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Structural Aspects of Lithium Arenethiolate Complexes with Intramolecular Coordinating
Amine Donors'
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Reaction of aryllithium reagents LiR (R= CgHa((R)-CH(Me)NMe)-2 (1a), CgHi(CHNMey)»-2,6 (1b),
CeH4(CHoN(Me)CH,CH,OMe)-2 (1c)) with 1 equiv of sulfur (1/8 § results in the quantitative formation of the
corresponding lithium arenethiolates {SCGH4((R)-CH(Me)NMey)-2} 16 (3), [Li{ SGH3(CH2NMey)-2,6}]6 (4),

and [L{ SGH4(CH,N(Me)CH,CH,OMe)-2 1, (5). Alternatively,3 can be prepared by reacting the corresponding
arenethiol HSGH4((R)-CH(Me)NMey)-2 (2) with "BuLi. X-ray crystal structures of lithium arenethiolatéand

4, reported in abbreviated form, show them to have hexanuclear prismatic and hexanuclear planar structures,

respectively, that are unprecedented in lithium thiolate chemistry. The lithium arenethid&&sHi(CH,N(Me)CH;,-
CH,OMe)-2 ]2 (5) is dimeric in the solid state and in solution, and crystal$ @afre monoclinic, space group
P2i/c, with a = 17.7963(9) Ab = 8.1281(7) A,c = 17.1340(10) A3 = 108.288(5), Z = 4, and finalR =
0.047 for 4051 reflections witk > 40(F). Hexameric4 reacts with 1 equiv of lithium iodide and 2 equiv of
tetrahydrofuran to form the dinuclear adduct{ISAr)(I)(THF);] (6). Crystals of6é are monoclinic, space group
P2,/c, with a = 13.0346(10) Ab = 11.523(3) A,c = 16.127(3) A3 = 94.682(109, Z = 4, and finalR = 0.059
for 3190 reflections with- > 4o(F).

Introduction arenethiolates as catalysts for selective group transfer of RMgX
) . ) ) ) reagents to various substrates,, selective conjugate 1,4- and
Arenethiolate ligands are widely used in organometallic and 1,6-additions to cyclic or acyclie,S-unsaturated enones and
inorganic chemistry, and their complexes are usually quite Stablea,ﬂ,y,é-unsaturated alkynylenones, as well as seleativer
toward protic media. Since sulfur atoms are easily polarized, y-alkylation of allylic substrates. Very recently, we have also
these ligands can adopt various kinds of coordinatio@ur found that zinc(ll) arenethiolate complexes can be used as

work involves the use of aryl, phenolate, and arenethiolate ca(aiysts in the enantioselective addition of Zrt various
ligands with tertiary amine substituents which, through intramo- aldehyde$.

lecular coordination, can stabilize reaction intermediates or
change the reactivity of the metal center by blocking specific
coordination site§. As an example, we reported copper(l)

To understand the coordination behavior and reactivity of
arenethiolate ligands with potentially coordinating donor sub-
stituents, we have isolated the corresponding lithium complexes
and studied their structure and reactivity. Here, we report the
T Dedicated to Prof. Hans Georg von Schnering on the occasion of his syntheses of lithium complexes containing such ligands (Figure
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* Department of Metal-Mediated Synthesis. 1) and show how the positioning of the intramolecularly

8Department of Crystal and Structural Chemistry. coordinating functions can affect their aggregation state and
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be addressed. E-mail address: spea@xray.chem.ruu.nl. in having ano-amino substituent that can generate a six-

® Abstract published irAdvance ACS AbstractSeptember 15, 1996.  membered chelate ring on coordination through sulfur and
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Figure 1. Arenethiolate ligands with potential for intramolecular
coordination.

second arenethiolate system¢BG{CHNMe,)-2,6 ( in Figure

1) has two neutral nitrogen donor sites and is a potentially
terdentateérans-spanning ligand. Finally, SE4(CH.N(Me)CH.-
CH,OMe)-2 (cin Figure 1), which is also a potentially terdentate
ligand, has an additional possibility for oxygen to metal
coordination through the presence of a£{CH,OMe group on
the N donor atom, and this can lead to the formation of a five-
membered chelate ring.

Experimental Section

Janssen et al.

Figure 2. ORTEP drawing at 30% probability level & (with the
exclusion of the hydrogen atoms). Selected ranges of bond lengths (A)
and angles (deg): (within top and bottom layersy-Bi= 2.34(2)
2.51(2), Li+-Li = 4.13(3)-4.37(3), Li-N = 2.04(2)-2.16(2), S-C
=1.72(2-1.77(1), Li-S—Li = 117.4(7)-134.3(8), S-Li—S= 97.8-
(9)—120.2(8); (between top and bottom layers)S= 2.43(3)-2.73-
(2), Li---Li = 3.21(3)-3.51(3), Li-S—Li (within the chelate)=

Syntheses were carried out using standard Schlenk techniques under7.5(8)-83.8(8), Li-S—Li (to neighboring chelate 81.6(8)-89.7-
an atmosphere of dry, oxygen free nitrogen. Toluene, benzene, hexane(8), S—Li—S (within the chelate}= 93.0(8)-102.5(9), S-Li—S (to

pentane, ED (predried on Calj, and tetrahydrofuran (THF) were
carefully dried and distilled from sodium benzopheneketyl prior

to use. CHCI, was distilled from calcium hydride. Commercial
"BuLi (1.67 M solution in hexane) was useé and'3C NMR spectra
were recorded on a Bruker AC-200P or a Bruker AC-300P spectrom-
eter. Elemental analyses were carried out by Dornis und Kolbe,
Mikroanalytisches Laboratorium, Nheim a.d. Ruhr, Germany. [Li-
{CeHA(R-CH(Me)NMe»)-2} 14 (18),82 [Li { CsHa(CHNMeR)-2,6} 12 (1b), %P

[Li{ CeH4(CH2N(Me)CH,CH,OMe)-2 ] (10),** and HSGH4((R)-CH-
(Me)NMey)-2 (2)*2 were prepared according to literature procedures.
The succesful sulfur insertion reaction b& affording 3 in situ has
been reported previousH.

