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ABSTRACT: A modular synthesis provides access to a series of new tris(pyrazolyl)borate ligands XpyMeTpK that possess a 
single functionalized pendant pyridyl (py) or pyrimidyl (pyd) arm designed to engage in tunable intramolecular H-
bonding to metal–bound functionalities. To illustrate such H-bonding interactions, a series of [XpyMeTpCu]2(𝜇–OH)2 (6a–
6e) complexes were synthesized from the corresponding XpyMeTpCu–OAc (5a–5e) complexes. Single crystal X-ray structures 
of three new dinuclear [XpyMeTpCu]2(𝜇–OH)2 complexes reveal H-bonding between the pendant heterocycle and bridging 
hydroxide ligands while the donor arm engages the copper center in an unusual monomeric DMAPMeTpCu–OH complex. 
Vibrational studies (IR) of each bridging hydroxide complex reveal reduced 𝜈OH frequencies that tracks with the H-bond 
accepting ability of the pendant arm. 

In metalloenzymes, hydrogen bonding (H-bonding) 
interactions prevalent in the tightly regulated microenvi-
ronment of metal ions are closely tied to functionality.1–

3 When applied in synthetic systems, arrays of rigid H-
bonding frameworks have had notable effects on chemi-
cal reactivity.4–8 The number and diversity of new syn-
thetic systems featuring secondary coordination sphere 
H-bonding is expanding as efforts to better understand 
these phenomena continue.  

Secondary sphere H-bond donor and/or acceptor 
groups are featured especially often in tripodal systems 
(Figure 1).9–15 For instance, several synthetic systems 
showcase the utility of H-bonding interactions with oxy-
gen-containing small molecules. The stabilization of the 
peroxide anion (O2

2–) via interactions with H-bond do-
nors, first observed in Cummins’16 metal-free cryptand, 
is underscored by Szymczak’s17 tripodal Zn(II) complex, 
where secondary coordination sphere H-bonding gov-
erns O2

2– binding at Zn (Figure 1a). Fewer systems pos-
sessing H-bond acceptors have been reported14,18,19 but 
include Fout’s10 tripodal scaffold with pyrrole-imine H-
bond acceptors that H-bond to coordinated water (Fig-
ure 1b). In addition, this ligand can undergo redox tau-
tomerization to form a “hybrid” H-bond donor/acceptor 
system as well as an all H-bond donor variant. 
Borovik’s20 recent example of this hybrid class is a tripo-
dal scaffold containing a mix of two amine H-bond do-
nors and one phosphinic amide H-bond acceptor (Fig-
ure 1c).  

 Since it can be difficult to directly examine the na-
ture of the hydrogen bonding with highly reactive in-
termediates, more stable hydroxide complexes pos-
sessing secondary sphere H-bonding serve useful roles to 
survey H-bond contributions.21–23  Such hydroxide spe-
cies have been important for revealing the influence of 
the number of H-bonding groups as well as the type of 

 
Figure 1. Examples of systems incorporating second sphere 
H-bond donor and /or acceptor groups. 
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H-bonding groups on the properties of the 
complex.11,14,21,24  

In a landmark report, Kitajima and Fujisawa estab-
lished TpCu scaffolds (Tp = tris(pyrazolyl)borate) as im-
portant biorelevant models for O2 reactivity at copper-
based hemocyanin with [iPr2TpCu]2(ߤ	–O2) and the re-
lated [iPr2TpCu]2(ߤ	–OH)2.

25 Molecular copper-oxygen 
complexes attract interest as intermediates in chemical 
transformations mediated by hemocyanin,25–27 copper 
oxidases,28–30 and other copper-based enzymes.31,32 

We set out to construct a new family of Tp ligands 
with tunable secondary sphere H-bonding through only 
a single heterocyclic pyridyl (py) or pyrimidyl group 
(pyd). While examples of Tp scaffolds bearing pendant 
H-bonding groups33–37 or ancillary ligands capable of H-
bonding have been reported,38–40 particularly inspiring is 
a py3TpK ligand35,37,41 that bears three pendant pyridyl 
groups that engages in secondary sphere H-bonding 
with an aqua ligand at CuII (Figure 2a).35,37 The targeted 
Tp ligand, however, bears only a single pendant base, 
since Tp systems with three pyridyl groups—one pyridyl 
arm per pyrazole—lead to an array of Cu coordination 
motifs involving Cu–py interactions (Figure 2).35,37,41 We 
report herein a new, modular synthesis for singly-
functionalized heteroscorpionates XpyMeTpK along with 
crystallographic and spectroscopic characterization of 
corresponding [XpyMeTpCu]2(ߤ	–OH)2 complexes that 
demonstrate tunable secondary coordination sphere H-
bonding.  

Results and Discussion  

A series of substituted pyrazoles were prepared start-
ing with the Claisen condensation of a series of com-
mercially available py or pyd ester derivatives with ace-
tone to give the corresponding diketone (Scheme 1). 

This reaction most reliably proceeds with a non-
nucleophilic base such as KH in Et2O. Condensation of 
respective diketones 3a–3d with anhydrous hydrazine in 

methanol affords the py and pyd functionalized pyra-
zoles (XpyMePzH) 4a–4d in high yields (Scheme 2). This 
approach was not successful, however, in the synthesis 
of 3e that possesses a dimethylamino-pyridine (DMAP) 
functionality. Instead, nucleophilic aromatic substitu-
tion of chloropyridine-pyrazole 3d with neat 40% aque-
ous dimethyl amine under reflux gives 3e in 73% yield 
(Scheme S4). Single crystal X-ray diffraction structures 
obtained for 3c and 3e illustrate intermolecular 
Xpy⋯H–Pz H-bonding interactions (Figures S10 and 
S11).  

