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The compounds [WI(CO)(S2CX)(a2-MeC2Me)21 (X = NC4H8, NMe2, NEt2, N(CH2Ph)2, OEt) 
react with Na[BPhJ in acetonitrile a t  room temperature to give the new cationic bis(but-2-yne) 
complexes [W (CO)(NCMe)(S2CX)(q2-MeC2Me)21 [BPhI (1-5) in high yield. X-ray single-crystal 
studies were carried out on [W(CO)(NCMe)(S2CNC4H8)(v2-MeC2Me)21 [BPb](l) .  The c stals 
are monoclinic, space group P21/a, 2 = 4, in a unit cell of dimensions a = 12.944 (13) r, b = 
26.671 (25) A, c = 11,090 (13) A, and fl = 105.71 (1)’. The structure was refined to R = 0.085 
(R, = 0.087) for 1989 independent reflections above background. The coordination geometry 
about the tungsten can be considered to be pseudooctahedral with the midpoints of the two 
cis-but-2-yne ligands in the same plane as the sulfur atoms of the dithiocarbamate ligand. 
Acetonitrile and carbon monoxide occupy the axial sites. Selected reactions of 1-5 with both 
monodentate (CO, CNBut, P(OMe)3) and bidentate (Ph2P(CH2InPPh2 ( n  = 1-61, [Fe(q5-C5H4- 
PPh2)2], 2,2’-bpy, 1,lO-phen) ligands are also described. The fluxionality of several of the 
complexes has been investigated by variable-temperature ‘H NMR spectroscopy. 13C NMR 
spectroscopy has been used to suggest the number of electrons donated to the tungsten by the 
alkyne in selected compounds. 

Introduction 

The importance of coordinatively unsaturated alkyne 
complexes of molybdenum and tungsten has been known 
since the earlyreport in 1963 of the zerovalent tris(alkyne) 
complex [W(CO)(v2-hex-3-yne)31 and has been highlight- 
ed by the extensive review by Templeton on Mo(I1) and 
W(I1) alkyne complexes published in 1989.2 Cationic 
alkyne complexes have received particular attention, in 
particular by Green and co-workers. They described the 
synthesis3 of the cationic bis(alkyne) compounds [Mo- 
(CO)(v2-RC2R’)z(s5-C5H5 or -CgH,)I [BFII (R = R’ = Me, 
Ph; R = H, R’ = Me; R = H, R’ = But) and over the past 
15 years have extensively investigated their chemistry with 
nucleophiles4 to afford a wide range of novel organometallic 
compounds. Other cationic alkyne complexes of molyb- 
denum(I1) or tungsten(I1) include those reported by 
Bergman and Watson ([M(CO)(q2-MeC2Me)~(v5-C5H5)l - 
[PFsl (M = Mol W)),5 Lippard and co-workers ([MoI- 
(CNR)4(v2-RNHC2NHR)11),6 Beck and co-workers ([Mo- 

(1) Tate, D. p.; Augl, J. M. J .  Am. Chem. SOC. 1963,85, 2174. 
(2) Templeton, J. L. Adu. Organomet. Chem. 1989, 29, 1. 
(3) Bottrill, M.; Green, M. J. Chem. SOC., Dalton Trans. 1977, 2365. 
(4) (a) Allen, S. R.; Baker, P. K.; Barnes, S. G.; Green, M.; Trollope, 

L.; Muir, L. M.; Muir, K. W. J. Chem. SOC., Dalton Trans. 1981,873. (b) 
Green, M.; Norman, N. C.; Orpen, A. G.; Schaverien, C. J. J. Chem. SOC., 
Dalton Trans. 1984, 2455. (c) Allen, S. R.; Glauert, T.  H.; Green, M.; 
Mead, K. A.; Norman, N. C.; Orpen, A. G.; Schaverien, C. J.; Woodward, 
P. J. Chem. SOC., Dalton Trans. 1984,2747. (d) Green, M. Polyhedron 
1986,5,427 and references cited therein. (e) Green, M. J .  Organomet. 
Chem. 1986,300,93 and references cited therein. (0 Green, M.; Jetha, 
N. K.; Mercer, R. J.; Norman, N. C.; Orpen, A. G. J. Chem. SOC., Dalton 
Trans. 1988,1843. (g)Conole,G.C.;Froom,S.F.T.;Green,M.;McPartlin, 
M. J. Chem. SOC., Chem. Common. 1989,92. 

(5) Watson, P. L.; Bergman, R. G. J .  Am. Chem. SOC. 1980,102,2698. 

(CO)L(v2-RC2R’)(v5-C5Hs)] [BF4] (L = CO, P(OPh)3, PEt3, 
PPh3; R = R’ = H, Me, Ph; R = H, R’ = Ph)),7 and 
Templeton and co-workers ([W(CO)(S2CNEt2)(dppe)(v2- 
HOCzCHzPh)] [BF4b8 More recently we have described 
the synthesis of [WI(CO)(NCMe)(dppm)(v2-MeC2Me)l- 
[BF4Iga and described ita reactions with a wide range of 
donor ligands.gb 

In 1988,lO we described the preparation and X-ray crystal 
structures of the very versatile bis(alkyne) complexes [WIZ- 
(CO)(NCMe)(v2-RC2R)21 (R = Me, Ph) and 2 years later 
the reactions of [WI2(CO)(NCMe)(v2-RCzR)2I (R = Me, 
Ph) with 1 equiv of S2CX- (X = NC4H8, NCsHlo, NMe2, 
NEt2, N(CH2Ph)2, OEt) to give the monoiodo complexes 
[WI(CO)(S2CX)(v2-RC2R)21 .ll In this paper we describe 
the synthesis of the cationic bis(but-2-yne) tungsten com- 
pounds [W(CO)(NCMe)(S2CX)(v2-MeC2Me)zl [BPhI (X 

(6) (a) Lam, C. T.; Corfield, P. W. R.; Lippard, S. J. J.Am. Chem. SOC. 
1977,99,617. (b) Corfield, P. W. R.; Baltusis, L. M.; Lippard, S. J. Znorg. 
Chem. 1981,20, 922. (c) Caravana, C.; Giandomenico, C. M.; Lippard, 
S. J.; Inorg. Chem. 1982,21,1860. (d) Giandomenico, C. M.; Lam, C. T.; 
Lippard, S. J. J. Am. Chem. SOC. 1982, 104, 1263. (e) Hoffmann, R.; 
Wilker, C. N.; Lippard, S. J.; Templeton, J. L.; Brower, D. C. J. Am. 
Chem. SOC. 1983,105,146. (0 Warner, S.: LiDDard, S. J. Organometallics _ _  
1986, 5, 1716. 

(7) Siinkel, K.; Nagel, U.; Beck, W. J. Organomet. Chem. 1981,222, 
or* LOl. 

(8) Birdwhistell, K. R.; Tonker, T. L.; Templeton, J. L. J. Am. Chem. 
SOC. 1985, 107,4474. 

(9) (a) Baker, P. K.; Flower, K. R.; Drew, M. G. B.; Forsyth, G. J. 
Chem. SOC., Dalton Trans. 1989,1903. (b) Baker, P. K.; Flower, K. R. 
Inorg. Chim. Acta 1989, 165, 241. (c )  Baker, P. K.; Flower, K. R. 
Polyhedron 1990,9, 2233. (d) Baker, P. K.; Flower, K. R. Polyhedron 
1990,9,2507. (e) Baker, P. K.; Flower, K. R. J.  Organomet. Chem. 1990, 
397. 59. .. 

