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The stoichiometric and catalytic reactions of Cu-H dimers supported by N-heterocyclic carbenes (NHCs) have
mainly focused on the insertions of aldehydes, ketones, CO_, and unsaturated hydrocarbons. In this report, we in-
vestigated the stoichiometric reactions of dimeric [(NHC)CuH]2 (NHC = IPr*, 6Dipp) with unsaturated nitro-
gen-based substrates of PAN = NPh, N3Ad, pyrazine, and N_O. The spectroscopic and structural chacterizations
of the resulting monomeric, two-coordinate Cu(I) complexes containing diphenyl hydrazido, triazenido,
pyrazinyl, and hydroxide ligands are discussed. The hydrazido complex of (IPr*)Cu(NPh-NHPh) and triazenido

complex of [(IPr*)Cu(HNNNAd)] are resistant to N—N bond cleavage and loss of N2, respectively, to form the
corresponding amido complexes even when heated at 80 °C over several hours.

1. Introduction

The reactivity and structural characterization of copper-hydride
(Cu-H) complexes have been of interest to synthetic inorganic research
for over five decades [1-7]. Many of the early studies on the coordina-
tion chemistry and reactivity of Cu-H complexes employed a variety of
phosphine ligands to promote transformations of carbonyl compounds
[5,6,8,9]. In 2004, Sadighi and co-workers introduced the application
of bulky N-heterocyclic carbene (NHC) to stabilize and structurally
characterized the [(NHC)CuH] ) dimer [10]. This seminal study initi-
ated a vibrant area of research for the coordination and reaction chem-
istry for this new class of (NHC)Cu-H complexes in stoichiometric and
catalytic reactions [7,11,12]. The past two decades has witnessed sig-
nificant development in the stoichiometric and catalytic transforma-
tions of unsaturated hydrocarbons mediated by variety of Cu-H com-
plexes supported by bulky phosphine and N-heterocyclic carbene lig-
ands [7,12-20].

The selective insertion of x substrates into the Cu-H bond under mild
conditions constitute a foundational elementary step in CuH-catalyzed
reactions. Specifically, the insertion of alkynes, alkenes, and dienes into
Cu-H bonds to produce the corresponding vinyl, alkyl, and allyl Cu(I)
intermediates that can further react with electrophiles to forge new car-
bon-carbon, carbon-nitrogen, and carbon-boron bonds [13,19,20].
This sequence of substrate insertion and electrophilic functionalization
has proven to be an efficient approach to build advanced intermediates
from readily available building blocks. Carbonyl compounds [7-9,21],
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CO2 [22-27], and unsaturated hydrocarbons [13,14] have been the pri-
mary substrates for the insertion reactions of Cu-H complexes. In this
work, we report the insertion reactions of [(NHC)CuH] ) dimers
(NHC = IPr*, 6Dipp) with a series of unsaturated nitrogen-based sub-
strates of azobenzene, organoazide, pyrazine, and NZO (Scheme 1) to
produce the corresponding the two-coordinate hydrazine, triazenido,
pyrazinido, and hydroxide Cu(I) complexes.

2. Experimental
2.1. Materials and general considerations

All reactions were conducted under a nitrogen atmosphere unless
otherwise noted. Anhydrous solvents were purified by passage through
neutral alumina using an Innovative Technology, Inc., PureSolv solvent
purification system. Elemental analyses were performed by Atlantic Mi-
crolab, Inc. (Norcross, GA, USA). All reagents were purchased from
commercial sources and used as received unless otherwise noted. All
commercial solid reagents were placed under dynamic vacuum for 48 h
before use in the glovebox. All commercial liquid reagents and C D, un-
derwent three cycles of freeze, pump, and thaw before storing over acti-
vated 4 A molecular sieves in the glovebox under an atmosphere of N,
before use. NZO (99.999 %) was obtained from Advanced Specialty
Gases, and was used as received. Complexes of [(IPr*)CuH]2 [28] and
[(6Dipp)CuH]2 [29] were prepared according to published protocols.

Note: Low-resolution images were used to create this PDF. The original images will be used in the final composition.
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Scheme 1. The reactions of [(NHC)CuH]2 with PhAN = NPh, N3Ad, pyrazine,
and NZO.

