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Synthesis, Characterization, and Substitution Chemistry of [BuN]2[W sClg(OSO,CF3)g]. A
Versatile Precursor for Axially Substituted Clusters Containing the {W¢Clg}4t Core
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The new cluster [ByN]2[WsCls(OSOQ,CRs)e] (1) has been prepared and structurally characterized. This material
is an effective precursor for the generation of cluster ions with the general formgtald\y]" (L = CI~, Br,

17, NCS", NCO ", NCSe, and G=PPh; n = 2— or 4+). The last three clusters are new. The products have been
characterized by IR spectroscopy, NMR spectroscopy, and FAB mass spectrometry. In additidre foroducts
[BusN]2[WeClg(NCS)] (5) and [BuN]2[WeClg(NCO)] (7) were structurally characterized. Crystal data for
space groupR2:/c (No. 14);a = 11.116(5) A;b = 27.952(1) A;c = 24.516(1) A;3 = 95.182(93; V = 7586.3-

(5) A3 Z = 4. Crystal data foi5: space groupP2y/n (No. 14);a = 11.3323(9) A;b = 12.3404(9) A;c =
44.583(3) A;8 = 97.089(13; V = 6187.1(7) &R; Z = 4. Crystal data for7: space groupP1 (No. 2); a =
11.8009(8) A;b = 11.9332(8) A;c = 11.9522(8) A;o. = 77.904(1}; B = 95.182(9Y; y = 62.574(1); V =
1450.52) B, z = 1.

Introduction (trifluoromethanesulfonate, OSOR3)27~3C at these positions.
While the substitution chemistry of the clusters [M@Yg]"™

The chemistry of early d-block transition metal clusters g peen studied in great detail, that of the clusterg@¥e]™
[MeXsYe]"™ and [MeX12Y¢]"~ exhibit interesting electrochemical 4 [MeX12Ye]™ (M = Nb, Ta) is less developéd.

and photophysical propertiés!! Interest in group 6 metal ) o o7

clusters and their coordination chemistry has resulted due to The;nilsde clusters [MQIS(OSQCE)Q?O ' [TagCliA0SQ-

their relation to the superconducting Chevrel phd8és:16 CF3)e]*",*® and [NCl1(OSOLCFs)e]* *” have been prepared
These clusters consist of a substitution-inert inner EiteXg} ™ and charactenzgd, and th(_alr substitution chemistry has been
(M = Mo, W) or {MeX15}™ (M = Nb, Ta) surrounded by six explorec?®31The lightly coordinated tungsten cIusterMOSQ— _
axial ligands. The axial ligands are somewhat more labile than CF3)el”” serves as a useful precursor for substituted species
the core ligands, and their substitution chemistry has been acontaining the{Welg} " core®> We now report the synthesis,
focus of recent researéiThe substitutional lability of the axial ~ Structure, and substitution chemistry of the clustesQi(OSO-
positions can be enhanced by the introduction of weakly CFs)el®”, which is easily prepared from the all-chloro cluster

coordinated ligands such as acetonitHlerifluoroacetaté? [WeClsCle]*, is soluble in noncoordinating solvents such as
nitrate19-21 tetrafluoroboratd?22-25 alcohols?® and triflate CHCl,, and undergoes facile axial ligand substitution to yield
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1985 57, 112-119. (20) Bublitz, D.; Preetz, W.; Simsek, M. K. Anorg. Allg. Chem1997,
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(5) Maverick, A. W.; Gray, H. BJ. Am. Chem. So0d.981, 103 1298~ (22) Harder, K.; Peters, G.; Preetz, \&.. Anorg. Allg. Chem1991, 59¢
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Gray, H. B.J. Am. Chem. S0d.983 105 1878-1882. Alloys Compd1992 183 413-429.
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clusters containing halides and pseudohalides in the axial analogous procedure, using KNCSe (0.069 g, 0.479 mmol1 40468

positions, as well as the neutral ligand triphenylphosphine oxide.

Experimental Section

Instrumentation. IR spectra were obtained using a Bomem MB-
100 FTIR spectrometer with 2 crhresolution on samples as Nujol
mulls sandwiched KBr plates or in solutions using gaélution cells

g, 0.0608 mmol) to yield 0.062 g (41%). Anal. Calcd fogsld7o-
ClgNgSsWse (5): C, 20.56; H, 3.27; N, 5.05. Found: C, 20.63; H, 3.19;
N, 4.89. Anal. Calcd for gH7-.ClsNsSeWs (6): C, 18.24; H, 2.90; N,
4.48. Found: C, 17.45; H, 2.77; N, 4.39.

