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1,2,4-Diazaphospholide Complexes of Yttrium(III), Dysprosium(III), 

Erbium(III), and Europium(II, III): Synthesis, X-Ray Structural 

Characterization, and EPR Analysis 

Yongli Wang,a Wenzhen Guo,a Dongling Liu,a Ying Yang,b and Wenjun Zhenga,c,* 

Several structurally characterized heteroleptic, charge-separated 

heterobimetallic, and polymeric alkali metal ate complexes of 

1,2,4-diazaphospholide  Y(III), Dy(III), Er(III), Eu(III), and Eu(II) were 

prepared via the reaction of MCl3 and K[3,5-R2dp] in a varied ratio 

at 200–220°C (M = Y, Dy, Er, Eu; R = tBu, Ph). 

While lanthanide complexes bearing cyclopentadienyl ligands (Cp–) 
are interesting owing to their structural variability as well as to the 
catalytic potential,1 the design and use of alternatives to the Cp–

(Cp*–) ligand have become an area of active investigation.2 
Although the isolobal N(P)/CH and diagonal P/C relationship[3] has 
suggested that the 1,2,4-diazaphospholides should behave like the 
corresponding cyclopentadienyl-substituted analogues,4,5 the work 
has shown that this mixed low-coordinated phosphorus (σ2

λ
3)- and 

nitrogen-containing system exhibited subtle differences in both 
bonding and reactivity due to the unique electronic structure.6 We 
have been interesting in the chemistry of 1,2,4-diazaphosphole 
derivatives,7 1,2,4-diazaphospholide complexes6–9 as well as in their 
applications.10 Recently, we demonstrated that the 1,2,4-
diazaphospholides are with a nature of non-innocence to be 
oxidized by hypervalent metal ions.6e,f This result prompted us to 
set out to prepare rare earth metal complexes such as terminal 
charge-separated heterobimetallic, or alkali metal ate complexes 
bearing 1,2,4-diazaphospholide ligands because charge-separated 
heterobimetallic and alkali metal ate lanthanide complexes11a–b 
have proven to be effective catalysts in organic transformations.11c–f 
On the other hand, even though the lone pairs at the phosphorus 
atoms (σ2

λ
3), which features a significant amount of 3s character, is 

only weakly basic,3 the phosphorus atoms of the resultant 
complexes with donor lone pairs available on the periphery of the 
molecule thus provide additional binding sites to act as significant 

π-acceptors for later transition metals,2a allowing for a more-varied 
coordination chemistry3,10 Curiously, however, 1,2,4- 
diazaphospholide lanthanide chemistry has yet been well-
developed so far and only several 1,2,4-diazaphospholide 
samarium(III) complexes are known.8,12 We hereafter report the 
synthesis and crystal structures of a few heteroleptic, 
heterobimetallic charge-separated, and alkali metal ate complexes 
of 1,2,4-diazaphospholide yttrium(III), dysprosium(III), erbium(III), 
and europium(III,II). 

Reactions of 3,5-di-tert-butyl-1,2,4-diazaphospholide potassium 
[(3,5-tBu2dp)K] (1)6a,b with MCl3

13 (M = Y, Er, Dy) in a ratio of 3:1 in 
the presence of 1,2,4,5-tetramethylbenzene (TMB) in a sealed 
Carius tube at 200–220°C14,15 smoothly afforded, after workup, 
three THF-solvated heteroleptic compounds [(η2(N,N)-3,5-
tBu2dp)3M(THF)2] (M = Y(2), Er(3), Dy(4)) as colorless or pink crystals 
(Scheme 1).‡,16 Complexes 2–4 are well-soluble in THF and hot 
toluene, but not soluble in n-hexane. 
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Scheme 1. The preparation of complexes 2–7. 