[Li { SGH4((R)-CH(Me)NMe,)-2} 16 (3). To a suspension of HSB,-
((R-CH(Me)NMe,)-2 (0.58 g, 3.20 mmol) in benzene (25 mL) was
addedBuLi (2.0 mL of a 1.6 M solution in hexane, 3.20 mmol). On
addition of the"BuLli, the reaction mixture immediately became a clear
yellow solution. After stirring for 15 min, the volatiles were removed
in vacuq yielding 0.68 g of crudeé still containing both benzene and
hexane. Crystals could be obtained by slowly cooling a saturated
hexane solution 02 to —20°C. Because crystalline material afforded

neighboring chelater 87.8(7)-96.6(9).

3,5). Anal. Calcd for @GH114N1,SeLie2CHg: C, 65.96; H, 8.37; N,
10.73. Found: C, 65.73; H, 8.92; N, 10.37.

[Li { SCsH4(CH.N(Me)CH,CH,OMe)-2}]. (5). To a THF (60 mL)
solution of1c (7.43 g, 40 mmol) cooled at40 °C was added in one
portion sublimed sulfur (1.29 g, 40 mmol). After being stirred for 20
min, the reaction mixture was allowed to warm to room temperature.
Stirring for another 2 h, evaporating all volatiles vacug and
subsequent washing of the solid with pentane (twice 30 mL) yielded
8.41 g (39 mmol, 98%) ob. Transparent white crystals could be
obtained by slow diffusion of pentane into a saturated THF/toluene
solution of 5; mp 198°C (dec). 'H NMR (dichloromethanek, 200
MHz, 223 K; ppm): 6 2.07 (s, 3H, NMe), 2.51 (td, 1H) = —13.32
Hz, 3J = 11.06 Hz,2J = 2.68 Hz, NCH), 2.57 (d, 1H,2J = 11 Hz,
ArCHy), 3.00 (td, 1H,2J = —13.32 Hz,%J = 3.11 Hz,3] = 1.65 Hz,
NCH,), 3.17 (s, 3H, OMe), 3.53 (dt, 1HJ) = —9.15 Hz,3) = 3.11
Hz, 3J = 2.68 Hz, CHO), 3.96 (td, 1H2) = —9.15 Hz,%J = 11.06
Hz,3J = 1.65 Hz, CHO), 4.38 (d, 1H2J = 11 Hz, ArCH,), 6.76 (t,
1H,3) = 7 Hz, ArH-4), 6.85 (d, 1H3J = 7 Hz, ArH-3), 6.93 (t, 1H,

irreproducible microanalysis data, powdered crystals were evacuated®J = 7 Hz, ArH-5), 7.30 (d, 1H3J = 7 Hz, ArH-6). Anal. Calcd for

(107® mmHg) for 24 h to afford analytically pure solvent free material.
IH NMR (tolueneds, 353 K; ppm): 6 1.72 (d, 3H,2J = 6 Hz, CMe),
2.06 (s, 6H, NMg), 3.0 (br s, 1H, CH), 6.74 (m, 2H, ArH), 6.96 (m,
1H, ArH), 7.75 (d, 1H, ArH-6). *H NMR (tolueness, 233 K; ppm):

0 1.71 (s, 3H, NMe), 1.93 (d, 3HJ = 6 Hz, CMe), 2.41 (s, 3H, NMe),
2.67 (br q, 1H3) = 6 Hz, CH), 6.68 (d, 1H3J = 7 Hz, ArH-3), 6.83

(t, 1H, 33 = 7 Hz, ArH-4), 7.11 (t, 1H2J = 8 Hz, ArH-5), 7.92 (d,
1H,3) = 7 Hz, ArH-6). Signal assignments for ArH-4 and ArH-5 are
tentative. 13C NMR (tolueneds, 263 K; ppm): 6 17.2 (Me), 46.2
(NMe,), 73.9 (C(H)), 122.01, 127.0, 131.9, 137.3, 143.5, 144.7 (Ar).
Anal. Calcd for GoHsaNeSsLis: C, 64.15; H, 7.54; N, 7.48. Found:
C, 64.22; H, 7.59; N, 7.55.

[Li { SCsH3(CH2NMey)-2,6}]6 (4). To a well-stirred solution of
LiCeH3(CH.NMey)>-2,6 (Lb) (4.65 g, 23.5 mmol) cooled at78 °C
was added in one portion sublimed sulfur (0.76 g, 23.7 mmol). The
reaction mixture was allowed to warm to room temperature, and the
stirring was continued for another 5 h, whereafter all volatiles were
removedin vacua The remaining solid was washed with pentane
(twice 25 mL) and driedn vacua Yield: 4.77 g (88%) of creamy-
white powder. Crystals could be obtained by slow diffusion of pentane
into a concentrated toluene solutiongfmp 130°C (dec). *H NMR
(benzeneds, 320 K; ppm): 6 1.96 (br s, 12H, NMg, 3.57 (br s, 4H,
CHy), 6.73 (t, 1H,2] = 7 Hz, ArH-4), 6.92 (d, 2H2) = 7 Hz, ArH-

(6) (a) Jastrzebski, J. T. B. H.; van Koten, G.; Konijn, M.; Stam, CJH.
Am. Chem. Soc982 104, 5490-5492. (b) Jastrzebski, J. T. B. H;
van Koten, G.norg. Synth.1989 26, 150-155.

szngNzOzSgLiz: C, 6068, H, 7.41; N, 6.36. Found: C, 6081, H,
7.42; N, 6.45.