<lOi Armstrong, E. M.; Baker, P. K.; Drew, M. G. B. Organometallics 
1988, 7, 319. 
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Cationic Bidbut-2-yne) Complexes of Tungsten 

= NC4H8, NMe2, NEtz, N(CH2Ph)2, OEt) and their 
reactions with both selected neutral mono- and bidentate 
donor ligands. The X-ray crystal structure of [W(CO)- 
(NCMe)(S2CNC4H8)(q2-MeC2Me)21 [BPhI is also de- 
scribed. A preliminary report of this work has been 
published.lZ 

Experimental Section 

General Procedures. All reactions and manipulations were 
carried out under a nitrogen atmosphere by using standard 
Schlenk-line techniques. Dichloromethane was dried over phos- 
phorus pentoxide and purged with nitrogen before use. All 
materials used in this research were purchased from commercial 
sources. The compounds [WI(CO)(SZCX)(~~-M~CZM~)Z~ (X = 
NC4Hs, NMe2, NEtz, N(CHZPh)z, OEt) were prepared by the 
literature method." 

Elemental analyses were determined by using a Carlo Erba 
MOD 1106 elemental analyzer (using helium as a carrier gas). 
Infrared spectra were recorded on a Perkin-Elmer 1430 ratio 
recording IR spectrophotometer. 'H and 13C NMR spectra were 
recorded on either a Bruker AC 250-MHz CP/MAS or a Bruker 
WH 400-MHz NMR spectrometer and were referenced to 
tetramethyleilane. t 

Syntheses. [ W(CO)(NCMe) (SzCNCaHs)( +MeCzMe)z]- 
[BPhr] (1). To [WI(CO)(SZCNC~H~)(~~-M~C~M~)Z] (l.OOg, 1.68 
mmol) dissolved in NCMe (40 cm3) with continuous stirring under 
a stream of dry NZ was added Na[BPh4] (0.5749 g, 1.68 mmol). 
After the mixture was stirred for 10 h, the solvent was removed 
in vacuo. The crude product was then dissolved in the minimum 
amount of warm NCMe (30 "C) and the solution cooled to -18 
OCfor4 h,whichaffordedX-ray-qualitysinglecrystalaof [W(CO)- 
(NCM~)(SZCNC~H~)(T+M~CZM~)~] [BPh] (l), yield 1.18 g (85 % ). 

Similar reactions of [WI(CO)(SzCX)(q2-MeC~Me)z] (where X 
= NMez, NEt2, N(CHzPh)z, OEt) with Na[BPh] in NCMe 
afforded the analogous cationic bis(alkyne) complexes [W(CO)- 
(NCMe)(S2CX)(q2-MeCzMe)zl [BPhI (2-5). 
[W(CO)Z(S~CNC~HS)(~-M~CZM~)ZI[BP~I (6). To [W(CO)- 

(NCM~)(SZCNC~H~)(~~-M~CZM~)Z~ [BPhI (0.4 g, 0.484 mmol) 
dissolved in CHzC12 (15 cm3) with continuous stirring under a 
stream of dry Nz, CO (generated by the action of concentrated 
HzSO4 on HCOzH) was vigorously bubbled through the solution. 
After 6 h the solution was filtered and the solvent volume reduced 
to 0.5 cm3, in vacuo. Addition of diethyl ether to the stirred 
solution precipitated the cationic complex [W(CO)Z(SZCNC~H~)- 
(qZ-MeCzMe)z] [BPhd] (6). Recrystallization from CHzClz/EtZO 
afforded 0.33 g (83%) of analytically pure [W(CO)z(SzCNC4Hs)- 
(q2-MeCzMe)z1 [BPLI (6). 
[W(CNBU~)Z(SZCNC~HE)(~~-M~CZM~)Z][BP~~] (7). To 

[W(CO)(NCM~)(SZCNC~HB)(~~-M~CZM~)Z~[BP~~ (0.3952 g, 
0.478 mmol) dissolved in CHzClz (15 cm3) with continuous stirring 
under astream of dry NZ was added CNBut (0.1 cm3, 0.956 mmol). 
After it was stirred for 24 h, the solution was filtered and the 
solvent volume reduced to 2 cm3 in vacuo. Dropwise addition of 
diethyl ether precipitated the yellow cationic bis(alkyne) complex 
[W(CNBut)~(S~CNC4Hs)(q2-MeCzMe)z][BPh4] (7), which on 
recrystallization from CHzC12/Etz0 yielded 0.33 g (75 % ) of pure 
product. 
[W(CO)(P(OM~)S)Z(SZCNC~HE)(~~Z-M~CZM~)I[BP~~I (8). 

To [W(CO)(NCM~)(SZCNC~H~(+M~CZM~)~I[BP~I (0.4 g, 
0.484 mmol) dissolved in CHzClz ( 15cm3) with continuous stirring 
under a stream of dry NZ was added P(OMe)3 (0.11 cm3, 0.93 
mmol). After it was stirred for 20 h, the solution was filtered and 
the solvent volume reduced to 1 cm3 in vacuo. Dropwise addition 
of diethyl ether precipitated the blue cationic complex [W(CO)- 

(11) Armetrong, E. M.; Baker, P. K.; Flower, K. R.; Drew, M. G. B. J. 

(12) Baker, P. K.; Drew, M. G. B.; Flower, K. R. J .  Organomet. Chem. 
Chem. SOC., Dalton Trans. 1990,2535. 

1990,391, c12. 
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(P(OM~)~)Z(SZCNC~H~)(~~-M~CZM~)][BP~I (81, which on re- 
crystallization from CHZClz/Et20 yielded 0.27 g (58%) of pure 
product. 

[ W(CO)(SZCNC~HS)(P~~P(CHZ)PP~Z~(~~-M~CZM~)]- 
[BPhr] (9). To [W(CO)(NCMe)(S2CNC4Hs)(q2-MeC~Me)21- 
[BPW (0.4 g, 0.484 mmol) dissolved in CHzC12 (15 cm3) with 
continuous stirring under a steam of dry NZ was added PhzP- 
(CH2)PPhZ (0.186 g, 0.484 mmol). After it was stirred for 20 h, 
the solution was filtered and the solvent volume reduced to 2 cm3 
in vacuo. Dropwise addition of diethyl ether precipitated the 
red cationic complex [W(CO)(S~CNC~H~)(P~ZP(CHZ)PP~~)(~~~- 
MeCzMe)] [BPh]  (9), which on recrystallization from CH2Cld 
Et20 yielded 0.41 g (75%) of pure product. 

Similar reactions of [W(CO)(NCM~)(SZCNC~H~)(?~-M~C~-  
Me)z] [BPhJ with equimolar quantities of PhZP(CHd,PPhz (n 
= 2-6) or [Fe(q5-C5H~PPhz)z1 in CHzClz afforded the analogous 
cationic complexes 10-15. 
[W(CO)(~PY)(SZCNC~HS)(~~Z-M~CZM~)I[BP~~I (16). To 

[W(CO)(NCM~)(SZCNC~H~)(~~-M~CZM~)Z~ [BPhl  (0.4 g, 0.484 
mmol) dissolved in CH2C12 (15 cm3) with continuous stirring under 
a stream of dry NZ was added bpy (0.0756 g, 0.484 mmol). After 
it was stirred for 20 h, the solution was filtered and the solvent 
volume reduced to 2 cm3 in vacuo. Dropwise addition of diethyl 
ether precipitated the red cationic complex [W(CO)(bpy)(Sz- 
CNC4H8)(qz-MeCzMe)l [BPh]  (16), which on recrystallization 
from CH2CldEk0 yielded 0.39 g, 90% of pure product. 