A pyrazole exchange reaction starting from the sym-
metric iPr2TpK ligand42 conveniently leads to singly-
substituted XpyMeTpK heteroscorpionates (4a–4e) 
(Scheme 3). Unlike other heteroscorpionates that bear 
non-symmetric alkyl groups,43,44 parallel efforts to gener-
ate the monosubstituted XpyMeTpK from a molten reac-
tion of KBH4 2:1 ratio of the corresponding pyrazoles 
were unsuccessful. Instead, XpyMeTpK can be synthesized 
by combining equimolar amounts of iPr2TpK and 
XpyMePzH (3a - 3e) at 160 °C under a dynamic vacuum.  
These conditions facilitate both pyrazole exchange and 
removal of iPr2PzH via sublimation onto a cold finger, 
recycled for future use (Figure S1). Crystallization from 
minimal dichloromethane (DCM) with several drops of 
acetonitrile provide XpyMeTpK ligands 4a–4e as acetoni-
trile adducts, which can be dried in vacuo to provide 
solvent-free species in 46–60% yields. X-ray crystallog-
raphy of acetonitrile adducts reveals either mono- or 
dinuclear structures (Figure 3).  For instance, 3a crystal-
lizes as monomeric CF3pyMeTpK(NCMe)2 whereas 3c is 

 

Figure 2. Intramolecular H-bonding in TpCu complex-
es featuring pendant H-bond acceptor groups. 
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Scheme 2. Synthesis of XpyMePzH (3a–3d) 
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General Experimental Details  

 All experiments were conducted in a dry dinitrogen atmosphere using an MBraun glovebox and/or 

standard Schlenk techniques unless otherwise noted. Dry dicholoromethane (DCM), diethyl ether, 

tetrahydrofuran (THF), methanol (MeOH), and pentane were purchased from Acros and were stored over 

activated 4A molecular sieves under dinitrogen. The 4A molecular sieves were activated prior to use in 

vacuo at 200 °C for 24 h. Deuterated solvents were sparged with dinitrogen, stored over 4A molecular 

sieves, and stored under a dinitrogen atmosphere. 1H, 13C, and 19F NMR spectra were recorded on either a 

Varian 300 MHz or 400 MHz spectrometer (300 or 400, 75.4 or 100.4, 376.1 or 282.3 MHz respectively) 

at Georgetown University. All NMR spectra were collected at room temperature and were indirectly 

referenced to residual solvent signals, TMS, or fluorobenzene as internal standards. UV-vis spectra were 

measured at Georgetown on a Varian Cary 8454 or Cary 50 spectrometer each fitted with a Unisoku 

Unispek Coolspeck variable temperature cell holder.  

 Anhydrous Cu(OAc)2 was purchased from Strem, TMSCHN2 was purchased from Sigma-Aldrich. 5-

(trifluoromethyl)pyridine-2-carboxylic acid (1a) and methyl-2-pyrimidinecarboxylate (1b) were 

purchased from Matrix Scientific and were purified via sublimation prior to reactions. Ethyl 2-picolinate 

(1c) and 4 -chloropyridine-2-carboxylic acid (1d) were purchased from TCI America and were used 

without further purification.  The iPr2TpK starting material was prepared according to literature 

procedures1 and the preparation of XpyMeTpCuOAc (5a – 5e) and [XpyMeTpCu]2(�	-OH)2 (6a – 6e) were 

synthesized using procedures adapted from the preparation of RTpCuOAc and [iPr2TpCu]2(�	-OH)2, 

respectively.2,3 The magnetic susceptibility of paramagnetic compounds was determined using an adapted 

Evans method4 using a coaxial NMR tube and 19F NMR as outlined by Ghosh and Darensbourg.5 The 

applied diamagnetic susceptibility corrections for 5a – 5e and 6a – 6e were calculated and were close to [-

(mol.wt.)/2]/1000000 for each individual species.6 Elemental analyses were performed on a Perkin-Elmer 

PE4200 microanalyzer at Georgetown and HRMS samples analyses were performed at mass spectrometry 

facilities at the Indiana University. 

 

Preparations of Compounds 

 

 
Scheme S1. Reaction of 5-(trifluoromethyl)picolinic acid with TMS diazomethane. 
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Synthesis of Methyl 5-(trifluoromethyl)picolinate (1a).  

In a foil wrapped 250 mL Schlenk flask, (2.325 g, 12.2 mmol) 5-(trifluoromethyl)picolinic acid was 

added to (100 mL) 50:50 solution of dry MeOH and THF, chilled to 0 °C, and stirred under dynamic N2 

flow. A 2 M solution of TMSCHN2 in Et2O was slowly added dropwise (6.7 mL, 13.4 mmol), resulting in 

vigorous gas evolution. The reaction was stirred at high velocity for 2 h and allowed to gradually warm to 

room temperature followed by stirring for an additional 14 h. The solution was concentrated to dryness 

and solids were purified via sublimation at 80 °C under dynamic vacuum for 6 h. Light grey crystals were 

collected without further purification. (1.802 g, 8.7 mmol, 72% yield). Characterization data matched that 

from materials purchased from Matrix Scientific as well as that in a literature report.7 

 

General Synthesis of Diketones 2a-2d  

Syntheses of diketones 2a – 2d uniformly follow an adapted procedure.8 Each respective ester (1a – 1d) 

was added to a 50:50 mixture of THF and Et2O containing a slight excess of acetone under an N2 

atmosphere. This solution was chilled to -45 °C and KH was added gradually. After stirring at room 

temperature for 4 h, the solution was neutralized by addition of 1 M NH4Cl (aq) adjusted to be equimolar 

to the KH used. Organics were extracted with 3 × 50 mL portions of Et2O and were dried over anhydrous 

MgSO4. Products were purified using a silica flash column (1:5 EtOAc : hexane). 

 

1-(5-(trifluoromethyl)pyridin-2-yl)butane-1,3-dione (2a). 1a (5.769 g, 28.1 mmol), dry acetone (2.3 mL, 

31.0 mmol, 1.1 equiv.), and KH (1.131 g, 28.2 mmol, 1 equiv.) yielded a light yellow powder of 2a 

(4.202 g, 18.2 mmol, 65%).1H NMR (CDCl3): �H 15.51 (s, 1 H), 8.87(d, J = 1.6 Hz, 1 H), 8.15 (d, 8.2 Hz, 

1 H), 8.04 (dd, J = 8.2, 1.6 Hz, 1 H), 6.84 (s, 1 H), 2.24 (s, 1 H). 13C NMR (CDCl3): �C 196.5, 178.3, 

155.3 (q, J = 1.8 Hz), 146.3 (q, J = 4.0 Hz), 134.4 (q, J = 3.6 Hz), 128.5 (q, J = 33.3 Hz), 123.3 (q, J = 

272.6 Hz), 121.7, 98.2, 26.5. 19F NMR (CDCl3): �F -62.7. Anal. Calcd. for C10H8F3NO2 (2a): C, 52.01; H, 

3.49; N, 6.06. Found: C, 52.01; H, 3.60; N, 6.11 

 
 
Scheme S2. General condensation reaction to form diketones 2a – 2d.  
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1-(pyrimidin-2-yl)butane-1,3-dione (2b). 1b (9.564 g, 62.9 mmol), dry acetone (5.6 mL, 75.6 mmol, 1.1 

equiv.), and KH (2.800 g, 69.8 mmol, 1.1 equiv.) yielded 2b (6.875 g, 41.9 mmol, 67 %). 1H NMR 

(CDCl3): �H 15.36 (s, 1 H), 8.89 (d, J = 4.9 Hz, 2 H), 7.39 (t, J = 4.9 Hz, 1 H), 6.90 (s, 1 H), 2.30 (s, 3 H). 

