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ABSTRACT

The reaction of fac-[M(OTf)(CO);(N-N)](M= Mn, Re; N-N= 2,2’-bipyridine, 1,10-phenanthroline)
complexes with in situ generated LiSEt afforded immediately, in THF at low temperature, the
corresponding mononuclear terminal thiolato complexes fac-[M(SEt)(CO);(N-N)](1-2a,b). Using an
analogous synthetic strategy, tungsten and molybdenum (II) alkyl- and arylthiolatos of formula cis-
[M(SR)(n3-allyl)(CO)»(N-N)] (3-6a,b) have been obtained. Preliminary reactions of the more reactive
molybdenum thiolato complexes towards dimethylacetylenedicarboxylate led to Z-alkenyl products
(7a,b), resulting from the insertion of the organic unsaturated electrophile into the Mo-S bond. For each
new type of compound, one representative has been characterized in the solid state by X-ray

diffraction.
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1. Introduction

Thiolato (SR) ligands have been extensively used since the very beginnings of coordination chemistry
with both main group and transition metals, showing different bonding modes, and displaying a marked
tendency to form bimetallic complexes and clusters in which the thiolato ligands bridge two or more
metal centers.[1-3] Thiolato complexes are of particular relevance in bioinorganic chemistry,[4-6] as
many enzymes feature metal coordination by the thiolato groups of cysteine residues; in medicine, gold
thiolatos are of importance as drugs, particularly in arthritis therapy,[7, 8] and volatile molecular
thiolatos have been used as starting materials for chemical vapor deposition (CVD) of metal or sulfide

layers.[9, 10]

The behavior of organosulfur metal compounds has been extensively studied and is expected to be
similar to those on the surface of catalysts employed in hydrodesulfurization (HDS), a process used to
remove sulfur-containing impurities from crude petroleum in order to minimize environment pollution,
and the poisoning of the catalysts used for subsequent transformations. [11-14] Although the
mechanism of the catalytic process is still unknown, coordination of the SR group to the metal is

believed to be an essential step. [15] The most commonly used hydrotreating catalysts are composed of



a mixture of a group 6 element (Mo or W) and a “promoter” element (Co or Ni) deposited on a support,

typically AlL,O;.

Organometallic compounds can provide well-defined structural models displaying properties that can
be used to elucidate those of complex catalysts, and, similarly, the types of reactions exhibited by
organometallic compounds are often informative in gaining insights into the HDS process.[16-22] In
metal carbonyl complexes the thiolato group is generally found acting as a bridging ligand, linked to
two or three metal atoms. Complexes with terminal thiolato ligands are also known, but they are often
unstable towards CO loss and subsequent formation of polymetallic species by formation of thiolato

bridges.

We reported years ago a series of [MX(n3-allyl)(CO),(N-N)]J(M= Mo, W) and [MX(CO);(N-N)] M=
Mn, Re) with X= alkyl,[23] alkynyl,[24] alkoxo[25, 26] and amido[27, 28] complexes, in which N-N=
2,2’-bipyridine (bipy) or 1,10 phenanthroline (phen). These organometallic fragments have shown their
stability (reactions of substitution of CO ligands were not found), the ease of their preparation, the
convenience of displaying CO ligands (to serve as a spectroscopic IR handle) and a high redox
stability. In addition, these new species showed a rich reactivity towards some unsaturated organic
electrophiles. The work reported herein includes the synthesis and characterization of thiolato
compounds of these allyldicarbonyl and fac-tricarbonyl fragments, and a preliminary study of the

reactivity of the molybdenum species towards selected unsaturated organic electrophiles.
2. Experimental Section
2.1. General procedures

All manipulations were carried out under a nitrogen atmosphere using Schlenk techniques. Solvents
were distilled from Na (hexane), Na/benzophenone (THF) and CaH, (CH,Cl,). Compounds [MoCI(n?*-
allyl)(CO),(N-N)] (N-N= bipy, phen),[29] [Re(OTf)(CO);(N-N)] (N-N= bipy, phen) [25, 30] and
[Mn(OTf)(CO);s(bipy)] [31] were prepared as previously reported. Deuterated dichloromethane
(Cambridge Isotope Laboratories, Inc.) was stored under nitrogen in a Young tube and used without
further purification. 'H NMR and '3C NMR spectra were recorded on a Bruker Avance 300, DPX-300
or Avance 400 spectrometer. NMR spectra are referred to the internal residual solvent peak for 'H and
BC{'H} NMR. IR solution spectra were obtained in a Perkin-Elmer FT 1720-X spectrometer using 0.2
mm. CaF, cells. NMR samples were prepared under nitrogen using Kontes manifolds purchased from

Aldrich.



