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Homoleptic Selenolates of Vanadium(ll), -(I11), and -(IV): Generation, Trapping, and
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Homoleptic selenolates of V(Il) and V(IV) are prepared by selenolysis of the amide ligands isSijpig.VSeSi-
(SiMes); with 2 equiv of HSeSi(SiMgs. The products were isolated by fractional crystallization from a mixture
of hexanes/HMDSO (HMDSG= hexamethyldisiloxane), which first gave a V(Il) selenolate of empirical
composition V[SeSi(SiMg3].(HMDSO}),,, followed by the more soluble monomeric V(IV) species, V[SeSi-
(SiMe3)3]s. These compounds are proposed to be the disproportionates of a V(IIl) precursor (i.e. “V[SeSi-
(SiMe3)3]3"). Room-temperature EPR spectra of the tetraselenolate exhibited an 8-line pattern typical of V(IV)
with giso = 1.92 andAis, = 65 G. Addition of 2 equiv of DMPE (DMPE= 1,2-bis(dimethylphosphino)ethane)

to the V(II) selenolate affordedrans(DMPE)LV[SeSi(SiMe&)s]. which has been characterized by X-ray
crystallography. “V[SeSi(SiMgs]s” can be generated in cold hexanes and trapped with Lewis bases to afford
the 4-coordinate adducts V[SeSi(Sijs(L) (L = pyridine, 2,6-dimethylphenylisocyanide). For=pyridine,
addition of styrene oxide resulted in a 2-electron oxidation and formation of diamagnetic OV[SeS)eRiMe
Reaction oft/; equiv of pyrazine with “V[SeSi(SiMgs3]s" gave the pyrazine-bridged diméV[SeSi(SiMe)s]s} o
(u-pyrazine) which was also crystallographically characterized.

Introduction diminished reactivity we observed for group 4 selenolates

The recent burgeoning interest in the study transition metal compared to tellurolates was ascribed primarily to_ steric effects
selenolates and tellurolafesan be atiributed to two main  Where, due to the smaller size of the chalcogen in the former,
factors. The first is to determine the viability of using metal  the bulky tris(trimethylsilyl)silyl substituents are closer to the
EX(SiMes); complexes (E= Se, Te; X= C, Si) as precursors  metal center, rendering it less prone to associative-type reactiv-
to solid-state metal chalcogenide® where specific insights  ity. To ease the steric constraint imposed by fotBeSi-
into the mechanism& 13 of these decomposition reactions may (SiMes)s ligands, we sought to extend this chemistry to three-
be useful in designing superior single-source precursors for coordinate species, in particular to compounds of the type
technologically important materials; the second relates to the V[SeSi(SiMe)s]s. We report here that although “V[SeSi-
ability of derivatives incorporating large EX(SiMes) ligands (SiMe3)3]3” can be generated in solution and trapped as various
to form stable, low-nuclearity complexes which may yield | ewis base adducts, at room temperature it decompog@é to
fgndamental ins.ights into the chemistry of compounds With [SeSi(SiMe)s]2}n and V[SeSi(SiMe)sla. While our previously
singlé' and multiplé* bonds between metals and the heavier reported synthesis of V[TeSi(SiMg] is analogous to that
chalcogens. . _ described here for the selenium analogue (i.e. from V(i#)),

Toward the Igttgr aim, we have syn;hesued compounds of evidence for disproportionation of V(Ill) in the tellurium case
the type M[ESIi(SiMej]s, where M= Ti, Zr, Hf, and have , - .
described their structures and reactivities in détailhe was p|rcumstant|al in that th? fate of the low-valent vaqadlum

species could not be determined. In the present case, isolation
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Experimental Section

General. Standard inert atmosphere glovebox and Schlenk-line
techniques were employed for all manipulations. All solvents were
predried ove 4 A molecular sieves and in the case of benzene-
hexanes, hexamethyldisiloxane (HMDSO), toluene, THF, and pyridine
(pyr) were distilled from sodium. CHl, was distilled from Cakl
CNXyl (Xyl = 2,6-dimethylphenyl) was purchased from Fluka and
used as received. Pyrazine (pyrz) was recrystallized from hexanes
and styrene oxide was distilled prior to use. The compounds HSeSi-
(SiMe3)3,t” [(MesSi)N]VSeSi(SiMe)s,*® and 1,2-bis(dimethylphos-
phino)ethane (DMPEjJwere prepared by the literature procedutes.
and®3C{'H} NMR spectra were recorded inQs at 300 and 75 MHz.
53v/{1H} NMR spectra were recorded ingl0s at 78.94 MHz and
externally referenced to neat VQGit 0 ppm. Melting points were
determined under Nn sealed capillaries. Samples for IR spectroscopy
were prepared as mineral oil mulls between KBr plates. Magnetic
susceptibility measurements were made in solution by the method of
Evang®?or in the solid state using a Johnson-Mathey balance. The
calculated magnetic moments were corrected for underlying diamag-
netism. The EPR spectrum of V[SeSi(Sij}i¢; (1072 M, benzene)
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and dried under vacuum (400 mg, 63%). Mp: $2AR3°C (dec).'H
NMR: 6 1.1 (s,Avi, ca. 120 Hz). IR: 1602 w, 1306 w, 1256 sh s,
1243 s, 1160 w, 1068 w, 1044 w, 1008 w, 860 sh s, 835 vs, 758 w,
743 w, 724 w, 690 m, 623 m chh e = 2.98 ug (solid). Anal.
Calcd for GoHgeNSeSiiV: C, 34.63; H, 7.81; N, 1.26. Found: C,
32.17; H, 7.68; N, 1.16.

