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Abstract: 9 

β-Diketiminates are widely used supporting ligands for building a range of metal complexes with 10 

different oxidation states, structures, and reactivities. This Perspective summarizes the steric and 11 

electronic influences of ligand substituents on these complexes, with an eye toward informing the 12 

design of new complexes with optimized properties. The backbone and N-aryl substituents can give 13 

significant steric effects on structure, reactivity and selectivity of reactions. The electron density on the 14 

metal can be tuned by installation of electron withdrawing or donating groups on the β-diketiminate 15 

ligand as well. Examples are shown from throughout the transition metal series to demonstrate 16 

different types of effects attributable to systematic variation of β-diketiminate ligands.  17 

 18 
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1. Introduction 21 

 The properties and reactions of metal complexes are highly dependent on the choice of 22 

supporting ligand, and this choice is one of the keys to successful coordination chemistry. Since its 23 

introduction in 1968,1-3 the β-diketiminate (often called “nacnac” because of its addition of two nitrogen 24 

atoms to the common acac ligand) has gained great popularity as a supporting ligand. Unlike 25 

acetylacetonate (acac), the β-diketiminate ligand scaffold offers steric protection at the metal center 26 

through the choice of N-substituents; this makes β-diketiminates less labile and more suitable as 27 

spectator ligands. β-Diketiminate ligands are typically synthesized from condensation of a β-diketone 28 

and an amine, and chemists have only scratched the surface of the thousands of potential 29 

combinations.4  30 

N-aryl β-diketiminate ligands have been most widely used, and they support a variety of metals 31 

in many oxidation states. Complexes of N-aryl β-diketiminates have shown great reactivity and 32 

selectivity for a variety of methodologies,4, 5 including polymerization and functionalization of alkenes 33 

and cross-coupling reactions. In addition, late transition metal β-diketiminate complexes have been used 34 

to build low coordinate metal centers, mimicking the active sites of metalloproteins.6-14  A vast number 35 

of ligand variations and different coordination modes have been reported, and some examples are 36 

shown in Figure 1.1. In this Perspective, the focus will be solely on complexes of the type shown in 37 

Figure 1.1 with d block transition metals in a η2 binding mode. We summarize trends from systematic 38 

variations in these complexes with examples, though we make no claim that our coverage is complete. 39 

This Perspective is intended to serve as a guide to chemists who are interested in tuning the properties 40 

of β-diketiminate complexes to achieve their specific goals. We also refer the interested reader to 41 

another Perspective by Budzelaar which gives more depth on N-aryl β-diketiminate complexes of Ru, Os, 42 

Rh, Ir, Pd, and Pt.15 43 

 [Figure 1.1] 44 

Page 2 of 47Dalton Transactions



 3

2. Nomenclature 45 

 In this Perspective, the ligand abbreviation R1LR2,R3 is used to specify the substituents on a β-46 

diketiminate ligand. R1 refers to the substituent on the central backbone carbon (α-C), R2 refers to the 47 

substituents on the nitrogen-bearing carbon atoms (β-C), and R3 refers to the substituents on the N-aryl 48 

group. For the R3 aryl substituents meta- and para- substitutions of N-aryl are specified as m- and p-, 49 

respectively, while the common ortho-substituents are given without the o- abbreviation for 50 

convenience. Some other abbreviations can be found in Chart 1.1. 51 

 52 

Chart 1.1 Abbreviations used in this Perspective 53 

 54 

Dipp 2,6-diisopropylphenyl 

Tipp 2,4,6-triisopropylphenyl 

Dep 2,6-diethylphenyl 

Mes 2,4,6-trimethylphenyl 

An 1-anthracenyl 

ArF 3,5-bis(trifluoromethyl)phenyl 

Tbt 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl 

 55 

 56 
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3. Steric effects on β-diketiminates  57 

The steric demands of β-diketiminate ligands can be tuned by substitution of functional groups 58 

on the backbone (β-C) or the N-aryl substituents. Typical backbone (β-C) substituents are tert-butyl, 59 

phenyl, trifluoromethyl and methyl; unsubstituted (β-dialdiminate) ligands are also known. Two 60 

approaches can be used to tune the sterics of the N-aryl groups: first, to change the size of ortho-61 

substituents on the N-aryl; or second, to relocate the substituents from ortho- position to the meta- or 62 

para- position. 63 

The modification of β-diketiminate steric hindrance can bring changes in the structure and 64 

reactivity. The structural differences include changes on the coordination number, bond angles and 65 

bond lengths, geometry and conformation of metal complexes. We highlight three types of reactivity 66 

differences: different structures of β-diketiminate complexes, different outcomes of stoichiometric 67 

reactions of β-diketiminate complexes, and different activity in catalytic reactions.    68 

 69 

3.1. Steric effects on structural properties 70 

Generally, using smaller substituents on the β-C and N-aryl, or relocation of the N-aryl 71 

substituents farther from the metal center, reduces the overall steric coverage of the metal 72 

coordination sphere. As a result, dimeric/polymeric metal complexes are more often formed with less 73 

sterically hindered β-diketiminate ligands. For example, comparisons with more hindered monomeric 74 

analogues were reported for [LScCl2]n (L
tBu,iPr,16 n=1; LMe,iPr,17 n=2), [LSc(CH3)2]n (L

tBu,iPr,16 n=1; LMe,iPr,17 n=2), 75 

[LFeCl]n (L
tBu,iPr,18 n=1; LMe,iPr,19 MeLMe,Me,20 n=2), [LFeF]n (L

tBu,iPr, n=1; LMe,iPr, n=2),21 [LCoCl]n (LtBu,iPr,22 n=1; 76 

LMe,iPr,23 n=2), [LNiCl]n (L
tBu,iPr,22 n=1; LMe,iPr,24 LMe,Me,25 n=2), [LNi(CO)]n, (LtBu,iPr,26 LMe,iPr,27 n=1; LMe,Me,28 n=2), 77 

[LR,iPrCuCl]n (L
Me,iPr,29 ClLMe,iPr,29 n=1; PhLH,iPr,30 LMe,Cl,31 n=2), and [LPd(µ-OAc)]n (L

Me,iPr,32 n=1; LMe,H,32 ClLMe,H,33 78 

n=2). The angle between the two β-diketiminate ligand planes in dimeric metal complexes is often 79 

influenced by the different substituents on the ligand (Table 3.1.1). However, there is no clear 80 
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correlation between the substituent size and the angle, indicating that this angle is dependent on the 81 

bonding at the metal as well as steric interactions between the ligands on the two sides. 82 

 83 

Table 3.1.1. Selected examples of steric effects on ligand plane orientation of bimetallic complexes 84 

complexes 85 

Complex Ligand 
Dihedral angle between 

two ligand planes 

Reference 

 

[LV]2 

LMe,An  65.59 ˚ 34 

LMe,Et 
 0 ˚ 34 

LMe,Me  0 ˚ 34 

 

[LCr(μ-Cl)]2 

LtBu,iPr  32.41 ˚ 35 

LMe,iPr 
 0 ˚ 36 

LMe,Me  0 ˚ 37 

LCr(η5-Cp)(µ-O)Cr(η5-Cp)L 
LMe,Me 

 9.14 ˚ 38 

LMe,m-TIPP 
 17.27 ˚ 38 

 

[LFe(µ-H)]2 

LtBu,iPr3  66.70 ˚ 39 

LtBu,iPr  68.92 ˚ 40 

LMe,iPr  71.15 ˚ 21 
MeLMe,Me  82.38 ˚ 20 

LFe(tBuPy)(NN)Fe(tBuPy)L 
LtBu,iPr 

 81.68 ˚ 41 

LMe,iPr 
 50.04 ˚ 41 

LFeNNFeL 
LtBu,iPr 

 87.18 ˚ 6 

LMe,iPr 
 0.00 ˚ 41 

[LFeNNFeL]K2 
LtBu,iPr 

 35.7 ˚ 6 

LMe,iPr 
 34.3 ˚ 41 

LNi(P4)NiL 
LMe,iPr 

 39.96 ˚ 42 

LMe,Et 
 51.24 ˚ 42 

 

