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Abstract

Treatment of Cp,Mg with 2-methyl-2-propanethiol, cyclohexanethiol, and 2-propanethiol in toluene at ambient temperature
afforded the tetrameric cyclopentadienyl thiolato complexes [(1°-Cp)Mg(us-S'Bu)ls (97%), [(M>-Cp)Mg(u3-S(CeH11))]4 (92%), and
[(°-Cp)Mg(p3-S'Pr)]s (83%) as colorless crystalline solids. Treatment of [(n’-Cp)Mg(uis-S'Bu)]s with tetrahydrofuran or fert-
butylpyridine in dichloromethane/hexane afforded the dimeric solvated complexes [(1>-Cp)Mg(po-S' Bu)(THF)], (78%) or [(n°-
Cp)Mg(1-S'Bu)(‘Bupy)l, (60%) as colorless crystals. The crystal structures of [(1°-Cp)Mg(ps-S'Bu)ls, [(m°-Cp)Mg(po-
S'Bu)(THF)],, and [(n’-Cp)Mg(11,-S' Bu)(' Bupy)], were determined by X-ray diffraction methods. In the solid-state structure,
[(n°-Cp)Mg(j13-S' Bu)], contains one n°-cyclopentadienyl ligand per magnesium and one cubic core of Mg,S, that features a mirror
plane of symmetry along one diagonal Mg,S, plane. [(1>-Cp)Mg(11,-S’Bu)(THF)], contains one n’-cyclopentadienyl ligand per

magnesium and one bent Mg,S, core with a mirror plane along thiolato bridges. [(n>-Cp)Mg(i-S' Bu)(‘ Bupy)], contains one 1°-

cyclopentadienyl ligand per magnesium and a planar Mg,S, core with a center of symmetry.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Magnesium thiolato chemistry has attracted increas-
ing attention recently. These complexes have unique
structural features and can be made as solvent free
monomers [l-3], solvated monomers [4—8], dimers
[4,7-10], trimers [6], and tetramers [11]. The main
structure determining factor is the steric bulk of the
ligands. Therefore, only highly sterically hindered thio-
lato ligands can lead to formation of two coordinate
monomeric species. With less steric bulk, thiolato
bridging is common and Lewis bases are required to
form monomeric structures. Most magnesium thiolato
complexes have been homoleptic. Among the 21 mag-
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nesium thiolato structures that were listed in a Cam-
bridge Crystallographic Database search (Version 5.23,
April 2002), only three amido thiolato complexes
reported by Ruhlandt-Senge are heteroleptic [4].
Ethyl(zert-butylthiolato)magnesium was isolated, but
not structurally characterized [11]. Magnesium thiolato
complexes have potential uses in several areas. Because
they are less reducing than corresponding alkaline metal
thiolato complexes, they are more suitable starting
materials for the preparation of thiolato complexes of
transition metal centers [8]. More importantly, recent
study has shown that the magnesium ion is a useful
dopant for group 12 (Zn, Cd)-group 16 (S, Se, Te)
semiconductors [12—17]. Currently used precursors to
these materials include elemental magnesium [13], mag-
nesocene [16] or methyl-substituted magnesocene
[12,14,15], elemental zinc [13] or dimethylzinc [12,14—
16], diethylsulfide [12], di-zert-butylsulfide [14—16], or 2-
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methyl-2-propanethiol [14,16], elemental selenium [13],
di-tert-butylselenium [14—16], or dimethylselenium [12].
Given the fact that magnesocene and 1,1’-dimethylmag-
nesocene are the most common dopant source com-
pounds for magnesium in semiconductor doping, it is
surprising that virtually nothing is known about reac-
tions of magnesocenes with sulfur source compounds.
Herein we report reactions of magnesocene and several
alkanethiols, which yield the first magnesium complexes
featuring mixed cyclopentadienyl and thiolato ligand
sets. X-ray crystallography demonstrates tetrameric or
dimeric structures with or without the presence of Lewis
bases such as tetrahydrofuran and tert-butylpyridine.