2.2. X-ray structure determinations

General Description: For Compounds 2a and 4b. A crystal was attached to a glass fiber and
transferred to a Bruker AXS SMART 1000 diffractometer with graphite monochromatized Mo Ko X-
radiation and a CCD area detector. A hemisphere of the reciprocal space was collected up to
20 =48.6 °. Raw frame data were integrated with the SAINT[32] program. An empirical absorption
correction was applied with the program SADABS.[33] For compound 7b: Crystal data were collected
on an Oxford Diffraction Xcalibur Nova single crystal diffractometer, using Cu-Ko radiation (A=
1.5418 A) at 100(2) K. Images were collected at a 65 mm fixed crystal-detector distance, using the
oscillation method, with 1° oscillation and variable exposure time per image (4-16 s). Data reduction
and cell refinement was performed with the program CrysAlis’™ RED.[34] An empirical absorption
correction was applied using the SCALE3 ABSPACK. [34] All the structures were solved using direct
methods and refined by Full-Matrix-Least-Squares against F? with SHELX[35] under OLEX?2.[36] The
non-hydrogen atoms were refined anisotropically and hydrogen atoms were placed at idealised
positions and refined using the riding model. Molecular graphics were made with ORTEP 3.[37] In the
structure of 2a an incipient disorder was found to affect the thiolato ethyl group and one carbonyl
ligand, but it could not be modelled satisfactorily. The thiolato group was refined with a constrained
geometry, and the carbon atom C(3) could not be refined anisotropically. In the structure of 4b, a short
contact between methyl H atoms is probably an artifact which arises from a misplacement failure of the

riding model. Crystal and refinement data are presented in Table 1.



Table 1. Crystal data and refinement details for complexes 2a, 4b and 7b.

compound 2a 4b 7b

formula CisHi3ReSOsN, MoSN>C20:Hz C27H23NQOGSMOC12
F, 487.53 448.38 67541

T [K] 293(2) 293(2) 150.00(10)

crystal system monoclinic monoclinic monoclinic

space group P2,/c C2/c P2i/n

a[A] 16.214(2) 25.954(8) 11.7120(7)

b[A] 13.3338(17) 11.406(3) 14.1188(7)

c[A] 16.042(2) 13.583(4) 18.0146(11)

al] 90 90 90

B 109.801(2) 105.891(5) 96.253(5)

7% 90 90 90

V[A3 3263.1(7) 3867.3(19) 2961.2(3)

Z 8 8 4

Peae [gem] 1.985 1.5400 1.515

p [mm] 7.588 0.802 6.304

F(000) 1856.0 18240 13760

cristal size [mm] 0.18x0.14 x0.12 0.29x0.21 x0.13 0.24 x0.14 x 0.05
radiation MoKa (A =0.71073) MoKa (A =0.71073) CuKa (A =1.54184)

20 scan range [°]
no refletions collected
no independent reflections

data/restrains/parameters
goodness-of-fit on F?

Ri/Ry> [I>20(D)]

Ri/R,; [all data)

2.67 to 46.534
14368

4668 [Rin = 0.0569,

Rigm = 0.0524]
4668/28/394

1.003

R, =0.0818, wR, = 0.1990

R;=0.1051, wR, =0.2229

3.264 to 47

8419

2816 [Rin = 0.0210,

Rsigma = 00209]
2816/22/236

1.078

R =0.0343, wR, =0.0974

R; =0.0436, wR, =0.1031

7.974 to 141.192
14002

5446 [Rin = 0.1002,
Ryigma = 0.0948]
5446/0/352

1.639

R, = 00870, wR;
0.2403

R, = 0.1342, wR;
0.2823

Largest diff. peak/hole [e A%]  10.50/-2.85 0.52/-0.61 1.31/-1.68

2.3. Synthesis and characterization

[Mn(SCH,CH;)(CO);3(bipy)](1). nBuLi (0.230 mL of a 1.6 M solution in hexane, 0.372 mmol) was
added to a solution of EtSH (28 uL, 0.372 mmol) in THF (10 mL) at -78 °C. The resulting colorless
solution was transferred using a cannula and nitrogen pressure to a solution of [Mn(OTf)(CO);(bipy)]
(0.150 g, 0.338 mmol) in THF (15 mL) previously cooled to -78 °C. The color of the solution changed
immediately from yellow to red. The solvent was evaporated to dryness under reduced pressure and the
solid was extracted with CH,Cl, (25 mL). The resulting solution was filtered off the white solid
(LiOTf) via cannula, concentrated under reduced pressure to a volume of 10 mL, and addition of
hexane caused the precipitation of compound 1 as a red solid, which was washed with hexane (2 x 15
mL) and dried. Yield: 0.086 g (72 %). IR (THF, cm™): 2003(vs), 1912(s), 1902(s) (vco). 'H NMR
(CD,CLy): 9.10, 8.11,7.95 and 7.43 [m, 2H each, bipy], 2.37 [m, 2H, Mn-SCH,CH;], 1.11 [m, 3H, Mn-
SCH,CH;]. BC{'H} NMR (CD,Cl,): 226.5 [2CO], 212.2 [CO], 156.5, 154.7, 138.1, 127.2 and 124.9



[bipy], 26.4 [Mn-SCH,CH;], 21.08 Mn-SCH,CH;]. Anal. Calcd. For C;sH;;MnN,O,S: C, 50.56; H,
3.67; N, 7.86.Found: C, 50.32; H, 3.59; N, 7.81.