Synthesis of [BuN]2[WClg(NCO)g] (7). A solution of NaNCO
(0.028 g, 0.431 mmol) in 8 mL of methanol was prepared. Compound
1 (0.127 g, 0.0459 mmol) was weighed in the glovebox and then

having a 0.1 mm path length. Mass spectra were obtained at the dissolved in 2 mL of methanol with stirring. The NaNCO solution was

Nebraska Center for Mass Spectrometry or the Analytical Services
Laboratory at Northwestern University. Elemental analyses were
performed by Midwest Microlab43C NMR were recorded at 75.4 MHz
using a Varian VXR-300 spectrometer and were internally referenced
to solvent resonance&'P NMR spectra were recorded at 121 MHz

added via syringe, resulting in the formation of a pale yellow precipitate.
The solution was immediately filtered, and the precipitate was washed
with 2 x 2 mL of methanol. The solids were discarded, and the
methanol was removed in vacuo, resulting in a dark yellow oily solid.
This material was dissolved in 3 mL of GEl,, and the solution was

using a Gemini 300 spectrometer and were referenced to external 85%filtered and then layered with 6 mL of diethyl ether. The resulting

H3POu.
Materials. All manipulations were carried out under an inert

lemon-yellow solid was isolated by filtration and dried in vacuo to
yield 0.036 g (37%). This procedure was carried out rapidly due to the

atmosphere of nitrogen using standard Schlenk, syringe, and gloveboxrapid decomposition oflL in methanol. Anal. Calcd for £H7-

techniques® The W(lI) cluster (HO)[WClsClg](OH2), was prepared
by a literature rout¢ and was converted to its tetrabutylammonium

salt by metathesis with excess tetrabutylammonium chloride in ethanol.

The [BwN] ™ salt was precipitated and isolated by filtration and dried
in vacuo overnight. Bis(triphenylphosphine)iminium ([PPNjand
benzyltrimethylammonium ([BzM#]*) salts of the cluster were

ClgNgOeWs: C, 21.49; H, 3.42; N, 5.28. Found: C, 21.49; H, 3.41; N,
5.27.

Synthesis of [WClg(O=PPhs)s][OSO.CF3]4 (8). Compound1
(0.077 g, 0.0280 mmol) was weighed in the glovebox and dissolved in
8 mL of CH,Cl,. Triphenylphosphine oxide (0.032 g, 0.115 mmol) was
dissolved in 5 mL of CHCI, and was added via syringe o The

prepared in an analogous manner. All regents were used as receivedolution was stirred for 2 h, and the volume of the solution was then

from Aldrich unless otherwise stated. Solvents were dried according
to standard procedures and freshly distilled before use.

Synthesis of [BuN][W ¢Clg(OSOCF3)g] (1). The cluster [BulN]J[We-
ClsClg] (2) (1.66 g, 0.797 mmol) was dissolved in 350 mL of &Hp,
and the solution was transferred via syringe to a flask containing silver
trifluoromethanesulfonate (1.57 g, 6.11 mmol). The resulting slurry was
stirred in the absence of light for 4 h. The precipitated AgCl was
removed by filtration through a medium-porosity glass frit containing
Celite as a filtration aid. The yellow filtrate was concentrated to
approximately 20 mL, and 100 mL of diethyl ether was layered onto
the CHCI,, resulting in the formation of bright yellow crystals of
The product was isolated by filtration, was washed witk 20 mL of
diethyl ether, and dried in vacuo to yield 1.78 g (81%).0oThe product
was stored under a JMNatmosphere. Anal. Calcd for 3§,
ClgF1gN20158S5We: C, 16.50; H, 2.62; N, 1.01. Found: C, 16.25; H,
2.49; N, 1.03.