2.2. Single crystal X-ray diffraction

Data was collected on a Bruker D8 QUEST diffractometer equipped
with a Incoatec IpS 3.0 Microfocus Mo X-ray source, PHOTON II detec-
tor, and KAPPA goniometer. The crystals were mounted on a cryoloop
with Paratone-N oil, and all data were collected at 100(2) K using an
Oxford nitrogen gas cryostream system. Data collection, cell parameter
determination, integration of the data frames and final cell parameter
refinement were conducted using APEX 4 software. Absorption correc-
tion of the data was carried out using SADABS. Structure determination
and refinement was done with SHELXT and SHELXL through OLEX II
GUI [30]. Hydrogen atom positions were idealized and rode on the
atom of attachment, except for the hydrogen belonging to the NHNNAd
ligand of complex 3, which was located in the Fourier difference map
and refined with minimal restraint. All graphics for all crystal structures
were generated using Mercury software.

2.3. Synthesis of (IPr*)Cu(NPh-NHPh) (1)

Inside a nitrogen-filled glovebox, a 20 mL oven-dried scintillation
vial was added PhN = NPh (20.0 mg, 0.110 mmol), [(IPr*)CuH] )
(100 mg, 0.0510 mmol), a small stir bar, and toluene (3 mL). The solu-
ble orange solution became a yellow suspension after 12 h at 25 °C. The
resulting yellow solids were collected on a medium porosity frit,
washed with 3 mL pentane, and dried under dynamic vacuum. Yield:
75 % (88.0 mg, 0.0765 mmol). Yellow single crystals suitable for XRD
were grown by layering pentane over a concentrated toluene solution of
1 at 25 °C. 1H NMR (500 MHz, C6D6): §7.31 (d, J = 7.4 Hz, 8H, Ar-H),
7.07 (t, J = 7.5 Hz, 10H, Ar-H), 7.04 - 6.85 (m, 32H, Ar-H), 6.70 (d,
J = 7.9 Hz, 2H, Ar-H), 6.64 (t, J = 7.0 Hz, 1H, Ar-H), 6.59 (t,
J = 7.2 Hz, 1H, Ar-H), 5.57 (s, 4H, CHPh,), 5.51 (s, 1H, N—H), 5.44
(s, 2H, H-C=C-H), 1.81 (s, 6H, Me). 13C{*H} NMR (125 MHz, C6D6): 0
183.0 (Cu-carbene), 161.1, 151.9, 143.9, 143.1, 141.6, 140.4, 135.0,
130.4, 130.2, 129.8, 129.1, 128.9, 128.6, 127.2, 126.8, 123.3, 116.6,
112.9, 112.3, 51.9, 21.4. IR (KBr): v 3370 (w), 3157 (w), 3128 (w),
1584 (s), 1492 (s), 1472 (vs), 1377 (s), 1305 (m), 1282 (m), 1258 (w),
1169 (w), 1159 (w), 1075 (w), 1028 (m) cm-1. Anal. Calcd for

C, H,CuN,: G, 83.87; H, 5.82; N, 4.83. Found: C, 84.03; H, 5.95; N,

2.4. Synthesis of (6Dipp)Cu(NPh-NHPh) (2)

Inside a nitrogen-filled glovebox, a 20 mL oven-dried scintillation
vial was added PhN = NPh (40.0 mg, 0.220 mmol), [(6Dipp)CuH] )
(100 mg, 0.106 mmol), a small stir bar, and toluene (3 mL). After 12 h
at 25 °C, the resulting yellow solution was filtered into a new 20 mL
scintillation vial and layered with pentane (10 mL) to give microcrys-
talline product. Yield: 70 % (96.0 mg, 0.147 mmol). Yellow single crys-
tals suitable for XRD were grown by slow diffusion of pentane into a
concentrated THF solution at 25 °C.1H NMR (500 MHz, Cst): 67.20
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(t, J = 7.8 Hz, 2H, Ar-H), 7.06 (dd, J = 8.5, 7.2 Hz, 4H), 7.01 (d,
J = 7.8 Hz, 2H, Ar-H), 6.69 (t, J = 7.1 Hz, 1H, Ar-H), 6.65 (t,
J = 7.1 Hz, 1H, Ar-H), 6.43 (d, J = 8.1 Hz, 2H, Ar-H), 4.78 (s, 1H,
N—H), 2.89 (sep, J = 6.85 Hz, 4H, CHMez), 2.66 (t, J = 6.0 Hz, 4H,
CH2 backbone), 1.25 (d, J = 7.0 Hz, 12H, CHMez), 1.41 (m, 2H, CH2
backbone), 1.12 (d, J = 7.0 Hz, 12H, CHMez). 13C{1H} NMR
(151 MHz, C6D6) 8 202.3 (Cu-carbene), 160.6, 151.5, 145.5, 141.7,
129.2,128.0,127.9, 124.5,116.2, 112.6, 111.8, 45.3, 28.5, 24.4, 24.3,
19.8. Anal. Calcd for C4OH51CuN4: C, 73.75; H, 7.89; N, 8.60. Found: C,
74.05; H, 8.10; N, 8.89.