V[SeSi(SiMe)s]s(CNXyl). A cold (—30 °C) hexanes solution (25
mL) of HSeSi(SiMg); (606 mg, 1.85 mmol) was added to a magneti-

'cally stirred, cold 40 °C) hexanes solution (25 mL) of [(Me

Si)2N].VSeSi(SiMg); (646 mg, 0.925 mmol) resulting in a crimson
mixture. The solution was transferred to a flask containing CNXyl
(121 mg, 0.922 mmol), and the reaction gradually warmed to room
temperature. After stirring the orange-red mixture overnight, the
volatile materials were removed under reduced pressure, and the residue
dried far 1 h under vacuum. The solid was extracted with HMDSO
(60 mL), the solution filtered, and the filtrate concentrated to ca. 20
mL. Slowly cooling the solution te-25 °C for 24 h afforded 662 mg
(62%) of maroon crystals. Mp: 161165 °C (dec). *H NMR (0.04

M): 6 1.4 (Avizca. 115 Hz). IR: 2126ucn) M, 1259 sh; 1242 s, 860

s sh, 837 vs, 723 m, 689 m, 624 m T per = 2.97ug (CeDe). Anal.
Calcd for GeHooNS&SIV: C, 37.21; H, 7.81; N, 1.21. Found: C,

was measured at room temperature on an X-band spectrometer. C, H37.37; H, 7.98: N, 1.23.

and N analyses and EIMS measurements were done within the College

of Chemistry, University of California, Berkeley. X-ray data were
collected and the structures solved at the University of California at
Berkeley, chemistry X-ray facility.

{V[SeSi(SiMe)s]2}n. A hexanes solution (20 mL) of HSeSi(Sikje
(725 mg, 2.21 mmol) was added to a magnetically stirred, coltD(
°C) hexanes solution of [(M&i);N].VSeSi(SiMg)s (773 mg, 1.11
mmol). The mixture immediately turned crimson on addition of the
selenol. The mixture was gradually warmed to room temperature and
stirred overnight, after which it was golden brown. After removal of

the volatile materials under reduced pressure, the solid was extracted

with ca. 40 mL of HMDSO and then 20 mL of hexanes to dissolve
virtually all of the material. The combined filtrates were concentrated
to ca. 20 mL and cooled te-25 °C for 48 h. Dark green crystals of
“V[SeSi(SiMe;)s]2” (300 mg) were isolated by filtration. The material
tenaciously retained HMDSOH NMR) even after extended exposure
to vacuum. Quantitative hydrolysis experiments conductediby @

the presence of a standardsflzs) along with elemental analysis
indicate the empirical formula: V[SeSi(SiMg]2(HMDSO)... Mp:
181-184°C (dec). IR: 1307 w, 1244 s, 1160 w br, 1055 w br, 859
s sh, 837 vs, 721 m, 688 m, 624 m Tt uer = 3.95us (per V).
Anal. Calcd for GH7,0SeSiV: C, 32.12; H, 8.09. Found: C,
31.84; H, 8.22.

V[SeSi(SiMe&)s]s. Further concentration of the filtrate from the
above reaction to ca. 5 mL followed by cooling 25 °C for 24 h
afforded dark red-brown crystals of V[SeSi(SiMg (605 mg, 40%
on V) that were isolated by filtration and dried under vacuum. The
compound retained a small amount of HMDSO as evidencetHby
NMR spectroscopy. Mp: 224227°C (dec). *H NMR: 6 0.78 Aviz
ca. 80 Hz). IR: 1307 w, 1244 s, 1160 w br, 1055 w br, 859 s sh, 837
vs, 721 m, 688 m, 624 m ch uerr = 2.65u5. EIMS: 1357 (M,
correct isotope pattern). Anal. Calcd fogeH10sSeSiieV: C, 31.85;

H, 8.02. Found: C, 32.26; H, 8.29.

V[SeSi(SiMe)s]s(pyr). A hexanes solution (20 mL) of HSeSi-
(SiMes); (376 mg, 1.15 mmol) was added to a magnetically stirred,
cold (—45 °C) hexanes solution (20 mL) of [(M8i),N],VSeSi(SiMe)s
(401 mg, 0.574 mmol). Pyr (4idL, 0.58 mmol) was added, and the
red mixture was gradually warmed to room temperature and stirred a
further 30 min. The volatile materials were removed under reduced
pressure and the solid was extracted with HMDSGx(20 mL). The
combined filtrates were concentrated to ca. 5 mL and cooled2b
°C for 24 h. Two crops of red-brown crystals were isolated by filtration

(17) Bonasia, P. J.; Christou, V.; Arnold,d.Am. Chem. S0d993 115
6777.

(18) Gerlach, C. P.; Arnold, Jnorg. Chem.1996 35, 5770.

(19) Burt, R. J.; Chatt, J.; Hussain, W.; Leigh, GJJOrganomet. Chem.
1979 182 203.

(20) Evans, D. FJ. Chem. Socl1959 2003.

(21) Schubert, E. MJ. Chem. Educ1992 69, 62.

{V[SeSi(SiMe)3]s} (u-pyrz). A hexanes solution (20 mL) of
HSeSi(SiMg)s (797 mg, 2.43 mmol) was added to a magnetically
stirred, cold (50 °C) hexanes solution (20 mL) of [(M8i).N].VSeSi-
(SiMes); (850 mg, 1.22 mmol). The red solution was transferred to a
flask containing pyrz (49 mg, 0.61 mmol). The reaction mixture turned
emerald green but quickly became deep green-brown. The solution
was allowed to gradually warm to room temperature and was stirred
for 24 h. The volatile materials were removed under reduced pressure,
leaving a brown solid. Following extraction into 45 mL of hexanes,
the solution was filtered and concentrated to ca. 20 mL. Cooling the
mixture to—25 °C overnight afforded a first crop of 245 mg of dark
green crystals. A second crop of 315 mg was obtained after further
concentration and cooling of the filtrate (net yield 43%). The filtrate
from the second crop may be stripped dry, and the solid washed with
cold (—70°C) HMDSO to afford additional product as a powder whose
physical and spectroscopic data match that of crystalline material.
Mp: 192-194 °C (dec). *H NMR (0.02 M): 6 0.63 (Avi;, ca. 20
Hz). IR: 1307 w, 1255 m sh, 1243 s, 859 s, 835 vs, 744 w, 723 w,
689 m, 663 w, 623 m, 546 w br, 460 w, 451 w, 410 meémues =
2.80ug (CeDs, 1.98ug per V). Anal. Calcd for GHgsNSeSi,V: C,
32.53; H, 7.81; N, 1.31. Found: C, 32.78; H, 8.08; N, 1.30.