Synthesis of [BuN],[WClgXe] (X = CI~ (2), Br~ (3), I~ (4)). A
7-fold excess of the tetrabutylammonium salt of the anionJ\gX
(X =CI7, Br,or ") and1 (0.100 g, 0.0362 mmol) were weighed in
the glovebox, combined, and dissolved in 8 mL of CH. The solution
was stirred for 2 h, concentrated under vacuum to approximately 2
mL, and layered with diethyl ether (5 mL). The resulting solids were
isolated by filtration, washed with 8 3 mL of diethyl ether, and then
dried in vacuo. Yield: for X= Cl~, 72%; for X= Br—, 66%; for X=
I~, 85%. Anal. Calcd for gH7:BreClsN,W5s (3): C, 16.35; H, 3.09;

N, 1.19. Found: C, 16.54; H, 3.18; N, 1.16. Anal. Calcd fopHG -
ClglgN2Ws (4): C, 14.60; H, 2.76; N, 1.06. Found: C, 14.24; H, 2.59;
N, 0.97.

Synthesis of [BuN][WsClg(NCS)] (5) and [BusN][WeCls-
(NCSe}] (6). A solution of KSCN (0.081 g, 0.832 mmol) in 5 mL of
methanol was prepared. Compouhd0.213 g, 0.0770 mmol) was
weighed in the glovebox and dissolved in 3 mL of methanol with
stirring. The KSCN solution was added via syringe, resulting in the
formation of a brown/yellow precipitate. The mixture was immediately
filtered, and the solids were washed withx25 mL of methanol. The
dark brown filtrate was discarded, the precipitate was dissolved in 5
mL of CH,Cl,, and the solution was filtered. The filtrate was reduced
to approximately 2 mL and then layered with 5 mL of diethyl ether.
The resulting lemon-yellow precipitate was isolated by filtration, washed
with 2 x 5 mL diethyl ether, and dried in vacuo to yield 0.072 g (42%).
Since 1 rapidly decomposes in methanol, this procedure was carried
out rapidly to maximize the yield. Clustes was prepared by an

(33) Shriver, D. F.; Drezdzon, M. AThe Manipulation of Air Sensité
Compounds2nd ed.; John Wiley & Sons: New York, 1986.
(34) Dorman, W. C.; McCarley, R. Bnorg. Chem.1974 13, 491-493.

reduced in vacuo to approximately 2 mL. Diethyl ether (5 mL) was
layered onto the CkCl, solution. The resulting pale yellow solid was
isolated by filtration, washed with 8 5 mL of diethyl ether, and dried

in vacuo to yield 0.054 g (53%). Anal. Calcd for1&@Hso
C|3F12013PGS4W6: C, 36.83; H, 2.40. Found: C, 35.76; H, 2.37.

Crystal Structures of [BusN]o[WeClg(OSO.CF3)e] (1), [BusN]2-
WClg(NCS)] (5), and [BusN][WeClg(NCO)s (7). Yellow crystals
of [BU4N]2[WGC|8(OSQCF3)6] (l), [BU4N]2[\NGC|3(NCS)3] (5), and
[BusN]o[WeClg(NCO)] (7) were grown by slow diffusion of diethyl
ether into a CHCl, solution of the cluster. A crystal measuring 0.12
x 0.10 x 0.03 mm (), 0.50 x 0.10 x 0.03 mm 6), or 0.09x 0.10
x 0.01 mm {) was mounted on a glass fiber using Paratone-N oil
(Exxon) and was transferred to the &bld stream{120°C) of Bruker
CCD diffractometer. All measurements were made with graphite-
monochromated Mo ¥ radiation. A set of 25 reflections was used to
determine the cell constants. Fioy on the basis of the systematic
absences dfi Ol (| =2n+ 1) and Ok 0 (k = 2n £ 1) and successful
solution and refinement of the structure, the space group was determined
to beP2;/c (No. 14). Data were collected at120 °C to a maximum
26 value of 56.8, in 0.25 oscillations with 20.0 s exposure times. A
total of 47 305 reflections were collected of which 18 197 were unique
(Rnt = 0.078). The data were corrected for Lorentz and polarization
effects. An empirical absorption correction (SADABS-NT) was applied,
resulting in transmission factors ranging from 0.29 to 0.81.

For 5, on the basis of the systematic absences @f (h + | = 2n)
and Ok O (k = 2n) and successful solution and refinement of the
structure, the space group was determined t®h¢én (No. 14). Data
were collected at-120°C to a maximum 2 value of 56.7, in 0.3C°
oscillations with 15.0 s exposure times. A total of 57 230 reflections
were collected of which 15 567 were uniqugn(= 0.135). The data
were corrected for Lorentz and polarization effects. An analytical face-
indexed absorption correction was applied (Bruker ShelXTL-NT),
resulting in transmission factors ranging from 0.0995 to 0.7241.