2.5. Synthesis of (IPr*)Cu(NHNNAd) (3)

In a nitrogen-filled glovebox, to a 4 mL vial was charged N3Ad
(20.0 mg, 0.113 mmol), [(IPr"“)CuH]2 (100 mg, 0.0511 mmol), a stir
bar, and toluene (1.5 mL). The orange suspension became a white sus-
pension after 6 h at 25 °C. The colorless solids were collected a medium
porous glass frit, washed with 3 mL of pentane, and dried under dy-
namic vacuum. Yield = 65 % (76 mg, 0.066 mmol). TH NMR
(500 MHz, 25 °C, C.D): 6 7.92 (s, 1H, NH), 7.40 (d, J = 7.0 Hz, 8H,
Ar-H), 7.16-7.12 (m, 10H, Ar-H), 7.02-6.95 (m, 26H, Ar-H), 5.54 (s,
2H, H-C=C-H), 5.45 (s, 4H, CHPh,), 2.03 (br s, 3H, Ad), 1.92 (br s, 6H,
Ad), 1.78 (s, 6H, Me), 1.68-1.65 (m, 6H, Ad). 13C{1H} NMR (151 MHz,
C.D,): 6 183.7 (Cu-carbene), 143.7, 143.0, 141.4, 140.0, 135.0, 130.1,
130.0, 129.6, 128.9, 128.6, 126.6, 126.4, 122.8, 56.4, 51.5, 44.0, 37.3,
30.4, 21.0. IR (KBr): v 3351 (vw), 3060 (w), 3026 (w), 2900 (vs), 2847
(m), 1599 (m), 1494 (s), 1472 (vs), 1446 (vs), 1405 (m), 1336 (s), 1304
(w), 1263 (m), 1197 (w), 1172 (w), 1116 (m), 1078 (m), 1031 (s) cm-1.

2.6. Synthesis of (IPr*)Cu(pyrazin-1(2H)-yD (4)

Inside a nitrogen-filled glovebox, a 20 mL oven-dried scintillation
vial was added 10 equiv of pyrazine (41.0 mg, 0.510 mmol),
[(IPr*)CuH] 5 (100 mg, 0.0511 mmol), a small stirring bar, and toluene
(6 mL). After 24 h at 25 °C, the resulting reaction mixture was filtered
through a glass pipette containing Celite into a new 20 mL scintillation
vial. The resulting yellow solution was concentrated to dryness, tritu-
rated with pentane (10 mL), and vigorously stirred for 1 h. The solids
were collected on a 30 mL medium porosity frit, washed with 10 mL
pentane, and dried under dynamic vacuum. Yield: 60 % (65.0 mg,
0.0610 mmol). Yellow single crystals suitable for XRD were grown by
layering pentane over a concentrated toluene solution of 4 at 25 °C. 1H
NMR (500 MHz, C6D6): 67.29-7.27 (m, 8H, Ar-H), 7.19-7.16 (m, 8H,
Ar-H), 7.09 (d, J = 3.6 Hz, 1H, pyrazine C—H), 7.03-6.99 (m, 22H,
Ar-H), 6.95 -6.93 (m, 6H, Ar-H), 6.56 (d, J = 3.6 Hz, 1H, pyrazine
C—H), 6.44 (t, J = 3.1 Hz, 1H, pyrazine C—H), 5.49 (s, 2H, H-C=C-
H), 5.46 (s, 4H, CHPhZ), 3.55 (d, J = 3.1 Hz, 2H, pyrazine CHz)’ 1.69
(s, 6H, Me). 13C{1H} NMR (151 MHz, CGDG): 8 182.4 (Cu-carbene),
143.4, 143.1, 141.7, 140.6, 138.4, 134.8, 130.5, 129.8, 129.8, 129.2,
128.6, 127.3, 126.9, 123.5, 120.7, 117.0, 51.6, 50.9, 21.2.

