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Introduction 4/5 [CusRs]
Organomagnesium compounds and in particular Grignard 2[Mg:SAr)a]

reagents, RMgX, play an important role in inorganic and organic
synthesis, and there is much current interest in their structdres.
One of our interests in this field concerns the application of
Grignard reagents in copper(l) arenethiolate catalyzed organic
transformation$. In the course of our studies, we have
discovered that a copper(l) arenethiolate, CuSAr tACH4-
2-CH(Me)NMe), in which there is intramolecular GtN
coordination reacts with a diorganomagnesium reagemgRr ] ¢ )
(R = CgH2-2,4,6-Me), to afford a complex [CsR{][Mg(SAr) 2] organocopper magnesium arenethiolate assemblies.
(1), which comprises an assembly of two bis(arenethiolato)- ~ Here we report the synthesis and characterization of the novel
magnesium units coordinated to a tetranuclear organocoppemis(arenethiolato)magnesium complex [(M(CeHs-2-CH,-
aggregate (Scheme 1&)Obviously, the formation of arises ~ NMe)} 2] (3), which is formed upon reaction of the bis(aryl)-
from exchange of the monoanionic ligands R and SA, although magnesium reagent [Mg¢8s-2-CH:NMe);] (2)° with 2 equiv
two of the four arenethiolate ligands still remain bonded to Of elemental sulfur.
copper through a single sulfur atom. The discovery of complex
1 is consistent with studies of the organic reactions catalyzed Experimental Section
by CuSAr where it has been shown that the SAr monoanion is
an excellent nontransferable group and that therefore the use Al experiments were carried out using standard Schlenk techniques
of chiral arenethiolate ligands SAcan result in enantioselective  under an inert nitrogen atmosphere. THREtand GHs were distilled
C—C bond formatior?. from sodium benzophenone ketyl prior to use. ;CH was distilled
To further investigate the formation of complexes such as from calcium hydride. *H and*3C NMR spectra were recorded on a
[CusRA[Mg(SAr)J]- (1), we designed the strategy of directly Bruke_r AC200 or AC3QO spectrometer. Melting points were determined
reacting organocopper aggregates with preformed bis(arene-by using a Behi melting point apparatus. Elemental analyses were

thiolato)magnesium complexes (Scheme 1b). However Sincecarried out by Dornis und Kolbe, Mikroanalytisches Laboratorium,
. . . - 0t ' Mulheim a.d. Ruhr, Germany. The known bis(aryl)magnesium starting
very little |nformat|on. exists on the stgblllty and nature of material [Mg(GHs-2-CH:NMe);] (2)° was prepared by reacting
intramolecularly coordinated bis(arenethiolato)magnesium com- [, j(c (H,-2-CH,NMe,)]” and MgBr(OEt), in EO between 0 and 25
plexes, we found it necessary to study the syntheses, properties:c and was identified byH and3C NMR spectroscopy.
_ Synthesis of [Md S(CsH4-2-CHaNMe2)} 2]2 (3). To2 (1.39 g, 4.7
E-mail: mmol) in THF (50 mL) cooled at-78 °C was slowly added sublimed
vaqlg)é%r;e@i(nr;)i/{ggem.ruu.nI. sulfur (0.30 g, 9.4 mmol) under vigorous stirring. After 0.5 h-t8
* Bijvoet Center. To whom correspondence concerning crystallographic ~C the reaction mixture was allowed to slowly warm to room
studies should be addressed. E-mail: spea@xray.chem.ruu.nl. temperature over 30 min to afford a clear slightly yellow solution. After
(1) Grignard, V.C. R. Hebd. Seances Acad. Sk90Q 130, 1322. 0.5 h at 25°C, removal of the volatilesn vacuo and washing with
(2) Markies, P. R.; Akkerman, O. S.; Bickelhaupt, F.; Smeets, W. J. J.; pentane (2« 30 mL) yielded 1.20 g (72%, 3.36 mmol) 8fas a white
@ (Séseférﬁb'&f‘?g; OKLgoa;?eormSt-ﬁh%’;&igén&mlgf\%gg-Klaveren ML Eolidl. Crélif,tals suit?ble for X-ray structure de;errqinatiormere ol?tained
o ot A e * 7 by slow diffusion of pentane into a saturated solutiorBafi CH,Cl,
Boersma, J.; van Koten, Getrahedron: Asymmetrd991, 2, 1097 at—20°C. Mp: 159°C dec. *H NMR (CeDs, 300 MHz, 297 K).0

