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The hydride addition to the carbon atom of #fecoordinated
S,CPR; ligand in the recently obtained nitrosyl molybdenum
complex, [MoBr(NO)(CO)«?-S,CPCw)] (1),13 leads to the
isolation of the dinuclear complex, [MENO)x(CO){ u-S,C-

Hydrogen interactions are of primary importance in the fields (H)PCys}2] (2), which, according to X-ray determination,
of molecular recognition and the self-assembly of molecules to contains two 8C(H)PCy;~ ligands acting as 5e%(S)x*(S,S)
form extended supramolecular structufedlthough difficult bridges. This type of five-electron coordination mode of the
to quantify, the existence of this type of interaction is evidenced phosphoniomethanedithiolate ligand is very scarce, being con-
in an increasing number of molecular systems, from complex fined to a few examples of Rh, Mn, and Re. To our knowledge,
biological molecules such as proteins, to much simpler speciesonly two other complexes of this type have been structurally
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Introduction

such as the well-known inorganic and organic compounds characterized: [Rh(TeRH10){u-S,C(H)PPh}]2!* and [Mn-

containing hydroxyl groups. This type of interaction seemed

to be present only with very electronegative atoms, such as F
O, or N. However, some examples have appeared in which
hydrogen interacts with less electronegative atoms, like S,

resulting in a supramolecular arrangement in the solid tate.
As a continuation of our previous studies on the reactivity of
transition metal carbonyl complexes containin@BR; ligands3
we present here the structure of [MNO)x(CO){ u-«%x*-S,C-
(H)PCys} 2], in which the adoption of an open cubane structure
can be attributed to the existence of-B---S interactions.
Zwitterionic trialkylphosphonium dithioformate ligands,
S,CPR;, display a versatile coordinative behavior toward
transition metals, being able to act variably as«2), 4e-
«?(S,S), and 4ex¥(S,C,9) ligands in mononuclear complexes
or as 4exl(S)xY(S), 4e+«X(S)x4S,C), 6ex1(S)x3(S,C,9), and
8e+«?(S,3);«¥(S,C,9) bridging ligands in binuclear complexés.
The chemical reactivity of the coordinatedCPR; ligands

(COXN{u-SC(H)PCys} 2.2

'Results and Discussion

The reaction of the nitrosyl molybdenum complex, [MoBr-
(NO)(COXR(«k?-S,CPCy)] (1),13 with an equimolar amount of
LiBHEt3 in THF, or with an excess of NaBHNn a mixture of
THF and 2-propanol, gave a novel dinuclear complex, Mo
(NO)(CO){ u-S,C(H)PCys} 2] (2), as orange, air-stable crystals
in moderate yields (Scheme 1). In pure THF, the reactioh of
with NaBH; went very slowly (more than 2 days at room
temperature), due probably to the low solubility of the reactants
in THF. When the reaction of with NaBH, was carried out
in THF/methanol, a mixture of three products was obtained,
from which complex2 could be separated in low yield by
chromatography.

The other two products were obtained together as a yellow-
orange crystalline mixture which resisted our attempt of

depends on the coordination mode. For instance, chelatedseparation. The IR and NMR data suggest that these complexes
SCPR; ligands are susceptible to attack at the central carbon are isomers, each containing two methoxide groups. Thus, two
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singlets attributable to OCGHare found for each complex in
theH NMR spectrum (CDG): 6 4.09 and 3.84; and 4.23 and
3.83 ppm. Surprisingly, they were not obtained in the reaction
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Notes

of 1 with NaBH, in pure methanol. The structures of these

complexes are still not clear and need some further studies. In

contrast, the reaction of the related allyl molybdenum complex,
[MoBr(CO)x(173-C3Hs)(k2-S,CPCy)], with hydride reagents,
LiBHEt3 or NaBH,, gave only decomposition products. Pre-
sumably, the hydride ion may attack to the allyl ligand instead
of the central carbon atom of the&PR; ligand, leading to
loss of the allyl ligand and resulting in decomposition of the
remaining fragment.

The nitrosyl dinuclear comple has been characterized by
IR, H, 3'P{H}, and3C{H} NMR spectroscopy and elemental
analysis (see Experimental Section). The IR spectru@ of
THF, displays fourr(CO) bands at 2006 m, 1993 s, 1925 s,
and 1904 s cm! and onev(NO) band at 1627 cmi. The
31P{1H} NMR spectrum shows a singlet for phosphorus of the
S,C(H)PCy~ ligand atd 29.1 ppm (in CDGJ). In addition to
the signals for cyclohexyl groups, tAEl NMR spectrum of2
shows the signal of the hydrogen atom of the&c&)PCy;~
ligand até 8.98 ppm with a small coupling constadf(P—H)
= 2 Hz]. This resonance region seems to be characteristic for
the hydrogen atom of the,S(H)PR;~ ligands coordinated as