2. Results

2.1. Synthesis and characterization of cyclopentadienyl!
thiolato complexes

Treatment of magnesocene (Cp,Mg) with the alka-
nethiols 2-methyl-2-propanethiol, cyclohexanethiol, or
2-propanethiol at ambient temperature in toluene
afforded [(n>-Cp)Mg(u3-S'Bu)ls @, 97%), [(n>-Cp)Mg-
(3-S(CeHin)a (2, 92%), or [(n’*-Cp)Mg(s-S'Pr)ls (3,

83%) as colorless crystalline solids (Eq. (1)). The
compositions were based on the spectral and analytical
data. The solid-state structure of 1 was determined by
X-ray crystallography and is described below. In the
solid state, 1 is tetrameric with a Mg,S, core. Spectral
and solubility similarity as well as analytical data
suggests similar cubic structure assignments for 2 and
3. Complexes 1-3 are stable under inert atmosphere and
no decomposition was observed after several days in
dichloromethane-d, solutions sealed under an argon
atmosphere during NMR study. The '"H-NMR spectra
of 1-3 contain cyclopentadienyl singlets ranging from ¢
6.24 to 6.37, which are close to that of Cp,Mg (4 6.19,
dichloromethane-d,). The *C{'H}-NMR spectra con-
tain cyclopentadienyl singlets ranging from 106.98 to
107.45 ppm, which are again similar to that of Cp,Mg
(107.71 ppm, dichloromethane-d,).

toluene
23°C, 18 h
4Cp,Mg + 4HSR :
p2M9 2 CsHs
Cp R
VANVar
oy os 0
| S| Mg~
Mg— S
cp R

1, R = C(CHg)3, 97%
2,R= CGH11, 92%
3, R = CH(CHs),, 83%
Treatment of 1 with tetrahydrofuran or zert-butylpyr-
idine in dichloromethane, followed by recrystallization,

afforded colorless crystals of [(1°-Cp)Mg(u,-S’Bu)-
(THF)L, (4, 78%) or [(n>-Cp)Mg(j,-S'Bu)(‘Bupy)]; (5,
60%) (Eq. 2). The structural assignments were based on
the spectral and analytical data as well as X-ray crystal
structure determinations. In the solid state, compounds
4 and 5 are both dimeric with Mg,S, cores. Their
molecular structures are described below. The "H-NMR
spectrum of analytically pure 4 at ambient temperature
exhibits three cyclopentadienyl resonances at ¢ 6.23,
6.29, and 6.37 with a ratio of 34:59:7. In addition to the
cyclopentadienyl resonances, three fert-butyl resonances
appear at ¢ 1.43, 1.48, and 1.74 in a similar ratio. The
BC{'H}-NMR spectrum contains three cyclopentadie-
nyl resonances at 106.04, 106.73, and 107.45 ppm. The
pair of resonances at ¢ 6.37 and 1.74 is identical to those
of 1, suggesting a minor equilibrium in which dissocia-
tion of tetrahydrofuran from 4 leads to the formation of
1. The '"H-NMR spectrum of 5 contains cyclopentadie-
nyl singlet at § 6.17, while its *C{'H}-NMR spectra
contains a cyclopentadienyl singlet at 106.38 ppm. These
resonances are shifted slightly upfield from those of the
tetrameric 1, reflecting the influence of the electron-
donating tert-butylpyridine ligand.

