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Syntheses were carried out using standard Schlenk techniques under
an atmosphere of dry, oxygen-free nitrogen. Toluene, benzene, hexane,
pentane, EO (predried over Cakj, and THF were carefully dried and
distilled from sodium benzophenone ketyl prior to use. ;.CHwas
distilled from calcium hydride.!H and*3C NMR spectra were recorded

Introduction

Copper(l) arenethiolate complexes with intramolecular co-
ordination have been reported as catalysts for selective group

transfer_qf RMgX rquents to various substrageg,conjugate on a Bruker AC200P spectrometer. Elemental analyses were carried

1,4-additions to cyclic or acyclio,f-unsaturated enonésin out by Dornis und Kolbe, Mikroanalytisches Laboratorium; IMeim

a previous study, we reported that copper(l) arenethiolate a.d. Ruhr, Germany. CommerciBuLi (1.67 M solution in hexane)

complexes react with alkynyllithium, alkynylcopper(l), and was used. [L{iSGH3(CH:NMe;,),-2,6}]¢ was prepared according to

arylcopper reagents to afford the mixed organo(arenethiolato)- literature method8.

copper aggregates [gISAr),(C=C'Bu)],,? [Cus(SAr)(Mes)],3 Synthesis of [Cu{ SCeH3(CHoNMe,),-2,6}3Brs]-CH.Cl, (4). To

and [Cw(SAn)(Mes)(PPh)]® which are stable species in the a suspension of CuB8Me; (3) (2.69 g; 13.09 mmol) in BO (40 mL)

solid state as well as in solution. In particular, the arenethiolate cooled at #C was slowly added [KiSGHs(CHNMe,)>-2,6]6 (2) (1.51

complexes [Cu(SEH4sCH(R)NMe-2)]s (R = H, MeY2 have g; 6.56 mmol) in EXO (40 mL). The initially white suspension slowly

been used in catalysis became yellow-green upon the addition. The reaction mixture was
These arenethiolates are monoanicié-bidentate chelating ~ &lowed to warm to room temperature, and affeh of stirring, all

ligands that are easily derived from benzylamine precursors. volatiles were removeéh vacua Extraction with benzene (X 50

: . mL) gave 1.15 g of4 (59% based on Cu; 33% based on ligand).
In order to study the influence @N-ligands on the structure Continued extraction with C¥l, afforded 1.45 g of solid containing

and rea_ctivity _of such copper complexes, some other bidentate[LiZ{SQHS(CHZNMeZ)z-Z,G} Br] and a number of unidentified products.
arenethiolate ligands have also been developed and the synthesgsystallization by slow diffusion of pentane into a concentrated solution
of their copper(l) complexes studied; reports of the novel of 4 in CH,CI, afforded 1.02 g (87%) of as yellow-green crystals,

trimeric and nonameric species [Cu@leNMe,-2)]3 and [Cu(S-
1-C,0HsNMe,-8)]s as well as their mixed organo(arenethiolato)-
copper aggregates have been presented elsewhere.

In the course of further modeling of the intramolecular

mp 176°C dec. *H NMR (CD.Cly, 297 K): 6 2.30 (br s, 12H, NMg,

2.5-4.5 (br, 4H, CH), 7.09 (br s, 3H, Ar). 'H NMR (CD.Cl,, 217
K): 6 1.5-3.0 (12x s, NMe), 3.6-5.3 (10x d, CH), 6.8-7.3 (m,
Ar). Anal. Calcd for GHsBrsCl,CusNeSs: C, 26.73; H, 3.58; N,

coordination in arenethiolates, we have investigated the poten-5-05- Found: C, 26.78; H, 3.50; N, 5.21.

tially N,SN-terdentate ligand SEl3(CH.NMey)>-2,6 (Figure 1),
i.e. an arenethiolate anion containing in batttho positions a
tertiary amine substituent. Thi¥,SN-monoanion is closely
related to the well-studied,C,N- andN,O,N-terdentate ligands

*To whom correspondence should be addressed. E-mail: vankoten@

xray.chem.ruu.nl.
T Debye Institute.
* Bijvoet Center for Biomolecular Research.