For 7, by successful solution and refinement of the structure, the
space group was determined to P& (No. 2). Data were collected at
—120°C to a maximum 2 value of 56.7, in 0.3C oscillations with
20.0 s exposure times. A total of 13 447 reflections were collected of
which 6732 were uniqueR,; = 0.049). The data were corrected for
Lorentz and polarization effects. An analytical face-indexed absorption
correction was applied (Bruker ShelXTL-NT), resulting in transmission
factors ranging from 0.3425 to 0.8978.

All calculations were carried out using the teXsan crystallographic
software package (Molecular Structure CorporatiSjhe structures

(35) Texsan, Crystal Structure Analysis Packadéolecular Structure
Corporation: The Woodlands, TX, 1985 and 1992.
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Figure 1. ORTEP diagram of the cluster anion of [B{[WCls(OSO,CFs)¢] (1). Thermal ellipsoids are drawn at 50% probability.

Table 1. Infrared Spectra and Assignmehtsd For5, atoms on the cluster dianion and the nitrogen atoms of the cations
[BusN]2[WeClg(OSOCR)e] (1) and [BuN]2[MosCls(OSO.CRs)q] (9) were refined anisotropically, while all other atoms were refined
in Nujol Mull and Solid NaOS@CF; (in cm™?) isotropically. Disordered carbon atoms in the cations were refined with
species vadSO)°  v(CF) vadCF3) v4(SOy) group isotropic thermal parameters. Hydrogen atoms were included in
idealized positions but not refined on the ordered cation. The final cycle
[BUaN]o[WeCls(OSQLF)e] of full-matrix least squares refinement di was based on 7395
Nujol mull 1346 1237 1160 988 observed reflections and 865 variable parameters and converged (largest
llii’SZ(sh) parameter shift was 0.015 .times. its esd) taRawvelue of 0.043 Ry, =
CH,Cl» 1349,1200 1235 1165 997 0.086) for1, Wh_lle for 7 this refl_nement orF2 was based on 3425
[BusN]2[MosClg(OSOCR)s] 1343 1234 1162 990 observed reflections and 298 variable parameters and converged (largest
1199, parameter shift was 0.000 times its esd) toRavalue of 0.042 R, =
1181(sh) 0.053). Forb5, this refinement onF? was based on 4109 observed
NaOSQCFP 1280 1232 1168 1036 reflections and 447 variable parameters and converged (largest param-

2 Assignments from Buerger, H.. Burczyk, K. Blaschette, A eter shift was 0.01_ times its esd)_ to Bwalue of 0.057R, = 0.114).
Montash. Chem197q 101, 102.° Miles, M. G.: Doyle, G.; Cooney, (T)%% ?;)arfﬁgvg?vrﬁuons ﬁf a unit We'%ht o 1.1% %.'39 (f)’t.atr.‘d g
R. P.; Tobias, R. SSpectrochim. Acta969 25, 1515.¢ This degenerate - ; eighting schemes E/ere ased on counting statistics and,
stretching mode splits upon coordination in the case ol, included a factorg{ = 0.004) to downweight the intense

' reflections. Plots ofyw(|Fo| — |F¢|)? versus|F,|, reflection order in
were solved using direct methéfisand expanded using Fourier data collection, sind/A, and various classes of indices showed no
techniques? Neutral atom scattering factors were taken from Comer unusual trends. The maximum and minimum peaks on the final
and Wabef® Anomalous dispersion effects were includedFig.*° difference Fourier map respectively corresponded to 2.42-ah85
The values forAf' and Af"" were those of Creagh and McAuléy. e /A3 for 1, 2.96 and—1.37 e/A3for 5, 1.21 and—0.84 e/A3 for 7.

The values for the mass attenuation coefficients were those of CreaghThese were in all cases located in the vicinity of the tungsten positions.
and Hubbelf!

For 1 and7, the non-hydrogen atoms were refined anisotropically. Results and Discussion
Hydrogen atoms were included in idealized positions but not refined.

