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® Bromobenzene Transforms Lanthanoid Pseudo-Grignard
Chemistry

Md Abdul Halim,” Zhifang Guo,” Glen B. Deacon,™ and Peter C. Junk*®

Abstract: Divalent lanthanoid pseudo-Grignard reagents
PhLnBr (Ln=Sm, Eu and Yb) can be easily prepared by the
oxidative addition of bromobenzene (PhBr) to lanthanoid
metals in tetrahydrofuran (THF). PhLnBr reacts with bulky
N,N’-bis(2,6-di-isopropylphenyl)formamidine (DippFormH) to
generate Ln" complexes, namely [Ln(DippForm)Br(thf),],-6thf
(1, Sm, 2; Eu), and [Yb(DippForm)Br(thf),l,-2thf (3; Yb).
Samarium and europium (in 1 and 2) are seven coordinate,

~

whereas ytterbium (in 3) is six coordinate, and all are
bromine-bridged dimers. When PhLnBr reacts with 3,5-
diphenylpyrazole (Ph,pzH), both divalent (5; [Eu(Ph,pz),(thf),])
and trivalent (4a; [Sm(Ph,pz);(thf);]-3thf, 4b; [Sm-
(Ph,pz);(dme),]-dme) complexes are obtained. In the mono-
meric compounds 4(a,b), samarium is nine coordinate but
europium is eight coordinate in 5. The use of PhLnBr in this
work transforms the outcomes from earlier reactions of PhLnl.

Introduction

Pseudo-Grignard reagents of lanthanoid metals [RLn(solv),X]
(X=I mainly, Br) were discovered in the 1970s and were formed
by the reaction between free metals (mainly Eu, Sm, Yb) and
organic halides (Eq. (1))."

thf
In+RX ————>

-78 to -50 °C

R =Me, Ph
Ln=Sm, Eu, Yb

"RLnX(thf),"
(1

Early characterization was largely based on reaction
chemistry, for example towards acids and electrophiles and
similarities to the behavior of classical Grignard reagents."™
However, differences in reactivity with some organic substrates
also attracted attention.®® Thus, with o, B- unsaturated ketones,
1,2 addition occurred by contrast with 1,4-addition by Grignard
reagents® and reactions with esters can give ketones unlike
Grignard reagents.”” Early magnetic measurements showed that
the solution species were not exclusively Ln" and that
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significant Ln" derivatives were present, especially for Ln=Sm,

Yb.” These are formed by an oxidation reaction, (Eq. (2))

2 RLnX + RX =R,LnX + RLnX, 2

Both the Ln" and Ln" complexes can undergo Schlenk-type
equilibria  further complicating the reaction chemistry.
(Scheme 1 Equations (3-5)).

In addition, the low thermal stability of the Ln—C (o-bond)
produces another challenge for the isolation of these
reagents.”! Despite these problems, organolanthanoid(ll) io-
dides have been isolated and structurally characterized by
employing bulky alkyl,®” for example [Yb{C(SiMe;),(SiMe,R)}
I(Et,0)], (R=Me, MeO, CH=CH,) and aryl groups,"” for example
2,6-diphenylphenyl ligands. In addition, low vyields of [Sm-
(CsPhs)(u-Br)(thf),1,-6thf, and [Yb(C;Ph,H)(mu-Br)(thf),], were
obtained from redox transmetallation/protolysis reactions be-
tween Ln metal, PhHgBr, and CsPhsH or C,Ph,H,"'? and
[Sm(CsPh,H),I(thf)s] from a redistribution reaction." If the
definition of lanthanoid pseudo-Grignard compounds is ex-
tended to Ln"L(X) where L=N or O donor, then more known
complexes fall into this category. For example, pseudo-Grignard
complexes, [Sm(dpp-Bian)(dme)Brl, {dpp-Bian=1,2-bis[(2,6-
diisopropylphenyl)iminolacenaphthene},"* [Eu(dpp-Bian)(d-
me)(u-X)l, (X=Cl, Br)," [Yb(dpp-Bian)(dme)(u-Br1,,"* [Yb(dpp-
Bian)I(thf),1,™® [Sm(ArO)(u-1)(thf);1,,"® (Ar=C4H,Bu',-2,6-Me-4),
[Sm(Ap)I(thf),],,"" {ApH = (2,6-diisopropylphenyl)-[6-(2,4,6-
triisopropylphenyl)pyridine-2-yllamine}, [Yb(Ap)I(thf),],,"”
[YoDmp(Tph)N;Cl(thf)],, {Dmp =2,6-Mes,C¢H;, Tph=2'",4",6"-trii-
sopropylbiphenyl-2-yl},'® have been were synthesized previ-
ously by a variety of routes.