1100. (b) van Klaveren, M.; Lambert, F.; Eijkelkamp, J. F. M.; Grove, ¢

D. M.; van Koten, G.Tetrahedron Lett1994 35, 6135-6138. (c) in ppm: 1.62 (s, 12H, NMg, 3.22 (s, 4H, Ch), 6.58 (d, 2H3) =7
Haubrich, A.; van Klaveren, M.; van Koten, G.; Handke, G.; Krause, Hz, ArH-3), 6.74 (t, 2H2J = 7 Hz, ArH-4), 6.95 (t, 2H3J = 7 Hz,
N.J. Org. Chem1993 58, 5849-5852. (d) van Klaveren, M,; Persson,  ArH-5), 7.85 (d, 2H23J = 7 Hz, ArH-6). 13C NMR (CsDs, 75.5 MHz,

E. S. M.; Grove, D. M.; Bekvall, J. E.; van Koten, GTetrahedron ; .
Lett. 1994 35, 5931-5934. (e) Persson, E. S. M.. van Klaveren, M. 227 K):0inppm: 45.2 (NMe), 66.5 (CH), 122.4 (ArH), 129.1 (ArH),

Backvall, J. E.; van Koten, GChem. Eur. J1995 1, 351-359.
(4) (a) Knotter, D. M.; Smeets, W. J. J.; Spek, A. L.; van KotenJG.

N—
(s = SAr = SCgH,4(CH(Me)NMe,)-2;
R = CgH,Mes-2,4,6

aKey: (a) known preparation from CuSAr and MgRb) theoretical
preparation from CuR and Mg(SAr)

and structures of these species, prior to elaborate studies on the

*To whom correspondence should be addressed.

(6) (a) Markies, P. R.; Altink, R. M.; Villena, A.; Akkerman, O. S.;

Am. Chem. Sod99Q 112 5895-5896. (b) Knotter, D. M.; Grove,
D. M.; Smeets, W. J. J.; Spek, A. L.; van Koten, &5.Am. Chem.
S0c.1992 114, 3400-3410.

(5) An alternative description of the bonding Inis based on a central
[CUR4(SAr),]2~ dianion that binds twice as &N-chelate to [Mg-
(SAN)]* cations.

Bickelhaupt, FJ. Organomet. Chem991, 402 289-312. (b) Villena,
A. Quantitative Aspects of Intramolecular Coordination in Organo-
magnesium Compounds. Thesis; Vrije Universiteit, Amsterdam, 1986.

(7) (a) Jastrzebski, J. T. B. H.; van Koten, [Borg. Synth.1989 26,

150-155. (b) Jastrzebski, J. T. B. H.; van Koten, G.; Konijn, M;
Stam, C. HJ. Am. Chem. S0d.982 104 5490-5492.