[LCu(µ-Cl)]2 

LMe,Et 
 0.00 ˚ 43 

LMe,Cl 
 81.37 ˚ 31 

ClLMe,Me 
 74.96 ˚ 43 

 

 

[LCu(µ-OH)]2 

LCF3,Me 
 60.03 ˚ 44 

LMe,Me 
 0.00 ˚ 45 

CNLH,Et 
 0.00 ˚ 46 

CNLH,Me3 
 11.34 ˚ 43 

NO2LH,Me3 
 40.86 ˚ 30 

 86 
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One trend that emerges is that higher coordination numbers can be achieved with 87 

smaller β-diketiminate supporting ligands. For example, more solvent molecules (THF, arene, 88 

etc.) and neutral ligands (CO, PPh3, etc.) can be coordinated to a metal center with less sterically 89 

hindered β-diketiminate in LScCl2(THF)n (LtBu,iPr,16 n=0; LMe,iPr,47 n = 1), LSc(CH3)2(THF)n (L
tBu,iPr,16 90 

n=0; LMe,iPr,16 n = 1), LSc(Cl)(NHAr)(THF)n (LtBu,iPr,48 n=0; LMe,iPr,49 n = 1), [LSc(CH3)(arene)n]+ (LtBu,iPr,50 91 

n=0; LMe,iPr,50 n = 1), LTiCl2(THF)n (L
tBu,iPr,51 LtBu,Me3,52 LMe,Tbt/Me3,53 n=0; LMe,iPr,54 n=1; LMe,H,55 n=2), 92 

LVCl2(THF)n (L
Me,iPr,52, 56 LMe,Et,34 LMe,Me3,34 LPh,iPr,34 n=0; LMe, H,55 n=2), [LCr(μ-Cl)(Solvent)n]2 (L

tBu,iPr,35 93 

n=0; LMe,iPr,36 LMe,Me,37 n = 1; Solvent = THF, benzene), LFe(NHdipp)(THF)n (LtBu,iPr,19 n=0; LMe,iPr,28 n 94 

= 1), and LCu(PPh3)n (PhLH,iPr,57 LMe,Me,58 LMe,iPr,59 LMe,Me3,60 n=1; PhLH,Me,57 LCF3,m-CF3,61 n=2). Steric 95 

conflict between N-aryl substituents and metal can also push the metal center out of the β-96 

diketiminate ligand plane in some metal complexes, especially for early transition metals (Table 97 

3.1.2). However, exceptions can be found in LR,MesTiCl2,
52 LMe,RCr(η5-Cp),62, 63 LR,iPrFeNNFeL,6, 41 98 

[LMe,RNi(µ-Cl)]2,
24, 25 LMe,RCu(OAc),64, 65 [LCu(µ-OH)]2,

44-46 [LCu(µ-S)]2,
66, 67 and LR,iPrCu(CO).68  99 

 100 

Table 3.1.2. Selected examples of steric effect on distance of metal to ligand plane 101 

 

Complex 

 

Ligand 

Distance from M 

to ligand plane 

(Å) 

 

Reference 

LScCl2(THF)n 
LtBu,iPr 

 1.295 16 

LMe,iPr
 0.694 47 

 

LSc(alkyl)2 

LtBu,iPr
 1.154 16 

LMe,iPr
 1.116 16 

LMe,m-tBu
 0.489 69 

LMe,m-Tipp
 0.204 69 

LZrCl3 
LtBu,iPr

 1.650 70 

LMe,iPr
 0.820 71 

LVCl2(THF)n 

LMe,Me
 0.528 52 

LMe,H
 0.227 55 

 

LCr(Cp)(Me) 

LMe,iPr
 0.702 62 

LMe,Et
 0.699 72 
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 LMe,Me
 0.650 72 

 

LCr(Cp)(Cl) 

LMe,iPr
 0.719 62 

LMe,Et
 0.751 72 

LMe,Me
 0.680 63 

LMe,H
 0.087 73 

LCr(Cp)(µ-O)Cr(Cp)L 
LMe,Me

 0.858, 0.848 38 

LMe,m-TIPP
 0.771, 0.726 38 

[LCr(µ-Cl)(THF)]2 
LMe,iPr

 0.668 36 

LMe,Me
 0.554 37 

 

[LFe(µ-H)]2 

LtBu,iPr
 0.565 40 

LMe,iPr 0.540 21 

MeLMe,Me 0.260 20 

LFe(µ-H)2B(Et)2 
LtBu,iPr 0.093 74 

LMe,iPr
 0.000 74 

LFe(µ-Cl)2Li(THF)2 
LMe,iPr

 0.381 18 

LMe,Me3
 0.000 20 

LFe(F)(tBuPy) 
LtBu,iPr

 0.339 21 

LMe,iPr
 0.294 21 

LFe(tBuPy)(NN)Fe(tBuPy)L 
LtBu,iPr

 0.394, 0.553 41 

LMe,iPr
 0.250, 0.250 41 

LFe-(η3-N3Ad) 
LtBu,iPr

 0.762 75 

LMe,iPr
 0.753 75 

[LFeNNFeL]K2 
LtBu,iPr

 0.290, 0.111 6 

LMe,iPr
 0.072, 0.004 41 

LFe-alkyl 
LtBu,iPr

 0.065 76 

LMe,iPr
 0.019 77 

LFe-alkyne 
LtBu,iPr

 0.097  78 

LMe,iPr
 0.008 79 

LCo(µ-Cl)2Li(THF)2 
LtBu,iPr

 0.362 22 

LMe,iPr
 0.314 80 

LNi(P4)NiL 
LMe,iPr

 0.184, 0.184 42 

LMe,Et
 0.215, 0.030 42 

LCu(CNAr) 
LMe,iPr

 0.342 29 

LMe,Me
 0.144 81 

 

[LCu(µ-S)]2 

PhLH,iPr
 0.349 67 

PhLH,Et
 0.302 67 

ArFLH,iPr
 0.271 67 

ArFLH,Me
 0.002 67 

 

LCu(NCCH3) 

LtBu,iPr
 0.046 8 

LCF3,iPr
 0.028 82 
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LCF3/Me,iPr 0.022 82 

 

 

LRu(Cl)(η6-Benzene) 

LCF3,Me
 0.624 83 

LMe,Me
 0.635 84 

LCF3, m-CF3
 0.246 83 

LMe, m-Me
 0.207 85 

LMe,H
 0.048 83 

LRu(Cl)(η5-Cp*) 
LMe,Me

 0.628 86 

LMe,m-Me
 0.343 86 

 102 

When the backbone (β-C) substituent size increases (H < Me < CF3 < tBu, Ph), the steric conflict 103 

between backbone (β-C) substituents and N-aryl groups escalates, pushing the N-aryl rings closer to the 104 

metal and forcing them into a more rigid configuration. As a consequence of this "buttressing effect," 105 

the metal center often moves deeper into the β-diketiminate binding pocket. This brings three changes 106 

to the structure: it typically increases the N-M-N bite angle, increases the C(aryl)-N-C(β) bond angle, and 107 

shortens the N-M bond length (see Table 3.1.3). Bulky substituents on the N-aryl may also affect the 108 

bonding to other ligands (see Table 3.1.4). Exceptions to this trend, however, are seen with LTiCl2,
52 109 

LZrCl3,
70, 87 [LCr(µ-Cl)]2, and K2[LFeNNFeL],6, 41 due to cation coordination or conformational changes at 110 

the metal center. The distances from the metal to the non-diketiminate co-ligand can also be affected by 111 

the backbone substituents (see ESI for details). 112 

 113 

Table 3.1.3. Steric effects of backbone (β-C) substituents on structural properties 114 

