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The doubly bridged pyridine-2-thionate (pyS) dimolybdenum complex [Mo(13-C3Hs)(CO)ala(u-17t,n%-pyS), (1) is
accessible by the reaction of [Mo(17°-C3Hs)(CO),(CH3CN),Br] with pySK in methanol at room temperature. Complex
1 reacts with piperidine in acetonitrile to give the complex [Mo(773-C3Hs)(CO)a(17%-pyS)(CsHioNH)] (2). Treatment of
1 with 1,10-phenanthroline (phen) results in the formation of complex [Mo(#°%-CsHs)(CO)a(1*-pyS)(phen)] (3), in
which the pyS ligand is coordinated to Mo through the sulfur atom. Four conformational isomers, endo,exo-complexes
[Mo(173-C3Hs)(CO)(172-pyS)(1%-diphos)] (diphos = dppm, 4a—4d; dppe, 5a-5d), are accessible by the reactions of
1 with dppm and dppe in refluxing acetonitrile. Homonuclear shift-correlated 2-D 3*P{*H} —=3'P{*H} NMR experiments
of the mixtures 4a—4d have been employed to elucidate the four sterecisomers. The reaction of 4 and pySK or
[Mo(CO)3(17*-SCsHsNH)(;7%-dppm)] (6) and O, affords allyl-displaced seven-coordinate his(pyridine-2-thionate) complex
[Mo(CO)(1%-pyS)a(?-dppm)] (7). All of the complexes are identified by spectroscopic methods, and complexes 1,
5d, 6, and 7 are determined by single-crystal X-ray diffraction. Complexes 1 and 5d crystallize in the orthorhombic
space groups Pbcn and Pbca with Z = 4 and 8, respectively, whereas 6 belongs to the monoclinic space group
C2/c with Z = 8 and 7 belongs to the triclinic space group P1 with Z = 2. The cell dimensions are as follows:
for 1, a = 8.3128(1) A, b = 16.1704(2) A, ¢ = 16.6140(2) A; for 5d, a = 17.8309(10) A, b = 17.3324(10) A, ¢
=20.3716(11) A; for 6, a = 18.618(4) A, b = 16.062(2) A, ¢ = 27.456(6) A, B = 96.31(3)°; for 7, a = 9.1660(2)
A, b =12.0854(3) A, ¢ = 15.9478(4) A, o. = 78.4811(10)°, 3 = 80.3894(10)°, y = 68.7089(11)°.

Introduction concerns the dithiocarbamate molybdenum complex [Mo-
(7*-ally)(COX(py)(*SCNR)] (R= Me,, Et), prepared by
treating [Mog?-BPY)(13-allyl)(CO),Br] with NaSCNR in

the presence of py. More recently Shiu et aked [Mo(CH-
CN)x(573-allyl)(CO),Br] to react with NagCNR (R = C4Hs,
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A variety of allyl complexes of molybdenum(ll) containing
bidentate anionic sulfur donor ligands such as dithiocarbam-
ates have been describkedor example, an early repért
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Molybdenum Complexes with pyS-Containing Ligands
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[Mo(CH3CN)(@#3-allyl)(CO)A{#%-S,P(OR)}1° (R = Et, Ph) conformational isomers of [Mg¢-allyl)(CO)(;7>-diphos) -

and [May(n3-allyl) 5(CO){ 7%-S,P(ORy)} 2(u-NH,NH,)] have pyS)] by 2-D3P{H} —3P{1H} NMR experiments.

also been describédlhe 16-electron allyl dithio complexes _ _

such as [Mog3-allyl)(CO)x(n%-S,CNR)]? (R = Et, CiHsg, Results and Discussion

CsHio) and [Mogy*-allyl)(CO)(7*-Pz*BR;)]” (R = H, Et, SynthesesThe reactions of [Mof3-CaHs)(CO)(CHiCN),-

Ph) containing sulfur or nitrogen bidentate ligands have also (B)] with NaS,CNR (R = Mey, Et,, C;Hg, CsHio) or KSy-

been studied. Ho_vvever_, no detailed ln_formatlon has been ¢ gy produced the 16-electron allyl dithiocarbamate com-

presented on a mixed blder_ltate (N, S) Ilgand_ such as pySH'pIex [Mo(7%-CsHs)(CO)(-S;,CNR)F or the 18-electron allyl
Carltorf and Baket described the preparation and char- giioearhonate complex [Mo(GIEN)(17%-CsHs)(COY(1%-S-

acterization of the alkyne pyridine-2-thionate (pyS) com- COEt)] We ex .
; pected that the reaction of [MS{CsHs)-
plexes [W(CO)(pyS)*-MeCMe)] and [W(CO)(NCMe)- (CO)(CHsCN),(Br)] with pyS would produce a 16-electron

(pyS)@7>-MeCMe),][BPhy]. However, no allyl complexes L ; 2
. ; pyridine-2-thionate complex, [M@-CsHs)(CO(172-pyS)],
of molybdenum(ll) contalnmg pyS have beeq described. In or an 18-electron acetonitrile solvate complex, [Mo¢CN)-
a previous papé? we described the preparation and char- (73-CsHs) (COM(r2-pyS)]. Instead, we obtained a dimer, [Mo-
acterization of the first doubly bridged pyS allyl dimolyb- (17%-CsHs) (COY (-1t 7%-pyS), (Scheme 1). Complex [Mo-

3_ 1l 2. ! '
denum(ll) complex ['Vr'fﬁ C3H4.R)(C?j}2]2(_“h’7 7-PySk (1)- o (7-CsHe)(CHCN)(COYBH] and pySK react in methanol at
Herem,_we_report the reactions df wit mt_roge_zn an room temperature, producing the novel doubly bridged
phosphine ligands as well as the characterization of four pyridine-2-thionate complex in good yield. The air-stable

yellow complexl is soluble in DMSO and slightly soluble

(5) Barrado, G.; Miguel, D.; Riera, V.; Garcia-GrandaJSOrganomet.

Chem.1995 489, 129. in CHxClz, CHCN, and THF.
(6) Y. K. H.; Lee, G. H.; Wang, Y.). Organomet. Cherrl999 588 Although the dinuclear compound is held by sulfur

(7) (a) Cotton, F. A.; Stanislowski, A. GL. Am. Chem. Sod.974 96, bridges and is thermally stable, these bridges are easily

5074. (b) Lush, S. F.; Wang, S. H.; Lee, G. H.; Peng, S. M.; Wang, _ 2_
S. L.; Liu, R. S.Organometallics199Q 9, 1862. cleaved. Thus, [Mof®-CsHs)(COX(*-pyS)(GH1NH)] (2)

(8) Carlton, L.; Davidson, J. L1. Chem. Soc., Dalton Tran988 2071. and [Mo(®-CsHs)(CO)(»*-pyS)(phen)] 8) complexes were

(9) Baker, F;-gK-;SJackson, P.D.; Drew, M. G. &.Chem. Soc., Dalton  produced by the reactions dfand piperidine, gH;0NH, or
(10) i Huang, . L. Wang, Yhorg. Chem. Commun,  110-phenanthroline, gHsNo, in dichloromethane at ambient
2003 6, 213. temperature. The yellow compoufds slightly air-sensitive,
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soluble in polar solvent, and slightly soluble mhexane.
The air-stable red compourdds soluble in dichloromethane,
and insoluble in diethyl ether angdhexane.