We have been interested in exploring the simple PhLnl
species prepared in situ (Scheme 2, Equation (6)) as a source of
other Ln(L)X complexes by trapping reactions with LH pro-
ligands. This enabled the preparation of [Ln(Ph,p2z)I(thf),] (Ln=
Eu or Yb) in high yield by reaction of PhYbl with 3,5-
diphenylpyrazole (Scheme 2, Equation (7))."" However in reac-

© 2023 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH


http://orcid.org/0000-0001-5258-0308
http://orcid.org/0000-0002-6966-6121
http://orcid.org/0000-0002-0683-8918
https://doi.org/10.1002/chem.202300956
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fchem.202300956&domain=pdf&date_stamp=2023-05-05

Research Article
Chemistry—A European Journal

doi.org/10.1002/chem.202300956

Chemistry
Europe

European Chemical
Societies Publishing

—
~———

2RLnX(thf),

2R,LnX(thf), s—

Ran(thf)n + LHXZ(thf)n

)

RsLn(thf), + RLnX,(thf),

2RLnX,(thf), === R,LnX(thf), + LnXs(thf), (5)

Scheme 1. Extended Schlenk equilibria for pseudo-Grignard reagents.

-78°C/thf

~N

(excess) sonication

"PhLnl" + PhypzH 16 it

> "PhLnI" (6)

(7

RT (overnight)
-78°C/thf

» [Ln(Ph,pz)I(thf),] + PhH

"PhLnl" + DippFormH -
RT (overnight)

n=1or2

» [Ln(DippForm)I,(thf);] + PhH (8)

Scheme 2. Reported pseudo-Grignard reactions.

tions with formamidines, only PhEul gave divalent complexes in
some cases, whereas with ytterbium, both divalent and trivalent
complexes were obtained, for example N,N-bis(2,6-
diisopropylphenyl)formamidine (DippFormH) gave a mixture of
[Yb"(DippForm)I(thf);] and [Yb"(DippForm)l,(thf);] (Scheme 2,
Equation (8)).*” Although the different oxidation state products
could be separated by fractional crystallization, it took the gloss
off the synthetic method and discouraged us from attempting
to make Sm(Form)l by this approach as oxidation to Sm" is
even more likely. This led us to consider using the less
investigated PhLnBr species, as, though the C—Br bond is
stronger, perhaps inhibiting PhLnBr formation, greater stability
of Ln—Br than Ln—| complexes might reign in oxidation. We
now report that reactions of PhLnBr (Ln=Eu, Sm, Yb) with
DippFormH have enabled the preparation of divalent pseudo-
Grignard complexes in reasonable yields in all cases, the success
with samarium being noteworthy. By contrast reactions with
Ph,pzH gave Eu(Ph,pz), and Sm(Ph,pz); species.

Results and Discussion

Synthesis and spectroscopic characterisation of divalent
lanthanoid complexes from pseudo-Grignard reactions

Phenyllanthanoid bromides, PhLnBr (Lhn=Sm, Eu, Yb) were
generated in situ by reactions of an excess of Ln metal with
bromobenzene in tetrahydrofuran on sonication and further
stirring at room temperature for Ln=Sm. The products were
treated with N,N'-bis(2,6-di-isopropylphenyl)formamidine (Dipp-
FormH) (mole ratio PhBr:DippFormH=1:1) at 0°C (Sm) or
—78°C (Ln=Eu, Yb) and then at room temperature to form the
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pseudo-Grignard complexes [Ln"(DippForm)Br(thf),], (n=3,
Ln=Sm 1, Eu 2; n=2, Ln=Yb 3) in 45-65% crystalline yield
(Scheme 3). The result for samarium is of significance as
solutions of PhSml in thf are reported to have only 50% Sm""?
whilst the outcome for ytterbium contrasts the formation of
[Ybl,(thf),], [Yb"(DippForm)i(thf);] and [Yb"(DippForm)l,(thf),],
the last two in under 20% yield™ from reaction of DippFormH
with PhYbl.?? The results for the DippFormH reactions are
consistent with greater stability for PhLnBr than PhLnl. In
addition the current complexes are isolated as bromide-bridged
dimers, whereas the Yb" and Yb" DippForm iodides were
obtained as monomers.”” However iodide-bridged dimers were
obtained with less bulky formamidines,”® and [Yb(DippForm)l-
(thf),], was crystallized from THF/PhMe following a synthesis
different from a pseudo-Grignard route.?"

By contrast, for the Ph,pzH pro-ligand, we obtained two
reported compounds (Scheme 4), [Sm(Ph,pz);(thf);].3thf (4a)*?
and [Eu(Ph,pz),(thf),] (5)* in 60% yield. A new trivalent
complex, [Sm(Ph,pz);(dme),]-dme (4b) was synthesised by
crystallizing 4a from DME. No crystalline product could be
obtained from the corresponding reaction of Yb. Products 5
and 4a arise from protonation by Ph,pzH of EuPh, and SmPh;
respectively, which are Schlenk equilibrium products with
additional oxidation for Sm (see Scheme 4).

These outcomes again contrast the behaviour of PhLnl
(Ln=Eu, Yb), where the corresponding reactions yield the
pseudo-Grignard reagents [Ln(Ph,P2)I(thf),] in high yield.>'? A
similar two step experimental method was used for reactions
with both PhBr and Phl, hence the differences do not arise from
the procedures.

Compound 1 is green and compounds 2, 3 and 5 are
yellow, while both 4(a, b) are colourless. The colour of 1 is
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Scheme 3. Synthesis of complexes 1-3.
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Scheme 4. Synthesis of complexes 4a, 4b and 5.

associated with a broad visible band at 588 nm in the UV/vis
spectrum (Figure S8), which is attributable to an f° to fd'
transition.!