[Li { SCsH3(CHNMey)-2,6} (I)(THF) 2] (6). To a solution of4
(0.54 g, 2.34 mmol) in benzene (30 mL) was added Lil (0.31 g, 2.34
mmol) in one portion. After stirring for 1 h, all volatiles were removed
in vacuq resulting in crude6 as a cream solid. Crystallization by
diffusion of pentane into a toluene solution (a few drops of THF added
to solubilize all material) yielded 0.77 g (91%) of brownish crystals;
mp 119°C (dec). *H NMR (tolueneds, 200 K; ppm): 6 1.38 (br m,
8H, THF), 2.10 (s, 6H, NMe), 2.15 (s, 6H, NMe), 2.58 (d, Z8i= 10
Hz, CH,), 3.71 (m, 8H, THF), 4.63 (d, 2HJ) = 10 Hz, CH), 6.7-7.4
(m, 3H, ArH). 13C NMR (tolueneds; ppm): 6 25.7 (THF), 46.6 (br s,
NMe,), 66.8 (br s, CH), 68.5 (THF), 120.2 (Ar-2,6), 131.7 (Ar-4),
137.5 (Ar-3,5), 139.3 (Ar-1). Anal. Calcd for gH3sN.O.SLisl: C,
47.25; H, 6.94; N, 5.51. Found: C, 47.06; H, 6.91; N, 5.56.

Structure Determination and Refinement of 3-6. Full experi-
mental data for the X-ray single crystal diffraction studie3a@nd4
are to be found in the deposited Supporting Information; selected
geometrical data are included in the captions to Figures 2 and 3,
respectively. X-ray data (total/unique reflections: 11351/5396 with
—22=<h=<21,-10=<k=0,—-22=<1 =< 23 for5 and 3951/3556 with
0<h=<15-13<k=<0,-18< | < 18 for 6) were collected on an
Enraf-Nonius CADAT rotating anode diffractometer for a colorless (0.40
x 0.50 x 0.60 mm for5) or brownish (0.80x 0.80 x 0.90 mm for6)
block-shaped crystal 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 (SET#) the range 8 < 0 <
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®) Table 1. Experimental Data for the X-ray Diffraction Studies ®f
Vi N and6
5 6
formula Q2H32Li 2N202$2 Con35| Li zNzozs
fw 434.52 508.36
space group P2;/c (No. 14) P2,/c (No. 14)
cryst syst monoclinic monoclinic
VA 4 4
a(d) 17.7963 (9) 13.0346 (10)
b (R) 8.1281 (7) 11.523 (3)
c(A) 17.1340 (10) 16.127 (3)
B (deg) 108.288 (5) 94.682 (10)
vol (A3) 2353.3(3) 2414.2 (8)
Gearc (g-cm3) 1.226 1.399
w(Mo Ko) (cm™) 2.3 14.1

radiation (A) Mo Ko (0.710 733 Mo Ko (0.710 733
temp (K) 150 150

Ro 00.047 0.059

Ruz 0.138 0.170

aGraphite monochromato?.R = Y ||F,| — |F¢||[/Y|Fol. Refinement
onF% Rz = {Z[W(Fo? — FA/ 3 [W(FA}2

Scheme 1. Synthesis of Lithium Arenethiolate3-5

1/8 Sg, THF,
| —
-80 °C to RT
R R

Figure 3. ORTEP drawing at 50% probability level df (with the
exclusion of the hydrogen atoms). Selected bond lengths (A) and angles
(deg): Lil—S1= 2.426(10), Li2-S1= 2.401(15), Li2-S2= 2.417-

(13), Li3—S2 = 2.392(13), Li3-S3 = 2.403(15), Li4-S3 = 2.401-

(10), Li1—N12 = 2.138(13), Li2N11 = 2.17(2), Li2-N22 =
2.160(19), Li3-N21 = 2.173(17), Li3-N31 = 2.116(17), Li4-N32

= 2.124(13), Lit-S1-Li2 = 175.7(5), Li2-S2-Li3 = 170.6(6), Li3-
S3-Li4 =171.2(4), St Lil—Sla= 117.5(8), St Lil—N12=97.5-

(2), St-Li1—N12a= 116.9(3), N12-Li1—N12a= 115.8(9), St Li2—

S2= 118.6(6), S2Li3—S3= 125.5(6), S3-Li4—S3a= 110.3(7).

3: R = CH(Me)NMe,, R' = H
4: R = R' = CH,NMe,
5: R = CH,N(Me)CH,CH,0Me, R' = H

Results

Reaction of the known aryllithium reagents kZy((R)-CH-

14°. The unit-cell parameters were checked for the presence thlgher(Me)NMez)-Z (18), LiCeH3(CH:NMey)»-2,6 (1b), and LiCsHa-

lattice symmetry. Data were corrected for Lorentz and polarization . .
effects. Anisotropic scaling was applied for bdtand6 (DIFABS® (CHN(Me)CH,CH,OMe)-2 (Lc) with 1 equiv of sulfur (1/8 §

as implemented in PLATON). The structures were solved by direct 1N THF at low temperature (Scheme 1) results in virtually
methods and subsequent difference Fourier techniques (SHEEXSg6 duantitative formation of the corresponding lithium arenethi-

for 5; DIRDIF92*2 for 6). Refinement of the structures 6fand6 was
carried out orf? by full-matrix least-squares techniques (SHELXL93

); no observance criterion was applied during refinement (number of 2}], (5). These new complexes have a strong tendency to

least-squares parameters: 275 and 25&%fand6, respectively). In
the structure determinations 6fand 6 all non-hydrogen atoms were

atoms were introduced on calculated positions-kC= 0.98 A) and

olates [L{ SCsH4((R)-CH(Me)NMe»)-2} 6 (3), [Li{ SCsHs(CH.-
NMe»)»-2,6]s (4), and [L{ SCGsH4(CHaN(Me)CH,CH,OMe)-

incorporate THF (a Lewis base), anih this route complexd
could in fact only be isolated as a THF adduct{[BCsH4((R)-
refined with anisotropic atomic displacement parameters. Hydrogen CH(Me)NMe)-2}]-nTHF in which n is not precisely defined
but lies between 1 and 3.

refined by riding on their carrier atoms with a fixed isotropic atomic For the success of this synthetic procedure it is of utmost
displacement parameter amounting to 1.5 or 1.2 times the value of the:

. - : - . . importance that the reagents are very thoroughly mixed; poor
equivalent isotropic atomic displacement parameter of their carrier atom. _,." . . . .
An extinction correction was not found to be necessary. Weights were stirring of the reaction mixture Ieads.to the formation of
optimized in the final refinement cycles. Neutral atom scattering factors unwanted byproducts such ‘fis pqusulfldo Comp'?xes- yvhose
and anomalous dispersion corrections were taken from International Présence complicates the isolation of the desired lithium

Tables for Crystallographif. Geometrical calculations and illustrations ~ arenethiolate. . )
were performed with PLATON? all calculations were performed on Another synthetic route to lithium arenethiolates sucB-as,

a DEC5000 cluster. Collected data and details of data collection and Which has been used before in metal thiolate chemistry, is
refinement of5 and6 are in Table 1. deprotonation of an arenethitil. This route was necessary for
the preparation of pure solvent-fr8greaction of the arenethiol
HSGH4((R)-CH(Me)NMey)-2 (2) with 1 equiv of "BuLi in
hexane afford8 in high yield (eq 1).