OV[SeSi(SiMe)3]s. PhCH(O)CH (42 uL, 0.37 mmol) was added
to a hexanes solution (20 mL) of V[SeSi(SiMgs(pyr) (410 mg, 0.369
mmol), giving a green mixture. After stirring for 1 h, the volatile
materials were removed under reduced pressure. The dark green solid
was extracted with hexanes (20 mL), and the filtered solution
concentrated to ca. 5 mL. Slow cooling +25 °C for 24 h afforded
100 mg (27%) of dark green, blocky needles that were isolated by
filtration and dried under vacuum. Mp: 15155 °C (dec). H
NMR: 6 0.43 (s). *C{!H} NMR: ¢ 1.69 (s). 5V NMR: 4 1190
(Avyp ca. 45 Hz,Jyse ca. 75 Hz). IR: 1308 w, 1257 m sh, 1244 s,
1169 w, 1154 w, 1010 mv(—o), 856 s sh, 837 vs, 734 sh, 722 m, 689
m, 622 m cmit. EIMS: 1046 (M, correct isotope patterfj. Anal.
Calcd for G7/Hg:0SeSiV: C, 30.98; H, 7.80. Found: C, 29.94; H,
7.76.

(DMPE),V[SeSi(SiM&)s].. DMPE (120 uL, 0.719 mmol) was
added to a hexanes solution (15 mL) of V[SeSi(SiMe(HMDSO),/,

(236 mg, 0.300 mmol). The reaction mixture gradually became orange
and some product precipitated from solution. After stirring overnight,
the volatile materials were removed under reduced pressure. The orange
solid was extracted with toluene (30 mL) and the solution filtered
through a fine frit padded with Celite. Concentration of the clear orange
filtrate to 15 mL followed by cooling te-25 °C afforded the product

(22) Under the conditions of the experiment, the complex was not
sufficiently volatile at temperatures below its decomposition point.
At elevated temperatures, a signal for the molecular ion of §Me
Si)sSiSekVOSiMe; was observed with a 3-fold greater intensity than
that of OV[SeSi(SiMg)3]s.
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Table 1. Summary of X-ray Diffraction Data: R= Si(SiMe&;); Table 2. Atomic Coordinates and Equivalent Isotropic Thermal
_ Parameters for Selected Atoms of (DMR¥SeSi(SiMe)s]. and
[V(SeRM:lu—pyrz) (DMPEW(SERY — (v[sesi(SiMe)sls} o(u-pyr2)

irical f | H Se&SixaV CaoHs2PsSeSisV
Mot T e st atom x y ‘ Ba(A)
source, color, habit  hexanes, green, toluene, red, (DMPE)V[SeSi(SiMe)s)»
tabular acicular Se 0.19480(7) 0.06072(3) 0.12846(7)  3.40(3)
cryst size (mm) 0.4 0.29x 0.12 0.16x 0.14x 0.05 \% 0 0 0 2.15(6)
cryst syst triclinic monoclinic P(1) —0.1402(2) 0.06572(6) —0.1415(2) 2.85(7)
space group P1 P2i/n P(2) 0.1380(2) 0.00340(6) —0.1687(2) 2.76(7)
T (°C) -116 -107 Si(1) 0.2363(2) 0.13430(6) 0.2335(2)  2.41(7)
a(A) 13.9401(1) 9.7299(2) Si(2) 0.4054(2) 0.11223(7) 0.4194(2)  2.94(8)
b (é) 14.5095(2) 26.9356(2) Si(3) 0.0690(2) 0.18291(7) 0.3076(2)  3.42(8)
c(A) 17.6691(2) 10.8239(2) Si(4) 0.3548(2) 0.18333(7) 0.1108(2)  3.22(8)
a (deg) 68.513(1) 90 c@) 0.5752(8) 0.0935(4) 0.3802(8)  4.6(4)
B (deg) 72.638(1) 103.459(1) c@) 0.3400(9) 0.0579(3) 0.4961(7)  4.3(3)
y (deg) 64.469(1) 90 c(3) 0.450(1) 0.1640(3) 0.5384(8)  5.2(4)
vol (A% 2958.39(7) 2758.83(11) C(4) 0.032(1) 0.1588(3) 0.4581(7)  4.5(4)
z 1 2 c(5) 0.150(1) 0.2458(3) 0.3445(9)  4.7(4)
pearca(g T 3) 1.20 1.20 Cc(6)  —0.1050(8) 0.1940(4) 0.1941(8)  5.3(4)
u (cm™Y) 22.75 18.08 c(7) 0.474(1) 0.2309(3) 0.2089(9)  4.8(4)
diffractometer Siemens, Siemens, C(8) 0.229(1) 0.2165(3) —0.020(1) 5.6(5)
CCD/area detector CCD/area detector C(9) 0.471(2) 0.1424(3) 0.0381(9) 5.3(5)
radiation ) Mo K« (0.710 73 A) Mo K, (0.710 73 A) C(10) —0.119(1) 0.1305(4) —0.095(1) 6.6(5)
scan mode (0.3 scans) o (0.3 scans) C(11) —0.3303(8) 0.0624(3) —0.1982(8) 4.3(4)
collen range hemisphere hemisphere C(12) —0.0778(8) 0.0653(4) —0.2883(7) 5.1(4)
total no. of reflcns 12487 10732 C(13) 0.0831(8) 0.0608(3) —0.2582(9) 5.2(4)
no. of unique reflcns 8321 4033 C(14) 0.3295(7) 0.0075(3) —0.1340(7) 3.9(4)
Rint 0.0307 0.0591 c(15) 0.1026(9) —0.0430(3) —0.2941(8)  4.7(4)
abs type Sf;nlglgrgglncal, ser)?lljegé)glcal, [(MesSi)N]VSeSi(SiMe)s
transm coeff 0.5790.876 0.775.0 885 Se(1) 0.59134(3) 0.08904(3) 0.19337(2) 2.86(4)
A oy Se(2)  0.36368(3) —0.01102(3)  0.29573(3)  3.04(4)
structure soln direct methods, direct methods, Se(3) 0.31928(3) 0.25296(3) 0.33771(3) 2.82(4)
o, of obs ) 65-1|—3EXSAN ) 1BEXSAN V(1) 0.44708(5)  0.09334(5)  0.30641(4) 2.15(5)
- o), Si(1) 0.72559(9) 0.15455(8) 0.17097(7)  2.6(1)
1> 3o(l) Si(2) 0.6585(1) 0.31973(9)  0.19859(8) 3.1(1)
no. of params 415 377 Si(3) 0.7742(1) 0.1789(1) 0.02723(7)  3.5(1)
_refined () Si(4) 0.8763(1) 0.0318(1) 0.23471(8) 3.4(1)
final R2R,/ 0.0322, 0.0410 0.0352, 0.0366 Si(5) 0.4675(1) —0.18811(8) 0.30406(7)  2.8(1)
GOF 1.43 1.20 Si(6) 0.5318(1) —0.1973(1) 0.16723(8)  5.2(1)
aR = [2|||:0| — |Fc||]/2|Fo|- b Ry = {[ZW(“:()\ — |Fc|)2]/2w|:02}1/2- S!(7) 0.60681(9) —0.27289(9) 0.38276(8) 3.1(1)
CGOF = [Su(IF.2 — [F-2(n. — nlY2 Si(8) 0.3300(1) —0.2579(1) 0.36771(9)  4.4(1)
[Zw(|Fol [Feld)?(no — ny)]*2. .