Similar reactions of [W(CO)(NCM~)(SZCX)(~~-M~CZM~)ZI- 
[BPh] (whereX = NMez, NEb, N(CHzPh)z, OEt) withequimolar 
quantities of bpy in CHzClz afforded the analogous cationic 
complexes [ W(C0) (SZCX) (bpy) (q2-MeCzMe) I [BPh41 (1 8-2 1). 

[ W(CO)(S~NC~HS)(~,~O-P~~~)(~-M~CZM~)][BP~~] (17). 
To [W(CO)(NCM~)(SZCNC~H~(~~-M~CZM~)Z~ [BPhI (0.4 g, 
0.484 mmol) dissolved in CHzClz (15 cm3) with continuous stirring 
under a stream of dry Nz was added 1,lO-phen (0.0872 g, 0.484 
mmol). After it was stirred for 20 h, the solution was filtered and 
the solvent volume reduced to 3 cm3 in vacuo. Adding 4 cm3 of 
diethyl ether and cooling to -10 "C for 24 h afforded 0.38 g (87 % ) 
of the analytically pure complex [W(CO)(S2CNC4Hs)(l,10- 
phen)(qz-MeCzMe)l [BPh41 (17). 

Crystal Data. Crystals were prepared as described above: 
[W(CO) (NCM~)(SZCNC~HE)(V~-M~CZM~)ZI [BPW, WCaH43N2- 

(13) A, j3 = 105.7 (l)O, V = 3685.8 A3, d, = 1.44 g ~ m - ~ ,  d, = 1.45 
g ~ m - ~ ,  F(000) = 1664,Z = 4, X = 0.7107 A, p = 33.5 cm-l, space 
group E1/a .  A crystal of size 0.02 X 0.03 X 0.035 mm was mounted 
to rotate around the a axis on a Stoe Stadia diffractometer. A 
total of 6349 independent reflections with 20 < 50° (0 I h I 14, 
0 5 k 5 30, -11 5 1 I +11) were collected using a variable-width 
w scan of (1.5 + 0.5 sin p/tan 0 ) O  and a scan speed of 0.0333O s-l. 
No decay in intensity was observed for the standard reflections. 
The data were of poor quality due to a weakly diffracting crystal, 
and in subsequent calculations only 1952 independent reflections 
with Z > 2a(Z) were used. An empirical absorption correction 
was applied.l3 The position of the tungsten atom was located 
from the Patterson function, and the positions of the remaining 
atoms in the molecule were located from different Fourier maps. 
The hydrogen atoms were included in calculated positions. The 
tungsten atom was refined anisotropically and all other atoms 
were refined isotropically to a final R value of 0.085 (R, = 0.087). 
Calculations were carried out using SHELX7614 and some in- 
house programs on the Amdahl5870 computer at  the University 
of Reading. In the final cycle of refinement the maximum shift/ 
error ratio was 0.085. In the final difference Fourier map the 
maximum and minimum peaks were 1.31 and -3.52 eA-3. Atomic 
coordinates for 1 are given in Table V and selected bond lengths 
and angles in Table VI. Additional bond lengths and angles, 
thermal parameters, and hydrogen atom positions have been 
deposited as supplementary material. 

OSzB, M, = 826.1, a = 12.944 (13) A, b = 26.671 (25) A, c = 11.090 

(13) Walker, N.; Stuart,D. Acta Crystallogr., Cryst.Phys.,Diffr., Theor, 

(14) Sheldrick, G. M. SHELX 76, Package for Crystal Structure 
Cen. Crystallogr. 1983, A39, 158. 

Determinations; University of Cambridge, Cambridge: U.K., 1976. 
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Table I. Pbysid and Adyti-1' h t p  for tbe Complexes [W(CO)(NcMe)(szcx)(3-MeC~e)*IBP~] rad D W i V V r t i V C S  

anal. found (calcd). 96 

"pd 
(W(CO)(NCM~)(SZCNC~HS)(~~-M~CZM~)Z] [BPd (1) 
[ W(CO)(NCMe)(S2CNMe2)(q2-MeC2Me)2] [ BP41 (2) 
[W(CO)(NCM~)(SZCNE~Z)(~~-M~CZM~)Z] [BPLI (3) 
[W(CO)(NCM~){S~CN(CHZP~)~)(~~-M~C~M~)Z] [ BP41 (4) 
[W(CO)(NCMe)(S2COEt)(q2-MeC2Me)2] [BPhr] (5) 
[ W(CO)Z(SZCNC~HE)(~~-M~CZM~)ZI [BPh41 (6) 
[W(CNBut)2(S2CNC4H~)(q2-MeC2Me)2] [BPhs] (7) 
[W(CO){P(OM~)~)Z(SZCNC~HE)(~~-M~CZM~)I [BPhdI (8) 
[ W(CO)(SZCNC~H~)(P~ZP(CHZ)PP~~)(?~-M~CZM~)I [BPLI (9) 
[W(CO)(SZCNC~HE){P~ZP(CHZ)ZPP~~)(~~-M~CZM~)~ [BPhrI (10) 
[ W(CO)(S2CNC4Hg){Ph2P(CH2)3PPh2)(q2-MeC2Me)] [ BPh41 (11) 
[ W (CO)(SZCNC~HE){P~ZP(CHZ)~PP~Z](~~-M~CZM~)I [BPhrI (12) 
[ W (CO)(S~CNC~HS){P~ZP(CHZ)~PP~~)(?~-M~C~M~)~ [BPh41 (13) 
[W (CO)(SZCNC~H~){P~ZP(CHZ)~PP~Z](~~-M~CZM~)I [BPLI (14) 
[ W( CO)(S2CNCbHs)( [ Fe(qs-CsH4PPh2)2] )(q2-MeC2Me))] [ BPh41CH2C12 (15) 
[ W(CO)(S2CNC4Hs)(2,2'-bpy)(q2-MeC2Me)] [BPh,] (16) 
[W(CO)(S~CNC~HS)( l,10-phen)(q2-MeC2Me)] [BPh4] (17) 
[W(CO)(S2CNMez)(2,2'-bpy)(q2-MeC2Me)1 [BPhdl (18) 
[ W(CO)(SZCNE~Z)(~,~'-~~~)(~~-M~CZM~)I [BPh41 (19) 
[W(CO){SZCN(CHZP~)Z)(~,~'-~~~)(~~-M~CZM~)I [BPhd (20) 
[W(CO)(S2COEt)(2,2'-bpy)(q2-MeC2Me)] [BPh4] (21) 

a Calculated values in parentheses. 

Table II. Infrared hW for the Complexes 
r W ( c o ) ( N C M e ) ( ~ ) ( r 2 - M e C 2 M e ) * I B ~ ]  and Derivatives 
compd u(NW), cm-' u ( m ) ,  cm-I ~(m), cm-I 

1 2325 (m) 2080 (s) 1850 (w) . .  . .  