S0020-1669(95)01288-2 CCC: $12.00 © 1996 American Chemical Society



Notes

Table 1. Experimental Data for the X-ray Diffraction Study 8f

formula GeHagMg:N4Ss V (A3) 1819.3(6)
space group P2j/c Cealc (grcm3) 1.3027(4)
crystal system monoclinic (Mo Ka) (cm™) 3.1

radiationA (&) Mo Ka, 0.710 73
a(A) 9.1464(14)  T(K) 150
b (A) 20.254(5) R° 0.0660
c(A) 10.1420(15)  WRS 0.1494
p (deg) 104.455(12)

a Graphite-monochromatelR = S||Fo| — |Fc||/S|Fol. CWR:
{XIW(Fo? = FAA/ S IW(FoA)}2

131.1 (ArH), 136.1 (Ar-2), 137.0 (ArH), 147.0 (Ar-1)}3C NMR
(CDCl;, 50.3 MHz, 297 K) 0 in ppm: 45.2 (NMg), 66.4 (CH), 122.7
(ArH), 129.1 (ArH), 131.0 (ArH), 135.0 (Ar-2), 136.1 (ArH), 145.1
(Ar-1). Anal. Calcd for [GeHagMg2N4S]-0.5CHCl,: C, 57.98; H,
6.53; N, 7.41. Found: C, 58.14; H, 6.31; N, 7.38.

Reaction of [Mg{ S(GsH4-2-CH2NMey)} 7). (3) with H20O. To an
NMR sample of3 in C¢D¢ was added an excess of thoroughly degassed
H.O. After 0.5 h of shaking the water was removed with a pipet and
IH NMR analysis showed a single produic, the arenethiol HS(gH,-
2-CHNMe,),8 whose identity was substantiated by the absence of extra
signals when independently prepared H${$2-CH,NMe;) was added.

Reaction of [Mg{ S(CsHs-2-CHaNMey)} 2] (3) with MesSIiCl. To
3(0.57 g, 1.60 mmol based on monomer) in@&{25 mL) was added
an excess of M&ICl (5 mL, 39.4 mmol). After 0.5 h, the volatiles
were removedh vacuoand the product was extracted with pentane (3
x 10 mL). Removal of the pentane vacuoafforded MgSiS(GHa4-
2-CH,NMey)® in 86% yield (1.37 mmol) as a pale yellow colorless oil.
The identity of this product was confirmed By NMR spectroscopy.

Structure Determination and Refinement of 3. X-ray data (total/
unique reflections: 11 949/4162) were collected (Mo, K = 0.710 73
A; w/26 mode; 2.0 < 6 < 27.50) on an Enraf-Nonius CADAT/rotating
anode diffractometer with a graphite monochromator, fitted with a

Inorganic Chemistry, Vol. 35, No. 11, 1998437

Results and Discussion

The bis(aryl)magnesium reagent [Mg{&-2-CH,NMey)7]
(2)8 reacts under optimal reaction conditions with 2 equiv of
elemental sulfur at low temperature to afford in a smooth
reaction the dimeric bis(arenethiolato)magnesium complex
[Mg{ S(GsHs-2-CH:NMe»)} 2]2 (3) (eq 1) which can be isolated

NMe,
o &
2 Mg
i
MeoN
2

l 4/8 Sy, THF, -78 °C

L N O
ATV

Me,

:: j NMe,

3

as a white powder in high yield. This crude bulk material was
shown byH NMR (benzeneds) to be pure3.
Under nonoptimal conditions, byproducts are formed which

standard Enraf-Nonius low-temperature unit, for a transparent colorlesshamper the isolation of purg these byproducts, which have

crystal (0.20x 0.25x 0.25 mm) glued on top of a glass fiber. Accurate
unit-cell parameters and an orientation matrix were derived from the
setting angles of 25 well-centered reflections (SET4in the range

11° < 6 < 14°. The unit-cell parameters were checked for the presence
of higher lattice symmetr}# Data were corrected for Lorentz
polarization effects and absorption (DIFABSas implemented in
PLATON;®3 correction range 0.881.20). The structure was solved
by direct methods (SHELXS86), and refinement of? (208 variables)
was carried out by full-matrix least-squares techniques (SHELX).93
using no observance criterion. Hydrogen atoms were included on
calculated positions and refined riding on their carrier atoms. All non-
hydrogen atoms were refined with anisotropic atomic displacement
parameters. Hydrogen atoms were refined with a fixed isotropic atomic

not been identified, are probably organo(arenethiolato)magne-
sium complexes (from incomplete sulfur insertion) or intermedi-
ate Md Sy(CeHs-2-CHNMey)} > speciesy