S!(9) 0.16778(8) 0.34087(8) 0.27600(7) 2.5(1)
as orange needles that were isolated by filtration and dried under Si(10) 0.1970(1) 0.3432(1) 0.13726(7)  3.4(2)
vacuum (122 mg, 40%). Mp: 26@03 °C (dec). 'H NMR (300 Si(11) 0.1206(1) 0.5118(1) 0.2880(1) 4.2(1)
MHz): & 2.27 Avys ca. 95 Hz). IR: 1294 w, 1277 w, 1252 w sh, ~ Si12) ~ 0.03725(9)  0.2701(1) 0.36411(7) ~ 3.1(1)
1236 m, 948 m, 927 m, 887 w, 861 m sh, 833 s, 735 m, 722 m, 706 ML) 0.4817(2) 0.0327(2) 0.4177(2)  2.3(3)

681 m, 645w, 622 m cm. Anal. Calcd for GoHgsP2sSeSisV: C €(28) 0.4056(3) 0.0123(3) 0.4854(2) 2.6(4)
m, ' ; : : oMlgerso€SlgV. L, C(29) 0.4235(3) —0.0186(3) 0.5636(2)  2.7(4)

35.87; H, 8.63. Found: C, 35.42; H, 8.72.

X-ray Crystallography. A summary of crystal, collection, and
refinement data is given in Table 1. A listing of selected refined atomic
coordinates is given in Table 2.

{V[SeSi(SiMe)s]3} 2(u-pyrz). Green crystals were grown from
hexanes at-25°C. A suitable crystal was mounted on a glass capillary
under Paratone-N hydrocarbon oil. The crystal was transferred to a
Siemens SMART diffractometer/CCD area dete®tand cooled by a
nitrogen-flow, low-temperature apparatus. A preliminary orientation
matrix and unit cell parameters were determined by collecting sixty,
10-s frames, followed by spot integration and least-squares refinement.
A hemisphere of data was collected using°0«8 scans at 10 s per
frame. The raw data were integratetl(spot spread= 1.60°; Z spot o
spread= 0.60%) and the unit cell parameters refined (7930 reflections ~ (DMPE)2V[SeSi(SiMe)s].. Red needles were grown from a
with | > 100(1)) using SAINT24 The space groupl was indicated conc_entrated Foluene solution a5 °C. A pr(_ellmlnary orler_1tat|on
by the absence of any higher symmetry, and the intensity statistics werematrix and unit cell parameters were determined as described above.
consistent with a centric space group. Preliminary data analysis and a
semiempirical ellipsoidal absorption correctiohng = 0.579; Tmax = (25) XPREP: Part of the SHELXTL Crystal Structure Determination
0.876; mergingRy before/after correction: 0.0678/0.0286) were Package Siemens Industrial Automation: Madison, WI, 1994.

; : (26) TEXSAN: Crystal Structure Analysis Packafolecular Structure
performed using XPREP. Of the 124 87 reflections measured, 8321 Corporation: The Woodlands, TX, 1992.

were unique and 6513 had> 30(l) and were used in the refinement. (27) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,

Redundant reflections were averaged. The data were corrected for
Lorentz—polarization, but no correction for crystal decay was applied.
The structure was solved by direct methods using the TEXSAN
packagé® on a Digital microvax workstation and refined using standard
least squares and Fourier techniques. All non-hydrogen atoms were
refined with anisotropic thermal parameters. Hydrogen atoms were
included at idealized positions and included Ra but not refined.
Neutral atomic scattering factors were taken from Cromer and Waber,
and anomalous dispersion effects were includedr§f® The final
residuals for 415 variables refined against 6513 data for whieh

30(l) wereR = 0.0322,R, = 0.0410, and GO 1.434.