Structure elucidation of 2–4 evidenced a monomeric compound 
containing three [3,5-tBu2dp]– ligands and two solvated THF 
molecules (Figure 1).17 The coordination sphere about the metal ion 
possesses a slightly distorted trigonal bipyramidal geometry, as 
defined by the centers of the N–N bonds of the 1,2,4-
diazaphospholides. The two coplanar oxygen atoms of the THF 
molecules, located at the two vertices, are arranged in the O–M–O 
angles of 150.53(10)° for 2, 150.9(2)° for 3, and 150.36(12)° for 4, 
respectively. The bond lengths of M–N (Y(1)–N(1) 2.357(2), Y(1)–
N(2) 2.413(2) Å in 2; Er(1)–N(1) 2.337(5), Er(1)–N(2) 2.398(5) Å in 3; 
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Dy(1)–N(1) 2.362(2), Dy(1)–N(2) 2.411(2) Å in 4) suggest an η2-
bonding mode. The three phosphorus atoms (σ2

λ
3) at the periphery 

of 2–4 have donor lone pairs available as would be expected. The 
31P{1H} NMR  spectrum (DMSO-d6, 243 MHz, 23°C) showed only 
one resonance at δ = 86.3(s) ppm for 2 and 97.6(s) for 4 (vs. 50.65 
ppm of 1).6a 

 

Figure 1. Molecular structures of 3 with thermal ellipsoids at the 30% probability 

level. The tBu groups are not shown for clarity. 2–4 are isostructural. Hydrogen 

atoms are omitted for clarity. Selected bond lengths (Å) and angles (°): 2: Y1–O1 

2.388(19), Y1–N1 2.357(2), Y1–N2 2.413(2); O1–Y1–O1A 150.53(10), N1–Y1–N2 

33.7(7). 3: Er1A–N1A 2.337(5), Er1A–N2A 2.398(5), Er1A–O1A 2.369(4); N1A–

Er1A–N2A 33.82(14), O1A–Er1A–O1 150.9(2). 4: Dy1–N1 2.362(2), Dy1–N2 

2.411(2), Dy1–O1 2.405(2); O1–Dy1–O1A 150.36(12), N1–Dy1–N2 33.48 (7). 

As heterobimetallic lanthanide complexes are expected to be 
prepared in the presence of excessive organo-alkali species,11c the 
reaction of 1 and MCl3 (M = Y, Er, Eu) in a ratio of 4:1 was thus 
carried out and subsequently afforded two novel charge-separated 
heterobimetallic complexes {[K(THF)6]+[(η2(N,N)-3,5-tBu2dp)4M]–} 
(M = Y(5), Er(6)) (Scheme 1).‡,16 Compounds 5 and 6 were isolated 
as colorless and pink crystals, respectively, and are only soluble in 
aprotic polar solvents such as in THF, DMSO, and in hot toluene. 

 

Figure 2. Molecular structure of 5 with thermal ellipsoids at the 30% probability 

level. The tBu groups are not shown for clarity. Selected bond lengths (Å) and 

angles(°): Y1–N1 2.377(4), Y1–N2 2.381(5), K1–O6 2.711(8); N1–Y1–N2 33.72(14), 

O5–K1–O6 93.7(3). 

The X-ray structure analysis of 5(or 6) revealed an ionic 
associated species which consists of [Y(η2(N,N)-3,5-tBu2dp)4]– (or 
[Er(η2(N,N)-3,5-tBu2dp)4]–) anion and counter cation [K(THF)6]+ 
(Figure 2).17,18 In the anionic moiety of 5, each yttrium atom is 
coordinated to eight nitrogen atoms of four terminal η2-1,2,4-
diazaphospholides, and the average Y–N distance (2.3736(5) Å) is 
comparable with those of eight coordinate complex 2 (2.3860(5) Å). 
The geometries around the yttrium atom, assuming that the centers 
of the N–N bonds of the 3,5-tBu2dp ligands are treated as 
monodentate donors, are highly distorted from tetrahedral (P–Y–P 
89.39° and 112.62°). Likely, these derivations minimize the steric 
repulsions between the bulky tBu groups. In the counter cation 

[K(THF)6]+, potassium atom was coordinated to six oxygen atoms of 
the THF molecules. The geometries around the potassium atom are 
close to distorted octahedron with the O–K–O angles (106.60°). The 
average distances of K–O bonds (2.744(5) Å) are comparable with 
those found in [{penta(organo)[60]fullerene}{K(thf)6}+] (av. 2.716(5) 
Å).19 

