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Abstract - Preparation, structures, and reactions of 14- and 16-membered
quadridentate crown thioethers complexes, trans-Mo(Np)oMegl(16]aneSy, cis-
and trans-RuClpL, and RhL* (L=Rq[14]aneS4, Rgl16]aneSy; R=H, Me) are
described emphasizing the novel features of crown thioethers vs. phosphines.
The most prominent electronic property of the crown thioethers is py donor
ability. The factors determining the reactivities of these complexes such
as ring size and conformational effects of the macrocycles and geometrical
effect of the complexes are discussed.

INTRODUCTION

In contrast to the vast coordination chemistry of phosphines, thicethers have been ignored long
as a principal ligand in low-valent transition metal complexes probably due to poor m-acceptor
ability (ref.1). This inherent property may be modified for polydentate crown thioethers by
macrocyclic effect. In fact, the enormously high reduction potentials found for the Cu(II),
Co{III), and Mo(II) complexes (ref. 2-4) suggest that crown thicethers exhibit a strong pre-
ference for the lower oxidation states of metal ion. In addition, crown thicethers are
unique Tigand capable of stabi]izing rather unusual oxidation states of metals and/or struc-
tures of the complexes, e.g., RhLp2¥ and PdLp3* (L=[9)aneS3) (ref. 5,6). These salient
features may promise the rich chemistry of crown thioether complexes of transition metals,
particularly in low-oxidation states. Here we present preparation, structures, and reactions
of Mo(0), Rh(I), and Ru(II) complexes of quadridentate crown thioethers shown below. Our
work has been focused on elucidating the possible analogy and difference between the coordi-
nation chemistry of crown thioethers and phosphines.

S
R4[14]aneS4 L\V/J R8[16]ane54

(R=H, Me) RS (R=H, Me)

PREPARATION AND STRUCTURES OF Mo(0), Rh(l), AND Ru(ll}
COMPLEXES

Despite involvement of sulfur ligands in the nitrogenase cofactor, molybdenum dinitrogen com-
plexes containing S ligand only are completely unknown. We have prepared the first example
of such Mo(0) dinitrogen complex, trans-Mo(Nz)oMegl16]-

aneSq (1), by reducing the corresponding dibromide
with Na/Hg under N2 (ref. 7).  The choice of 16-
membered crown thioether is crucial for the prepara-
tion of No complex since attempts to prepare the

Meq [14]aneSq and Megl15]laneSq analogues were fruit-
Tess. Molecular structure of ] is shown in Fig. 1.
Comparison of Mo-N distances (1.991(5), 2.002(5) &),
V(NEN) (1995m, 1890s cm~!), and Mo(0/I) oxidation
potential (-0.52 YV vs. SCE) of 1 wjth the respective
values (2.015(5) &; 2020, 1970 Cm-1; -0.16 V vs. SCE)
of trans-Mo(Np)o(dppe)s (ref. 8,9) indicates that ]
is more electron rich than the diphosphine analogue.

Homoleptic thioether complexes of Rh(I), {RhRg- Fig. 1. Molecular structure of 1.
[14]JaneSg}C1 (2, R=H; 3, R=Me), {RhRg[16]aneS4IC1
(i, R=H; 5, R=Me), and {Rh(Me2-2,3,2-S4}C1 (g)
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were obtained by treating {RhCI(CgH14)2l> or {RhC1(cod)ly with the corresponding thioethers. (ref.
10). Due to the smali cavity, an attempt to prepare the [12]aneSy analogue failed. The
complex 2 was originally prepared by D.H. Busch et al. through reduction of cis-{RhC12{14]ane-
S4}C1 with NaBHg (ref. 11). 2 crystallizes as a mixture of reddish brown dimer (2a) and a
trace of yellow monomer (2b) (Fig. 2). The dimer is composed from two monomer units jointed
through a Rh---Rh (3.313(7) %) and four Rh---S {3.69(1)-3.82(1) R) non-bonded interactions.
The structures of 2b and the monomer units in 2a are essentially similar except the deviation
of the Mo atom from the 4S plane (0.1332(2) R For 2a and 0.083(2) for 2b). When the all-up
conformer 3 was treated with NaBPhg in MeCN at room temperature, a facTTe isomerization took
place to give an up-up-down-down conformer, trans-{RhMeg[14]aneS4}BPhg (7). Both conformers
are stable up to 100° C in DMSQ, while the conformation of Rg[16]aneS4 in 4 and 5 is non-rigid
at 30° C and rapid equilibria exist between four possible conformers.

Fig. 2. Molecular structures of the cation of 2.