(23) SMART Area-Detector Software Packa§eémens Industrial Automa- Table 2.2B.
tion, Inc.: Madison, WI, 1993. (28) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
(24) SAINT: SAX Area-Detector Integration Program 4.024; Siemens lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,

Industrial Automation, Inc.: Madison, WI, 1994. Table 2.3.1.
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A hemisphere of data was collected using°uBscans at 20 s per  highly air and moisture sensitive. Other than a signal for the
frame. The raw data were integrated as above, and the unit cell HMDSO, the 'H NMR spectrum in GDs was completely
parameters were refined (4516 reflections witt> 100(1)) using featureless and a magnetic susceptibility measurement in the

SAINT. The intensity statistics were consistent with a centric space ggme solvent yielded a magnetic moment of 35 Given
group, and the space grof2;/n (No. 14, setting No. 3) was uniquely the spin-only value of 3.8% for high spin,d® V(Il), the

defined by the systematic absences. Preliminary data analysis and ama netic moment is consistent withi oxidation state for
semiempirical ellipsoidal absorption correction were performed using g

XPREP. Redundant reflections were averaged. No correction for the vf':madlum. The IR and NMR data gave no evidence of any
crystal decay was applied. The structure was solved as above. All functional groups other than the selenolate ligands. Attempts
non-hydrogen atoms were refined with anisotropic thermal parameters; t0 observe V[SeSi(SiMe)s]2}n species in the gas phase using
hydrogen atoms were located from the difference map and refined with EI mass spectroscopy experiments were not successful, as the
isotropic thermal parameters. The final residuals for 377 variables compound was not sufficiently volatile prior to its decomposition
refined against 2192 data for whiéff > 30(F?) wereR = 0.0352,Ry point. The compound may be a dimer in the solid state,
= 0.0366, and GOF= 1.20. analogous in structure tpZn[TeSi(SiMe)s]2}2,%° {Cd[SeC-
(SiMes)3]2} 2,3t or { Sn[TeSi(SiMg)s]} 2;* however, all of these
are significantly more volatile.

Homoleptic Selenolates of V(II) and V(IV). Our first After isolation of the V(II) selenolate, further concentration
attempts at preparing homoleptic vanadium selenolates involvedand cooling of the filtrate lead to crystallization of a second
salt metathesis reactions between(MF); (X = CI, Br) and product, the homoleptic V(IV) selenolate V[SeSi(Si)i.

3 equiv of (THF)LiSeSi(SiMe)s under a variety of reaction  Dark crystals were isolated in typical yields of ca. 40% yield
conditions. Both reduction of the vanadium and incomplete based on vanadium (eq 1). Compounds of the class V{OR)
reaction of the starting reagents hampered these reactions. Irinclude V(OSiPh)4,32 as well as alkoxides of tertiary and some
the most promising cases, the low yields, high solubility, and secondary alcohof$:34V(SBu)432%is the only well-character-
paramagnetism of the reaction products prevented adequatdzed example of a homoleptic V(IV) thiolate; V[SeSi(Sipg4
characterization. and the tellurium anald§ are the first examples of heavier

These disappointing results contrasted with our earlier finding chalcogenolates of this type.
that V(lll) selenolates and tellurolates are readily prepared using A broad signal § 0.8, Avy; ca. 80 Hz) due to the 12SiMes
[(MesSi):N]oVBr (THF) as the vanadium starting material, groups of V[SeSi(SiMgs]4 was observed in théH NMR
where salt metathesis reactions involving the bromide ligand spectrum of the paramagnetid') complex. The IR spectrum
lead to clean substitution with a variety of selenolate and of the material was virtually identical to that diV[SeSi-
tellurolate anions. For example, [(M®i):N].VSeSi(SiMe)s (SiMe3)3]2}n. Although elemental analysis was consistent with
was isolated in ca. 80% vyield by reaction of [(A8&),N].VBr- the proposed formulation, a rather high magnetic moment of
(THF) with (THF),LiSeSi(SiMe)s.*® Suspecting that the two  2.65 ug leads us to not exclude the possibility that some
—N(SiMes), ligands should be susceptible to protonation, we additional V(Il) selenolate may crystallize with the V(IV)
attempted to prepare homoleptic selenolates by reaction withproduct. Given that the tellurium analogue crystallizes as well-
the selenol HSeSi(SiMg. separated V[TeSi(SiM]4s monomers? the selenium complex

Treatment of a red-brown hexanes solution of [fMe is no doubt isostructural both in the solid state and in solution.
Si):N],VSeSi(SiMe)s with 2 equiv of HSeSi(SiMg3 at low A strong peak for the molecular iom(z= 1357) was observed
temperature immediately gave a crimson solution. On warming in the EI mass spectrum. The complex had a somewhat higher
the mixture to room temperature, the color gradually settled to decomposition point than the V(Il) selenolate, and at-2227
golden brown. Two products were isolated by fractional °C, it is about 30°C lower than those observed for the series
crystallization from a mixture of hexanes and HMDSO (eq 1). M[SeSi(SiMe)s]4 (M = Ti, Zr, Hf).® In contrast to the ease of

ligand hydrolysis in V[TeSi(SiMg3]4, the tetraselenolate reacts

Results and Discussion

(Me3Si)2N., 2 HSeR only very slowly in wet benzene to give HSeSi(Sijjle V[Se-
(MegSi) N~ SeR 2 HN(SMeg)z Si(SiMey)sl4 is also very thermally stable in solution, asG
R = Si(SiMea)s samples stored at 118C for 24 h showed no sign of

decomposition. Although the metal center is electron deficient,
with four bulky selenolate ligands the vanadium is effectively
coordinatively saturated and does not react with Lewis bases
A dark green compound we formulate 4¥[SeSi(Si- such as pyridine.
Mes)s]2(HMDSO) 2} n (35% yield based on V) was the less  The X-band EPR spectrum of V[SeSi(Sibs was recorded
soluble of the two products. Even after extended exposure toin benzene at room temperature. An 8-line pattern, resulting
vacuum, the amount of HMDSO remained fairly constant from from coupling of the unpaired electron wifdV (I = 7/5) is
sample-to-sample, and thus it is possible that the solvent is ancharacteristic for thed! electronic configuration of V(IV),
integral part of the crystal lattice. The empirical formula vyieldedgs, = 1.92 andAs,= 65 G. Christou et al. have pointed
deduced by elemental analysis was confirmed by hydrolysis out that the increase igs, and decrease iAis, 0n going from
experiment® which gave a stoichiometry of selenolate ligands
and¥, HMDSO per vanadium. The complex dissolved readily (30) Bonasia, P. P.; Arnold, dnorg. Chem.1992 31, 2508.
in aromatic solvents, affording deep green solutions that were (31) Bonasia, P. J. Ph.D. Thesis, University of California at Berkeley,

: L December 1993.
indefinitely stable under anX) or Ar(g) atmosphere but were (32) Preuss, F.; Noichl, HZ. Naturforsch1987 428, 121.

