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Synthesis and Cleavage Reactions of MetaMetal-Bonded [Mo2(S;CNR2)g](OTf) 2, a Source
of the Tris(dithiocarbamato)molybdenum(1V) Fragment

Sean B. Seymoréand Seth N. Brown*

Department of Chemistry and Biochemistry, 251 Nieuwland Science Hall, University of Notre Dame,
Notre Dame, Indiana 46556-5670

Receied June 25, 2001

Halide abstraction from the chlorotris(dialkyldithiocarbamato)molybdenum(1V) complexes M@NES); (R =

Et, Me) with silver triflate produces the diamagnetic dimeric complexes;{(SB3€NR,)g](OTf), in good yield.

The crystallographically determined structure of the diethyldithiocarbamato complex indicates that the dimer consists
of two pentagonal bipyramids sharing an axial edge, with aMo separation (2.8462(8) A) indicative of a
metal-metal bond. A qualitative analysis of the bonding indicates that this bond is of order 2 and consists of one
normalo bond and one relatively weak “skewead interaction. The dimers [MgS,CNR)¢](OTf), react with a

variety of reagents to give monomeric seven-coordinate complexes, including the new cationic molybdenum(1V)
complex [Mo(PMgPh)(SCNEWL)3](OTf), which has been structurally characterized. Kinetic studies of the reaction

of [Mo2(S,CNEb)g](OTf), with halides indicate the presence of competing dissociative and associative substitution

pathways, although neutral donors may react by different mechanisms.

Introduction

The coordination chemistry of molybdenum has received
considerable attention due to the occurrence of this metal in a
number of important biological systerhs.There has been
particular interest in sulfur-rich Mo complexes, which are used
to form reactive clustefsand to mimic the metalligand
environment found in molybdoenzyméRioneering work done
by Chatt and co-workers employed the tris(dialkyldithiocar-
bamato)molybdenum uni Mo(S,CNRy)s}, as the core for
many model complexes, including MofSIOPh)(SCNRy)s (1),°
MoCI(S;CNRy)3 (2),5 and MoN(SCNRy)3 (3).6

Given the utility and stability of the molybdenum tris-

molybdenum(lV) fragment [Mo(§£NRy)s]*. Here we report
that this cation appears to be unstable as a monomer, instead
dimerizing to form metatmetal-bonded dimers [M@,CNR,)¢]-
(OTf), (4). Metal-metal bonding is a staple of molybdenum
chemistry and has been very extensively studiedwever, the
seven-coordinate geometries of the molybdenum atom% in
create an unusual form of multiple bonding in this complex,
with a formally double, but very long, molybdenurmolyb-
denum bond. The strength of the metadetal interaction helps
to hold the dimer together in solution, bdtis cleaved by a
variety of reagents under relatively mild conditions and thus
does serve as a source of the [MgI8IR,)3] ™ fragment.

(dithiocarbamate) core, we sought a convenient source of thegyperimental Section
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Unless otherwise noted, all procedures were carried out on the bench
top. Acetonitrile, chloroform, and methylene chloride were dried over
4 A molecular sieves, followed by CaHAcetone was dried over 4 A
molecular sieves. Dry ether was vacuum transferred from sodium
benzophenone ketyl. Mo(5,CNR;), complexes [R= Et (a series),

Me (b series)] were prepared using a literature proceéuvia(N,-
COPh)(SCNRy)s (1) and MoCI(SCNRy)s (2) were prepared using the
procedures outlined in a short communicatfatetails and'H NMR
spectral data for the compounds are given below. MeBK8R;); was
prepared using a literature methdadll other reagents were com-
mercially available and used without further purification.

NMR spectra were measured on a General Electric GN-300 or a
Varian-300 FT-NMR spectrometer. Chemical shifts#drand3C{H}
spectra are reported in ppm referenced to TMS. Thosé%erand
S1P{'H} spectra are reported in ppm referenced to external trifluoroacetic
and phosphoric acid, respectively. Infrared spectra were recorded as
evaporated films on KBr plates on a Perkin-Elmer Paragon 1000 FT-
IR spectrometer. UM visible data were collected on a Beckman DU-
7500 diode-array spectrophotometer (3800 nm) equipped with a
multicell transport block or a Perkin-Elmer UV/vis/NIR Lambda 19
spectrophotometer (36BO00 nm). Mass spectra were obtained on a
JEOL JMS-AX 505HA mass spectrometer using the FAB ionization
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mode and 3-nitrobenzyl alcohol as a matrix. In all cases, observed established within minutes, includes the new proditétNMR (CD,-

intensities were in satisfactory agreement with calculated isotopic
distributions. Elemental analyses were performed by M-H-W Labora-
tories (Phoenix, AZ) or Canadian Microanalytical Services, Ltd.

(Vancouver, BC, Canada).

Mo(N2COPh)(SCNEt,); (1a)° To a 250-mL round-bottom flask
were added a magnetic stirbar, MS,CNEb), (2.53 g, 5.96 mmol),
NaSCNEL-3H;0 (Aldrich, 1.60 g, 7.10 mmol), PhCONHNHAIdrich,
0.88 g, 6.46 mmol), and absolute MeOH (100 mL). After stirring of
the mixture at reflux for 3 h, the orange product was collected by
filtration, washed with two 10 mL aliquots of absolute MeOH, and
air-dried. Yield: 3.17 g (79%)*H NMR (CDCl): 6 1.27 (m, 18H,
CHg); 3.77 (m, 12H, ®l,); 7.28 (t,J = 8 Hz, 2H, meta); 7.38 (1] =
8 Hz, 1H, para); 8.03 (d] = 7 Hz, 2H, ortho).

Mo(N,COPh)(S;CNMe;); (1b).> Following the procedure fota,
MoO,(S:CNMey)2 (2.72 g, 7.38 mmol) yielded 0.70 g (16%) of orange
product.*H NMR (CD.Cly): 6 3.26 (s, 3H, El3), 3.28 (s, 6H, El3),
3.32 (s, 6H, ®l3), 3.39 (s, 3H, E3); 7.32 (t,J = 8 Hz, 2H, meta);
7.44 (t,J = 8 Hz, 1H, para); 8.03 (d) = 7 Hz, 2H, ortho).