Reaction of RuClp(PPh3)3 with Rq[14]aneSy and Meg[16laneSy in toluene (60° C) gave cis-RuClp-
Rgq[141aneSg (8, R=H; 9, R=Me) and cis-RuCioMeg(l6laneS4 (10), respectively (ref. 12). cis-
Stereochemistry of 8 has been confirmed (ref. 13). On heating in PhC1 9 isomerized into the
trans-isomer (11) with the all-up conformation. A similar reaction of Meg[14]aneSs with Ru-
H(C1)(PPh3)3 gave RuH(C1)(PPh3)oMeq[14]aneSs (12) where the thioether coordinates as a biden-
tate 1igand forming a RuSCH2CH2S five-membered ring.  The phosphine ligands in 12 show no
tendency to dissociate in toluene (80° C). In MeOH, however, both PPh3 and C1-"Tigands dis-
sociated readily at room temperature affording {RuH(PPh3)Meq[14]aneSg}CT (13) in which Meg[14]-
aneSq adopts a folded conformation. Under similar conditions, Meg[l6]aneS4 failed to react
with RuH(C1)(PPh3)3 (ref. 14).

ELECTRONIC FEATURES OF CROWN THIOETHERS

Molecular structures of 1, 2a, and 2b reveal several features; 1) all-up conformation of the
crown thigethers, 2) very short Mo(0)-S (2.418(2)-2.427(2) R) and Rh-S distances (2.247(3)-
2.285(4) A) compared to the corresponding lengths (2.48-2.56 and 2.29-2.50 R) found for mono-
dentate thiolato and thigether compiexes so far, and 3) a displacement of the metal ion from
the 4S plane by ca. 0.1 A.  How these structural features do affect the electronic structure
of the metal fon. At first, a rationale for the electron
richness of 1 compared to the phosphine analogue has been
sought by EHMO calculations on the models, Mo{SH2)s and
trans-Mo(N2)2(SHp)gq (Dgp) and the corresponding PH3 ana-
Togues {C4y) (ref. 7).  The coordinated thioethers differ
from the phosphines in exhibiting py donor ability. An
antibonding pp(S)-dy,(dy,)(Mo) interaction destabilizes
the &g orbita]s(HOMO% o¥ Mo(SH2)4, whichare 0.78 eV higher
in enérgy than the corresponding eorbitals of Mo(PH3)s.
Consequently, a stronger d;(Mo)-pr(N») back-bonding is
expected for trans-Mo(Np)»{SH2)4. Indeed, the overlap
population of Mo-N m-bonding %0.160) assessed for the SH»
complex is larger than that (0.133) of the PH3 analogue,
while the populations ofc-bonding for the former (0.444)
and the latter (0.437) are comparable. On distortion of
trans-Mo{N2)2(SHp)4 from Dgp symmetry to the observed
structure of 1 (C4y), the o- (0.454) and n-overlap popu-
lations (0.169) o$ the N2 ligand located on the same side
to the Mo atom with respect to the 4S plane increase,
while the respective values (0.432 and 0.129) on the Fi
opposite side decrease. This stereoelectronic effect ig. 3. Molecular
due to the Mo atom deviation is most clearly demonstrat- structure of 14
ed by the molecular structure of trans-Mo(PhNC)pMeg[16]- ~
aneSq (14) prepared from 1 and PhNC (Fig. 3) (ref. 14).
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The PhNC molecule coordinated on the same side to the ring C atoms of the macrocycle with re-
spect to the 4S plane bends extensively, while that on the opposite side is essentially lin-
ear; theangles at the N(20) and N(30) atoms are 139 and 167°, respect1ve1y and the deviation
of the Mo atom from the 4S plane towards the ring C atoms is 0.11

Next, the ring size effect upon the nucleophilicity of the Rh(I) complexes was examined by
molecular mechanics and EHMO calculations (ref. 14). The calculated molecular structyre of
2b agrees well with the observed one (Fig. 2). The strain-free Rh-S d1stance (2 305 A) thus
dssessed is much 1onger than that found for 2b (average 2.264 R). Thee (dxz, dyz) orb1ta1s
of the model Rh(SH2)a* (C4y) are again 0.34 eV unstable compared to those of Rh( P% (Cay).
The e orbitals are further destabilized by the shrinkage of Rh-S bond and by the 1ncrement of
pyramidal angle between Cgq axis and Rh-S vector (Table 1). By contrast, the aj (d,2) orbital
is stabilized by such deformations. Thus, m-basicity of the Rh(I) jon is expected to be en-
hanced on decreasing the ring size as the result of compression of the Rh-S bond and concomi-
tant out-of-plane deviation of the Rh atom.

TABLE 1. Energy Levels of 2 and e orbitals in RhL4+

o pyramidal energy level (eV)

L Rh-L (A) angle (deg.) ay e
SH2 2.305 90.0 -12.512 -12.585
2.264 90.0 -12.514 -12.555
2.264 92.1 -12.531 -12.526
PH3 2.306 90.0 -12.590 -12.922