IR spectra showed the presence of the appropriate Dipp-
Form or Ph,pz ligand. For compounds 1-5; the absence of
(N—H) absorption (around 3300-3400 cm™') in the infrared
spectrum proved the complete deprotonation of the ligands.
Complexes 1, 3 and 4(a, b) gave satisfactory good 'H NMR
spectra in CgHg (Figures S1,3,4,5), but 2 and 5 showed broad
features with unsatisfactory integration owing to Eu" para-
magnetism (Figures S2, 6). Microanalyses or metal analysis
established bulk purity, the latter being used when there were
microanalysis difficulties. In some cases, analyses showed loss of
solvent of crystallization from the analysis sample. The melting
points indicate significant thermal stability of the new Dipp-
Form compounds. Complexes 1, 3 and 4(a, b) gave satisfactory
'H NMR spectra in C¢Hg (Figure S1, 3, 4, 5), but 2 and 5 showed
broad features with unsatisfactory integration owing to Eu"

Molecular structures

crystal X-ray diffraction.

Chem. Eur. J. 2023, 29, e202300956 (3 of 7)

paramagnetism (Figure S2, 6). The NMR spectra of compound 1
indicated the loss of 3 THF of crystallization, consistent with the
microanalysis, whereas 4(b) had excess DME. The methine
proton (NCHN) resonances in the 'H NMR shifted significantly
for compound 1 to lower frequencies (—10.70 ppm) comparable
to paramagnetic [Sm(DippForm),(thf),] (—14.03 ppm),* where-
as for the diamagnetic compound 3, a higher (8.28 ppm)
methine resonance than for DippFormH (8=7.50 ppm) was
observed. For compound 4a the CH-pz resonance shifted to
9.39 ppm and for 4b it shifted to 8.75 ppm, compared with the
pro- ligand value of 6.63 ppm.

Compounds 1-5 were identified and authenticated by single
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Complexes [Ln(DippForm)Br(thf),],-6thf (1-2) are isostruc-
tural having similar crystallographic and molecular parameters,
and crystallise in the monoclinic P2,/c space group. Compounds
1-3 (Figure 1a, b) were isolated as dimers, whereas 4a, 4b
(Figure 2)) and 5 are monomeric. Selected bond lengths and
angles of compounds 1-3, 4(b) are given with the figures and
more details in the Supporting Information. The lanthanoid
contraction is observed in the average Ln—N bond lengths of
the complexes (1-3): Sm—N (2.64) > Eu—N (2.63) > Yb—N (2.46).

Compounds [Ln(DippForm)Br(thf);],-6thf (1, 2) are seven
coordinate Ln,Br, bridged dimers with one chelating DippForm
and three coordinated thf ligands bound to each Ln atom. The
DippForm ligands are perpendicular to the LnBrBrLn plane,
where one ligand is cis {C(13)-Sm(1)-Br(1) 95.06°, C(13)-Eu(1)-
Br(1) 97.71° to Br1 and trans {C(13)-Sm(1)-Br(2) 174.34°, C(13)-
Eu(1)-Br(2) 176.92°} to Br2. The average bite angle in 1 is 51.7°
and Br(1)-Sm-Br(2) is 79.48(18)° whereas in 2 the average bite
angle is 0.01° larger and Br(1)-Ln-Br(2) is 0.26° smaller than in 1

(see the Supporting Information Table S1). The stereochemistry
of the seven coordinate Sm** and Eu®* (1 and 2) ions can be
described as distorted pentagonal bipyramidal. The average
Sm—N bond length in [Sm(DippForm)Br(thf);], 1 is 2.64 A, which
is longer than the average Sm—N bond length 2.59 A in six
coordinate [Sm(DippForm),(thf),]1.%® This is consistent with the
change in coordination number.”” The average Sm—Br bond
length in seven coordinate 1 (3.09 A), is very comparable to the
average Sm—Br bond length is 3.03 A in seven coordinate
[Sm(CsPhy)(u-Br)(thf),,."" It is longer than the reported average
Sm—Br bond length (2.84A) in seven coordinate [Sm-
(DippForm)Br,(thf);],*® because the latter has non-bridging
Sm—Br bonds and a higher oxidation state for Sm. Again, the <
Sm-Og > bond length in 1 is 2.61 A, which is very close to the
<SM-Oy > bond length (2.58 A) in [SM(CsPhy)(u-Br)(thf),],,""
but longer than the <Sm-Ouyg> bond length (2.48 A) in
[Sm(DippForm)Br,(thf);],*® because of the oxidation state
difference.””” Comparisons of Eu—N, Eu-Oy, and Eu—Br bond

Figure 1. Molecular diagram of a) [Sm(DippForm)Br(thf),],-6thf (representative of Sm, 1, Eu, 2); b) [Yb(DippForm)Br(thf),],- 2thf (3). Hydrogen atoms and lattice
thf molecules are omitted and coordinated thf molecules and iPr groups are drawn as wireframe for clarity and thermal ellipsoids are set to the 50%
probability level. Selected bond lengths (A): Sm(1)-N(1) 2.634(4), Sm(1)-N(2) 2.644(4), Sm(1)-Br(1) 3.0260(8); Eu(1)-N(1) 2.625(2), Eu(1)-N(2) 2.635(2), Eu(1)-Br(1)
3.1157(6); Yb(1)-N(1) 2.429(3), Yb(1)-N(2) 2.483(3), Yb(1)-Br(1) 2.892(7). More details are in the Supporting Information (Table S1).
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C38 e =l