13C NMR: �C 198.2, 175.3, 159.9, 157.3, 121.9, 100.1, 27.0. One 13C resonance was not observed. Anal. 

Calcd. for C8H8N2O2 (2b): C, 58.53; H, 4.91; N, 17.06. Found: C, 58.49; H, 5.04; N, 16.93. 

 

1-(pyridin-2-yl)butane-1,3-dione (2c). 1c (10.0 mL, 74 mmol), dry acetone (5.98 mL, 81 mmol, 1.1 

equiv.), and KH (3.001 g, 74.8 mmol, 1 equiv.) yielded colorless crystals of 2c (8.369 g, 51.3 mmol, 

69%). Compound characterization data matched literature reports.8 

 

1-(4-chloropyridin-2-yl)butane-1,3-dione (2d). 1d (5.025 g, 29.3 mmol), acetone (2.4 mL, 32.4 mmol, 1.1 

equiv.), and KH (1.178 g, 29.3 mmol, 1 equiv.) yielded 2d (4.516 g, 22.9 mmol, 78%). 1H NMR (CDCl3): 

�H 15.57 (s, 1 H), 8.55 (dd, J = 5.20, 0.38 Hz, 1 H), 8.08 (dd, J = 2.07, 0.38 Hz, 1 H), 7.42 (dd, J = 5.20, 

2.07 Hz, 1 H), 6.81 (s, 1 H), 2.25 (s, 3 H). 13C NMR: �C 195.5, 179.5, 153.8, 150.2, 145.6, 126.4, 122.7, 

97.8, 26.3. Anal. Calcd. for C9H8ClNO2: C, 54.70; H, 4.08; N, 7.09. Found: C, 54.57; H, 4.06; N, 7.06. 

 

General Synthesis of Pyridine-pyrazoles (pyMePzH) 3a – 3d  

Each diketone (2a – 2d) was dissolved in 150 mL of MeOH in a 250 mL round bottom flask charged a 

stir bar. 1.5 – 2 equiv. anhydrous hydrazine was added to this mixture slowly at room temperature and the 

reaction was left to stir for 4 h. The solution was then concentrated in vacuo to dryness yielding pyrazoles 

(3a – 3d), typically without need for further purification.  

 

CF3pyMePzH (3a). A solid sample of 2a (4.202 g, 18.2 mmol) and N2H4 (0.87 mL, 27.8 mmol, 1.5 equiv.) 

yielded 3a as a light yellow powder (3.896 g, 17.1 mmol, 94%). 1H NMR (CDCl3): �H 8.85 (s, 1 H), 7.95 

 
 
Scheme S3. Condensation of diketones 2a – 2d with hydrazine to form pyrazoles XpyMePzH 3a – 3d.  
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(dd, J = 8.2, 2.0 Hz, 1 H), 7.88 (d, J = 8.2 Hz, 1 H)), 6.68 (s, 1 H), 2.40 (s, 3 H). 13C NMR (CDCl3): �C 

153.6, 145.6, 146.6 (q, J = 4.2 Hz), 134.1 (q, J = 3.5 Hz), 125.3 (q, J = 33.0 Hz), 123.7 (q, J = 244.1 Hz), 

119.5, 104.1, 12.4. 19F NMR (CDCl3): �F -62.43 (s, 3 F). One 13C resonance was not observed. Anal. 

Calcd. for C10H8F3N3: C, 52.87; H, 3.55; N, 18.50. Found: C, 52.91; H, 3.52; N, 18.35. 

 
pymMePzH (3b). A solid sample of 2b (2.878 g, 17.5 mmol) and N2H4 (0.83 mL, 26.4 mmol, 1.5 equiv.) 

yielded 3b as a tan powder (2.774 g, 17.3 mmol, 99%).1H NMR (CDCl3): �H 8.75(m, 2 H), 7.18(m, 1 H), 

6.83 (s, 1 H), 2.38 (s, 3 H). 13C NMR (CDCl3): �C 158.4, 157.5, 148.4, 144.0, 119.5, 106.0, 13.2. One 13C 

resonance was not observed. Anal. Calcd. for C8H8N4: C, 59.99; H, 5.03; N, 34.98. Found: C, 60.05; H, 

4.91; N, 34.74. 

 
pyMePzH (3c). A solid sample of 2c (7.524 g, 46.2 mmol) and N2H4 (2.2 mL, 70 mmol, 1.5 equiv.) yielded 

3c as an off-white powder (6.324 g, 39.7 mmol, 86% yield). Compound characterization matched 

literature reports.8 

 
ClPyMePzH (3d). A solid sample of 2d (4.516 g, 22.9 mmol) and N2H4 (1.0 mL, 31.9 mmol, 1.5 equiv.) 

yielded 3d (3.165 g, 16.3 mmol, 72%). 1H NMR (CDCl3): �H 11.99 (brs, 1 H), 8.49 (d, 5.4 Hz, 1 H), 7.78 

(brs, 1 H), 7.17 (dd, 5.4, 2.0 Hz, 1 H), 6.58 (s, 1 H), 2.32 (s, 3 H). 13C NMR: �C 150.4, 144.9, 122.8, 

120.3, 103.6, 77.2, 12.4. Two 13C resonances were not observed. Anal. Calcd for C9H8ClN3: C, 55.83; H, 

4.16; N, 21.70. Found: C, 55.68; H, 4.39; N, 21.45.  

DMAPyMePzH (3e). A solid sample of 3d (1.750 g, 9.04 mmol) was added to a 350 mL thick walled glass 

pressure vessel charged with a stir bar. A large excess of HNMe2 was added (150 mL, 40% HNMe2 (aq), 

1.2 mol). This mixture was gradually heated to 90 °C and left to react for 48 h to ensure complete 

conversion. The solution was gradually cooled to room temperature with a small amount of nucleation 

becoming visible. Subsequently, the mixture was cooled to chilled to 0 °C in an ice bath. The suspension 

3e was filtered out over a fine frit and 3e was collected and dried on the frit completely in vacuo to yield a 

white powder (1.343 g, 6.6 mmol, 73%). 1H NMR (DMSO-d6): �H 12.85 (brs, 0.5 H), 12.58 (brs, 0.5 H), 

 
 
Scheme S4. Synthesis of DMAPMePzH (3e).  
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8.11 (J = 5.9 Hz, 1 H), 7.10 (brs, 1 H), 6.53 (s, 1 H), 6.52 (dd, J = 5.9, 2.6 Hz, 1 H), 2.98 (s, 6 H), 2.2 (s, 3 

H). Resonances slightly overlap, total integration of combined peaks adds to 2 H.  13C NMR (DMSO-d6): 

�C 154.50, 149.02, 105.81, 102.58, 101.61, 38.75. Four 13C resonances were not observed. Anal. Calcd. 

for C11H14N4 (3c): C, 65.32; H, 6.98; N, 27.70. Found: C, 65.24; H, 7.31; N, 27.43. 