Complex Ligand 
N-M-N 

Bite angle 

C(aryl)-N-C(β) 

bond angle 

M-N 

distance  

(Å) 

Reference 

LScCl2(THF)n 

LtBu,iPr
 95.9 ˚ 125.3 ˚  

126.9 ˚ 

2.046 

2.099 

16 

LMe,iPr 
 86.8 ˚ 116.9 ˚ 

 117.8 ˚ 

2.107 

2.175 

47 

LSc(alkyl)2 

LtBu,iPr 
 93.5 ˚ 125.5 ˚ 

 126.2 ˚ 

2.091 

2.144 

16 

LMe,iPr 
 90.7 ˚ 120.1 ˚ 2.113 16 
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120.8 ˚ 2.133 

 

LFe(µ-H)2BEt2 

LtBu,iPr 
 97.35 ˚ 127.80 ˚ 

129.28 ˚ 

1.971 

1.969 

74 

LMe,iPr 
 95.91 ˚ 120.58 ˚ 1.971 74 

 

LFeX 

LtBu,iPr 
 96.35 ˚ 128.39 ˚ 1.946 18 

LMe,iPr 
 94.50 ˚ 116.61 ˚ 

116.72 ˚ 

2.002 

2.006 

19 

 

LFe(F)(tBuPy) 

LtBu,iPr  97.80 ˚ 124.80 ˚ 

126.43 ˚ 

2.015 

2.007 

21 

LMe,iPr 
 95.00 ˚ 118.38 ˚ 

119.53 ˚ 

2.012 

2.009 

21 

 

 

LFe(tBuPy)(NN)

Fe(tBuPy)L 

 

LtBu,iPr 
 

 

99.23 ˚ 

97.33 ˚ 

123.02 ˚ 

124.13 ˚ 

124.22 ˚ 

124.76 ˚ 

 

2.005 

2.000 

 

41 

LMe,iPr 
 95.86 ˚ 118.59 ˚ 

119.99 ˚ 

2.005 

1.993 

41 

 

LFe(N3Ad) 

LtBu,iPr 
 98.84 ˚ 123.88 ˚ 

123.39 ˚ 

2.043 

2.018 

75 

LMe,iPr  97.95 ˚ 118.34 ˚ 

117.40 ˚ 

2.021 

2.016 

75 

 

LFeNNFeL 

LtBu,iPr 
 96.01 ˚ 129.11 ˚ 

127.00 ˚ 

1.965 

1.970 

6 

LMe,iPr  94.78 ˚ 121.57 ˚ 

118.66 ˚ 

1.945 

1.984 

41 

 

LFeiPr 

LtBu,iPr 
 94.25 ˚ 126.33 ˚ 

128.11 ˚ 

1.990 

1.989 

76 

LMe,iPr 
 92.78 ˚ 119.84 ˚ 

120.60 ˚ 

1.983 

1.983 

77 

 

LFe-(η2-

PhCΞCH) 

LtBu,iPr 
 96.16 ˚ 123.65 ˚ 

124.62 ˚ 

1.975 

2.005 

78 

LMe,iPr 
 93.67 ˚ 119.31 ˚ 

118.57 ˚ 

1.973 

1.990 

79 

 

LCo(µ-

Cl)2Li(THF)2 

LtBu,iPr 
 99.42 ˚ 124.78 ˚ 

125.81 ˚ 

1.968 

1.961 

22 

LMe,iPr 
 98.19 ˚ 120.23 ˚ 

120.38 ˚ 

1.957 

1.962 

80 

 

LCo(alkyl) 

LtBu,iPr 
 97.68 ˚ 127.59 ˚ 

125.04 ˚ 

1.960 

1.950 

88 

LMe,iPr 
 95.60 ˚ 119.70 ˚ 

118.82 ˚ 

1.948 

1.946 

89 
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LNi(CO) 

LtBu,iPr 
 98.85 ˚ 126.33 ˚ 

129.40 ˚ 

1.924 

1.856 

26 

LMe,iPr 
 96.41 ˚ 119.89 ˚ 

122.58 ˚ 

1.917 

1.868 

27 

 

LCu(η2-OAc) 

CNLMe,iPr 
 96.63 ˚ 119.68 ˚ 

120.45 ˚ 

1.905 

1.914 

90 

CNLH,iPr 
 94.79 ˚ 116.9 ˚  

116.9 ˚ 

1.944 

1.944 

46 

 

[LCu(µ-OH)]2 

LCF3,Me 
 95.28 ˚ 122.69 ˚ 

122.87 ˚ 

1.940 

1.943 

44 

LMe,Me 
 94.83 ˚ 117.36 ˚ 

117.61 ˚ 

1.937 

1.945 

45 

 

 

 

LCu(NCCH3) 

LtBu,iPr 
 102.33 ˚ 128.75 ˚ 

127.68 ˚ 

1.936 

1.931 

8 

LCF3,iPr 
 98.98 ˚ 124.74 ˚ 

125.00 ˚ 

1.940 

1.935 

68 

LMe,iPr 
 98.98 ˚ 118.94 ˚ 

119.21 ˚ 

1.940 

1.942 

8 

PhLH,iPr 
 97.25 ˚ 118.46 ˚ 

116.59 ˚ 

1.964 

1.950 

8 

 

 

 

LRu(Cl)( η5-

Cp*) 

LCF3,m-Me 
 90.18 ˚ 118.55 ˚ 

118.42 ˚ 

2.069 

2.055 

86 

LMe,m-Me 
 87.83 ˚ 116.43 ˚ 

115.98 ˚ 

2.050 

2.051 

86 

LCF3,m-CF3
 89.67 ˚ 117.47 ˚ 

118.21 ˚ 

2.070 

2.071 

86 

LMe,m-CF3 
 87.99 ˚ 114.91 ˚ 

115.46 ˚ 

2.071 

2.071 

86 

 

 

 

LRu(η5-Cp*) 

LCF3,m-Me 
 90.08 ˚ 116.95 ˚ 

117.42 ˚ 

2.050 

2.050 

86 

LMe,m-Me 
 87.92 ˚ 115.62 ˚ 

115.29 ˚ 

2.060 

2.063 

86 

LCF3,m-CF3 
 89.55 ˚ 116.09 ˚ 

116.53 ˚ 

2.055 

2.056 

86 

LMe,m-CF3 
 87.37 ˚ 114.08 ˚ 

114.07 ˚ 

2.045 

2.040 

86 

 115 

The choice of N-aryl substituent has a smaller influence on the bite angle, C(aryl)-N-C(β) bond 116 

angle and N-M bond length in most cases. However, changing N-aryl substituents can build up steric 117 
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bulk above and below the N-M-N plane, which can significantly influence the distance from the metal to 118 

the other ligands. In general, more hindered N-aryl substituents lead to a longer M-L bonds (Table 3.1.4). 119 

  120 

Table 3.1.4. Steric effects of N-aryl substituents on structural properties 121 

Complex Ligand 

N-M-N 

bite angle 

M-N 

Distance  

(Å) 

C(aryl)-N-C(β) 

bond angle 

Selected 

bond length 

(Å) 

Reference 

 

 

LSc(CH2TMS)2 

LMe,iPr 
 90.7 ˚ 2.113  

2.133  

120.1 ˚ 

120.8 ˚ 

Sc-C: 2.244 

2.194 

16 

LMe,m-tBu 
 83.1 ˚ 2.128  

2.128  

121.6 ˚ 

122.1 ˚ 

Sc-C: 2.210 

2.215 

69 

LMe,m-Tipp 
 84.9 ˚ 2.127   

2.123  

120.4 ˚ 

119.2 ˚ 

Sc-C: 2.203 

2.202 

69 

 