Figure 2. Molecular diagram of [Sm(Ph,pz);(dme),]-dme (4b). Hydrogen
atoms and lattice dme molecules are omitted, phenyl groups are drawn as
wireframe for clarity and thermal ellipsoids are set to the 50% probability
level. Selected bond lengths (A): Sm(1)-N(1) 2.446(3), Sm(1)-N(2) 2.419(3),
Sm(1)-N(3) 2.434(3), Sm(1)-N(4) 2.424(3), Sm(1)-N(5) 2.403(3), Sm(1)-N(6)
2.456(3). For more details, see the Supporting Information (Table S1 and
associated text).

lengths of [Eu(DippForm)Br(thf);], (2) with those of six coor-
dinate [Eu(DippForm),(thf),]*” and [(dpp-Bian)Eu(dme)(u-
Br),,"¥ show the expected relationships from the differences in
coordination numbers.””!

Compound [Yb(DippForm)Br(thf),], (3) crystallises in the
triclinic, space group P-1 and is a centrosymmetric dimer, where
half is generated from symmetry at the midpoint of the
Yb(1)--Yb(1)* vector. The six coordinate metal atom has an
octahedral arrangement. The average Yb—N bond length in
[Yb(DippForm)Br(thf),]l, 3 is 2.45 A, which is the same as the
average Yb—N bond length (2.45A) of six coordinate [Yb-
(DippForm)(u-)(thf),1,%" and nearly the same as the <Yb—N>
bond length 2.47 A of six coordinate [Yb(DippForm),(thf),].?”
The Yb—Br1 and Yb—Br1* bond lengths in 3 (2.8926(7) and
2.8979(11) A) are comparable to the reported Yb—Brl and
Yb—Br1* bond lengths (2.8932(2) and 2.9216(3) A) for seven
coordinate [Yb(CsPh,H)(u-Br)(thf),],'? and six coordinate [(dpp-
Bian)Yb(dme)(u-Br)l, (2.8673(9) A and 2.9325(9) A)."*¥ The
average Yb—O,, bond length in 3 is 2.42 A, which is similar to
the <Yb—Ogn> bond length of 244 A in [Yb(CsPh,H)(u-
Br)(thf),],," 2.45 A in [Yb(DippForm)(u-1)(thf),],,*" and 2.46 A in
[Yb(DippForm),(thf),].2*

[Sm(Ph,pz);(dme),] (4b) crystallizes in the monoclinic space
group P2,/c and has a nine coordinate trigonal prismatic
structure. Three n>-Ph,pz (ligands), one chelating dme and one
monodentate dme are attached to samarium. Complex (4b) is
isostructural with [Nd(Ph,pz);(dme),].”? The average Sm-N
bond length in [Sm(Ph,pz)s(dme),] (4b) is 2.44 A, which is the

Chem. Eur. J. 2023, 29, e202300956 (5 of 7)

same as the average Sm—N bond length 244 A in nine
coordinate [Sm(Ph,pz),(thf);]*? and comparable to the <
Nd-N> bond length 246A in nine coordinate [Nd-
(Ph,pz)s(dme),1.”? The ionic radii of nine coordinate Sm**
(1.132 A) and Nd** (1.163 A)?” are similar. The average Sm-
Owme bond length in (4b) is 2.53 A, which is close to the
reported <Sm—Oy> bond length (2.54 A in [Sm-
(Ph,p2),(thf);],*? and the < Nd—Oyne > bond length (2.55 A) in
[Nd(Ph,pz);(dme),].*?

Conclusions

The reaction of Ln® metals with PhBr followed by addition of
DippFormH enables the synthesis of divalent dimeric pseudo-
Grignard complexes, [Ln(DippForm)Br(thf);],-6thf (Ln=Sm, Eu),
and [Yb(DippForm)Br(thf),],-2thf in good crystalline yields.
These three compounds have a Ln,Br, bridged dimer core and
varying coordination numbers (Sm, Eu: 7; Yb: 6). The Ln~
Cipackbone) distances for 1, 2 and 3 are 3.03 A, 3.02 A and 2.83 A
respectively. With the pro-ligand Ph,pzH, we obtained nine
coordinate trivalent [Sm(Ph,pz) ;(thf);].3thf, and [Sm-
(Ph,pz);(dme),]-dme complexes, and the divalent compound
[Eu(Ph,pz),(thf),] owing to protonation of Schlenk equilibrium
products with prior oxidation in the case of Sm. The outcomes
differ completely from analogous reactions of PhLnl"*** and
the isolation of a Sm" pseudo-Grignard reagent is noteworthy.