The respective reactions df and dppm or dppe in
refluxing acetonitrile result in the isolation of the mixtures
of four endgexoconformational isomers, [Mgg-C3Hs)(CO)-
(7%-pyS)@>-diphos)] (diphos= dppm, 4a—4d; dppe,5a—
5d), in good yields withendoPN:endoPSexoPNexoPS
ratios of 3:7:11:79 and 15:35:10:40. The orientationsrafo
andexoare defined to the open face of the allyl group and
carbonyl group in the same direction in the former and
opposite directions in the lattét The PS or PN means one
phosphorus atom of the diphos ligand and the sulfur or
nitrogen atom of the pyS ligand in thiens position of the
pseudooctahedral geometry of complexeand 5. In an
attempt to synthesizéla—4d, we treated [Mo(CQyn’-
pySH)@?-dppm)] @) with allyl bromide in the presence of
Et;N in acetonitrile at room temperature. However, at higher
temperatures only decomposition was observed.

A number of pyridine-2-thionate complexes of group
VIIIB have been preparett, and the pyridine-2-thionate
ligand can be monodentate, with a metallfur bond, it can
chelate to one metal, or it can bridge two or three metal
centers. Thus, the reaction4fvith excess pySK in refluxing
acetonitrile produces a bis(pyridine-2-thionate) complex,
[Mo(CO)(1?-pySk(rn>-dppm)] (7), in good yield. Complex
7 can also be obtained from the dichloromethane solution
of complex6 with continuous stirring in the air for 24 h.
Complex6 can be produced by the reaction of [Mo(GO)
(CH3CN)(#?-dppm)] and pySH in MeOH at room temper-
ature for 1 h. The air-stable red compleend7 are soluble
in chlorinated solvents, and insoluble in diethyl ether and
n-hexane. Attempts to obtain a bisalkyne complex such as
[Mo{#?-S,P(OE})} ,(PhG=CPh}]* from the reaction ofl
with PhG=CPh were unsuccessful. No reaction occurred

under the same reaction conditions. The isolated compounds(VT) (213-

1-7 were already of good purity, but analytically pure
samples could be obtained by slowhexane diffusion into
a dichloromethane solution at°€.

IR and MS Spectroscopy.The IR spectrum of. shows
four terminal carbonyl stretching bands, which is similar to
those of other 16-electron complexes, [M&allyl)(CO),-
(772-L)] (L = EtzNCSz, C4H8NC32, G5H10NC32, EtzBPZQ, Phg-
BPz), that were crystallographically characteriZeith the
case of L= Et,BPz. The solution-phase IR spectra &f
and3 show the two carbonyls with equal intensity, indicating
that the two carbonyls are mutualis. In KBr and solution-

phase IR spectra, only one terminal carbonyl stretching band

is found in4 and5, although four isomers are known to be
present in different ratios. The IR spectruméa$hows two
terminal carbonyl stretchings at 1915 and 1806 (A, +

E) that reveal a typical pattern forfac-L 3sM(CO)s unit with

Yih et al.

an octahedral geometry. Only one terminal carbonyl stretch-
ing band is found at 1807 crin 7.

We could not obtain the parent peak fMmolecular mass
with the typical Mo isotope distribution df from the FAB
mass spectrum. The FAB mass spectr2-66 and6 and7
show parent peaks with the typical Mo isotope distribution
corresponding to [M] and [M™ — CO] molecular masses,
respectively.

NMR Spectroscopy. The room temperaturéHd NMR
spectrum ofl shows five allyl proton resonancesdi..00,
1.33, 3.06, 3.43, and 3.83 with equal intensity. Fa¢H}
NMR spectrum ofl reveals two singlets at lowest field,
which are assigned to the carbon atoms of the four terminal
carbonyl groups (Supporting Information, spectrum A).
Similar spectroscopic observations of the carbonyl group and
allyl moiety in 3C{'H} andH NMR spectra lead us to
believe that comple® contains the same solution intramo-
lecular trigonal twist behavior as the 18-electron dithio
complexes [Mof3-C3Hs){ n2-S,P(OE})} (CH;CN)(CO)),®
[Mo(773-C3Hs){ 7?-S,P(OE%)} (CsH1o0NH)(CO),],> and [Mo-
(73-C3Hs)(17%-S,COEL) (CHCN)(CO)].4 From the AMX;
pattern of the allyl group in théH NMR spectra and the
equivalent resonance of the terminal carbon of the allyl group
as well as the resonance of the carbonyl group in'tGe
{*H} NMR spectra of3, it looks as if the geometry & has
a mirror plane through the center carbon of the allyl group,
Mo, and coordinating S atom of the pyS ligand. The most
likely structure is shown with the allyl group and thyé-
pyS ligand occupying the axial sites and the 1,10-phenan-
throline ligand and the two carbonyl ligands in the equatorial
plane. This structure is different from those of [M&(
CsHs)(1*-O,CCFs)(Phen)(COj]** and [Mo(CHCN) (-
CsH7)(Phen)(COjy] [BF 4]** but similar to the X-ray crystal-
lographically determined geometry of the complex [Mo(
CsHs){ n*-S,P(OEt)} (Phen)(COj.*> Variable-temperature
298 K) 'H NMR experiments were used to
confirm that there does not exist any intramolecular trigonal
twist behavior in complexd under low-temperature condi-
tions due to the steric hindrance of 1,10-phenanthroline and
pyS ligands.

Unambiguous assignment of tAel and *C{*H} NMR
spectra of4 and 5 are difficult because of the multiple
coupling between the diphos ligand and five protons of the
allyl group and the mixtures of the four isomers. However,
the3P{*H} NMR spectra oft and5 clearly show eight sets
of doublet resonance. Homonuclear shift-correlated 2FD
{1H} —3P{*H} NMR experiments of the mixture$éa—4d
have been employed to elucidate the four isomers (Figure
1). From our early repoft exacomplexes show largelp_p
coupling constants thaandecomplexes in the dithiodiphos
molybdenum complexes (dithiee ELNCS,, CHsNCS,
(EtORPS, EtOCS; diphos = dppm, dppe, dppa). The
conformation of the CO ligand and nitrogen atom of the pyS

(11) (a) Yih, K. H.; Lee, G. H.; Wang, YJ. Chin. Chem. So002 49,
479. (b) Yih, K. H.; Lee, G. H.; Huang, S. L.; Wang, ©rganome-
tallics 2002 21, 5767.

