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1 INTRODUCTION 
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1.1 Low-valent group 13 complexes 

1.1.1 Aluminium 
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1.1.2 Gallium 
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1.1.3 Indium 
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1.1.4 Thallium 



 



1.2 NacNac related ligands and complexes 
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1.3 Scope 



2 RESULTS AND DISCUSSION 

 



2.1 Important Structural Features 



 



2.2 Complexes based on bis(benzoxazol-2-yl)methanide 

2.2.1 Synthesis of bis(benzoxazol-2-yl)methane (Box2CH2) 

 

2.2.2 Group 1 complexes of bis(benzoxazol-2-yl)methanide 
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2.2.3 Group 13: Alumnium bis(benzoxazol-2-yl)methanide complexes 
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2.3 Complexes based on bis(4-methyl-benzoxazol-2-
yl)methane 

2.3.1 Synthesis of bis(4-methyl-benzoxazol-2-yl)methane ligand 

2.3.2 Group 1 bis(benzoxazol-2-yl)methanide 
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2.3.3 Group 13 bis(4-methyl-benzoxazol-2-yl)methanide complexes 
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2.4 Complexes based on Bis(4-benzhydryl-benzoxazol-2-
yl)methane scaffold 

2.4.1 Ligand Synthesis 









 



2.4.2 Group 1 Complexes 
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2.4.2.1 Excursus: Salt metathesis reaction of [{(THF)2K@(18-crown-6)}+{K@(18-
crown-6)K(4-BzhBox2CH)}–]n (n → ∞) (29). 
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2.4.3 Group 13 Complexes 
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3 SUMMARY & OUTLOOK 
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4 EXPERIMENTAL PART 

4.1 Work Techniques and Experimental Setups 

4.1.1 Handling of Air- and Moisture-Sensitive Compounds 



4.1.2 Preparation and Workup of Starting Materials 

4.1.1 Elemental Analyses 

4.1.2 IR Spectroscopy (ATR) 

ṽ

4.1.3 Mass Spectrometry 



4.1.4 NMR Techniques and Experiments 

4.1.4.1 1H-DOSY-ECC-MW Estimation: Sample Preparation and Measuring 
Parameters 



4.1.4.2 1H NMR Water Titration Experiments 

4.1.5 Computational Details of Electronic Structure Analyses 

4.1.6 Single Crystal X-ray Diffraction Experiments 

4.1.6.1 Crystal Selection and Handling 



4.1.6.2 Data Collection and Processing 

4.1.6.3 Structure Solution and Refinement 

𝑀(𝑝𝑖 , 𝑘) =  ∑ 𝑤𝐻[𝑘 |𝐹𝑜𝑏𝑠(𝐻)|2– |𝐹𝑐𝑎𝑙𝑐(𝐻)|2]2

𝐻
 = min

(𝑝𝑖: structural parameters, 𝑘: scale factor)

𝑤𝐻
−1 =  𝜎𝐻

2𝐹𝑜𝑏𝑠
2 + (𝑔1 ∙ 𝑃)2 + 𝑔2 ∙ 𝑃     with      𝑃 =

𝐹′𝑜𝑏𝑠′
2 0 + 2𝐹𝑐𝑎𝑙𝑐

2
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𝑅1 =  
∑||𝐹𝑜𝑏𝑠| − |𝐹𝑐𝑎𝑙𝑐||

∑|𝐹𝑜𝑏𝑠|

𝑤𝑅2 = √
∑ 𝑤(𝐹𝑜𝑏𝑠

2 − 𝐹𝑐𝑎𝑙𝑐
2 )2

∑ 𝑤(𝐹𝑜𝑏𝑠
2 )2

𝑆 = √
∑ 𝑤(𝐹𝑜𝑏𝑠

2 − 𝐹𝑐𝑎𝑙𝑐
2 )2

𝑛 − 𝑝

 (𝑛: number of reflections, 𝑝: number of parameters)

4.1.6.4 Treatment of Disorder 

𝑀 = ∑ 𝑤(𝐹𝑜𝑏𝑠
2 − 𝐹𝑐𝑎𝑙𝑐

2 )2 + 𝑤𝑟(𝑅𝑡𝑎𝑟𝑔𝑒𝑡 − 𝑅𝑐𝑎𝑙𝑐)2





4.1.7 Complex based on bis(benzoxazol-2-yl)methanide 

4.1.7.1 {Bis(benzoxazol-2-yl)methanide}bis{ethoxyethane} lithium (1)  

 

 



4.1.7.2 {Bis(benzoxazol-2-yl)methanide}tetrahydrofuran potassium (2)  

 



4.1.7.3 {Bis(benzoxazol-2-yl)methanide}(18-crown-6) potassium (3) 

−

−

 



4.1.7.4 {Bis(benzoxazol-2-yl)methanide}dichlorido aluminium (4) 

 

 



4.1.7.5 {Bis(benzoxazol-2-yl)methanide}diiodido aluminium (5) 

. 