(33) V(OCH:BUY), is apparently an exception as it is reported to be

1/2V(SeR), + 1/2 V(SeR)s N

(29) Quantitative hydrolysis experiments were conductedsDe@vith Ce- monomeric in solution; see: Bradley, D. C.; Mehta, M.Can. J.
Mes as an internal standard. The reaction {M[SeSi(SiM&)3]2- Chem 1962 40, 1183.
(HMDSO)/2}n with ca. 10 equiv of HO (degassed) immediately (34) Bochmann, M.; Wilkinson, G.; Young, G. B.; Hursthouse, M. B;
yielded a clear, colorless solution with a small amount of brown Malik, K. M. A. J. Chem. Soc., Dalton Tran%98Q 901.

precipitate. Selenol (HSeSi(SiMe) was the only product detected (35) Heinrich, D. D.; Folting, K.; Huffman, J. C.; Reynolds, J. G.; Christou,
by H NMR spectroscopy. G. Inorg. Chem.1991, 30, 300.
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Scheme 1
2 HSeR
(Me3Si)N ., - 2HN(SiMeg), RSe_
V——SeR T e V—SeR
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V/SeR RSe ,,,U/V/SeR 25 oG RSe\ S /SeR
Sser | T Rse”™ “seR v vl
n RSe” s SeR
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V(OBUWY), to V(SBU), is a natural consequence of the more
covalent V\-S bonds®® These trends in the EPR data do not
continue for V[SeSi(SiMg)s]4; however, because the substituent
on the chalcogen differs both sterically and electronically, it is
difficult to draw any meaningful conclusions at this point.

It is likely that the above V(II) and V(IV) selenolates arise
via disproportionation of the V(lll) intermediate depicted in
Scheme 1. Since [(M&i);N],VSeSi(SiMeg); possesses both
an electrophilic metal center and a vacant coordination site, it
is reasonable that 2 equiv of HSeSi(Siyereact rapidly to
liberate 2 equiv of HN(SiMg, and give “V[SeSi(SiMg)]s".

The crimson color that was observed on mixing the reactants
appeared to be persistent as long as the reaction mixture was
kept cold (ca—40°C). Only on warming the mixture to room
temperature did it gradually turn the golden-brown of the final
product mixture, suggesting that the disproportionation step is
rate limiting. At this point, any suppositions regarding the
structure of “V[SeSi(SiMg3]s" in solution are purely specula-
tive. However, since 3-coordinate vanadium species are
relatively raré® and, except for the cases of V[CH(Sipds3"38

and V(PGH11)3,%° all involve amide ligands, we believe that
any monomerdimer equilibrium of “V[SeSi(SiMg)s]s" is
displaced largely on the side of a dimeric species. Since the
reaction is carried out in nonpolar, hexanes solvent, the dimeric
structure in Scheme 1 would facilitate an inner sphere electron
transfer between the vanadium centers followed by an irrevers-
ible scission of the dimer into the V(Il) and V(IV) products.
Although chalcogenolate chemistry of low valent vanadium is
not extensively developed, precedent for the dimer in Scheme
1 is found in the solid-state structure of [V(OA@-OAn)]2-
(THF) (Ar = 2,6-MeCgH3).40 It is noteworthy that the putative
intermediate V(SBis(bpy) (bpy= 2,2-bipyridine) is unstable
with respect to ligand distribution and exists as a salt with the
structure [V(SBY)(bpy)][V(SBuY)4].35

The V(Il) selenolate was successfully derivatized as shown
in eq 2. Addition of 2 equiv of DMPE to green solutions of

Figure 1. ORTEP drawing (50% ellipsoids) of (DMPE)[SeSi-
(SiMe3)3]2.

whichtrans(DMPE),V[SeSi(SiMe)s], was isolated as orange
needles from toluene in 40% yield. Thd NMR spectrum of
the paramagnetic complex showed only a broad signal2a8
(Avy2 ca. 95 Hz). No other products were detected when the
reaction was monitored by NMR spectroscopy.

X-ray crystallography confirmed a trans orientation of the
bulky —SeSi(SiMeg); ligands in the solid state. An ORTEP
drawing of the structure is shown in Figure 1, and a listing of
bonds and angles is given in Table 3. The molecule crystallized
in the space group2;/n with the vanadium atom resting on a
center of inversion. The ¥P distances and-PV—P angles

eR are normal fotrans(DMPELVX ; compound$l—44 At 2.6408(6)
SeR P T p A, the V—Se interaction is on the long side, but not unexpectedly
v 2DMPE /T v 2) P e
~ . ( /T\ ) ( so, considering the low formal oxidation state of the metal. As
SeR | P P . . P
observed for related species withansL4M[ESi(SiMes)3]2
R = Si(SiMeg)3 SeR
{V[SeSi(SiMe)3]2} n gradually gave an orange solution from (40) %?ngftta’ S.; van Bolhuis, F.; Chiang, M.IWorg. Chem.1987
(41) Sussmilch, F.; Olbrich, F.; Gailus, H.; Rodewald, D.; Rehder).D.
(36) Cummins, C. CProgress in Inorganic Chemistrarlin, K. D., Ed.; Organomet. Chenil994 472 119.
Wiley: New York, 1998; Vol. 47, p 685. (42) Morris, R. J.; Wilson, S. R.; Girolami, G. S. Organomet. Chem.
(37) Barker, G. K.; Lappert, M. FJ. Organomet. Chenl974 76, C45. 1994 480, 1.
(38) Barker, G. K.; Lappert, M. F.; Howard, J. A. K. Chem. Soc., Dalton (43) Jensen, J. A.; Girolami, G. 3. Am. Chem. S0d.988 110, 4450.
Trans.1978 734. (44) Girolami, G. S.; Wilkinson, G.; Galas, A. M. R.; Thornton-Pett, M.;

