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Abstract

Reactions of 1,3,5-trimethyl-triazacyclohexane (Mestach) with common rare-earth iodide,
chloride, and triflate salts were examined to determine the capacity of this inexpensive chelate to
provide alternative precursors for THF-free reactions. The reaction of Lal;(THF), and Cel;(THF),4
with 1,3,5-trimethyl-triazacyclohexane in THF generated toluene soluble (Mestach),Lnl;, 1-Ln,
in which the Ln center has a tri-capped trigonal prismatic geometry with two eclipsed Mestach
rings. Reaction with NdI3(THF); 5 forms the analogous 1-Nd, but a different structure with one
outer sphere iodide, [(Mestach),NdL][I], 2-Nd, is also accessible and has a structure reminiscent
of bent metallocenes. The reaction of LaCl; and Mestach forms the less soluble (Mestach),LaCl;,
which has a structure analogous to 1-Ln with eclipsed Mestach rings. The mono-ring complex,
(Mestach)YCl;(THF),, could be isolated from the reaction of YCl; with Mestach. Reactions of
La(OTfY); with Mestach were sensitive to the presence of residual proton sources as exemplified
by the isolation of {{(Mestach)La(u—OH)(u—OTf)]o(u—OTH),} >, 5-La, and
[HMe;tach][(Mestach),La(OTf),], 6-La. Sml, reacts with Mestach to produce the Sm(II)
complex, (Mestach),Sml,(THF), 7-Sm, but 2-Sm can also form in this reaction. Complexes of the
larger 1,4,7-trimethyltriazacyclononane (Mestacn) ligand, namely (Mestacn)Lal;(THF),

(Mestacn)Y Cls, and (Mestacn)Sml,(THF) were synthesized for comparison. Several examples of
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the protonated ligands with simple counteranions, [HMestach][X] (X = Cl, Br, 1) and
[HMestacn][OT(], were identified in the course of these studies.
Introduction

The development of the chemistry of the large electropositive rare-earth metals has been
aided greatly by the use of cyclopentadienyl ligands, (CsRs)!™ (R = H, alkyl, aryl).!> Three of
these monoanionic, six-electron donor ligands can react with metal trihalides to provide charge
balance to the large Ln(III) ions while generating a formally nine-coordinate, sterically saturated
neutral (CsRs);Ln product (Ln = rare-earth metal). Metallocene complexes with two
cyclopentadienyl ligands, (CsRs),LnX(L) (X = anion; L = neutral ligand), are heavily studied to
explore the chemistry of a single Ln—X bond in the presence of these large ancillary ligands that
stabilize the metal ion both sterically and electrostatically.

In contrast, neutral, chelating, six-electron donor ligands like the cyclic, trisubstituted
1,3,5-trimethyl-1,3,5-triazacyclohexane, Mestach, and 1,4,7-trimethyl-1,4,7-triazacyclononane,

Mestacn, compounds, Scheme 1, have received less attention with the rare-earth metals

D
\N//\\N?/ //'N
/
Mestach Mestacn

Scheme 1: Molecular structures of Mestach (left) and Mestacn (right).

because they do not provide charge balance. They have been employed much more extensively

with transition and main group metals*?3 where electrostatic stabilization of a high oxidation state
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cation is less important. With the transition and main group metals, the Mestacn ligand*>:14-18.6-13
has been studied more than the Mestach ligand,*!°23 although the latter is less expensive.

In the rare-earth metal area, the triazacycloalkanes mentioned above have been used to
stabilize cationic complexes,?* 23 to provide a large neutral ligand that enhances the stability of
polyalkyl complexes,?*37 and to break up polymeric species to monometallic compounds.’®
Interestingly, Mitzel and coworkers found that small changes in the size of the rare-earth metal
can lead to large changes in the reaction chemistry of Rstach complexes. For example, reaction of
Sm(AlMe,); with Prstach led to reduction of the samarium center and formation of
(‘Prstach),Sm(AlMe,),,>” but addition of the same ligand to the smaller metal compound
Y(AIMey); led to deprotonation of a methyl group and formation of the methylidene complex
(‘Prstach) Y (AlMe,)(MesAICH,AIMe;).3!  Currently, the number of rare-earth metal compounds
with Rjtach ligands reported in the literature is limited to these examples: Sc (R =Me),**Y (R =
Me, Pr, Cy),30-3339 La (R = Me),333540 Ce (R = Me),’® Pr (R = Me, Et),>*3 Nd (R = Me),3840 Sm
(R = Me, Et, 'Pr, ‘Bu, Cy),23337 Tb (R = Me),?® and Ho (R = Me). Examples of rare-earth metal
complexes with the larger Mestacn ligand are limited to a single crystallographically characterized
example for La,*! Nd,*® Gd,*? and Tb,*® and many examples with Sc?6-3%and Y.2¢-30