(12) (a) Zhang, N.; Wilson, S. R.; Shapley, P. @rganometallics1988
7, 1126. (b) Ceeming, A. J.; Karim, M.; Powell, N. I.; Hardcastle, K.
I. Polyhedron199Q 9, 623.
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L.; Vitagliano, A. Organometallics1997 16, 942.

(14) Lush, S. F.; Wang, S. H.; Lee, G. H.; Peng, S. M.; Wang, S. L.; Liu,
R. S.Organometallics199Q 9, 1862.
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Molybdenum Complexes with pyS-Containing Ligands

Table 1. Crystal Data and Refinement Details for Complege$d, 6, and7

1 5d 6 7
empirical formula QoH]_gNzOASQMO C35H33NOP2$M0 C33H27N OngSMO C36H30N20P2$2M0
fw 606.36 673.56 675.50 728.62
cryst syst orthorhombic orthorhombic monoclinic _ triclinic
space group Pbcn Pbca C2lc P1
a A 8.3128(1) 17.8309(10) 18.618(4) 9.1660(2)
b, A 16.1704(2) 17.3324(10) 16.062(2) 12.0854(3)
c, A 16.6140(2) 20.3716(11) 27.456(6) 15.9478(4)
o, deg 90 90 90 78.4811(10)
f, deg 90 90 96.31(3) 80.3894(10)
y, deg 90 90 90 68.7089(11)
v, A3 2233.28(5) 6295.9(6) 6149.3(21) 1604.23(7)
z 4 8 8 2
Pcalca g CNT 3 1.803 1.421 1.459 1.508
u(Mo Ka)), mm? 1.339 0.613 0.633 0.672
i A 0.71073 0.71073 0.71073 0.71073
T,K 295 295 293 150
6 range, deg 2.4527.50 1.92-27.50 1.49-24.97 1.83-27.50
no. of independent rfins 2558 7233 5402 7357
no. of variables 137 370 371 398
R2 0.051 0.036 0.034 0.043
RuP 0.106 0.090 0.078 0.098
s 1.159 1.030 1.041 1.087

AR = Y |IFol — IFcll/ZIFol- ® Ry = [ZW(IFol — | Fel)4% w = 1/8X(|Fol). ¢ Goodness of fit= [TW(|Fol — |Fcl)2/(Nobsa — Nparam3] 2

Figure 1. Homonuclear shift-correlated 2-D NMR spectrum ¥ nuclei
with *H decoupling for the mixturda—4d in acetoneds. “X” is the impurity.

ligand in thetransposition is more stable than other isomers
because of the goad-bonding CO ligand competition for
the d orbital of the molybdenum atom. The ratio of the four
isomersendoPN, endoPS, exoPN, andexoPS is 3:7:11:
79 by integrating from thé'P{*H} NMR spectra of4. One
can conclude that the dppm ligand improves the formation
of exaproducts. To simplify the variable-temperatdeand
SIP{IH} NMR experiments, the mixtures ofa—4d are
recrystallized to obtain the mixtures afa and 4c to
investigate the fluxional behavior. In the range of 2233

K, the ratio was retained and niéd and 3'P{*H} NMR
spectra were changed. In the range of 2333 K, the'H
NMR resonances ofic became broad at 288 K and the

is possible to conveandoe[Mo(773-CsHs)(CO)(7*-S:CNC4Hs)-
(7?-dppm)] to theexaform by allyl rotation!'® Since no other
information could be obtained, we are not in a position to
define the formative mechanism further.

The'H NMR spectra of6 and7 exhibit resonances at
4.40 andd 4.17 attributed to the methylene protons of the
dppm ligand, and the corresponding resonances ifte
{*H} NMR spectra appear at48.9 and) 40.1, respectively.
The *P{*H} NMR spectra of6 and 7 show the two dppm
resonances at 0.4 andd 14.6 and 15.4, respectively. The
AB pattern results from two inequivalent phosphorus atoms
in 7, and the downfield resonance relative to tha® shows
the lower electron density of the two phosphorus atoms due
to the high oxidation state of Mo(ll).

X-ray Single-Crystal Structures of 1, exo-5d, 6, and 7.

To confirm the novel doubly bridging, chelating, and
monodentate pyS ligands, compledesxa5d, 6, and7 were
confirmed by single-crystal X-ray diffraction studies. The
ORTEP diagrams with atom labels of compledegxo5d,

6 and 7 are shown in Figures-25. Bond distances, bond
angles, atomic coordinates, and equivalent isotropic displace-
ment coefficients for important atoms are listed in Tables 2
and 3. Complexl (Figure 2) is a dimer with each pyS unit
chelating through sulfur and nitrogen to one metal center
and bridging both the metals through sulfur. In the structure,
the coordination geometry around the molybdenum atom is
a distorted octahedron with an N atom and an S atom from
the pyS ligand, one sulfur atom from another pyS ligand,
and two carbonyl groups and the allyl group occupying the
six coordination sites. The MeS distances are not equal,
and the M@S, ring is nonplanar with a dihedral angle of
31.15(4) between the Mo(1)S(1)Mo(1A) and Mo(1)S(1A)-
Mo(1A) planes. The distortions from octahedral geometry
appear to be associated with the small interligand angles
64.43(12) (SMoN angles in chelate rings) and 95.70(5)

resonances appeared decomposed at 313 K (SupportingSMoS angles). The structure confirms the unequivalent allyl