2300 (mj 
2 2330 (m) 2075 (s) 1820 (w) 

2295 (m) 
3 2320 (mj 2075 (s) 1830 (w) 

4 2325 (m) 2075 (s) 1825 (w) 
2275 (m) 

2280 (mj 
5 2340 (m) 2060 (s) 1835 (w) 

2295 (m) . .  
6 2085 (s) 1845 (w) 
7 2200 ( s ) b  1820 (w) 
8 1958 (s) 1830 (w) 
9 1938 (s) 

10 1932 (s) 
11 1925 (s) 
12 1920 (s) 
13 1920 (s) 
14 1922 (s) 
15 1935 (s) 
16 1935 (s) 
17 1937 (s) 
18 1932 (s) 
19 1930 (s) 
20 1933 (s) 
21 1930 (s) 

OSpectra recorded in CHC13 as thin films between NaCl plates. 
u(C=N) stretching band. 

Results and Discussion 
Equimolar quantities of [ WI(C0) (S2CX) (v2-MeC2Me)21 

(X = NC4H8, NMe2, NEt2, N(CH2Ph12, OEt) and Na- 
[BPhiJ react in acetonitrile at room temperature to afford 
the cationic bis(but-2-yne) complexes [W(CO)(NCMe)- 
(S&X)(v2-MeC2Me)21 [BPhI (1-5) in high yield (eq 1). 

[WI(CO)(S2CX)(~2-MeC2Me)21 + Na1BPh.J - NCMe 

[W(CO)(NCMe)(S2CX)(v2-MeC2Me),1 [BPh41 + 
Nail (1) 

All the complexes 1-5 have been characterized by ele- 
mental analysis (C, H, and N; Table I), IR (Table 11), and 
lH and in selected cases 13C NMR spectroscopy (Tables 

color 
yellow 
yellow 
yellow 
orange/ yellow 
brown/orange 
yellow 
yellow 
blue 
fed 
fed 
red 
blue 
blue 
blue 
brown 
red 
fed 
red 

yield, 96 
85 
72 
69 
73 
52 
83 
75 
58 
75 
73 
74 
78 
77 
81 
57 
90 
87 
80 

C H N 
58.3 (58.1) 
57.2 (57.0) 
57.6 (58.0) 
62.5 (63.0) 
56.7 (56.9) 
57.1 (57.6) 
61.0(61.1) 
49.5 (49.1) 
63.3 (63.5) 
63.6 (63.7) 
63.9 (64.1) 
64.4 (64.3) 
64.2 (64.6) 
65.2 (64.8) 
64.6 (64.3) 
59.7 (59.5) 
59.9 (60.6) 
58.2 (58.6) 

5.4 (5.2) 
5.3 (5.2) 
5.7 (5.5) 
4.9 (5.2) 
5.3 (5.0) 
4.5 (5.0) 
6.3 (5.7) 
5.4 (5.4) 
5.3 (5.1) 
5.1 (5.2) 
5.6 (5.3) 
5.7 (5.4) 
5.7 (5.5) 
5.9 (5.6) 
5.1 (4.8) 
4.8 (4.8) 
4.8 (4.6) 
5.0 (4.7) 

3.1 (3.4) 
3.1 (3.5) 
3.5 (3.4) 
2.4 (2.9) 
1.4 (1.7) 
1.5 (1.7) 
4.1 (4.5) 
1.0 (1.4) 
1.1 (1.3) 
0.8 (1.2) 
0.8 (1.2) 
0.8 (1.2) 
0.9 (1 -2) 
0.9 (1 -2) 
0.6 (0.7) 
4.6 (4.7) 
2.8 (4.6) 
4.8 (4.9) 

fed 81 59.0 (59.4j 4.7 (4.8j 3.7 (4.1 j 
red 77 62.9 (64.0) 4.2 (4.6) 2.8 (3.2) 
red 78 59.9 (60.6) 4.2 (4.6) 2.8 (3.2) 

I11 and IV). The compounds 1-5 are soluble in CHzClz, 
CHCl3, NCMe, and CH3COCH3 but are totally insoluble 
in diethyl ether and hydrocarbon solvents. Complexes 
1-5 are all relatively stable in the solid state when stored 
under nitrogen, but they readily decompose when exposed 
to air in solution. 

The infrared spectra for compounds 1-5 all show an 
asymmetric doublet around 2300 cm-l, which can be 
ascribed to a coordinated acetonitrile ligand. The in- 
creased v(CN) value when the acetonitrile is coordinated 
to the tungsten can be attributed to coupling of the C-N 
bond to the N-metal stretching vibrations and to an 
increased C-N force constant which suggests that the 
acetonitrile is acting as a pure a-donor.15 Each of the 
compounds 1-5 show, as expected, a strong single carbonyl 
band around 2080 cm-l, which is slightly higher than for 
the neutral monoiodo compounds [WI(CO)(S2CX)(v2- 
MeC2Me)al .ll 

Molecular Structure of [W(CO)(NCMe)- 
(SZCNC&)($-M&ZM~)Z][BP~~] (1). The structure 
consists of discrete units of [W(CO)(NCMe)(S&NC&)(+ 
MeC2Me)2]+ cations and [BPhI- anions. The cation is 
displayed in Figure 1 together with the atomic numbering 
scheme. The geometry is best described as a dietorted 
octahedron, with the carbon monoxide (W-C(l00) = 1.92 
(3)) trans to the ligated acetonitrile (W-N(11) = 2.10 (2) 
A). The two sulfur atoms of the pyrrolidine dithiocar- 
bamate ligand (W-S(l) = 2.576 (ll), 2.505 (10) A) and the 
two cis-but-2-yne ligands (W-C(82) = 2.34 (31, W-C(83) 
= 2.04 (31, W-C(92) = 1.92 (41, W-C(93) = 2.22 (4) A) 
occupy the four equatorial positions. It is not clear whether 
these distances are significantly different, given the poor 
quality of the data. The alkyne C M  vectors are parallel 
to the W-(CO) axis. This is a common feature of d4 alkyne 
complexes of Mo(I1) and W(II), since it allows maximum 
overlap by both *-orbital systems on the coordinated 
alkyne and the available metal orbitals, which optimizes 
both *-donor and *-acceptor properties of the bound 
alkynes. The geometric arrangement can be related to 
that of [WI(CO)(S2CNC4H~)(v2-MeC2Me)21,11 where the 
tungsten atom is also in an octahedral environment. 

(15) Ford, P. C.; Clarke, R. E. Chem. Commun. 1968, 1109. 
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Table IV. Selected '3c NMR Data' for the Complexes 
[ W ( C O ) ( N C M ~ ) ( S ~ C X ) ( ~ ~ - M ~ ~ M ~ ) Z I B P ~ ]  md Derivatives 
compd 6. uvm wmud 6. Dum 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

126 

lJb 

14b 

IS 

16 

17 

18 

19 

20 

21 

~~ 

7.45-6.85 (m, 20 H, Ph H); 3.92 (t, 2 H, NCH2, JH-H = 

2.85 (4 s, 12 H, W M e ) ;  2.07 (s, 3 H, NCMe); 1.99 
(bm, 4 H, CHZ) 

7.45-6.87(m,20H,PhH);3.15(~,3H,NMe);3.11 (s ,3H,  
NMe); 3.08,2.88,2.82 (3 s, 12 H, -Me); 1.98 (s, 3 H, 
NCMe) 

7.43-6.86 (m, 20 H, Ph H); 3.82 (bm, 2 H, NCH2); 3.38 (bm, 
2 H, NCH2); 3.05, 2.92, 2.86, 2.72 (4 s, 12 H, *Me); 
1.99 (s, 3 H, NCMe); 1.35 (bm, 6 H, CH3) 