One area of rare-earth metal triazacycloalkane chemistry that has not received much
attention is the coordination chemistry of these chelates with simple rare-earth metal salts that
function as common starting materials for numerous reactions. We were interested in the potential
for Mestach to form soluble precursors that would be useful in THF-free reactions. We report here
on our initial studies with rare-earth metals that has already been extended to U, Np, and Pu
chemistry® and to a study of Mestach with bismuth halides.** The present coordination chemistry

survey of Mestach with rare-earth metal starting materials focuses on La(Ill) salts to make
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comparisons between iodide, chloride, and triflate complexes, as well as Mestach and Mestacn
comparisons. Results with some other Ln(III) ions are included as well as some Sml, reactions.
Results

Reaction of Mestach with Lnl3(THF),. Addition of two equivalents of Mestach to
Lnl3(THF)4 (Ln = La, Ce) in THF generated toluene soluble (Mestach),Lnls, 1-Ln, eqn (1). 1-Ln
were characterized by X-ray diffraction studies, Fig. 1, and NMR spectroscopy, see ESI for
complete details. Briefly, the "TH NMR spectrum for diamagnetic 1-La in THF-dg displayed three
resonances in a 6:6:18 ratio which is attributed to magnetically inequivalent methylene protons
and the methyl groups, respectively. The methylene resonances were poorly resolved and
appeared as a broadened singlet, which could be due to fluxional behavior on the NMR timescale.
Similar resonances were observed for 1-Ce and the previously reported uranium and bismuth
Mestach compounds.*4* We find that some diamagnetic rare-earth metal compounds containing
Rstach ligands have well-resolved NMR spectra and others do not.30-40

Each 1-Ln complex has the Lnl; unit sandwiched between two Mestach ligands. These
molecular structures are analogous to the U, Np, and Pu actinide complexes (Mestach),Anls, 1-
An.** However, only 1-U is isomorphous with 1-Ln, since 1-Np and 1-Pu crystallize with THF
in the lattice and the 1-Ln complexes do not. Notably, compound 1-La also formed only when
one equivalent of Mestach was added to the reaction. This tendency to form bis(Mestach)
complexes has been previously observed in the reaction of one equivalent of Mestach with

Pr(OTf); which formed (Mestach),Pr(OTf);.3*
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/ N\ |l ,N
II/II \\|‘ ,”
N THF “Ln—I (1)
Lnl(THF), + 2 /\ 7 — > N
\N/\N/ ,I\: \\\
A
Ln=La, Ce 1-La (14% crystalline yield)

1-Ce (65% crystalline yield)

In contrast to 1-U,*° the crystal data of these 1-Ln complexes were not of sufficient quality
to discuss metrical parameters but did confirm the connectivity of the molecule. In each case, the
metal and three iodine atoms reside on a mirror plane, such that only one Mestach moiety is unique
and the other is generated by symmetry. The coordination geometry for 1-Ln can be described as
tricapped trigonal prisms, where the two Mestach rings are eclipsed and the iodides are staggered
with respect to the Mestach nitrogen atoms. 1-La and 1-Ce are readily soluble in both THF and
arenes. This feature makes them attractive for use as precursors in reactions that are sensitive to

ethereal solvents.
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Fig. 1 Connectivity structure of 1-La with selective atom labelling. Hydrogen atoms have been
omitted for clarity. 1-La, 1-Ce, and 1-Nd are isomorphous and all structures were connectivity
only.

