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Introduction 
The goal of this work is to develop a class of coordination complexes with guanidine ligands that can serve as catalysts 
for carrying out oxidative transformations (e.g., aziridination, epoxidation, and nitrene/O-atom insertion into C–H 
bonds) of organic substrates.  We are interested in guanidine based ligands because of their good donor properties for 
stabilizing high-oxidation state intermediates and have focused on ligand designs that discourage intramolecular C–H 
activation pathways that lead to catalysts deactivation.   
 The specific objectives of the this work are: (1) To synthesize a family of chelating guanidine ligands where 
chelation is achieved through linkages that attach at non-donor nitrogen atoms; (2) To synthesize coordination 
complexes of these ligands, focusing on Fe, Co, and Cu complexes, and to quantify the ligand field strength of the 
guanidine donors; and (3) To achieve imido- and oxo-group transfer from high oxidation state complexes to organic 
substrates and understand the mechanism of these reactions. Over this reporting period we have made progress on all 
three objectives. 
 
Progress on Objectives 
 Objective 1: The first objective of our work was to 
synthesize a family of chelating guanidine ligands linked through 
the non-donor (3-coordinate) nitrogen atoms.  In this area our 
central focus has remained on tbo2Pyr as the workhorse ligand of 
this project.  We have, however, explored variations on this 
ligand, including using the ligands tbd2Pyr, CH2(tbo)2 and 
CH2(tbd)2, all three of which have been reported previously in 
different contexts.1-3  Unfortunately, our efforts toward isolating 
new chelating guanidines that contain unsaturated rings have 
remained unrealized. We have thus focused our efforts at 
exploring the chemistry of the four ligands shown in Figure 1, 
with most efforts directed at tbo2Pyr. 
 Objective 2: Through this grant we previously found and 
reported that tbo2Pyr forms 1:1 coordination complexes with the 
triflate salts of iron(II), cobalt(II), nickel(II), copper(II), copper 
(I), and zinc(II), and that the shape adopted by the tbo2Pyr ligand (planar and pincer-like, or puckered and face-
capping) depends on the metal ion size.4 

Our work with tbd2Pyr, CH2(tbo)2, and CH2(tbd)2 has revealed more complicated coordination chemistries 
for these ligands than for tbo2Pyr. These ligands sometimes form 2:1 complexes with cobalt and iron ions, and also 
sometimes display solvatochromic behavior that we attribute to different ionic states and varying coordination 
numbers in solution.    The copper complexes we have isolated are 1:1 but the larger ring size impart a twisted geometry 
at the metal center. Crystal structures of selected complexes with these other ligands, and a comparison to a copper(II) 
complex of tbo2Pyr are presented in Figure 2. 
 Objective 3: The third objective of this work is to use our coordination complexes with chelating guanidine 
ligands as catalysts for organic transformations, and to probe the mechanism of these transformations.  We have 
recently split our efforts between investigating  nitrene and oxo transfer reactions.  Our results show that copper(I) 

 
Figure 1. Structures of tbo2Pyr, tbd2Pyr, CH2(tbo)2, 
and CH2(tbd)2. 
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Figure 2. X-ray crystal structures of late first-row metal complexes with chelating guanidine ligands. Thermal ellipsoids are at the 
50% probability with hydrogen atoms omitted for clarity. (a) The cation in [Cu(tbo2Pyr)OTf(MeCN)]OTf; (b) [Cu(tbd2Pyr)(OTf)2]; (c) 
the dication in [Fe(tbd2Pyr)](OTf)2; (d) the dication in [Co(CH2(tbd)2)](OTf)2; 



complexes of tbo2Pyr are capable of facilitating the azirdination of styrene and the C–H bond oxidation of 
tetrahydrofuran to a tosylamine. These reactions use PhINTs or Ph*INTs (Ts=tosyl, Ph*I = 2-tert-
butylsulfonyliodobenzene) as a nitrene source and are postulated to proceed through a copper nitrene intermediate.  
We have identified this intermediate spectroscopically by UV-vis absorption spectroscopy at –70ºC in isobutyronitrile 
solvent, Figure 3a, and assigned it by comparison to recent results from the Herres-Pawlis Group.5  When the reaction 
between [Cu(tbo2Pyr)]OTf and PhINTs is carried out on synthetic scales, we isolate the tosylamidocopper(II) triflate 
complex, Figure 3b, and see no evidence for intramolecular C–H bond activation, an important distinction from 
previously reported work that validates our ligand design. Isotopic labeling studies and an Eyring analysis of 
intermediate decomposition rates have all been consistent with intermolecular degradation pathways. Interestingly, 
analogous chemistry is not observed for the tbd2PyrCu(I) complex, revealing the importance of the ligand to the 
observed reactivity. 
 

 For the O-atom transfer chemistry, using PhIO and Ph*IO we are able to insert O-atoms into C–H bonds of 
THF and adamantane. Studying this reaction at low-temperature (–70 ºC) in dichloromethane, we have identified a 
reactive intermediate with strong absorption at 480 nm, Figure 3c.6,7 We have found that this intermediate is rapidly 
quenched by PPh3 to produce a Cu(I) product and Ph3PO, but that the H-atom source xanthene has little effect on the 
decomposition rate of the intermediate. Further work on exploring substrate scope and fully characterizing the reactive 
intermediates will be pursued during continued work on this project in 2020 through a no-cost grant extension.   
 
Impact on Personnel 
 To date, this grant has provided support for four undergraduate researchers to undertake various aspects of 
this project in the form of Summer and Interim term (January) research experiences, which often continued during the 
academic year.  It has also supported student travel to national and local meetings where students presented their work, 
gaining valuable experiences.  This includes student participation in two National ACS Meetings (with a scheduled 
third upcoming) and at several meetings at regional colleges.  Of the four students who have worked under this grant, 
three remain students at Albright College, while the fourth has graduated, and is now enrolled in a Chemistry PhD 
Program.  Dr. Piro has also presented on the work sponsored by this grant at National and local section ACS Meetings.   
In summary, the support of this ACS PRF grant has allowed Dr. Piro to initiate a lively research program to engage 
and train undergraduate researchers at Albright College, and he looks forward to continuing the work that has begun. 
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Figure 3. (a) Visible absorption spectrum and calculated structure of the assigned nitrene intermediate obtained from the reaction 
of Ph*INTs with [Cu(tbo2Pyr)]OTf in isobutyronitrile at –70 ºC; (b) The crystal structure of the cation in [Cu(tbo2Pyr)(HNTs)]ClO4 
with hydrogen atoms omitted for clarity; (c) visible absorption spectrum of the intermediate obtained from the reaction of Ph*IO 
with [Cu(tbo2Pyr)]OTf in dichloromethane at –70 ºC. 
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