The triflate cluster [BuN][WeClg(OSGCFs)g] (1) has been
(36) Sheldrick, G. M. SHELXS86. IrCrystallographic Computing ;3 prepared from the all-chloro cluster [BN][WgClsClg] (2) in

Sheldrick, G. M., Kruger, C., Goddard, R., Eds.; Oxford University ; ; ; ; ; ; .
Press: Oxford, 1985; pp 17589, high yield by chloride abstraction at all six axial positions. The

(37) DIRDIF92: Beurskens, P. T.; Admiral, G.; Beurskens, G.; Bosman, IR spectrum ofl in Nujol closely resembles that of [BN]2[Moe-
W. P.; Garcia-Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla, Clg(OSG:CFs)¢] (9) (Table 1)?” The strong sulfuroxygen
C. The DIRDIF program system: Direct methods for difference  giretching bands provide a method of monitoring the coordina-

structure factors Technical Report of the Crystallography Labora- . . .
tor;: bniversitysof Nijmlgegen,pThe Nethe”a%d& 1892'? Y tion of the triflate ligand to the cluster. The symmetry of the

(38) Cromer, D. T.; Waber, J. Tnternational Tables for X-Ray Crystal- triflate anion is reduced frons, to Cs, upon coordination to
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV.  the cluster. This results in the splitting of the degener&te (

(39) Ibers, J. A.; Hamilton, W. CActa Crystallogr.1964 17, 781. . .
(40) Creagh, D. C.; McAuley, W. Jinternational Tables for X-Ray symmetry) asymmetric SOstretch found at 1280 cm in

Crystallography Kluwer Academic Publishers: Boston, 1992; Vol. NaOSQCFs*2 into two bands at 1347 and 1197 chfor 1 in
c a Nujol mull. The symmetric S¢stretch inl has been lowered

(41) C'reagh, D. C.; Hubbell, J. Hinternational Tables for X-Ray
Crystallography Kluwer Academic Publishers: Boston, 1992; Vol.
C Table 2.3.4.3, pp 206206. (42) Johnston, D. H.; Shriver, D. forg. Chem.1993 32, 1045-1047.
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Table 2. Crystallographic Data for [BIN]o[WeCls(OSQCFRs)g] (1), [BUsN][WeClg(NCS)] (5), and [BuN][WeClg(NCO)] (7)

1 5 7
empirical formula 63H72C|3F13N201355W5 C33H72C|3N385W6 C38H72C|8N806W6
formula weight 2766.04 2220.12 2123.76
crystal system monoclinic monoclinic _triclinic
space group R& (#14) P2/n (#14) P1(#2)

a A 11.116(5) 11.3323(9) 11.8009(8)
b, A 27.952(13) 12.3404(9) 11.9332(8)
c, A 24.516(11) 44.583(3) 11.9522(8)
o 77.9040(10)
B, deg 95.182(9) 97.089(1) 78.4990(10)
y 62.5740(10)
v, A3 7586.3(5) 6187.1(7) 1450.5(2)
z 4 4 1
Pealca glCn® 2.422 2.383 2.431
u, cm (Mo Ka) 96.19 117.05 122.75
radiation Mo Koo Mo Ko Mo Kau

(A =0.71069 A) 4 =0.71069 A) £ =0.71069 A)
T,°C —120 —120 —120
R(F)2 0.043 0.057 0.042
Ru(F)® 0.086 0.114 0.051

*R(F) = [ZI(IFol = [FDI/ZIFol]. ® Ra(F) = [IW(IFel — [Fe)7IWIFelTM2 w = 4Fo*(F?).
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Figure 2. ORTEP diagram of the cluster anion of [B[WsCls(NCS)] (5). Thermal ellipsoids are drawn at 50% probability.

in energy from 1036 cm' in NaOSQCF; to 988 cntl. length is 2.606 A, and the average V&I bond length is 2.504
Additional bands observed in the IR spectra.af Nujol mull, A. Both of these values are comparable with those of other
such as the shoulder at 1182 chlikely result from different octahedral tungsten clusters containing face-capping chloride
environments experienced by the triflate ligand. Both the ligands?43-46 The average WO distance of 2.113 A is similar
asymmetric and symmetric 3®ands appear at energies nearly to the Mo-0O distance ird,?” as well as other complexes with
identical to that of9. The IR spectrum ofl in CH,Cl, also a triflate ligand coordinated to a transition metal through one

closely resembles that & (Table 1).
. . . . (43) Mattes, RZ. Anorg. Allg. Chem1968 357, 30—42.
An ORTEP diagram of the cluster anion bfis shown in (44) Saito, T.; Manabe, H.: Yamagata, T.; Imoto, IHorg. Chem.1987,
Figure 1, crystallographic data are summarized in Table 2, and 26, 1362-1365. .
selected bond distances and angles are summarized in Table 345) Healy, P. C.; Kepert, D. L.; Taylor, D.; White, A. H. Chem. Soc.,
a Dalton Trans.1973 646-650.
The structure of the cluster cof&VeClg} 4+ resembles that of (46) Stallmann, M.; Preetz, WZ. Anorg. Allg. Chem1999 625, 567—

similar clusters previously reported. The average W bond 571.
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Table 3. Selected Bond Distances and Angles for
[BU4N2]2[VV6C|8(OSQCF3)5] (1)

Weinert et al.