2.7. Reaction of [(IPr*)CuH] , and N, 2O to produce (IPr*)CuOH (5)

Note: The gas-additional manifold was placed under vacuum for
24 h prior to use. Inside a nitrogen-filled glovebox, to an oven-dried
3 mL scintillation vial was added [(IPr*)CuH] ) (20.0 mg,
0.0102 mmol) and 700 pL of C D, by microsyringe. This orange solu-
tion was transferred to an oven-dried J. Young NMR tube. The J. Young
NMR tube was removed from the glovebox and attached to a gas-
addition manifold. The J. Young NMR tube was subjected to one
freeze-pump-thaw cycle before back-filling with 1 atm of N, 0
(99.999 %). The orange solution transformed into a colorless solution
in 6 h. 1H NMR (500 MHz, C6D6): §7.48 (d, J = 7.6 Hz, 8H, Ar-H),
7.21-7.07 (m, 8H, Ar-H), 7.06 — 6.88 (m, 28H, Ar-H), 5.67 (s, 4H,
CHPh,), 5.53 (s, 2H, H-C=C-H), 1.73 (s, 6H, Me), —0.46 (s, 1H, OH).
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We have also independently synthesized (IPr*)CuOH from the reaction
of (IPr*)CuCl and CsOH to confirm the signal of Cu-OH at —0.46 ppm in
CD,. The 1H NMR data is consistent with that reported in the literature
for this compound [31]. The use of a lecture bottle of 99 % N,O appears
inadequate as rapid hydrolysis of orange solution of [(IPr“"“)CuH]2 toa
colorless solution of (IPr*)CuOH was observed upon introduction of
N 2O.

3. Results and discussion

3.1. Isolation of thermally stable two-coordinate hydrazido and triazenido
complexes

Reactions of azobenzene (PhN = NPh) with dimeric hydride com-
plexes of [(dippe)NiH] ,0r [(nacnac)FeH] ,can lead to complex reaction
pathways of H, extrusion to form (dippe)Ni(n2-PhN = NPh) or cleav-
age of the N—N bond of hydrazido ligand of (nacnac)Fe-(NPh-NHPh)
to give (nacnac)Fe-NHPh [dippe = 1,2-bis(diisopropylphosphino)
ethane, nacnac = CH[MeC = N(2,6-1‘.Pr2C6H3)]2 [32,33]. Treating
[(IPr"‘)CuH]2 dimer with 2.1 equiv. of PAN = NPh in toluene at room
temperature for 12 h produced a yellow suspension, which was col-
lected on a medium porosity frit to give the hydrazido complex of (IPr*)
Cu(NPh-NHPh) (1) in 75 % yield (Scheme 2). 1TH NMR spectroscopic
analysis of 1 in C_D_ shows the presence of a new singlet at 5.51 ppm
with an integration of 1H. Single crystals of 1, grown from slow diffu-
sion of pentane into a concentrated toluene solution of 1 at 25 °C, were
analyzed by single-crystal X-ray diffraction (SCXRD) measurement. The
solid-state structure of 1 verified the linear geometry of 1 (Fig. 1), con-
sisting of a Cu-carbene distance of 1.8714(39) A and Cul-N3 = 1.8392
(35) A for the 1,2-diphenylhydrazido ligand. There is no evidence of ad-
ditional binding to the Cu(I) center from the 1,2-diphenylhydrazido lig-
and based on the Cul-N4 distance of ~ 2.79 A.

We further examined the thermal stability of 1 because low-
coordinate hydrazido species, such as the three-coordinate (nacnac)Fe
(NPh-NHPh), is thermally unstable, in which heating leads to N—N
bond cleavage to produce a three-coordinate (nacnac)Fe-NHPh [32,
33]. In contrast, (IPr*)Cu(NPh-NHPh) is remarkably stable at 80 °C for
3 h and 24 h without evidence of decomposition by 'H NMR spec-
troscopy (Figure S3). We have also demonstrated that the less bulky
[(6Dipp)CuH] ) dimer can insert PAN = NPh to produce (6Dipp)Cu
(NPhN-HPh) (2) in isolated yield of 70 % (Scheme 2). The solid-state
structure of (6Dipp)Cu(NPh-NHPh) is presented in Fig. 1 and contains
nearly identical metrical parameters to that of complex 1. Complex 2 is
also thermally stable as heating a C D solution of 2 at 80 °C for 3 h did
not lead to decomposition.