MoCI(S2CNEt,)3 (2a)2 To a 250-mL round-bottom flask were added
a magnetic stirbarla (2.05 g, 0.304 mmol), and absolute methanol
(100 mL). Gaseous HCI, generated fromS@, and saturated brine
and dried by passage throughS®,, was vigorously bubbled through

Cly): 0 1.52 (br, 36H, El); 17.94 (br, 24H, E). FABMS: m/e 1095,
(M — H)*. The comple(Me;NCS,)sMo(u-N)Mo(S,CNMe;);]OTf
(5b) was prepared analogousid NMR (CD.Cl,): 6 27.88 (br, 36H,
CHs). The mixed complex(Me;NCS;)sMo(u-N)Mo(S,CNEt,)s]OTf
(5¢) can be obtained by mixin8a and4b, or 3b and4a, in CD.Cl,.
The resulting equilibrium mixture includés,b and the new product.
IH NMR (CD,Cly): 6 1.55 (br, 18H, CHCHs), 18.90 (br, 12H, El,-
CHs), 26.29 (br, 18H, NEly).

Mo(N3)(S:CNEt,); was generated in solution. In the drybox an NMR
tube with a Teflon-lined screw cap was charged witgh(5.9 mg, 4.3
umol), NaN; (Fisher, 6.0 mg, 0.09 mmol), and GON (0.5 mL).
Reaction progress was monitored 1y NMR spectroscopy for 24 h.
During this time period the intermediate Mo{{5,CNELt); was
observed!H NMR (CDsCN): ¢ 1.52 (br, 18H, Gi3), 17.71 (br, 12H,
CH2CHz). Immersion of the tube in a 6TC oil bath fa 1 h led to the
quantitative formation oBa.

[Mo(PMe2Ph)(SCNELt,)s]OTf ([6]OTf). In the drybox4a (243 mg,
0.176 mmol), PMgPh (Strem, 145 mg, 1.10 mmol), and a magnetic
stirbar were added to a 50-mL round-bottom flask. The flask was
attached to the vacuum line. Dry acetone (20 mL) was added by vacuum
transfer, and the solution was stirred in vacuo for 2 d. The volume
was reduced to 15 mL, and ether (20 mL) was condensed on the reddish-

the orange suspension for 15 min. Heat was generated, and the mixturéorown solution. The next day, the reaction mixture was taken into the

turned forest green. The flask was quickly affixed to a vacuum line,

drybox, and the red crystals were filtered out and washed with ether.

and the volume was reduced to 30 mL. The resulting green solid was Yield: 113 mg (39%)*H NMR (CDCly): 6 —18.15 (br, 6H, PEl3),

collected on a frit under vacuum and washed with 10 mL of freshly
distilled CH;OH. The product was dried under vacuum and stored in
the drybox. Yield: 1.09 g (63%}H NMR (CD,Cl,): 6 1.33 (s, 18H,
CHa); 25.29 (br, 12H, @l,). UV—vis (CH,Cl,) [1, nm (, M~ cm™)]:
363 (7200), 406 (sh, 2600), 592 (80).

MoCI(S2,CNMey)s (2b).5 Following the procedure abovéb (1.00
g, 1.70 mmol) furnished the green prod@tt(0.58 g, 68%)H NMR
(CD2C|2): 0 38.41 (bl’ s, 18H, 63)

[M0o 2(S,CNEt,)e)(OTH) 2 (4a). In the drybox,2a(1.09 g, 1.89 mmol),
AgOTf (Aldrich, 540 mg, 2.10 mmol), and a magnetic stirbar were

1.69 (s, 18H, CHCH3), 7.43 (s, 1H, para), 10.74 (s, 2H, meta), 14.90
(br, 2H, ortho), 35.39 (s, 12H, H;CHs). IR (cmrl): 1519 (s), 1460
(m), 1441 (m), 1383 (m), 1357 (m), 1274 (U&o,), 1224 (m), 1205
(m), 1152 (m,vcr,), 1097 (w), 1076 (m), 1000 (w), 935 (m), 913 (w),
850 (w), 781 (w), 749 (w), 696 (w), 638 (s). UWis (CHCI,) [4, nm
(e, M~tcm™)]: 418 (5400). Anal. Calcd for §H41FsMoN3sOsPS: C,
34.82; H, 4.99; N, 5.08. Found: C, 35.00; H, 4.24; N, 5.14.
[Mo(PPh3)(S,CNEt,)s]OTf was generated in solution by addition
of PPh (2 equiv) to a solution oflain acetoneds or CD,Cl,. *H NMR
(acetoneds): 0 1.49 (br, 18H, ®l3), 7.73 (br, 3H, para), 10.00 (br,

added to a 100-mL round-bottom flask. The flask was attached to a 6H, meta), 11.20 (v br, 6H, ortho), 36.87 (br, 12HH4LH3). [Mo-

swivel frit, which was then affixed to a vacuum line. Dry @&, (30

(NCCD3)(S:CNEt,)s]OTf was generated by dissolvidgin CD;CN.

mL) was added by vacuum transfer, and the solution was stirred in the 'H NMR (CDs;CN): 6 1.48 (br, 18H, El3), 30.52 (br, 12H, El,CHy).

dark for 3 h. The insoluble material was removed by filtration, and

X-ray Structure Determinations of [Mo 2(S;CNEt;)g](OTf) 2

ether (30 mL) was condensed on the resulting brown solution. The 4CHCI; (4a-4CHClI3) and [Mo(PMe,Ph)(SCNEt,)s]OTf (6). Crystals

next day, the brown solid was collected by filtration and taken into the
drybox. Yield: 1.07 g (81%). Alternatively, TIOTf can be substituted
for AgOTTf in this procedure and used to prepare the product in similar
yields.*H NMR (CD,Cl,): 6 1.34 (m, 36H, Els); 3.79 (m, 24H, E1y).
BC{H} NMR (CD.Cl,): 6 12.71, 12.82, 12.85, 12.89, 13.31, 14.08
(CH.CHj3); 44.94, 45.34, 46.25, 46.37, 46.53, 46.CTH,CH3); 196.12,
196.98 CS,). **F{*H} NMR (CD.Cly): 6 —1.03 (s, 6F, €5). IR (cn™):
1523 (vs), 1460 (m), 1443 (s), 1383 (m), 1357 (m), 1273 (¢sy),
1223 (m), 1205 (m), 1152 (Sicry), 1096 (w), 1076 (m), 1031 (vs,
vsoy), 970 (w), 916 (w), 850 (m), 780 (2), 754 (w), 638 (vs). FABMS:
m/e 1081, (M— H*)*. UV—vis (CHCl) [4, nm (¢, Mt cm™)]: 398
(6300), 466 (4800), 517 (sh, 2500), 582 (sh, 1400), 817 (1200). Anal.
Calcd for GoHeoFsM02NgO6S14: C, 27.86; H, 4.38; N, 6.09. Found:
C, 27.47; H, 4.41; N, 5.86.