 

General preparation of XpyMeTpK ligands 4a-4e 

 

 

 
 
Figure S1. Sublimation apparatus used to generate ligands 3a – 3e in a heated heat bead bath. The picture 
was taken at the end of the reaction. Arrows indicate sublimed iPr2PzH onto water-chilled cold finger (top) 
and synthesized XpyMeTpK (bottom) at the bottom of the flask as a glass.  
 
 

 
 
Scheme S5. The general synthesis of XpyMeTpK ligands 4a – 4e. 
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Synthesis of XpyMeTpK ligands 4a – 4e 

Reactions were carried out under ambient atmosphere in a 250 mL Schlenk tube charged with a stir bar. 

For 4a – 4c iPr2TpK and XpyPzH were combined in a 1.1:1 ratio and stirred together under vacuum for 20 

min at room temperature to form an evenly mixed powder. To increase yield, 4e was synthesized from a 

1.3:1 mixture of iPr2TpK and DMAPMePzH. In all cases water-chilled cold finger was inserted fed by flowing 

tap water was inserted. The vessel was evacuated again and gradually heated to 160 °C under dynamic 

vacuum. The reaction was allowed to proceed for 4 h, resulting in noticeable iPr2PzH sublimation onto the 

cold finger (Scheme S1). See Figure S1 for a picture of the sublimation / reaction apparatus. Once 

gradually cooled to room temperature, the sublimed iPr2PzH was removed with the cold finger leaving 

behind the XpyMeTpK as a glassy solid in the Schlenk tube. This glass was removed, ground to powders 

with a mortar and pestle, and then washed over a fine glass frit with several equivalents of pentane. The 

resulting free-flow powder is sufficiently pure for metalation at this step.  Further purification may be 

performed via crystallization in a supersaturated solution in DCM layered with a few drops of MeCN left 

to stand overnight at -45 °C. This resulted in crystals of 4a and 4c suitable for X-ray. NMR 

characterization was performed on the MeCN adducts of ligands 4a–4e. Reported yields, however, 

correspond to XpyMeTpK 4a – 4e with coordinated MeCN removed in vacuo. 

 
CF3pyMeTpK (4a). 3a (1.626 g, 7.16 mmol) was reacted with iPr2TpK (3.981 g, 7.89 mmol, 1.1 equiv.), 

yielding 4a as a white powder (1.919 g, 3.31 mmol, 46%). 1H NMR (CDCl3): �H 8.58 (bs, 1 H), 7.82 (dd, 

J = 8.5, 2.0 Hz, 1 H), 7.53 (d, J = 8.5 Hz, 1 H), 6.30 (s, 1 H), 5.79 (s, 2 H), 3.10 (hept, J = 6.9 Hz, 2 H), 

2.71 (hept, J = 6.9 Hz, 2 H), 2.17 (s, 3 H), 1.97 (s, (MeCN), 3 H),  1.14 (d, J = 6.9 Hz, 6 H), 1.06 (d, J = 

6.9 Hz, 6 H) 1.02 (d, J = 6.9 Hz, 6 H), 1.00 (d, J = 6.9 Hz, 6 H). 13C NMR (CDCl3): �C 158.3, 157.2, 

156.2, 148.0 146.3, 145.6, 133.7, 124.0 (q, J = 271.8 Hz), 123.5 (q, J = 33 Hz), 119.9, 116.6, 104.3, 96.9, 

28.0, 26.2, 24.0, 23.5, 23.4, 23.2, 22.7, 12.4, 2.0. 9F NMR (CDCl3): �F = -62.3. IR: 2453 cm-1 (�BH). Anal. 

Calcd. for C28H38BF3KN7 (4a): C, 58.03; H, 6.61; N, 16.92. Found: C, 57.74; H, 6.78; N, 16.74.  
 

pymMeTpK (4b). 3b (0.580 g, 3.62 mmol) was reacted with iPr2TpK (2.024 g, 4.01 mmol) yielding 4b as an 

off-white powder (0.871 g, 1.70 mmol, 47%). 1H NMR (MeCN-d3): �H 8.69 (d, J = 4.9 Hz, 2 H ), 7.16 (t, 

J = 4.9 Hz, 1 H), 6.51 (s, 1 H), 5.74 (s, 2 H), 3.40 (hept, J = 6.9 Hz, 2 H), 2.89 (hept, J = 6.9 Hz, 2 H), 

2.37 (s, 3 H), 1.14 (d, J = 6.9 Hz, 6 H), 1.12 (d, J = 6.9 Hz, 6 H), 1.08 (d, J = 6.9 Hz, 6 H), 1.07 (d, J = 

6.9 Hz, 6 H). 13C NMR (MeCN-d3): �C 163.05, 158.77, 158.33, 155.87, 144.90, 119.47, 105.71, 30.91, 
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28.95, 27.11, 24.19, 23.71, 13.29, 1.77. IR: 2446 cm-1 (�BH). ESI-HRMS (4b): m/z 513.3017; Calc. for 

[pymMeTpKH]+: 513.3022. 

 
pyMeTpK (4c). 3c (0.818 g, 5.14 mmol) mixed with iPr2TpK (2.832 g, 5.61 mmol, 1.1 equiv.) yielding 4c as 

a white powder (1.438 g, 2.81 mmol, 55%). 1H NMR (CDCl3): �H 8.29 ( d, J = 4.8 Hz, 1 H), 7.60 (ddd, J 

= 8.3, 7.7, 1.8 Hz,  1 H), 7.49 (d, J = 7.7 Hz, 1 H), 7.02 (ddd, J = 8.3, 4.8, 1.0, 1 H), 6.30 (s, 1 H), 5.77 (s, 

2 H), 3.20 (hept, J = 6.8 Hz, 2 H), 2.71 (hept, J = 6.9 Hz, 2 H), 2.23 (s, 3 H), 1.97 (s, 6 H (2, MeCN)), 

1.15 (d, J = 6.9 Hz, 6 H), 1.09 (d, J = 6.9 Hz, 6 H), 1.04 (d, J = 6.8 Hz, 6 H), 1.02 (J = d, 6.8 Hz, 6 H). 
13C NMR (CDCl3): �C 157.8, 155.8, 154.4, 149.2, 144.7, 136.6, 121.0, 120.7, 96.6, 28.0, 26.3, 23.9, 23.6, 

23.4, 23.3, 12.6, 2.0. IR, 2464 cm-1 (�BH). ESI-HRMS (4c): m/z 512.3064; Calc. for [pyMeTpKH]+: 

513.3070. 