s 4L, CH,Cl,
(”-Cp)Mg(n3-SC(CH3)3))g —————

¢(CHa)s
L.,,' /S\ P L
2 Mg Mg~ (2)
Cpfd" \IS/ Cp
C(CHz)3

4, L =THF, 78%
5, L = 4-tert-butylpyridine, 60%

Variable temperature 'H-NMR spectra for 4 were
recorded between 20 and —40 °C in dichloromethane-
d>. Upon cooling, the pair of resonances at 6 6.29 (Cp)
and 1.43 (‘Bu) increased in intensity at the expense of
the other two pairs of Cp and ‘Bu resonances. At
—20 °C, the resonances at 6 6.29 and 1.43 became the
most dominant and the ratio of the three cyclopenta-
dienyl resonances was 75:22:3. Single crystals of 4 grown
at —20 °C in preparative experiments adopt a solid-
state structure with syn-cyclopentadienyl ligands, and 4
is probably the major species in solution at this
temperature. The minor species has resonances consis-
tent with 1. At —30 °C, the ratio of the cyclopentadie-
nyl ligands increased to 82:16:2. Further cooling led to
precipitation. Because the pairs of resonances for 1 (0
6.37 and 1.74) decreased in intensity as the temperature
was lowered, the presence of 1 suggests an equilibrium
process instead of an impurity. As outlined in Eq. 3,
these NMR experiments are consistent with an equili-
brium mixture of syn-[(n°>-Cp)Mg(u-S’Bu)(THF)], (4),
anti-[(n°-Cp)Mg(pu-S'Bu)(THF)], (6), and 1.



A. Xia et al. | Journal of Organometallic Chemistry 669 (2003) 37—43
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6
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2.2. Crystal structures

To establish the solid-state geometries, the X-ray
structures of 1, 4, and 5 were determined. Crystal-
lographic data are summarized in Table 1. Selected bond
distances and angles are given in Tables 2—4. Perspective
views of 1, 4, and 5 are presented in Figs. 1-3.

Complex 1 crystallizes as a tetramer, with the four
cyclopentadienyl magnesium fragments being held to-
gether by four pz-2-methyl-2-propanethiolato ligands.
The two halves of the Mg4S, cube are related by a
diagonal Mg,S, plane. The cyclopentadienyl ligands are
bonded to the magnesium centers in an n°-fashion, with
magnesium—carbon bond lengths ranging from 2.364(5)
to 2.412(4) A. The magnesium-cyclopentadienyl cen-
troid distances are 2.094(6) and 2.100(6) A. The
magnesium—sulfur bond lengths range from 2.566(2)
to 2.602(2) A.

Table 1
Crystal data and collection parameters for 1, 4, and 5

1 4 5
Empirical formula C36H56Mg4S4 C26H44Mg202S2 C36H54Mg2stz
Fw 714.28 501.35 627.55
Space group C2/m Prnma P2y/n
a (A) 17.485(8) 17.760(2) 10.625(1)
b (A) 12.334(6) 18.239(2) 17.464(2)
¢ (A) 20.362(10) 9.243(1) 21.150(2)
B () 111.604(12) 95.598(3)
v (A% 4083(3) 2994(1) 3906(1)
V4 4 4 4
Temp (K) 295(2) 295(2) 295(2)
2 (A) 0.71073 0.71073 0.71073
Calc. (g cm™?) 1.162 1.112 1.067
u (mm~") 0.317 0.239 0.193
R(F)* (%) 4.94 5.75 6.06
R, (FP)® (%) 11.33 17.95 16.98

& R=Z[|Fo| —|F[l/Z|Fo|.
® WR = [Zw(F—F2YEZw (F2)*" for I >20(I).
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Table 2
Selected bond lengths (A) and angles (°) for 1
Bond lengths (A)
Mg(4)-S(1) 2.594(2) Mg(6)-S(2) 2.602(2)
Mg(4)-S(2) 2.585(2) Mg(6)-S(3) 2.584(2)
Mg(4)-S(3) 2.585(2) Mg(5)-S(1) 2.566(2)
Mg(5)-S(3) 2.602(2) S(1)-C(1) 1.863(4)
S(2)-C4) 1.865(4) S(3)-C(7) 1.865(3)
Bond angles (°)
Mg(4)-S(1)-Mg(5) 96.86(5) Mg(4)-S(1)-Mg(4A) 94.74(7)
Mg(4)-S(3)-Mg(5) 96.20(5) Mg(4)-S(2)-Mg(4A) 94.97(7)
Mg(4)-S(2)-Mg(6) 96.08(4) Mg(4)-S(3)-Mg(6) 96.66(5)
Mg(5)-S(3)-Mg(6) 95.47(5) S(1)-Mg(4)-S(3) 83.09(4)
S(1)-Mg(5)-S(3) 83.29(5) S(2)-Mg(6)-S(3) 83.27(5)
S(2)-Mg(4)-S(3) 83.51(5) S(3)-Mg(5)-S(3A) 83.64(6)
S(3)-Mg(6)-S(3A) 84.37(6)
Table 3
Selected bond lengths (A) and angles (°) for 4
Bond lengths ( A)
Mg(1)-S(1) 2.504(1) Mg(1)-S(2) 2.503(1)
S(1)-C(1) 1.843(4) S(2)-C(4) 1.848(4)
Mg(1)-0(1) 2.075(2)
Bond angles (°)
Mg(1)-S(1)-Mg(1A) 92.85(5) Mg(1)-S(2)-Mg(1A) 92.90(5)
Mg(1)-S(1)-C(1) 123.32(9) Mg(1)-S(2)-C(4) 123.18(10)
S(1)-Mg(1)-S(2) 79.09(3)
Table 4
Selected bond lengths (A) and angles (°) for 5
Bond lenghts ( A)
Mg(1)-S(1) 2.505(1) Mg(1)-S(1A) 2.492(1)
S(1)—-C(1) 1.828(4) Mg(1)-N(1) 2.160(3)
Bond angles (°)
Mg(1)-S(1)-Mg(1A) 99.69(4) Mg(1)-S(1)-C(1) 123.44(13)
Mg(1A)-S(1)-C(1) 126.14(14) S(1)-Mg(1)-S(1A) 80.31(4)

