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A Thioketene Complex of Molybdenum(N); Table 1. Selected Bond Lengths (A) and Angles (deg) for the
2. _ - Complex [Md 7%«(C,S)g-«(S)-S=C=C(CsH,Me-4)CE0) S} -

CD/sElI Struczure of_[Mo {n*k(C,S)p K(_S') (OXHB(p21] (2

S_C_CRC(_O)S} (_O){HB(pZ)3}] (R - bond lengths interbond angles

CeHsMe-4, pz = Pyrazol-1-yl) 9 9
Mo—C(3) 2.164(6) S(2yMo—S(6) 115.2(1)

I Mo—S(2) 2.413(2) S(2YMo—C(3) 42.0(2)

Anthony F. Hill,* -* John M. Malget, Mo—S(6) 2.419(2) S(2yC(3)-C(4) 150.0(5)

Andrew J. P. White, and David J. Williams C(3)-C(4) 1.324(8) C(4yC(5)—S(6) 113.8(4)
C(4)-C(5) 1.476(9) Me-S(6)-C(5) 105.9(2)

Department of Chemistry, Imperial College of Science,  c(4)-C(8) 1.478(8) S(6yC(5)-0(7) 120.8(5)
Technology and Medicine, South Kensington, C(3)-S(2) 1.658(6) N(15¥Mo—0O(1) 167.4(2)

London SW7 2AY, United Kingdom C(5)-S(6) 1.781(7) N(20yMo—S(2) 159.6(1)

C(5)-0(7) 1.208(8)  N(25rMo—S(6) 158.2(2)

- Mo—O(1 1.668(4 O(1yMo—N(20 93.3(2

Receved June 6, 1997 Mo—N((1)5) 2.304553 ogl;\Mo—Ngzsg 91.5%2;

Mo—N(20)  2.188(5)  O(1}Mo—S(2) 99.3(2)

Introduction Mo—N(25)  2211(5)  O(1}Mo—S(6) 99.2(2)

The interaction of carbon disulfide with alkylidyne complexes Table 2. Crystallographic Data for
has attracted considerable attention recently (Scheme 2). MayrMo{»2-«(C,S)p-x(S)-S=C=C(CsHsMe-4)CE0)S} -
has investigated the reactions of alkylidyne complexes of (O{HB(pz)}] (2)
tungsten, in the presence of phosphih€eBhe results obtained empirical formula: GoH1/BMONeO,S,  fw = 532.3

have been interpreted as involving the coupling reactions of a=9.417(3) A triclinic B
intermediate thiocarbonylalkylidyne complexes. Recently, we ~ b=10.337(4) A space grougl
showed an alternative mode of reactivity for late transition metal €= 11.554(4) A A=154178 L
alkylidyne complexes. In this case cycloaddition is followed g;gg'gfg; /é((ggo')(i)gsg'oo mn
by cleavage of the resulting metallacycle into thiocarbonyl and ), — 77. 10(3y T=293(2)K
thioacyl component%. These quite diverse reactions have Vv =1084.1(7) & R, = 0.05¢
prompted us to investigate in more detail the interactions of Z=2 WR, = 0.127

alkylidyne complexes with GS Herein, we wish to report the Peac=1.631 g cm®

formation of an unusual metallacyclic thioketene complex which  aR = 3||F, — |F||/S|Fol. ® WR = { S[W(F2 — F2/S[W(F,2)3} Y2
results from the reactions of [M&(CR)(CO)(LYHB(pz)}] wt = 0%(Fo)? + (aP)? + bP.

[hereafter R= CgHsMe-4, pz= pyrazol-1-yl; L= CO (la),

PPh (1b)] with CS,. Scheme 1
R

Results and Discussion C/ C/R

The complex [MoECR)(COY{ HB(pz)s}] (1a) reacts slowly s—C# \C*O -~ s——C4 N\ -0
at room temperature (7 days) with excess @Sprovide a red \' / - /C_
complex @) in low yield (10%) after chromatography. The (A) Mo—sS (B) Mo—S§
same complexq) also results from [MGECR)(CO)(PPR{HB-
(pz)}] (1b)* over a longer period (30 days), however, in
substantially improved vyield (45%). Infrared data for the
complex indicate that it no longer contaiteyrminal carbonyl /R /R
ligands. The gross formulation follows from FAB-MS data for _.C _C
which a molecular ion is observed which is consistent with “Mo- s=0 \C—O -~ §5—C* \C-—O
(CO)OCS(CR)Y HB(pz)}”. 'H and!3C NMR data indicate \| / © \‘@) /@
three distinct pyrazolyl environments and the latter also include (€) 0—§ (p) Mo=S

a low-field resonance at 204.8 ppm. Unfortunately, these data - . . . . .
do not unequivocally indicate thgaature of the com)pl)lex formed. (considering the thiocarbony unit as a unidentate ligand) with