The reaction of 1 and EuCl3 in a ratio of 5:1 afforded, however, an 
unusual low-valent 1,2,4-diazaphospholide europium(II) [(η2(N,N)-
3,5-tBu2dp)4Eu]K2}∞ (7) as red crystals (Scheme 1) under similar 
conditions.‡,16 Complex 7 is well soluble in most of common organic 
solvents. The X-ray structure analysis of 7 displayed a remarkable 
polymeric dipotassium ate species containing four 3,5-tBu2dp 
ligands (Figure 3).16 Each Eu(II) is 4-coordinate, being bound to four 
[μ-η2(N,N)-3,5-tBu2dp)] ligands whereas each potassium ion is 10-
coordinate being bound to two 1,2,4-diazaphospholide rings in a 
η

4:η5 coordination mode (slipped π–bonding) and σ-bound to the 
phosphorus atom of neighboring molecule (K1–P4A 3.373(18) Å, 
K2–P2A 3.397(18) Å). In turn, two phosphorus atoms of each 
molecule are σ-bound to two neighboring potassium ions thereby 
afforded the two-dimensional sheet structure of 7. The linkages 
between potassium ions and the phosphorus atoms of the 
neighboring ligands consisted of square arrays formed by potassium 
ions and neighboring ligands, producing a honeycomb network when  

            

Figure 3. One unit for the molecular structure of 7 with thermal ellipsoids at the 

30% probability level. The tBu groups are not shown for clarity. Selected bond 

lengths (Å) and angles(°): Eu1–N1 2.659(4), Eu1–N2 2.570(4), Eu1–N3 2.678(4), 

Eu1–N4 2.604(4), K2–N1 2.978(4), K2–N2 2.810(4), K2–N3 3.026(4), K2–N4 

2.888(4), K2–P2A 3.397(18), K2–P3 3.713(2), K2⋅⋅⋅P2 3.883(2), Eu1–N5 2.601(4), 

Eu1–N6 2.608(4), Eu1–N7 2.624(4), Eu1–N8 2.643(4), K1–N5 2.992(4), K1–N6 

2.881(4), K1–N7 2.904(4), K1–N8 2.969(4), K1–P4A 3.372(18); N1–Eu1–N2 

30.58(10), K1–Eu1–K2 175.77(3), N5–Eu1–N7 97.38(12). 

viewed along the crystallographic b axis. The europium ion is set 
beside the N–N bond of the ligand, suggesting σ-donation of the in-
plane nitrogen atom lone pairs to europium. The average distances 
of Eu–N [2.623(4) Å] are slight longer than the corresponding value 
found in the monofunctionalized pyrazolato europium(II) complex 
[(η2-3,5-Ph2pz)EuI(thf)4] (2.5353(17) Å) (pz = pyrazolato).20 The bond 
lengths of K–N (2.810(4)–3.026(4) Å), K–C (3.153(4)–3.519(4) Å), 
and K–P (π-bonding: 3.713(18)–3.883(19) Å; σ-bonding: 3.373(18)–
3.397(18) Å) are comparable with those found in the previous 
reported π–bonding 1,2,4-diazaphospholide-1,2,4-
diazaphosphinato potassium (K–N 2.841(2) Å, K–C 3.205(3) Å, and 
K–P 3.6310(16) Å).6b 

The 31P{1H} NMR (CDCl3, 243 MHz, 23°C) spectrum showed two 
sharp resonances at δ = 93.5(s) and 97.5(s) ppm for 5, probably due 
to the highly labile nature of the complex, consistent with three 
singlets (δ = 1.25, 1.33, and 1.42 ppm) for tBu groups in 1H NMR 
spectrum (CDCl3, 600 MHz, 23°C). The two broad resonances at δ = 
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3.70, 1.85 ppm are assigned to the six THF-solvated molecules. In 
the 31P{1H} NMR (DMSO-d6, 243 MHz, 23°C) spectrum, two sharp 
resonances are observed at δ = 72.7(s) and 49.5(s) ppm for 7. The 
two observed resonances are consistent with the structure in the 
solid state assigned to σ-bonding (31P 72.7 ppm) and π-bonding (31P 
49.5 ppm) phosphorus atoms, respectively.  