REACTIONS OF Mo(0), Rh(l), AND Ru(ll) COMPLEXES

Electron richness of ] was manifested by the ready N,N- d1methy1at1on with MeBr under ambient
conditions to give trans- -{MoBr(NoMep)Meg [16]aneS4lBr (15) (ref. 7). A similar dimethylation
of trans-Mo(Np)o(depe)y with MeBr has been shown to require photo-irradiation (ref. 15a). Un-
precedented N- ary]at1on and -benzylation of the coordinated No molecule of 1 with the corre-
sponding organic halides also proceed readily under
ambient conditions to give trans-MoX(NpAr)Meg[16]-
aneSq (16, Ar=Ph, X=Br; 17, Ar=Ph, X=I; 18, Ar=
p-CgHa CG"Me, X= I) and trans- {MoBr[Ng(CHgPh)z]Meg-
[16]aneS4}Br (19), respectively (ref. 16).  For-
mation of the ary]d1azen1do complexes was confirmed
by transform1ng into trans-{MoI(NyMePh)Meg[16]ane-
Sa Y1 (20) for 17 and by a single crystal X-ray
structural study for 18 (F1g 4). Surprisingly,
a reaction of ] with Mel in toluene under ambient
cond1t1ons gave trans- {MoI[NoMe(CHoPh)]Meg [16]ane-
Sg JI (2]) together with an expected trans-{MolI-
NgMeg7ﬁeg[16 laneS4} (22) in a 1:3 ratio. This
suggests that N- benzy]at10n proceeds through a
radical process similar to that confirmed for N-
alkylation of trans-M(N2)o(dppe)s (M=Mo, W) by
alkyl halides (ref. 15b§ The enhanced reactivity
of the coordinated N molecule in ] toward such a
stable radical PhCH2- 1is rather remarkable since a
reaction of the dppe analogue with PhCHoBr gave Fig. 4. Molecular structure of 18.
trans-MoBro(dppe)s and bibenzyl (ref. 15b). ~

The homoleptic thioether complexes of Rh(I) described here added CH2Cly at room temperature to
give trans-{RhC1(CH2CT)L}* (23) (ref. 10). The high reactivity of these thioether complexes
contrasts to the inertness of RhC1(PPh3)3 and [Rh(t-BuNC)4]* toward CHpClp.  The rate of
oxidative addition of CHyClo increases in the order 2>4>f, the relative rate being 5.4, 2.6,
and 1.0, respectively. The order is consistent with that of increasing m-basicity of the
Rh(I) ion (vide supra). The rate is also affected by the conformation of crown thioether;
the second order rate constants for the all-up (3) and up-up-down-down conformers (7) are 7.4
x 1073 and 1.1 x 10-3 M-Tmin-1 (DMSO, 25° C), respectively. For the up-up-down-down conformer
with inversion symmetry, the Rh atom should be exactly in the 4S5 plane and then, w-basicity
of the Rh(I) ion is expected to be lower than that of the all-up conformer.

A remarkable difference was observed for the reaction of two geometrical isomers of octahedral
Ru(II) complexes of Rq[14]aneSq with alkylating reagents in aromatic hydrocarbons (ref. 12).
Treatment of cis-isomer 9 with AljMeg or MeMgBr in toluene (-20° C) gave trans-RuCl(CgHgMe)-
Me4q[141aneSq (24) as the all-up conformer. This is rather unexpected since a reaction of
RuC12(PPh3)3 with AloMeg in benzene afforded RuCl(Me)(PPh3)3 (ref. 17).  The generality of
extremely facile intermolecular C(spz)-H bond activation was confirmed by the formation of
trans-RuCl(Ar) [14]aneSq (25, Ar=CgHgMe; 26, Ar=Ph) from the reaction of 8 with AloMeg in the
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respective aromatic hydrocarbons. By contrast, a similar reaction of trans-isomer 1] with
AloMeg in toluene gave trans-RuCl(Me)Meg[14]aneSq (27) as the sole isolable product.

Reaction of cis-RuCloL 9 and 1Q with NaBHg is severely affected by the ring size of crown
thicethers (ref, 14). “Treatment of 9 with an excess of NaBHs gave trans-RuH{C1)Meg[14]aneSy
(28) and a bridging hydrido binuclear complex {RupH(C1)(u-H)[Meq[141aneSglp}C1 (29). The
molecular structures of both complexes were elucidated by a single crystal X-raX structural
study (Fig. 5). The positions of hydrido ligands in 29 were deduced from the 'H NMR datum
(8-20.8(d), -33.3(d); J(H-H)=14.9 Hz). The complex 29 may be produced through a nucleophilic
attack of the hydrido ligand of 28 to a five coordinate intermediate {RuHMe4[141aneSs ™ formed
by a dissociation of C1= in 28. ~ A similar reaction of 10 with an equi-molar amount of NaBHg
gave trans-RuH(C1)Me [16]ane§2 (30), which further reacts with BHg~ affording trans-RuH(n1-
BHgq)Meg[16]aneSy (§l§' A rather rare monodentate coordingtion of BHgq = liagnd (Fig. 5) was
confirmed by a longer B---Ru non-bonded distance (2.89(2) A) than that (2.3 K) estimated for
RuH(n2-BHg)(PMes)3 (ref. 18). Due to a weak trans-influence of the hydrido ligand (VRu-H
1860 cm=!) of 30 compared to that (vRu-H 1958 cm=1) of 28, 30 shows no tendency to dissociate
the coordinated C1~ ligand and does not afford the Meg[16laneS, analogue of 23.

H%O S

H

31

o~

Fig. 5. Molecular structures of Ru(II) hydrido complexes.
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