Experimental Section

General: The lanthanoid compounds described here are highly air
and moisture sensitive, hence were prepared and handled using
vacuum-nitrogen line techniques and a glovebox under an
atmosphere of purified nitrogen. Lanthanoid metals were collected
from Santoku/Molycorp/Eutectix. Large chunks were filed in the
drybox before use. Ligands DippFormH®® and Ph,pzH®" were
synthesised according to the literature methods. All other chemicals
were purchased from Sigma and used without purification. Solvents
(THF, DME and C¢D¢) were pre-dried by distillation over sodium or
sodium benzophenone ketyl before being stored under an
atmosphere of nitrogen. Infrared spectra were recorded as Nujol
mulls between NaCl plates using a Perkin-Elmer/Nicolet-Nexus 1600
FTIR instrument within the range 4000-650 cm™". "H NMR spectra
were recorded with a Bruker 400 MHz instrument with dry
perdeuterobenzene as the solvent. Satisfactory NMR spectra could
not be obtained for Eu" complexes due to paramagnetism. Melting
points were determined in sealed glass capillaries under nitrogen.
Metal analyses were carried out by complexometric titration
(Xylenol orange as indicator and hexamethylenetetramine as buffer)
after digesting with dilute hydrochloric acid.*? Elemental analyses
(C, H, N) were performed at the Microanalytical Laboratory, Science
Centre, London Metropolitan University, England. The samples were
sent in sealed glass pipettes under nitrogen. Crystals were
immersed in crystallography oil and were examined using the MX1
beamline at the Australian Synchrotron. Crystal data and refinement
details are given in Table S2 and associated text.

Deposition Number(s) 2248415 (1), 2248416 (2), 2248417 (3),
2248418 (for compound 4(b)) contain(s) the supplementary
crystallographic data for this paper. These data are provided free of
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[Sm(DippForm)Br(thf);],-6thf (1): Samarium metal powder
(0.225 g, 1.5 mmol) was suspended in dry THF (15 ml) under N,, and
then PhBr (0.157 g, 1.0 mmol) was added at 0°C. The mixture was
sonicated for 10 min and stirred for 24 h at room temperature,
when a light brown solution formed. Solid DippFormH (0.368 g,
1.0 mmol) was added and the mixture was stirred at 0°C for 1 h,
and a green solution developed after stirring for 24 h at room
temperature. The resulting mixture was filtered and concentrated
to 5 mL under vacuum. Green crystals (0.656 g, 64 %) were obtained
after cooling at —25°C for 3 days. M.P. 203-205°C. Elemental
analysis: Found: C 55.83, H 7.83, N 290; CygH,Br,N,0;,5m,
(2052.86 gmol™) requires: C 57.34, H 8.15, N 2.73; loss of 3 thf of
crystallization, CggH;4,Br,N,0,Sm, (1836.59g mol™") requires: C
56.24, H 7.79, N 3.05. IR (Nujol): 2724w, 1671s, 15991 m, 1529 m,
1340w, 1274 m, 1198w, 1103w, 1074s, 1014s, 948 m, 915m,
857 m, 800 m, 774w, 755 m, 722 m, 666 wcm ™. '"H NMR (C¢Dg): 6 =-
10.70(s, 2H, NC(H)N), 1.20(m, 8H, CH), 1.78(d, 48H, CH;), 3.23(s, br,
36H, thf), 4.55(d, 8H, H(3,5)), 4.99(s, 36H, thf), and 6.15 ppm(t, 4H,
H(4)) corresponding to loss of 3 thf of crystallization. UV: broad
peak at 588 nm.

[Eu(DippForm)Br(thf);]1,- 6 thf (2): Europium metal powder (0.23 g,
1.5 mmol) was suspended in dry THF (15 ml) under N,, and then
PhBr (0.157 g, 1.0 mmol) was added at —78°C. The mixture was
sonicated for 10 min when a brown solution formed. After cooling
to —78°C, solid DippFormH (0.368 g, 1.0 mmol) was added and the
mixture was stirred at —78°C for another 3 h. A brownish-yellow
solution developed after further stirring for 24 h at room temper-
ature. The resulting mixture was filtered and concentrated to 5 mL
under vacuum. Yellow crystals (0.495 g, 48%) were obtained after
cooling at —25°C for 3 days. M.P. 186-188°C. Elemental analysis:
Found: C 53.54, H 7.08, N 3.65, Eu 20.42; CogHyssBrEu,N,O;,
(2056.08 gmol™) requires: C 57.25, H 8.14, N, 2.72, Eu 14.78; loss of
6 thf of crystallisation and 2 coordinated. CgeH,0,BroEu,N,O,
(1479.27 gmol™) requires: C 53.59, H 6.95, N 3.79, Eu 20.55. IR
(Nujol): 2724w, 1668s, 1589w, 1345w, 1312w, 1261 m, 1170 m,
1075 m, 1010's, 923 m, 852w, 771w, 723 s, 665 wcm ™.

