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Synthesis and Characterization of a Homoleptic and [TiCh(S+-Bu)(Diars)] (7) [Diars is o-phenylene bis-
Thiolate Complex of Titanium(1V) (dimethylarsine)?

In this paper, we present the synthesis and characterization
Claire J. Carmalt,*f Christopher W. Dinnage of a homoleptic thiolate complex of titanium. Our motivation
Ivan P. Parkin,™ and Jonathan W. Steed was to explore further the utility of titanium thiolates as

precursors to titanium sulfide.
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Initial attempts to prepare homoleptic thiolate complexes of
titanium involved the addition of 10 equiv of benzyl mercaptan
(PhCHSH) to a toluene solution of [Ti(NEX] at room
Receied Naember 29, 1999  temperature. An immediate color change from orange to blood
red was observed, and after workup a dark red solid resulted.
Crystallization from CHCIl,—hexane mixtures afforded a 60%

Introduction ’ : -
yield of dark red crystalline8 (Scheme 1). Analytical and

Early transition-metal thiolate complexes have received some
attention in recent years because of their importance in a wide Scheme 1
range of areas includ_ing biological systems, hydrodesulfuriza-  1iNEt,), + 10 PACH:SH ——= [NEtoHs][Tia(1-SCHoPh)s(SCHzPh)g]
tion, and some organic transformatidngluch of the work has

focused on the synthesis and characterization of this class of >|<\ ’

compounds, and the known chemistry of these species is very

limited. In the particular case of titanium thiolate complexes, [Ti(SCH,Ph),] + 4NEt,H + 6PhCH,SH
interest has grown due to the fact that such compounds might 9

serve as single-source precursors for the CVD (chemical vapor . o o i
deposition) of titanium disulfide (Ti$.23In turn, TiS is useful spectroscopic data f@indicated that the ionic species [NHp]-

for applications such as the active cathode material in high- [Ti2(-SCHPhR(SCHPh)] had formed rather than the expected
energy rechargeable battefiesd as a solid lubricad€ A stable ~ Product [Ti(SCHPh)] (9). The structure oB was confirmed
titanium thiolate complex, namely, [Ti(BBu)4 (1),67 has been by X-ray crystallography, the results of which are shov_vn in
isolated, characterized, and tested as a single-source precursdrigure 1; selected bond lengths and angles are presented in Table
to TiS,. Preliminary studies describing the CVD bbbserved 1. Compound crystallizes in the monoclinic space groB/
the formation of amorphous TiS films at 13@00 °CS8 c. The structure o8 is ionic, comprising [_I\IEsz]+ cations
However, more recent studies have shown that TilBis can and [Tk(u-SCHPhR(SCHPh)] ™~ anions, with no close inte-
be grown from1 under similar conditions (substrate tempera- ONIC contacts. In the anion i8 the two titanium atoms are
tures 156-270°C)." It has been suggested that the formation €ach coordinated by three terminal {8 2.3183(9)-2.4090-
of TiS from 1 may be the result of hydrolysis of the films, which  (10) A) and three bridging (7S 2.5132(10)2.5609(9) A)
accounts for the loss of sulfur. Other single-source precursors PhCHS ligands. Thus, the coordination number at each titanium
to TiS, include [TiICL(HSR)] (2, R = cyclohexyl; 3, R = center is six, and the geometry is Qpprox!mately octahedral
cyclopentyl)® although precursors with FiCl bonds are  (transS—Ti—S 158.75(3}172.34(3]; cis-S—Ti—S 75.53(3)-
potentially corrosive to metal substrates at CVD temperafures. 102.35(3)). As such, the structure is similar to that of the anion
Titanium thiolate complexes represent a class of compounds[Ti2(SMe}] ™ in 6'* in which the TpS, framework also has a

which have only been studied to a limited exténEarly face-sharing bioctahedral arrangement.
preparative routes to titanium thiolates involved the reaction of ~ The behavior of6 in solution (at room temperature) was
[Ti(NR'2)4] (R' = Me or Et) and RSH (R’ = Me, Et, ori-Pr), described as being complicated, and it was suggestedéthat

resulting in the formation of complexes of general formula [Ti- dissolves to afford [B(SMe)] (5) and at least one other
(SR")4(HSR")(NHR'2),] (Wherex + y varied from 0.8 to 1.33). compound. At onver temperatures .tHd NMR spectrum of6 .
Titanium(1V) complexes containing unidentate thiolate ligands undergoes a series of changes which were tentatively assigned
which have been structurally characterized include [Ti(S-2,3,5,6- O the presence db and possibly a complex of the type [Ti-

MesCeH)a] (4),0[Tis(SMeks] (5),1 [NMeH,][Ti (SMe] (6),11 (SMex(HSMe)(NHMe),].* In contrast, the room temperature
IH NMR spectrum of8 contains only peaks which can be