Information, spectrum B). We have recently shown that it

groups. The sulfur atom of the pyS ligandtians to the

Inorganic Chemistry, Vol. 42, No. 4, 2003 1095
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Table 2. Selected Interatomic Distances (A) and Angles (deg)lfor Table 3. Atomic Coordinates and Equivalent Isotropic Displacement
5d, 6, and7 Coefficients for Important Atoms of, 5d, 6, and 72
bond lengths bond angles atom X y z Byq
Compoundl Compoundl
Mo(1)—C(1) 1.970(7) ?\I(Lll)—Mo(l)—S(l) 64.43(12) Mo(1) —449(1) 3817%(1) 1365(1) 46(1)
Mo(1)—C(2) 1.948(7) C(4¥Mo(1)—S(1) 152.60(18) S(1) 1969(2) 3185(1) 2284(1) 48(1)
Mo(1)—C(3) 2.349(6) N(1)»Mo(1)—C(1) 166.5(2) o(1) —817(6) 5386(3) 1511(3) 78(2)
Mo(1)—C(4) 2.209(6) S(1AYMo(1)—C(2) 159.95(18) 0(2) 2117(6) 4202(3) 215(3) 83(2)
Mo(1)—C(5) 2.305(6) S(1A¥Mo(1)—N(1) 86.74(11) N(1) 368(5) 2145(3) 1416(3) 47(1)
Mo(1)-N(1)  2.253(5) C(1>Mo(1)—-C(2) 77.92) c(1) —721(8) 4677(4) 1485(3) 60(2)
Mo(1)—S(1) 2.5669(14)  C(HMo(1)—S(1) 102.09(18) C(2) 1155(8) 3902(4) 619(4) 59(2)
Mo(1)—-S(1A)  2.6184(14)  C(3}C(4)-C(5) 116.1(7) C(3) —3066(8) 3809(4) 945(4) 69(2)
C(3)-C(4) 1.393(8) S(1A¥Mo(1)—S(1) 80.54(5) C(4) —2495(8) 3076(4) 610(4) 68(2)
C(4)-C(5) 1.402(9) Mo(1A¥-S(1)-Mo(1)  95.70(5) ggg; —11%%33((%)) 3;11%%((%)) 196585((43)) 13;((21))
C &bd
Mo()-C()  1908(3)  N(FMo()-S()  63.34(9) 0 20 U 2m 600
Mo(l)-C(3) 23033  N(jMe() o)  161.44(0 c(o) n4@ 6960 129904 G5(Q)
o(l)— . o(l)— .
Mo()-C(4)  2.328(3)  S(tyMo(1)—P(2) 152.16(2) cQ0) —51(8) 1418(3) 1087(4) 58(2)
Mo(1)-N(1)  2.311(2) C(3)Mo(1)—P(1) 169.66(11) Compoundsd
Mo(1)—S(1) 2.5588(7)  C(3)C(3)-C(4) 120.8(4) Mo 2495(1) 7439(1) 4908(1) 31(2)
Mo(1)—P(1) 2.5166(6)  N(3FC(5)-S(1) 112.40(17) S(1) 2773(1) 6529(1) 3956(1) 42(1)
Mo(1)—P(2) 2.4400(6)  Mo(1C(1)-0O(1) 175.5(2) P(1) 2038(1) 8134(1) 3900(1) 35(1)
C(2-C(3) 1.353(5) C(3¥Mo(1)—C(1) 83.27(13) P(2) 2112(1) 8688(1) 5347(1) 33(1)
C(3)-C(4) 1.320(5) Mo(1)C(1)-0(1) 175.5(2) (N)((B fggg&)) géﬁ,&; 22;3((8 gg((g
Compounds
Mo()-C(1)  1974(4)  C(LyMo(1)-C(2) 96.84(15) ggg gg?ggg giﬁggg gjggg; gggg
Mo(1)—-C(2) 1.965(4) C(1yMo(1)—C(3) 87.4(2) cG) 2841(2) 6998(2) 5931(2) 73(1)
Mo(1)—C(3) 1.944(4) C(2yMo(1)—C(3) 84.17(15) S 2125(2) 7181(2) 5982(1) 57(1)
Mo(1)—S(1) 2.5806(11)  C(HMo(1)—S(1) 94.50(11) o) 1890(1) 6175(1) 2140(1) 38(1)
Mo(1)—P(1) 2.5350(10)  C(BMo(1)—P(1) 164.68(11) ) 1519(2) 5583(2) 3812(2) 52(1)
Mo(1)—P(2) 2.5115(10)  C(HMo(1)—P(2) 97.62(11) ! 815(2) 5375(2) 2016(2) 63(1)
C(1)-0(1) 1.153(4) S(LyMo(1)—C(3) 176.88(11) @) 490(2) 5757(2) 4538(2) 57(1)
C(2)-0(2) 1.160(4) C(2yMo(1)—P(2) 163.15(11) () 3710(5) 2314(4) 10478(2) 52(1)
C(3)-0(3) 1.157(4) P(1rMo(1)—P(2) 67.64(3) (10) 3704(6) 1539(5) 9960(2) 81(1)
Compound? C(11) 4636(5) 1477(4) 9181(2) 47(1)
e e e R
Mo(1)-P(2)  2.4577(8)  P(BMo(1)—P(2) 66.20(3) gl((i) 2%%%((11)) %7122%((11)) 11%)}171((11)) %%(é))
Mo(1)-N(1)  2.247(3) N(1>Mo(1)—-N(2) 86.36(9) P() 2122(1) 2310(1) 1996(1) 22(1)
Mo(1)-N(2)  2.307(3) S(1)yMo(1)-S(2) 140.27(3) PE) 1817(1) 5710(1) 1183(1) 44(1)
Mo(1)—S(1) 2.5692(9)  N(ZyMo(1)—-S(2) 85.22(7) N(T) 13370 1322(3) 611(1) 50(1)
Mo(1)—S(2) 2.5125(8)  N(2¥Mo(1)—S(1) 88.73(7) c) 2272(9) 3700(3) 404(1) 28(1)
C(1)-0(1) 1.184(4) P(BMo(1)—N(1) 160.06(8) @) 2648(2) 2269(3) 1261(1) 45(1)
P(1)-C(12) 1.842(3) P(£Mo(1)—S(1) 136.34(3) SG) 3198(2) 4255(3) 1196(1) 50(1)
P(2)-C(12) 1.836(3) P(2)Mo(1)-S(2) 141.79(3) () 784(2) 1828(3) 805(1) 28(1)
S(1)-C(2) 1.732(3) P(2)Mo(1)—N(2) 112.95(7) ) 155(2) 1178(4) 808(1) 62(1)
S(2-C(7) 1.740(4) C(13Mo(1)-N(2) 161.94(12) S6) 142(2) 100(4) 655(2) 7203
_ = i i c(7 738(3 —377(4 483(2 73(1
allyl, S(1)-Mo(1)—C(4) = 152.60(18), while the nitrogen ngg 13268) 2 4&31) 457((%) 6;)&)
atom of the pyS ligand igansto one carbonyl, N(tyMo- C(9) 1955(3) 5786(3) 1857(1) 66(1)
(1)—C(1) = 166.5(2). The remaining carbonyl igansto Compound?
the sulfur atom of another pyS ligand, S(XAY0(1)—C(2) Mo 7155(1) 2631(1) 7727(1) 25(1)
= 159.95(18). The molybdenumsulfur bond frans to ggg gg;gg; 3?382((3 gggg(é)) 32((3
allyl), 2.5669(14) A, is significantly shorter than the mo- P(1) 5115(1) 4591(1) 7370(1) 25(1)
lybdenum-sulfur bond frans to carbonyl), 2.6184(14) A, g((zl)) 333383 %?g%((g g’ggg(%) 288))
because of the greatganseffect induced by the CO group N(1) 9149(3) 1191(3) 8376(2) 31(1)
than the allyl group. The S(¥Mo(1)—N(1) angle of 64.43- N(2) 5534(3) 2161(3) 8907(2) 31(1)
(12§ in Lis similar to 63.6(19 in Mo,(CO)(pyS)® within <) o500 ooay s0eas s
experimental error. The MeMo distance ofl is 3.8446(9) C(3) 10470(4) —902(3) 8280(2) 42(1)
A, indicating no significant metaimetal interaction. To our Sg‘; ﬂg%ig ‘952&3) gglzéé?%) 538)
knowledge, group VIB complexes containing—N and C(6) 10193(4) 1126(4) 8904(2) 40(1)
M—N bonds involving a pyS moiety as a doubly bridged 828 ig%&‘g %82283 1%‘;%(5)((%)) ggﬁ))
bidentate ligand have not been reported in the literature, c(9) 3710(5) 2314(4) 10478(2) 52(1)
although groups VB and VIIIB2 metal complexes with pyS C(10) 3704(6) 1539(5) 9960(2) 61(1)