[Yb(DippForm)Br(thf),],-2 thf (3): Ytterbium metal powder (0.26 g,
1.5 mmol) was suspended in dry THF (15 ml) under N,, and then
PhBr (0.157 g, 1.0 mmol) was added at —78°C. The mixture was
sonicated for 10 min and a dark red-brown solution formed. After
cooling to —78°C, solid DippFormH (0.368 g, 1.0 mmol) was added
and the mixture was stirred for another 3 h. A red-brown solution
developed after stirring for 24 h at room temperature. The resulting
mixture was filtered and concentrated to 5mL under vacuum.
Yellow crystals (0.365 g, 47%) were obtained after cooling at
—25°C for 2 days. M.P. 176-178°C. Elemental analysis: Found: C
51.96, H 6.23, N 3.37, Yb 22.98; C,,H,,sBr,Yb,N,0; (1665.62 gmol™)
requires: C 53.36, H 7.14, N, 3.36, Yb 20.78; loss of 2 thf of
crystallization, CggH,0,Br,Yb,N,O, (1521.42 gmol ™) requires; C 52.10,
H 6.76, N 3.68, Yb 22.75. IR (Nujol): 2723w, 1567 s, 1587 m, 1518w,
1260 m, 1235w, 1187 m, 1074 s, 1016 m, 934w, 913 m, 864w, 801 s,
756 m, 723 m, 673s, 607 wcm~'. '"HNMR (CiDs): 6=8.28(s, 2H,
NC(H)N), 7.18(8H, H(3,5)), 7.05(m, 4H, H(4)), 3.85(m, 8H, CH), 3.64(s,
24H, thf), 1.34-1.19 ppm(m, 72H: 24H, thf; 48H, CH;). “CNMR
(100 MHz, C,Dg): 6=22.74 (CH(CHs),), 23.47 (CH(CHs),), 24.05 (CH,,
thf), 24.40 (CH(CH,),), 26.75 (CH(CH,),), 27.17 (CH(CH,),), 67.63 (CH,,
thf), 12156 (Ar—C), 122.09 (Ar—C), 14141 (Ar—C), 141.80
(Ar—C),147.28 (Ar—C), 165.80 ppm (NCN).

[Sm(Ph,pz) ;(thf);]-3 thf (4a): The synthesis procedure for 4(a) was
similar as described for 1. Here, solid Ph,pzH (0.22 g, 1.0 mmol) was
added at 0°C and a yellowish-brown solution was obtained. The
resulting mixture was filtered and concentrated to 5mL under
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vacuum. Colourless crystals (0.248 g, 60%) were obtained after
cooling at —25°C for 4 days. M. P. 157-159°C. Metal Analysis:
Found: Sm 14.48%; CgHgNsOsSm (1240.75 gmol™') requires: Sm
12.12%; loss of 3 thf of crystallization, Cg;Hs;NgO;Sm
(1024.46 gmol™") requires: Sm,14.68%. IR (Nujol): 1605s, 1512w,
1340w, 1297 m, 1261w, 1229 m, 1178 m, 1156w, 1073 s, 1028 s,
971s, 915s, 868s, 842w, 801 m, 762s, 724w, 697s, 684 m,
665 wem™'. "H NMR (400.13 MHz, C4Dg): 6 =0.60 (s, 24H, thf), 2.17(s,
24H, thf), 7.28 (t, 6H, H(4)), 7.58 (t, 12H, H(3,5)), 7.77 (s, 3H, CH-pz),
and 9.39 ppm(s, 12H, H(2,6)). For compound 4(a) (triclinic, P-1space
group) the unit cell is; a=13.307(3)A, b=18.547(4)A, c=25.198(5)A,
a=76.38(3)°, p=84.83(3)°, y=87.37(3)°, V=6018(2)A’, the reported
unit cell is; a=13.343(3), b=18.579(4), c=25.270(5) A, 0. =76.58(3),
B=85.19(3), y=287.35(3)°, V=6070(2) A*??

[Sm(Ph,pz);(dme),]-dme (4 b): Colorless crystals (0.19 g, 53 %) from
a solution of 4(a) in DME after cooling at —25°C for 3 days. M. P.
161-163 °C. Elemental analysis: Found: C 63.59, H 5.93, N 7.46, Sm
14.07 %; Cs,Hg;SMNO; (1078.48 gmol™') requires: C 63.48, H 5.89, N
7.79, Sm 13.94%. IR (Nujol): 2722 m, 1604 s, 1513 m, 1422w, 1338w,
1306 m, 1283 m, 1246 m, 1224w, 11935, 1114 m, 1027w, 970s,
9135, 864s, 802 m, 757 s, 695 s, 682 wem ™. 'H NMR (400.13 MHz,
CeDg): 6=2.82 (s, 32H, dme), 2.95 (s, 48H, dme), 7.21 (t, 6H, H(4)),
7.40 (t, 12H, H(3,5)), 7.47 (s, 3H, CH-pz), 8.75 ppm(s, 12H, H(2,6)).

[Eu(Ph,pz),(thf),] (5): The synthesis procedure for compound 5 was
as described 2. Here, solid Ph,pzH (0.22 g, 1.0 mmol) was added at
—78°C, and a red brown solution formed. The resulting mixture
was filtered and concentrated to 5mL under vacuum. Yellow
crystals (0.273 g, 62%) were obtained after cooling at —25°C for
5days. M.P. 224-226°C. Metal Analysis: Found Eu 17.64%;
CuHssEUN,O, (878.89 gmol™) requires: Eu 17.29%. IR (Nujol):
1602s, 1524 m, 1512w, 1421w, 1295w, 1259w, 1218 m, 1178w,
1042s, 999w, 968s, 903s, 791w, 767s, 753s, 702s, 681s,
665 wcm . '"HNMR (400.13 MHz, CiD¢): Paramagnetic. For com-
pound 5 (triclinic, P-1space group) the unit cell is; a=9.126(18)A,
b=18.6684)A, c=24427(5A, a=110.04(3)°, B=91.64(3)°, y=
90.22(3)°, V=3907.5(16)A%, the reported unit cell is; a=9.27(19)A,
b=18952(4)A, c=24.803(5)A, a=109.993)°, P=91.78(3)°, y=
90.52(3)°, V=4092.1(16)A*2*!