Fig. 1. Perspective view of 1 with 50% probability ellipsoids.
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C3

Fig. 3. Perspective view of 5 with 50% probability ellipsoids.

Complex 4 crystallizes as a dimer, with the two
cyclopentadienyl magnesium fragments being held to-
gether by two ,-2-methyl-2-propanethiolato ligands.
The two halves of the bent Mg,S, core are related by a
mirror plane of thiolato bridges, yielding a butterfly
structure. The sum of angles in the Mg,S, core is
343.93°. The cyclopentadienyl ligands are bonded to
the magnesium centers in an 1°-fashion, with
magnesium—carbon bond lengths ranging from
2.391(4) to 2.427(4) A. The magnesium—sulfur bond
lengths range from 2.503(1) to 2.504(1) A. These values
are slightly shorter than the related bonds in 1 and
indicated a slight easing of the steric congestion in the
dimeric structure of 4 in comparison to the tetrameric
structure of 1. The magnesium-cyclopentadienyl cen-
troid distances are 2.135(4) A.

Complex 5 crystallizes as a dimer, with the two
cyclopentadienyl magnesium fragments being held to-
gether by two ,-2-methyl-2-propanethiolato ligands.
The two halves of the Mg,S, core are related by an
inversion center. The cyclopentadienyl ligands are
bonded to the magnesium centers in an m>-fashion,
with magnesium—carbon bond lengths ranging from

2.434(4) to 2.492(1) A. The magnesium—sulfur bond
lengths range from 2.492(1) to 2.505(1) A. These values
are slightly shorter than the related bonds in 1 but almost
identical to those of 4. The magnesium-cyclopentadienyl
centroid distances are 2.154(4) and 2.155(4) A.

3. Discussion

This work presents the first description of magnesium
complexes with mixed cyclopentadienyl and thiolato
ligand sets. The interaction of magnesocene and alka-
nethiols led to the formation of stable cyclopentadienyl
magnesium thiolato complexes 1-3. In the solid state, 1
is tetrameric with a MgyS, cubic core and is the first
structurally characterized magnesium chalcogenide that
adopts a cubic core structure. As mentioned in the
introduction section, (ethyl)(zert-butylthiolato)magne-
sium was proposed to have the cubic tetrameric
structure [EtMg(S’Bu)]s, but it was not structurally
characterized [11]. Compounds 1-3 showed no evidence
for redistribution to Cp,Mg and Mg(S'Bu), at ambient
temperature in solution or the solid state. A previous
study by Coates has shown that heteroleptic thiolato
complexes have varied stability [11]. For example,
[MeMgS'Bu(OEt,)], decomposes to dimethylmagne-
sium and bis(zert-butylthiolato)magnesium upon re-
moval of diethyl ether, and reaction of ‘Bu,Mg and 2-
methyl-2-propanethiol resulted in the formation of
bis(tert-butylthiolato)magnesium either from diethyl
ether solution or in the presence of tetrahydrofuran.
On the other hand, the above discussed (ethyl)(zert-
butylthiolato)magnesium can be obtained free from
diethyl ether.