 

[LV]2 

LMe,Et 
 88.69 ˚ 2.066 

2.041 

115.84 ˚ 

114.05 ˚ 

V-arene: 

1.422 

34 

LMe,Me 
 88.73 ˚ 2.057 

2.034 

115.98 ˚ 

113.22 ˚ 

V-arene: 

1.411 

34 

LMe,An 
 88.83 ˚ 2.025 

2.020 

117.05 ˚ 

117.01 ˚ 

V-arene: 

1.744 

34 

 

 

LCr(Cl)(η5-Cp) 

LMe,iPr 
 89.9 ˚ 2.036  

2.036  

117.3 ˚ 

117.3 ˚ 

Cr-Cp: 1.929 62 

LMe,Et 
 90.3 ˚ 2.022  

2.016  

118.0 ˚ 

117.9 ˚ 

Cr-Cp: 1.901 72 

LMe,Me 
 90.5 ˚ 2.019  

2.018  

117.7 ˚ 

119.0 ˚ 

Cr-Cp: 1.897  63 

 

 

LCr(Cp)(alkyl) 

LMe,iPr 
 90.7 ˚ 2.039  

2.039  

118.3 ˚ 

118.8 ˚ 

Cr-Cp: 1.972 62 

LMe,Et 
 90.2 ˚ 2.029  

2.017  

118.7 ˚ 

118.3 ˚ 

Cr-Cp: 1.963 72 

LMe,Me 
 90.7 ˚ 2.024  

2.026  

116.9 ˚ 

117.6 ˚ 

Cr-Cp: 1.966 72 

 

LFe(µ-

Cl)2Li(THF)2 

LMe,iPr 
 93.22 ˚ 2.021  

2.006  

120.27 ˚ 

118.59 ˚ 

Fe-Cl: 2.338 

2.324 

18 

MeLMe,Me 
 93.19 ˚ 1.983  

1.983  

119.19 ˚ 

119.19 ˚ 

Fe-Cl: 2.325 

2.325 

91 

 

[LNi(µ-Cl)]2 

LMe,iPr
 93.66 ˚ 1.946 

1.938 

117.11 ˚ 

116.42 ˚ 

Ni-Cl: 2.350 

2.325 

24 

LMe,Me
 94.7 ˚ 1.915 117.88 ˚ Ni-Cl: 2.313 25 
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1.913 117.30 ˚ 2.300 

 

LNi(µ-P4)NiL 

LMe,iPr  94.98 ˚ 1.947  

1.968  

117.74 ˚ 

116.94 ˚ 

Ni-P: 2.339, 

2.217, 2.195 

42 

LMe,Et 
 96.44 ˚ 1.931  

1.928  

119.86 ˚ 

115.87 ˚ 

Ni-P: 2.203, 

2.329, 2.167 

42 

 

 

 

 

 

 

[LCu(µ-S)]2 

LMe,Et 
 99.30 ˚ 1.907  

1.910  

118.43 ˚ 

118.18 ˚ 

Cu-S: 2.197 

2.193 

66 

LMe,Me 
 99.43 ˚ 1.899  

1.896  

119.65 ˚ 

119.17 ˚ 

Cu-S:2.184 

2.187 

67 

PhLH,iPr 
 96.95 ˚ 1.913  

1.905  

116.70 ˚ 

115.97 ˚ 

Cu-S:2.205 

2.198 

67 

PhLH,Et 
 96.92 ˚ 1.911  

1.909  

116.96 ˚ 

117.21 ˚ 

Cu-S:2.195 

2.194 

67 

ArFLH,iPr 
 97.07 ˚ 1.921  

1.905  

115.47 ˚ 

116.00 ˚ 

Cu-S:2.194 

2.206 

67 

ArFLH,Me 
 98.07 ˚ 1.906  

1.912 

115.21 ˚ 

117.26 ˚ 

Cu-S:2.198 

2.198 

67 

 

[LCu(µ-OH)]2 

CNLH,Et 93.63 ˚ 1.955 

1.943 

115.90 ˚ 

115.44 ˚ 

Cu-O: 1.926 

1.926, 1.909 

46 

CNLH,Me3 93.35 ˚ 1.962 

1.958 

1.946 

117.62 ˚ 

117.29 ˚ 

Cu-O: 1.922 

1.920, 1.904 

46 

 

LRu(Cl)(η6-

Benzene) 

LMe,Me 
 86.56 ˚ 2.099 

2.099  

116.80 ˚ 

116.80 ˚ 

Ru-Cl: 2.521 

Ru-

Benzene:1.6

88 

84 

LMe,m-Me 
 88.21 ˚ 2.098  

2.091  

117.53 ˚ 

117.38 ˚ 

Ru-Cl:2.453 

Ru-

Benzene:1.6

83 

85 

 

 

LRu(Cl)(η5-Cp*) 

LMe,Me 
 87.51 ˚ 2.089  

2.075  

114.98 ˚ 

115.14 ˚ 

Ru-Cl: 2.461 

Ru-

Cp*:1.889 

86 

LMe,m-Me 
 87.83 ˚ 2.050  

2.051  

116.43 ˚ 

115.98 ˚ 

Ru-Cl:2.451 

Ru-Cp*: 

1.869 

86 

 

 

LRu(η5-Cp*) 

LMe,Me 
 87.23 ˚ 2.070  

2.060  

114.36 ˚ 

113.70 ˚ 

Ru-

Cp*:1.819 

86 

LMe,m-Me 
 87.92 ˚ 2.060  

2.063  

115.62 ˚ 

115.29 ˚ 

Ru-Cp*: 

1.809 

86 

LMe,H 
 87.68 ˚ 2.053  113.89 ˚ Ru-Cp*: 92 
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2.046  113.74 ˚ 1.800 

 

 

 

[LPd(µ-Cl)]2 

LMe,iPr
 91.78 ˚ 2.023 

2.013 

118.65 ˚ 

117.87 ˚ 

Pd-Cl: 2.366 

2.354 

93 

LMe,m-CF3
 90.93 ˚ 2.006 

1.989 

118.57 ˚ 

118.97 ˚ 

Pd-Cl: 2.350 

2.352 

93 

LMe,H
 91.30 ˚ 2.000 

2.001 

118.20 ˚ 

120.61 ˚ 

Pd-Cl: 2.342 

2.356 

33 

 

 

LPd(Cl)(Py) 

LMe,iPr
 91.70 ˚ 2.031 

2.014 

118.19 ˚ 

116.65 ˚ 

Pd-Cl: 2.315 

Pd-Py: 2.078 

93 

LMe,m-CF3
 90.08 ˚ 2.026 

2.013 

119.46 ˚ 

120.11 ˚ 

Pd-Cl: 2.302 

Pd-Py: 2.039 

93 

 122 

Other modifications of β-diketiminate ligands, including installation of functional groups on the 123 

backbone α-C, or on the para-position of the N-aryl substituents, have little influence on the core 124 

structural parameters of β-diketiminate metal complexes. 125 

The geometry and conformation of metal complexes can also be changed with modification of 126 

the supporting β-diketiminate ligand. The zirconium center in LMe,RZr(CH2Ph)3 (R = iPr, p-Me)94 adopts a 127 

square pyramidal geometry with a crystallographic mirror plane passing through it. However, the 128 

relative orientation of the ligand planes shows differences (Figure 3.1.1). Without ortho-substitution on 129 

N-aryl, the β-diketiminate ligand plane in LMe,pMeZr(CH2Ph)3 forms an angle of 67.7(3)˚ with the least 130 

squares plane defined by C(Bn)-C(Bn)-N-N. In contrast, the angle between the ligand planes in 131 