NMe, NMe,
SH "BuLi, hexane S‘L' (1)
_
0°CtoRT '
2 3

In principle this method is also suitable for the synthesis of
4 and>, but the corresponding arenethiols are difficult to obtain

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

(8) Spek, A. L.J. Appl. Crystallogr 1988 21, 578.

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

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

(11) Sheldrick, G. MSHELXS86Program for crystal structure determi-
nation, University of Gdtingen: Gitingen, Germany, 1986.

(12) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.i&arci
Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla,T@e DIRDIF
Program Systepniechnical Report of the Crystallography Laboratory;
University of Nijmegen: Nijmegen, The Netherlands, 1992.

(13) Sheldrick, G. MSHELXL93Program for crystal structure refinement
University of Gdtingen: Gitingen, Germany, 1993.

(14) Wilson, A. J. C., Ed.International Tables for Crystallography
Kluwer: Dordrecht, The Netherlands, 1992; Vol. C.

(15) Ellison, J. J.; Power, P. fhorg. Chem.1994 33, 4231-4234.



6738 Inorganic Chemistry, Vol. 35, No. 23, 1996 Janssen et al.

in pure form and the preferred synthetic method is the sulfur
insertion with aryllithium reagents (Scheme 1). Compoufhds
and5 obtained by this former route, when first isolated, also
contain THF, but in these cases the pure THF-free complexes
can be obtained by repeated washings with pentane.

The pure THF-free lithium arenethiolatds 5 are yellowish,
off-white powders which, although slightly hygroscopic, can
be handled safely in air for several minutes. Their solutions
slowly decompose upon exposure to air. CompleXes are
readily soluble in BEXO and THF and somewhat less soluble in
benzene and toluene. The lithium arenethiol@esd4 are

also slightly soluble in hexane, where&ss insoluble in both Fig‘l”e_“- (??hTEE grawing ?t 50% probability level & (with the
pentane and hexane. exclusion of the hydrogen atoms).

Solid State Structures of 3 and 4 The natures o8 and4 Table 2. Selected Geometrical Details 6%
in the solid state have been determined by X-ray crystallography, Bond Distances (A)
but because of the rather low quality of the data sets and the |j1—-g1 2.424(3) LitO1 1.974(4)
presence of disordered solved),(only a brief description of Li1—-S2 2.430(2) Li2-02 1.960(4)
these structures is provided here. Further details are available Iilg—g% gig?gg gicl_llf 21-137%98}(‘12))
in the Supporting Information. le— . .

pporting . . Li1—N1 2.068(4) S2C21 1.761(2)

The molecular structure a3 (Figure 2) shows it to be a Li2—N2 2.068(4)
hexameric cage aggregate which comprises six lithium are- Bond Angles (deg)
nethiolate moieties arranged such that the Li and S atoms form ond Angles (deg

9 Lil—S1-Li2 73.41(10) SHLiI1-N1 100.56(13)

a distorted hexagonal prism. In this aggregate there are two Li1-S2-Li2 73.29(11) S2Li2—N2 100.44(14)
layers of cyclohexane-like bbs six-membered rings, with S1—Li1—S2 106.61(11) Li+S1—C11 95.50(10)
alternating Li and S atoms that are both in a chair conformation. s1-Li2—S2 106.66(12) Li2S1-C11 98.36(10)
The aryl rings of the arenethiolate ligands occupy equatorial
positions with respect to the 433 rings, and within each k&;

layer the arenethiolate ligands intramolecularly coordinate

through the CH(Me)NMg group to the neighboring Iithium central LbS, moiety (the largest deviation from planarity is
atom. Each sulfur atom is bonded not only to two lithium 0.011(4) A). The aryl substituents of these ligands are

neighbors within each k8 ring but also t°3 one lithium atom  qjtioned above and below the two sulfur atoms of theSL i
from the opposite LSz layer, resulting in a-bonding of each plane, as is shown by the angles £i$1-C11, Li>—S1—C11,

arenethiolate ligand. Through this bonding and the intramo- | i1 _g2-c21 and Li2=S2—C21. which are 95.50(10), 98.36-
lecular CH(Me)NI\/_IQ coordination, the I|th|um_ atom_s are (10), 96.60(10), and 97.73(10Yespectively. Additionally, the
tetrah_edrally coordlnated. C_ompléxxvas syntheS|_zed with an nitrogen and oxygen atoms from one arenethiolate ligand
enantiopure arenethiolate ligand, and eachSiilayer has  .qqrginate to the same lithium atom, thus resulting in S, S, N,
identical propelle'r-type ch|ral|ty.. This structure hag Various g tetrahedrally coordinated lithium atoms. The tetrahedral
features present in the nonameric copper(_l) _areneth|olate [Cu'geometry around lithium is not regular but has distortion that
{S-1-GoHiNMex8}]o and thel-chelated arylithium complexes - arises from the restrictions of the five- and six-membered chelate
[Li{ CeHsCHNMe2-2}]4 ®° and [Li{ CeH3(CHNMe2)2-2,6 2. rings that have been formeicg., Li—O—C—C—N and Li—S—
Lithium arenethiolate (Figure 3) has an hexameric structure  c—c—c—N; illustrative angles are SaLil1—N1, S2-Li2—N2,
based on a central essentially planagSsil2-membered ring  N1—Li1—01, and N2-Li2—02, which are 100.56(13), 100.44-
in which there are alternating Li and S atoms. This structure (14), 87.62(12), and 87.52(14)espectively.
contrasts dramatically with the prismatic structure3of The The Li-S distances within the k%, moiety are Lit-S1=