7.85-6.85 (m, 30 H, Ph H); 5.01 (s, 2 H, NCH2); 4.63 (s, 2 H, 
NCH2); 2.95 (s, 6 H, W M e ) ;  2.87 (s, 6 H, -Me); 
2.01 (s, 3 H, NCMe) 

7.57-6.85(m,20H,PhH);4.65(q,2H,OCH2,J~-~= 
7.12 Hz); 2.99 (d, 3 H , W M e ,  JH-H = 0.97 Hz); 2.84 
(d, 3 H, W M e ,  JH-H = 0.97 Hz); 2.82 (d, 3 H, @Me, 
JH-H 3 0.73 Hz); 2.72 (d, 3 H, W M e ,  JH-H = 0.74 Hz); 
2.0 (s, 3 H, NCMe); 1.49 (t, 3 H, CH3, JH-H = 7.12 Hz) 

7.6-6.92 (m, 20 H, Ph H); 3.32 (t, 4 H, NCH2, JH-H = 
6.4 Hz); 2.88 (s, 12 H, W M e ) ;  2.01 (t, 4 H, CH2, 

7.49-6.85 (m, 20 H, Ph H); 3.43 (t, 4 H, NCHz, JH-H 
6.25 Hz); 2.88 (s, 12 H, -Me); 1.85 (qt, 4 H, NCH2, 

12.5 Hz); 3.48 (bm, 4 H, NCH2); 2.98 (s, 3 H, W M e ) ;  
2.71 (s, 3 H, *Me); 1.95 (bm, 4 H, CH2) 

7.35-6.85 (bm, 40 H, Ph H); 4.62 (bm, 2 H, PCH2P); 3.45 
(m, 4 H, NCHz); 2.9 (s, 6 H, W M e ) ;  1.85 (bm, 4 H, CH2) 

7.5-6.85 (bm, 40 H, Ph H); 3.40 (m, 4 H, NCH2); 2.7 (s, 6 H, 
W M e ) ;  1.93 (m, 4 H, CH2); 1.75 (m, 4 H, CHZ) 

7.85-6.85 (bm, 40 H, Ph H); 3.2 (m, 4 H, NCH2); 2.68 
(s, 6 H, W M e ) ;  2.10 (m, 4 H, PCHz); 1.89 (bm, 4 H, 
CH2); 1.6 (bm, 2 H, CH2) 

7.75-6.8 (bm, 40 H, Ph H); 3.25 (m, 4 H, NCH2); 2.65 
(~,6H,WMe);2.15(m,4H,PCH2);1.85(m,4H, 
CH2); 1.64 (bm, 4 H, CH2) 

7.85-6.85 (bm, 40 H, Ph H); 2.85 (m, 4 H, NCH2); 2.65 
(s, 6 H, -Me); 1.95 (m, 4 H, CH2); 1.75 (m, 4 H, 
PCH2); 1.35 (bm, 6 H, CH2) 

7.85-6.8 (bm, 40 H, Ph H); 2.86 (m, 4 H, NCH2); 2.68 
(s, 6 H, W M e ) ;  1.85 (m, 4 H, CH2); 1.68 (m, 4 H, 
PCH2); 1.35 (bm, 8 H, CH2) 

7.85-6.75 (bm, 40 H, Ph H); 5.27 (s, 2 H, CH2C12); 
4.65-3.95 (s, 8 H, Cp H); 3.05 (m, 4 H, NCH2); 
2.63 (s, 6 H, W M e ) ;  1.89 (m, 4 H, CH2) 

8.75-7.25 (bm, 28 H, Ph H and 2,2'-bpy H); 3.65 (m, 4 H, 
NCH2); 3.42 (s, 6 H, W M e ) ;  2.25 (m, 4 H, CH2) 

8.8-6.8 (bm, 28 H, Ph H + 1,lO-phen H); 3.95 (m, 4 H, 
NCHz); 3.45 (s, 6 H, W M e ) ;  2.15 (m, 4 H, CH2) 

9.45-6.81 (bm, 28 H, Ph H and 2,2'-bpy H); 3.42 (s, 6 H, 
W M e ) ;  3.15 (s, 3 H, NCH3); 3.08 (s, 3 H, NCH3) 

9.45-6.75 (bm, 28 H, Ph H and 2,2'-bpy H); 3.65 (bm, 4 H, 
NCH2); 3.45 (s, 6 H, W M e ) ;  1.23 (bm, 6 H, CH3) 

9.46-6.75 (bm, 38 H, Ph H and 2,2'-bpy H); 5.23 (s, 2 H, 
NCH2); 4.92 (s, 2 H, NCH2); 3.55 (s, 6 H, W M e )  

9.47-6.75(bm,28H,PhHand2,2'-bpyH);4.73(q,2H, 
OCH2, JH-H = 7.32 Hz); 3.48 (s, 6 H, -Me); 1.52 
(t, 3 H, CHI, JH-H = 7.32 Hz) 

6.24 Hz);3.61 (t, 2 H, NCH2,6.27 Hz); 3.02,2.98,2.94, 

JH-H 3 6.3 Hz) 

JH-H 3.2 Hz); 1.65 (8, 18 H, CH3) 
7.45-6.8 (m, 20 H, Ph H); 3.85 (t, 18 H, OCH3, Jp-H 

'Spectra recorded in CDCl, (+25 "C) and referenced to SiMe4. 
Abbreviations: s = singlet; m = multiplet; t = triplet; q = quartet; qt = 
quintet. b Recorded in CD2Cl2 on a Bruker WH 400-MHz NMR 
spectrometer (University of Warwick). 

However, in that compound the carbonyl group is trans 
to one of the sulfur atoms of the pyrrolidine dithiocar- 
bamate ligand and the two cis-but-2-yne ligands are trans 
to the other sulfur atom and the iodide. 

The tungsten to alkyne contact carbon bond lengths 
are in the expected range2 for "three-electron"-donor 
alkynes. The bend-back angles of the coordinated but- 
2-yne ligands are mot all equivalent but are within the 

(16) Dnviea, B. W.; Pnyne, N. C. Inorg. Chem. 1974, 13, 1648. 

1 

2 

6 

7 

9 

10 

11 

13b 

14 

16 

~~ 

207.41 (s, m); 193.09 (s, CS3; 183.4, 174.9, 173.8, 162.89 
( 4 %  *C); 165.44, 164.65, 163.89, 163.11 (q,B-C, 
J w  49.5 Hz); 136.17, 125.82, 121.88 (3 S, Ph C); 
126.81 (s, NCMe); 50.58 (s, "2); 50.33 (s, "2); 
24.93 (s, CH2); 24.60 (s, CH2); 19.16, 19.13, 18.3, 17.05 
(4 s, W M e ) ;  4.05 (s, NCMe) 

209.92 (s, m); 195.4 (s, C S 2 ) ;  183.5, 178.89, 174.2 (3 5, 
mC); 165.43, 164.65, 163.87, 163.08 (q, B-C,JB< 
49.5 Hz); 136.2, 125.8, 121.89 (3 s, Ph C); 126.6 
(s, NCMe); 39.44 ( 8 ,  NMe); 39.22 (s, NMe); 20.50, 18.78, 
17.12 (3 s, -Me); 3.36 (s, NCMe) 

(m, Ph C); 50.46 (s, NCH2); 24.9 (s, CH2); 18.83 
(s, W M e )  

238.13 (s, m); 182.53 (s, mC); 165.13, 164.34, 163.55, 
162.79 (q, B-C, JB-C = 49.5 Hz); 136.33, 125.32, 121.42 