Treatment of EuCl3 and 3,5-di-phenyl-1,2,4-diazaphospholide 
potassium K[3,5-Ph2dp] (1′′′′)

6a in a ratio 1:5 under a similar condition 
produced a novel dipotassium ate complex of 1,2,4-
diazaphospholide europium(III) (8) as red crystals in good yield 
(Scheme 2).‡,16 Compound 8 is fair soluble in toluene but well 
soluble in DMSO and THF. 
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Scheme 2. The preparation of complex 8. 

The X-ray structure analysis of 8 revealed a polymeric 

dipotassium ate complex containing five [3,5-Ph2dp]– ligands and 

two ate potassium ions and one europium(III) atom (Figure 5).16 The 

coordination sphere about the europium ion possesses a slightly 

distorted trigonal bipyramidal geometry, as defined by the centers 

of the N–N bonds of the 1,2,4-diazaphospholides. The bond lengths 

of Eu–N suggest an η2-bonding mode. One of two potassium ions is 

16-coordinate being bound to two 1,2,4-diazaphospholides in a η
5 

coordination mode (slipped π bonding) and further coordinate to 

one phenyl ring of neighboring molecule in a η6 coordination mode 

while another potassium ion in the molecule is 2-coordinte being 

bound to one phenyl ring and 6-coordinate to a toluene molecule. 

The 31P{1H} NMR (DMSO-d6, 243 MHz, 23°C) spectrum presented 

only one resonance at δ = 94.4(s) ppm for 8, probably indicating the 

dynamic process or dissociation of 8 in solution.  

Due to the broadening resonances in the NMR spectra with the 

paramagnetism of 3, 6, 7, and 8, the X-band EPR spectroscopy 

analyses were performed. The large spin-orbit coupling to excited21a 

states together with strong lattice coupling leaves most lanthanide 

complexes EPR silent at temperatures above 20K21b but we observe 

one EPR resonance at 3100 gauss (g = 2.204) in a THF-solution for 

7 at 77 K, one resonance at 3300.10 gauss (g = 2.150) for 3 and two 

resonances at 2815.2 (g = 2.354) and 3216.1 gauss (g = 2.102) for 6 

in the solid state at 298 K, respectively.16 Fortunately, one strong 

EPR spectrum16 corresponding to diluted THF solution of 8 

displays a hyperfine of well-resolved coupling multiplet with 9 

observed lines at 3120–3250 gauss (g = 2.120) at 77 K (Figure 

4),16 which likely will be complicated by interference of the 

electron spins of the neutral 1,2,4-diazaphospholide radical 

and Eu(II) and the nuclear spins of 151Eu and 153Eu, apart from 
14N and 1H couplings.22 Namely, a transient system Eu(II)||[3,5-

Ph2dp]• may produced via a electron transfer from ligand 

anion [3,5-Ph2dp]– to europium (III) in the solution,6e,f where 

a151Eu = 39.1 G (the highest peak-to-peak line width), a153Eu = 

11.7 G are obtained from the spectrum (Figure 4).22
 It is also 

possible that the observed EPR hyperfine arises from the radical 

ligand [3,5-Ph2dp]•.6e,f 

 

Figure 4. X-Band EPR spectrum of complex 8 in frozen THF at 77K. 

Whereas no reaction of MCl3 and 1(or 1’) occurred even under 

refluxing for several days in toluene, the elevated-temperature 

metathesis23 of MCl3 and 1(or 1’) afford 2–8 smoothly. Complexes 5 

and 6 do not undergo a structure frame rearrangement or even 

rupture back to 2 and 3 in the presence of the donor THF, reflecting 

the rigid character of the cation units. Eu(II) ion in 7 is obviously 

resulting from the reduction of the non-innocent ligand in the 

reaction, which have been recently demonstrated from Fe3+, Cu2+, 

and Bi3+ 1,2,4-diazaphospholide systems in our lab.6e,f The resultant 

5π neutral 1,2,4-diazaphodpholide radicals would self-dimerize via 

N–P coupling or cause the hydrogen abstraction from the 

tetrahydrofuran molecule to afford the corresponding neutral 

ligands.6e,f 

 

Figure 5. One unit of the molecular structure of 8 with thermal ellipsoids at the 