Nonrecrystallized pur8 is a white solid which melts at 159
°C with decomposition and which is readily soluble in most
common organic solvents with the exception of alkanes. The
bulk material3 after recrystallization from CkCl, and pentane
always contained some GEl, (elemental analysis anéH
NMR) and would appear to contain, besides p@resome
dichloromethane solvat&CH,Cl,. Solid pure3 turns yellow
to orange on exposure to air within 10 min. It has been
characterized as a dimer in the solid statel€ infra) and as a

displacement parameter related to the value of the equivalent isotropicmonomer in benzene solution by cryoscopy and NMR spec-

atomic displacement parameter of their carrier atom by a factor of 1.2
for the CH, and aromatic hydrogen atoms and a factor of 1.5 for the

methyl hydrogen atoms. Weights were optimized in the final refinement
cycles. No correction for extinction was found necessary. Neutral-

atom scattering factors and anomalous-dispersion corrections were take
from ref 16. Geometrical calculations and illustrations were performed
with PLATON.23 All calculations were performed on a DEC5000

troscopy ¢ide infra). The chemical formulation 8 as a pure
bis(arenethiolato)magnesium complex [(B(CsHs-2-CH,-
NMey)}2]2 has been supported by a number of characteristic

rghemical reactions. For example, addition of wateB &ither

In the solid state or in solution leads to elimination of arenethiol
HS(GH4-2-CH:NMe,).8 Furthermore, aerobic decomposition

cluster. Crystal data and numerical details of the structure determinationOf solutions of3 occurs rapidly, and besides the formation of

and refinement are collected in Table 1.

(8) Knotter, D. M.; van Maanen, H. L.; Grove, D. M.; Spek, A. L.; van
Koten, G.Inorg. Chem.1991 30, 3309-3317.

(9) Knotter, D. M.; Janssen, M. D.; Grove, D. M.; Smeets, W. J. J.; Horn,
E.; Spek, A. L.; van Koten, Gnorg. Chem.1991, 30, 4361-4366.

(10) de Boer, J. L.; Duisenberg, A. J. Mcta Crystallogr.1984 A40,
C410.

(11) Spek, A. L.J. Appl. Crystallogr 1988 21, 578-579.

(12) Walker, N.; Stuart, DActa Crystallogr.1983 A39 158-166.

(13) Spek, A. L.Acta Crystallogr.199Q A46, C34.

(14) Sheldrick, G. M.SHELXS86 Program for crystal structure deter-
minatiory University of Gdtingen: Gdtingen, Germany, 1986.

(15) Sheldrick, G. MSHELXL93: Program for crystal structure refinement
University of Gdtingen: Gitingen, Germany, 1993.

(16) Wilson, A. J. C., ednternational Tables for CrystallographyKluwer
Academic Publishers: Dordrecht, The Netherlands, 1992; Vol. C.

arenethiol, there is formation of a compound that is probably
the corresponding disulfideS(GeH4-2-CH,NMey)} .. Complex
3 reacts selectively in ED at ambient temperature with
chlorotrimethylsilane to afford in high yield the corresponding
trimethylsilyl aryl thioether MgSiS(GH4-2-CH:NMe,).®

To establish the structure & in the solid state, an X-ray
structure determination was carried out. The molecular structure
of 3 is depicted in Figure 1, and selected geometrical data are
listed in Table 2. In the crystal structure, this complex exists
as a dimer in which two magnesium atoms are eaidkchelate
bonded by a terminal arenethiolate with the two magnesium

(17) Houben-WeylMethoden der Organischen Chemith ed.; Georg
Thieme Verlag: Stuttgart, Germany, 1973; Vol. 13/2a.
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Figure 1. Molecular structure and adopted atom-labeling scheme of
[Mg{S(GH4+-2-CH,NMe,)} 7] (3) (ORTEP, thermal ellipsoids at 50%
probability) with the exclusion of the hydrogen atoms.