Table 4. FAB Mass Spectrometry Data for the Metal Clust&rs9
and Their lon Pairs

W(1)-W(2) 2.609(1) W(3)-CI(3) 2.509(5)
W(1)-W(3) 2.609(2) W(3)-Cl(6) 2.494(4)
W(1)-W(5) 2.609(1) W(3)-CI(8) 2.517(5)
W(1)—W(6) 2.612(1) W(4)-CI(3) 2.503(5)
W(2)-W(3) 2.599(2) W(4Y-CI(4) 2.498(5)
W(2)—W(4) 2.607(2) W(4)-CI(7) 2.490(5)
W(2)-W(6) 2.606(2) W(4)-CI(8) 2.515(5)
W(3)-W(4) 2.605(1) W(5)-CI(3) 2.512(4)
W(3)-W(5) 2.601(2) W(5)-Cl(4) 2.504(5)
W(4)-W(5) 2.612(1) W(5)-CI(5) 2.511(5)
W(4)-W(6) 2.610(2) W(5)-CI(6) 2.481(5)
W(5)—W(6) 2.600(2) W(6)-CI(1) 2.511(5)
w(1)—Cl(1) 2.500(5) W(6)-Cl(4) 2.533(5)
W(1)—CI(2) 2.504(5) W(6)-CI(5) 2.515(4)
W(1)—CI(5) 2.499(5) W(6)-CI(7) 2.488(5)
W(1)—CI(6) 2.483(5) W(1}-0(1) 2.12(1)
W(2)—CI(1) 2.503(5) W(2)-0(4) 2.12(1)
W(2)—CI(2) 2.502(5) W(3}-0(7) 2.12(1)
W(2)—CI(7) 2.495(5) W(4)-0(10) 2.11(1)
W(2)—CI(8) 2.504(5) W(5)-0(13) 2.11(1)
W(3)—CI(2) 2.515(5) W(6-0(16) 2.07(1)

W(1)-O(1)-S(1) 138.3(7) W(4YO(10)-S(4)  138.4(8)

W(2)-0(4)-S(2) 137.0(8) W(5)0(13)-S(5)  133.9(7)

W(3)-0(7)-S(3) 133.1(7) W(6}O(16)-S(6)  137.3(7)

oxygen atont’/ The W—W—W bond angles are very close to
the expected values of 6@nd 90. In contrast to the structures
of [BzMe3N]2[MoeCls(OSQCFs)g],?” [BuaN]2[TasCliOSO-
CRs)6],2° and [BwuN]3[NbsCl12(OSQ.CRs)q], % there is no dis-
order for the triflate ligands in compourid The triflate ligands
in the cluster [PEP][Welg(OSOG,CFs)g] were not reported to
be disordered?

The triflate clusterl is an effective precursor for the
preparation of clusters with variety of axial ligands. The clusters
2—8 have been prepared froin Yields for clusters with halides
in the axial positions are relatively high, while those with
pseudohalides in the axial positions are significantly lower,
becausel is unstable in alcoholic solvents, which limits its
substitution chemistry relative to that 6f The molybdenum
triflate cluster has been converted to,M40sClg(OMe)s] (10),2”
which has been used in reactions with Bronsted acids HA to
provide a variety of substitution produdfs.However, all
attempts to prepare the tungsten analogud®fesulted in
intractable products.