195.57 (s, C S 2 ) ;  169.71 (s, @C); 165.4, 164.6, 163.8, 163.05 
(q, B-C, J w  
Ph-C); 59.3 (s, CNCHI); 50.96 (s, "2); 30.53 

49.5 Hz); 136.25, 125.35, 121.42 (3 S, 

(CNCH3); 24.99 (s, CH2); 18.61 (s, W M e )  

(m, Ph C); 50.96 (s, "2); 49.9 (s, NCH2); 30.43 

19.6 (s, -Me) 

125.8, 121.9 (3 s, BPh4 C); 136.3-125.9 (m, Ph C); 50.5 

24.35 (s, 032); 19.76 (s, -Me) 

125.8, 121.7 (3 s, BPh4 C); 137.08-124.5 (m, Ph C); 50.4 
(s, NCH2); 49.3 (s, NCH2); 29.6 (m, PCH2, C H 2 ) ;  24.61 
(s, CH2); 24.16 (s, CH2); 19.99 (s, W M e )  

125.79, 121.89 (3 s, BPh4 C); 133.49-127.6 (m, Ph C); 
50.17 (s, NCH2); 49.46 (s, NCH2); 32.47-28.99 and 
24.82-21.9 (m, PCH2 and CHz); 21.30 (s, -Me) 

125.77, 121.88 (3 s, BPh4 C); 134.29-127.32 (m, Ph C); 
50.13 (s, NCHz); 49.4 (s, "2); 30.53-21.29 (m, CHI 
and -Me) 

223.74 (s, e C ) ;  206.5 (s, m); 202.3 (s, CS2); 165.42, 
164.84, 163.85, 163.07 (q, B-C, JB-C 

(t, PCH2P, Jpc = 13.1 Hz); 24.8 (s, CHI); 24.4 (s, C H 2 ) ;  

49.5); 136.3-125.7 

220.7 (s, mC); 208.7 (s, m); 203.5 (s, C S 2 ) ;  165.42, 
164.3, 163.84, 163.06 (q, B-C,Je< = 49.5 Hz); 136.22, 

(NCHz); 49.6 (s, NCHz); 28.84 (d, PCH2, J p e  
28.29 (d, PCH2, Jp-c = 12.8 Hz); 24.61 (s, CH2); 

219.9 (s, e C ) ;  207.6 (s, m); 203.1 (s, C S 2 ) ;  165.4, 

13 Hz); 

164.28; 163.82, 163.03 (q, B-C,JB< = 49.5 Hz); 136.3, 

225.72 (s, mC); 212.42 (s, m); 198.16 (s, CS2); 165.03, 
164.54, 164.05, 163.56 (q, B-C, JBX = 49.5 Hz); 136.18, 

225.85 (s, CSC); 212.42 (s, m); 198.30 (s, CS2); 165.03, 
164.54, 164.04, 163.55 (q, B-C,Je< = 49.5 Hz); 136.17, 

218.9 (s, e C ) ;  209.9 (5, m); 203.3 (s, C S 2 ) ;  165.36, 
164.58, 163.80, 163.02 (q, B-C, JB-C = 49.5 Hz); 153.14, 
153.0, 151.2, 148.42, 141.72, 140.13, 127.4, 126.2, 125.1, 
124.5 (m, bpy C); 136.21, 125.77, 122.0 (3 s, BPh4 C); 
51.87 (s, NCHz); 50.5 (s, NCHz); 24.93 (s, CHz); 24.77 
(s, 042); 22.3 (s, W M e )  

"Spectra recorded in CDCl3 (+25 "C) and referenced to SiMe4. 
Abbreviations: s = singlet; m = multiplet; q = quartet. * Recorded in 
CD2C12 on a Bruker WH 400-MHz NMR spectrometer (University of 
W arwick) . 

expected range2 (8: C(81)-C(82)-C(83) = 32.5'; C(82)- 

C(93)-C(94) = 32.3'). The equatorial plane containing 
atoms W, S(1), S(2), CM(8),andCM(9) (CM(8) and CM(9) 
are the midpointa of the two central but-2-yne bonds) is 
planar with a maximum deviation of 0.08 A. The reqaining 
dimensions are as expected, given the large standard 
deviations obtained from a weakly diffracting crystal. 
There are no intermolecular distances less than the s u m  
of van der Waals radii between the ions. 
1H and lSC NMR Spectroscopic Studies of [W(CO)- 

(NCMe)(S2CX)(+-MeGMe)~][BPh~] (1-6). The 'H 
NMR spectrum for 1 shows four but-2-yne methyl singlets 
at room temperature, which suggests the presence of the 
asymmetric isomer at room temperature as shown in Fig- 
ure 2, which is also the geometry displayed by [WI(CO)- 

C(83)-C(84) = 48.8'; C(91)-C(92)4(93) = 43.9', C(92)- 
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Table V. Atomic Coordinates (XloC) with Estimated 
Standard Deviations in Parentheses 

Baker et al. 

atom X Y 2 

1633 (1) 
1424 (26) 
1295 (22) 
2944 (8) 
3511 (7) 

3860 (31) 
4898 (1 8) 
5266 (32) 
6536 (44) 
6830 (38) 
5846 (21) 
2277 (17) 
2595 (29) 
2945 (33) 

177 (26) 
301 (22) 
190 (24) 

1460 (42) 
1294 (29) 
881 (29) 
299 (36) 

6404 (33) 
5935 (14) 
5641 (14) 
5108 (14) 
4869 (14) 
5162 (14) 
5695 (14) 
7237 (14) 
7868 (14) 
8678 (14) 
8857 (14) 
8225 (14) 
7415 (14) 
7114(16) 
7746 (16) 
8465 (1 6) 
8555 (16) 
7924 (1 6) 
7204 ( 16) 
5321 (15) 
4744 (1 5 )  
3714 (15) 
3261 (15) 
3838 (15) 
4868 (15) 

-784 (31) 

1157(0) 
717 (11) 

541 (9) 
460 (3) 

1311 (3) 
815 (13) 
638 (7) 

184 (13) 
283 (19) 
574 (16) 
905 (9) 

1552 (8) 
1710 (13) 
1945 (14) 
982 (11) 
931 (9) 

818 (10) 
525 (12) 

2356 (19) 
1835 (13) 
1644 (12) 
1697 (16) 
1528 (15) 
1941 (6) 
1802 (6) 
2143 (6) 
2622 (6) 
2761 (6) 
2402 (6) 
1131 (7) 
1331 (7) 
1042 (7) 
553 (7) 
353 (7) 
642 (7) 

1741 (8) 
2166 (8) 
2321 (8) 
2050 (8) 
1624 (8) 
1470 (8) 
1209 (9) 
1400 (9) 
1221 (9) 
852 (9) 
662 (9) 
840 (9) 

280 (1) 
-1 129 (32) 
-2106 (28) 

1323 (9) 
129 (8) 

872 (34) 
1274 (19) 
2046 (36) 
2170 (49) 
1321 (45) 
866 (24) 

2021 (21) 
2939 (37) 
4143 (36) 
2384 (32) 
1252 (27) 
139 (29) 

271 (46) 
-926 (31) 

-259 (37) 
-1339 (36) 
-2652 (39) 

5989 (38) 
4948 (16) 
3688 (16) 
2777 (16) 
3125 (16) 
4385 (16) 
5296 (16) 
5558 (19) 
4837 (19) 
4573 (19) 
5030 (19) 
5751 (19) 
6015 (19) 
7255 (17) 
7271 (17) 
8387 (17) 
9487 (1 7) 
9470 (1 7) 
8354 (17) 
6051 (22) 
6845 (22) 
6763 (22) 
5888 (22) 
5094 (22) 
5176 (22) 