(39) Issleib, K.; Wenschuh, E2hem. Ber1964 97, 715. Hursthouse, M. BJ. Chem. Soc., Dalton Tran%985 1339.
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Table 3. Selected Bond Distances and Angles for V[SeSi(SiMe)s]s(pyr) resulted in an immediate color change

(DMPE)V[SeSi(SiMe)s], and{ V[SeSi(SiMe)s]s} 2(u-pyrz) to green, followed by a gradual transition oveh to aclear
(DMPE)V[SeSi(SiMe)s]. {V[SeSi(SiMe)s]s} 2(u—pyrz) orange solution. Analysis bjH NMR spectroscopy showed

Bond Distances (A) only pyr, Se[Si(SiMe3)s)]2, and a signal for (DMPRY[SeSi-

V—Se 2.6408(6) V-Se(2) 2.3532(7) (SiMe3)3]» (see above), suggesting the net transformation in eq

Se-Si(1) 2.274(2) V-Se(3) 2.3744(7) 3. Since lower oxidation states of vanadium are kinetically

V—-P(1) 2.523(2)  WN(1) 1.951(3)

V—P(2) 2507(2)  Se(BSi(1) 2.319(1) - pyr

Si(1)-Si(2) 2.360(2)  Se(2)Si(5) 2.316(1) V(SeR)a(pyr) + 2DMpE  —_2RSeSeR

Si(1)-Si(3) 2.370(3)  Se(3)Si(9) 2.304(1) ,

Si(1)-Si(4) 2.355(3)  SiSiy 2.352(6) V(i

V—Se(1) 2.3713(7) trans-(DMPE),V(SeR), 3)

Bond Angles (deg) V(i

V-Se-Si 145.62(5) Se(BV-Se(3)  123.28(3)

Se-V—-P(1) 96.06(4) Se(HV-N(1) 118.19(9) accessible and stable, reductive elimination of diselenide ap-

ge—x—ﬁgg 88%%((44)) Sse((%x-g(%) 110152-36“;)((93)) parently provides a lower energy reaction pathway than extru-
e-V— . e(2)V-Se . i i(Qi i e i

Se-V—P(2) 94.58(4) Se(3)V-N(1) 91.59(9) gon of4Se[S|(SI|Mg)3]é:F':2§ Igtﬁar be||.ng p(;;\thwr?y ope(rjatn:g in

P(L)-V-P(2) 80.69(5) V-Se(1)-Si(1)  125.96(3) Group 4 complexes i(SiMey)s ligands where reduction

P(1)-V-P(2) 99.31(5) V=-Se(2)-Si(5)  117.14(4) is much less favorablfe. _ o

Se(1)-V-Se(2) 105.13(3) V-Se(3)-Si(9) 118.26(3) Treatment of a hexanes solution of V[SeSi(S§k(pyr)

with 1 equiv of styrene oxide immediately resulted in a green
geometried>46the V—Se-Si angle of 145.62(5)is on the high solution from which the diamagnetic V(V) oxo was isolated in

end of the range observed for complexes of this ligand. ca. 30% vyield as green needles (eq 4). Reactions monitored
Reactivity of “V[SeSi(SiMes)s]s” and Derivatives. Al-

though some VX fragments have been observed to “trap” Ry thC& ﬁ

dinitrogen (e.g. [(BECH2)aV] 2(-N2);#7 [(R2N)aV]2(u-N2) (R = RSeMgen oy RSe ~ser S

Pr, CeH11)%9), the reaction in eq 1 proceeded the same under a RS - PhCH=CH, RS

dinitrogen or argon atmosphere. However, the addition of better R = Si(SiMe);

donors such as pyr and CNXyl to cold solutions of “VSeSi-

(SiMe3)3” led to the 4-coordinate complexes shown in Scheme by NMR spectroscopy suggested a clean conversion to product,
2 and thus it appears that recovery of the material by crystallization

The pyr adduct V[SeSi(SiMs]s(pyr) was extremely soluble ~ Was hindered only by its extremely high solubility. An

in hydrocarbon and ethereal solvents but could be crystallized @0sorption at 1010 cnt in the IR spectrum is indicative of the
from HMDSO as red-brown crystals in ca. 60% yield. An terminal V=0 stretch. In contrast to eq 4, reaction of a hexanes

absorption at 1602 cmt in the IR spectrum indicates pyr is ~ Solutions of “V[SeSi(SiMe)s]s” with styrene oxide gave purple

bound in the conventionaf-mode as observed for V(OSiB)s- mixtures from which a pure product could not be isolated.
(pyr)#°in contrast to theNC-pyr binding mode observed in Although a resonance could not be detected |n7ﬂ$_e NMR
the heavier congeners Nb(OSB(pyr)® and Ta(OSiBis)s- spectrum (presumably due to quadrupolar broadening tein