ligands are known, c(11) 4636(5) 1477(4) 9181(2) 47(1)

The ORTEP plot of complerxo5d is shown in Figure #ESDs refer to the last digit printed.
3. The molybdenum atom is a pseudooctahedron with onesulfur and one nitrogen atom of the pyS ligand, two

phosphorus atoms of the dppe ligand, and the carbonyl and
(16) Yu, P.; Huang, L.; Zhuang, BActa Crystallogr.1994 C50, 1191.

(17) Reynoids, J. G.; Sendlinger, S. C.. Murray, A. M. Huffman, J. C.: allyl groups occupying the six cqord{nation sites. Clearly,
Christou, G.Inorg. Chem.1995 34, 5745. the open face of the allyl group is oriented away from the
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Figure 2. An ORTEP drawing with 30% thermal ellipsoids and atom-
numbering scheme for compléx Figure 4. An ORTEP drawing with 30% thermal ellipsoids and atom-
numbering scheme for complex

an equivalent dppm ligand. Two phosphorus atoms of the
dppm ligand and one sulfur atom of the thione ligandsts€
NH, aretransto three carbonyl groups: P@Mo—C(1) =
164.68(11), P(2-Mo—C(2) = 163.15(11), and S(1)-Mo—
C(3)=176.88(11), respectively. The structure is compatible
with the3'P{'H} NMR spectra ob and complex [Mo(CQy}
(CH3CN)(;7>-dppm)] ¥ which was crystallographically char-
acterized. The Mo(BS(1) bond distance, 2.5806(11) A, is
longer than those df, 5d, and7 (2.5588(7)-2.5692(9) A)
because of the thione ligand of $GNH and Mo(0) of6.

The seven-coordinate bis(pyridine-2-thionate) tungsten-
(1) complex [W(2-pySh(CO)] has been described by
Hoff?° and co-workers. A possible consequence of the pyS
ligand’s relatively small size and bite angle is that it may
Figure 3. An ORTEP drawing with 30% thermal ellipsoids and atom- {401 higher coordination numbers. The crystal structure of
numbering scheme for compléd. . . . .

the seven-coordinate bis(pyridine-2-thionate) molybdenum-

carbonyl group, and the structure confirms the unequivalent (/) complex 7 is shown in Figure 5. The structure @fis
allyl group inexo5d. The sulfur atom of the pyS ligand is ~ @PProximately a pentagonal bipyramid as is that of 4%(

transto the diphos, S(HMo—P(2)= 152.16(2}, while the ~ PYSENO)].# The CO ligand is roughlyransto one of the
nitrogen atom of the pyS ligand isans to the carbonyl, ~ coordinating nitrogen atoms of the pyS ligand (@o—
N(1)—Mo—C(1) = 161.44(9}, in exo5d. The Mo-S and N2 = 161.4(7Y), and the remaining five donor atoms are
Mo—allyl bond distances i andexo5d are consistent with ~ @PProximately planar. A planarity calculation of the five
the values reported for Me-S and numerous Meallyl atoms S1, N1, S2, P1, and P2 reveals an average deviation
systemg8 The bond distances and intercarbon angles of the °f 0-25 A. The molybdenumnitrogen bond of 2.247(3) A

allyl groups in1 (1.393(8) and 1.394(7) A and 116.1{y) (trans to the phosphorus atom of the dppm ligand) is

and exo5d (1.353(5) and 1.320(5) A and 120.8(%)are significantly shorter than the molybdenamitrogen bond
insignificantly different and in the region of those of related ©f 2-307(3) A (ransto the carbonyl) because of the greater

Mo —allylic compounds (1.3%21.42 A, 115-125).18 transeffect induced by the CO group than the dppm group.

P The Mo—P bond lengths 0%d, 6, and7 are in the region
The coordination geometry around the molybdenum atom
of 6 (Figure 4) is approximately an octahedron with the two of 2.4400(6)-2.5350(10) A, and appear to be normal. The

phosphorus atoms, three carbonyls, and pySH group oc-mo_c__O a;?I?egs gﬂ, 53863 a:;nd7 3“8_ e__c,lsel;nti?rl]ly Iintfaar ir(;
cupying the six coordination sites. The structure confirms eregion o .6(3)178.3(3] and similar to those foun

for other terminal carbonyls contained in Mo systems. The
(18) (a) Graham, A. J.. Fenn, R. H. Organomet. Cheni.969 17, 405. Mo—CO (1.908(3)-1.974(4) A) and GO distances are both

(b) Cosky, C. A.; Ganis P.; Avatabile, Bcta Crystallogr., Sect. B
1971 B27, 1859. (c) Fenn R. H.; Graham, A.Jl.Organomet. Chem. (19) Crystal data for [Mo(CQJCH3sCN)(#2-dppm)]: GsoH2sNOzPMo (M

(BN
C(34) &)
N C(35) ¥
20 &

\'=,

1972 37, 137. (d) Cotton, F. A.; Jeremic M.; Shaver, lAorg. Chim. = 605.39), monoclinic, space grolR2:/c, a = 10.930(4) A,b =
Actal972 6, 543. (e) Graham, A. J.; Akrigg D.; Sheldrick, Bryst. 18.516(8) A,c = 15.173(4) A,V = 2902.1(10) &, Z = 4, pcaicd =
Struct. Commurl976 24, 173. (f) Cotton, F. A.; Murillo, C. A.; Stults, 1.386 g cm®, 1 = 0.592 mn1', observed reflections 3772ange =

B. R.Inorg. Chim. Actal977 7, 503. (g) Brisdon, B. J.; Ewards, D. 1.80-22.50. Data were collected with Mo ¢ radiation { = 0.71073
A.; Paddick, K. E.; Drew, M. G. BJ. Chem. Soc., Dalton Trans. A) on an Enraf-Nonius CAD4 diffractometer at 295(2) K. The total
198Q 1317. (h) Faller, J. W.; Chodosh, D. F.; Katahira, D. number of parameters was 335. R10.047, wR2= 0.077, GOF=
Organomet. Chen198Q 187, 227. (i) Lush, S. F.; Wang, S. H.; Lee, 1.001, andAF = 0.473 and—0.367 e R.