Acknowledgements

PCJ and GBD gratefully acknowledge the ARC for funding
(DP230100112). Parts of this research were undertaken on the
MX1 beamline at the Australian Synchrotron, part of ANSTO.B*
We thank Dr Safaa Ali for preliminary studies. Open Access
publishing facilitated by James Cook University, as part of the
Wiley - James Cook University agreement via the Council of
Australian University Librarians.

Conflict of Interests

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available

from the corresponding author upon reasonable request.

© 2023 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

85U80|7 SUOWIWOD 3Ae8ID (el (dde 8Ly Aq peusenob afe el YO ‘8sn J0 Se|nJ Joy AriqiT8ulUO A8]IM UO (SUORIPUOD-pUe-SW.IWo0 A3 1M ARe.q 1 puljuo//Sdny) SUORPUOD pue swe 1 8y} 88s *[£202/L0/ET] uo Ariqiaulluo A8|IM ‘Ariqi odeiN P10 8IPPa Aq 95600202 Weyo/200T 0T/I0p/wiod" A8 |m Areiq1jeutjuo'adone-Alis iweyo//sdny Wwouy pepeoumod ‘o€ ‘€40z ‘S9LETZST


http://www.ccdc.cam.ac.uk/structures

Chemistry—A European Journal

Research Article

Chemistry
Europe

doi.org/10.1002/chem.202300956 Socienes puiehing

Keywords: bromine-bridge dimers - crystal structures
europium - lanthanoid(ll) complexes - oxidative addition
Pseudo-Grignard reagents - samarium - ytterbium

(1

)

)

[10
[11

[12]

[3

[14

[15

D. F. Evans, G. V. Fazakerley, R. F. Phillips, J. Chem. Soc. D 1970, 244-244.
D.F. Evans, G. V. Fazakerley, R.F. Phillips, J. Chem. Soc. A 1971, 1931-
1934.

E.S. Petrov, D. M. Roitershtein, L. P. Rybakov, J. Organomet. Chem. 2002,
647,21-27.

O. P. Syutkina, L. F. Rybakova, E.S. Petrov, I. P. Beletskaya, J. Organomet.
Chem. 1985, 280, C67-C69.

Z. Hou, Y. Fujiwara, T. Jintoku, N. Mine, K. Yokoo, H. Taniguchi, J. Org.
Chem. 1987, 52, 3524-3528.

T. Fukagawa, Y. Fujiwara, K. Yokoo, H. Taniguchi, Chem. Lett. 1981, 10,
1771-1774.

S. A. Cotton, Coord. Chem. Rev. 1997, 160, 93-127.

C. Eaborn, P. B. Hitchcock, K. Izod, J. D. Smith, J. Am. Chem. Soc. 1994,
116, 12071-12072.

C. Eaborn, P.B. Hitchcock, K. 1zod, Z. Lu, J. D. Smith, Organometallics
1996, 15, 4783-4790.

G. Heckmann, M. Niemeyer, J. Am. Chem. Soc. 2000, 122, 4227-4228.

R. P. Kelly, T. D. M. Bell, R. P. Cox, D. P. Daniels, G. B. Deacon, F. Jaroschik,
P.C. Junk, X.F.L. Goff, G. Lemercier, A. Martinez, J. Wang, D. Werner,
Organometallics 2015, 34, 5624-5636.

G. B. Deacon, F. Jaroschik, P.C. Junk, R.P. Kelly, Organometallics 2015,
34, 2369-2377.

I. L. Fedushkin, O.V. Maslova, M. Hummert, H. Schumann, Inorg. Chem.
2010, 49, 2901-2910.

I. L. Fedushkin, A.A. Skatova, D.S. Yambulatov, A.V. Cherkasov, S.V.
Demeshkob, Russ. Chem. Bull. Int. Ed. 2015, 64, 38-43.

a) I. L. Fedushkin, O.V. Maslova, E.V. Baranov, A.S. Shavyrin, Inorg.
Chem. 2009, 48, 2355-2357; b)V.A. Dodonov, V.M. Makarov, M. N.
Zemnyukova, D.A. Razborov, E.V. Baranov, A.S. Bogomyakov, V.l.
Ovcharenko, I. L. Fedushkin, Organometallics 2023, https://doi.org/10.
1021/acs.organomet.2c00640.