Cluster1l decomposes more readily in reactions with basic

mass (highest intensity) g

species calcd obs intensR, %
[BusN][W 6Clg(OSO:CFs)s] 2523 2521  1.00 3.52
[WeClg(OSOCFs)e] ™ 2281 2282  0.45 254
[WeClg(OSOCRs)s)~ 2132 2131 050 2.97
[BusN]J[W ClsClg] - 1841 1841  0.20 1.25
[W¢ClsClg] ~ 1599 1599  1.00 1.36
[WClgCls] - 1564 1564  0.53 1.87
[BuaN][W 6ClgBre] - 2108 2106  0.40 3.88
[W¢ClgBre] - 1866 1866  1.00 1.52
[W¢ClgBrs] - 1786 1786  0.58 1.63
[WeClgle] 2148 2148  1.00 2.41
[WeClgls] 2018 2020  0.93 5.07
[BUusN]J[W 6Clg(NCS)]~ 1977 1977  1.00 2.38
[WeClg(NCS)] 1735 1735  0.74 2.11
[WeCls(NCS)] 1677 1677  0.23 4.71
[BusN]J[W Clg(NCSe)]~ 2259 2260  1.00 4.95
[WiClg(NCSe)] 2016 2016  0.68 1.72
[W¢Cls(NCSe)]~ 1912 1912  0.31 5.41
[BuaN]J[W 6Clg(NCO)] - 1881 1881  1.00 1.26
[WClg(NCO)s)~ 1639 1640  0.63 3.29
[W¢Clg(NCO)s)~ 1597 1596  0.32 3.85
[WeClg(O=PPh)3][OSO.CRs" 2669 2673  1.00 6.52

Table 5. Characteristic IR Frequencies for fiMgLe]", n = 2—
or 4+*

species infrared band, crh  assignment
[BU4N]2[\N5C|B(NCO)5] 2217 ’V(CN)
[BuaN]o[WeClg(NCS)] 2047 v(CN)
[BusN]o[WeClg(NCSe)] 2042 v(CN)
[WeClg(O=PPHh)e][OSO,CF]4 1063 v(PO)
2|n CH2C|2

envelopes. This provide a measure of the fit of the observed
mass envelope to a theoretical one, andRafactor less than
5% corresponds to an excellent fit.

Several of the products obtained frdnmave IR bands which
shift upon coordination of the ligand, as summarized in Table
5. The triphenylphosphine oxide complé&has av(P=0)
stretching band at 1063 crh which is shifted to lower energy
relative to thev(P=0) band at 1189 cni of free triphenylphos-
phine oxide. They(CN) band of the thiocyanate clustBris
lowered in energy relative to free thiocyanate, from 2053 &m
in KSCN to 2047 cm?! in 5, which can be attributed to
N-bonding of the ligand to tungstéf The v(CN) band in6 is

ligands, such as acetate, azide, and methoxide, than in reactionglso shifts from 2072 cmt in KNCSe to 2042 cm! in 6,
with less basic ligands, such as cyanate, thiocyanate, andindicating that the selenocyanate ligand is also bound to tungsten

selenocyanate. Reaction bfvith tetrabutylammonium acetate
in CH.Cl, or sodium azide in methanol resulted in intractable

through the nitrogen atom. The cyanate clustesxhibits an
increase in the energy of th€CN) band, from 2162 cri in

products. Because azide and acetate are the most strongly basiaNCO to 2217 cm! in the cluster, which is indicative of

anions that were reacted wiflj it appears that ligands with a
pKa value for their corresponding acid greater than ap-
proximately 4.5 cause decomposition bf

FAB mass spectrometry has been found to be useful in
determining the nature of the products derived from substitution
of the triflate ligands irl. FAB mass spectral data is summarized
in Table 4 for the clusterdl—8. The three highest mass

N-bonding, as observed in a variety of other cyanate com-
plexes°

To investigate the ligand disposition in clustérand7, X-ray
crystal structures were obtained. An ORTEP diagram for the
cluster anion ob is shown in Figure 2, a packing diagram is
shown in Figure 3, and an ORTEP diagram for the cluster anion
of 7is shown in Figure 4. Crystallographic data are summarized

envelopes are assigned to the parent ion plus one cation, thén Table 2, and selected bond lengths and angles are presented
parent ion, and the parent ion minus one ligand. The massin Tables 6 §) and 7 {). The structure of the anion &
envelope of the parent ion corresponds to the expected isotopicresembles that of [(BR)LN][WeClg(NCS)] (11).46 As indicated

distribution. TheR factor, which is analogous to the crystal-

by IR spectroscopy, all thiocyanate ligands Snare bound

lographicR factor, has been determined for the parent ion mass though the nitrogen atoms. The structure of{ié;Clg} ** core

(47) Lawrence, G. AChem. Re. 1986 86, 17—33.
(48) Prokopuk, N. Ph.D. Thesis, Northwestern University, Evanston, IL,
1998.