[Mo2(S,CNMe,)e](OTf) 2 (4b). Following the procedure abov2h
(479.0 mg, 1.01 mmol) furnished 419.3 mg of [M8,CNMe,)g](OTf)2
(4b) as a brown solid (68%)H NMR (acetoneds): ¢ 3.41 (s, 6H,
CHs), 3.42 (s, 6H, El3), 3.49 (s, 6H, Ei3), 3.51 (s, 6H, Ei3), 3.53
(s, 6H, H3), 3.74 (s, 6H, El3). 3C{*H} NMR (CD.Cl,): ¢ 39.25,
39.73, 40.55, 40.90, 41.05, 42.0CH3); 196.92 CS;). °F{'H}
NMR (CD,Clp): 6 0.34 (s, 6F, €3). IR (cnm™): 1549 (vs), 1446 (m),
1401 (vs), 1261 (vsyso,), 1224 (s), 1155 (vSycr,), 1030 (vs,vsoy),
991 (m), 638 (vs). FABMS:m/e 913, (M — H*)". Anal. Calcd for
CooHzeFsM02NsO6S14: C, 19.83; H, 3.00; N, 6.94. Found: C, 19.64;
H, 3.17; N, 6.69.

[(Et.NCS;)sMo(u-N)Mo(SCNEL,)s]OTf (5a) was generated in
solution. In a typical experiment (BNCS;)sMoN (3a, 6.6 mg, 11.9
umol) and4a (10.5 mg, 7.6umol) were dissolved in CECl, (0.5 mL)

of [Mo2(S,CNE)e](OTf)»4CHCE were grown by layering a solution
of 4ain chloroform with diethyl ether (1:3 v/v) and allowing the mixture
to stand at-30 °C in the drybox for 2 weeks. A small red plate (0.2
x 0.1 x 0.02 mm) was placed in inert oil and transferred to the tip of
a glass fiber in the cold Nstream of a Bruker Apex CCD diffractometer
(T = —100°C). Data were reduced, correcting for absorption and decay,
using the program SADABS. The crystal was triclinic (space group
P1). The molybdenum atoms were located on a Patterson map, and
the remaining non-hydrogen atoms were found on difference Fourier
syntheses. Hydrogens were placed in calculated positions. One of the
methyl groups (the one attached to C63) was found to be disordered
over two positions, which were given equal occupancy in the refine-
ment. Final full-matrix least-squares refinement Bhconverged at
R = 0.0545 for 8439 reflections with, > 40(F,) and R= 0.0977 for
all 13 131 unique reflections (WR= 0.1248, 0.1612, respectively).
All calculations used SHELXTL (Bruker Analytical X-ray Systems),
with scattering factors and anomalous dispersion terms taken from the
literature? Crystallographic data are found in Tables3

A 0.35x 0.17 x 0.13 mm red block of [Mo(PM#£h)(SCNE)3]-
OTf was deposited after slow diffusion of ether into a solutior® af
acetone. Data collection and reduction were done as described above.
The crystal was monoclinic, and its space group was determined to be
P2:/n on the basis of the systematic absences. The molybdenum atoms
and the atoms in the first coordination shell were located using direct
methods, and remaining nonhydrogen atoms were found on difference
Fourier syntheses. Hydrogens were placed in calculated positions. There
were two crystallographically independent molecules in the unit cell,

in the drybox. The solution was added to a screw-cap NMR tube and (9) International Tables of Crystallographiluwer Academic Publish-

monitored by*H NMR spectroscopy. The resulting equilibrium mixture,

ers: Dordrecht, The Netherlands, 1992; Vol. C.
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Table 1. Crystallographic Details for Table 3. Selected Bond Lengths (A) and Angles (deg) for
[M02(S:CNE)e](OTf)2r4CHCk (4a-4CHCl) and [Mo(PMe;Ph)(SCNER)3](OTf) (6)
[Mo(PMe:Ph)(SCNEL):|OTT (6) molecule 1 molecule 2
[Mo2(S:CNEb)q]- [Mo(PMezPh)-
(OTf)2-4CHCk (S.CNEb)3]- Mo1-S11 2.4914(11) Mo2S21 2.4990(11)
(4a:4CHCE) OTf (6) Mol1—-S12 2.4946(11) Mo2S22 2.4849(11)
— Mo1-S13 2.4956(11) Mo2S23 2.4811(10)
empirical formula GeHe4sCl12FeM0oNeO6sS14  CosHa1FsMON3OsPS Mol—S14 2.4842(11) Mo2S24 2.4896(11)
fw 1857.05 827.93 Mo1—-S15 2.5035(11) Mo02S25 2.5060(11)
temp (K) 170 170 Mol—-S16 2.4846(12) Mo2S26 2.4851(11)
A (R) 0.710 73 (Mo Ka) 0.710 73 (Mo k) Mol—P1 2.5564(12) Mo2P2 2.5430(12)
Space group P P2y/n S11-Mol-S12  69.06(4) S24M02-S22  68.80(3)
e e 13192 o e S11-Mo1-S13  143.10(4)  S2iMo2-S23  141.54(4)
a(h) 13.4735(8) 14.544(2) S11-Mol1-S14  147.56(4)  S2iM02-S24  149.13(4)

S11-Mol-S15  74.03(3) S2iM02-S25  74.84(3)

EgAA)) 13-323382; %g;}lg% S11-Mol-S16  87.68(4) S24M02-S26  88.48(4)
o (deg) 06.8470(10) o S11-Mol-P1  88.81(4) S2iMo2—P2  85.76(4)
3 (deg) 92.5940(10) 98.156(2) S12-Mol-S13  74.31(4) S22M02-S23  72.79(3)
(doo) 110.6430(10) % S12-Mol-S14  141.88(4)  S22Mo2—S24  141.26(4)
e 3725.9(8) 7158.3(13) S12-Mol-S15  142.14(4)  S22Mo2-S25  142.12(4)
z 2 8 SI2Mol Pl 867(4)  SeeMoz P2 9102
caledp (g/cn) 1.656 1.536 S13-Mol—S14 69.18(3) S23M02-S24 69, 14(3)
cryst size (mm) 0.0% 0.1x 0.2 0.13x 0.17x 0.35 S13-Mol-S15 140.86(4)  S23Mo2-S25  141.96(4)
u(m o ) - 1-21:70 o 0-8:6% o S13-Mo1-S16  93.96(4) S23M02-S26  94.54(4)
Rindices [ > 20(I)]* R1=0.0545, R1=0.0511, S13-Mol—-P1  93.11(4) S23Mo2-P2  96.91(4)
o WR2=0.1248 wR2=0.1149 S14-Mo1-S15  75.97(4) S24M02-S25  76.39(3)
R indices (all dat&) R1=0.0977, R1=0.0838, S14-Mol—S16 93.96(4) S24Mo02—S26 92.63(4)
wR2=0.1612 wR2=0.1378 S14-Mol-P1  85.22(4) S24Mo2—-P2  86.66(4)
aR1— _ WR? — 2 p2 22172 S15-Mol-S16  70.84(4) S25M02-S26  71.04(4)
R1= 3 |[Fo| — [Fdll/3|Fol; WR2 = (S[W(Fe2 — FAT/SWFA?)M S15-Mol-P1  101.37(4)  S25Mo2—P2  96.65(4)
Table 2. Selected Bond Lengths (A) and Angles (deg) for S16-Mol-P1  172.09(4)  S26Mo2—P2  167.45(4)