Table 2. Selected Geometrical Data for
[Mg{S(GH4-2-CH:NMe)} 2] (3)2

Bond Lengths (A)

Mgl-S1 2.5189(18) MgEN2 2.239(4)
Mgl-Sla 2.5778(17) SiC11 1.761(4)
Mgl-S2 2.4462(18) s2Cc21 1.770(4)
Mgl—-N1 2.252(3)
Bond Angles (deg)
Mgl-Si1-Mgla  104.11(5) StMgl-S2  164.71(7)
Mgl-S1-C11 108.16(14) StMgl-N1 89.66(9)
Mgl-S2-C21 94.22(14)  S2Mgl-N2 90.35(9)
S1-Mgl-Sla 75.89(5)

2 The estimated standard deviations of the last significant digits are
shown in parentheses. “a” indicates the symmetry operater 1 1
-v1-2

atoms being linked through the sulfur atoms of two bridging
arenethiolate ligands. Each magnesium atom acquires a five-
coordinate geometry through further coordination by the nitrogen
atom of one of these bridging arenethiolates.

The magnesium geometry which results s symmetry
and is 50% along the Berry pseudorotation coordinate between
trigonal bipyramidal D3,) and square planarCg,).*® In this
structure, there is a central 8 core which, through the
presence of a crystallographic inversion center, is perfectly
planar.

The bridging arenethiolate ligands show almost equat-®g
bond lengths of 2.5189(18) A (MgiS1) and 2.5778(17) A
(Mg1l-S1la), and the terminally bonded arenethiolate ligand
forms a Mgt-S2 bond with a length of 2.4462(18) A. These
distances are significantly longer than those reported for dimeric
[Mg{ S(GsH2-2,4,6-Ph)} 2]2, in which the magnesium atoms are
reported to be three-coordinated by three thiolate sulfur atoms
(Mg—SPridge = 2 462(5) A (average), MgSeminal = 2 349(5)
A);19 since there is weak additionatbonding of one of the
phenylortho substituents, the Mg atoms may be interpreted as

Notes

bond as arising from two two-electron two-center (2e)
interactions. It is interesting to note that the bonding of the
arenethiolate ligands iB is not similar to that calculated by
Pappa¥’ for the complexes M(SHXM = Be, Mg, Ca). These
calculations indicated that the Mg interaction is highly ionic
with little covalent character, calculated bond distances and bond
angles being Mg$S 2.324 A, S-Mg—S 180, and Mg-S—H
95.2.20 However, in3, the Mg—S—Cipso angle of 94.22(14)

for the terminal arenethiolate ligands and to a lesser extent the
Mg—S bond length of 2.4462(18) A are reasonably close to
the calculated MgS—H and Mg-S values in Mg(SH)

Comparison of the W5, core of3 (M = Mg) with those in
other bis(arenethiolato)metal(ll) complexes shows it to be
similar to those in [M§S(GH2-2,4,6-Ph)}2]2,1° [Zn{ S(GsH2-
2,4,GIBU3)} 2] 2,21 [Fe{ S(QH2-2,4,6-IBU3)} 2]2,22 and [FQ S(C(;Hz-
2,4,6-Ph)}2]2.2® Interestingly, bis(arenethiolato)magnesium
complex 3 is isostructural with the bis(phenolato)iron(ll)
analogue [FEO(CsHs-2-CH:NMey)}2]2, which we prepared
recently?*