bridges in dimer complexes. The corresponding signals reported

for the only other complexes containing phosphoniomethanedi-
thiolato bridges, appear in the rang®.2—10.5 ppm for [Rh-
(EB1oH10{u-S:C(H)PPh} ]2 (E = Se, Te}* and [Mx(CO){u-
S,C(H)PR}2] (M = Mn, Re; R= Cy, iPr)2 In contrast, the
signals for the hydrogen atoms of thgCfH)PR;~ ligands acting

as chelates in mononuclear complexes appear in the range of
5.2—6.3 ppm?6:10.1L.15.16 |n our previous study of the crystal
structure of [MR(CO){u-S,C(H)PCys}2],® we found that the
hydrogen atoms of the bridgeg@&H)PCy;~ ligands situated
within short distances from the sulfur atoms of the opposite
chelate ring and it was proposed that such interactions could
be responsible for the considerable shifts of the signals of the
hydrogens in théH NMR spectra. The same interaction, which
results in the downfield shift of the resonance for the central
hydrogen atoms, may exist in the dimolybdenum comgex
thus suggesting th&thas a cisoid structure, similar to that found
for the dimer [Mn(CO){u-S,C(H)PCys},].2 In the 13C{'H}
NMR spectrum of2, the signal assigned to the central carbon
atoms of the SC(H)PCy;~ ligands appears &t 50.2 [d,1J(P—

C) = 28 Hz], which shifts downfield by ca. 1315 ppm from
those for the dimers [MCO){u-S;C(H)PCy}2] (M = Mn,
Re)2 Only two signals are found in the carbonyl region of the
13C{1H} NMR spectrum, suggesting that the four carbonyls
appear in two sets: two in the equatorial C(2) and C(4), and
two in the axial C(1) and C(3) positions, with respect to the
Mo,S; ring.

All analytical and spectroscopic datad$upport the dimeric
structure proposed in Scheme 1. To know the structure in detail,
an X-ray crystal determination was carried out far A
perspective view of is shown in Figure 1. Relevant crystal-
lographic data are given in Table 1, and selected interatomic
distances and angles are in Table 2.

The structure of2 consists of two equal fragments, “Mo-
(NO)(COX{ xk2-S,C(H)PCys} ", which are held together by two
sulfur bridges, each ;£(H)PCy~ ligand contributing one
sulfur, to form a distorted square core of [M&]. As in the
structure of the dimanganese compound mentioned abitee,
Mo0,S; ring in 2 is not planar, being folded by 32.89 {5)ith
respect to the Mo(2)-Mo(2) line.
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Figure 1. Perspective view (CAMERON] of 2, showing the atom
numbering. Cyclohexyl rings of the phosphine groups have been omitted
for clarity. Thermal ellipsoids are drawn at 50% probability.

Table 1. Relevant Crystal Data and Refinement Details for
[Moz(NO)(CO){ u-17%m"-S.C(H)PCy} 2] (2)

empirical formula G2HesM02N206P2S4
fw 1079.08
cryst syst monoclinic
space group P2i/c, No. 14
a 16.170(5)

b, A 12.878(3)

c, A 23.391(6)

S, deg 90.95(2)

vV, A3 4870(4)

z 4

T,°C 21

Pcalce 9 cnt3 1.47

2 (Mo Ka), A 0.710 69

u, cmt 7.76
residuals R, B 0.037, 0.045

AR = 3(IIFol — IFel[)/3IFol, Ru = {Z(W(IFol — IFc)?)/Zw|Fo|?} 2

The long intermetallic distance of 3.378(1) A, shows that no
direct Mo—Mo bond exists in the dime2. The two SC(H)-
PCy;~ ligands in2 are coordinated ag%(S,S) chelate of 3e
toward one molybdenum atom and:@¢S) monodentate of 2e
toward the other. The MeS distances are in the range
2.522(2)-2.634(2) A, similar to those found in complexes
containingx%(S,S)-S,CPR; chelates:i.e. 2.488(2) and 2.531-

(2) A for [Mo(CO){S:P(OEt}} (S,CPCy)(SNPhCH].Y7 In
contrast, the distances<S, ranging from 1.833(6) to 1.839(6)
A'in 2, are significanly longer than those of theCPR; ligand

in the mononuclear molybdenum compound, 1.669(7) and
1.684(7) A7

As it can be seen in Scheme 2, the two chelate Mo$hgs
in 2 present a cisoid disposition with respect to the centraldylo
square, the same arrangement found in the two reported
structures of complexes containing,C3H)PR;~ bridges,
[Rh(TeByoH10){1-S:C(H)PPh}12* and [Mry(CO)e{ u-S.C(H)-
PCys}2].3