(49) Weissenhorn, R. &. Anorg. Allg. Chem1976 426, 159-172.
(50) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
dination Compounds3rd ed.; John Wiley & Sons: New York, 1978.
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Figure 4. ORTEP diagram of the cluster anion of [B{[WeCls-
(NCO)] (7).

Table 6. Bond Distances (in A) and Angles (in deg) for
[BU4N2]2[W6C|8(NCSH (5)

. : . W(1)—N(1 2.12(3 W(1y-N(1)—C(1 165.0(3
Figure 3. Packing diagram for [BiN]o[WeClg(NCS)] (5). W%Z%—NEZ% 2.098 WEZ?NEZ%—C%Z% 152_354;

W(3)—N(3) 2.15(3) W(3)-N(3)-C(3) 151.6(3)

in 5 very similar to that ofL1. However, the W-N bond lengths W(4)—N(4) 2.12(3) W(4%-N(4)—C(4) 172.7(2)
in 5 range from 2.09 to 2.15 A, with an average value of 2.12  W(5)-N(5) 2.14(3) W(5)-N(5)—C(5) 155.9(4)
A, which is slightly longer than the average-¥M bond length W(6)—N(6) 2.11(3) W(6)-N(6)—C(6) 160.3(4)
of 2.097 A reported fofll. The W—-N—C and N-C—S angles N(1)-C(1) 1.13(4) N(1)C(1)-S(1) 174.5(4)
of 5range from 151.6to 172.7 (average value= 159.6") and mg;:g% i‘gggg mg;g%:g% gg%ig
168.6 to 174.5 (average value= 172.7), respectively. While N(4)—C(4) 1.20(3) N(4)-C(4)-S(4) 173.5(3)
the W—N—C bonds in1l are nearly linear, with an average N(5)—C(5) 0.99(4) N(5)-C(5)—S(5) 168.6(4)
angle of 174.4, those of5 are more sharply bent. The bent N(6)—C(6) 1.00(4) N(6)-C(6)—S(6) 172.8(4)
W—N-—C angles irb may be induced by crystal packing forces ~ C(1)=S(1) 1.62(4)
exerted by the [BgN]™ cation, relative to the more rigid C(2-S(2) 1.73(4)
A C(3)-S(3) 1.64(4)
The structure o7 shows that the cyanate ligand is bound to  C(5)-S(5) 1.71(4)
the tungsten centers through the nitrogen atom. The cluster core C(6)—S(6) 1.77(5)

of 7 again resembles that of previously characterized ex- . ) )
amples24346 The W—N—C bonds in7 are bent with an average E-Balil ﬁi@fg?ﬁggg‘ ?7)D|stances (in A) and Angles (in deg) for

angle of 162.7, while the NCO ligand is neatrly linear, with

_ , W(1)-N(1)  2.104(9) W(1FN(1)-C(1)  157.5(8)
an average NC—O bond angle of 1773 The CN bonds irv WR)-NQ@)  2.129(8) WIND)—CR2)  162.6(9)
are short (average value 1.16 A), indicative of a triple CN W(3)-N(3) 2.102(8) W(EFN(3)-C(3) 168.1(9)
bond, which would be expected in this binding mode. The N(1)-C(1) 1.183(13) N(13-C(1)-0(1) 175.6(12)
bonding of the NCO ligand in 7 is identical to that in N(2)—C(2) 1.1145(12) N(2}C(2)-0(2) 178.3(14)

[BusN]2[M0gClg(NCO)], which was prepared by the reaction ~ N(3)—C(3) 1.150(10) N(3C(3)-0(@3) 177.9(14)
of [BusN]2[MogClgle] with AQNCO, where the ligands are bound C(1)-0(1) 1.203(13)
to molybdenum exclusively though the nitrogen atdm. 8%:8% %gégég

The13C and3P NMR chemical shift values of these species '
also vary between the free and coordinated ligands. f@e the 31P NMR spectrum of8 at 56.2 ppm, which is shifted
NMR in CD.Cl, spectra for the pseudohalide clustérs7 downfield from the 30.0 ppm resonance of free|PPh. The
contain singlets at 15%j, 181 @), and 140 {) ppm. These NMR spectra indicate a net deshielding of the carbon or
resonances are shifted downfield from those of the free ligands,phosphorus nuclei upon coordination of the ligands to the
which occur (in acetones) at 133 ppm for KSCN, 132 ppm  tungsten atoms, resulting from a removal of electron density

for NaNCO, and 120 ppm for KNCSe. A singlet is found in from the ligand by the cluster.
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