Triazenido complexes are susceptible to the loss of N , to generate
the corresponding amido species [34]. Based on the solution and ther-
mal stability of hydrazido complex, (IPr*)Cu(NPh-NHPh), we investi-

N 2.1 equiv. PhAN=NPh N=H
~CuiNHe) (NHC)Cu—N

H

(NHC)Cu/
N PhMe, 25 °C, 12 h

NHC = IPr* 75%, 6Dipp 70%

§ Ph Pr
ﬁpr Pr

Ph
Ph jpp P Ph 6Dipp

Scheme 2. The reactions of [(NHC)CuH]2 with PhN = NPh to produce the cor-
responding (NHC)Cu(NPh-NHPh) complexes.
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N3

Fig. 1. The molecular structures of (IPr*)Cu(NPh-NHPh) (1) and (6Dipp)Cu
(NPh-NHPh) (2) are shown with thermal ellipsoids at 50 % probability. Se-
lected key bond distances (A) and angles (°) of 1: C1-Cul = 1.8714(39); Cul-
N3 = 1.8392 (35); N3-N4 = 1.4219(49); C1-Cul-N3 = 172.43(17); Cul-
N3-N4 = 116.92(27). Selected key bond distances (A) and angles (°) of 2: C1-
Cul = 1.8821(11); Cul-N3 = 1.8494(10); N3-N4 = 1.4244(14); C1-Cul-
N3 = 171.86(5); Cul-N3-N4 = 116.92(7).

gated the synthesis and isolation of a two-coordinate (NHC)Cu-
triazenido for spectroscopic, structural characterization, and thermal
stability. The reaction of [(IPr*)CuH] ) with 2.1 equiv. of 1-
azidoadamantane (N 3Ad) in toluene at 25 °C for 6 h produced (IPr*)Cu
(NHNNAJ) (3) as a white precipitate in isolated yield of 65 % (Scheme
3). The presence of a Cu-(NHNNAd) moiety was supported by 1H NMR,
IR, and SCXRD data. The NH group of the HN 3Ad ligand has a 1TH NMR
resonance at 7.92 ppm (Figure S6A), which is in the range for the re-
ported N—H signal of the triazenido ligand [34]. IR analysis of 3 in
Nujol shows a weak signal at 3351 cm-1, consistent with the reported
infrared data for (CSMes) 2Hf(H)(NHNNPh) [34] and (nacnac)Fe(NHN-
NAd) [35] at 3340 cm-1 and 3371 cm-1, respectively. Single crystals of
3 for structural characterization by SCXRD analysis were obtained by
slow diffusion of pentane into a toluene solution of 3 at room tempera-
ture over 24 h. Salient features of the solid-state structure of 3 shows a
Cu-carbene bond distance of 1.876(5) A and a Cu-N3 bond distance of
1.857(5) A for triazenido ligand (Fig. 2). The angle of C1-Cul-N3 for
the carbene, Cu(l), and triazenido ligand of 176.1(2) ° deviates slightly

Me
Ph
Ph B
L N g
2.1 equiv. AdNg a H
(IPr’]Cu Cu(IPr*) et s 2[ p—Ccu—n
Ny PhMe, 25 °C, 6 h N Np
65% Ph "
Ph Ph v
Ph
Me

Scheme 3. The insertion reaction of [(IPr*)CuH]2 and N3Ad to produce linear
(IPr*)Cu(NHNNAJ) (3).
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Fig. 2. The molecular structure of (IPr*)Cu(NHNNAJ) (3) is shown with ther-
mal ellipsoids at 50 % probability. Selected key bond distances (A) and angles
(°) of 3: C1-Cul = 1.876(5); Cul-N3 = 1.857(5); N3-N4 = 1.360(7); N4-
N5 = 1.245(7); C1-Cul-N3 = 176.1(2); N3-N4-N5 = 112.8(4). The hydro-
gen atom of the N—H group in the NHNNAd ligand was located and refined
without constraint.

from an idealized angle for a linear geometry of 180 °. The monoanionic
NHNNAd ligand is bent with an angle of N2-N3-N4 at 112.8(4) °. Lastly,
the NHNNAd ligand contains a N3-N4 bond distance of 1.360(7) A and
a N4-N5 bond distance of 1.245(7) A.