(pyn#° V[SeSi(SiMe)sls(pyr) is paramagnetic, and the solid- the higher symmetry about the vanfadiu@mo compared to
state magnetic moment of 2.98 is consistent with a high spin other V(V) se_lenolates we have studied resulted in a relatively
d? electronic configuration. ThéH NMR spectrum in @Dsg sharp signal in thé!V NMR spectrum at 1190 (v, ca. 45

showed only a broad signal at1.1 (Avy;; ca. 120 Hz) for the Hz). Cpmpared With'a §igna| @t245 (Avy ca. 275 Hz) fgr
—SiMe; groups. [(MesSiXN].V(O)[SeSi(SiMe)s], it evident that replacing amide

ligands with selenolate ligands results in deshielding the
vanadium center and is consistent with greater gz donation
from —NR; relative to —SeR ligands. For example, the
triamidoamine vanadium -oxo ([(M8INCH,CH,)sN]V=0) has

a considerably upfield signal &t—173 (Avy, = 46 Hz) in its

5/ NMR spectrum>*

Adding a cold hexanes solution of “V[SeSi(SihJgs” to a
flask containing!/, equiv of pyrazine (pyrz) turned the mixture
first emerald green and then quickly to a darker brown-green.
Workup of the reaction mixture gave dimerigV[SeSi-
(SiMes)3] 3} 2(u-pyrz) in 43% yield as a dark green, crystalline

(45) Gindelberger, D. E.; Arnold, Jnorg. Chem.1994 33 6293. solid (Scheme 2). After crystallization of the product, the
(46) Gindelberger, D. E.; Arnold, Jnorg. Chem.1993 32, 5813.

Preparation of V[SeSi(SiMg;]s(CNXyl) was analogous to
that of the pyr adduct (Scheme 2), and the product was isolated
cleanly as maroon crystals in ca. 60% yield. The at 2126
cm™! is blue-shifted 11 cm' relative to the free ligand,
indicating a minor amount of back-donation from vanadium d
orbitals (d*dy;*) to CN z* orbitals (electron deficient (e.g°d
CNR complexes typically have theiey shifted approximately
30-50 cnT! higher in energy than that of the free lig&hd3).

Introduction of 2 equiv of DMPE into a §Dg solution of

(47) Buijink, J.-K. F. Meetsma, A.; Teuben, J. Brganometallics1993 remaining solvent was stripped off to afford additional material
12, 2004. ' T ’ as a clean powder, again suggesting that the high solubility of
(48) ggzng, J.-1.; Berno, P.; Gambarotta,JSAm. Chem. S0d.994 116, the complex inhibits recovery by crystallization. Quantitative
(49) COVZrt K. J.; Neithamer, D. R.; Zonnevylle, M. C.; LaPointe, R. E.; hy.drdySIS. experiments confirmed a stoichiometry of 8eSi-
Schaller, C. P.; Wolczanski, P. Thorg. Chem1991, 30, 2494. (SiMes)s ligands per 1 pyrz, and X-ray crystallography (see
(50) Kleckley, T. S.; Bennett, J. L.; Wolczanski, P. T.; Lobkovsky, E. B. below) confirmed the structure to consist of a pyrz unit trapped
51 Js'tAI;n' gheD”_‘-ASr%a?gznlgﬁi‘_wz- Kin, rganometallicsl990 9 between two V[SeSi(SiMgs]s fragments. The complex is
51 T o S D Andersen, 1. A calan, Alrganometatic ’ paramagnetic and has a solution state magnetic moment of 2.80
(52) Evans, W. J.; Drummond, D. KOrganometallics1988 7, 797.
(53) Moloy, K. G.; Fagan, P. J.; Manriquez, J. M.; Marks, TJJAm. (54) Cummins, C. C.; Schrock, R. R.; Davis, W. Morg. Chem.1994

Chem. Soc1986 108, 56. 33, 1448.
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Figure 2. ORTEP drawing (50% ellipsoids) of V(Sef)u-pyrz) (R
= Si(SiMey)s)2.
ug per dimer (1.98ug per V). As a result, the¢H NMR
spectrum consisted of a broad resonancé at63 (Avy, ca.
20 Hz), presumably for the SiMe; groups, and no resonances
were observed for the coordinated pyrz.

An ORTEP drawing of V[SeSi(SiMe)3] 3} 2(«-pyrz) is shown
in Figure 2 and selected metrical data is collected in Table 3.
The molecule crystallized in the space grd®f with a center
of inversion lying in the middle of the bridging pyrz ring; thus
the asymmetric unit consists of one-half of the molecule, with
the entire dimeric unit making up the unit cell & 1). The
local symmetry about the vanadium is approximat€ly,

“V—SeR
/V e
-40°C

‘ 1/2 pyrz

pyr

-

Rse..n\l\v\
RSe SeR

SeR
S:‘/SeR

N—>V,

\

SeR

however the net symmetry is lowered by the different orienta-
tions of the—Si(SiMe&;)s substituents on the selenium atoms.
The angles about the pseudotetrahedral vanadium center span
the range 91.59(9)through 123.28(3) The smallest angle is
that subtended between Sef{3)—N, since the bulky silyl
substituent on Se(3) is directed away from the pyrazine ring
(N—V—Se(3)Si(9) = —146.15(9}) compared to those on Se-
(1) (N=V—Se(1)-Si(1)= —54.2(1)) and Se(2) (N-V—Se(2)-
Si(5) = —64.3(1)3). The Se-Si and Si+-Si bond lengths, as
well as the \V-Se-Si angles, fall in the usual range for
complexes of the-SeSi(SiMg)s ligand (Se-Siyy = 2.313(2)

A; Si—Siyy = 2.352(6) A). Curiously, the ¥Se bond lengths
(V—Sey = 2.366(1) A) are slightly shorter than that in [(Me
Si):N]2VSeSi(SiMe)s (V—Se= 2.451(1) A)!8 despite the lower
coordination number of the latter species. A more comparable
bond distance is seen for the—~\&e single bond in [(Mge
Si)aN]2V(Se)[SeSi(SiMe)s] (V —Se= 2.3620(8) A). The pyrz
ligand is coordinated with a normal-vN dative bond length

of 1.951(3) A and the plane of the ring, as judged from the
C(28)/C(29x-N—V—Se torsion angles, is most closely aligned
along the \*-Se(1) bond (C(29F-N—V—Se(1)= 21.5(3)).
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