Treatment of 1 with tetrahydrofuran and ferz-butyl-
pyridine led to formation of dimeric solvated complexes
4 and 5. The magnesium—sulfur bond lengths of 2.49—
2.60 A in 1, 4, and 5 are comparable to those reported
values for the bridging Mg—S distances (2.52—2.53 A for
[Mg(THF)(N(SiMes),)(SPh)], [4], 2.50-2.53 A for
[Mg(THF)z(N(SlMe3)2)(S-2,4,6—’Pr3C6H2)]2 [4], 2.51
A for [Mg(THF)(S—2,f},6-’Bu3C6H2)(u-S-2,4,6-’Bu3—
CeHo)l> [4], 2.58-2.67 A for Mgs(k-SPh)s(py)s [6],
2.46-2.47 A for [Mg(S-2,4,6-Ph;CgH»),], [8)]).

Tetrameric chalcogenides with cubic structures are
prevalent in transition metal chemistry [18], among
which the iron chalcogenides are the most intensively
studied because of their importance in biological sys-
tems [19]. However, the corresponding tetrameric cubic
chalcogenides of main group metals are much less
investigated and only a limited number of such com-
plexes have been reported among main group metals.
The structurally characterized examples are limited to
the group 13 metals (Al, Ga, In) [20]. Tetrameric cubic
structures have been proposed for beryllium and mag-
nesium complexes of the formula RM(SR’) [11,21].



A. Xia et al. | Journal of Organometallic Chemistry 669 (2003) 37—43 41

We recently investigated the reactivity of amines
toward Cp,Mg and found that anilines such as diphe-
nylamine react slowly to protonate one cyclopentadienyl
ligand to afford cyclopentadienyl amido magnesium
complexes [22]. Primary and secondary alkyl amines
form stable adducts with Cp,Mg, and no cyclopenta-
dienyl elimination was observed even at elevated tem-
peratures [23]. By contrast, alkanethiols react readily
with Cp,Mg at ambient temperature to afford stable
cyclopentadienyl thiolato magnesium complexes as
described herein. The difference in the reactivity of
thiols and amines towards Cp,Mg are attributed to the
marked differences in their pK, values ( ~ 10 for thiols,
~ 15 for CpH, and ~ 40 for amines) [24].

The final issue involves relating the results described
herein to the activation of Cp,Mg by 2-methyl-2-
propancthiol under CVD conditions. Magnesocenes
are the most commonly used doping sources in several
CVD processes and 2-methyl-2-propanethiol is often
used as the sulfur precursor [14,16]. The results of this
study provide structural models for some of the gas
phase and surface species that may be important in
CVD processes of sulfide semiconductor materials.

4. Experimental
4.1. General considerations

All reactions were performed under an inert atmo-
sphere of argon using either glovebox or Schlenk line
techniques. Toluene, tetrahydrofuran, and hexane were
distilled from sodium. CH,Cl, was distilled over P,Os.
2-Methyl-2-propanethiol, cyclohexanethiol, 2-propa-
nethiol, and fert-butylpyridine were purchased from
Aldrich Chemical Company and were used as received.
Cp,Mg was prepared according to literature procedure
[25].

"H-NMR and ">C{'H}-NMR spectra were obtained
in dichloromethane-d,. Infrared spectra were obtained
using Nujol as the medium. Elemental analyses were
performed by Desert Analytics, Tucson, Arizona. Melt-
ing points were obtained on a Haake—Buchler HBI
digital melting point apparatus and are uncorrected.