Crystal Structure Determination of 4. X-ray data were collected
(total reflections 16 464; 4938 unique reflectiofs; = 0.11) on an
Enraf-Nonius CADAT rotating-anode diffractometer for a yellow brick-
shaped crystal (0.1% 0.25 x 0.50 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 (SEWd)he
range 11< 6 < 14°. The unit-cell parameters were checked for the
presence of higher lattice symmetfy. Data were corrected for
Lorentz—polarization effects. An empirical absorption correction was

§ To whom correspondence pertaining to crystallographic studies should applied (DIFABS! as implemented in PLATORE correction range

be addressed. E-mail: spea@xray.chem.ruu.nl.

(1) (a) van Koten, G.Pure Appl. Chem.1994 66, 1455-1462. (b)
Lambert, F.; Knotter, D. M.; Janssen, M. D.; van Klaveren, M.;
Boersma, J.; van Koten, Getrahedron: Asymmet3991 2, 1097
1100. (c) van Klaveren, M.; Lambert, F.; Eijkelkamp, D. J. F. M.;
Grove, D. M.; van Koten, GTetrahedron Lett1994 35, 6135-6138.
(d) Haubrich, A.; van Klaveren, M.; van Koten, G.; Handke, G.;
Krause, N.J. Org. Chem1993 58, 5849-5852. (e) van Klaveren,
M.; Persson, E. S. M.; Grove, D. M.;"Blvall, J.-E.; van Koten, G.
Tetrahedron Lett1994 35, 5931-5934.

(2) (a) Knotter, D. M.; Spek, A. L.; van Koten, @. Chem. Soc., Chem.
Commun1989 1738-1740. (b) Knotter, D. M.; Spek, A. L.; Grove,
D. M.; van Koten, G.Organometallics1992 11, 4083-4090.

(3) Knotter, D. M.; Grove, D. M.; Smeets; W. J. J.; Spek, A. L.; van
Koten, G.J. Am. Chem. S0d.992 114, 3400-3410.

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

M.; Janssen, M. D.; Grove, D. M.; Smeets, W. J. J.; Horn, E.; Spek,

A. L.; van Koten, G.Inorg. Chem.1991, 30, 4361-4366.

(5) Janssen, M. D.; Donkervoort, J. G.; van Berlekom, S. B.; Spek, A.

L.; Grove, D. M.; van Koten Glnorg. Chem. in press.

(6) (a) van Koten, GPure Appl. Chem1989 61, 1681. (b) Jastrzebski,
J. T. B. H,; van Koten, G.; Konijn, M.; Stam, C. H. Am. Chem.
S0c.1982 104, 5490-5492. (c) Jastrzebski, J. T. B. H; van Koten,
G. Inorg. Synth.1989 26, 150-155.

(7) van der Schaaf, P. A.; Hogerheide, M. P.; Grove, D. M.; Spek, A. L.;
van Koten, GJ. Chem. Soc., Chem. Comma892 1703-1705.

(8) Reaction of [LiGH3(CH2NMey)2-2,6] (1) with 1 equiv of elemental
sulfur (S) in THF at —78 °C and subsequent slow heating within 1
h to 25 °C yields, after evaporation of the volatilés vacug the
hexameric lithium arenethiolate fL.$CsHz(CHaNMey)2-2,6}]6 (2) in
guantitative yield. Details of the synthesis and characterizatiah of
are reported elsewhere: Janssen, M. D.; Rijnberg, E.; de Wolf, C. A;;
Hogerheide, M. P.; Kruis, D.; Kooijman, H.; Spek, A. L.; Grove, D.
M.; van Koten, G.Inorg. Chem. submitted for publication.

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

(10) Spek, A. L.J. Appl. Crystallogr 1988 21, 578.
(11) Walker, N.; Stuart, DActa Crystallogr 1983 A39, 158-166.
(12) Spek, A. L.Acta Crystallogr.199Q A46, C34.

S0020-1669(95)01531-X CCC: $12.00 © 1996 American Chemical Society



Notes

Table 1. Crystal Data and Experimental Details for the X-ray

Diffraction Study of4-CH,Cl,

Inorganic Chemistry, Vol. 35, No. 13, 199@079

Table 2. Selected Geometrical Details of
[CUg{SQH3(CH2NM82)2-2,6}3BI’5] (4).3

formula GeHs7BrsCusNeSs*CHCl Bond Distances (A)

fw 1662.9 Cul-S1 2.213 (6) Cu2S3 2.236 (5)

space group Pna2; (No. 33) Cu2-S1 2.260 (5) Cu6S3 2.221 (5)

crystal system orthorhombic Cu3-S1 2.278 (6) Cu#S3 2.269 (6)

z 4 Cu3-S2 2.242 (5) Cu8Ss3 2.324 (5)

a(h) 26.5238(15) Cu4-S2 2.248 (5)

b (A) 16.2318(15) Cu5-S2 2.205 (5)