[Re(SCH,CH;)(CO);(bipy)](2a). Compound 2a was prepared as described above for 1, starting from
[Re(OTf)(CO)s(bipy)] (0.050 g, 0.087 mmol), nBuLi (65 uL of a 1.6 M solution in hexane, 0.104
mmol) and EtSH (8 pL, 0.104 mmol) in THF (10 mL) at -78 °C. Slow diffusion of hexane (25 mL) into
a concentrated solution of 2a in CH,Cl, (10 mL) afforded red crystals of 2a, one of which was used for
the X-ray analysis. Yield: 0.032 g (72 %). IR (THF, cm™): 2003(vs), 1902(s), 1886(s) (vco). 'H NMR
(CD,CL): 9.00, 8.22, 8.03 and 7.50 [m, 2H each, bipy], 2.53 [q (J= 7.4 Hz), 2H, Re-SCH,CH;], 1.04 [t
(J= 74 Hz), 3H, Re-SCH,CH;]. BC{'H} NMR (CD,Cl,): 200.6 [2CO], 191.3 [CO], 155.1, 153.2,
138.8, 127.1 and 123.5 [bipy], 25.4 [Re-SCH,CH;], 214 [Re-SCH,CH;]. Anal. Calcd. For
C5H3N,O5ReS: C,36.95; H, 2.69; N, 5.75. Found: C, 36.68; H,2.99; N, 5.60.

[Re(SCH,CH;)(CO);(phen)](2b). Compound 2b was prepared as described above for 1, starting from
[Re(OTf)(CO)s(phen)] (0.068 g, 0.113 mmol), nBuLi (85 pL of a 1.6 M solution in hexane, 0.136
mmol) and EtSH (9 pL, 0.136 mmol) in THF (10 mL) at -78 °C. Compound 2b was obtained as a dark
green microcrystalline solid. Yield: 0.030 g (52 %). IR (THF, cm): 2005(vs), 1905(s), 1888(s) (Vco).
'H NMR (CD,Cl,): 9.34, 8.56, 8.03 and 7.86 [m, 2H each, phen], 2.50 [q (J= 7.4 Hz), 2H, Re-
SCH,CH;], 0.99 [t (J= 7.4 Hz), 3H, Re-SCH.CHj;]. BC{'H} NMR (CD,Cl,): 2004 [2CO], 191.3 [CO],
153.1, 146.6, 137.9, 131.0, 127.8 and 125.9 [phen], 25.3 [Re-SCH,CH;], 21.4 [Re-SCH,CH;]. Anal.
Calcd. For C;H;5N,O5ReS: C,3991; H, 2.56; N, 5.48. Found: C, 39.69; H, 2.82; N, 5.27.

[Mo(SCH,CH3;)(n3*-C;H5)(CO),(phen)](3). nBuLi (0.16 mL of a 1.6 M solution in hexane, 0.250
mmol) was added to a solution of EtSH (18 pL, 0.250 mmol) in THF (10 mL) at -78 °C. The resulting
colorless solution was transferred using a cannula and nitrogen pressure to a solution of [Mo(n?-
C;H5)(OTE)(CO),(phen)](0.080 g, 0.208 mmol) in THF (15 mL) previously cooled to -78 °C. The red
color of the solution turned darker immediately. The solvent was evaporated to dryness under reduced
pressure and the solid was extracted with CH,Cl, (25 mL). The resulting solution was filtered off the
white solid (LiOTf) via cannula, concentrated under reduced pressure to a volume of 10 mL, and
addition of hexane caused the precipitation of compound 3 as a dark red solid, that was washed with
hexane (2 x 15 mL) and dried. Yield: 0.066 g (78 %). IR (CH,Cl,, cm!): 1934(vs), 1850(s) (vco). 'H
NMR (CD,Cl,): 9.05, 8.43,7.94 and 7.77 [m, 2H each, phen], 3.27 [q (/= 7.4 Hz), 2H, Mo-SCH,CH3;],
3.11 [sw, 2H, Hyl, 1.61 [m, 1H, H.], 1.52 [d (J= 8.7 Hz), 2H, H,..], 1.20 [t (J= 7.4 Hz), 3H, Mo-



SCH.CH;]. BC{'H} NMR (CD,Cl,): 239.5 [CO], 152.2, 137.1, 130.2, 127.6, 127.4 and 125.0 [phen],
77.7 [C? of n3-C;Hs], 53.5 [C! and C? of n3-C;Hs], 28.4 [Mo-SCH,CH;], 20.9 [Mo-SCH,CH;]. Anal.
Calcd. For C;sH;sMoN,O,S: C,52.53; H,4.18; N, 6.45. Found: C,52.13; H,4.27; N, 6.47.