We also investigated the solution and thermal stability of 3 by 1H
NMR spectroscopy. Qualitiatively, a C D, solution of 3 remained stable
for at least one week at 25 °C, in which spectroscopic monitoring of the
sample was halted. Complex 3 exhibited considerable stability in solu-
tion upon heating at 80 °C. Thermolysis of 3 produced a mixture of
unidentified products instead of the direct formation of the correspond-
ing amido species from N_ loss of 3. Nevertheless, the concentration of
3 at 80 °C after 5 h and 24 h was observed in 72 % and 22 %, respec-
tively, by integrating the H-C—=C-H backbone of the IPr* ligand of 3
against an internal standard of 1,3,5-trimethoxybenzene (Figure S6C).
The resistance of the two-coordinate, 14-electron triazenido complex 3
towards N_ extrusion even at 80 °C for 5 h is unusual because triazenido
complexes generally extrudes N, to produce amido complexes [34].
Mechanistic and computational studies on the conversion of
(CSMeS)sz-triazenido to C_Me )ZHf-amido suggest that the bidentate
coordination of the triazenido ligand with the Hf center facilitates 1,3-
hydride migration from the o-nitrogen to the y-nitrogen to release N,
[34,36]. It is possible that the combination of a stable linear geometry
of (IPr*)Cu(NHNNAd) and the steric protection of the Cu(I) conferred
by the bulky IPr* ligand disfavors the interaction of the y-nitrogen of
the NHNNAd ligand with the Cu(I) center to promote the extrusion of
N ) from (IPr*)Cu(NHNNAd) to readily generate the corresponding
amido complex, (IPr*)Cu(NHAd).
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3.2. Reaction with electron-deficient pyrazine

The hydrogenation of arenes and heteroarenes is a challenging
transformation that enables access to unique chemical space from abun-
dant aromatic starting materials [37]. Many of the known metal-
hydride complexes that can catalyzed this transformation are composed
of Ir, Ru, Rh [37]. A major barrier for this type of transformation is the
disruption of aromaticity by insertion of the heteroarene into a metal-
hydride bond. We explored whether Cu-H species can mediate this
transformation by analyzing the insertion reactions of [(IPr*)CuH],
with 5.0 equiv. of pyridine, benzothiophene, benzofuran, 1-
methylindole, and pyrazine in C D, at room temperature by 1H NMR
spectroscopy. No reactions were observed for pyridine, benzothio-
phene, benzofuran, and 1-methylindole. Additionally, the integrity of
[(IPr*)CuH] R remained intact as evidenced by 1H NMR spectroscopic
analysis of the reaction mixture at 24 h, with the exception of pyridine.
The reaction mixture of [(IPr*)CuH]2 and pyridine in C6D at room tem-
perature for 72 h produced an intractable mixture and a small amount
of black precipitate, presumably from the formation of copper metal.

Qualitative 1TH NMR analysis on the reaction of [(IPr"‘)CuH]2 with
10 equiv. of pyrazine cleanly produced complex (IPr*)Cu(pyrazin-1
(2H)-yl) (4). The 1H NMR (C 6D . 25 °C) spectrum shows the loss of the
Cu-H signal at 3.74 ppm with concomitant growth of a new signal as a
doublet at 3.55 (d, J = 3.1 Hz) and an integration of 2H to supporting
the methylene group of the pyrazin-1(2H)-yl ligand. We also observed
new signals in the aromatic regions of a doublet at 7.09 ppm
(J = 3.6 Hz, 1H), a doublet at 6.56 ppm 6.52 (d, J = 3.6 Hz, 1H), and
a triplet at 6.44 ppm (t, J = 3.1 Hz, 1H) that are consistent with a Cu-
pyrazin-1(2H)-yl moiety (Figure S7, S8A). Lastly, new resonances cor-
responding to the imidazolyl H-C=C-H and -CHPh, were observed at
5.49 ppm (2H) and 5.46 ppm (4H), respectively. Complex 4 has been
verified by SCXRD analysis. Unfortunately, the quality of the SCXRD
data only allows for the determination of the connectivity of complex 4
(Figure S8C in the Supporting Information). On a preparative scale,
treating [(IPr*)CuH] R with 10 equiv. of pyrazine at room temperature
for 24 h generated complex 4 in isolated 60 % yield (Scheme 4). Simi-
larly, TH NMR analysis on the reaction of [(6Dipp)CuH]2 with 10.0
equiv. of pyrazine in C <D by 'H NMR spectroscopy also revealed clean
conversion to the corresponding (6Dipp)Cu(pyrazin-1(2H)-yl). The di-
agnostic signals for the Cu-pyrazin-1(2H)-yl moiety include a doublet at
6.71 ppm (J = 3.7 Hz, 1H), a triplet 6.04 (t, J = 3.3 Hz, 1H), a doublet
at 5.83 (J = 3.7 Hz, 1H), and doublet at 2.94 ppm (J = 3.3 Hz, 2H).
The solid-state structure of two-coordinate complex of (6Dipp)Cu
(pyrazin-1(2H)-yl) is presented in Figure S9 of the Supporting
Information.