: . angles in the ranges 78.1¢1)02.3(2) and 158.2(2)167.4(2}.
Accordingly, a crystallographic study was undertaken. The
results are summarized in Tables 1 and 2 and identify the Although the Mo-N(20) and Mo-N(25) lengths are comparable

2 ) P _ A and unexceptional [2.188(5) and 2.211(5) A, respectively], the
?arg?szu);? ?g)[M{W #(C.S)g-«(S)-S=C=CRCE0)$(=0) bond to the remaining pyrazolyl group is significantly longer

The X-ray structure (Figure 1) reveals the formation of a [Mo—N(15), 2.304(5) Al, reflecting the pronouncesians

novel metallacyclic thioketene ligand incorporating the elements influence of th_e oxo ligand. The oxo Il_gand_shows a_typ|ca||y
of CS,, one carbonyl ligand and the alkylidyne unit. The short M.O_O distance [1.668(4) Al bu_t IS not|c_eab_ly displaced
geometry around the molybdenum center is distorted octahedralfrom bglng orthogonal to the equatona! coordination plas (
6°), as is N(15) ¢a. 7°). Both of these displacements are away
(1) E-mail: ahill@ic.ac.uk. from the metallacycle. Interest focuses on the metallacycle
(2) Mayr, A.; Lee, T.-Y.J. Am. Chem. S0d994 116, 10300;Angew. itself. It appears that electronic delocalization occurs within
Chem., Int. Ed. Engl1993 32, 1726. N this ring as indicated by its planarity: the atoms Mo, S(2), C(3),
® (B:ﬁdfordi Ff'EBJ E"'vlfég%?s}’ghgg' A.J. P.; Williams, D. Angew. C(4), C(5), and S(6) are coplanar to within 0.10 A (by S(6)).
@) ann/l’l:r.]; 'Maléetr,]?]. M.: White, A. J. P.; Williams, D. 1. Chem. ' here is, however, no conjugation between the tolyl group and

Soc., Chem. Commuf99§ 721. the metallacycle, the average torsional twist beiag31°. The
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Scheme 2. The Reactions of Alkylidyne Complexes with
Carbon Disulfidé?
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Figure 1. (a) Molecular geometry of [Mp¢3%?0'-S=C=CRC- ||=h S
(=0)S (OX x3-HB(pz)s}] (2). Pyrazolyl and tolyl H atoms were omitted I Ph— 7\
for clarity. (b) Alternative view normal to plane of metallacycle. CS, h C\\ /C=S
————efi.

- . . PhsP—Ru—PPh,
molybdenum atom is displaced toward the oxo ligand relative

to the plane of the five coordinated atoms, normal to this Cl co o’ ©o
direction by 0.22 A, a feature typical of molybdenum oxo

complexes. Within the metallacycle, the bond lengths are most

consistent with the resonance forfagndB (Scheme 1). Thus, -CO
despitesr-coordination to molybdenum, the C(3$(2) bond Ph,_