30% probability level. The Ph groups are not shown. Selected bond lengths (Å) 

and angles(°): Eu1–N1 2.482(6), Eu1–N2 2.509(8), Eu1–N3 2.497(7), Eu1–N4 

2.484(7), Eu1–N5 2.645(8), Eu1–N6 2.506(8), Eu1–N7 2.499(6), Eu1–N8 2.431(6), 

Eu1–N9 2.566(7), Eu1–N10 2.508(7),  K2–N3 3.608(8), K2–N4 3.200(8), K2–N9 

3.335(8), K2–N10 3.069(8), K2–P4 3.628(8), K2–P5 3.639(9), K1–C73 3.273(15), 

K1–C25 3.303(12); N1–Eu1–N2 31.2(2), N4–Eu1–N9 77.6(2),  P4–K2–P5 142.5(3). 

In conclusion, several novel 1,2,4-diazaphospholide heteroleptic 
and heterobimetallic lanthanide complexes were prepared by the 
reaction of MCl3 with 1 (1') at 200–220°C, suggest that extensive 
1,2,4-diazaphospholide lanthanide complexes could be accessible 
by this simple path. The charge-separated heterobimetallic 1,2,4-
diazaphospholide complexes 5 and 6 have proven of high rigidity 
against THF molecules due to the unique electronic nature of the 
ligand. The potassium-ate complexes 7 and 8 involved an electron 
transfer from ligand to europium, evidenced by the X-ray structural 
characterization and EPR spectroscopy analysis. 
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Notes and references 

‡Syntheses of 2–8: To a mixture of MCl3 (1.0 mmol) and 1 (3.0 
mmol for preparation of 2–4; 4.0 mmol for 5–6; 5.0 mmol for 7–8) 
was added TMB (2.0 g) in a Carius tube (inner diameter 0.4 cm, 
about 15 cm long). The tube was sealed in vacuum and then heated 
at 200–220°C for 3 days. After the resultant mixture was cooled 
down to room temperature, TMB was removed under reduced 
pressure (0.01 mmHg) at 70–75°C in a Büchi Glass Oven. The 
remaining solid was dissolved in THF (40 mL) for 2–6 (in 40 mL 
toluene for 7; in a mixture (40 mL) of toluene and THF for 8). The 
solution was filtered through Celite. The filtrate was concentrated 
to give 2–8 as colorless/colored crystals at 5°C.  

X-ray structure determinations for 2–8: Suitable single crystals were 
sealed under argon in thin-walled glass capillaries. X-ray diffraction 
data were collected on a Xcalibur CCD diffractometer (graphite-
monochromated Mo-Kα radiation, ϕ-ω-scan technique, λ = 0.71073 
Å). The intensity data were integrated by means of the SAINT 
program.24 SADABS25 was used to perform area-detector scaling 
and absorption corrections. The structures were solved by direct 
methods and were refined against F

2 using all reflections with the 
aid of the SHELXTL package.17 All non-hydrogen atoms in 2-8 were 
refined anisotropically. The H atoms were included in calculated 
positions with isotropic thermal parameters related to those of the 
supporting carbon atoms but were not included in the refinement. 
All non-hydrogen atoms were found from the difference Fourier 
syntheses. All calculations were performed using the Bruker Smart 
program.  

1. Reviews: (a) H. W. Roesky, S. Singh, K. K. Yusuff, J. A. Maguire 
and N. S. Hosmane, Chem. Rev. 2006, 106, 3813–3843; (b) F. T. 
Edelmann, Coord. Chem. Rev. 2015, 284, 124–205. 

2. The selected references: (a) P. Le Floch, Coord. Chem. Rev. 2006, 
250, 627–681; (b) F. Nief, Eur. J. Inorg. Chem. 2001, 891–904; (c) 
G. B. Deacon, C. M. Forsyth, A. Gitlits, R. Harika, P. C. Junk, B. W. 
Skelton and A. H. White, Angew. Chem. Int. Ed. 2002, 41, 3249–
3251. 

3. K. B. Dillon and F. Mathey, J. F. Nixon, Phosphorus: The Carbon 

Copy: From Organophosphorus to Phosphaorganic Chemistry, 
Wiley & Sons, West Sussex, 1998. 

4. (a) F. Mathey, Modern Heterocyclic Chemistry 2011, 4, 2071–
2116; (b) S. Fustero, M. Sanchez-Rosello, P. Barrio and A. Simon-
Fuentes, Chem. Rev. 2011, 111, 6984–7034. 