Table VI. Bond Distances (A) and Angles (deg) in the 
Tungsten Coordination Sphere 

W(I) -W)  
W(1 )-w) 
W( I )-C( 100) 
W(I)-N(ll) 

C(lO0)-W( 1)S( 1) 
C( 1OO)-W( I )S (2 )  
S ( l ) -WU)-W 
C(100)-W(l)-N(lI) 
S(l)-W(l)-N(ll) 
S(2)-W(I)-N(11) 
C( 100)-W( 1)-C(82) 
S( I)-W( I)-C(82) 
S(2)-W 1)-C(82) 

C(lO0)-W( 1)-C(83) 
S( I)-W( 1)-C(83) 
S(2)-W( 1)-C(83) 
N(l l)-W(l)-C(83) 

N(11)- 6 (1)-C(82) 

2.570 (9) 
2.516 (9) 
1.91 (3) 
2.16 (2) 

81.7 (9) 
88.4 (10) 
67.4 (3) 

164.7 (11) 
84.4 ( 5 )  
80.4 (6) 

105.1 (11) 
94.9 (6) 

156.4 (6) 
82.4 (8) 
75.1 (13) 

101.2 (7) 
161.4 (8) 
114.1 (10) 

W(l)-C(82) 2.34 (3) 

W(I)-C(92) 1.92 (4) 
W(l)-C(93) 2.22 (4) 

W(I)-C(83) 2.04 (3) 

C(82)-W(l)-C(83) 31.9 (9) 
C(lOO)-W(l)-C(92) 110.7 (14) 
S(l)-W(I)-C(92) 152.8 (11) 
S(2)-W( I)-C(92) 88.2 (10) 
N(Il)-W(I)-C(92) 79.6 (12) 
C(82)-W(l)-C(92) 104.5 (12) 
C(83)-W(l)-C(92) 105.4 (13) 
C(IOO)-W(l)-C(93) 76.3 (13) 
S(l)-W(l)-C(93) 151.6 (9) 
S(2)-W(l)-C(93) 94.0 (9) 
N(II)-W(l)-C(93) 114.6 (10) 
C(82)-W(I)-a93) 107.9 (11) 
C(83)-W(l)-C(93) 90.3 (12) 
C(92)-W(I)-C(93) 35.1 (12) 

(S2CNC4H8)(.rl2-MeC2Me)21.l1 It should also be noted that 
complex 5 shows four but-2-yne methyl resonances. 

The 13C NMR spectra for 1 and 2 show the expected 
features in solution for fluxional complexes in solution. 
The alkyne contact carbon resonances at  183.4,174.9,173.8, 

Figure 1. Molecular structure of the cation of 1, [W(CO)- 
(NCMe)(S2CNC4Hd(.r12-MeCzMe)21. Ellipsoids are shown at 
50% probability. 

Figure 2. Proposed solution-state geometry for 1. 

and 162.89 ppm ( C W )  for 1 suggest17 the two but-2-yne 
ligands are donating a total of six electrons to the metal, 
which would allow 1-5 to obey the effective atomic number 
rule. The quartet around 164 ppm (JB-c = 49.5 Hz) for 
complexes 1-5 confirms the presence of the [BPhl- 
counteranion. 

Reactions of [W(CO)(NCMe)(S&NCrE~)(qz- 
MeCzMe)z][BPha] (1) withCO, CNBu', and P(0Me)s. 
Reaction of 1 with carbon monoxide gave the acetoni- 
trile-repIaced compound [W(C0)2(S2CNC4Hs)(r12- 
MeC2Me)~l [BPh] (6) in 83% yield. Compound 6 shows 
a single carbonyl band (v(C-1 = 2085 cm-I) in the IR 
spectrum, which suggests the trans-dicarbonyl structure 
shown in Figure 3. The 1H and 13C NMR spectra for 6 
support the structure shown in Figure 3. The 'H NMR 
spectrum shows a 6  single but-2-yne methyl resonance at  

(17) Templeton, J. L.; Ward, B. C. J .  Am. Chem. SOC. 1980,102,3288. 
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P(OMe)3 1 

0 'Me I 

Figure 3. Proposed structure for [W(C0)2(S2CNC4Hs)(s2- 
MeCzMe)~l [BPLI (6). 

N 
C 

But 

Figure 4. Pro@ structure for PV(CNI3ut)~(S&NC4Hd(+ 
MeC~Me)zl [BPLI (7). 

2.88 ppm, and the 13C NMR spectrum shows a single alkyne 
contact carbon resonance at 6 182.53 ppm. The 13C NMR 
alkyne contact carbon resonance at 6 182.53 ppm also 
indicates17 that the two but-2-yne ligands are donating a 
total of six electrons to the tungsten in this complex. 

Several unsuccessful attempts were made to obtain the 
1:l adducts of 1 with CNBut and P(OMe)3. For example, 
reaction of 1 with an equimolar quantity of P(OMe)3 in 
CHzClz at room temperature showed two v ( C 4 )  bands 
at 2080 and 1958 cm-l in the IR spectrum due to 1 and 
W ( C O ) ( P ( O M ~ ) ~ J ~ ( S Z C N C ~ ~ ) ( ~ ~ ~ - M ~ C ~ M ~ ) I  [BPh1(8). 

After 2 h the two carbonyl bands became equally intense 
and the spectrum did not alter over the following 6 h, 
suggesting the reaction had gone to completion. 

A 2-equiv amount of both CNBut and P(0Me)a reacts 
with 1 in CH2C12 at room temperature to afford [W- 
(CNBut)z(S2CNC4H8)(q2-MeC2Me)~I [BPhI (7) and [W- 
( C O ) ( P ( O M ~ ) ~ ~ Z ( S ~ C N C ~ H ~ ) ( ~ ~ - M ~ C Z M ~ ) I  [BPhI (81, re- 
spectively. Complexes 6-8 have all been characterized by 
elemental analysis (Table I), IR (Table 111, and lH and, 
for 6 and 7, 13C NMR spectroscopy (Tables I11 and IV). 
It is interesting to note that reaction of 1 with 2 equiv of 
CNBut gave the product [W(CNBut)z(SzCNC4Hs)(qz- 
MeCzMe)2] [BPhI via displacement of acetonitrile and 
carbon monoxide ligands, which is in contrast to reaction 
with 2 P(OMe)3, which gives the product [W(CO)- 
{P(OM~)~)~(S~CNC~HE) (q2-MeCzMe)l [BPhl by displace- 
ment of acetonitrile and a but-2-yne group. The 'H NMR 
spectrum for 7 shows a broad triplet (due to second-order 
effects) for the NCHz protons of the pyrrolidine ring, a 
single but-2-yne methyl resonance at 6 2.88 ppm, and a 
quintet at 6 1.86 (JH-H = 3.2 Hz) for the other protons 
(CHz) in the pyrrolidine ring. These results suggest the 
most likely structure for 7 is the symmetric structure shown 
in Figure 4 with trans-CNBut groups. The l3C NMR 
spectrum ahowe the expected features for the symmetrical 
structure displayed in Figure 4. The single alkyne contact 
carbon resonance at 6 169.71 suggests17 both the but-2- 

r 
1 I"' I 

L P(OHe), J 
Figure 5. Proposed structure for[W(CO)(P(OMe)&- 
(S2CNC4H8)(s2-MeC2Me)1 [BPLI (8). 
yne ligands are donating a total of six electrons to the 
metal, which allows 7 to obey the effective atomic number 
rule. Reactions of 1 with 3 equiv of CNBut in refluxing 
CHzClz gave only 7 and unreacted CNBut. 