The addition of two equivalents of Mestach to NdI;(THF); s in THF generates two different
sets of crystals that were observed under the microscope, eqn (2). Complex 1-Nd, which is
isomorphous with 1-La and 1-Ce, has the parallel-ring sandwich structure shown in Fig. 1. The
other complex was identified as [(Mestach),NdI;][1], 2-Nd, which has a bent ring structure with
one outer-sphere iodide, Fig. 2. The observation of two unique structures from the same
crystallization conditions suggests that both of these structures are close in energy.*#7 The
neodymium center in 2-Nd is eight-coordinate and has a structure reminiscent of bent metallocenes
such as (CsMes),LnX(L) and [(CsMes),LnX;]"" (X = anion; L = neutral ligand).*® Like the data

on 1-Ln, the crystal data for both 1-Nd and 2-Nd were not of high enough quality to discuss
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metrical parameters. The mixture of both neodymium complexes was readily soluble in THF, but
iodide.

appears only sparingly soluble in toluene, likely due to the structure of 2-Nd having an outer sphere

-
NP4 [
N N N
/ NN D
THE Vi, N -7 \‘Na‘\\\\
Ndl3(THF)3'5+2\N//\\NN7/ —— AR )
III\I' /\\\ \ be/I\\“
\E/\\‘N} N )
o N
1-Nd

2-Nd
83% crystalline yield

o
f

Fig. 2 Connectivity structure of 2-Nd with selective atom labelling. Hydrogen atoms have been
omitted for clarity.
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Reaction of Mestach with LnCl;. When the reaction of Mestach with LaCl; was

examined, the complex (Mestach),LaCl;, 3-La, eqn (3), was isolated, Fig. 3. The structure of

v\”’e/\\ -

/ N \ N
Cli b .7
LaC|3+2\N//\\NN7/ LI c.rh\\ ¢l (3)
V,\l \
3-La

8% crystalline yield

3-La is analogous to those of 1-Ln and can also be described as a tricapped trigonal prism with
parallel Mestach ligands and face-capping chlorides. In contrast to the toluene soluble 1-Ln
complexes, 3-La does not readily dissolve in toluene and is only sparingly soluble in THF which
results in a very low isolated yield, eqn (3). As a consequence, the chloride complexes appeared
less useful for the preparation of soluble (Mestach),LnX3 complexes. The 'H NMR spectrum of
3-La in THF-ds only displayed one broad resonance, likely due to the poor solubility of the
compound.

3-La crystallizes in the P63;/m space group such that only the La, one CI, one N, and two C
atoms were observed in the crystal data and the rest of the molecule was generated by symmetry.
Hence, 3-La has only one unique value for the La—Cnt, La—N, and La—Cl distances, where Cnt is
defined as the calculated centroid of the three nitrogen donor atoms.*>* As a result of the
symmetry, the Cnt-La—Cnt angle in 3-La is exactly 180°, the Cnt-La—Cl angle is 90°, and the Cl—
La—Cl angle is 120°. The La—Cnt distance in 3-La is 2.428 A. These values are summarized in
Table 1 and full data can be found in the ESI. A comprehensive table of rare-earth metal complexes
containing Rstach and Rstacn ligands can be found in the ESI, along with the corresponding M—

Cnt distances. When the ionic radius* of each metal is accounted for, there is only a slight
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deviation in the M—Cnt distances that can likely be explained by the difference in the steric size of

the R substituents and the overall coordination number of the complex.

Fig. 3 Molecular structure of 3-La with selective atom labelling. Ellipsoids are drawn at the 50%
probability level and hydrogen atoms have been omitted for clarity.

Table 1 Selected distances (A) and angles (°) for 3-La, 4-Y, 5-La, 6-La, 8-La, 9-Y, and 10-Sm.
Cnt is the centroid defined by the three nitrogen atoms of the Mestach or Mestacn ring and X = Cl,

I, O(OTY). See Table S1 for comparisons with related rare-earth metal Mestach compounds.

Ln- Ln—N Ln—-X Ln—O(THF) | Cnt-Ln— | Cnt— Cnt-Ln—
Cnt Cnt Ln—X O(THF)
3-La | 2428 | 2.7759(8) 2.7878(4) 180. 90.
4-Y 2214 | 2.5661(15), | 2.6232(5), | 2.4208(13), 97.1, 105.8,
2.5881(16), | 2.6356(5), | 2.4440(12) 98.0, 174.8
2.6138(15)4 | 2.6558(5) 104.6
5-La | 2.411, |2.752(4), 2.510(3), 76.7,
2419 |2.761(4), 2.510(3), 81.6,
2.761(4), 2.530(3), 83.2,
2.771(4), 2.537(3), 87.1,
2.777(4), 2.551(3), 90.6,
2.783(4) 93.4,
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2.588(3), 93.4,
2.620(3) 104.7
6-La | 2449, |2.774(3), | 2.468(2), 163.1 85.5,
2454 | 2.778(3), | 2.525(2), 87.0,
2.782(3), | 2.525(2), 96.3,
2.795(3), | 2.579(2) 99.6,
2.824(3), 83.3,
2.842(3) 86.8,
92.5,
97.9