[M02(S;CNE)e)(OTf) 2 4CHCh (4a-4CHCL)

ethylene glycol mixture circulated through the cell block and was

Mol-S11 2.499(2) Moz S51 2.476(2) measured by a thermocouple inserted in the cell block. Reactions of
Mol-512 2.535(2) Mo2 S52 2.564(2) 4awere carried out anaerobically in dichloromethane at 26.8ising
Mol-S21 2.439(2) Mo2 561 2.429(2) 1 cm quartz cells fitted with septum caps and were monitored at 790
mgi:ggi gjgggg mgiggi gigggg nm. Added reagents were presenti20-fold excess ovea, whose
Mol—S32 2:523(2) Mo2S42 2:522(2) concentration was in the ra_nge{&) X 1(T_4_M. Three replic_:ates were
Mo1—S61 2.495(2) Mo2S21 2.491(2) run for each set of _experlmental cc_)ndltlons._Psfeudo-flrgt-order_rate
Mol—Mo?2 2.8462(8) constants were obtained for the halide substitution reactions using a

least-squares fit to the equation|ly, — A| = —kt + In |A. — Ag|. The

S11-Mol-S12 68.32(5)  S5tMo2-S52 68.21(6) plots were linear for at least 4 half-lives.

S11-Mol-S21  148.39(6) S5iMo2—S61  145.74(6)
S11-Mol1l—-S22 140.87(6) S5iMo02—-S62 143.20(6) Results
S11-Mol-S31  92.01(6) S5iMo2-S41  91.15(6)

S11-Mo1-S32 75.62(5)  S5tMo02-S42 73.38(6) Synthesis and Characterization of [Ma(S;CNR2)g](OTf) 2.
S11-Mol-S61 80.45(6)  S5iMo2-S21 80.94(6) The well-known Mo(VI1) compounds Mo)S,CNRy), [R = Et

S12-Mol1-S21 142.65(6) S52M02—-S61 145.29(6) - . . . -
S12-Mol—S22 72.61(6)  S52M02—S62 75.04(6) (a series), Me If series)} provide a convenient entry into

S12-Mo1-S31 84.65(6) S52Mo2—-S41 84.46(6) molybdenum(lV) tris(dithiocarbamate) complexes Mox(S
S12-Mo1-S32 134.47(6)  S52Mo02—-S42 132.84(6) CNRy);3 using a two-step route described by Chatt and co-
S12-Mol-S61 83.09(6)  S52Mo2-S21 82.47(6) workers (eqs 1 and 2)The orange, air-stable, diamagnetic
S21-Mo1-S22 70.63(6) S61Mo02—-S62 70.94(6)

S21-Mol-S31 86.76(6)  S61Mo02—S41 87.22(6) PhCOL

S21-Mo1-S32 74.40(5)  S61M02—S42 73.98(5)
S21-Mol-S61  105.02(6) S6iM02—-S21  105.47(6)

S22-Mo1-S31 86.51(6) S62Mo02—S41 87.17(6) RoNeer S /SyNF*z
S22-Mo1-S32 138.36(6) S62Mo02—S42 138.64(6) (RoNCS)2MoO <s/ o—g (1
S22-Mol1-S61 92.91(6) S62Mo02-S21 92.63(6) 22 2 NaS;CNR \s
S31-Mo1-S32 69.48(5)  S4iMo02-S42 69.79(6) PhCONHNH,
S31-Mol-S61 167.32(6)  S41iMo2—-S21 166.52(6) MeOH, A NR;
S32-Mo1-S61  117.74(6)  S42Mo2-S21  117.59(6) }; Eg = :\:_At()a)
Mo1—S21-Mo2 70.52(5)  MotS61-Mo2 70.61(5) PhCO_
which were related by a translation of half a unit cell alongateis. ?1 S<__NR
These two molecules were essentially identical except for the confor- H2N<S\ ,’SVNRZ R2N~<S\ 6’\?’ 2
mation of one ethyl group, the orientation of the triflate counterion, 5 O\\S ho 5 N, 2)
and slight differences in the conformation of the RFIe ligand. Final Meo(ﬂ)
full-matrix least-squares refinement Bf converged at R= 0.0511 N NR;
for 11 237 reflections withr, > 40(F,) and R= 0.0838 for all 17 026 2 2a (R = Et)

unique reflections (WR= 0.1149, 0.1378, respectively). 2b (R = Me)

Kinetic Studies. UV —visible data were collected on a Beckman
DU-7500 diode-array spectrophotometer equipped with a multicell diazenido complexes Mo@TOPh)(SCNRy)3 (1) have Cs
transport block. The temperature was regulated by a thermostated watersymmetry on the NMR time scale. This is consistent with the
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Figure 1. Optical spectra of (ENCS;)sMoCl (2a, dashed line) and
[M02(S,CNEb)e](OTf), (4a, solid line) in CHCI,. Extinction coef-
ficients are given per mole of Mo.

solid-state structures of the analogous complexes MaI(N Figure 2. SHELXTL plot (30% thermal ellipsoids) of the cation of
(S:CNMey)s (Ar = Ph, 3-NQCgH,)1° and Mo(NCOEt)(S- [MO2(S,CNE)e](OTf)2:4CHCE (4ar4CHCE).