 
DMAPyMeTpK (4e). 3c (0.893 g, 4.42 mmol) mixed with iPr2TpK (2.820 g, 5.59 mmol, 1.3 equiv.) and 3e 

yielding 4c (1.468 g, 2.65 mmol, 60%). 1H NMR (MeCN-d3): �H = 8.16 (d, J = 5.9 Hz, 1 H), 6.82 (d, J = 

2.6 Hz, 1 H), 6.46 (dd, J = 5.9, 2.6 Hz, 1 H), 6.32 (s, 1 H), 5.76 (s, 2 H), 5.45 (s, 1 H), 3.39 (hept., J = 7.0 

Hz, 2 H), 2.99 (s, 6 H), 2.89 (hept., J = 7.0 Hz, 2 H), 2.34 (s, 3 H), 1.15 (d, J = 7.0 Hz , 6 H), 1.13 (d, J = 

7.0 Hz, 6 H), 1.09 (d, J =  7.0 Hz, 12 H).  13C NMR (MeCN-d3): �C = 158.51, 156.18, 155.76, 154.82, 

151.04, 150.59, 144.29, 105.73, 103.62, 102.99, 96.67, 28.94, 27.10, 24.20, 24.15, 23.72, 13.21. IR: 2449 

cm-1 (�BH). ESI-HRMS (4e): m/z 555.3489; Calc. for [DMAPMeTpKH]+: 555.3492. 

 

General synthesis of XpyMeTpCuOAc complexes 5a -5e 

In a 22 mL scintillation vial, the naked XpyMeTpK ligand was dissolved in 5 mL of DCM and mixed with a 

suspension of anhydrous Cu(OAc)2 in 5 mL of DCM. The mixture was allowed to stir for 14 h and then 

was filtered through a Celite pad to give a light blue filtrate, which was then concentrated to dryness and 

washed with 3 ×  5 mL portions of MeCN. A light blue powder was then recrystallized out of a 

supersaturated DCM solution left to stand at -45 °C overnight.   

 

 
 
Scheme S6. The general synthesis of XpyMeTpK ligands 4a – 4e. 
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CF3pyMeTpCuOAc (5a). 4a (0.926 g, 1.60 mmol) reacted with Cu(OAc)2 (0.296 g, 1.63 mmol) in a 100 mL 

round-bottom flask charged with 50 mL of DCM and a stir bar. The reaction yielded 5a (0.761 g, 1.15 

mmol, 72%). UV-vis (CH2Cl2, 25 °C): 
max (� M
-1 cm-1) = 760 nm (101). �eff = 1.9 B.M. IR: 2531 cm-1 

(�BH). Anal. Calcd. for C30H41BCuF3N7O2 (5a): C, 54.34; H, 6.23; N, 14.79. Found: C, 54.46; H, 6.45; N, 

14.68. 

  
 pymMeTpCuOAc (5b). 4b (0.160 g, 0.312 mmol) reacted with Cu(OAc)2 (0.058 g, 0.320 mmol) yielded 5b 

(0.146 g, 0.245 mmol, 78%). UV-vis (CH2Cl2, 25 °C): 
 (� M
-1 cm-1) = 700 nm (105), 814 nm (126). �eff = 

1.9 B.M.  IR: 2538 cm-1 (�BH). Anal. Calcd. for C28H41BCuN8O2 (5b): C, 56.42; H, 6.93; N, 18.80. Found: 

C, 56.50; H, 7.12; N, 18.41. 

 

 

 
Figure S2. (A) UV-vis of 5a in DCM at 25°C at different concentrations (9.2 mM, 4.6 mM, 2.3 mM, and 
1.1 mM) (B) Corresponding Beer’s law plot of 5a to give 
max = 760 nm, � = 101 M-1 cm-1.   

A B 

760 nm 

 

 
Figure S3. (A) UV-vis of 5b in DCM at 25°C at different concentrations (5.1 mM, 2.5 mM, 1.3 mM, and 
0.6 mM) (B) Corresponding Beer’s law plot of 5b to give 
max = 814 nm, � = 126 M-1 cm-1; 
 = 700 (sh), 

� = 105 M-1 cm-1. 

A B 



 10

pyMeTpCuOAc (5c). 4c (0.482 g, 0.941 mmol) reacted with Cu(OAc)2 (0.171 g, 0.943 mmol) yielded 5c 

(0.493 g, 0.823 mmol, 88% yield). UV-vis (CH2Cl2, 25 °C): 
 (� M
-1 cm-1) = 670 nm (82), 820 nm (113). 

�eff = 1.9 B.M.  IR: 2535 cm-1 (�BH). Anal. Calcd for C29H42BCuN7O2 (5c) C, 58.54; H, 7.11; N, 16.48. 

Found: C, 58.65; H, 7.36; N, 16.35. 

 

 

DMAPMeTpCuOAc (5e). 4e (0.578 g, 1.04 mmol) reacted with Cu(OAc)2 (0.196 g, 1.08 mmol) yielded 5e ( 

0.523, 0.820 mmol, 79%). UV-vis (CH2Cl2, 25 °C): 
max (� M
-1cm-1) = 688 nm (99) 798 nm (134 M-1cm-

1). �eff = 1.9 B.M. IR: 2531 cm-1 (�BH). Anal. Calcd. for C31H47BCuN8O2 (5e): C, 58.35; H, 7.42; N, 17.56. 

Found: C, 58.36; H, 7.75; N, 17.42. 

 

 

 
Figure S5. (A) UV-vis of 5e in DCM at 25°C at different concentrations (3.5 mM, 1.7 mM, 0.9 mM, and 
0.4 mM) (B) Corresponding Beer’s law plot of 5e to give 
max = 798 nm, � = 134 M-1 cm-1; 
 = 688 (sh), � 

= 99 M-1 cm-1. 

A B 

 

 
Figure S4. (A) UV-vis of 5c in DCM at 25°C at different concentrations (6.3 mM, 3.2 mM, 1.6 mM, and 
0.8 mM) (B) Corresponding Beer’s law plot of 5c to give 
max = 820 nm, � = 113 M-1 cm-1; 
 = 670 (sh), 

� = 82 M-1 cm-1. 