The 'H NMR spectra of3 in tolueneds are temperature
dependent. At 297 K, one obtains the fast-exchaitydlMR
spectrum which comprises singlet resonances for the(@Hi8
ppm) and NMe (1.61 ppm) groups as well as four resonance
patterns for the aromatic hydrogens. Below 243 K, one obtains
the slow-exchange spectrum which consists of two singlet
resonances for the two methyl groups of the NMait (2.20
and 0.61 ppm), two broad signals for the £¢toup (4.19 and
1.91 ppm), and aromatic proton resonances that are essentially
identical to those in the high-temperature spectrum. The
resonance pattern for the GMMe, group is a clear indication
that the nitrogen donor center is coordinated to the metal at
this temperature. Furthermore, the single pattern for the
arenethiolate ligands suggests that the structur2 isthighly
symmetrical in solution at this temperature, and although this
could be explained by fast exchange of the bridging and terminal
arenethiolate ligands, we believe this is evidence thas
monomeric in solution. The latter conclusion is corroborated
by a cryoscopic molecular weight determination which showed
3 to be monomeric in benzene solution. This result implies
that during dissolution of crystallin® there is aggregate
breakdown with coordination of the magnesium being reduced
from five-coordinate to four-coordinate.

Interpreted on the basis of these NMR data, compléxat
low temperature a pseudotetrahedral four-coordinate monomeric
bis-SN-chelated magnesium species. The fluxional process
which is operational in this mononuclear species must be able
to explain the singlet resonances for both the,@Ad NMe
groups. If there is retention of magnesitimitrogen coordi-
native bonding, then the process occurring in solution is one in

having a distorted pseudotetrahedral, four-coordinate, geometry.ich there is inversion of the tetrahedral magnesium geometry

Even shorter distances are observed in the monomeric bis-
(arenethiolato)magnesium complex [M(CGeH2-2,4,6!Bus)} o-
(OEL)2],1° where the tetrahedral Mg coordination arises from
two thiolate sulfur atoms and two oxygen Lewis bases {Mg
Serminal = 2 387(5) A (average)), and therefore we conclude
that the long Mg-S distances it8 are a reflection of the five-
coordination of the metal.

The angles Mg+S1-Mgla, Mgl-S1-C11, and Mgla
S1-C11 of 104.11(5), 108.16(14), and 127.66(14dicate a
tetrahedral geometry of the bridging thiolate sulfur atoms, and
this is consistent with a description of each arenethiolate bridge-

(18) Holmes, R. RProg. Inorg. Chem1984 32, 119-235 and references
cited therein.
(19) Ruhlandt-Senge, Knorg. Chem 1995 34, 3499-3504.

via a planar four-coordinate transition state. Alternatively,
magnesium-nitrogen dissociation/association processes are
possible, and these would involve a two- or three-coordinate
magnesium center. From the decoalescence temperatures of the

(20) Pappas, J. Al. Am. Chem. S0d.978 100, 6023-6027.

(21) Bochmann, M.; Bwembya, G.; Grinter, R.; Lu, J.; Webb, K. J,;
Williamson, D. J.; Hursthouse, M. B.; Mazid, Nhorg. Chem1993
32, 532-537.

(22) (a) Power, P. P.; Shoner, S. @ngew. Chem., Int. Ed. Engl991],
30, 330-332. (b) MacDonnell, F. M.; Ruhlandt-Senge, K.; Ellison, J.
J.; Holm, R. H.; Power, P. Rnorg. Chem.1995 34, 1815-1822.

(23) Ruhlandt-Senge, K.; Power, P.Bull. Soc. Chim. Fr1992 129 594-
598.

(24) Brandts, J. A. M.; Hogerheide, M. P.; Janssen, M. D.; Spek, A. L.;
van Koten, G. Unpublished results.
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CH:NMe; resonances, we have calculated the barrier of activa- establishing the nature of this and related aggregated complexes.
tion (AG") for the operative process to be 42:51.0 kJ mot.25 Studies of similar species prepared from intramolecularly

coordinated lithium arenethiolates are ongadifig.

Conclusion _ _
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