The blue complex [W(CO)(P(OM~)~)Z(SZCNC~H~)(~~- 
MeCzMeIl [BPh41 has, as expected, one carbonyl band in 
the IR spectrum at 1958 cm-l. It also shows a but-2-yne 
stretching band at v ( C 4 )  1830 cm-l (i.e. lower than that 
of "freew but-a-yne, due to back-donation of electron 
density from filled metal orbitals into empty ?r* orbitals 
on the but-2-yne ligand). The simple triplet 'H NMR 
spectrum of 8 for the methyl groups of the two P(OMe)3 
ligands suggests a trans-phosphite structure as shown in 
Figure 5. Templeton and co-workers18 have shown by 
X-ray crystallography that the bis(phosphine) complex 
[MoBr2(CO)(PEt3)2(q2-PhCzH)1 has a trans-phosphine 
structure, and the steric bulk of the P(OMe13 ligands 
suggests the structure shown in Figure 5. 

Reactions of [ W(C0) (NCMe)(S2CNC4H8)(q2- 
MeC2Me)2][BPh4] (1) with 1 Equiv of Neutral Bi- 
dentate Ligands. Reaction of equimolar quantities of 1 
with L% (L% = PhzP(CHz),,PPhz (n = 1-61, [Fe(qs- 
C ~ H ~ P P ~ Z ) ~ ] ,  2,2'-bpy, 1,lO-phen) gave reaeonable yields 
of the highly colored acetonitrile- and but-2-yne-displaced 
products [W (CO) (SZCNC~HB) (L-1 (q2-MeCzMe) 1- 
[BPh] (9-17). Thereactionof 2,2'-bpywithan equimolar 
amount of [W(CO)(NCM~)(SZCX)(~~-M~CZM~)ZI [BPhl 
(X = NMe2, NEh, N(CHzPh)z, OEt) gave the new 
complexes [ W (CO) (SzCX) (2,2'-bpy) (q2-MeC2Me)l [BP41 
(18-21). The complexes 9-21 were characterized by 
elemental analyses (C, H, and N; Table I), infrared 
spectroscopy (Table 11), 1H NMR (Table 1111, and in 
selected cases 13C NMR spectroscopy (Table 
IV). The compound [W(CO)(SzCNC4Hd( [Fe(q5- 
C~H~PP~Z)ZI)(~Z-M~C~M~)I [BPh4lCH2C12 (15) was con- 
firmed as a CHZC12 solvate by repeated elemental analysis 
and lH NMR spectroscopy. Compound 11 has also been 
studied by variable-temperature 'H NMR spectroscopy. 
The compounds 9-21 are all soluble in CH2C12, NCMe, 
and OC(Me)2 but insoluble in EhO and hydrocarbon 
solvents. The complexes are stable in the solid state when 
stored under nitrogen for prolonged periods of time; 
however, they slowly decompose when exposed to air in 
solution. It should be noted that we have previously 
reported the synthesis of [W (CO)(NCMe)(SzCNC4Hs)- 

MeC~Me)z][BF41l~ and described its reactions with 2-i (L% = Ph2P(CHz),PPhz ( n  = 1, 2),PhzP(CH2)2- 
PPh(CHz)zPPh2,2,2'-bpy, 1,lO-phen, 5,6-Mez-l,lO-phen, 
SzCPCy3) to  give [W(CO)(S2CNC4H8)(LZ)(sZ- 

(18) Wineton, P. B.; Burgmayer, S. J. N.; Tonker, T. L.; Templeton, 

(19) Baker, P. K.; Flower, K. R.; Harman, M. E.; Humthouse, M. B. 
J. L. Organometallics 1986,5, 1707. 

J .  Chem. SOC., Dalton Trans. 1990, 3169. 
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Figure 6. Structure for [W(CO)(SzCNC4Hd(PhzP- 
(CH2)PPhz)(q2-MeCzMe)I [BFd. 

CN- 

Figure 7. Proposed structure for the complexes [W(CO)- 
(SZCNC~HH~)(P~ZP(CHZ)~P~~)(~~~-M~CZM~)~ [BPhI (n = 4-6; 
12-14). 

MeC2Me)l [BFrl. The [BFJ complex is very much less 
stable compared to the [BPhI- compound 1 described 
herein; however, the X-ray crystal structure of the dppm 
compound [W(CO)(S~CNC~H~)(~PP~)(~~~-M~C~M~)~ [BFJ 
was determined and has the geometry shown in Figure 6. 
Hence, the geometries of 9-11 and 16-21 are likely to be 
similar; however, it is interesting to note that the color of 
[W(CO)(S2CNC4H8)(Ph2P(CHz),PPhzJ(rl2-MeC2Me)1- 
[BPhJ (n = 1-3; 9-11) is red whereas for n = 4-6 
(complexes 12-14) the color is blue. It may be that the 
sterically more crowded (n = 4-6) complexes undergo a 
trigonal-twist rearrangement to give the geometry shown 
in Figure 7. The 'H NMR spectra for 9-21 all show the 
expected features for the geometries proposed in Figures 
6 and 7. The but-2-yne methyl resonances for compounds 
9-11 and 16-21 all show a single methyl group resonance 
which suggests the coordinated but-2-yne is undergoing 
rapid propeller-like rotation at room temperature. Vari- 
ble-temperature lH NMR spectroscopy was carried out 
on complex 11, and the barrier to but-2-yne rotation was 
calculated using the Gutowsky-Holm equation20 The free 

(20) (a) Gutowsky, H. S.; Holm, C. H. J. Chem. Phys. 1966,25,1228. 
(b) Allerhand, A.; Gutowsky, H. 5.; Jones, J.; Meinzer, R. A. J.  Am. Chem. 
SOC. 1966,88, 3185. 

1 a 3 

II 

Figure 8. Graph of calculated barriers to but-2-yne rotation 
versus the number of CH2 groups in the coordinated bidentate 
phosphines Ph2P(CH2)nPPh2 (n  = 1-3) for the cations 
[ W ( C O ) ( S ~ C N C ~ E ) ( P ~ Z P ( C H ~ ) , P P ~ Z ~ ( ~ ~ ~ - M ~ C ~ M ~ ) I + .  

energy (AG') was calculated to be 62.8 kJ mol-' (i1.0 kJ 
mol-') (Av = 27.5 Hz, Tc = 298 K). The barriers to but- 
2-yne rotation of the tetrafluoroborate compounds 
[W(CO)(S2CNC4Hd{Ph2P(CH2).PPh~)(q2-MeC2Me)l- 
[BFJ (n = 1,2) have been previously calculated'9 to be 
49.9 (n = 1) and 56.6 (n = 2) kJ mol-'. A graph of the 
calculated barrier to but-2-yne rotation versus the number 
of CH2 groups is shown in Figure 8. The barrier to rotation 
increases in a linear manner with increasing "n". This 
might be expected from steric effecte, since the addition 
of extra methylene groups wil l  increase steric constraints 
for rotation of the but-2-yne ligand. 

The I3C NMR spectra for complexes 9-21 show alkyne 
contact carbon resonances above 200 ppm, which indicate" 
the coordinated but-2-yne is donating four electrons to 
the tungsten in these compounds. 
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