As a result of the cisoid disposition of the tweCH)PCys~
ligands, the central part of the molecule can be described as a
guasicubane cage formed by two Mo, four S, and two C. Asiit
can be expected from the different sizes of the atoms situated
at the corners, the resulting cube is severely distorted: the two
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Table 2. Selected Interatomic Distances (A) and Angles (deg) in
[M0o2(NO)(COM{ u-17%m*-S.C(H)PCys} 2] (2)

Mo(1)—S(1) 2.585(2) Mo(1)}S(2) 2.522(2)
Mo(1)—S(3) 2.634(2) Mo(1}N(1) 1.844(6)
Mo(1)—C(1) 1.955(7) Mo(1}C(2) 1.982(7)
Mo(2)—S(1) 2.619(2) Mo(2}S(3) 2.544(2)
Mo(2)—S(4) 2.537(2) Mo(2)N(2) 1.805(6)
Mo(2)—C(3) 1.994(7) Mo(2)-C(4) 2.008(7)
S(1)-C(5) 1.835(6) S(2C(5) 1.833(6)
S(3)-C(6) 1.839(6) S(4yC(6) 1.839(6)
P(1)-C(5) 1.821(6) P(2}C(6) 1.819(6)
C(5)-H(51) 1.06 C(6)-H61 0.95
S(2)--H(61) 2.676(6) S(4)-H(51) 2.465(6)
S(1)-Mo(1)-S(2) 71.65(5) S(HMo(1)—-S(3) 82.88(5)
S(2-Mo(1)-S(3) 92.30(5) S(3)Mo(1)-N(1)  171.6(2)
S(2-Mo(1)-C(1) 174.8(2) S(1}Mo(1)-C(2) 166.3(2)
S(1)-Mo(2)—S(3) 83.99(5) S(HMo(2)—S(4) 90.75(5)
S(3)-Mo(2)—S(4) 7152(5) S(HMo(2)-N(@2) 171.1(2)
S(4-Mo(2)-C(3)  168.6(2) S(3YMo(2)-C(4)  170.2(2)
Mo(1)-S(1)-Mo(2) 91.86(5) Mo(1}S(1)-C(5)  88.0(2)
Mo(2)-S(1-C(5)  109.6(2) Mo(1}S(3-Mo(2)  92.41(5)
Mo(1)-S(3)-C(6) 110.5(2) Mo(2}-S(3)-C(6)  90.1(2)
Mo(1)-N(1)-O(3) 176.9(6) Mo(2¥N(2)—O(6) 174.6(5)
S(1)-C(5)-S(2) 109.2(3) S(BC(5)-P(1) 113.0(3)
S(2)-C(5)-P(1) 110.3(3)  S(3}C(6)-S(4) 107.7(3)
S(3)-C(6)-P(2) 110.9(3)  S(4YC(6)-P(2) 114.3(3)
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Notes

ever, dimerization occurs spontaneously in the reaction of
[MoBr(NO)(CO)(k2-S,CPCy)] with hydride reagents (see
Scheme 1). No signal attributable to a mononuclear intermedi-
ate can be observed by IR monitoring, which suggests that the
dimerization is a fast step in the reaction. The only examples
previously known for this type of dimerization, concurring with
hydride addition to the central carbon of the chelateGFR;
ligand, are the reactions of [M(C@J(x%-S;CPCy)|"" (M =

Mn, Re; X = OCIOs, n = 0; X = PPh, CO, n = 1) with
NaBHs.2 On the other hand, the,S(H)PR;~ ligands on the
above-mentioned Rh complex are produced by addition af PR
to a chelating dithioformate ,68H~, which is analogously
followed by spontaneous dimerizatiéh.

It is interesting to notice that in related dinuclear complexes
containing bridging thiocarbamate, dithiocarbamate, or dithio-
phosphinate ligands, both types of geometry, cisoid and transoid
(see Scheme 2) have been observed, and the factors that could
favor either of these two steric isomers are still a matter of
discussion and investigatidh. Remarkably, all examples
reported so far, of dimers with,6(H)PRs~ bridges, adopt a
cisoid geometry, displaying the same type of intramolecular
C—H---S interactions, which have been confirmed by structure
determinations and, indirectly, BiA NMR spectroscopy. There
is therefore a strong suggestion that theserSinteractions
could be the determinant factor in the formation of the
guasicubane cage.