LMe,MeZr(CH2Ph)3 is only 7.0(3)°. Presumably, this difference is due to steric conflict between the benzyl 132 

and N-aryl substituents. N-Aryloxy-β-diketiminate zirconium complexes also showed a different 133 

orientation depending on steric bulk (Scheme 3.1.1).95 Bridged aryloxides were observed with one meta-134 

tBu on the N-aryl, but the presence of a second meta-tBu group gave steric conflict that resulted in the 135 

isolation of a [LZrCl2]2 dimer instead. In the same system, the L2Zr complexes also showed 136 
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conformational differences where the bulkier ligand adopted a trigonal prismatic geometry (Figure 137 

3.1.2).   138 

[Figure 3.1.1] 139 

[Scheme 3.1.1] 140 

[Figure 3.1.2] 141 

The solution structure of the metal complex can be affected by different steric bulk as well. For 142 

example, two sets of peaks were observed in 1H NMR and 125Te NMR spectra of LtBu,iPrSc(TeCH2TMS)2,
96 143 

suggesting exo and endo tellurolates that are static on the NMR time scale. In contrast, the two 144 

tellurolate groups are equivalent for LMe,iPrSc(TeCH2TMS)2,
96 indicating rapid endo/exo flipping. Thus, 145 

larger groups create more difficulty for Sc(TeR)2 to flip through the channel restricted by the N-aryl 146 

groups. In another example, 1H NMR peaks of a molybdenum imido alkylidene supported by LMe,m-Me was 147 

broadened compared with that of its LMe,Me analogue, suggesting the relatively free rotation of N-aryl in 148 

the less sterically hindered meta-substituted ligand.  149 

 150 

3.2. Steric effects on reactivity and product formation 151 

 Here, we highlight other cases where different choices of steric bulk of the supporting β-152 

diketiminate ligand give structurally different products under the same reaction conditions. In general, 153 

bulkier groups restrict the available conformations. For example, treatment of LtBu,iPrScCl2 or 154 

[LMe,iPrScCl(μ-Cl)]2 with LiNHtBu in hexanes generated different products (Scheme 3.2.1).48, 49 The authors 155 

proposed that the less sterically hindered LMe,iPr allows the formation of a dimeric transition state that is 156 

necessary for ligand exchange and disproportionation.  157 

[Scheme 3.2.1] 158 

 Extrusion of Te(CH2TMS)2 from LR,iPrSc(TeCH2TMS)2 (R = tBu, Me) under photolysis formed 159 

different products depending on R (Scheme 3.2.2).96 Crossover between (LSc(TeCH2SiMe3)2 and 160 
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LSc(TeCH2CMe3)2) showed that the product came from a bimolecular process. It is likely that the 161 

tellurolate-telluride (LSc(TeCH2TMS))2(μ-Te) is an intermediate on the way to the bridging telluride 162 

complex. However, the greater steric bulk of LtBu,iPr stabilized the tellurolate-telluride species, preventing 163 

the loss of a second molecule of Te(CH2TMS)2. 164 

[Scheme 3.2.2] 165 

Reduction of LMe,RVCl2 (R = Me, Et, anthracenyl) with 2 equivalents of KC8 in THF gave dimeric 166 

vanadium(I) complexes, while reaction of LPh,iPrVCl2 gave extrusion of the imido fragment from 167 

diketiminate under the same conditions (Scheme 3.2.3).34 This was not only from having an available 168 

arene for binding, because reduction of LMe,iPrVCl2 in toluene gave an inverted sandwich complex. Rather, 169 

the authors surmised that the steric conflict between N-aryl and backbone phenyl group twisted the N-170 

aryl group, destabilizing the LV intermediate and bringing about the reductive C-N bond cleavage of the 171 

ligand.  172 

[Scheme 3.2.3] 173 

 In another example, oxidation of a chromium(II) complex gave a highly reactive chromium oxo 174 

complex. However, the attempt to generate a chromium oxo complex gave different products 175 

depending on the steric bulk of different β-diketiminate ligands (Scheme 3.2.4).38 Reaction of LMe,MeCrCp 176 

or LMe,m-TIPPCrCp with pyridine N-oxide gave a μ-oxo dimer, while the bulkier LMe,EtCr-Cp generated a 177 

product from hydrogen atom transfer. The sterically more hindered ortho-ethyl substituents may 178 

prevent the μ-oxo dimer from forming, and rather the highly reactive terminal oxo (LMe,Et(Cp)Cr=O) can 179 

abstract a hydrogen atom from its own ligand, ultimately generating a new C-C bond. 180 

[Scheme 3.2.4] 181 

Upon addition of O2, copper(I) complexes supported by different β-diketiminate ligands form 182 

different products (Scheme 3.2.5). More sterically hindered LtBu,iPrCu(NCCH3) and LMe,iPrCu(NCCH3) formed 183 

a copper(II) peroxo LCu(O2) while less bulky R’LH,RCu (R = iPr, Me, Et; R’ = H, Ph) complexes gave a bis(μ-184 
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oxo)dicopper(III) complex.8, 30 These reactivity differences between the two systems were attributed to 185 

the steric effect of the backbone (β-C) substituents, which rigidify the N-aryl substituents and prevent 186 

the dimer from forming. 187 

 [Scheme 3.2.5] 188 

The dinitrogen ligand in LR,iPrFeNNFeLR,iPr (R = tBu, Me) can be replaced by other neutral ligands 189 

like carbon monoxide or isocyanide.41 When exposing with excess CO, LMe,iPrFeNNFeL converted to 190 

square pyramidal LMe,iPrFe(CO)3, while the LtBu,iPr analogue gave a mixture of LtBu,iPrFe(CO)3 and 191 

LtBu,iPrFe(CO)2. Since the two N-dipp substituents are closer in LtBu,iPr, binding the third axial CO may bring 192 

steric tension between iPr and CO, which explains the formation of square planar LtBu,iPrFe(CO)2. Similarly, 193 

N2 exchange in LR,iPrFeNNFeLR,iPr is much more rapid with R=Me than R=tBu, implying that transient 194 

species with axial N2 are also accessible but only with the smaller R = Me.41 In a more deep-seated 195 

difference in reactivity, attempts to make analogous MeLMe,MeFeNNFeMeLMe,Me complexes gave N2 cleavage 196 

to a tetra-iron bis(nitride) complex, with complete cleavage of the N-N bond (Scheme 3.2.6).20 The 197 

authors proposed that the smaller supporting ligand allows access to an intermediate in which three LFe 198 

units can interact simultaneously with the same molecule of N2.  199 

[Scheme 3.2.6] 200 

  201 

3.3. Steric effect on activity of metal complexes 202 

 Varying the steric bulk of the β-diketiminate ligand has a significant effect on activity of metal 203 

complexes in both stoichiometric and catalytic reactions. In most cases, a more sterically hindered β-204 

diketiminate ligand builds up steric tension in transition states or intermediates, which raises the 205 

activation barrier and slows the reaction rates. However, the added steric bulk has advantages because 206 

it can enable the isolation of transient intermediates. 207 
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The single-electron oxidative addition of organic halides to chromium(II) complexes (Scheme 208 

3.3.1) illustrated the steric effect of ortho-substituents on the N-aryl group.62, 72, 97 The less hindered 209 

asymmetric LMe,iPr/p-YCr(Cp) gave a rate constant of 0.5-1.0 M-1s-1 (depending on the electronic properties 210 

of Y; see section 4.2 below),97 whereas LMe,iPrCr(Cp) and its LMe,Me, LMe,Mes, and LMe,Et analogues gave rate 211 

constants that were more than an order of magnitude smaller, ranging from 0.02-0.03 M-1s-1.72 Thus, 212 

removing the ortho-alkyl groups from one of the N-aryl groups greatly enhanced the reactivity of 213 

chromium(II) by increasing the accessibility of methyl iodide.   214 

[Scheme 3.3.1] 215 

 Catalytic 1-hexene isomerization and dimerization was reported with [LMe,RNiBr]2 (R = iPr, Me), 216 

where the less sterically hindered [LMe,MeNiBr]2 gave higher conversions under the same conditions.98 217 