CNMe,)s, 't which have a pentagonal bipyramidal geometry with confirmed by X-ray crystallography (Figure 2). Each [Me(S
apical diazenido ligands. The fores_t green, slightly air-sensitive CNEb)s]* fragment forms a pentagonal bipyramidal structure
chloro complexes MOCI(ZS:NRZ)F‘" in contrast, show 0”'3/ & with one apical group missing. One of the equatorial sulfur
single set of alkyl resonances in théit NMR spectra, with .o 0 aach [Mo@ENER)s] ™ fragment (S21 on Mol and
the hydrogens on the carbons directly attached to nitrogen g1 on Mo2) binds to the vacant axial position on the other
appearing far downfieldX25.29 for the &, resonance ok, molybdenum. The bridging dithiocarbamates are both on the

0 38.41 for 2b in CD,Cly). This indicates that the seven- same face of the Mg, core, giving the structure overall

coordinate,_l(i-electron complexes are paramagnetic and _underg?noncrystalIographic;:z symmetry. This mode of bridging is
a rapid fluxional process that renders all alkyl groups equivalent typical of edge-sharing bioctahedral complexes linked by

at room temperature. o bridging dithiocarbamate's. Dimeric 4 consists of two pen-
The chloride complexe2 react rapidly in dichloromethane tagonal bipyramids sharing an axial edge, a motif which has
with silver trifluoromethanesulfonate (silver triflate, AQOTf) to  |,oan seen before only once, in the osmium analogug($os
precipitate AgCl and give air-_sensitive speci_ﬁbsf empirical_ CNEb)e)(PFo)2 (40s).14 Indeed, the molybdenum and osmium
formula (RNCS,)sMo(OTf) which are soluble in polar organic  grctures are remarkably similar on their peripheries, apart from
solvents such as acetone, &, CHCL, and CHCN and e generally shorter bonds to osmium (B = 2.415 A in
insoluble in ether, benzene, and hexane. The spectroscop|c4OS VS Mo—Sag = 2.492 A in4a). However, the cores are

properties of the triflatea differ dramatic_ally from those _of significantly different because the molybdenum atomédnat

the precursor chloride complex2ssuggesting that the reaction 2.8462(8) A, approach each other much more closely than do
is not a simple metathesis of triflate for chloride. For example, {he smium atoms itos [3.682(1) A] or than the molybdenum
the chloride comple®ais pale green, appearing yellow in dilute o i dithiocarbamate-bridged MEO)(NO)(u-S;,CNER),

solution; its optical spectrum (Figure 1) shows a very weak |3 773(1) A]25 The short Me-Mo distance irdainduces very
band at 592 nm in addition to intense charge-transfer bands ing . e angles at the bridging sulfur atoms (70.66 98.4 in

th(_e near-UV. The (_1ark br(_)\/\mahasacomplex optical spectrum 4o and clearly indicates a significant amount of Milo
(Figure 1) anld, |r11part|cular_, shows a moderately intense y,,nqing Spectroscopic and chemical evidence leave little doubt
(€ = 1200 M cm) apsorptmn at rather Ic.)n.glwaveI?ngths that the dimeric structure of is retained in solution. For
(Amax = 817 nm). The triflate complexe exhibit *H and**C example, the optical spectrum @k is quite different from
NMR spectra with dithiocarbamato resonances at normal nqnomeric Mo(1V) complexes, even at submillimolar concen-
chemical shifts and are therefore diamagnetic, in contrast 10 y4tions. The NMR spectra that show six different alkyl groups
paramagnen@. Furthermore, the NMR spectra dfshowsix for the dithiocarbamate ligands #indicate that not only is
inequivalent alkyl groups. For example, the spectrum of the ¢ inteqrity of the dimer retained on the NMR time scale but
dimethyldithiocarbamato analogdé in acetoness Shows Six 41 the structure is also nonfluxional. Both of these observations

singlets of equal intensity and the methylene protondedre — ¢nirast starkly with the behavior of the osmium analogee
diastereotopic. Such a low-symmetry spectrum rules out a simple, ik shows only a single ethyl peak and is significantly
ionic formulation as [Mo(8NR,)3]OTf, although the IR

spectrum does show bands characteristic of ionic triffate. (13) (a) Raston, C. L.; White, A. Hl. Chem. Soc., Dalton Tran975
A solution to the structural conundrum is suggested by the 2418-2425. (b) Mattson, B. M.; Heiman, J. R.; Pignolet, L. H.

FABMS of 4, which show prominent peaks at masses corre- B”OVCQH Cherg1975D15Ivt 564;575&%23%?‘25? (f'j?e)&dg'c"' WUS-
: : : . Chem. Soc., Dalton Tran . ram, U.
sponding to Mg(S,CNRy)s. The dimeric structure ofla was Z. Anorg. Allg. Chem1999 625 839-841. (e) Heard, P. J.; Kite,
K.; Nielsen, J. S.; Tocher, D. Al. Chem. Soc., Dalton Tran200Q
(10) Williams, G. A.; Smith, A. R. PAust. J. Chem198Q 33, 717-728. 1349-1356.
(11) Butler, G.; Chatt, J.; Hussain, W.; Leigh, G. J.; Hughes, Onbrg. (14) Wheeler, S. H.; Pignolet, L. Hnorg. Chem.198Q 19, 972-979.
Chim. Actal978 30, L287—-L288. (15) Shiu, K.-B.; Lin, S.-T.; Fung, D. W.; Chan, T.-J.; Peng, S.-M.; Cheng,

(12) Lawrance, G. AChem. Re. 1986 86, 17—33. M.-C.; Chou, J. L.Inorg. Chem.1995 34, 854-863.
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dissociated into paramagnetic monomers even at concentrations

greater than 10 mM (although the dissociation is slow on the
NMR time scale}* In the molybdenum complexes, the integrity
of the dimers appears to persist at least for an hour or so in
solution. When solutions of the diethyldithiocarbamate dimer
4a and the dimethyldithiocarbamate diméb are mixed in
acetoneds, the spectrum initially shows signals only féa,b

and undergoes spectral changes (possibly indicating some

formation of a mixed ethyl/methyl dimer) only after several
hours at room temperature.

Reactivity of [Mo 2(S;CNEty)¢](OTf) 2. The dimeric complex
4areacts with a variety of donor ligands and oxidizing agents
to form monomeric, pentagonal bipyramidal complexes of
molybdenum(1V) or -(VI). For example, [RR=N=PPh]CI| and
[BusN]I react readily and quantitatively over the course of about
1 hin dichloromethane to give the halide complexes Mog&I(S
CNEb)s (2a) and Mol(SCNEL)s, respectively. Sodium azide
in acetonitrile reacts more slowly than the halide$(% reacted
after 24 h at room temperature), possibly because of the low
solubility of NaNs in this solvent. The species that forms in

Seymore and Brown

cin2

this case has a broad dithiocarbamato methyl hydrogen reso-Figure 3. SHELXTL plot (30% thermal ellipsoids) of one of the two

nance § 1.52) and paramagnetically shifted methylene hydro-
gens ¢ 17.71). This species is assigned as the fluxional, 16-
electron azido complex Mo@{(S,CNEL); analogous to the
halide complexes. Heating this complex in situ to°&for 1

h completes the conversion of the azide to the nitrido complex
3a(eq 3), which is present in only trace amounts after 24 h at
room temperature. This is reminiscent of the literature prepara-
tion of 3 from the chloro complexe® and NaN in refluxing
methanof

NaN3
MeC 60°, 1 hr
4a —» (EtoNCS,)3MOo(Ng) et
NEt,

EtoNee?>" ”5
< 3)

/’Iis\s

NEt
3a 2

The molybdenum(lV) dimer [MgS,CNEb)e](OTf), also
reacts with a variety of neutral donors to form paramagnetic,
fluxional adducts. For examplela reacts quantitatively in
acetone with PMgPh within 2.5 h to form the phosphine adduct
[Mo(PMe,Ph)(SCNEbL)s]OTf (6). PPh reacts to form a similar
adduct over the course of 1 day. TheHGignals of6 appear
upfield in the!H NMR atd —18.15, while the phenyl resonances
are shifted downfield, as are the methylene protons of the
dithiocarbamate ligands, appearing as a single peak3at39
ppm. The phosphine addugts soluble in chlorinated organic
solvents and is insoluble in ether, hexane, and benzene.