Experimental Section

General Procedures. Reactions and manipulations were carried
out under nitrogen atmosphere by using Schlenk techniques. Solvents
were freshly distilled under nitrogen with standard methods before use.
NaBH,, LiBHEt;, and other reagents were purchased and used without
further purification. The starting complex [MoB¥Q)(CO)(«?-
S,CPCy)] (1) was prepared from Mo(C@)NOBF,, and SCPCy; in
three step8&. Infrared spectra were recorded on a Perkin-Elmer Paragon
1000 FT-IR spectrophotometer. NMR spectra were recorded on a
Bruker AC-300 instrument. Th&H and®C spectra are referenced to
internal TMS and thé'P spectra to external 85%zPi0,. Elemental
analysis was performed on a Perkin-Elmer 240B microanalyzer.

the distorted cubane, are not parallel, forming instead an angle preparation of [Mo2(NO)x(CO)4{ g-S;C(H)PCys}] (2). Method

of 26.92(5), this being the most important deviation for the

A: To a suspension of [MoBr(NO)(C&}>S,CPCy)] (1) (310 mg,

ideal cubic geometry. The hydrogen atoms bonded to the central0.5 mmol) in TH_F (20 mL) was aqlded a solutic_)n of LIBHE®D.5 mL,
carbon of the ligands are positioned midway and above the two 0.5 mmo| 1 M in THF). The mixture was stirred fo4 h atroom
open edges of the distorted cube. As it can be seen in Schemdemperature. After the solvent was evaporated in vacuo, the residue
2, there are short contacts between the H atoms and the opposit&as redissolved in Cil, (10 mL) and chromatographed on alumina

sulfur atoms: H(51)-S(4), 2.465(6) A, and H(61)}S(2),
2.676(6) A, which compare well to those found in the solid
state arrangement of (SPMgNH, 2.513(5) A (SPMe)-
(SPPR)NH, 2.43(9) A2° and (SPP$),NH, 2.638(25) A2 In
some sense, these-& interactions help to close the cubane
cage, thus conferring additional stability to the dimer, and this
leads to the formation of the cisoid instead of the transoid
structure.

All previously reported reactions of nucleophilic attack by
hydride ions to the central carbon atoms of the chelat€P8;
ligands in mononuclear complexes can be divided into two

types: displacement of the phosphine group on the central

carbon by hydride ioA8° or addition of hydride ion to the
central carbon of the£PR; ligand with retention of phosphine
group3® The obtained products, either with,@H~ or
S,C(H)PRs~ ligand, are usually mononuclear complexes. How-
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with a minimum amount of methylene chloride as eluent. The collected
orange solution was concentrated in vacuo to ca. 5 mL, and then 10
mL of hexane was added. Slow diffusion for 1 day at room temperature
afforded prismatic orange crystals &f Yield: 150 mg, 56%. Anal.
Calcd for GoHegN2OsS:P.Moy: C, 46.75; H, 6.35; N, 2.60. Found:
C, 46.79; H, 6.41; N, 2.47%.
Method B: A mixture of 1 (310 mg, 0.5 mmol) and NaBH?38
mg, 1 mmol) in THF/2-propanol (1:1) was stirredrf@ h atroom
temperature. The workup was as described above to dbtsrorange
crystals. Yield: 180 mg, 67%. Anal. Calcd for,£lssN2OsSsP2-
Moy C, 46.75; H, 6.35; N, 2.60. Found: C, 46.44; H, 6.36; N, 2.80.
Spectroscopic Data for 2. IR(THF): »(CO) 2006 m, 1993 s, 1925
s, 1904 sy(NO) 1627 s cm®. *H NMR(CDCl): ¢ 8.98 [d,2]J(P—H)
= 2 Hz, 2H, SC(H)PCy], 2.80 [m, 6H, C1 of Cy], 2.18-1.37 [m,
60H, CH; of Cy]. *P{*H} NMR (CDCl): 6 29.1 s. 13C{*H} NMR

(20) Finnimore, S. R.; Goddard, R.; Killops, S. D.; Knox, S. A. R;;
Woodward, PJ. Chem. Soc., Chem. Comma®975 391 J. Chem.
Soc., Dalton Transl978 1247 Shiu, K. B.; Lin, S. T.; Fung, D. W.;
Chan, T. J.; Peng, S. M.; Cheng, M. C.; Chou, Jlnorg. Chem.
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(CDCl): ¢ 223.0 [s, Z£O], 219.5 [s, £0], 50.2 [d,*J(P-C) = 28 refined as riding atoms attached to C(5) and C(6), respectively. The

Hz, SC(H)PCy), 30.7 [d, XJ(P—C) = 39 Hz, C? of Cy], 27.8-27.1 remaining hydrogen atoms were geometrically positioned, and they were

[m, C?, C8, C° andCS® of Cy], 25.7 [s,C* of Cy]. given an overall isotropic thermal parameter. Drawing in Figure 1 was
X-ray Difraction Study of [Mo 2(NO)x(CO){ u-S;C(H)PCys} 7] (2). made with CAMERON=

Relevant crystallographic details are given in Table 1. Unit cell
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tions were performed with CRYSTALSB. The structure was solved

by direct methods with SHELX86and subsequent Fourier maps. All
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