\C/(é\% égffé(i)s Cul-Bra 2.482 (3) Cu4Br5 2.418 (3)

v A9 s34 (18) Cu4—Bré 2.814 (3) Cu7-Br5 2.814 (3)
c?\';l(g}f”ﬂ . 208 Cu7-Br4 2.390 (3) Cu8BI5 2.431(3)

(Mo Koy (cm %) - Cu3-Br2 2.599 (3) Cu5Br3 2.335 (3)

radiation ¢ (A)) MoK a (0.71073) Cu6-Br2 2.302 (3) CugBr3 2.461 (3)

;( € a(l)gg] Cul-Brl 2.293 (3)

WR; 0.128 Bond Angles (deg)

a Graphite monochromateBiR = Y ||Fo| — |Fd||/Y |Fol. ¢ Refinement gﬂi:gi:gﬂg 1;67327(2()16) g:ﬁgigﬂ? 5136(2()15)
on % wRe = { [W(Fo*—Fe)/ 3 [W(Fo) T} Cu2-S1-Cu3  9131(19) Cu2S3-Cu8  133.0(2)
0.47-2.49). The structure was solved by direct methods (SIR92) 833}_23:23151 ﬁ;‘i % gﬂggigﬂ; 1322 8))
and subsequent difference Fourier techniques. Refinemeft aras Cu4—S2—Cus 97.27 (17)
carried out by full-matrix least-squares techniques (SHELXFa8jing
no observance criterion. The correct polarity adopted for the structure g“%:g:i:g“‘; 155;3 (ﬁ)) gu“jgg:gug g?ég (g)
of 4was indicated by the Flack-paraméteralue of 0.01(2). Hydrogen C34—Br4—037 66'10 §9) ) Cu?—BrS—CﬂS 58'39 Egg
atoms were introduced in calculated positions and refined riding on Cu3-Br2—Cu6 90:90 9) Cu5Br3—Cus 63:18 9)

their carrier atoms. All non-hydrogen atoms were refined with
anisotropic atomic displacement parameters. The hydrogen atoms were 2 The estimated standard deviations are given in parentheses.
refined with fixed isotropic atomic displacement parameters related to

the values of the equivalent isotropic atomic displacement parameters NMe,

of their carrier atoms by a factor of 1.2 for the benzylic and,CH
hydrogens and a factor of 1.5 for the methyl hydrogen atoms, — SLi
respectively. Weights were optimized in the final refinement cycles.
Neutral-atom scattering factors and anomalous dispersion corrections NMe,
were taken from ref 16. Geometrical calculations and production of

the illustrations were performed with PLATOR.All calculations were 2
carried out on a DEC5000 cluster. Crystal data and numerical details

of the structure determination and refinement are collected in Table 1.

Selected geometrical details of the structurd afe listed in Table 2.

8 CuBre(SMe,) (3)

Et,0, 0°C (1)
Results (-3LiBr)
Reaction of [LiGH3(CHNMe,)2-2,6] (1)® with 1 equiv of
elemental sulfur (§ leads to insertion of sulfur into the NMe,

lithium—carbon bond thereby yielding the hexameric lithium

arenethiolate [{iISGH3(CH2NMe,)2-2,6} 6 (2) in quantitative

yield® Subsequent reaction @ with 2 equiv of CuBFSMe,

(3) in Et,O at 0°C (eq 1) results in a suspension, from which

a yellow-green solid complex is isolated. This complex has

been identified and characterized as §3CGH3(CH.NMey)o- 4

2,6 3Brs] (4) (vide infra). The isolated yield o#t is moderate . .