The structure of6, as determined by X-ray diffraction, is
shown in Figure 3. The two crystallographically independent
cations, which differ only in the conformation of one ethyl group
and the orientation of the PMh ligand, adopt a pentagonal
bipyramidal structure, as is invariably seen for seven-coordinate
molybdenum tris(dithiocarbamato) complexes. The-So0—P
angles (170average) are essentially linear. The My, bond
distances (2.485 A) are normal, indicating that the phosphine
exerts a negligible trans influence.

Harder neutral donors also react with to form paramag-
netic, fluxional monomers, albeit less favorably than do phos-
phines. For example, only 75% conversion to [Mo(NGXB;-
CNEb)3]OTf is seen even after 20 h in neat @IN. No
complexation is observed in neat acetone or with water in
acetoneds. The triflate complex is sensitive to oxygen, turning

crystallographically independent cations in [Mo(P#B)(SCNEL)s)-

orange over several hours on exposure to air and forming
diamagnetic [MoO(SCNE)s] +.16

An exception to the generally slow rate of ligand substitution
reactions oflais its reaction with the nitrido comple3a, which
rapidly (<5 min) cleaves the dimer in acetodg-or CD,Cl,
to form an equilibrium mixture which contains the starting
materials and a-nitrido dimer [(EtNCS)sMo(u-N)Mo(S,CN-
Et)s]OTf (5a), as characterized by NMR and FABMS (eq 4).
The H NMR spectrum of5a shows a single resonance dt
17.94 for the dithiocarbamato methylene protons, indicating that

ELN s\m/s NEt,
2 2 ‘(S/Ig + [Mo2(S2CNEtR)l(OT,

4a
3a NEt,
CDsCly

EtoN
S,

S\ /

etnLs 7l I s ner,
Et2N~<S | ?NEQ
—

I\

NEt,

oTt

)

5a

the Mo(SCNEb)s units are fluxional and that the cation is
symmetrical on the NMR time scale. The equilibrium constant
for eq 4 has been determined by NMR at several concentrations
at 25°C (eq 5).

_[5a?
[3a]°[44]

(16) Young, C. G.; Broomhead, J. A.; Boreham, C1.XChem. Soc., Dalton
Trans.1983 2135-2138.

=26+4M* (5)

4
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0 0.02 0.04 0.0 0.08 0.1 Figure 5. Kinetics of ligand substitution ofa by PMePh in CHCI,
X1 M at 25.3°C. Reaction conditions are the following: (a] = 0.2 mM,
Figure 4. Observed pseudo-first-order rate constants for cleavage of [PM&Ph]= 17.4 mM (solid squares); (b}g] = 0.1 mM, [PMePh]
[48](OTf), by [PheP=N=PPh]CI or [BuaN]! in the presence of [BiN]- = 17.4 mM (open squares); (c}4] = 0.13 mM, [PMePh] = 102.8

PR as a function of halide concentration. The total salt concentration MM (solid triangles).
is 0.1 M for all runs (CHClI,, 25.3°C).
) ] ) o Analogous studies with the neutral ligand PJRR give

A reaction analogous to eq 4 occurs with the dlme_thyld|th|o- qualitatively different results. Again, NMR and UWis data
carbamato complexe3b and4b to form a MeNCS-ligated  gyggest a cleatia— 6 transformation (e.g., an isosbestic point
dimer (b). Cross reactions also occur; thBa and4b, or 3b is observed at 441 nm). However, reactions with a large excess
and 4a, will react to form5a,b and the mixed dimer [(Me of PMePh do not show first-order decay ofa, instead
NCS;)sMo(u-N)Mo(S,CNEL)s]JOTf (5¢). The *H NMR of the reproducibly giving absorbance vs time profiles as shown in
mixed species shows a broad methyl resonanee b2 and Figure 5. The plots show a linear decay accounting~$86%
paramagnetically shifted methyl and methylene resonances aiyf the reaction, followed by a decelerating phase. The slope of
0 26.29 and 18.90, respectively. ) o the “pseudo-zero-order” phase is proportional to #taecon-

Kinetics of Cleavage of 4aThe rates of ligand substitution  antration (compare runs a and b in Figure 5). There is no
of 4a were examined using UWvisible spectroscopy in induction period; if anything, the reaction shows a very slight
dichloromethane at 25.3C by monitoring the decrease in  geceleration before entering the linear phase. It appears unlikely
absorbance ofaat 790 nm. In the presence of both iodide and hat this behavior is due to the presence of adventitious
chloride (in excessjta undergoes clean first-order decay t0  jmpurities in4a, since different batches of the dimer, prepared
the corresponding monomeric halide complexes. There is no by halide abstraction using AgOTf or TIOTf, give identical

sign of intermediates in this reaction by NMR or BVisible results. Similar behavior is seen when acetone is used as solvent
spectroscopy (for example, théa — 2a transformation is rather than dichloromethane.

accompanied by an isosbestic point at 384 nm). If the total
concentration of salts is kept constant using {BJiPFs as an
inert electrolyte, the observed rate constants increase linearly

with increasing concentration of halide for both chloride and g1 ing in [Mo(S,CNR)E(OTH) 2 (4). The monomeric

lodide (F|ggre_ 4). A nonzero intercept Is obs_erved, which is paramagnetic molybdenum tris(dithiocarbamato) chloride com-
the sagnei\lmthln efperlmental error forsbcitlh ha"‘i'es [(8.2.3) plexes2® undergo facile halide abstraction with silver or thallium
x 107s _for Cl™; (8.9£ 0.3) x 1.(T S for_l ; total salt . triflate. The products of halide abstraction are not monomeric
concentration 0f0.1 M]' I t_he reaction is studied as a fur_1ct|o_n cations or triflate complexes but rather the diamagnetic dimers
of concentration of halide without adding electrolyte to maintain [Mo(S,CNRy)](OTf)2 (4), where the axial site vacated by
the salt concentration, however, there is pnlyaslight dependenc alide has been filled b’y a bridging sulfur atom from an
of the observed rate constant on halide concentration. Theequatorial dithiocarbamate ligand of another molybdenum
observed rate constants actually decrease somewhat withoopier The structures of, as illustrated by the solid-state
increasing chloride concentration in the absence of added gy cqre of4a (Figure 2), consist of two molybdenum atoms
electrolyte, ranging from a high of 5.22(18)10™ s * at 0.016 each surrounded by a roughly pentagonal bipyramidal array of