[16] Z. Hou, A. Fujita, T. Yoshimura, A. Jesorka, Y. Zhang, H. Yamazaki, Y.
Wakatsuki, Inorg. Chem. 1996, 35, 7190-7195.
171 N. M. Scott, R. Kempe, Eur. J. Inorg. Chem. 2005, 1319-1324.
] S.-O. Hauber, J. W. Seo, M. Niemeyer, Z. Anorg. Allg. Chem. 2010, 636,
750-757.
[19] M. Wiecko, G. B. Deacon, P.C. Junk, Chem. Commun. 2010, 46, 5076—
5078.
[20] S. H. Ali, G. B. Deacon, P. C. Junk, S. Hamidi, M. Wiecko, J. Wang, Chem.
Eur. J. 2018, 24, 230-242.
[21] D. Werner, G.B. Deacon, P.C. Junk, Eur. J. Inorg. Chem. 2018, 2241-
2246.
[22] S. Beaini, G. B. Deacon, M. Hilder, P. C. Junk, D.R. Turner, Eur. J. Inorg.
Chem. 2006, 3434-3441.
[23] Z. Guo, V.L. Blair, G.B. Deacon, P.C. Junk, Chem. Eur. J. 2022, 28,
€202103865.
[24] M. Karbowiak, A. Urbanowicz, Phys. Rev. B. 2007, 76, 115125.
[25] M. L. Cole, G.B. Deacon, C. M. Forsyth, P. C. Junk, D. P. Ceron, J. Wang,
Dalton Trans. 2010, 39, 6732-6738.
6] M. L. Cole, P. C. Junk, Chem. Commun. 2005, 2695-2697.
7] R.D. Shannon, Acta Crystallogr. Sect. A 1976, 32, 751-767.
[28] M. L. Cole, G.B. Deacon, P. C. Junk, J. Wang, Organometallics 2013, 32,
1370-1378.
[29] M. L. Cole, G. B. Deacon, C. M. Forsyth, P. C. Junk, K. Konstas, J. Wang, H.
Bittig, D. Werner, Chem. Eur. J. 2013, 19, 1410-1420.
0] R. M. Roberts, J. Org. Chem. 1949, 14, 277-284.
1] J. Elguero, E. Gonzalez, R. Jacquier, Bull. Soc. Chim. Fr. 1968, 707-713.
[32] G. Dchwarzenbach, H. A. Flaschka, Complexometric Titrations, Methuen,
Publishing Ltd, London, 1969.
[33] N.P. Cowieson, D. Aragao, M. Clift, D. J. Ericsson, C. Gee, S. J. Harrop, N.
Mudie, S. Panjikar, J.R. Price, A. RiboldiTunnicliffe, R. Williamson, T.
Caradoc-Davies, J. Synchrotron Radiat. 2015, 22, 187.

Manuscript received: March 27, 2023
Accepted manuscript online: April 18, 2023
Version of record online: May 5, 2023

Chem. Eur. J. 2023, 29, e202300956 (7 of 7)

© 2023 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

85U80|7 SUOWIWOD 3Ae8ID (el (dde 8Ly Aq peusenob afe el YO ‘8sn J0 Se|nJ Joy AriqiT8ulUO A8]IM UO (SUORIPUOD-pUe-SW.IWo0 A3 1M ARe.q 1 puljuo//Sdny) SUORPUOD pue swe 1 8y} 88s *[£202/L0/ET] uo Ariqiaulluo A8|IM ‘Ariqi odeiN P10 8IPPa Aq 95600202 Weyo/200T 0T/I0p/wiod" A8 |m Areiq1jeutjuo'adone-Alis iweyo//sdny Wwouy pepeoumod ‘o€ ‘€40z ‘S9LETZST


https://doi.org/10.1039/c29700000244
https://doi.org/10.1039/j19710001931
https://doi.org/10.1039/j19710001931
https://doi.org/10.1016/S0022-328X(01)01477-2
https://doi.org/10.1016/S0022-328X(01)01477-2
https://doi.org/10.1021/jo00392a006
https://doi.org/10.1021/jo00392a006
https://doi.org/10.1246/cl.1981.1771
https://doi.org/10.1246/cl.1981.1771
https://doi.org/10.1016/S0010-8545(96)01340-9
https://doi.org/10.1021/ja00105a065
https://doi.org/10.1021/ja00105a065
https://doi.org/10.1021/om960493+
https://doi.org/10.1021/om960493+
https://doi.org/10.1021/ja993494c
https://doi.org/10.1021/acs.organomet.5b00842
https://doi.org/10.1021/om501150b
https://doi.org/10.1021/om501150b
https://doi.org/10.1021/ic902439x
https://doi.org/10.1021/ic902439x
https://doi.org/10.1007/s11172-015-0817-6
https://doi.org/10.1021/ic900022s
https://doi.org/10.1021/ic900022s
https://doi.org/10.1021/acs.organomet.2c00640
https://doi.org/10.1021/acs.organomet.2c00640
https://doi.org/10.1021/ic960683c
https://doi.org/10.1002/ejic.200400823
https://doi.org/10.1002/zaac.200900482
https://doi.org/10.1002/zaac.200900482
https://doi.org/10.1039/c0cc01317j
https://doi.org/10.1039/c0cc01317j
https://doi.org/10.1002/chem.201704383
https://doi.org/10.1002/chem.201704383
https://doi.org/10.1002/ejic.201800330
https://doi.org/10.1002/ejic.201800330
https://doi.org/10.1002/ejic.200600045
https://doi.org/10.1002/ejic.200600045
https://doi.org/10.1039/b922031c
https://doi.org/10.1107/S0567739476001551
https://doi.org/10.1021/om301048b
https://doi.org/10.1021/om301048b
https://doi.org/10.1002/chem.201202861
https://doi.org/10.1021/jo01154a013
https://doi.org/10.1107/S1600577514021717