4.2. Synthesis of tetrameric cyclopentadienyl magnesium
thiolato complexes

4.2.1. Preparation of [(n’-Cp)Mg(us-S"Bu)], (1)
Treatment of Cp,Mg (0.927 g, 6.00 mmol) with 2-
methyl-2-propanethiol (0.82 ml, 6.0 mmol) in toluene
(30 ml) at ambient temperature led to immediate
precipitation of a white solid. The mixture was stirred
for 18 h and the solvent was removed under reduced
pressure to afford 1 as a white solid (1.036 g, 97%): m.p.
210 °C (dec.); IR (Nujol, cm ') 3084 (w), 1604 (w),

1305 (m), 1215 (m), 1157 (m), 1010 (m), 764 (s), 728 (s);
'"H-NMR (dichloromethane-d,, ): 6.37 (s, 20H, CsHs),
1.75 (s, 36H, C(CHs);); "“C{'H}-NMR (dichloro-
methane-d,, ppm): 10745 (s, CsHs), 51.16 (s,
C(CHs)3), 35.46 (s, C(CHs)3).

Anal. Calc. for C3;¢Hs¢MgsS4: C, 60.53; H, 7.90.
Found: C, 60.30; H, 7.75.

4.2.2. Preparation of [(1’-Cp)Mg(us-S(CsH;;))]4 (2)

In a fashion similar to the preparation of 1, treatment
of Cp,Mg (0.927 g, 6.00 mmol) with cyclohexanethiol
(0.73 ml, 6.00 mmol) afforded 2 as a white solid (1.128 g,
92%): m.p. 253 °C (dec.); IR (Nujol, cm ') 3085 (w),
1602 (w), 1303 (w), 1259 (m), 1152 (w), 1008 (m), 766 (s),
727 (s); '"H-NMR (dichloromethane-d>, J): 6.24 (s, 20H,
CsHs), 2.96 (m, 4H, CH), 2.29-1.33 (m, 40H, CH,);
BC{'H}-NMR (dichloromethane-d>, ppm): 106.98 (s,
CsHs), 46.08 (s, SCH), 38.48, 28.00, 25.90 (s, CH,).

Anal. Calc. for CyHesMgsSy: C, 64.57; H, 7.88.
Found: C, 64.48; H, 8.10.

4.2.3. Preparation of [(n°-Cp)Mg(us-S'Pr)]s (3)

In a procedure similar to the preparation of 1,
treatment of Cp,Mg (0.463 g, 3.00 mmol) with 2-
propanethiol (0.28 ml, 3.00 mmol) afforded 3 as a white
solid (0.410 g, 83%): m.p. 304 °C (dec.); IR (Nujol,
em 1) 3085 (w), 1605 (w), 1305 (m), 1261 (m), 1242 (m),
1153 (m), 1050 (m), 1008 (m), 768 (s), 725 (m), 727 (s);
'H-NMR (dichloromethane-d,, 6): 6.27 (s, 20H, CsHs),
3.32 (septet, J = 6.0 Hz, 4H, CH(CHs;),), 1.61 (d, J=6.0
Hz, 24H, CH(CH;),); "“C{'H}-NMR (dichloro-
methane-d,, ppm): 107.05 (s, CsHs), 37.67 (s,
CH(CHg)z), 28.09 (S, CH(CH3)2)

Anal. Calc. for C;HugMgsSy: C, 58.39; H, 7.35.
Found: C, 58.03; H, 7.64.

4.3. Synthesis of dimeric solvated cyclopentadienyl
magnesium thiolato complexes

4.3.1. Preparation of [(n’-Cp)Mg(u>-S'Bu)(THF) ],
(4)

Treatment of 1 (0.100 g, 0.14 mmol) with tetrahy-
drofuran (0.1 ml, 1.5 mmol) in dichloromethane (5 ml),
followed by addition of hexane (15 ml) and crystal-
lization at —20 °C, afforded 4 as colorless crystals
(0.110 g, 78%): m.p. 190 °C (dec.); IR (Nujol, cm 1)
3086 (w), 1603 (w), 1357 (m), 1306 (m), 1262 (m), 1155
(s), 1029 (m), 1011 (m), 876 (m), 969 (s), 744 (s), 727 (m);
the "H-NMR spectrum in dichloromethane-d, indicated
an equilibrium mixture in a 34:59:7 ratio according to
the cyclopentadienyl resonances at 6 6.23, 6.29, 6.36, the
tetrahydrofuran ligand gives broad peaks at 6 1.92 and
3.86. Assignments for cyclopentadienyl and tert-butyl
ligands: (1) 6 6.23 (s, CsHs), 1.43 (s, C(CHs)3); (2) ¢
6.29 (s, CsHs), 1.48 (s, C(CH3)3); (3) 0 6.36 (s, CsHs),
1.74 (s, C(CH;);). The "*C{'H}-NMR (dichloro-
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methane-d,) spectrum also shows three Cp-containing
species as well as a pair of tetrahydrofuran resonances at
25.84 and 69.18 ppm: Assignments for cyclopentadienyl
and tzert-butyl ligands: (1) 106.04 (s, CsHs), 37.11 (s,
C(CH3)3); (2) 106.73 (s, CsHs), 36.86 (s, C(CHj3)3); (3)
107.45 (s, CsHs), 35.45 (s, C(CHs)3). The quaternary
carbons were not observed.