T University College London. assigned directly to compourg] therefore suggesting that in
¥King's College London. solution8 is more stable tha6. However, at lower temperatures
(1) Stephan, D. W.; Nadasdi, T. Toord. Chem. Re 1996 147, 147 (0 to —90 °C; 10 intervals) the!H NMR spectrum of8 also
and references therein. . o .
(2) CVD of NonmetalsRees, W. S., Jr., Ed.; VCH Publishers: Weinheim, undergoes a series of changes, and it is clear that the behavior
1996. _ of 8 in solution (at low temperatures) is also complicated.
® gg‘évmt;?]?]d?\;laéhzms-\?/ an'“éigogi-ﬂnggé ';"aégr- 1994 6, 237. Unfortunately, the low volatility of comple» precluded
(4) Whittingham, M. SProg. Solid State Chent978 12, 41. studies by conventional LPCVD or APCVD. However, we
(5) Bill, R. C. Wear1985 106, 283.
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Table 1. Selected Bond Distances (A) and Angles (deg)&or

Ti(1)—S(1) 2.5609(9) Ti(1)yS(2) 2.5395(10) Ti(yS(3) 2.5364(9)
Ti(1)—S(4) 2.3308(9) Ti(LyS(5) 2.3183(9) Ti(1)S(6) 2.3582(10)
Ti(2)—S(1) 2.5132(10) Ti(2yS(2) 2.5249(9) Ti(2yS(3) 2.5295(10)
Ti(2)—-S(7) 2.3366(11) Ti(2yS(8) 2.4090(10) Ti(2yS(9) 2.3484(11)
S(5)-Ti(1)—S(4) 98.64(3) S(8)Ti(2)—S(1) 102.35(3)
S(5)-Ti(1)—S(6) 92.27(4) S(9HTi(2)—S(8) 88.96(3)
S(4)-Ti(1)—S(6) 99.54(4) S(ATi(2)—S(8) 98.20(3)
S(5)-Ti(1)—S(3) 95.66(3) S(HTi(2)—S(3) 98.68(3)
S(4)-Ti(1)—S(3) 165.02(3) S(ATI(2)—S(3) 171.75(3)
S(6)-Ti(1)—S(3) 84.26(3) S(8)Ti(2)—S(3) 88.53(3)
S(5)-Ti(1)—S(2) 96.14(4) S(HTi(2)—S(2) 92.05(3)
S(4y-Ti(1)—S(2) 98.44(3) S(ATi(2)—S(2) 97.41(3)
S(6)-Ti(1)—S(2) 158.75(3) S(8)Ti(2)—S(2) 164.39(3)
S(3)-Ti(1)—S(2) 75.53(3) S(2Ti(2)—S(3) 75.91(3)
S(5)-Ti(1)—S(1) 172.34(3) S(HTi(2)—S(1) 168.63(3)
S(4y-Ti(1)—S(1) 83.45(3) S(AHTi(2)—S(9) 86.26(3)
S(6)-Ti(1)—S(1) 94.65(3) S(ATIi(2)—S(1) 91.00(3)
S(3)-Ti(1)—S(1) 81.79(3) S(HTi(2)—S(3) 82.87(3)
S(2)-Ti(1)—S(1) 76.23(3) S(HTi(2)—S(2) 77.35(3)
Ti(2)—S(1)-Ti(1) 86.14(3) Ti(2y-S(2)-Ti(1) 86.35(3)
Ti(2)—S(3)-Ti(1) 86.32(3)
Table 2. Crystallographic Data fo8
empirical formula GeH7sN1SeTi2 fw 1276.62
space group P2i/c V (A3 6479(2)
cryst syst monoclinic z 4
a(Ah) 21.573(4) T (K) 100(2)
b (A) 17.224(3) 1 (A) 0.71070
c(A) 17.577(4) Pealcd (@ €NTY) 1.309
p (deg) 97.287(16) w (mm™2) 0.576
F(000) 2684 no. of reflns collected 55504
no. unique reflns 14 854 cryst size (mm) 3.1x 0.1
6 range (deg) 2.5527.50 Ré(all data) 0.0834
Rl > 20(1)) 0.0521 VR P(all data) 0.1303
WR™ (1 > 20(1)) 0.1162

aR = S(AF)/3 (Fo). PWR' = [S{W(AF)Z /S {W(FAA1Y2 w = 1/[04F?) + (aP)q, whereP = [max(F.?) + 2(F?)]/3 anda = 0.0003.

with the ratio Ti:S varying over a number of spots. However,
powder XRD of the gray/black material obtained after the
sample was heated to 1000 showed that nanocrystalline, B

had formed. The formation of the sesquisulfideSgi(at 1000

°C) was confirmed by the EDAX data, which showed good
agreement to a 2:3 ratio of Ti:S over a number of spots. The
NMR spectrum of the byproducts obtained wh&nwas
thermolyzed showed resonances assigned tgNHEtand
(PhCH),S,.