[Mo(SCH,CH;)(n*-C4H;)(CO),(bipy)l(4a). Compound 4a was prepared as described above for the
synthesis of 3, starting from [MoCl(n3-C,H;)(CO),(bipy)] (0.085 g, 0.213 mmol), nBuLi (0.16 mL of a
1.6 M solution in hexane, 0.256 mmol) and EtSH (19 uL, 0.256 mmol). Compound 4a was obtained as
a dark red solid, which was washed with hexane (2 x 15 mL) and dried. Yield: 0.076 g (84 %). IR
(CH,Cl,, cmt): 1933(vs), 1855(s) (vco). 'H NMR (CD,Cl,): 8.64, 8.10, 7.93 and 7.43 [m, 2H each,
bipy], 3.22 [q (/J=7.2 Hz), 2H, Mo-SCH,CH:], 2.73 [s, 2H, H,,,], 1.52 [s, 2H, H,,..], 1.23 [t (J= 7.2 Hz),
3H, Mo-SCH,CHj5], 0.93 [s, 3H, CH; of n3-C,H;]. B*C{'H} NMR (CD,Cl,): 231.9 [CO], 153.2, 152 4,
137.8, 126.1 and 122.5 [bipy], 88.2 [C? of 1n3-C,H7], 28.5 [Mo-SCH,CH;], 21.1 [Mo-SCH,CH;], 19.4
[CH; of 13-C,H5]. The signals corresponding to C! and C? of the methallyl ligand are overlapped with

the solvent residual peak, a fact clearly indicated by a 2D-HSQC experiment. Anal. Calcd. For
C,sH»0MoN,0,S: C,50.94; H, 4.75; N, 6.60. Found: C, 51.07; H, 5.08; N, 6.99.

[Mo(SCH,CHj;)(n*-C4H;)(CO),(phen)](4b). Compound 4b was prepared as described above for 3,
starting from [MoCl(n*-C,H;)(CO).(phen)] (0.045 g, 0.106 mmol), nBuLi (80 pL of a 1.6 M solution
in hexane, 0.128 mmol) and EtSH (9 pL, 0.128 mmol). Compound 4b was obtained as dark red crystals
obtained by slow diffusion of hexane (20 mL) into a concentrated solution of 4b in THF (7 mL) at -20
°C. One of the crystals was used for an X-ray structure determination. Yield: 0.035 g (74 %). IR
(CH,Cl,, cmt): 1934(vs), 1856(s) (vco). 'H NMR (CD,Cl,): 9.01, 8.41, 7.92 and 7.77 [m, 2H each,
phen], 3.24 [q (J="7.2 Hz), 2H, Mo-SCH,CHs], 2.88 [s, 2H, H,,,], 1.58 [s, 2H, Huui], 1.18 [t (J=7.2 Hz),
3H, Mo-SCH,CHj3], 0.62 [s, 3H, CH; of n3-C,H;]. B*C{'H} NMR (CD,Cl,): 231.9 [CO], 1520, 138.1,
136.3, 1304, 127.6 and 125.3 [phen], 87.5 [C? of n3-C,H;], 28.4 [Mo-SCH,CH;], 21.1 [Mo-SCH,CH5],
19.3 [CH; of n3-C,H7]. The signals corresponding to C! and C? of the methallyl ligand are overlapped
with the solvent residual peak, a fact clearly indicated by a 2D-HSQC experiment. Anal. Calcd. For
CyH»yMoN,0,S: C, 53.57; H, 4.50; N, 6.25. Found: C, 53.66; H, 4.23; N, 5.96.

[W(SCH,CHj;)(n*-C;H;5)(CO).(phen)](5). The procedure was similar to that described above for the
preparation of 3, starting from [WCIl(n3-C;H;s)(CO),(bipy)](0.100 g, 0.201 mmol), nBuLi (0.15 mL of a
1.6 M solution in hexane, 0.242 mmol) and EtSH (18 pL, 0.242 mmol). Compound S was obtained as a



violet microcrystalline solid. Yield: 0.078 g (74 %). IR (CH,Cl,, cm™): 1925(vs), 1837(s) (vco). 'H
NMR (CD,Cl,): 9.14, 8.46, 7.94 and 7.76 [m, 2H each, phen], 3.34 [q (J= 7.4 Hz), 2H, W-SCH,CH};],
299 [d (J= 6.2 Hz), 2H, H,;,], 2.22 [m, 1H, H.], 1.70 [d (J=9.2 Hz), 2H, H,..], 1.17 [t (J= 7.4 Hz), 3H,
W-SCH,CH;]. BC{'H} NMR (CD,Cl,): 224.7 [CO], 152.3, 145.3, 138.2, 130.8, 127.8 and 125.7
[phen], 77.1 [C? of 1n3-C;Hs], 53.5 [C! and C? of n*-C;Hs], 29.3 [W-SCH,CHj;], 21.3 [W-SCH,CH;].
Anal. Calced. For C;sH;sN,O,SW: C, 43.70; H, 3.47; N, 5.36. Found: C, 44.09; H,3.23; N, 5.72.