A B 
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General Synthesis of [XpyMeTpCu] 2(����–OH)2 Complexes 6a – 6e 

Methods were adapted from Kitajima and Fujisawa’s preparation of [iPr2TpCu]2(�–OH)2.
3 A 40 mL DCM 

solution of XpyMeTpCuOAc was prepared in a Schlenk flask charged with a magnetic stir bar. This solution 

was then allowed to stir under nitrogen with 10 mL of a nitrogen-sparged 1 M NaOH (aq) solution for 2 

h. The DCM layer was then decanted and concentrated to dryness to a deep blue powder. This powder 

was transferred to an N2 filled glovebox, washed with 3 × 5 mL portions of dry MeCN and then dissolved 

in DCM. The solutions were then filtered through a syringe filter, concentrated in vacuo, layered with 

MeCN, and left to stand at -45 °C overnight to crystallize. 

[CF3PyMeTpCu]2(�–OH)2 (6a). 5a (0.269 g, 0.406 mmol) afforded 6a as navy blue crystals (0.210 g, 0.169 

mmol, 83%). UV-vis (CH2Cl2, 25 °C): 
max (� M
-1cm-1) = 605 nm (103). �eff = 2.6 B.M. IR (KBr pellet): 

3356 cm-1 (br, �OH). Anal. Calcd. for C56H78B2Cu2F6N14O2 (6a): C, 54.15; H, 6.33; N, 15.79. Found: C, 

54.03; H, 6.33; N 15.63. 

 
 
Scheme S6. The general synthesis of [XpyMeTpCu]2(�–OH)2 complexes 6a – 6e.  
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[pymMeTpCu]2(�–OH)2 (6b). 5b (0.141 g, 0.237 mmol) afforded 6b as navy blue crystals (0.124 g, 0.112 

mmol, 95%). UV-vis (CH2Cl2, 25 °C): 
 (� M-1cm-1) = 413 nm (63), 588 nm (100), 752 nm (49). �eff = 2.6 

B.M.  IR (KBr pellet): 3525 cm-1 (br, �OH). Anal. Calcd. for C52H78B2Cu2F6N16O2 (6b): C, 56.37, H, 7.10; 

N, 20.23. Found: C, 56.39; H, 7.16; N, 19.91. 

 

 

 

 
Figure S6. (A) UV-vis of 6a in DCM at 25°C at different concentrations (5.9 mM, 3.0 mM, 1.5 mM, and 
0.7 mM) (B) Corresponding Beer’s law plot of 6a to give 
max = 605 nm, � = 103 M-1 cm-1. 

A B 

 

 
Figure S7. (A) UV-vis of 6b in DCM at 25°C at different concentrations (6.3 mM, 3.2 mM, 1.6 mM, and 
0.8 mM) (B) Corresponding Beer’s law plot of 6b to give 
max = 588 nm, � = 100 M-1 cm-1; 
 = 413 nm, 

� = 63 M-1 cm-1; 
 = 752 nm (sh),  � = 49 M-1 cm-1. 
 

A B 
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[pyMeTpCu]2(�–OH)2 (6c). 5c (0.754 g, 1.27 mmol) 6c as cerulean crystals (0.523 g, 0.472 mmol, 75%). 

UV-vis (CH2Cl2, 25 °C): 
max (� M
-1cm-1) = 630 nm (116). �eff = 2.6 B.M. IR (KBr pellet): 3269 cm-1 (br, 

�OH). Anal. Calcd for C54H80B2Cu2N14O2 (6c): C, 58.64; H, 7.29; N, 17.7. Found: C, 58.60; H, 7.46; N, 

17.57. 

 

 

[DMAPMeTpCu(�–OH)2 (6e). 5e (0.133 g, 0.209 mmol) afforded 6e as indigo crystals (0.104 g, 0.087 mmol, 

84%). UV-vis (CH2Cl2, 25 °C): 
max (� M
-1cm-1) = 644 nm (118). �eff = 2.7 B.M.  IR (Thin film 

evaporated from DCM on KBr window): 3217 cm-1 (br, �OH). Anal. Calcd. for C58H90B2Cu2N16O2 (6e): C, 

58.43; H, 7.61; N, 18.80. Found: C, 58.17; H, 7.93; N, 18.50. 

 

  

 

 
Figure S8. (A) UV-vis of 6c in DCM at 25°C at different concentrations (6.3 mM, 3.2 mM, 1.6 mM, and 
0.8 mM) (B) Corresponding Beer’s law plot of 6c to give 
max = 630 nm, � = 116 M-1 cm-1. 

A B 

 

 
Figure S9. (A) UV-vis of 6e in DCM at 25°C at different concentrations (6.0 mM, 3.0 mM, 1.5 mM, and 0.8 
mM) (B) Corresponding Beer’s law plot of 6e to give 
max = 644 nm, � = 118 M-1 cm-1. 
  

A B 
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X-ray Refinement Details 

Single crystals of each compound 3c (CCDC 1890609), 3e (CCDC 1890610), 4a (CCDC 1890611), 4c 

(CCDC 1890612), 5b (CCDC 1890613), 5c (CCDC 1890614), 6a (CCDC 1890615), 6b (CCDC 

1890616), 6c (CCDC 1890617), and 6e (CCDC 1890618) were mounted under mineral oil on a Mitegen 

micromount and immediately placed in a cold nitrogen stream at 100(2) K prior to data collection. Data 

for compounds 3c, 3e, 4a, 4c, 5b, and 6b were collected on a Bruker D8 Quest equipped with a 

Photon100 CMOS detector and a Mo ImS source.  Data for compounds 5c, 6a, 6c, and 6e were collected 

on a Bruker DUO equipped with an APEXII CCD detector and Mo fine-focus sealed source. Either full 

spheres (triclinic) or hemispheres (monoclinic or higher) of data were collected (0.3° or 0.5°#-scans; 2θ 

max = 56°; monochromatic Mo Kα radiation, λ = 0.7107 Å) depending on the crystal system and integrated 

with the Bruker SAINT program. Structure solutions and refinements were performed using the SHELX 

suitea and SHELXLE.b Intensities were corrected for Lorentz and polarization effects and an empirical 

absorption correction was applied using Blessing’s method as incorporated into the program SADABS.c 

Non-hydrogen atoms were refined with anisotropic thermal parameters.  The borate hydrogen atoms were 

located in the difference map while all other hydrogen atoms were included in idealized positions unless 

otherwise noted below. Structures were rendered with POV-Ray in Mercuryd using 50% probability 

ellipsoids.  