G. H.; Peng, S. M.; Wang, S. L.; Liu, R. ®rganometallicsl99Q 9, (20) Sukcharoenphon, K.; Capps, K. B.; Abboud, K. A.; Hoff, Cliarg.
1862. Chem.2001, 40, 2402.
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(CO), dppm, and dppe were purchased from Strem Chemical;
pySH, EtN, 1,10-phenanthroline, #€l;;N, and GHsBr were
purchased from Merck.

[Mo(773-C5Hs)(CO)2l2(u-n* p*-pyS) (1). pySK (0.258 g, 2.0
mmol) was dissolved in MeOH (10 mL), and the solution was added
to a flask (100 mL) containing [Mof3-C3Hs)(CO)(CH3CN),Br]
(0.714 g, 2.0 mmol) in CKCl, (10 mL) at room temperature. After
2 min yellow solids were formed which were isolated by filtration
(G4), washed witm-hexane (2x 10 mL), and subsequently dried
under vacuum, yielding 0.594 g (98%) of IR (KBr, cm™1): v-
(CO) 1937(vs), 1922(vs), 1875(vs), 1858(v4).NMR (500 MHz,
DMSO-dg, 298 K): ¢ 1.00, 1.33 (dJy—n = 9.6 Hz, 2H, Hpg of
allyl), 3.06, 3.43 (br, 2H, K|, of allyl), 3.83 (m, 1H, & of allyl),
6.77 (d,Ju—n = 8.1 Hz, 1H, SC@l), 6.83 (t,J4—n = 6.3 Hz, 1H,
NCHCH), 7.39 (t,Jy—n = 7.7 Hz, 1H, SCCH@®), 7.88 (d,J4—n =
4.6 Hz, 1H, NG). 13C{'H} NMR (125 MHz, DMSOds, 298 K):

0 51.9, 62.9 (s, ECH,), 74.6 (s,C=CH,), 117.3 (s, 5-C of pyS),
126.2 (s, 3-C of pyS), 136.9 (s, 4-C of pyS), 146.2 (s, 6-C of pyS),
176.7 (s, 2-C of pyS), 228.9, 231.2 (€0). Anal. Calcd for
CooH18N20,5Moy: C, 39.61; H, 2.99; N, 4.62. Found: C, 39.80;
H, 2.60; N, 4.50.

[Mo(73-C3Hs)(CO)2(57%-pyS)(CsH1oNH)] (2). A solution of 1
(0.606 g, 1.0 mmol) in CkCl, (20 mL) was treated with &0
NH (0.1 mL, 1.2 mmol) at ambient temperature. Instantly, the
reaction mixture turned to bright yellow. After 10 min of stirring,
the solution was dried in vacuo. Subsequeminexane (40 mL)
was added to the solution, and a yellow precipitate was formed.
) The precipitate was collected by filtration (G4) and dried in vacuo

In this paper we report the syntheses and X-ray crystal {5 yield 0.356 g (92%) of. IR (KBr, cmY): v(CO) 1924(vs),
structures of pyridine-2-thionate molybdenum complexes. In 1838(vs).lH NMR (500 MHz, CDC}, 298 K): & 1.16, 1.26 (d,
complexl, each pyS ligand chelates to one Mo atom through J,_y = 8.9 Hz, 2H, Hy of allyl), 1.64 (m, 6H, NCHCH,CH),),
the nitrogen and sulfur atoms, anebond to the other Mo 2.88 (m, 4H, NGi), 3.20, 3.51 (br, 2H, K, of allyl), 3.60 (m,
atom through the sulfur atom, resulting in a four-membered 1H, CH of allyl), 3.89 (br, 1H, NH), 6.71 (tJu—n = 6.1 Hz, 1H,
ring, in which the two pyS ligands act as doubly bridged NCHCH), 6.87 (d,Ju— = 8.2 Hz, 1H, SCE), 7.25 (t,Jy-n =
five-electron ligands. In complexes 4, 5, and7, the pyS 7.1 Hz, 1H, SCCHEI), _7-67 (br, 1H, N&). C{*H} NMR (125
ligand acts as a chelating three-electron ligand. In complex MHz, CDCh, 298 K): 0 23.8 (s, NCHCH,CH), 25.1 (s,

3, the pyS ligand acts as a one-electron ligand through sulfur(N:ﬁ?zcl:T;)’;(i'lis(z ’c\,lfcu)é)Stgé %2('2 (gfc%chZ)é)Yoigs(SO’(is: 4-C
coordination and the thione ligand, $GNH, acts as a two- 2 PyS), “E50 0, PY2), "0

Figure 5. An ORTEP drawing with 50% thermal ellipsoids and atom-
numbering scheme for complé&x

within the range of values reported for other molybdenum
carbonyl complexes. The-NMo—S angles (63.29(8)64.43-
(12)°) in complexesl, 5d, and 7 are similar to those of
complexes [Me(pyS)(CO}]*° (63.6(1)), [W(pyS)(CO)(CH-
CN)(MeGMe)]° (63.6(57), [W(pySk(CO)] (64.83(95),
[W(pyS)(NO),] (65.88(8), and [W(pyS}(NO)J*° (65.85-
(7).

Conclusion

. e . of pyS), 147.0 (s, 6-C of pyS), 170.3 (s, 2-C of pyS), 226.6 (s,
electron ligand through sulfur coordination @& The bis-
(pyridine-2-thionate) compleX is a stable saturated seven-
coordinate compound, in contrast to [Me(S;CNEt),(CO)]
and [W(SPh)(phen)(CQOj], both of which readily lose CO
to form stable six-coordinate dicarbonyl complexes.