5. 1,2,4-Diazaphospholide ions may be viewed as hybrid molecule 
of pyrazolate and phospholide anions5a or analogue to 1,2,4-
triphospholide:5b,c (a) F. Mathey, Angew. Chem. Int. Ed. 2003, 42, 
1578–1604; (b) M. M. Al-Ktaifani, W. Bauer, U. Bergsträβer, B. 
Breit, M. D. Francis, F. W. Heinemann, P. B. Hitchcock, A. Mack, 
J. F. Nixon, H. Pritzkow, M. Regitz, M. Zeller and U. Zenneck, 
Chem. Eur. J. 2002, 8, 2622–2633; (c) C. Heindl, E. V. 
Peresypkina, A. V. Virovets, V. Yu. Komarov and M. Scheer, 
Dalton Trans. 2015, 44, 10245–10252. 

6. (a) W. Zheng, G. Z. Zhang and K. N. Fan, Organometallics 2006, 
25, 1548–1550; (b) L. Wan, C. F. Pi, L. Zhang, W. Zheng, L. H. 
Weng, Z. X. Chen and Y. Zhang, Chem. Commun. 2008, 2266–
2268; (c) C.-F. Pi, Y. Wang, W. Zheng, L. Wan, H.-Y. Wu, L.-H. 
Weng, L.-M. Wu, Q.-S. Li and P. von R. Schleyer, Angew. Chem. 
Int. Ed. 2010, 49, 1842–1845; (d) W. Zheng, I. Alkorta, D.-M. 
Yang, L. Wan, M.-G. Zhao and J. Elguero, Inorg. Chem. 2011, 50, 
12408–12410; (e) J. Su, B. Q. Wang, D. L. Liu; L. B. Du, Y. Liu, J.-H. 
Su and W. Zheng, Chem. Commun. 2015, 51, 12680–12683; (f) 

M.-G. Zhao, L.-X. Wang, P.-P. Li, X. Zhang, Y. Yang and W. Zheng, 
Chem. Commun. 2015, 51, 16184–16187.  

7. (a) M.-G. Zhao, P.-P. Li, X.-D. Xie, J.-H. Su and W. Zheng, 
Polyhedron 2015, 85, 302–311; (b) M.-G. Zhao, X.-L. Liu and W. 
Zheng, Inorg. Chim. Acta 2015, 437, 110–119. 

8. C.-F. Pi, J. Elguero, L. Wan, I. Alkorta, W. Zheng, L.-H. Weng, Z.-X. 
Chen and L.-M. Wu, Chem. Eur. J. 2009, 15, 6581–6585. 

9. C.-F. Pi, L.Wan, W.-P. Liu, Z.-F. Pan, H.-Y. Wu, Y.-H. Wang, W. 
Zheng, L.-H. Weng, Z.-X. Chen and L.-M. Wu, Inorg. Chem. 2009, 
48, 2967–2975. 

10. J. Yorke, L. Wan, A. Xia and W. Zheng, Tetrahedron Lett. 2007, 
48, 8843–8845. 

11.  (a) A.-M. Caminade, R. Laurent, A. Ouali and J.-P. Majoral, Inorg. 
Chim. Acta 2014, 409, 68–88; (b) S. C. Bourque, F. Maltais, W.-J. 
Xiao, O. Tardif, H. Alper, P. Arya and L. E. Manzer, J. Am. Chem. 
Soc. 1999, 121, 3035–3038; (c) M. Shibasaki and N. Yoshikawa, 
Chem. Rev. 2002, 102, 2187–2210; (d) C.-W. Qian, X.-M. Zhang, 
Y. Zhang and Q. Shen, J. Organomet. Chem. 2010, 695, 747–752; 
(e) C. K. Simpson, R. E. White, C. N. Carlson, D. A. Wrobleski, C. J. 
Kuehl, T. A. Croce, I. M. Steele, B. L. Scott, Jr. V. G. Young, T. P. 
Hanusa, A. P. Sattelberger and K. D. John, Organometallics 2005, 
24, 3685–3691; (f) D. Riegert, J. Collin, A. Meddour, E. Schulz 
and A. Trifonov, J. Org. Chem. 2006, 71, 2514–2517. 