[Mo(SCsHs)(n?3*-C4H7)(CO),(bipy)](6a). nBuLi (0.15 mL of a 1.6 M solution in hexane, 0.241 mmol)
was added to a solution of PhSH (25 pL, 0.241 mmol) in THF (10 mL) at -78 °C. The resulting
colorless solution was transferred using a cannula to a solution of [MoCl(n3*-C,H;)(CO),(bipy)] (0.080
g, 0.201 mmol) in THF (15 mL) previously cooled to -78 °C. The red color of the solution turned
darker immediately. The solvent was evaporated to dryness under reduced pressure and the solid was
extracted with CH,Cl, (25 mL). The resulting solution was filtered off the white solid (LiOTf) via
cannula, concentrated under reduced pressure to a volume of 10 mL, and addition of hexane caused the
precipitation of compound 6a as a dark red solid, which was washed with hexane (2 x 15 mL) and
dried. Yield: 0.073 g (77 %). IR (THF, cm™): 1941(vs), 1864(s) (vco). 'H NMR (CD,CL,): 8.74,7.79,
7.69 and 7.42 [m, 2H each, bipy], 6.73 [m, 1H, SPh], 6.50 [m, 2H, SPh], 6.33 [m, 2H, SPh], 2.69 [s,
2H, H,;,], 1.48 [s, 2H, H,..], 0.79 [s, 3H, CH; of n*-C,H,]. *C{'H} NMR (CD,Cl,): 230.1 [CO], 152.9,
152.3, 137.6, 126.0 and 122.2 [bipy], 144.9, 134.0, 127.5 and 123.3 [SPh], 87.1 [C? of n*-C,H/], 19.1
[CH; of 13-C,H5]. The signals corresponding to C! and C? of the methallyl ligand are overlapped with
the solvent residual peak, a fact clearly indicated by a 2D-HSQC experiment. Anal. Calcd. For
Cx,H»yMoN,0,S: C,55.93; H,4.27; N, 5.93. Found: C, 56.25; H, 3.92; N, 6.00.

[Mo(SC¢Hs)(n3-CH;)(CO).(phen)](6b). The procedure was similar to that described above for the
synthesis of 6a, starting from [MoCl(n3-C,H;)(CO),(phen)](0.075 g, 0.177 mmol), nBuLi (0.13 mL of
a 1.6 M solution in hexane, 0.213 mmol) and PhSH (22 pL, 0.213 mmol). Compound 6b was obtained
as a red solid. Yield: 0.060 g (68 %). IR (THF, cm™): 1941(vs), 1864(s) (Vco). 'H NMR (CD,CL,): 9.06,
8.28,7.77 and 7.69 [m, 2H each, phen], 6.38 [m, 1H, SPh], 6.16 [m, 2H, SPh], 5.99 [m, 2H, SPh], 2.82
[s, 2H, H,,.], 1.56 [s, 2H, H,.], 0.47 [s, 3H, CH; of n*-C,H,]. *C{'H} NMR (CD,Cl,): 229.7 [CO],
1519, 136.5, 130.2, 127.5, 126.6 and 125.0 [phen], 144.7, 143.9, 132.8 and 123.3 [SPh], 86.5 [C? of
n3-C4H5], 19.1 [CH; of n*-C4H;]. The signals corresponding to C! and C? of the methallyl ligand are



overlapped with the solvent residual peak, a fact clearly indicated by a 2D-HSQC experiment. Anal.
Calcd. For C,uH,)MoN,O,S: C, 58.06; H, 4.06; N, 5.64. Found: C, 58.26; H, 4.33; N, 5.13.

Synthesis of compound 7a. DMAD (17 pL, 0.141 mmol) was added to a solution of
[Mo(SCH,CH3;)(n?-C4H)(CO),(bipy)](4a) (50 mg, 0.118 mmol), in CH,Cl, at -78 °C. The solvent was
evaporated under reduced pressure to a volume of 7 mL, and the addition of hexane (20 mL) caused the
precipitation of compound 7a as a dark red solid, which was washed with hexane (2 x 15 mL), and
dried in vacuo. Yield: 0.047 g (71 %). IR (CH,Cl,, cm): 1941(vs), 1860(s), 1702(w), 1698(w) (Vco).
'H NMR (CD,Cl,): 8.81, 8.08, 7.93 and 7.44 [m, 2H each, bipy], 3.43 [s, 3H, OCH;], 2.87 [s, 5SH,
OCH; and H,,,], 2.54 [q (J= 7.2 Hz), 2H, SCH,CH;], 147 [s, 2H, H,.], 1.17 [t (J= 7.2 Hz), 3H,
SCH,CH;], 0.68 [s, 3H, CH; of n3*-C4H,]. BC{'H} NMR (CD,Cl,): 229.4 [CO], 199.5 [Mo-C(O)OCH;],
174.8 [C(O)OCH;], 164 .4 [C=C], 153.5,153.0,137.9,125.3 and 122.0 [bipy], 130.5 [C=C], 86.0 [C? of
n3-C4H5], 57.0 [C! and C? of n*-C,H/], 52.1 [OCH;], 50.9 [OCH;], 28.9 [SCH,CHj;], 18.0 [SCH,CH;],
13.7 [CH; of n*-C4H;]. Anal. Calcd. For C,;H,sMoN,O6S: C, 50.88; H, 4.63; N, 4.94. Found: C, 51.10;
H,5.02; N, 4.69.