M [PPNICI and leveling off at~3.7 x 10™* s™* [PPNICI sulfur atoms, with the two coordination polyhedra sharing an
concentrations over 0.05 M (Supporting Information, Figure S1). ... edge. ' poly g

This pattern of ligand substitution rates that are linearly
dependent on concentration of entering ligand at constant saltdi
concentration but insensitive to ligand concentration in the

abgetr_]tc?_ of mertt_salt hfas tbee_n obstelrved plr eV|ousI_¥h|n l.'gandmars the remarkable agreement between the two structures,
Is.u Sdl lJl;ggltrgac |onts ofca |ton|tc ”.‘tf] a (:bortqptexe? Vﬁ' ar}IOI’IIC namely the metatmetal separation, which is clearly nonbonding
igands? is most consistent with substitution taking place ", - [0s—0s=3.682(1) A] and clearly bonding ia[Mo—

Vn‘g'”t]k']n nconvtv?ftr 1on dgi?:rs’ h?srigxpecrfﬁdt Ii?\ r:onpol;:r d|crf]1lornot-r Mo = 2.8462(8)]. The chemistry of the molybdenum dimer also
ethane, where adding chionde cannot Increase the concentragy, g tnat it has greater cohesion than its osmium analogue.

tion of the ion pair, but inert electrolyte can decrease the fraction 4os is fluxional on the NMR time scale, in equilibrium with

of reactive anion in the ion paif3. detectable amounts of monomeric [O£SIEL)s] ™, and reacts
rapidly and completely with donor solvents such as;CN to

Discussion

The gross structure aefais strikingly similar to that of the
cationic osmium analogue [S,CNEb)s](PFs)2 (4os) de-
scribed by Wheeler and PignolétOnly one major discrepancy

(17) (a) Romeo, R.; Arena, G.; Scolaro, L. M.; Plutino, M.IRorg. Chim.
Acta 1995 240, 81-92. (b) Alibrandi, G.; Romeo, R.; Scolaro, L.
M.; Tobe, M. L.Inorg. Chem.1992 31, 5061-5066. (19) Loupy, A.; Tchoubar, B.; Astruc, DChem. Re. 1992 92, 1141-
(18) Song, L.; Trogler, W. CJ. Am. Chem. S0d.992 114, 3355-3361. 1165.
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dimer (center of Figure 6). If the reasonable assumption is made
dp } M-S g* that the metatsulfur interaction is much stronger than the

metal-metal interaction, then the energy gap between the
dy dg2.y orbitals will be large and the mixing between them small, and
only the Mo-S nonbonding £ orbitals of the PBP Mo
fragments need to be considered (to a first approximation) in
the description of the metaimetal bonding.

The molybdenum(lV) dimerd have onlyC, symmetry, but
if the chelation of the dithiocarbamates is ignored, then the
Mo,S;, core has nearlZ,, symmetry, with thes, plane defined
by the MaS; core. Two of the Me-S nonbonding orbitals
interact in ao fashion, which creates the MeMo2 ¢ bonding
and antibonding orbitals ofyand k symmetry. The other two
orbitals produce another bonding/antibonding pair, adrad ky
symmetry, respectively (Figure 6). The latter pair are nominally
of T symmetry, but because of the constraints of the PBP ligand
framework, the orbitals are roughly parallel to each other rather
than pointed at each other. This “skewgtinteraction could
equally well be described as a sort of slipp&dond. Ad
interaction would normally be expected to be negligible at 2.85

z , A, but the skewing of the orbitals toward each other is expected
\| _ /\ / to increase their overlap, perhaps enough to resemble that seen
2 x —Mo__ Mo=—Mo in a more typicald bond in a complex with a much shorter
4 / metat-metal separation. A very similar bonding scheme was
Dsp < Con suggested for MgO'Pr), which consists of two trigonal
bipyramids sharing an axial edg&€The much shorter MeMo
bond in Ma(O'Pr) (2.523 A) than inda is probably largely
due to differences in the bridging ligands (compare the non-
bonded Me-Mo distance of 3.335 A in MgNO)y(O'Pr)a(u-
OPr)?4 with that of 3.773 A in Mg(CO)(NO)x(u-S,CNEL),15).

The analogy withd bonding is strongly supported by the
optical spectrum o#a (Figure 1). In particular, the lowest
energy band, at 817 nm (12 200 ¢} is assigned to the,a>
by transition. The modest intensity of this dipole-allowed band
(e = 1200 M1 cm™1) is reminiscent of the low intensities typical
of & — o* transitions in metatmetal quadruply bonded dimers,
where the nominally allowed transitions are quite weak by virtue
of the small overlap between the metal d orbit&lEhe complex
optical spectrum ofla, with multiple shoulders in the 560
800 nm range and two strong bands at higher energy, also
appears to be qualitatively consistent with this four-orbital
picture.

In short, the bonding in dimeri¢ appears to be well-described
as a metatmetal double bond consisting of a reasonably strong
o bond and a rather weaklike “skewedst” bond. The latter
interaction splits the @and by orbitals enough to pair the
electrons and render the complex diamagnetic but is expected
to contribute only slightly to the metaimetal attraction. Hence,
the double bond is quite long, with a distance more typical of
a molybdenummolybdenum single bond.