8-La |2.129 |2.66809), |3.1337(9), |2.628(6) 104.1, |171.6
2.744(8), | 3.1738(9), 105.3,
2.752(9) | 3.1749(9) 107.0
9-Y | 1.848 |2.483(5), |2.5555(17), 114.4,
2.499(5), | 2.5592(17), 117.3,
2.508(5) | 2.5610(17) 118.0

10-Sm | 2.065 | 2.640(7), | 3.1789(11), | 2.538(7) 117.6, |119.5
2.659(8), | 3.2012(10) 120.0

2.699(8)

Mestach was also found to form a complex with the trichloride of a smaller metal, yttrium,
but in this case a mono(Mestach) complex was obtained with two coordinated THF molecules.
(Mestach)YCl3(THF),, 4-Y, was isolated from the reaction of two equivalents of Mestach to YCl;
in THF after crystallization from THF/hexane eqn (4), Fig. 4. Compound 4-Y displays a well-
resolved '"H NMR spectrum in THF-dg. Like 1-Ln, three resonances were observed attributable
to inequivalent methylene protons and the methyl group, respectively. However, in 4-Y the
methylene protons appear as well-resolved doublets with a coupling constant of J = 6.9 Hz which
is slightly lower than the other previously reported (Rstach)Y compounds which range from 7.7—

97 HZ.31’32’35

10
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/ THF A=
N N 4
YCl3+2 \N//\\j/ — > THF\\\\\/‘“//C| )
THF
4-Y

92% crystalline yield

Compound 4-Y crystallizes in the P2,2,2, space group as an eight-coordinate complex with
two of the coordination sites occupied by THF. One THF is trans to the Mestach ring with a Cnt—
Y-O(2) angle of 174.8°, Table 1. The cis THF has a 105.8° Cnt—Y—O(1) angle that differs from
the 97.1, 98.0, and 104.6° Cnt—Y—Cl angles. The three chloride ligands and the O(1) donor atom
are co-planar to within 0.001 A and the yttrium atom lies 0.493 A above the plane. The 2.214 A
Y—Cnt distance in 4-Y is shorter than the 2.428 A value in 3-La, as expected for the smaller metal.
The Y-Cnt distance in 4-Y similar to the 2.223 and 2229 A distances in
[(Mestach),YMe,][AlIMey],32 the 2273 and 2298 A distances in (Mestach),Y(1,8-
dialkynylanthracene);,3? and the 2.160 and 2.171 A distances in (Mestach),Y(C=CPh);.32 See

Table S1 in the ESI for an exhaustive table.

11
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Fig. 4 Molecular structure of 4-Y with selective atom labelling. Ellipsoids are drawn at the 50%
probability level and hydrogen atoms have been omitted for clarity.

Reaction of Mestach with La(OTf);. The coordination chemistry of Mestach with
lanthanum triflate was also investigated because rare-earth metal triflates (OTf) are also common
starting materials. Previously, the reaction of Pr(OTf); with Mestach was reported to form
(Mestach),Pr(OTf);.3* In an attempt to replicate this result with lanthanum and to compare with
1-La and 3-La above, La(OTY); was reacted with two equivalents of Mestach in THF.

The initial reaction between La(OTf); and Mestach led to the identification of the hydroxide
compound {[(Mestach)La(u—OH)(u—OT1)],(u—OTf),},, 5-La, by X-ray crystallography, Fig. 5.
The tetrametallic 5-La has two crystallographically independent La sites (e.g., Lal and La2 in Fig.
5) which are connected by two triflate and two hydroxide bridges. This bimetallic unit is bridged
to its symmetry equivalent through two bridging triflate ligands. Overall, each lanthanum center

is nine-coordinate. Metrical parameters involving Lal were slightly shorter than those involving

12
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La2, see Table 1 and ESI for full details. The La—Cnt distances of 2.411 and 2.419 A are similar

to the 2.428 A distance in 3-La.

Fig. 5 Molecular structure of 5-La with selective atom labelling. Ellipsoids are drawn at the 50%

probability level. Hydrogen and fluorine atoms have been omitted for clarity.