Synthesis of compound 7b. Compound 7b was prepared as described above for 7a, starting from
[Mo(SCH,CH3;)(n*-C4H7)(CO),(phen)](4b) (36 mg, 0.080 mmol) and DMAD (12 pL, 0.096 mmol).
Compound 7b was obtained as dark red solid. The slow diffusion of hexane (20 mL) into a
concentrated solution of 7b in CH,Cl, (7 mL) afforded dark red crystals, one of which was employed
for the X-ray structure determination. Yield: 0.028 g (60 %). IR (CH,Cl,, cm!): 1941(vs), 1860(s),
1702(w), 1698(w) (vco). 'H NMR (CD,Cl,): 9.20, 8.44,7.93 and 7.79 [m, 2H each, phen], 3.35 [s, 3H,
OCH;], 3.00 [s, 2H, H,,,], 2.74 [s, 3H, OCH;], 2.52 [q (J= 7.4 Hz), 2H, SCH-CH;], 1.54 [s, 2H, Huul,
1.18 [m, 3H, SCH,CH;], 0.36 [s, 3H, CH; of n3-C,H;]. The signal at 1.18 ppm corresponding to the
CH; group of the SEt (listed as a multiplet) is overlapped with the signal of some hexane residual
solvent. Anal. Calcd. For C,sH,sMoN,OS: C, 52.88; H, 4.44; N, 4.74. Found: C, 52.70; H, 4.29; N,
5.03.



3. Results and discussion

Neutral thiolato [M(SEt)(CO);(N-N)] (M= Mn, Re; N-N= bipy, phen) complexes are obtained by
reaction of the corresponding triflato precursor with the equimolar amount of LiSEt (generated in situ
from EtSH and BuLi in THF at -78 °C) as depicted in Scheme 1. The reactions are instantaneous at -78
°C, and accompanied by a change in the color of the solution from yellow to red. The IR spectra of the
products display three intense vco bands, diagnostic of fac-tricarbonyl species, at frequencies
significantly lower than those of the precursors (i. e. from 2044, 1953, 1938 cm! to 2003, 1912, 1902
cm’! for compound 1). This is consistent with the substitution of the triflato ligands by thiolato groups,
displaying a stronger donor ability that increases the electron density available for back-donation from
the metal center to the carbonyl ligands. The new thiolato compounds 1, 2a-b were obtained as single
products and could be isolated in good yields after a simple work up procedure (see Experimental
Section). The new compounds are air sensitive, but they can be stored in the solid state under nitrogen

several weeks.

HS—Et + BuLi]
CO CO
= =
N_— LiS—Et N_—
oc— el Ny WSTE 0C— Mg L
oc/l N> THF, -78 °C oc l NT_
OTf S
Et/
M N-N
1 Mn  bipy
2a Re bipy

2b Re phen

Scheme 1. Synthesis of ethylthiolato complexes [M(SEt)(CO);(N-N)].

Compounds 1, 2a-b were fully characterized by means of NMR spectroscopy in solution, showing that
the new species display the typical signals of C,-symmetric geometry, i. e. four signals, of two
hydrogens each, corresponding to a symmetric a-diimine ligand in the '"H NMR spectra, or two signals,
one of double intensity of the other, for the three CO ligands in the 3*C NMR spectra. The incorporation
of an ethylthiolato moiety for each {M(CO);(N-N)} fragment is clearly evidenced by the observation of
a triplet and a quadruplet in the aliphatic zone (at 1.04 and 2.54 ppm for compound 2a, for example),

that integrates for three and two hydrogen atoms, respectively, in the 'TH NMR spectrum.[38]
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The molecular structure of compound 2a, determined by X-ray diffraction, is depicted in Figure 1
showing the rhenium atom in a distorted octahedral environment, in which the three carbonyl ligands
are in fac disposition. Bond distances and angles around the metal centre are similar to those reported
previously for complexes bearing the {Re(CO);(bipy)} fragment,[39] in agreement with the solution IR
and NMR data. In particular, the Re-S bond distance, of 2.486(5) A, is comparable to those of the only
two mononuclear Re(I) thiolato complexes characterized by X-ray diffraction (Re-S bond lengths of
2.494(1) and 2.471(2) A, in the latter the thiolato group is forming part of a polydentate ligand).[39, 40]
In fact, thiolato complexes of the ‘fac-[Re(CO);]*" core have not been widely studied, in spite of their
possible relevance in the context of HDS catalysis. [41, 42] Only a few examples are reported in the
literature, [43-47] and the thiolato is usually acting as a bridging ligand. The average bond distance of
Re-S, 2.525(4) A, in this type of binuclear complexes is, as can be expected, slightly longer than those

mentioned above for terminal monomeric Re(I) thiolato complexes.[48]

1B o1

( %3 C1
. N BA
BN ¢
Cc2 [
02 ‘ a
)

%ﬁeru

v

C4

Ccs5

Figure 1. Molecular structure of complex 2a, displaying thermal ellipsoids at 30 % probability level.