Mechanism of Ligand Substitution in [Mo2(S;CNEt5)¢]-

(20) Cotton, F. AJ. Less-Common Me1977, 54, 3—12. (OTf),. Given the presence of a metahetal bond ir4, it was
(21) Longer Mo-Mo distances (up to 2.94 A) have been assigned as double NOt obvious whether these dimeric complexes would serve as
bonds inunsymmetricaphosphido-bridged dimolybdenum complexes  useful sources of thg Mo(S;CNRy)s}* fragment. In fact,

on the basis of simple electron-counting considerations, but the 5qqition of ligands and formation of seven-coordinate monomers
asymmetry in these complexes also allows their formulation as having

a single bond with a pair of electrons in a localized nonbonding orbital, rom 4atakes place readily with a variety of reagents, including
(ar)1 Endrich, lé.; Korls,wagen, R.; Za(lgw, g.; Ziegler, M. Alngew. halides, phosphines, azide (ultimately forming the terminal
Chem., Int. Ed. Engl1982 21, 919. Adatia, T.; McPartlin, M.; itri i

Mays, M. J.; Morris, M. J.; Raithby, P. R. Chem. Soc., Dalton Trans. nitride Comple)f 369’ and oxygen (formmg a Mo(Vl) oxo .
1989 1555-1564. () Conole, G.: McPartlin, M.; Mays, M. J.. Morris, complex). Qua]nanvely, rates span a con§|derable range, with
M. J. J. Chem. Soc., Dalton Tran$99Q 2359-2366. (d) Adams, reaction ofdawith MoN(S;CNEb); (3a) coming to equilibrium

H.; Bailey, N. A.; Hempstead, P. D.; Morris, M. J.; Riley, S.; Beddoes,
R. L.; Cook, E. SJ. Chem. Soc., Dalton Tran$993 91-100. (e) (23) Chisholm, M. H.; Cotton, F. A.; Extine, M. W.; Reichert, W. WWorg.

Figure 6. Qualitative molecular orbital diagram for [M&,CNR,)¢]-
(OTf)2 (4). Nonbridging equatorial ligands #hare omitted for clarity.

form monomeric seven-coordinate addu¢t§he molybdenum
dimer4ashows six inequivalent alkyl groups on the NMR time
scale, shows no tendency to form monomers in noncoordinating
solvents, and forms monomeric adducts only slowly and in-
completely in acetonitrile. Thus, the molybdenumolybdenum
bond in4aappears to have both structural and chemical conse-
quences. It is not obvious, however, whkwa should be dia-
magnetic, since the MeMo separation in the%d-d? dimer is
typical of a single bor® and is almost 0.05 A longer than the
longest double bond length we are aware of in a symmettical
dimolybdenum complex, 2.798 A in (MeGidJo(CO(u-
fluorenylidene)? Although the bond length/bond order cor-
relation must be treated with considerable caufitre extreme
length of the bond seemed to merit more careful analysis.
The qualitative molecular orbital diagram illustrated in Figure
6 clarifies the initially puzzling aspects of the bondingdet If
one first considers the metdaligand interactions in each
pentagonal bipyramidal (PBP) Mo fragment (idealizBegh
symmetry), the orbitals split into a set of three with M8 o*
character (g, t-y?, d2) and a degenerate pair that aravith
respect to the ligands gl dy,). Tipping the axes of the two
PBP Mo fragments allows their assembly into the edge-shared

Stichbury, J. C.; Mays, M. J.; Davies, J. E.; Raithby, P. R.; Shields, Chem.1978 17, 2944-2946.
G. P.; Finch, A. Glnorg. Chim. Actal997, 262, 9—20. (24) Chisholm, M. H.; Cotton, F. A.; Extine, M. W.; Kelly, R. LJ. Am.
(22) Curtis, M. D.; Messerle, L.; D’Errico, J. J.; Solis, H. E.; Barcelo, I. Chem. Socl1978 100, 3354-3358.

D.; Butler, W. M.J. Am. Chem. S0d.987 109, 3603-3616. (25) Trogler, W. C.; Gray, H. BAcc. Chem. Red.978 11, 232-239.



Metal—Metal-Bonded [Ma(S;CNRy)6](OTf)2 Inorganic Chemistry, Vol. 40, No. 26, 2006683

within minutes (eq 4), while equilibration with neat @ON However, the puzzling kinetics of the reaction 4d with
takes about 1 day. PMePh (Figure 5) should inject a note of caution into any
The rates of reaction afa with chloride and iodide ions are  discussion of the mechanism of reaction 4 with neutral
well-behaved and allow two important mechanistic conclusions donors. In these reactions, decayafis dominated by a linear
to be drawn. First, the rate of reaction does not increase signifi- phase which accounts fer85% of the reaction and whose rate
cantly with increasing overall chloride concentration (in the is proportional to the initial concentration d&. While many
absence of other ions). This indicates that attack ony(Be other dimeric systems show zero-order kinetics in entering
CNEb)g]2" by external chloride does not contribute significantly ligand or reagert’~3°in no case that we know of is the reaction
to the rate of the reaction; in other words, the chloride that is zero-order in the metal complex! Indeed, no combination of
involved in the reaction is ion-paired with the molybdenum rate constants in a general scheme for ligand-induced mono-
complex. This behavior appears to be typical of anionic nucleo- merization (such as that given by Esperidpwill give a rate
philes reacting with cationic metal complexes in £i.17:18 law that is independent oftf] over the course of the reaction.
If the total quantity of ions is fixed, the ligand substitution rate The reaction rates with PMeh do increase with increasing
does increase linearly with increasing fraction of chloride or phosphine concentration, suggesting that this reaction is at least
iodide. Reaction rates for both halides extrapolate to the samein part associative, but beyond that it is not at all clear what
positive intercept at zero halide concentration. This suggests adetailed mechanism is operating in this case.
two-term rate law in this reaction (eq 6) and hence two )
independent mechanisms for the reaction. Conclusions

Halide abstraction from MoCI@ENR,); provides ready

K= i [X] ©) access to the new binuclear complexes J{#CNR,)¢](OTH),
= Kaiss T kx = - (4). An X-ray structural study ofta (R = Et) reveals that the
[X ]+ [PF] - : -
dimer possesses an unusual edge-shared pentagonal bipyramidal
Kyiss= 8.7(8) x 10°gt structure with a MgS, core. The diamagnetism and optical
4 spectra are most consistent with a Mdo bond order of 2,
ka=2.6(3)x 10 "s though the Me-Mo distance of 2.85 A is more typical of Mo

Mo single bonds. This is rationalized by the description of the
double bond as consisting of a normalbond and a weak
) ) o ) “skewed " bond similar to a normab bond. In its ligand
At low fraction of halide, a halide-independent mechanism g pstitution chemistna acts as a source of the [MofS
predominates. This is most likely simple dissociation of jifg- CNEb)s* fragment; it reacts with azide to form MoN£(S

CNEb)e]>" into monomeric [Mo(8CNEb)s]", although as-  cNEg); (33) and with PMePh to form the new complex
sistance by CkCl, or PR~ in this dissociation cannot be ruled  vo(PMe,Ph)(SCNED)SJOT (6), which has been structurally
out. With increasing amounts of halide, attack by halide on the ¢paracterizedsa can react by both associative and dissociative
intact dimer becomes more important, with chloride reacting pathways. Associative pathways appear to be preferred, although

about three times more efficiently by this route than iodide. tne mechanisms can be complex and may vary with the nature
The linear dependence of rate on halide fraction indicates that yf e incoming ligand.

addition of only one halide ion is sufficient to lead irreversibly
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