 

Additional refinement notes: 

X-ray structure of pyMePzH (3c). 

The pyrazole hydrogen atom was located in the difference map and its position was allowed to freely 

refine.  It refined to a good intermolecular hydrogen bonding position. 

X-ray structure of DMAPMePzH (3e). 

There are two unique molecules in the asymmetric unit.  The pyrazole hydrogen atom was located in the 

difference map for each molecule.  The N-H distances were restrained to be 0.88(2) Å.  Both H atoms 

refine to good intermolecular hydrogen bonding positions. The datum crystal exhibited pseudo-

merohedral twinning.  The two twin domains are related by the twin law [0 0 -1] [0 -1 0] [-1 0 0] and the 

ratio refines to 78:22. 

X-ray structure of CF3pyMeTpK (4a). 

The fluorine atoms of the CF3 group are disordered over two positions.  The C-F and F···F distances, 

respectively, were restrained to be similar.  Similar displacement amplitudes were imposed on disordered 

sites overlapping by less than the sum of van der Waals radii.  The borate hydrogen atom was located in 

the difference map and its position was allowed to freely refine. 
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X-ray structure of pymMeTpCuOAc (5b). 

Two of the isopropyl group are disordered over two orientations.  In each case, the C-C distances were 

restrained to be similar.  Similar displacement amplitudes were imposed on disordered sites overlapping 

by less than the sum of van der Waals radii. 

X-ray structure of pyMeTpCuOAc (5c). 

One of the DCM solvent molecules is disordered over positions.  The C-Cl distances were restrained to be 

similar.  Similar displacement amplitudes were imposed on disordered sites overlapping by less than the 

sum of van der Waals radii. 

X-ray structure of [CF3pyMeTpCu]2(�–OH)2 (6a). 

A structural model consisting of the target Cu dimer complex and four highly disordered DCM solvent 

molecules was developed.  Attempts to model the disordered solvent molecules were unsuccessful, so 

they were removed from the model using the ‘squeeze’ routine in PLATON.e Both CF3 groups are 

disordered over two orientations.  The C-C and C-F distances, respectively, were restrained to be similar.  

F3 and F3B were restrained to behave relatively isotropic.  Similar displacement amplitudes were 

imposed on disordered sites overlapping by less than the sum of van der Waals radii.  The hydroxyl 

hydrogen atoms were located in the difference map. The O-H distances were restrained to be 0.84(1) Å.  

Both hydrogen atoms refine to good intramolecular hydrogen bonding positions. 

X-ray structure of [pymMeTpCu]2(�–OH)2 (6b). 

A structural model consisting of the target Cu dimer complex and three highly disordered DCM solvent 

molecules was developed.  Attempts to model the disordered solvent molecules were unsuccessful, so 

they were removed from the model using the ‘squeeze’ routine in PLATON.e Two of the isopropyl group 

are disordered over two orientations.  In each case, the C-C distances were restrained to be similar.  

Similar displacement amplitudes were imposed on disordered sites overlapping by less than the sum of 

van der Waals radii.  The hydroxyl hydrogen atoms were located in the difference map.  The O-H 

distances were restrained to be 0.84(1) Å.  Both hydrogen atoms refine to good intramolecular hydrogen 

bonding positions. 

X-ray structure of [pyMeTpCu]2(�–OH)2 (6c). 

A structural model consisting of one half of the target molecule and two DCM solvent molecules per 

asymmetric unit was developed.  Both solvent molecules are disordered over two positions.  The C-Cl 

distances were restrained to be similar.  Rigid-bond restraints were imposed on displacement parameters 

for all disordered sites and similar displacement amplitudes were imposed on disordered sites overlapping 

by less than the sum of van der Waals radii.  The hydroxyl hydrogen atom was located in the difference 

map.  The O-H distance was restrained to be 0.84(1) Å.   
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X-ray structure of DMAPMeTpCuOH (6e). 

One of the three DCM solvent molecules is disordered over two orientations.  The C-Cl distances were 

restrained to be similar.  The disordered atoms were restrained to behave relatively isotropic.  Similar 

displacement amplitudes were imposed on disordered sites overlapping by less than the sum of van der 

Waals radii.  The hydroxyl hydrogen atom was located in the difference map.  The O-H distance was 

restrained to be 0.84(1) Å.  There is no hydrogen bond acceptor available for interaction with the 

hydroxyl H atom. 
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Figure S10. X-ray structure of pyMePzH (3c) (CCDC 1890609, two repeating H-bonding units represented 

with all but select H atoms omitted; thermal ellipsoids are represented at the 50% probability level). 

Select bond distances (Å) and angles (°): N3’-(H2)N2  2.8609(14), N3-H2-N2 163.9(18). 
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Figure S11. X-ray structure of DMAPMePzH (3e) (CCDC 1890610). The H-bonding units represented with 

all but select H atoms omitted. The thermal ellipsoids are represented at the 50% probability level. 

Selected bond distance (Å) and angle (°): N7-N2 2.902(2), N7-H2-N2 174(2). 
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Figure S12. X-ray structure of CF3pyMeTpK (4a) (CCDC 1890611). All but selected H atoms omitted. The 

CF3 group is disordered over two positions and is represented by sites of highest occupancy. The thermal 

ellipsoids are represented at the 50% probability level. Selected bond distances (Å) and angles (°): K1-N1 

2.679(2), K1-N3 2.951(2), K1-N4 2.795(2), K1-N6 2.799(2), K1-N8 2.773(3), K1-N9 2.949(3), K1-C31 

3.342(3), N1-K1-N3 58.13(6), N1-K1-N4 68.46(6), N1-K1-N6 67.96(6), N4-K1-N6 71.81(6).  
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Figure S13. X-ray structure of pyMeTpK (4c) (CCDC 1890612). All but selected H atoms and MeCN 

solvate molecules are omitted. The thermal ellipsoids are represented at the 50% probability level. 