 

 



4.1.8 Complex based on bis(4-methyl-benzoxazol-2-yl)methanide 

4.1.8.1 {Bis(4-methyl-benzoxazol-2-yl)methanide}bis{ethoxyethane}lithium (6)  

 

 



4.1.8.2 {Bis(4-methyl-benzoxazol-2-yl)methanide}thallium(I) (7) 

−

−

 



4.1.8.3 Bis({bis(4-methyl-benzoxazol-2-yl)methanide}iodido gallium(II)) (8a) 
and bis({bis(4-methyl-benzoxazol-2-yl)methanide}iodido-gallium(II)){ 
bis(4-methyl-benzoxazol-2-yl)methanide}gallium(I) (8b) 

 



4.1.8.4 {Bis(4-methyl-benzoxazol-2-yl)methane}diiodido aluminium 
tetraiodidoaluminate (10) 
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4.1.8.5 {Bis(4-methyl-benzoxazol-2-yl)methanide}diiodido aluminium (9) 

 



  

ꞷ

 



4.1.8.6 {Bis{(4-methyl-benzoxazol-2-yl)methanide}dihydrido aluminium (12) 

 

 



𝜈

4.1.8.7 {Bis{(4-methyl-benzoxazol-2-yl)methanide}hydrido aluminium {bis(2,6-
diisopropylphenyl)-2,4-pentanediiminato}hydrido aluminium (13) 

′



𝜈

 



4.1.8.8 {Bis{(4-methyl-benzoxazol-2-yl)methanide}hydrido aluminium {bis(2,6-
diisopropylphenyl)-2,4-pentanediiminato}aluminium 
tetrakis(pentafluorophenyl)borate (14) 

′ ′



𝜈

 



4.1.8.9 Bis({bis{(4-methyl-benzoxazol-2-yl)methanide}hydrido aluminium) (15a) 
and (µ-oxo)-Bis({bis{(4-methyl-benzoxazol-2-yl)methanide}hydrido 
aluminium) (15b) 

𝜈

 



4.1.8.10 {Bis(4-methyl-benzoxazol-2-yl)methanide}(2,6-
diisopropylphenolate)hydrido aluminium (16) 

′



𝜈

4.1.8.11 (µ-oxo)Bis({Bis(4-methyl-benzoxazol-2-yl)methanide}{2,6-
diisopropylphenolate}aluminium) (17) 

𝜈



4.1.9 Synthesis of bis(4-benzhydryl-benzoxazol-2-yl)methane 

4.1.9.1 tert-butyl(2-methoxyphenyl)carbamate (18) 

. 

−

− −

 



4.1.9.2 tert-butyl(2-(hydroxydiphenylmethyl)-6-methoxyphenyl)carbamateol 
(19a) and 8-methoxy-4,4-diphenyl-1,4-dihydro-2H-benzo[d][1,3]oxazin-2-
one (19b) 

 



4.1.9.3 2-Benzhydryl-6-methoxyaniline (20) 



4.1.9.4 2-Amino-3-benzhydrylphenol (21) 



 



4.1.9.5 2-(4-benzhydrylbenzo[d]oxazol-2-yl)acetonitrile (22) 

 



4.1.9.6 Bis(4-benzhydrylbenzoxazol-2-yl)methane (23) 

–
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4.1.10 Complex based on bis(4-benzhydryl-benzoxazol-2-yl)methanide 

4.1.10.1 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}sodium (24) 

∼



4.1.10.2 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}potassium (25) 



−

4.1.10.3 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}rubidium (26) 



+H

−

4.1.10.4 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}caesium (27) 



–

 



4.1.10.5 {(THF)2K@(18-crown-6)}{Bis(4-benzhydryl-benzoxazol-2-yl)methanide} 
(28) 





4.1.10.6 [{(THF)2K@(18-crown-6)}{K@(18-crown-6)K{Bis(4-benzhydrylide-
benzoxazol-2-yl)methanide}]n (29) 

 



4.1.10.7 [{K@(18-crown-6)(µ-Cl)In{Bis(4-benzhydrylide-benzoxazol-2-
yl)methanide}]2 (30) 

 



4.1.10.8 [K2(THF)2{Bis(4-benzhydrylide-benzoxazol-2-yl)methanide})]–[K(THF)6]+ 
(31) 



4.1.10.9 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}thallium (32) 

 



+

4.1.10.10 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}indium (33) 





4.1.10.11 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}gallium (34) 

 



4.1.10.12 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}dimethanido aluminium 
(35) 

 



4.1.10.13 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}iodidomethanido 
aluminium (36) 



 



4.1.10.14 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}diiodido aluminium (37) 