most striking feature in th_e structure dfis that _the central 2.424(3), LiI-S2 = 2.430(2), Li2-S1= 2.426(3), and Li2-
hexagonally shaped §3% ring contains arenethiolate sulfur S2 = 2.427(3) A, respectively, and these clearly point to a
atoms that have a T-shaped geometry as a result of bonding to ! ’

wo lithi 1 d the . ; ? the ligand ¢ | symmetrical binding of the sulfur atom of the arenethiolates to
wo fithium atoms and the '5.;°a om of the figand System. 1IN ypq |ithium atoms. Moreover, these+$ distances are com-
4 the arenethiolate ligandsbridge between neighboring lithium

o ) . parable to those in the structures®énd4. In contrast to the
centers whose coordination sphere is completed by N-coordina- |, structures. the angles LB1-Li2 and Lil—S2-Li2 in

tion of two CHZNMeZ substitugnts_from di_fferent Iigand Systems. - g 73.41(10) and 73.29(11pre remarkably acute and similar
LheLprlentat|on O.l;the aryl ”n?l Jn the Illlgalnkdi with respect :]O to the acute CtS—Cu angles often encountered in copper(l)
the LisSs ring provides an overall “propeller-like” aggregate with -, o ethiolate structures. In copper arenethiolate chemistry the

Ieach P;fexamer htaV|SgthscreW?ype chirality. Dutg t?h crysta;l-l acute Cu-S—Cu angles have been ascribed to the formation of
ographic symmetry both enantiomers are present in the crystal.,, o clectron three-center bonds.

Solid State Structure of 5. The molecular structure of . .
: Solution Structures of 3-5. TheH NMR spectra of3 in
complex5, [Li{SCeHa(CHN(Me)CH,CH,OMe)-3];, as de- tolueneds are temperature dependent. Above 343 K, tHe

theer)r(r;rl:]eedr ; énﬁ-dr,a{o ?)Igrgcctjli(r):érsi’zcmjsgl]i dcgtr:trgs(::ig)u::i) NMR spectrum of3 is simp'le and. consists of characteristic
Selected bond d;stances and bond angles are listed in Tablé presonances for the arenethlolate I|gan|d:._, a double_t for the
. . ) . o-methyl protons, a broad singlet for the dimethylamino protons,
The structure o6 comprises two arenethiolate ligands which - 5 ey hroad signal for the benzylic proton, and a set of aromatic
each S-bridge two lithium atoms, thereby forming a planar resonances. The proton which is positioretho to the sulfur

atom is observed as a characteristic doublet at 7.75 ppm in a

2 The estimated standard deviations of the last significant digits are
shown in parentheses.

(16) é?!&"sge{ éeiil%elfl 4A3"3A.(l:};;.;svr§2e|§§t?lr\}, ?EJC'_- gg%’i(czi”ﬂ-_fgs‘der position that is significantly low-field of the resonance of the
Zeijden, A. A.YH.; van Koten, GActa (frystallog}.198z b43, 1429~ corresponding proton of R)-a-methylN,N-dimethylbenzy-

1430. lamine. A low-field shift for theortho-proton is typical for
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this type of arenethiolate ligand and is also observed for the
starting arenethiét and for other metal arenethiolate3!718

On cooling down from 343 K, there are significant changes
of which the most striking is that the dimethylamino signal

becomes broader and starts to decoalesce at 313 K into two

singlets at 283 K (one singlet is initially hidden underneath the

Inorganic Chemistry, Vol. 35, No. 23, 1996739

Hg Hy
o) Ho N Hg
TS0 7 TS0
"N He o Ha
H, He

A 8

Figure 5. Newman projections along the<C bond of the 2-meth-

a_methy' S|gna|) The S|ow_exchange Spectrum is reached atOXyethylamine chelate ring for thie and d-conformations.

253 K. Both the high- and low-temperature spectr8 afe in
agreement with a highly symmetric structure as only one ligand
pattern is observed over the whole temperature range of 203
353 K. This is in agreement with the hexagonal prismatic
structure of3 found in the solid state (Figure 2). The two singlet
signals for the dimethylamino group found in the low-temper-
ature 1H NMR spectrum of3 is typical for this type of
benzylamine ligand when lithiumnitrogen coordination is
present on the NMR time scale. At higher temperatures the

signal broadening is the result of N donor association/dissocia-

tion processes, and the calculated energy bart&*) for this
is 61 kJ/mol®

For the lithium arenethiolatd, the 'H NMR spectrum at
elevated temperatures (320 K) in toluemigzonsists of a set of
well-resolved resonances from the aromatic protons and broa
singlets for the Chl and NMe groups of the arenethiolate
ligands. Upon cooling, théH NMR spectrum of4 changes
significantly: at first the two well-resolved aromatic resonances
broaden, and upon further cooling the £tésonance decoa-
lesces (305 K) into two broad signals at 4.5 and 2.4 ppm. The

dimethylamino resonance decoalesces at 275 K into severalgnembereol L+-O—C—C—N ring. For5, it is found that the

broad resonances. At low temperature the broad signal pattern

are consistent with a planar hexameric structure like that in the

solid state. We believe that the fluxional processes occurring
in solution involve N— Li association/dissociation similar to
that found in3. Unfortunately, due to the broadness of the
signals in théH NMR spectra o#, the calculated energy barrier
AG* could only be estimated and is approximately 55 kJ/mol.