(59% based on Cu and 33% based on ligand), and other products{i ﬁzpsgg?écs)rgrdee|i2tg(eg(jr?r?a}|EZt)(|Zl%ure 2). Selected bond lengths

are also formed, but we have as yet not been able to positively L

identify these other materials. It is important to note that the Theh_strluctul_re 0:;4 cor’g[;_nsets; e|g_ht copper a_tt;ms, three

formation of4 is reproducible and is not a single observation. arenethiolate |gdar_1 s,hanf ve rfomn;]e atgimsd_wn tde copper
Mixed aggregatd is air-stable for several hours in the solid Zmpﬁsr?]rrg:?gﬁre 'g) t I?\ tr?irsm deoscrail tioe;\gzl gﬁ)?:tecuqu;iza

state. This complex is readily soluble in chlorinated hydrocar- Cu5pform thegto S ﬁare and Cu2 (?ue cu7 'and (£u8 fo'rm the

bons such as C§€l, and CHC}, sparingly soluble in aromatic bottom square Ppsq ! ! !

solvents, but insoluble in apolar alkanes. Solutions iof CH,- q '

. i - - - In this complex structure, two different modes for bonding
Cl, are only slightly air-sensitive, and from this solvent single : . .
k of the arenethiolate ligands are present. The arenethiolate sulfur
crystals 0f4¢CH,Cl, can be obtained.

. ) atoms S1 and S2 ames-bridging over copper atoms of the
o eIumdat_e fully the structure Oﬂ'CHZC.IZ’ an X-ray triangular faces Cul, Cu2, Cu3 and Cu3, Cu4, Cub, respectively,
crystallographic study was carried out, showing this complex

to be an asymmetric octanuclear mixed arenethiolatoco er/whereas the sulfur atom of the third arenethiolate ligand (S3)
y PPEMlig ua-bonded to the bottom square; thig-bridging of an

arenethiolate ligand is unprecedentédThe bromine atoms are
also variously bonded: whereas Br4 and Br5aréonded to
the triangular faces Cul, Cu4, Cu7 and Cu4, Cu7, Cus8,
respectively, the bromine atoms Br2 and Br3 agebonded

to the edges Cu3, Cu6 and Cu5, Cu8, respectively. Finally,
bromine atom Brl is simply/*-bonded to Cul.

SCu <CuBr >
5

NMez 3
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Figure 3. Schematic representation 4f

that is available. Use of excess Bfunfortunately leads to
complications whose origin is probably to be found in the
formation of thermodynamically stable and fairly insoluble side

Figure 2. ORTEP drawing o# (drawn at 50% probability, with the products (aggregatgs). ) . o
exclusion of the hydrogen atoms) with the adopted atom-labeling ~Another example in which the reactivity of a lithium reagent
scheme. is reduced by formation of a lithium halide adduct comes from
related phenolate chemistry; in a particular case, the reaction
In the structure of4, the six nitrogen atoms from the of 2 equiv of [Li{ OCsHo(CH.NMe,)2-2,6-Me-4 ] with 1 equiv
arenethiolate ligands all coordinate to a copper atom. However, of Smk, only afforded the lithium iodide adduct J{iOCsHA(CHx-
whereas the nitrogen coordination from thgbridging are- NMe;,),-2,6-Me-4 5l ;] as isolable product.
nethiolate ligand occurs on opposite sides of the aromatic plane  The structural composition of is unique though it does
(trans), in the other two ligands this coordination occurs on the contain many structural features that have been known from
same sidedis). As a result of the different bondings of the  g|ated copper(l) arenethiolate chemistry. TieS-bonded
arenethiolate ligands, the bromine atoms, and the nitrogen arenethiolate ligand is to our knowledge unprecedetite@ne
coordination, both trigonal-planar (Cul, Cu2, Cu5, Cu6, Cu8) f the most characteristic features that is particularly clear in
and tetrahedrally coordinated copper atoms (Cu3, Cu4, Cu7)he Ciy(SAr)Brs core of4 is the three CiS,Br and one Cy
are present. SBr; cyclohexane-like six-membered rings. The €®1—
The Cu-Br distances in the structure éfcan be categorized  Cy2—S3-Cu7-Br4 and Cut+S1-Cu3-S2—Cu4—Br4 six-
by the bonding degree (hapticity) of the bromine atoms and membered rings are in a chairlike conformation, whereas the
they become longer with increasing hapticity. Thus, while the cy3-S1—Cu2—S3-Cu6-Br2 and Cu5-S2—Cu4—Br5—Cus8—