The reaction of [MoCl(n3-allyl)(CO),(N-N)] (n*-allyl= C;Hs, C;H4-2-Me; N-N= bipy, phen) with the
equimolar amount of the in sifu generated LiSEt led, in a few minutes at -78 °C, to the formation of the
corresponding ethylthiolato complexes 3, 4a-b (see Scheme 2). The complexes were obtained as single

products of the reactions, in good yields and were characterized spectroscopically in solution.
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HS—R' + BuLi]

}—R _}R

- ~= - ~
N= LiS—R' | N_=
oc\,\|,|< ~ | - OC ——m= 1
oc™ i N"__ THF, -78 °C oc i N~
cl S

R

M R R N-N
3 Mo H Et phen
4a Mo Me Et bipy
4b Mo Me Et phen
5 W H Et phen
6a Mo Me Ph bipy
6b Mo Me Ph phen

Scheme 2. Synthesis of thiolato complexes of [M(17-allyl)(CO),(N-N)] fragments.

The IR spectra in the carbonyl stretching region showed, in all cases, two intense bands, indicating the
persistence of the cis-Mo(CO), unit, at lower wavenumbers than the starting chlorocomplexes. The 'H
NMR spectra clearly showed the presence of a molecular mirror plane as a set of four signals for bipy
(or phen) hydrogens, and the equivalence of the two syn and of the two anti hydrogens of the n3-allyl
ligand are observed. The most distinctive feature in these spectra is the ethyl pattern, with a three-bonds
H-H coupling constant (of 7.4 Hz for complex 3, for example), indicative of the incorporation of the
ethylthiolato ligand to the Mo(II) coordination sphere. The '3C NMR spectra clearly showed the
presence of the thiolato ligand (two new aliphatic carbon atom signals, at 28.4 and 20.9 ppm for
complex 3, for example), and are in agreement with the proposed C, molecular symmetry, as only one
signal is observed for the two carbonyl ligands, or for the two allyl terminal carbon atoms. Considering
jointly all the spectroscopic features the geometry shown in Scheme 2 can be assigned to the new
Mo(II) thiolato complexes. It must be noted that the thiolato complexes were found to be the only
organometallic product of the reactions, and no product of the nucleophilic addition of the lithium
thiolato to the mn*-allyl ligand was detected. The complex [W(n?3-allyl)(SEt)(CO),(phen)](5) was
synthesized analogously and isolated as a microcrystalline violet solid. IR and NMR data indicate that
it is isostructural with the molybdenum counterparts (see Experimental Section for further experimental
details). The new compounds are air sensitive, but they can be stored in the solid state under nitrogen

several weeks.
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An X-ray structure determination showed that complex 4b consists of a molybdenum atom in a
pseudooctahedral geometry (considering, as is usual for this type of complexes the allyl centroid
occupying a coordination site), the thiolato and 2-methylallyl groups lying on opposite sides of the
equatorial plane defined by the two carbonyls and the two nitrogens of the phen ligand. The allyl group
is oriented with its open face pointing toward the carbonyl ligands, as is common to most known
[MoX(n?3-allyl)(CO),(N-N)] complexes.[49, 50] The Mo1-S1 bond distance, of 2.460(2) A s slightly
shorter than that found in the only {Mo(n?3-allyl)(CO),} thiolato complex characterized by X-ray
diffraction, a hydrosulfide complex with a Mo-S bond length of 2.506(1) A.[51] Only a small number
of monomeric Mo(Il) thiolato compounds are known, a situation that may be due to the strong
tendency of thiolato ligands to coordinate as bridges, and therefore to form polymetallic structures. In
fact, mononuclear, low-valent molybdenum compounds of monodentate thiolato are very scarce in the
literature.[22, 52-60] We therefore extended our study, and Mo(Il) benzenethiolato complexes 6a-b
were obtained following the same synthetic strategy depicted in Scheme 2, using PhSH instead of
EtSH. The new arylthiolato compounds were obtained in good yields, and their spectroscopic data are

in agreement with the geometry shown in Scheme 2.

Q Js1

Figure 2. Molecular structure of compound 4b, displaying thermal ellipsoids at 30 % probability level.