TheH NMR data of lithium arenethiolatg in solution are
slightly different from those o8 and4. At 297 K, thelH NMR
spectrum of5 in CD,Cl, comprises sharp singlet resonances
for the methylamino (NMe) and the methoxy (OMe) groups
(2.06 and 3.30 ppm, respectively), six broad multiplet patterns
in the region of 2.6-4.5 ppm arising from the benzylic protons

(AB system) and the protons in the 2-methoxyethylamine chelate

ring (ABCD pattern), and a set of well-resolved signals for the
aromatic protons: one triplet of doublets at 6.72 ppm (ArH-4),
one doublet of doublets, and one triplet of doublets (partially
overlapping) at 6.88 (ArH-5) and 7.02 (ArH-3) ppm, respec-
tively, and finally one doublet of doublets at 7.37 ppm from
the hydrogen atom positionetitho to the sulfur (ArH-6). Upon

Figure 6. ORTEP drawing at 50% probability level & (with the
exclusion of the hydrogen atoms).

dafter trapezoidal and Gaussian multiplication, the vicinal

coupling constant%)(H,H) can be measured (see Experimental
Section).

These!'H NMR coupling data were, after spectral simulation
and iteratior?! used to obtain further information as to the
structure ob in solution. Use of the Karplus equatidhallows
a conformational analysis of the(d) conformation of the five-

ring is primarily (1, = 0.99) in thei-conformation (Figure 5)
in full agreement with the solid state structure, though the
calculated value fow of 65° is significantly larger than that of
57.3(2F observed in the crystal.

Reaction of 4 with Lithium lodide. Reaction of4 with 1
equiv of Lil in toluene leads to the formation of [L$GH3(CH,-
NMe,),-2,6} -Lil] n, which, initially soluble in toluene, precipi-
tates upon cooling. Crystallization by slow diffusion of pentane
into a toluene solution at20 °C (THF is added to solubilize
all material) results in [Li{ SGH3(CH:NMey)2-2,6} (I)(THF)]

(6) in quantitative yield (eq 2).

+Lil
+2THF

NM 2
ey N
S¢L' 4
|
N
} P
NMe, N

—_—
toluene

4

The mixed aggregat@is a beige, slightly hygroscopic solid

cooling, the NMe, OMe, and aromatic signals remain virtually which is soluble in most hydrocarbon solvents (&t THF,
identical to those observed at 297 K. However, the initially penzene, toluene, CH&land CHCI,) but insoluble in pentane
broad signals from the benzylic protons become resolved at 2235nd hexane.

K as two doublets, while, simultaneously, the protons in the  Solid State Structure of 6. An X-ray diffraction study of
2-methoxyethylamine chelate ring provide what appears to be shows it to be a dinuclear mixed aggregate(&Ar)(I)(THF),]

two doublets and two triplets. In fact the latter signals are ddd (Figure 6, Table 3). The structure contains two lithium atoms
and td patterns, respectively, similar to those observed in that are bridged by the sulfur atom of the arenethiolate ligand
ethanediamine chelat#s.The NCHCH,O multiplet resonances  and by one iodide, with one molecule of THF bonded to each
in the spectrum 05 at 223 K are sufficiently resolved so that, |ithium (Lil—O1= 1.925(11) A, Li2=02=1.917(11) A). Each
lithium coordination sphere is completed by intramolecular

(17) Janssen, M. D.; Grove, D. M.; van Koten, G.; Spek, AREecl. Tra.
Chim. Pays-Ba4996 115 286-292.

(18) Rijnberg, E.; Janssen, M. D.; Jastrzebski, J. T. B. H.; Boersma, J.;
Spek, A. L.; van Koten, G. To be published.

(19) Eyring equation:AG* = —RT; In[2zh(Av)/kTe/3] with AG* = free
energy of activation (J)T. = coalescence temperature (Kyy =
chemical shift difference (Hz), and the other symbols have their usual
meaning.

(20) Alsters, P. A.; Engel, P. F.; Hogerheide, M. P.; Copijn, M.; Spek, A.
L.; van Koten, G.Organometallics1993 12, 1831-1844.

(21) Using the simulation program gNMR by Cherwell Scientific Publish-
ing.

(22) Karplus equations: ;n= [X cog w — co(120 — w)]/[a coZ(120+
) — coF(120— w)]; N =[Y cof w — a coF(120+ w)]/[cos’(120
— w) — o coF(120+ w)]; m; + ns = 1; n; (ny) is the mole fraction
of the 1 (d) conformation;X = JydJag andY = Jp JJac A value of
1.208 was previously determined far (a) Sudmeier, J. L.; Blackmer,
G. L. Inorg. Chem 1971, 10, 2010. (b) Hawkins, C. J.; Peachey, R.
M. Aust. J. Chem1976 29, 33.
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Table 3. Selected Geometrical Details 6%
Bond Distances (A)

Lil—-S1 2.405(11) Li+N1 2.085(11)
Li2—s1 2.415(10) Li2-N2 2.067(11)
Lil—I1 2.802(10) Lit-01 1.925(11)
Li2—I11 2.718(10 Li2-02 1.917(11)
Lil---Li2 3.074(14) SC 1.770(6)
Bond Angles (deg)

Li1—S1-Li2 79.3(3) SHLi1—-N1 100.4(4)
Lil—11—Li2 67.7(3) SHLi2—N2 100.8(4)
Li1—S1-C 93.7(3) O+Li1—N1 113.7(5)
Li2—S1-C 93.5(3) 0O2-Li2—N2 110.6(5)

2 The estimated standard deviations of the last significant digits are
shown in parentheses.

N-donor ligation of one dimethylamino group from the SAr
ligand (Lil—N1 = 2.085(11) A, Li2-N2 = 2.067(11) A).

In the structure ob the angle Lit-S1—-Li2 of 79.3(3f is
acute and similar to those found $(73.41(10) and 73.29-
(11r). The Li—S distances of 2.405(11) and 2.415(11) A are
comparable to those in the other lithium arenethiolates in this
study. The Li-I distances and the angle L-1—Li2 are 2.802-
(10), 2.718(10) A and 67.7(3)respectively; these data are not

Janssen et al.

product. It is apparent from the serigs6 that this tendency

to retain coordinated solvent molecules decreases when more
intramolecularly coordinating ligands are present. Actually, it
proved impossible to isolate puBfrom the sulfur insertion
pathway since THF is used as a solvent in this route, and this
complex was only prepared in a pure THF-free foria a
deprotonation pathway. In contraétcould only be successfully
prepared by the sulfur insertion pathway. The alternative
pathway to4 from the corresponding arenethiog. HSGH3(CH,-
NMe,),-2,6, is not applicable because it is difficult to extract
from the agqueous media in which it is generated (fm As
already briefly mentioned, lithium arenethiolate complexes such
as3—6 are easily converted into the corresponding arenethiols
by reaction with hydrochloric acid, and the sulfur insertion route
may thus possess a very interesting synthetic potential for new
thiol molecules. In this respect, the tendency3cénd other
related species to retain solvent molecules such as THF would
not hamper its use for preparing the pure areneffiiol.