Experimental Section

CO). MS (FAB, NBA,m/2): 389 [M*], 321 [M* — CO], 293 [M"

— 2CQ]. Anal. Calcd for GsH;19N,O,SMo: C, 46.51; H, 4.95; N,

7.23. Found: C, 46.85; H, 5.01; N, 7.12.
[Mo(#3-C3Hs)(CO).(n*pyS)(phen)] (3). To 1 (0.606 g, 1.0

mmol) dissolved in CKCl, (20 mL) with continuous stirring under

a stream of dry nitrogen was added 1,10-phenanthroline (0.18 g,

1.0 mmol). The color of the solution changed from yellow to red

All manipulations were performed under nitrogen using vacuum- immediately, and a red precipitate formed. The precipitate was
line, drybox, and standard Schlenk techniques. NMR spectra werecollected by filtration (G4), washed with-hexane (2x 10 mL),
recorded on a Bruker AM-500 WB FT-NMR spectrometer and are and then dried in vacuo to yield 0.44 g (92%)01R (KBr, cm™):
reported in units 0 (ppm) with residual protons in the solventas ~ v(CO) 1932(vs), 1923(vs), 1845(vs), 1834(v&jl NMR (500
an internal standard (CDEI 7.24; CCN, 6 1.93; GDs, 6 7.15; MHz, CDCh, 298 K): 6 1.58 (d,J4-n = 9.8 Hz, 2H, Hy of allyl),
C,D6CO, 6 2.04). IR spectra were measured on a Nicolate Avator- 3-11 (d,Js-n = 6.3 Hz, 2H, Hy, of allyl), 3.66 (m, 1H, G of
320 instrument and were referenced to a polystyrene standard, usingllyl), 6.00 (d, Ju— = 8.2 Hz, 1H, SCEI), 6.45 (t,Jn-n = 4.9
cells equipped with calcium fluoride windows. Mass spectra were Hz, 1H, NCH), 6.89 (t,Ju—4 = 7.1 Hz, 1H, SCCHE), 6.99
recorded on a JEOL SX-102A spectrometer. Solvents were dried (d, Ju-+ = 3.1 Hz, 1H, NQH), 7.75, 7.76 (dJ4-n = 5.1 Hz, 2H,
and deoxygenated by refluxing over the appropriate reagents before3-H of phen), 7.78 (s, 2H, 5-H of phen), 8.32 (- = 8.1 Hz,
use.n-Hexane, diethyl ether, THF, and benzene were distilled from 2H, 4-H of phen), 9.16 (d}4-1 = 5.1 Hz, 2H, 2-H of phen)*C-
sodium-benzophenone. Acetonitrile and dichloromethane were {*H} NMR (125 MHz, CDC}, 298 K): 0 53.4 (s, @H,), 72.7 (s,
distilled from calcium hydride, and methanol was distilled from CCHy), 117.5 (s, 5-C of pyS), 122.2 (s, 3-C of pyS), 135.9 (s, 4-C
magnesium. All other solvents and reagents were of reagent gradeof pyS), 149.5 (s, 6-C of pyS), 176.7 (s, 2-C of pyS), 124.8 (s,
and were used as received. Elemental analyses and X-ray diffractiorb,6-C of phen), 127.2 (s, 3,8-C of phen), 137.4 (s, 4,7-C of phen),
studies were carried out at the Regional Center of Analytical 149.5 (s, 2,9-C of phen), 228.9 (€0). MS (FAB, NBA, m/2):
Instrumentation located at the National Taiwan University. Mo- 486 [M*], 458 [M* — CO], 430 [M" — 2CQ], 389 [M" — 2CO—
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C3H5]. Anal. Calcd for G,oH17/N3O,SMo: C, 54.66; H, 3.55; N,
8.70. Found: C, 54.89; H, 3.42; N, 8.75.

[Mo(#3-CsHs)(CO)( 7%-pyS)(n>dppm)] (4a—4d). MeCN (40
mL) was added to a flask (100 mL) containiig(0.606 g, 1.0

solution was cooled and removal of the solvent in vacuo, MeOH
(10 mL) was added to the residue, and a red precipitate was formed.
The precipitate was collected by filtration (G4), washed with
n-hexane (2x 10 mL), and then dried in vacuo, yielding 0.49 g

mmol) and bis(diphenylphosphino)methane (dppm) (0.768 g, 2.0 (71%) of7. IR (KBr, cm2): »(CO) 1807(vs)3'P{*H} NMR (202

mmol). The solution was refluxed for 1 h, and an IR spectrum
indicated completion of the reaction. After the solution was cooled

MHz, CDCh, 298 K): 6 15.4, 14.6 (d2Jp_p = 123.5 Hz)H NMR
(500 MHz, CDC}, 298 K): ¢ 4.17 (t, 4H, Gi,), 6.63-7.62 (m,

and removal of the solvent in vacuo, the residue was redissolved 32H, Ph and SNEH,). 3C{*H} NMR (125 MHz, CDC}, 298 K):

in CH.CI, (10 mL). n-Hexane (20 mL) and diethyl ether (20 mL)

5 40.1 (t,20p_c = 22.2 Hz, PCH), 116.5, 116.8 (s, 5-C of pyS),

were added to the solution, and an orange precipitate was formed.121.5-135.7 (m, 3-C of pyS, 4-C of pyS, Ph), 147.8, 148.0 (s,

The precipitate was collected by filtration (G4), washed with diethyl
ether (2x 10 mL) andn-hexane (2x 10 mL), and then dried in
vacuo, yielding 1.16 g (88%) ofa—4d. Further purification was
accomplished by recrystallization from 1/10 gH,/n-hexane. IR
(KBr, cm™1): »(CO) 1794(vs). MS (FAB, NBAW2): 661 [M*],
633 [Mt — CQ], 591 [M* — CO — C3Hs). Anal. Calcd for G4Hz1-
NORPSMo: C, 61.91; H, 4.74; N, 2.12. Found: C, 62.00; H, 4.42;
N, 2.02.31P{1H} NMR (202 MHz, CDC}, 298 K): (4a) 0 —2.3,
30.8 (d,2Jp—p = 37.5 Hz), @b) 6 —27.1, 26.3 (d2Jp_p = 51.2
Hz), (4c) 6 0.3, 33.1 (d2Jp—p = 58.3 Hz), éd) 6 —3.5, 27.6 (d,
2Jp—p = 65.0 Hz).'"H NMR (500 MHz, CDC}, 298 K,4d): 6 1.72,
1.84 (d,2Jy—n = 11.2 Hz, 2H, Hyg of allyl), 2.85, 4.36 (m, 2H,
Hsyn Of allyl), 3.85 (dt, 2H, PE1,CHy, Jy—n = 15.1Jp4 = 10.1
Hz), 4.24 (m, 2H, PE,CH,), 5.26 (m, 1H, ®& of allyl), 6.38—
7.79 (m, 28H, Ph and pySY¥C{'H} NMR (125 MHz, CDC}, 298
K): 0 39.9 (t,2p-c = 19.6 Hz, PCH), 54.8, 74.2 (d2Jp_c = 9.4,
13.8 Hz, G=CH,), 98.3 (s,C=CH,), 115.0 (s, 5-C of pyS), 1215
136.3 (m, 3-C of pyS, 4-C of pyS, Ph), 147.4 (s, 6-C of pyS), 177.6
(s, 2-C of pyS), 231.8 (&Jp_c = 12.2 Hz,CO).
[Mo(n3-C3Hs)(CO)(n2-pyS)@?-dppe)] (5a—5d). The synthesis

6-C of pyS), 172.9, 176.7 (s, 2-C of pyS), 231.6 (s, CO). MS (FAB,
NBA, m/z): 702 [MT — CQO]J. Anal. Calcd for GgHzoN20:P,S,-
Mo: C, 59.34; H, 4.15; N, 3.85. Found: C, 59.50; H, 3.96; N,
3.72.