The authors proposed that a β-diketiminate nickel hydride complex was the active catalyst, which would 218 

proceed through insertion, β-hydride elimination and chain walking to generate internal alkenes. This 219 

makes sense if β-hydride elimination is the rate-limiting step, because larger β-diketiminate substituents 220 

would prevent the increase in coordination number. In a demonstration of this idea in a stoichiometric 221 

reaction, LtBu,iPrFe-tBu isomerized to LtBu,iPrFe-CH2iBu only at elevated temperatures, while LMe,iPrFe-tBu 222 

isomerized at room temperature to LMe,iPrFe-CH2iBu (Scheme 3.3.2).76 223 

[Scheme 3.3.2] 224 

 The mechanism of alkyne insertion was also studied in detail with isolated β-diketiminate iron 225 

hydride complexes. The rate of alkyne insertion was first order in [FeH] and zero order in [alkyne], with 226 

kobs = 1.7(2) × 10-3 s-1 for [LMe,iPrFeH]2
99 and 5.0(5) × 10-4 s-1 for [LtBu,iPrFeH]2;

40 again the less hindered 227 

complex had higher reactivity. In a related B-C bond cleavage reaction, two mechanisms were proposed: 228 

the less hindered iron complex undergoes single iron-hydride opening followed by insertion, while the 229 

more hindered LtBu,iPr system can completely dissociate to a reactive monomer.74  230 
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 β-Diketiminate iron imido complexes are prone to hydrogen atom transfer (HAT) from the ortho 231 

isopropyl substituents of the supporting ligand. To solve the problem, LMe,Ph3Fe=NR was prepared.100 The 232 

second-order rate constants for hydrogen atom transfer to LFe=NAd from 1,4-cyclohexadiene in C6D6 233 

were 2.0(2) × 10-2 M-1 s-1 for LMe,Ph3Fe=NAd, 1.4(2) × 10-4 M-1 s-1 for LMe,iPrFe=NAd and ~0 for LtBu,iPrFe=NAd 234 

(Scheme 3.3.3). Clearly the most bulky LtBu,iPrFe=NAd gave the slowest HAT reactivity. However, the 235 

relative sizes of LMe,iPr and LMe,Ph3 were not obvious. The authors measured the size using the G 236 

parameter, which estimates the fraction of the metal overshadowed by the ligand.101 The results 237 

indicated very similar G parameter for LMe,iPrFe=NAd (G = 63.8%)  over LMe,Ph3Fe=NAd (G = 62.2%), but 238 

different shapes (Figure 3.3.1). The different orientation of N-aryl with respect to the ligand backbone 239 

shows more opening above the imido nitrogen, which results in a larger binding pocket for hydrocarbon 240 

substrates (Figure 3.3.2).   241 

[Scheme 3.3.3] 242 

[Figure 3.3.1] 243 

[Figure 3.3.2] 244 

 Increasing the steric bulk of the β-diketiminate can also prevent formation of certain metal 245 

complexes due to steric blocking. In an example, β-diketiminate zirconium tribenzyl complex (LMe,p-246 

MeZr(CH2Ph)3) can be synthesized through alkane elimination between tetra-alkyl zirconium (IV) and β-247 

diketimines. For its bulkier analogue LMe,iPrZr(CH2Ph)3, sterically hindered iPr groups prevent Zr(CH2Ph)4 248 

from accessing the β-diketiminate binding pocket. Therefore, it was necessary to develop a different 249 

synthetic method for LMe,iPrZr(CH2Ph)3 involving salt metathesis of LLi and ZrCl4 followed by alkylation 250 

(Scheme 3.3.4).94 In another example, LMe,iPrFeNNFeLMe,iPr releases the labile dinitrogen ligand 251 

immediately in aromatic solvents forming LMe,iPrFe(η6-C6H6). However, the more sterically hindered 252 

LtBu,iPrFeNNFeLtBu,iPr retains its structure in C6H6 up to 100 °C, without coordination of benzene.41 253 

[Scheme 3.3.4] 254 
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 However, more sterically hindered metal complexes are favored in some cases because a 255 

sterically crowded environment can facilitate intramolecular reactions or increase the concentration of 256 

key unsaturated species. An example comes in reactions where metalation of ligand C-H bonds involves 257 

intramolecular C-H insertion. Upon heating in aromatic solvent, the four-coordinate dialkyl complexes 258 

LR,iPrScR’2 (R = tBu, Me; R’ = alkyl) (Scheme 3.3.5) underwent C-H metalation and eliminated alkane. The 259 

half-life of LMe,iPrScR2 in metalation was significantly longer than its LtBu,iPr analogue, suggesting lower 260 

reactivity with the less sterically hindered metal complex.16 261 

[Scheme 3.3.5] 262 

LR,R’NiBr, LR,R’NiPh(PPh3) and LMe,R’Ni(alkyl) (R = CF3, Me; R’ = iPr, Me) were reported to be active 263 

catalysts for ethylene,102, 103 styrene,104 norbornene105, 106 polymerization and their copolymerization.107, 264 

108 The polymer yield was significantly higher with more hindered ligand systems. Presumably, alkyl 265 

insertion into coordinated alkene is greatly facilitated by the more sterically hindered coordination 266 

environment.105  267 

 Reductive elimination is another process facilitated by a crowded coordination environment. 268 

With a β-diketiminate-supported Pd(II) methyl phosphine complex, catalytic Castro-Stephens 269 

coupling,109 Stille coupling110 and Hiyama coupling111 were more rapid with a more sterically hindered β-270 

diketiminate ligand (LMe,Me vs. LMe,H) which gave faster reductive elimination. 271 

 In addition, homolysis is influenced by ligand size. Since chromium(III) alkyl mediated radical 272 

polymerization often involves homolysis of the Cr-C bond to gain chain growth, more sterically hindered 273 

β-diketiminate ligand increases the Cr-C bond distances (see Table 3.1.4), giving a lower BDE, and 274 

increasing the rate of homolysis and thus rate of polymerization.112, 113  275 

Catalytic carbodiimide formation from isocyanide and organic azide with a diketiminate-iron(I) 276 

catalyst gave significantly higher yields with a more sterically bulky catalyst  (LtBu,iPr > LMe,Ph3 > LMe,iPr). The 277 

proposed mechanism involves loss of one molecule of coordinated isocyanide before turning over the 278 

Page 19 of 47 Dalton Transactions



 20

catalytic cycle. Not surprisingly, more hindered complexes favor a lower coordination number, which 279 

facilitates the loss of isocyanide, production of an active site, and turnover of the catalytic reaction.114 280 

 LCrCp catalyzed oxygen atom transfer reaction38 (eq 3.3.1) and LCu(2-methylpyridine)-catalyzed 281 

alkene azirdination115 (Scheme 3.3.6) are also more rapid with more hindered complexes because the 282 

smaller catalysts have more rapid rates for corresponding side reactions. Upon formation of catalytically 283 

active [LCr=O] intermediate, LMe,MeCr-Cp generates LMe,MeCr(Cp)(μ-O)Cr(Cp)LMe,Me which is inactive 284 

towards catalytic oxygen atom transfer from O2 to PPh3. In contrast, more hindered LMe,EtCr(Cp)=O is less 285 

reactive towards formation of the μ-oxo complex and more catalytically active. Under catalytic 286 

aziridination conditions, smaller LMe,MeCu(2-methylpyridine) underwent a side reaction generating TsNH2, 287 

which lowered the reactivity and yield of aziridination compared with LMe,Me/iPrCu(2-methylpyridine). 288 