We reported earlier thén situ prepared lithium arenethiolates
([LiSAr] ) react with chlorotrimethylsilane to give trimethylsilyl-
arenethioether®, Me;SiSAr, and indeed whed—5 are reacted
with MesSiCl, the corresponding (trimethylsilyl)arene thioethers

unlike the distances and angles observed in the analogousan pe isolated pure in high yield. (Trimethylsilyl)arene

complex [Lif OCsH2(CHNMey),-2,6-Me-4 ()] 2, where they
are 2.738(9), 2.814(8) A and 61.6{3)espectively?®
Solution Structure of 6. Variable-temperaturéH NMR

thioethers are excellent starting materials for the preparation of
various salt-free metal arenethiolate complexes (et-3)17
and, moreover, their reaction with methyllithium can be used

measurements @‘are in agreement with the dinuclear structure generate the corresponding lithium arenethiolates.
observed in the solid state. The fast exchange spectrum (above

260 K) of 6 comprises a triplet and a doublet from the aromatic
protons, a singlet for the Ghprotons which lies with a multiplet
from the THF molecules at 3.71 ppm, a singlet for the NMe
protons, and a second THF multiplet at 1.47 ppm. Upon
lowering the temperature, the Gldignal at 3.71 decoalesces
into two doublets (240 K), while the NMesignal decoalesces
(230 K) into two singlet signals. At 200 K the (slow-exchange)
IH NMR spectrum shows two singlets for the NMentities
and an AB pattern for the GHmoiety (two doublet signals),
indicative of coordination of nitrogen to the lithium atoms. This
leads to asymmetry within the GNMe, substituent due to a
different positioning of the methylenic hydrogen atoms in the

MCI
—
toluene

NMe, N\Mez
G ez O o
SiMeg

MCI = CuCl, Zn(Me)Cl, 1/2 ZnCl,,
PdCl,, Pd(SAr)Cl, 1/2 PdCl,

Structures of 3—6 in the Solid State. From the structures
of 3—6 it is clear that the structure and the aggregation state of
lithium arenethiolates are very sensitive to changes in the
chelating properties of the ligand. Similar structural sensitivity
has been observed with phenolate ligands and, for example, the

chelate ring, but, due to an apparent mirror plane through the pigentate ligand OgHs(CH:NMey)-2 affords hexameric

middle of the Lt--Li vector and the atoms S1, C1, C4, and I1,
the two CHNMe; substituents on the aryl nucleus remain
equivalent. The calculated energy barriaG) for the flux-
ionality in this complex that is believed to be based or-Ni
association/dissociation processes is 46 KJ/mol.

Discussion

Synthetic Aspects. The insertion of elemental sulfur into
the lithium carbon bond of an aryllithium reagent as described
in this study is generally a straightforward method for the
preparation of corresponding lithium arenethiolates sudh-&s
The alternative synthetic procedure by deprotonation of are-

[Na{ OCsH4(CH;NMey)-2} 6, while related OGH(CHNMey)o-
2,6-Me-4, with an extra nitrogen donor function, affords
tetrameric [NQOCsH(CHoNMey),-2,6-Me-414.25 Moreover,

the aggregation state of lithium arenethiolates and arenetellu-
rolates is also very sensitive to the addition of external donor
ligands such as THF or dimethoxyethane and recently a lithium
arenetellurolate derived from ((dimethylamino)methyl)ferrocene
was reported to be monomeric as a result of auxiliary coordina-
tion of dimethoxyethané Furthermore, pure lithium thiophe-
nolate is polymeric, but addition of donor molecules such as
THF and pyridine can result both in polymers with a lower
bridging character of the arenethiolate sulfur ateng, [(py)-

nethiols has been reported to give access to lithium, magnesiumLi(#s_Sph)lo and [(py)Li(u>~SCHPh)} or in formation of

and zinc arenethiolates but is limited to cases where the
arenethiols are commercially or synthetically accessle.
The major advantage of the sulfur insertion method over

deprotonation is the enlarged accessible set of lithium arenethi-

olates, as the synthesis of aryllithium reagents is well-
developed? but it does have the minor disadvantage that donor
solvent molecules may be retained by the lithium arenethiolate

(23) van der Schaaf, P. A.; Hogerheide, M. P.; Grove, D. M.; Spek, A. L,;
van Koten, GJ. Chem. Soc., Chem. Commu892 1703-1705.

(24) (a) Wakefield, B. JThe Chemistry of Organolithium Compounds
Pergamon: Oxford, U.K., 1974. (b) Wakefield, B.Qrganolithium
Methods Academic: Orlando, FL, 1988.

discrete aggregates such as [hy$CsHsMe-2]27

(25) Hogerheide, M. P.; Ringelberg, S. N.; Janssen, M. D.; Boersma, J.;
Spek, A. L.; van Koten, Glnorg. Chem.1996 35, 1195-1200.

(26) Gornitzka, H.; Besser, S.; Herbst-Irmer, R.; Kilimann, U.; Edelmann,
F. T. Angew. Chem., Int. Ed. Engl992 31, 1260-1261.