In conclusion, a new homoleptic thiolate complex of titanium-
(IV) has been synthesized and structurally characterized. Py-
rolysis of 8 resulted in the formation of the sesquisulfideSii
= at 1000°C. We are currently investigating the formation of
Figure 1. Molecular structure of the anion i@ showing the atom  Neutral monomeric titanium(lV) thiolates to study the CVD of

numbering scheme. Ellipsoids are drawn at the 30% level. Hydrogen these complexes.
atoms are omitted.

. . . ) o ) Experimental Section

investigated the pyrolysis d to gain some insight into the _ _

decomposition pathway. A sample &fwas heated in a quartz General Procedures.All manipulations were performed under a
tube at 500, 600, 800, and 1000 under dynamic vacuum for dry, oxygen-free dinitrogen atmosphere using standard Schlenk tech-

- - _ niques or in a MBraun Unilab glovebox. All solvents were distilled
3 h. The byproducts formed during decomposition were col from appropriate drying agents prior to use (sodium for toluene and

lected in ‘_i liquid N cooled.trap and analyzed By NMR. hexanes; potassium for THF; Cafér CH,Cl,). All other reagents were
The resulting gray/black solids were analyzed by powder X-ray procured commercially from Aldrich and used without further purifica-
diffraction (XRD) and EDAX. Powder XRE of the material  tjon. Microanalytical data were obtained at University College London
obtained at the thermolysis temperatures 500, 600, and@00 (UCL).

revealed it was X-ray amorphous. In addition, the EDAX data Physical MeasurementsNMR spectra were recorded on ‘Ber
showed a degree of inhomogeniety in these solids, particularly AMX300 or DRX500 spectrometers at UCL. The NMR spectra are
for the material isolated after the sample was heated t6600 referenced to CECl,, which was degassed and dried over molecular
sieves prior to usetH and**C chemical shifts are reported relative to

(13) PDF-2 database, International Center for Diffraction Data, Swarthmore, SiMes (0.00 ppm). Mass spectra (Cl) were run on a micromass ZABSE
PA 19081, 1990. instrument, and IR spectra on a Nicolet 205 instrument. Melting points
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were obtained in sealed glass capillaries under argon and are uncorSMN.** Data sets were corrected for Lorentz and polarization effects

rected. Thermolysis studies were performed in a Carbolite tube furnace.

and for the effects of absorption using the program Scaleffatke

Powder XRD measurements were recorded on a Siemens D5000structure was solved using the direct methods option of SHELXS-97

transmission diffractometer using germanium-monochromatedGu K
radiation ¢ = 1.5406 A) as thin films. EDAX was performed on a
Hitachi S570.

Synthesis of 8 Benzyl mercaptan (2.1 mL, 17.8 mmol) was added
dropwise to an orange solution of Ti(Nfgt (0.6 mL, 1.66 mmol) in
toluene (20 mL) at room temperature with stirring. The solution turned
dark red immediately on addition of the thiol. The mixture was stirred
for 2 h atroom temperature, and then the solvent was removed in vacuo.
The resulting dark red oil was dissolved in toluene (20 mL) and filtered
through Celite. The solution was reduced in volume to approximately
10 mL under vacuum and cooled 620 °C, which over a period of
days resulted in the formation of a dark red solid. This solid was
redissolved in ChKCl, (4 mL), and an overlayer of hexanes (20 mL)
was added carefully. Solvent diffusion over a period of days 20
°C afforded dark red crystals &(0.518 g, 60% yield), mp 163105
°C. Anal. Calcd for GgH7sN:1STix: C, 59.57; H, 5.60; N, 1.04.
Found: C, 60.07; H, 5.63; N, 1.584 NMR (CD,Cl): ¢ 0.85 (t, 6H,
NCHZCH3), 2.40 (q, 4H, NCH2CH3), 4.90 (S, 6H,Ll-50‘|2C6H5), 5.32
(s, 12H, t-S®&,CsHs), 7.26-7.65 (M, 45H, SChCeHs). 133C{H} NMR
(CD.Clp): 6 13.1 (NCHCHs), 43.7 (NCH.CHs), 51.6 (SCH2CeHs),
128.8-145.8 (SCHCgHs).

X-ray Structure Determination of 8. Crystals of8 were mounted

on a glass fiber using silicone grease and cooled on the diffractometer.
Crystallographic measurements were carried out with a Nonius Kappa (19)

CCD diffractometer equipped with graphite-monochromated Mo K
radiation usinge rotations with 2 frames and a detector-to-crystal
distance of 25 mm. Integration was carried out by the program DENZO-

and developed using conventional alternating cycles of least-squares
refinement and difference Fourier synthesis (SHELXL®W)ith the

aid of XSeed® All non-hydrogen atoms were refined anisotropically,
while hydrogen atoms were fixed in idealized positions and allowed
to ride. Hydrogen atom thermal parameters were tied to those of the
atom to which they were attached. All calculations were carried out
on a Silicon Graphics Indy workstation or an IBM-PC compatible
personal computer. Crystal data and details of the data collections and
refinements are given in Table 2.
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