[eq. 3.3.1] 289 

[Scheme 3.3.6] 290 

 Ethylene polymerization with L2TiCl2 complexes supported by different ligands have been 291 

studied. LMe,iPr
2TiCl2 and LCF3,iPr

2TiCl2 showed significantly higher activity than their corresponding LMe,Me, 292 

LMe,H and LCF3,Me analogues. In this case, it is possible that bulky N-aryl substituents can prohibit β-hydride 293 

elimination and thus maintain chain growth.116 In contrast, LTiMe2 showed a different steric effect, 294 

where the less hindered LMe,Me3TiMe2 was an order of magnitude more reactive than its more hindered 295 

LtBu,Me3TiMe2 and LMe,iPrMe2 analogues.52  296 

 The steric effect for C-P cross-coupling catalyzed by LCrCp complex is another interesting 297 

example, because the influence is different depending on the relative rate of oxidative addition and Cr-C 298 

homolysis.117 For more reactive alkyl bromide substrates, more hindered LMe,MeCrCp  or LMe,MeCr(Cp)Br 299 

gave higher yields than less hindered asymmetric LMe,iPr/p-MeCrCp and LMe,iPr/p-MeCr(Cp)Br. Because these 300 

substrates undergo rapid single electron oxidative addition, the rate determining step is homolysis of 301 

the Cr-C bond. As previously mentioned, the Cr-C BDE is lower with more hindered ligands, so these 302 
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ligands speed the catalytic rate. On the other hand, for less active substrates like Cy-Cl, oxidative 303 

addition is rate limiting, and the rate is faster with a less sterically hindered coordination environment.  304 

 305 

3.4. Steric effects on selectivity of metal complexes 306 

 Changing steric bulk can also influence the selectivity of reactions of β-diketiminate complexes. 307 

This is due to the conformational differences in the energy of the intermediate/transition state with 308 

different steric hindrance. In one example, a vanadium(I) β-diketiminate complex catalyzed 309 

cyclotrimerization of terminal alkynes at room temperature to give trisubstituted benzenes, with a 310 

mixture of isomers.34 Catalysis with [LMe,MeV]2 gave a 65:35 ratio of 1,3,5-trisubstituted benzene over 311 

1,2,4-trisubstituted benzene, whereas the more sterically hindered [LMe,iPrV]2 gave a slightly lower yield 312 

with 80:20 regioselectivity. The steric restrictions in the transition states or intermediates apparently 313 

can prevent formation of products with adjacent substituents. 314 

 As mentioned in section 3.3.3, changing the steric bulk can affect the reactivity of alkene 315 

polymerization and isomerization catalyzed by [LNiBr]2. Less bulky supporting ligands lead to more rapid 316 

β-hydride elimination, giving polyethylene with more branching. In alkene isomerization, the steric 317 

hindrance of the ligand can have important influences on the selectivity between cis and trans alkene 318 

products. More sterically hindered [LMe,iPrNiBr]2 gave more cis product (44%) compared with [LMe,MeNiBr]2 319 

(28%).98 It is believed that the crowded coordination environment restricted the rotation of C-C bond in 320 

Ni-alkyl complex, hindering the formation of trans-transition states. A bulkier LtBu,iPrCo-alkyl complex 321 

isomerized alkenes with much higher cis selectivity, often greater than 6:1 cis/trans, but the LMe,iPrCo 322 

analogue gave poor selectivity. In this cobalt(II) system, the preference of the LtBu,iPr complex for 323 

isomerization of terminal alkenes to only the 2 position was also attributed to the bulk of the ligand 324 

above and below the N2Co plane.88 325 

 326 
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4. Electronic effects on β-diketiminate complexes  327 

 To tune the electronic properties of β-diketiminate ligands, various groups have been installed 328 

on the backbone (α-C and β-C) or on the N-aryl substituents. These modify the electron density at the 329 

metal center, which can affect the redox potential, IR frequency of other ligands, UV-Vis absorption 330 

maxima, and NMR chemical shifts. In addition, these electronic changes can also affect the reactivity 331 

through perturbation of the energy of transition states or intermediates. It should be borne in mind that 332 

many of the substituents used to change the electronic effects can also influence sterics as well, 333 

particularly on the backbone (β-C) and ortho positions of N-aryl groups.  334 

 335 

4.1. Electronic effects on electron density and core structure of the metal center 336 

 Changes in electron density on the metal center can be monitored by various methods. Often, 337 

electron-withdrawing groups lead to more positive redox potentials, lower field chemical shifts in NMR 338 

spectra, and less backbonding into coordinated ligands, consistent with less electron density at the 339 

metal ion. 340 

 Copper and nickel complexes supported by β-diketiminate ligands bearing different electronic 341 

properties have been studied with cyclic voltammetry (Table 4.1.1). Judging from the redox potentials in 342 

Table 4.1.1, NO2 and CF3 have the strongest electronic effect, followed by CN and 3,5-bis(trifluroro-343 

methyl)phenyl substituents. In addition, greater electronic effects result from substitutions on α-C and 344 

β-C, and less with N-aryl substituents. This is reasonable because the aryl ring is roughly perpendicular 345 

to the MN2C3 plane, and thus there is little conjugation of the π-systems. In contrast, backbone 346 

substituents are in the plane of the ligand backbone, and thus can have a greater impact on the electron 347 

density of the metal center. The exception is the relatively small electronic effect from 3,5-348 

bis(trifluoromethyl)phenyl substituents on the backbone (α-C), which is presumably again from lack of 349 

conjugation between the perpendicular π-systems. However, the electronic influence of N-aryl 350 
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substituents is not negligible. For example, alkyl substituents on the N-aryl behaved as electron-351 

donating groups when PhLH,iPr-supported copper complexes had a more negative redox potential than 352 

PhLH,Me and PhLH,Et (Table 4.1.1).30  353 

 354 

Table 4.1.1. Dependence of Reduction Potential on Substituents 355 

Complex Ligand Reduction potentiala 

(V) 

Reference 

 

 

 

LCu(NCCH3)
b
 

PhLH,iPr
 0.384 30 

Ar-CF3LH,iPr
 0.449 30 

PhLH,Et
 0.420 30 

Ar-CF3LH,Et
 0.428 30 

PhLH,Me
 0.388 30 

CF3LH,Me
 0.400 30 

NO2LH,Mes
 0.520 30 

 

LCu(NCCH3)
c
 

LMe,iPr
 -0.096 68 

LMe/CF3, iPr
 0.11 68 

LCF3, iPr
 0.411 68 

LCu(OAc)b
 

LMe,iPr
 -1.29 118 

LMe,iPr/iPr-CN
 -1.26 118 

LMe,iPr/Et-CN
 -1.24 118 

 

L2Cuc
 

MeLH,H
 -1.62 46 

HLH,H -1.46 46 

CNLH,H -0.97 46 

NO2LH,H
 -0.68 46 

 

 

L2Nic 

MeLH,H
 -2.42 119 

HLH,H
 -2.16 119 

BrLH,H
 -1.89 119 

CNLH,H
 -1.64 119 

NO2LH,H
 -1.28 119 

a Bu4NPF6 was used as electrolyte. b All values reported with Fc/Fc+ in CH3CN. b All values 356 

reported with Fc/Fc+ in THF. 357 

 358 

Another consequence of the changing redox potentials is the relative stability of certain 359 

oxidation levels. In L2Cu complexes, irreversible reductions were observed with MeLH,H and HLH,H while 360 
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reversible redox couples were observed in CNLH,H and NO2LH,H, suggesting that the reduced Cu(I) state of 361 

the bis(β-diketiminate) complex is unstable in the complexes with more electron rich ligands. In contrast, 362 

with LCu(NCCH3) complexes, the Cu(II) state was less stable with a more electron withdrawing group.46 363 