The infrared spectrum of the La(OTf); starting material contained two broad absorptions
around 3300 cm™!, likely indicating the presence of either H,O, (OH)!", or residual HOTT.
Subsequently, the La(OTf); starting material was placed under vacuum at 10°° Torr and heated at
100 °C overnight. The free-flowing white powder thus obtained showed no O-H stretches in the
infrared spectrum. The reaction of this La(OTf); material with Mestach in THF led to isolation of
[HMestach][(Mestach),La(OT¥)4], 6-La, Fig. 6, eqn (5), which has four anionic ligands in between

two Mestach rings. The countercation balancing the charge of the [(Mestach),La(OTf)4]'~ anion

13
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is a protonated [HMestach]!'* moiety. The hydrogen atoms on the [HMestach]'* could be refined
and a hydrogen was located on N(7), which forms a hydrogen bonding ineraction to an oxygen
atom in a triflate moiety containing O(4). Furthermore, the 1.484(5)-1.535(5) A N—C distances
involving protonated N(7) are longer than the 1.428(5)-1.466(5) A N—C distances of other nitrogen
atoms in the [HMestach]'" moiety (see ESI for full details). Formation of [HMestach]'" cations
readily occurs,**2 as described in a later section, and is clearly a hinderance to Mestach chemistry
with rare-earth metals in that it complicates reactions. The bulk synthesis of 6-La was not pursued
further. 6-La is readily soluble in both THF and toluene despite being a cation-anion pair. This
is likely due to the triflate anions which typically afford better solubility in rare-earth metal

complexes than halide compounds.

-\ - _
N
) S /
THF
La(OTH); + 2 \N//\\N?/ — > _;Z?ﬂl%‘?;“\\;):: \T//\\NT7 (5)
S H
NN -
6-La

14

Page 14 of 27



Page 15 of 27

Dalton Transactions

j |

Fig. 6 Molecular structure of 6-La (top), and a top-down view of the anion of 6-La (bottom) with
selective atom labelling. Ellipsoids are drawn at the 50% probability level and hydrogen atoms
have been omitted for clarity.

The structure of 6-La differs from that of 1-Ln and 3-La in that the Cnt-La—Cnt angle is
bent at 163.1°. Three of the O—La—O angles that involve adjacent (OTf)!™ units are similar to each
other at 77.06(2), 79.21(7), and 87.05(8)°. However, the fourth angle O(7)-La-O(10) is
116.69(7)° which opens up the space where the two Mestach rings bend toward each other. The
La—Cnt distances in 6-La are very similar at 2.449 and 2.454 A, which are similar to the 2.428 A
distance in 3-La. The canting of the Mestach rings leads to 83.3—87.0° Cnt—La—O(OTY) angles for
O(7) and O(10), and 92.5-99,6° angles for O(1) and O(4).

Reaction of Mestach with Sml,. In addition to the exploratory reactions with Ln(III)
precursors, the common Sm(II) reagent SmI,(THF), was examined. The reaction of Sml,(THF),
(x = 0, 2)>-** with Mestach in THF formed a dark green solution. If the reaction is worked up
within two hours, the red Sm(IT) compound (Mestach),Sml,(THF), 7-Sm, can be isolated, eqn (6),

15
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and identified by X-ray crystallography. 7-Sm is readily soluble in THF, but surprisingly insoluble
in toluene. In a reaction allowed to stir overnight, the green color fades to yellow and the Sm(III)
compound [(Mestach),SmI,][I], 2-Sm, analogous to 2-Nd, was isolated and identified by X-ray
diffraction, eqn (6), Fig. 2. The isolation of the Sm(III) compound 2-Sm is in contrast to the
studies with Sm(AlMey);, which formed Sm(II) products in reactions with Rstach.?33-37 A bulk
synthesis of 2-Sm was not attempted, but could likely be achieved in the same manner as eqn (2).

Compound 7-Sm crystallizes in the Pnma space group with only half of the molecule
present in the asymmetric unit. Unfortunately, the crystal data were such that only the connectivity
of the molecule could be established. Compound 2-Sm crystallizes in the P2,/m space group,
which is different than 2-Nd which crystallizes in the P2,/c space group, but again the crystal data

were not of sufficient quality to discuss metrical parameters.