4.1.10.15 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}dihydrido aluminium (38) 

 





4.1.10.16 {Bis(4-benzhydryl-benzoxazol-2-yl)methanide}hydridoiodido aluminium 
(39) 



 



5 APPENDIX 



5.1 Crystallographic Data 

5.1.1 [Li(Et2O)2(Box2CH)] (1) 

 



5.1.2 [K(THF)(Box2CH)]n (2) 



5.1.3 [K(18-crown-6)(Box2CH)]n (3) 

 



5.1.4 [AlCl2(Box2CH)] (4) 

 



5.1.5 [AlI2(Box2CH)] (5) 

1̅

 



5.1.6 [Li(Et2O)2(4-MeBox2CH)] (6) 

 



5.1.7 [Tl(4-MeBox2CH)] (7) 

1̅

 



5.1.8 [Li(4-MeBox2CH2)(4-MeBox2CH)] (6a) 

 



5.1.9 [GaI(4-MeBox2CH)]2 (8a) 

 



5.1.10 [(4-MeBox2CH)GaIGaII
2I2(4-MeBox2CH)2] (8b) 

1̅

 



5.1.11 [AlI2(4-MeBox2CH)] (10) 

1̅

 



5.1.12 [AlI2(4-MeBox2CH2)]+[AlI4]– (10) 

 



5.1.13 [AlI(4-MeBox2CH)]2 (10) 

 



5.1.14 [AlH2(4-MeBox2CH)] (12) 



5.1.15 [(4-MeBox2CH)Li(µ-H)AlH(4-MeBox2CH)] (12a) 

 



5.1.16 [(DippNacNac)HAlII-AlIIH(4-MeBox2CH)] (13) 

1̅



5.1.17 [(DippNacNac)AlII–AlIIH(4-MeBox2CH)][B(C6F5)4] (14) 

1̅

 



5.1.18 [AlIIH(4-MeBox2CH)]2 (15a/15b) 

 



5.1.19 [({(MesNacNac)Mg}2(µ-H))–{H3AlII-AlIIH(4-MeBox2CH)}] (15c) 

1̅

 



5.1.20 [AlH(ODipp)(4-MeBox2CH)] (16) 

1̅

 



5.1.21 [(µ-O){Al(ODipp)(4-MeBox2CH)}2] (17) 

5711

P21/n

12.319(2)

11.116(2)

18.186(3)

90

.04(2)

90

 



5.1.22 Bis(4-benzhydrylbenzoxazol-2-yl)methane (23) 



5.1.23 [Na(4-BzhH2Box2CH)] (24) 



5.1.24 [K(4-BzhH2Box2CH)] (251) 

1̅

 



5.1.25 [K(4-BzhH2Box2CH)]2 (252) 

 



5.1.26 [Rb(4-BzhH2Box2CH)]2 (26) 

 



5.1.27 [Cs(4-BzhH2Box2CH)]2 (27) 



5.1.28 [(THF)2K@(18-crown-6)]+[(4-BzhBox2CH)]– (28) 

1̅

 



5.1.29 [{(THF)2K@(18-crown-6)}{K@(18-crown-6)K(4-BzhBox2CH)}]n (29) 



5.1.30 [K@(18-crown-6)(µ-Cl)In(4-BzhBox2CH)]2 (30) 

1̅

 



5.1.31 [K2(THF)2(4-BzhBox2CH)]–[K(THF)6]+ (31) 

3821.32

 



5.1.32 [Tl(4-BzhH2Box2CH)] (32) 

1̅

 



5.1.33 [In(4-BzhH2Box2CH)] (33) 

1̅

 



5.1.34 [Ga(4-BzhH2Box2CH)] (34) 

1̅



5.1.35 [GaI2(4-BzhH2Box2CH)] (34a) 

1̅

 



5.1.36 [AlMe2(4-BzhH2Box2CH)] (35) 

1̅

 



5.1.37 [AlMeI(4-BzhH2Box2CH)] (36) 

1̅

 



5.1.38 [AlI2(4-BzhH2Box2CH)] (37) 

1̅

 



5.1.39 [AlH2(4-BzhH2Box2CH)] (38) 

1̅



5.1.40 [AlHI(4-BzhH2Box2CH)] (39) 

 



5.2 Crystallographic Cooperation 







 



5.3 DOSY Data 

 



5.4 UV/Vis Spectroscopy 

 



5.5 Fluorescence measurements 

λ λ

 



 





 



5.6 Experimental setup and methodology for pKa 
determination 



∆p𝐾𝑎 = log
𝛼1(1 − 𝛼2)

𝛼2(1 − 𝛼1)



 



5.7 Differential Scanning Calorimetry (DSC) 



 



5.8 Monoanionic (E,E)-, (Z,E/E,Z)- or (E,E)-(4-BzhBox2CH) isomers 
of 28a-i 
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