Single-Crystal X-ray Diffraction Analyses of 1, 5d, 6, and 7.
Single crystals ofl, 5d, 6, and 7 suitable for X-ray diffraction
analyses were grown by recrystallization from 26/iexane/Ch
Cl,. The diffraction data were collected at room temperature on an
Enraf-Nonius CAD4 diffractometer equipped with graphite-mono-
chromated Mo K (1 = 0.71073 A) radiation. The raw intensity
data were converted to structure factor amplitudes and their ESDs
after corrections for scan speed, background, Lorentz, and polariza-
tion effects. An empirical absorption correction, based on the
azimuthal scan data, was applied to the data. Crystallographic
computations were carried out on a Microvax Ill computer using
the NRCC-SDP-VAX structure determination package.

A suitable single crystal af was mounted on the top of a glass
fiber with glue. Initial lattice parameters were determined from 24
accurately centered reflections wiitvalues in the range from 2.45
to 27.50. Cell constants and other pertinent data were collected

and workup were similar to those used in the preparation of complex and are recorded in Table 1. Reflection data were collected using

4. Complex5 was isolated in 92% vyield as a red-orange microc-
rystalline solid. IR (KBr, cmt): »(CO) 1793(vs). MS (FAB, NBA,
m/z): 675 [M'], 647 [M* — CO]J, 605 [M" — CO — C3Hs). Anal.
Calcd for GsH3sNOP,SMo: C, 62.41; H, 4.94; N, 2.08. Found:
C, 62.80; H, 4.45; N, 1.75'P{*H} NMR (202 MHz, CDC}, 298

K): (5a) 0 59.4, 85.8 (d2Jp—p = 22.8 Hz), bb) 6 52.5, 79.6 (br),
(5¢) 0 85.0, 88.5 (d2Jp—p = 67.3 Hz), bd) 0 64.6, 88.8 (d2Jp—p

= 42.7 Hz).

[Mo(CO) 3(n*-SCsH4NH)(?-dppm)] (6). MeOH (20 mL) was
added to a flask (100 mL) containing [Mo(GEN)( #2-dppm)-
(CO)] (0.605 g, 1.0 mmol) and pySH (0.111 g, 1.0 mmol) at room
temperature. Aftel h red solids were formed which were isolated
by filtration (G4), washed withn-hexane (2x 10 mL), and
subsequently dried under vacuum, yielding 0.66 g (98%4. dR
(KBr, cm™1): »(CO) 1915(vs), 1806(vsjP{H} NMR (202 MHz,
CD4CN, 298 K): 6 0.4.1H NMR (500 MHz, CCN, 298 K): ¢
4.40 (m, 2H, PEl,), 6.63-7.62 (m, 24H, Ph and pyS), 12.7 (br,
1H, NH). 13C{*H} NMR (125 MHz, C}CN, 298 K): 6 48.9 (t,
2Jp_c = 18.9 Hz, PCH), 116.3 (s, 5-C of pyS), 121:5136.3 (m,
3-C of pyS, 4-C of pyS, Ph), 148.9 (s, 6-C of pyS), 179.8 (s, 2-C
of pyS), 210.4 (t2Jp_c = 8.68 Hz,transCO), 218.9 (t2Jp-c =
15.22 Hz,cis-CO). MS (FAB, NBA, m/2): 649 [M* — CQO], 621
[M* — 2CO0O], 592 [Mt — 3CO]. Anal. Calcd for GgH2sNO3P,-
SMo: C, 58.76; H, 3.89; N, 2.08. Found: C, 58.90; H, 3.76; N,
1.94.

[Mo(CO)(n2-pyS)(n?-dppm)] (7). Method A. CH,Cl, (40 mL)
was added to a flask (100 mL) containi6d0.675 g, 1.0 mmol),
and the solution was stirred in air at room temperature. After 24 h
red solids were formed which were isolated by filtration (G4),
washed witm-hexane (2x 10 mL), and subsequently dried under
vacuum, yielding 0.28 g (38%) of.

Method B. Complex4 (0.659 g, 1.0 mmol) and pySK (0.202 g,
2.0 mmol) was reacted in refluxing GBN for 2 h. After the

the 6/26 scan method. The final scan speed for each reflection was
determined from the net intensity gathered during an initial prescan
and ranged from 2.06 to 8.24min"1. The # scan angle was
determined for each reflection according to the equation &70
0.35 tanf. Three check reflections were measured every 30 min
throughout the data collection and showed no apparent decay. The
merging of equivalent and duplicate reflections gave a total of 14552
unique measured data, 2558 reflections of which with 20(1)
were considered observed. The first step of the structure solution
used the heavy-atom method (Patterson synthesis), which revealed
the positions of the metal atoms. The remaining atoms were found
in a series of alternating difference Fourier maps and least-squares
refinements. The quantity minimized by the least-squares program
wasw(|Fo| — |F¢|)?, wherew is the weight of a given operation.
The analytical forms of the scattering factor tables for the neutral
atoms were use®. The non-hydrogen atoms were refined aniso-
tropically. Hydrogen atoms were included in the structure factor
calculations in their expected positions on the basis of idealized
bonding geometry but were not refined in least squares. All
hydrogens were assigned isotropic thermal parametei? A2
larger than the equivaleB, value of the atom to which they were
bonded. The final residuals of this refinement wBre= 0.051 and
Ry = 0.106.

The procedures fdsd, 6, and7 were similar to those fot. The
final residuals of this refinement wefe = 0.036 andR, = 0.09
for 5d, R=0.034 andR,, = 0.078 for6, andR = 0.043 ancR,, =
0.098 for7. Selected bond distances and angles and selected final
atomic coordinates are listed in Tables 2 and 3.

(21) Gabe, E. J.; Lee, F. L.; Lepage, Y.@nystallographic Computing;3
Sheldrick, G. M., Kruger, C., Goddard, R., Eds.; Clarendon Press:
Oxford, England, 1985; p 167.

(22) International Tables for X-ray Crystallographyreidel: Dordrecht,
The Netherlands; Boston, 1974; Vol. IV. (b) LePage, Y.; Gabel.E.
Appl. Crystallogr.199Q 23, 406.
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