Cu-Br distance is 2.293(3) A for thg'-Br atom, the CtrBr Br3 six-membered rings are in a boatlike conformation. Similar
distances are in the range 2.302(2)599(3) A for theuz-Br cyclohexane-like six-membered rings have been encountered
atoms and in the range 2.390¢3).814(3) A for theus-Br in the structures of copper arenethiolates with intramolecular

atoms. A similar feature can be expected to hold also for the coordination (CySs) and mixed organo(arenethiolato)copper
Cu—S distances. However, this feature is not very clear, as complexes (C5,C), and both chairlike conformations (in
the Cu-S distances are in the range 2.205(8)278(6) A for [Cus(SAns))* and boatlike conformations (in [G(BAI)-

the us-arenethiolate and 2.221¢(62.324(5) A for the us- (C=CBu)],)2 have been previously reported. The observation
arenethiolate ligands. The €Br—Cu and Cu-S-Cu angles  of these structural features with bromide instead of arenethiolate
in the structure oft cover rather large ranges with differences i the structure of4 indicates that the arenethiolate ligand
that probably arise from the differences in bonding degree of possesses some pseudohalide charaoterit can be replaced

the atoms involved. by bromide without severe structural changes.
i i Moreover, in the structure of an eight-membered G8,-
Discussion Br, ring (Cu5—S2—Cu3—Br2—Cu6-S3—-Cu8-Br3) and two

The mixed aggregaté is a most unusual complex in many ~four-membered Gi8Br rings (Cu7-S3-Cu4-Br4 and Cu?-

respects and its isolation from the 1:2 reaction of §GsH3(CH,- S3-Cug-Brd) can also be identified. In a similar way, the
NMe,)2-2,61] (2) with CuBr, albeit in moderate yield, is very eight-membered ring can be seen to resemble th&LCuring

surprising. On the basis of the reaction stoichiometry, one IN the mixed organo(arenethiolato)copper aggregate(far,-
would expect a much higher yield, but we believe that during (Mesp]® and in some mixed organocopper/copper bromide
the synthesis mixed (arenethiolato)lithium/lithium halide ag- 29gregates [CiR)Br].® The smaller four-membered rings
gregates related to known species such as{ 8GHs(CH,- are ur_1knc_)wn for copper(l) arenethiolates with |ntran_10IecuIa_r
NMe,)2-2,6} [(THF);] (5)8 can be formed. This type of species coqrdlnatlg_n but. have been reported for copper(l) thiolates in
is expected to have a much lower trans-metalation capability Which auxiliary ligands are presetit.

than the pure lithium arenethiolaf and formation of such a

species effectively reduces the amount of transferable ligand(18) (a) van Koten, G.; Noltes, J. G. Organomet. Chenl975 102, 551~
563. (b) van Koten, G.; Jastrzebski, J. T. B. H.; Noltes, JInGrg.
Chem. 1977, 16, 1782-1787. (c) Wehman, E.; van Koten, G.;

(17) u?- andu3-bridging arenethiolates have been reported. For examples Jastrzebski, J. T. B. H.; Rotteveel, M. A.; Stam, CGi#ganometallics
see: (a) Janssen, M. D.; Herres, M.; Zsolnai, L.; Spek, A. L.; Grove, 1988 7, 1477-1485. (d) Wehman, E.; van Koten, G.; Erkamp, C. J.
D. M,; Lang, H.; van Koten, Glnorg. Chem1996 35, 2476-2483. M.; Knotter, D. M.; Jastrzebski, J. T. B. H.; Stam, C. Gitganome-
(b) Togni, A.; Rihs, G.; Blumer, R. EDrganometallics1992 11, 613~ tallics 1989 8, 94—99.

621. (c) Block, E.; Gernon, M.; Kang, H.; Ofori-Okai, G.; Zubieta, J.  (19) Dance, |. G.; Guerney, P. J.; Rae, A. D.; Scudder, Mnarg. Chem.
Inorg. Chem.1989 28, 1263-1271. 1983 22, 2883.
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Conclusions in which the modifying arenethiolate ligand would be absent.
Summarizing, the structure dfis unique and quite compli- Therefore, the synthesis of pure {BGCeHs(CHNMe;);-2,6]

cated but, with the exception of tha-thiolate bridge, can be from the reaction (_)2 With copper salts in yvhich the anion is
easily rationalized in terms of several structural features '€SS strongly coordinating(g. CuUOSQCF) is currently under
which are present in individual complexes like H{SAr)], investigation.

[Cus(SAN(C=C'BU)]2, [Cus(SAr)(Mes)], and [Cu(R)A(Br)2]. . :
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