We had previously found that the reactivity of [MoX(n?3-allyl)(CO)2(N-N)] and [ReX(CO)3(N-N)] (X=
alkoxo,[25, 26] hydroxo [51, 61, 62] or amido,[27, 63-65]) complexes towards organic electrophiles is
dominated by the nucleophilicity of the X ligand. This is attributed to the electronic conflict between
the lone pairs on X and the filled dn metal orbitals, and to the high polarity of the metal-X bond. With
this in mind we decided to explore the reactivity of the new thiolato molybdenum compounds towards

unsaturated organic electrophiles. The reaction of ethylthiolato complexes 4a,b with
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dimethylacetylenedicarboxylate (DMAD) in CH2Cl> at low temperature afforded immediately the

corresponding insertion compounds 7a,b respectively, as the only products of the reactions (see

Scheme 3).
> >
| Nt MeO,C ———CO,Me | N ——
OC~—Mo="_ » OC—=mo . _Z_
oc™ | NS oc™ | N
| — CHj Cl,, -78 °C
S EtS— 2~ ~CO,Me
Et
COzMe
N-N
7a bipy
7b  phen

Scheme 3. Reactivity of [Mo( 1P-methallyl)(SEt)(CO),(N-N)] (6a,b) compounds towards DMAD.

Slow diffusion of hexane into a concentrated solution of 7b in CH,Cl, at -20 °C afforded red crystals,
one of which was used for an X-ray structure determination. The results showed, as depicted in Figure
3, that in complex 7b the coordination geometry around the molybdenum can be described as pseudo-
octahedral, with the allyl centroid and the two CO defining one face of the octahedron. The N atoms of
the phen are trans to the CO ligands, whereas frans to the allyl is the Z-alkenyl ligand resulting from
the formal insertion of DMAD into the Mo-S bond. The Mol-C9 and C9-C10 bond lengths, of
2.257(10) and 1.359(14) respectively, along with the bond angles around C9 and C10 (confirming their

sp? hybridization) are indicative of the alkenyl character of the new ligand.

Figure 3. Molecular structure of the
insertion product 7b, displaying thermal

ellipsoids at 30 % probability level.
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The spectroscopic data in solution of the Z-alkenyl compounds 7a,b are in accordance with the
structure found in the solid state. In the carbonyl region of the IR spectra, apart from the two intense
bands corresponding to the two Mo-CO ligands (at 1940 and 1860 cm™ for 7a, for example), two
weaker bands (at 1702, 1698 for both 7a and 7b) are observed, corresponding to the ester CO groups
(free DMAD displays a vco band at 1727 cm™). In the '"H NMR spectra of 7a,b the incorporation of a
DMAD molecule is clearly observed, as two non-equivalent methoxy groups are present (at 3.43 and
2.87 ppm for 7a), while the signal pattern of the ethylthiolato precursors 4a,b is maintained (i. e. C,
symmetry is observed). The *C NMR spectra indicate the formation of a Z-alkenyl ligand, as two ester
CO carbon atoms are observed (two low intensity signals at 199.5 and 174.8 ppm for 7a), as well as the
signals corresponding to the two olefinic carbon atoms (at 164.4 and 130.5 ppm for 7a). This reactivity
is reminiscent of that found for the analogous molybdenum alkoxo complexes,[26] and as happened for
those, the lack of a vacant coordination site in the metal complex (or a labile ligand), allows us to
propose a direct nucleophilic attack to the activated alkyne by the undissociated thiolato ligand as the

most plausible initial step in the mechanism for the insertion reaction.

The phenylthiolato complexes 6a,b failed to react with DMAD, which can be attributed to the less
nucleophilic character of sulfur atom in these ligands, in turn due to the less electron donating character
of aryls in comparison with alkyl groups. Indeed, this fact is clearly observed when the IR spectra (CO
stretching region) of the phenylthiolato complexes are compared to those of the ethylthiolato analogs.
For example, vco bands for ethylthiolato 4a are observed at 1933 and 1855 cm!, whereas for the

phenylthiolato 6a they occur at significantly higher wavenumbers, 1941 and 1864 cm™'.
4. Conclusions

New terminal mononuclear thiolato complexes of the widely used fac-{M(CO);(N-N)} (M= Mn, Re;
N-N= bipy, phen) fragments have been obtained by simple reaction of the triflato precursors with
lithium ethanethiolato. The new complexes have been fully characterized in solution (IR, NMR
spectroscopies), and in the case of the [Re(SEt)(CO);(bipy)](4a) the solid-state structure has been
determined by X-ray diffraction. Under similar mild conditions (THF and low temperature), alkane-
and arylthiolato [Mo(SR)(n?3-allyl)(CO),(N-N)] (M= Mo, W; R= Et, Ph; N-N= bipy, phen) compounds
have been obtained, by a methatesis of the chloride by the triflato ligand from the corresponding
chlorocomplexes. The ethylthiolato complexes (4a,b) showed a notably higher reactivity towards the

unsaturated alkyne DMAD, affording Z-alkenyl products (7a,b) as a result of the insertion of the
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alkyne into the Mo-S bond. The X-ray structure of one insertion product (7b) as well as that of its

thiolato precursor (4b) have been determined.
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New terminal mononuclear thiolato complexes of the widely used fac-{M(CO);(N-N)} (M= Mn, Re)
and cis-{Mo(n*allyl)(CO),(N-N)] (M= Mo, W) fragments, in which N-N= bipy or phen, have been
easily synthesized. The more reactive ethylthiolato molybdenum complexes smoothly insert a
dimethylacetylenedicarboxylate molecule into the Mo-S bond, affording Z-alkenyl products.
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