Selected bond distances (Å) and angles (°): K1-N1 2.699(2), K1-N3 2.958(2), K1-N4 2.922(2), K1-N6 

2.863(2), K1-N15 2.912(3), K1-N16 2.958(3), K1-N17 3.067(2), K2-N8 2.700(2), K2-N10 2.990(2), K2-

N11 2.947(2), K2-N13 2.896(2), K2-N15 3.028(3), K2-N16 3.177(3), K2-N17 2.849(3), K1-K2 

4.3046(8), N1-K1-N3 58.07(6), N1-K1-N4 72.54(6), N1-K1-N6 68.41(6), N4-K1-N6 66.00(6), N11-K2-

N13 69.13(6), N8-K2-N11 76.31(6), N8-K2-K13 68.56(6), N8-K2-N10 57.04(6). 
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Figure S14. X-ray structure of pymMeTpCuOAc (5b) (CCDC 1890613). All but selected H atoms and a 

DCM solvate molecule are omitted. Two of the iPr groups are disordered over two orientations and are 

represented by sites of highest occupancy. The thermal ellipsoids are represented at the 50% probability 

level. Selected bond distances (Å) and angles (°):  Cu1-N1 1.9294(19), Cu1-N3 2.1412(18), Cu1-N5 

2.1093(19), Cu1-N7 2.1182(18), Cu1-O1 1.9033(16), N1-Cu1-N3 75.91(7), N1-Cu1-N5 85.20(8), N1-

Cu1-N7 83.85(8), N5-Cu1-N7 90.57(7), N1-Cu1-O1 164.89(7), N3-Cu1-01 89.07(7), N5-Cu1-O1 

106.44(7), N7-Cu1-O1 105.20(7), N3-C4-C1 112.81(19). 
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Figure S15. X-ray structure of pyMeTpCuOAc (5c) (CCDC 1890614). All but selected H atoms and DCM 

solvate molecules are omitted. The thermal ellipsoids are represented at the 50% probability level. 

Selected bond distances (Å) and angles (°): Cu1-N1 1.9225(14), Cu1-N3 2.1454(15), Cu1-N4 2.1240(14), 

Cu1-N6 2.2208(15), Cu1-O1 1.9010(12), N1-Cu1-N3 76.31(6), N1-Cu1-N4 84.40(6), N1-Cu1-N6 

86.93(6), N6-Cu1-N4 85.88(5), N1-Cu1-O1 174.91(6), N3-Cu1-01 98.88(6), N4-Cu1-O1 100.43(6), N6-

Cu1-O1 95.01(5), N3-C4-C1 113.22(15). 
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Figure S16. X-ray structure of [CF3pyMeTpCu]2(�–OH)2 (6a) (CCDC 1890615). All but selected H atoms 

omitted. The CF3 groups are disordered over two positions and are represented by sites of highest 

occupancy. The thermal ellipsoids are represented at the 50% probability level. Selected bond distances 

(Å) and angles (°): Cu1-N1 2.5514(33), Cu1-N4 1.991(3), Cu1-N6 2.025(3), N1-Cu1-N4 79.56(12), N1-

Cu1-N6 92.08(12), N4-Cu1-N6 87.81(12) Cu1-O1 1.943(2), Cu1-O2 1.937(3), O1-O2 2.5365(38), Cu1-

O1-Cu2 98.49(12), Cu1-O2-Cu2 98.52(12),  O1-Cu1-O2 81.65(11),  Cu1-O1-H1A 108(3), Cu2-O1-H1A 

105(3), Cu1-O2-H2A 110(3), Cu2-O2-H2A 103(3), Cu1-Cu2 2.9457(11), Cu2-N8 2.5514(33), Cu2-N11 

1.995(3), Cu2-N13 2.016(3), Cu2-O1 1.946(3), Cu2-O2 1.951(2), N8-Cu2-N11 82.76(12), N8-Cu2-N13 

91.51(11), N11-Cu2-N13 86.51(12), O1-Cu2-O2 81.23(11) N3-O1 2.881(4), N10-O2 2.921(4). 
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Figure S17. X-ray structure of [pymMeTpCu]2(�–OH)2 (6b) (CCDC 1890616). All but selected H atoms are 

omitted. Two of the isopropyl groups are disordered over two orientations and are represented by sites of 

highest occupancy. The thermal ellipsoids are represented at the 50% probability level. Selected bond 

distances (Å) and angles (°): Cu1-N1 2.5385(28), Cu1-N5 1.995(2), Cu1-N7 2.002(3), N1-Cu1-N5 

91.79(10), N1-Cu1-N7 81.15(10), N5-Cu1-N7 88.97(11), Cu1-O1 1.926(2), Cu1-O2 1.948(2), O1-O2 

2.5086(33), Cu1-O1-Cu2 99.27(11), Cu1-O2-Cu2 99.03(11), O1-Cu1-O2 80.70(10), Cu1-O1-H1A 

104(3), Cu2-O1-H1A 109(3), Cu1-O2-H2A 105(3), Cu2-O2-H2A 106(3), Cu1-Cu2 2.9456(6), Cu2-N9 

2.5332(28), Cu2-N13 2.010(3), Cu2-N15 1.995(3), Cu2-O1 1.939(2), Cu2-O2 1.925(2), N9-Cu2-N13 

80.20(10), N9-Cu2-N15 93.60(10), N13-Cu2-N15 88.12(11), O1-Cu2-O2 80.96(10), N3-O1 2.853(4), 

N11-O2 2.0161(15). 
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Figure S18. X-ray structure of [pyMeTpCu]2(�–OH)2 (6c) (CCDC 1890617). All but selected H atoms and 

DCM solvate molecules are omitted. The thermal ellipsoids are represented at the 50% probability level. 

Selected bond distances (Å) and angles (°): Cu1-N1 2.4999(26), Cu1-N4 2.014(3), Cu1-N6 2.017(2), N1-

Cu1-N4 83.06(10), N1-Cu1-N6 91.43(9), N4-Cu1-N6 87.32(9), Cu1-O1 1.9366(19), Cu1-O1’ 1.950(2), 

O1-O1’ 2.5430(39), Cu1-O1-Cu1’ 98.25(9), O1-Cu1-O1’ 81.75(9), Cu1-O1-H1A 106(2), Cu1-O1’-H1A’ 

100(2), Cu1-Cu1’ 2.9384(7), N3-(H)O1 2.849(3).  
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Figure S19. X-ray structure of DMAPMeTpCuOH (6e) (CCDC 1890618). All but selected H atoms and 

DCM solvate molecules are omitted. The thermal ellipsoids are represented at the 50% probability level. 

Selected bond distances (Å) and angles (°): Cu1-N1 1.942(2), Cu1-N3 2.087(2), Cu1-N5 2.234(3), Cu1-

N7 2.153(3), Cu1-O1 1.870(2) N1-Cu1-N3 76.80(6), N1-Cu1-N5 84.69(7), N1-Cu1-N7 85.64(6), N5-

Cu1-N7 85.64(6), N1-Cu1-O1 169.32(5), N3-Cu1-O1 92.65(6), N5-Cu1-O1 103.71(8), N7-Cu1-O1 

101.65(5), Cu1-O1-H1A 107.5(14), C1-C4-N3 112.10(12). 
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