N /_ (1
N N
S\\\\\ II,’ I
THE ~srln‘\\\\\
overnight AN
> AT
A\ I\ N—
N v
L N— |
/\N/7 2-Sm
Sml,y(THF), + 2 \N/\N/ ] (6)
or Sml,
/
% ";—\,N
THF —NIN S
1 hour 'Sm—THF
Y :II ‘\l \I
A0
\ ,”‘N \l
N \‘\;|
N—
7-Sm

55% crystalline yield
Mestacn Reactions. With Lal;(THF),. For comparison with the Mestach results above,

some reactions of rare-earth metal halides with the larger Mestacn ligand were investigated. Since

16
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the reaction of one equivalent of Mestach and Lals(THF), forms a product with two tridentate
ligands, (Mestach),Lal;, 1-La, it was of interest to determine if a complex with a single tridentate
donor would form with the larger Mestacn ligand. Indeed, the reaction of Lal;(THF), with Mestacn
in THF led to the formation of the mono(triazacycloalkane) product, (Mestacn)Lal;(THF), 8-La,
Fig. 7, eqn (7). Even if a four-fold excess of Mestacn was used, only the mono(chelate) 8-La was
isolated. 8-La is readily soluble in THF and moderately soluble in toluene. The "H NMR spectrum
of 8-La in THF-dg displayed three resonances, attributable to inequivalent methylene protons and
the methyl groups. The methylene resonances exhibited a complicated splitting pattern that could

not be readily assigned.

\\\\

/

NN~ THE <

Lals(THF), + . / — (7)
we
4 'I/ | v
THF
8-La

14% crystalline yield

Compound 8-La crystallizes in the Prna2; space group and is isomorphous with the uranium
analog (Mestacn)UI;(THF).# One THF molecule is coordinated to the lanthanum center in the
solid state. The lanthanum center is 0.859 A out of the plane formed by the three iodine atoms.
The Cnt-La-O angle is nearly linear at 171.6°. The Cnt-La distance is 2.129 A, which is shorter
than the 2.185 A distance in (Mestacn)La(4-methylbenzyl);*! and significantly shorter than the
analogous distances in the lanthanum Mestach complexes: 2.428 A in 3-La and 2.449 and 2.454
A in 6-La. The closer contact of the chelate with the metal center for Mestacn versus Mestach has
been observed in previous studies with 1-An** and with Bi complexes.** This has been attributed

to the fact that the Mestacn ligand is more flexible than Mestach due to the ethylene linkers and

17
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can approach the metal closer. A comprehensive list of Mestacn rare-earth metal complexes is
tabulated in Table S2 the ESI and consistently show shorter M—Cnt distances than analogous
Mestach complexes. The M—Cnt distances trend with the ionic radius of the metal and there is

little variance when the ionic radius is accounted for.

Fig. 7 Molecular structure of 8-La with selective atom labelling. Ellipsoids are drawn at the 50%
probability level and hydrogen atoms have been omitted for clarity.

With YCl;. The reaction of YCl; with Mestacn was examined for comparison with
(Mestach)YCI3(THF),, 4-Y. YCI; reacts with Mestacn in THF to form toluene soluble
(Mestacn)YCls, 9-Y, Fig. 8, eqn (8). 9-Y is readily soluble in both THF and toluene. The 'H
NMR spectrum of 9-Y in THF-dg displayed similar resonances to 8-La above; three resonances
were observed with the methylene resonances displaying a complicated splitting pattern. As in
the La examples above, the 1.853 A Cnt-Y distance in 9-Y is shorter than the 2.214 A Cnt-Y

distance in 4-Y. With the larger Mestacn ligand binding closer to the yttrium center, no THF

18
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molecules are bound to the metal, compared to two found in the Mestach complex 4-Y. The result
is a structure resembling a classic piano stool complex incorporating the Mestach ligand in place

of a cyclopentadienyl ligand.

YCI, + — - N/ 8
3 / 'NA/ I (6)
4 c | Yl
cl
9-Y

Ci3

Fig. 8 Molecular structure of 9-Y with selective atom labelling. Ellipsoids are drawn at the 50%
probability level and hydrogen atoms have been omitted for clarity.
With SmI,(THF),. The reaction of Sml,(THF), with Mestacn in THF led to the isolation

of the mono-ring complex, (Mestacn)SmI,(THF), 10-Sm, eqn (9), in contrast to the bis(Mestach)

19
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product, (Mestach),Sml,(THF), 7-Sm, eqn (6). Like 9-Y, a three-legged piano stool structure is

observed.
P/ N N—
’/,,’ / ‘ \\ N /’/ >
rNy\\\l'N THF ‘(\: Y,
Smip(THF)z + |, | e / — = gi/ (9)
om
{ | YrwE
|

Fig. 9 Molecular structure of 10-Sm with selective atom labelling. Ellipsoids are drawn at the
50% probability level and hydrogen atoms have been omitted for clarity.