length [1.658(6) A] clearly indicates multiple-€S bonding,
being significantly shorter than for CGS(6) [1.781(7) A]. A
substantial degree of multiple bonding is also evident between
C(3) and C(4) [1.324(8) A ], as compared to the essentially
single C(4)-C(5) and C(4)-C(8) bond lengths [1.476(9) and
1.478(8) A, respectively]. The two MeS bond distances are . .
identical despite the different binding modes and the geometric question as to whether the results of Maynight also be
constraints of chelation, and pseudo-olefinic coordination of the @commodated by an alternative and related process involving
thioketene group. This results in a “bend-back” angle of 150.0- direct alkylidyne/C$ cycloaddition and formation of sulfido/
(5)° at C(3). thioketenyl mtermedlates akin to intermediafd (Scheme 3).
Given the already disparate results summarised in Scheme! N€ abstraction of sulfur by PMer PPh, could thus be from
2, the mechanism for the formation ®femains equivocal. The & transient terminal sulfldq Ilgand, .rather than coordlnategi CS
presence of an oxo ligand almost certainly results from Furthermore, a related |m|do/th|oketen_yl intermedia®) (
adventitious oxidation during the chromatographic work-up. (Scheme 1) has been proposed by Weiss to account for the
Perhaps the most surprising feature to be accommodatedprOdPCts of the addition of glkyl |soth|ocyanate§ to high valent
mechanistically is the cleavage of £8ito two ultimately alkylidyne complexe$. This interpretation builds on and
remote components within the metallacycle. We favor that _accpmmodates earlier obse_r_va_t|ons for re_la_lted processes involv-
shown in Scheme 3: (i) cycloaddition of Me&C and G=S ing isocyanates and_car_bo_dumldé%’. Definitive results v_vhlch
bonds; (i) ring contraction and formation of a terminal sulfido Would adequately discriminate between the mechanisms pro-
ligand: (iii) coupling of sulfido and carbony! ligands to provide Posed previousf/and here have yet to be obtained. Clearly,
coordinated carbonyl sulfide; (iv) coupling of thioketenyl and nowever, the reactivity of alkylidyne complexes toward>CS
carbonyl sulfide ligands; (v) oxidative formation of the terminal and related heterocumulefie$ is complex and warrants further
oxo ligand. The initial cycloaddition, being the regiochemical Study-
reverse of that observed for late transition metal alkylid§nes .
is reminiscent of the addition of carbon dioxide to a tungsten Experimental Procedures
aminomethylidyne complex described by FischelRing- The compounds [M&£CR)(CO)(LY HB(pz)s}] [R = CeHsMe-4, pz
contraction to afford a thioketenyl ligand also appears plausible, = Pyrazol-1-yl; L = CO (18, PPh (1b)],* have been described
given that thioketeny! ligands now have ample, albeit recent, Previously. All manipulations were carried out under an atmosphere
literature precedent for group 6 metaf qu prepurrllflgd dinitrogen using conventional Schlenk-tube and vacuum
It is perhaps noteworthy that the proposed mechanism does ¢ techniques.
not involve terminal thiocarbonyl intermediates. This raises the (8) (a) Goller, R., Doctorate Thesis, University of Bayreuth, 1988. (b)

Weiss, K., Goller, R.; Denzner, M.;'1ssel and Kdel, J. InTransition
Metal Carbyne Complexe§ireissl, F. R., Ed.; NATO ASI Series C.
392; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1993;

c=Ss
\/
PhsP—Ru—PPh,

Cl Cs

Solvents were purified by distillation from an

(5) For recent crystallographic studies of molybdenum oxo complexes
see: Gresley, N. M.; Griffith, W. P.; Parkin, B. C.; White, A. J. P.;

Williams, D. J.J. Chem. Soc., Dalton Tra®96 2039 and references pp 55-66.
therein. (9) Goller, R.; Schubert, U.; Weiss, K. Organomet. Cheni993 459,
(6) Fischer, E. O.; Filippou, A. C.; Alt, H. GAngew. Chem., Int. Ed. 229.

Engl. 1985 24, 203.
(7) Hill, A. F.; Malget, J. M.J. Chem. Soc., Chem. Comm@896 1177.

(10) Schrock, R. R.; Schubert, U.; Weiss,BrganometallicsL986 5, 359.
(12) Hill, A. F. J. Mol. Catal.1991, 65, 85.
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Scheme 3. Reaction of [MoECR)(CO)L{ HB(pz)s}] with from a mixture of chloroform and hexane a#0 °C. Yield 0.053 g
CS (L = CO, PPh; R = C¢HsMe-4, Tp= HB(pz); [O] = (10%). (b) [MoE&ECCHMe-4)(CO)(PPE{HB(pz)}] (0.70 g, 1.0
Oxidation) mmol) was treated as in (a) above with the exception that the mixture
was stirred for 30 d. Yield 0.240 g (45%fH NMR (CDCl, 25°C):
Tp Tp R 5 2.43[s, 3 H, CH], 6.2 [s(br), 1 H, BH], 5.83, 6.55, 6.60 [ 3, 1
N! o wl _C H x 3, H{(pz), J(HH) = 2 Hz], 7.36, 8.13 [AB)s, 4 H, GHa, J(AB)
—Mog, 2 —Mo Cc=S = 8 Hz], 6.74, 7.41, 7.87, 7.90, 8.65, 8.724d6, 1 H x 6, H*(pz),
0C"Sc - 007/ "N J(HH) = 2 Hz] ppm. B3C{1H} NMR: & 204.8 [OCS], 146.0, 145.1,
R 144.1, 141.8, 137.0, 134.6 1&pz)], 130.8 [CG(CeH4)], 137.4, 136.1,
tfggh“(:)b) 120.6 [S=C=C, S=C=C, and C(C¢Ha), unequivocal assignment
T L precluded], 129.4, 127.3 [€54CsH,)], 107.5, 107.4, 105.5 [@pz)],

21.3 [CHs] ppm. FAB-MS (NBA matrix)m/z(%) = 700 (0.8) [M+
T T NBA — HxQOJ*, 684 (1.5) [M+ NBA]*, 533 (34) [M]*, 466 (3) [M—
lp R Ip ,S pz]t, 207 (9) [SCCRCOS] 147 (56) [HB(pz)]*, 91(36) [R]F. Anal.

