinic, P21/c (No. 
14) ,a= 12 .563(5 )a ,b=8 .731(4 ) .&,~=  18.461(6)A,D= 109.22(3)", 
V = 1909(1) A', Z = 4. 

(17) W=Se double bond lengths have been observed in the range 2.15-2.34 
A, either by single-crystal X-ray diffraction for a variety of electron- 
deficient s e l e n i d e ~ ~ ~ ~ ~ o r  by gas-phase electron diffraction for theselenido 
tetrahalides W(Se)X4.I7' (a) Wardle, R. W. M.; Bhaduri, S.; Chau, 
C.-N.; Ibers, J. A. Inorg. Chem. 1988, 27, 1747-1755. (b) ONeal, S. 
C.;Kolis, J. W. J. Am. Chem. SOC. 1988,110, 1971-1973. (c) Lu, Y.-J.; 
Ansari, M. A.; Ibers, J. A. Inorg. Chem. 1989,28,40494050. (d) ONeal, 
S.  C.; Pennington, W. T.; Kolis, J. W. Angew. Chem., Int. Ed. Engl. 
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1991, 30, 4758-4761. 
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(20) For example, [W,Se#- (6 889 ppm), [W2S%I2- (6 859 ppm), and 
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