Protonation of Mestach and Mestacn.  Throughout these studies, protonated
trimethyltriazacycloalkane byproducts were sometimes isolated from the reaction mixtures. As
described above, the countercation in 6-La was a [HMestach]!* cation, eqn (5). In several cases,

crystals of the protonated trimethyltriazacycloalkane were obtained which had the corresponding

20

Page 20 of 27



Page 21 of 27

Dalton Transactions

anion of the starting material as the counter anion. Specifically, the crystal structures of
[HMe;tach][Cl], [HMestach][Br], [HMestach][I], and [HMestacn][OTf] were collected during
these studies. Complete metrical data for [HMestach][Br] is described in the ESI. The
[HMestach]!* structures revealed hydrogen bonding between the N-H proton and the
corresponding anion. Protonated Mestach and Mestacn compounds have been previously
observed.>0->2
Discussion

Both Mestach and Mestacn readily coordinate to simple rare-earth metal salts that are
common starting materials. A variety of structures were observed in this study depending on the
nitrogen chelate, the metal size, and the anionic ligands present. A diversity of structures was also
observed with bismuth halides and Mestach and Mestacn.** The Mestach ligand tends to form
bis(chelate) complexes, although the mono-chelate (Mestach)Y Cl;(THF), can be isolated. In the
case of the larger Mestacn ligand, only mono(chelate) complexes were observed in this study. It
is likely that more variations in structure are accessible by adjusting the reactions conditions and
reaction times. The isolation of both (Mestach),Ndl;, 1-Nd, with parallel Mestach ligands, and
[(Mestach),NdI,][I], 2-Nd, with a bent arrangement of ligands, is a good example. The
interchangeability of these two structural forms suggests that many structural variations could be
energetically accessible depending on conditions. This flexibility of Mestach in coordination can
make it valuable in a variety of systems.

From the data collected here, it appears that iodide starting materials Lnl;(THF), are the
best candidates to coordinate Mestach to form THF-free, toluene soluble compounds which could
be used as alternative precursors in ether-free reactions, like what has observed for the analogous

1-U compound.®® The chloride compound, (Mestach),LaCl;, 3-La, was much less soluble than
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the analogous iodide compounds (Mestach),L.nl;, 1-Ln, and the triflate reactions showed that
residual proton sources can be problematic in Mestach reactions as in the formation of
[HMestach][(Mestach),La(OTf)4], 6-La. Protonation of Mestach (as well as Mestacn) can be a
problem in general for all these reactions. Since Mestach is currently less expensive than Mestacn,
it would be the preferred reagent to form toluene soluble compounds.

More generally, Mestach should be useful to coordinate rare-earth metal ions whenever
addition ligation is needed. A previously published example of the utility of Mestach is its reaction
with {[(CsPh;H,)TbCly,(THF)],(KCI)(THF)}4 that breaks up the tetramer and forms the
monometallic compound (CsPh3;H,)TbCly(Mestach).’® Mestach also could be added to compounds
that do not readily crystallize to aid in purification and isolation of these species. The flexibility

in coordination modes for Mestach should be an advantage in such endeavors.

Conclusions

Mestach readily coordinates to Lnl;(THF), (Ln = La, Ce, Nd, Sm), LaCl;, and La(OTf); to
generate (Mestach),Lnls, 1-Ln, (Mestach),LaCls, 3-La, and [(Mestach),La(OTf)4]'", 6-La. The
formation of the toluene soluble compounds such as 1-Ln suggests that combinations of Mestach
with lanthanide triiodides may provide good precursors for THF-free reactions. The Mestach
ligand shows considerable flexibility in coordination and forms bis(Mestach) complexes with both
parallel rings and bent structures as well as mono(Mestach) species. Comparative studies with
Mestacn show that this larger ring can bind closer to the rare-earth metal ions and tends to form
mono(ring) complexes. Mestach and Mestacn also coordinate to Sml, to form new Sm(II)

derivatives. Although Mestach is prone to protonation and compounds containing [HMestach]'*
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can readily form, this ligand is a good, inexpensive option for derivatization of rare-earth metal
complexes.
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