12. C.-F. Pi, L. Wan, Y.-Y. Gu, W. Zheng, L.-H. Weng, Z.-X. Chen and 
L.-M. Wu, Inorg. Chem. 2008, 47, 9739–9741. 

13. Commercial available from Sigma-Aldrich. 
14. H[3,5-tBu2dp] is thermo stable up to 220°C: D.-L. Liu, Y.-L. Wang, 

C.-F. Pi and W. Zheng, Organometallics 2014, 33, 6013–6017. 
15. G. B. Deacon, E. E. Delbridge and C. M. Forsyth, Angew. Chem. 

Int. Ed. 1999, 38, 1766–1767. 
16. (a) The synthetic procedure, analytical and spectroscopic data 

for 2–8 are contained in the Electronic Supplementary 
Information (ESI); (b) Crystallographic data for the structures of 
2, 3, 4, 5, 7, and 8 have been deposited with the Cambridge 
Crystallographic Data Centre as supplementary publication no. 
CCDC–1420189(2), 1420190(3), 1420191(4), 1420192(5), 
1420193(7) and 1420194(8). Copies of the data can be obtained 
free of charge on application to CCDC, 12 Union Road, 
Cambridge CB21EZ, UK (email: deposit@ccde.cam.ac.uk). 

17. G. M. Sheldrick, SHELXS-97, Program for X-ray Crystal Structure 
Refinement, Göttingen University, Germany 1997. 

18. The crystallographic data quality of 6 is not warranted for 
publication in this case due to the disorder of tBu groups but 
the structural connections are clear and reliable (R1 = 12.28%, I > 
2σ(I)). The data of crystal structure 6: monoclinic, space group 
P21/c, a = 15.7377(7) Å, b = 19.2065(6) Å, c = 27.3405(8) Å, α = γ 
= 90°, β = 92.360(3)°. 

19. Y. Matsuo and E. Nakamura, J. Am. Chem. Soc. 2005, 127, 8457–
8466. 

20. M. Wiecko, G. B. Deacon and P. C. Junk, Chem. Commun. 2010, 
46, 5076–5078. 

21. (a) F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry; 
Wiley-Interscience: New York, 1980; pp 981–990; (b) Z. Hou, A. 
Fujita, Y. Zhang, T. Miyano, H. Yamazaki and Y. Wakatsuki, J. Am. 
Chem. Soc. 1998, 120, 754–766.  

22. A system [Eu(II)||naphthalene–•] produced via electron 
transfer from europium and a computer simulation 
generated combining a 47.8% contribution from 151Eu 
(a151Eu = 35.0 G) and a 52.2% contribution by 153Eu (a153Eu = 
15.7 G): C. D. Stevenson, T. Schertz and R. C. Reiter, J. Am. 
Chem. Soc. 1999, 121, 6964–6965. 

23. G. B. Deacon, P. C. Junk, G. J. Moxey, K. Ruhlandt-Senge, C. St. 
Prix and M. F. Zuniga, Chem. Eur. J. 2009, 15, 5503–5519. 

24. SAINTPlus Data Reduction and Correction Program, v. 6.02 a; 
Bruker AXS: Madison, WI, 2000. 

25. G. M. Sheldrick, DADABS, A Program for Empirical Absorption 

Correction: University of Göttingen: Göttingen, Germany, 1998. 

 

Page 4 of 5Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

 

Heteroleptic, 

charge-separated 

heterobimetallic, and 

polymeric alkali metal 

ate complexes of 

1,2,4-diazaphospholide  

yttrium(III), 

dysprosium(III), 

erbium(III), 

europium(III) and 

europium(II) were 

prepared. 

 

 

 

 
Yongli Wang, 

Wenzhen Guo, 

Dongling Liu, Ying 

Yang, and Wenjun 

Zheng
* 

Page No. – Page No. 

1,2,4-Diazaphospholide 

Complexes of 

Yttrium(III), 

Dysprosium(III), 

Erbium(III), and 

Europium(II, III): 

Synthesis, X-Ray 

Structural 

Characterization, and 

EPR  Aanlysis  

 

Page 5 of 5 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t