Me
10 equiv. PhPh Ph
N N Ph
H \_/ N —
VAR —\
(IPr*)Cu\ /Cu(IPr*) —3-2[ )>——Cu—N N
H PhMe, 25 °C N 7
24h Ph
60% Phi Ph
Ph
Me

Scheme 4. The insertion reaction of [(IPr*)CuH]2 and pyrazine to produce
(IPr*)Cu(pyrazin-1(2H)-yl) (4).
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3.3. Oxygen atom tranfer reaction of NZO and [ (IPr‘"‘)CuH]Z

The fundamental oxygen-atom transfer reaction from the insertion
of N, 0O into metal-hydride complexes to produce hydroxide complexes
with concomitant loss of N_ [38-40] has important implications in the
catalytic hydrogenation of N,O [41-43] and catalytic dehydrogenative
coupling of alchols [44]. The decomposition of N_O to its elements is
thermodynamically favorable, but kinetically challenging [40]. We
posit that the coordinative unsaturation and high reactivity of Cu-H
species can undergo reactivity with N, O at ambient condition. The ad-
dition of 1 atm of NZO (99.999 %) to an orange solution of
[(IPr"‘)CuH]2 (14 mM, C 6D 6) became a light yellow solution after 2 h
and colorless after 6 h. Subsequent 1H NMR spectroscopic analysis of
reaction mixture shows clean formation of (IPr*)CuOH (5) with the di-
agnostic signal of Cu-OH at —0.46 ppm (Scheme 5, Figure S10) [28].
The persistence of the characteristic orange solution of [(IPr*)CuH] ) af-
ter the addition of 1 atm of N_O is in stark contrast to the rapid con-
sumption of [(NHC)CuH] , upon the addition of 1 atm of CO ; [45,46].
The formation of (IPr*)CuOH, from the reaction of [(IPr*)CuH] ) and
N20, provides an opportunity to regenerate [(IPr*)CuH] ) in the pres-
ence of excess hydride source for a plausible synthetic or catalytic cycle
for the reduction of N ,0-

4. Conclusions

We have examined the insertion reactions of [(NHC)CuH] ) dimers
(NHC = IPr*, 6Dipp) with a variety of unsaturated nitrogen-based sub-
strates ranging from azide to electron-deficient heterocycle to gaseous
N, 0. The resulting two-coordinate hydrazido and triazenido Cu(I) com-
plexes are particularly stable in solution, even at 80 °C over hours. This
observation is in stark contrast to the thermal instability of known Fe-
hydrazido and -triazenido complexes, which undergo thermal decom-
position to the corresponding Fe-amido complexes. The isolation of
these unusually stable species highlight the unique stability of the lin-
ear (NHC)Cu(I) complexes. [(NHC)CuH] ) dimers supported by NHC lig-
ands of varying steric properties can insert electron-deficient het-
eroarene, such as pyrazine, but failed to react with pyridine, benzothio-
phene, benzofuran, and 1-methylindole. The insertion of symmetric
pyrazine into the Cu-H bonds of [(IPr*)CuH] ) and [(6Dipp)CuH] ) under
our thermal reaction condition produced (NHC)Cu(pyrazin-1(2H)-yl)
species. This reactivity provides an opportunity to explore whether the
steric properties of NHC ligands of [(NHC)CuH] 4 dimers can promote
different hydride-transfer pathways for unsymmetric heteroarene to
generate different regioisomers.
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