Anal. Calc. for C26H44Mg20252: C, 6229, H, 8.85.
Found: C, 62.22; H, 9.00.

4.3.2. Preparation of [(n’-Cp)Mg( u>-S"Bu) (' Bupy) |-
(5)

In a fashion similar to the preparation of 4, treatment
of 1 (0.100 g, 0.14 mmol) with zert-butylpyridine (0.208
g, 1.5 mmol) afforded colorless crystals of 5 (0.106 g,
60%): m.p. 220 °C (dec.); IR (Nujol, cm ") 3079 (w),
1616 (m), 1505 (m), 1306 (m), 1277 (m), 1231 (m), 1155
(m), 1071 (m), 1019 (m), 1008 (m), 758 (s), 741 (m), 728
(s); '"H-NMR (dichloromethane-d>, J): 8.72 (bs, 4H,
NCH), 7.43 (bs, 4H, CH), 6.17 (s, 10H, CsHs), 1.39 (s,
18H, C(CH;);), 1.35 (s, 18H, NC(CHs)s); “C{'H}-
NMR (dichloromethane-d,, ppm): 149.24 (C, of pyri-
dine), 125.32 (C, of pyridine), 121.75 (Cg of pyridine),
106.38 (CsHs), 42.48 (SC(CHs)s), 37.02 (SC(CHs)3),
35.29 (C(CHs); of "Bupy), 30.37 (C(CHs); of ‘Bupy).

Anal. Calc. for C3sHs4sMg>N»S,: C, 68.90; H, 8.67; N,
4.46. Found: C, 69.26; H, 8.76, 4.48.

4.4. X-ray crystallographic structure determinations

Crystalline samples were mounted in sealed thin wall
capillaries under nitrogen atmosphere for X-ray data
collection. All crystal structure data were collected at
room temperature on a Bruker P4/CCD diffractometer
equipped with Mo radiation. For each collection, a full
sphere of data was collected at 10 s frame ~ ' with 0.2° or
0.3° between each frame. The frame data were inte-
grated with the manufacturer’s SMART and SAINT soft-
ware. Absorption corrections were applied with
Sheldrick’s saDABS program [26] and the structure was
solved and refined using the programs of SHELXL-97
[27]. Crystal structures of 1 consist of tetrameric neutral
complexes with no associated solvent or ions. The
asymmetric unit of 1 contains half of a tetrameric
complex; the internal symmetry element is a mirror
plane through two magnesium and two sulfur atoms.
Crystals of 4 and 5 consist of dimeric complexes with
two coordinated solvent ligands. Complex 4 crystallizes
with asymmetric units containing a half dimer related by
a mirror plane. The asymmetric until of 5 contains two
half dimers related by inversion centers. All three
complexes show typical ligand disorder. The crystals
were colorless and formed plates (1) or rods (4 and 5).
Hydrogen atoms were placed in calculated positions and
were constrained to ride on their carbon atoms.

5. Supporting information available

X-ray crystallographic files reported in this paper in
CIF format for the structure determinations of 1, 4, and
5 have been deposited with the Cambridge Crystal-
lographic Data Centre, CCDC no. 196706 for 1, no.
196707 for 4, and no. 196708 for 5. Copies of this
information may be obtained free of charge from The
Director, CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK (Fax: +44-1223-336033; e-mail: deposit@ccdc.
cam.ac.uk or www: http://www.ccdc.cam.ac.uk).
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