(27) (a) Banister, A. J.; Clegg, W.; Gill, W. Rl. Chem. Soc., Chem.
Commun1987 850-852. (b) Sigel, G. A.; Power, P. Fhorg. Chem.
1987, 26, 2819-2822. (c) Aslam, M.; Bartlett, R. A.; Block, E.;
Olmstead, M. M.; Power, P. P.; Sigel, G. E. Chem. Soc., Chem.
Commun.1985 1674-1675. (d) van Maanen, H. L.; Jastrzebski, J.
T. B. H.; Kooijman, H.; Spek, A. L.; van Koten, Getrahedrorl994
50, 11509-11526. (e) Armstrong, D. R.; Banister, A. J.; Clegg, W.;
Gill, W. R. J. Chem. Soc., Chem. Commua986 1672-1673.
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Hexagonal prismatic structures such as that foundBfare electron three-center (26c) description as proposed for the
known for some lithium enolate§,but few precedents exist  structures of copper(l) arenethiolate complexes. In these latter
for hexagonal planar structures like thatdof To our knowledge cases the nature of the arenethiolate ligand is also found to have
the only related example is that of the lithium phenolate [Li- a great influence on the structure of the compglex.

{OCeH2A(CHaNMey),-2,6-Me-4]s, which forms a structure Structures of 3—6 in Solution. As described in the results
having a planar 1403 6-membered ring® Dimeric structures  section, the lithium arenethiolat@s-6 have overall structures
such as that o6 are more common. in solution that correspond to those in the solid state. However,
Bonding in Lithium Arenethiolates. Ab initio calculations the N — Li coordination is not particularly strong, and in
by Pappa® on complexes MSH (M= Li, Na, K, Be, Mg, Ca) solution one observes fluxional processes similar to those found

indicate that the lithiumsulfur interaction is a typically ionic  for amine-coordinated aryllithium compoun#fs.We believe

one in which almost no charge transfer occurs and where nothat this fluxional behavior is based on lithiumitrogen
covalent character is present. Typical bond distances and bondassociation/dissociation processes which have also been de-
angles calculated for these systems are 2.198 A ferSLand scribed for the aryllithium and lithium phenolate analoguidss,

97.2 for Li—S—H,2°although X-ray powder diffraction studies  and [Li{ OCsH2(CH:NMey),-2,6-Me-4]3.23 This is furthermore

on metal methyl mercaptides, MSGKM = Li, Na, K),3! as corroborated by the observation that small amounts of THF
well as crystal structures of THF or pyridine solvated lithium result in broad NMgand CH signals in thetH NMR spectra
thiolates indicate that a longer+B distance of about 2.4(2) A of 4 (even at low temperature).e., THF competes with the

is normal?” nitrogen coordination int. However, the presence of other
The theoretical calculations imply that the structure8-66 chelation isomers formed by selective THF coordination to
are best described as catieanion pairs (LT)s(SAr)s (3 and lithium, as recently established by Reich and Gudmundsson with

4), (Li*)2(SAr)2 (5), and (Li*)2(SAr)(I7)(THF): (6), respec- 15N NMR spectroscopy, cannot be excludgd.
tively, in which the lithium and sulfur atoms are held together

by electrostatic attraction augmented by intramolecularMNLi Conclusions

coordination. The L+S distances d8—6 are normal for lithium
thiolate structures, and comparison of these distances with thos
reported for other lithium thiolate structures shows that theq.i

e The results presented on aggregaéde$ represent the first
detailed structural studies of lithium arenethiolates with in-

distance is hardly influenced by the organic residue attached totramolecular coprdmatlon, "’?"d they mce.Iy demopstrate the
sulfur2? variety of coordination that is possible with substituted are-

- : Py nethiolate ligands. Moreover, the design of the arenethiolate
M :: Z?]Z;J?:elgxi)?;&?:: iffllga,t Ek/II{EI())eiﬁll_t'fe(g(Hl\il’\l:MSZ);r??E ligand is crucial in determining the aggregation state and the
= 0O, N) has been given in terms of quasi-aromat,icity, (since structure of the resulting complex, both in the solid state and

the M—E and E-Cis, distances are relatively shofd)it is in solution. To explain various structural features in these
1PSO y . . . .
unlikely that the fI’:at LiSs entity in 4 arises from quasi- complexes, we propose bonding models involving different types

aromaticity, since the LS distances as well as the-Sipso of sulfur h.ybrldlzat|on.. .
distances are normal for lithium thiolates. The lithium arenethiolate complexes are excellent starting

A more plausible explanation for occurrence of theSsi materials for the synthesis of trimethylsilyl-arenethioethers and
cores in3 and4, as well as for the T-shaped geometry of the thereby also for a diversity of salt-free metal arenethiolates.

arenethiolate sulfur atoms id, is the involvement of sp Acknowledgment. This work was supported in part (A.L.S.)
hybr|d|z_ed sulfur atoms in the_se s_tructures, |n_comb|nat|on with by the Netherlands Foundation for Chemical Research (SON)
steric hindrance of the coordinatimgtho-substituents and the  \yith financial aid from the Netherlands Organization for
rigidity of the Li—S—C—C—C~—N chelates (only Liand Ncan  ggjentific Research (NWO).
move out of the plane of the aromatic ring) that leave little
freedom in the positioning of the lithium atoms with respect to Supporting Information Available: Tables of data and details of
the sulfur atoms. It may thus be assumed that the polarizability the structure determination, all atomic positional parameters, thermal
of the sulfur atoms in combination with the design of the Parameters, bond lengths, and bond angles (32 pages). Ordering
arenethiolate ligand dictates the aggregation state and resulting™ormation is given on any current masthead page.
structure of the lithium arenethiolate complexes. 1C960075X

In contrast to the situation i@ and4, the bonding mode of
the arenethiolate ligand i and6 is best explained by a two-  (32) (a) Wehman, E.; Jastrzebski, J. T. B. H.; Emsting, J.-M.; Grove, D.
M.; van Koten, G.J. Organomet. Chenl988 353 133-143. (b)

(28) Seebach, DAngew. Chem1988 100, 1685-1715. Wehman, E.; Jastrzebski, J. T. B. H.; Ernsting, J.-M.; Grove, D. M.;
(29) Pappas, J. Al. Am. Chem. S0d.978 100, 6023-6027. van Koten, G.J. Organomet. Cheni198§ 353 145-155.
(30) Weiss, E.; Joergens, @hem. Berl1972 105, 481-486. (33) Reich, H. J.; Gudmundsson, B.DAm. Chem. So2996 118 6074

(31) Power, P. PJ. Organomet. Chenl.99Q 400, 49. 6075.