,Mo(/c/; Mo*/(/; Found: C, 42.1; H, 3.0; N, 14.8. Calcd fordE:,-BMoN¢O,S,: C,
oC7™ ¢ —_— NV 42.7, H, 3.2; N, 15.7.
S \ ,/C \ Crystal Structure Determination of [Mo {5?k(C,S)g-k(S)-

(A) S (o} R S=C=C(CeHsMe-4)C(=0)S} (O){HB(pz)3}] (2). Thin red plates
were obtained by slow diffusion of hexane into a solution of the
complex in chloroform at-40°C. A crystal of approximate dimensions
0.19x 0.10 x 0.02 mm was used for the diffraction study. Intensity

Tp S Tp s data were collected in thew scan mode on a Siemens P4/PC
| c” | yd \ diffractometer using Cu K radiation to a maximumevalue of 124.
g—Mo=j [ o=Mo—c¢ Table 2 provides a summary of the crystal data, data collection, and
\C/C\ |S \ refinement parameters f@& The structure was solved by the heavy-
O/’ R \C/C""H atom method and all the non-hydrogen atoms were refined anisotro-
W pically using full-matrix least-squares based A The methyl
0 @ hydrogen atoms were located fromA& map, optimized, assigned
isotropic thermal parametertl(H) = 1.5U(C)], and allowed to ride
appropriate drying agent and degassed prior to dskand 3C{1H} on their parent carbon. The remaining hydrogen atoms were placed
NMR spectra were recorded on a Jeol JNM EX270 NMR spectrometer in calculated positions, assigned isotropic thermal parametis) |
and calibrated against internal SiMEH) or CDCk (:3C). Infrared = 1.2U.{(C/B)], and allowed to ride on their parent atoms. Computa-

spectra were recorded from dichloromethane solutions and Nujol mulls tions were carried out using the SHELXTL PC program system (Version
using a Perkin-Elmer 1725-X FT-IR spectrometer. FAB Mass spec- 5.03) with absorption corrected data (empirical, max/min transmission
trometry was carried out using an Autospec Q mass spectrometer withfactors 0.62 and 0.27, respectively) to giRe= 0.050,wR, = 0.127
3-nitrobenzyl alcohol as matrix. Abundances are given for the major for 2764 independent, observed reflectioff&[[ > 4o(|Fo[)] and 281

peak of isotopic envelopes confirmed by simulation. Elemental parameters. Selected bond lengths and angles are given in Table 1.

microanalytical data were obtained from the ICSTM microanalytical Acknowledgment. We are grateful to the EPSRC (U.K.)

seg;zgération of [Mo{72k(C,S)s-k(S)-S=C—C(CsHaMe-4)C- for a studentship (to J.M.M.) and the d.iffractometer and to the
(=0)S}H(=O){HB(p2)3}] (2). (a) [MO(=CCeHaMe-4)(COM HB(p2)}] Leverhulme Trust and the Royal Society for the award of a

(1a) (0.47 g, 1.0 mmol) was dissolved in tetrahydrofuran (25 mL). Senior Research Fellowship (to A.F.H.).
Carbon disulfide (5 mL, excess) was added and the mixture stirred at Supporting Information Available: An X-ray crystallographic file
room temperature for 7 days. The resulting red/brown solution was in CIF format for complex [Mé7%«(C,S)g-«(S )-S=C—C(CeHaMe-

freed of volatilesin vacug and the residue was extracted with a _ _ . .

e . . 4)C=0)S (=O)X HB(pz 2) is available on the Internet only.
minimum of dichloromethane. This extract was chromatographed A)ccéss)iﬁc()rma?t{ion |(§ g)ls\}/]erf O)n any current masthead page y
(silica gel, 10°C) eluting with diethyl ether. The major red/purple '

fraction which eluted was freed of volatiles and the residue crystallized 1C970712Z