Ruthenium(II) complexes of LCF3,m-CF3Ru(Cl)(Ar) (Ar = arene ligand) were studied to determine the 364 

electronic effects of the supporting ligand on the metal and the other coordinating ligands in 365 

comparison to analogous complexes with the LMe,m-Me supporting ligand.85 Interestingly, there was no 366 

clear trend between the RuII/RuIII redox potentials from the cyclic voltammograms through the series 367 

LMe,Me, LMe,m-Me, LCF3,m-Me, and LCF3,m-CF3, indicating that other factors also play a role.86 368 

Electronic modification can also have an impact on the positions of the maxima in electronic 369 

absorption (UV-Vis) spectra. β-Dike_minate complexes typically have a π→π* transition in the 300-400 370 

nm region, which shifts to shorter wavelength with more electron-withdrawing substituents in 371 

LCu(NCCH3).
30 This suggests that electron-withdrawing groups lower the energy of the π orbital more 372 

than they do the π* orbital. The positions of d-d transitions was also studied in L2Cu complexes, where 373 

the d-d absorption bands shift toward shorter wavelength with electron withdrawing backbone 374 

substituents (α-C) and shift to longer wavelength with more electron donating substituents on the N-aryl 375 

group.46 It is proposed that the ligand field was enhanced with electron donating substituents and thus 376 

affected the UV-Vis absorptions.  377 

 IR and Raman peaks on coordinated diatomic ligands is another traditional method for 378 

quantifying the relative electron density of a metal center. The ν(CO) in LCu(CO) complexes and ν(OO) in 379 

LCu(O2) each shift to higher frequency when electron withdrawing CF3 groups were installed on the 380 

backbone β-C.68 This is attributable to a less electron rich metal center that has weaker back-donation 381 

into ligand antibonding orbitals. The influence of m-CF3 groups on the N-aryl substituents was less, again 382 

indicating a smaller influence from N-aryl substitution. 383 
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 Due to the shielding or deshielding effect of substituents, the chemical shift in NMR spectra also 384 

indicates the electron density on metal center. For example, the chemical shift of the backbone (α-C) 385 

proton shifted downfield when CF3 was substituted for CH3 on backbone and for meta- positions on the 386 

N-aryl.85 This is correlated to the deshielding effect with more electron withdrawing groups attached 387 

directly to the π system. 388 

 Though the introduction of electron withdrawing groups hardly affects the metal ligand core 389 

structure, it can affect the coordination number as well as bonding properties in some cases. For 390 

example, when NO2 was installed on backbone (α-C) of LCu-OAc, one molecule of methanol coordinated 391 

to the metal center, but no coordinated methanol was observed with CNLH,iPr and PhLH,iPr. This is consistent 392 

with the stronger Lewis acidity of metal center when its supporting ligand has an electron withdrawing 393 

NO2 substituent.90 Ru-Cl bond lengths and Ru-arene distances in LRu(Cl)(η6-arene) are shorter with LCF3,m-394 

CF3 compared with LMe,m-Me, suggesting an increase in Lewis acidity of the metal with more electron-395 

withdrawing substitutents.85 396 

 397 

4.2. Electronic effects on reactivity of metal complex 398 

 Changes of electron density on the metal center can have a significant effect on reactivity of 399 

metal complexes. For example, the oxidative addition of methyl iodide to mixed-aryl LCrCp complexes 400 

(Scheme 3.3.1) is affected by electronic substituents on para-N-aryl (OMe, Me, H, CF3).
97 There was a 401 

correlation between the para-substituent and the rate constant, with the rate constant decreasing two-402 

fold from most electron-donating (para-OMe, kobs=(9.80±0.3) x 10-1 M-1 s-1) to most electron-withdrawing 403 

(para-CF3, kobs=(4.96±0.3) x 10-1 M-1 s-1) substituent. Even though the solid structures indicate that the N-404 

aryl planes are aligned roughly perpendicular to the metal-ligand plane, the authors noted that the lack 405 

of ortho-substituents may allow the N-aryl to rotate closer to the diketiminate plane in solution, 406 
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enabling some conjugation. In this way, the more electron-donating substituents can stabilize the 407 

chromium(III) product, which could lower the barrier if Hammond's postulate holds. 408 

 In another example, catalytic oxidation of alkanes to alcohols and ketones was reported with 409 

LCu(OAc) as a catalyst.90 When LCu(OAc) was supported by a more electron-withdrawing β-diketiminate 410 

ligand, the catalytic reactivity was higher. The results were rationalized through a mechanistic model 411 

where the reactions proceed through a metal-based oxidant, based on the observed kinetic isotope 412 

effect and regioselectivity.120 Thus, more electron withdrawing groups would give more unstable and 413 

energetic high-valent copper intermediates that are more reactive toward the alkane.  414 

 Atom transfer radical addition (ATRA) and atom transfer radical cyclization (ATRC) are 415 

particularly interesting for organic synthesis. Using β-diketiminate ruthenium complexes (LRu(Cp*)Cl and 416 

LRu(Cp*)), lower conversions were observed with LMe,Me, LMe,m-Me, and LMe,m-CF3, while the addition of 417 

electron-withdrawing substituents in LCF3,m-Me and LCF3,m-CF3 gave higher reactivity.86 No simple correlation 418 

between catalytic reactivity and redox potential of the ruthenium complexes was observed, but the 419 

addition of the CF3 groups also rendered the complexes air-stable in solution and solid state. Likewise, in 420 

the copper(I) complexes mentioned above, LMe,iPrCu(NCMe) and LCF3/Me,iPrCu(NCMe) react with O2, but 421 

LCF3,iPrCu(NCMe) does not react with O2. This agrees with the more positive redox potential with an 422 

electron-withdrawing group.68  423 

 The previously mentioned nickel catalyzed polymerization of styrene and norbornene (see 424 

section 3.3) showed a strong influence of the β-diketiminate ligand electronic properties. The 425 

substitution of backbone methyl with trifluoromethyl significantly improved the catalytic reactivity.104, 105, 426 

121 This can be explained if the more electrophilic nickel center has a lower activation energy for alkene 427 

insertion during rate-limiting chain growth.  428 

 429 

  430 
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5. Conclusions 431 

 The examples in this Perspective support the idea that β-diketiminate ligands have great 432 

tunability in terms of both steric and electronic effects, and they point future chemists in the directions 433 

that could benefit their own chemistry. The β-C and N-aryl ortho substituents are most important for 434 

steric effects, whereas the α-C and β-C positions are most influential for electronic effects. N-aryl groups 435 

can have a small electronic influence, but this has been best documented when there are no ortho-436 

substituents and the N-aryl group can rotate closer to planarity with the ligand backbone. In contrast, 437 

the steric effects are more varied, because they can change the structure and transition states in 438 

different ways depending on the specific coordination number, reaction, and co-ligands. However, the 439 

ability of relatively small changes to cause structural, spectroscopic, and reactivity differences suggests 440 

that further tuning will uncover multitudes of new chemistry. We note particularly that chiral 441 

substituents have only been used in β-diketiminate ligands with N-benzyl substituents,122-125 and 442 

incorporation of chiral anilines should be a fruitful area for preparation of C1 and C2 symmetric 443 

complexes. 444 

 445 
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Figure 1.1 
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Scheme 3.1.1 
 

  
 
 
 
Figure 3.1.2  
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Scheme 3.2.1. 

 

 

 

Scheme 3.2.2. 

  

Scheme 3.2.3.  
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Scheme 3.2.4. 

 

 

 

Scheme 3.2.5. 
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Scheme 3.2.6.  
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Scheme 3.3.1. 

  

 

 

 

 

Scheme 3.3.2. 
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Scheme 3.3.3. 
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Figure 3.3.1 
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Scheme 3.3.4 
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Scheme 3.3.5 

 

 

 

 

 

 

 

 

 

 

Scheme 3.3.6 
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Scheme 4.2.1 
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