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Bis[(2-diphenylphosphino)phenyl] ether (DPEphos) was used as chelating ligand to prepare the corre-

sponding borohydride complex [Cu(x?-BH4)(DPEphos)], whose structure was ascertained spectroscop-
ically and by means of X-ray diffraction. The spectroscopic assignments related to the coordinated
borohydride were confirmed by preparing the isotopologue [Cu(k2-BD4)(DPEphos)]. Reaction of [Cu(k?-
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BH,)(DPEphos)| with triflic acid afforded the dimer [Cu,(u-BH4)(DPEphos),|[OTf] (OTf = triflate). The
borohydride complexes exhibited appreciable blue emission upon excitation with UV light at room
temperature. [Cu(k2-BH4)(DPEphos)] revealed to be a suitable precursor for the preparation of lumi-
nescent heteroleptic copper(l) complexes having general formula [Cu(N*N)(DPEphos)]* (N*N = 1,10-
phenantroline, 2,9-dimethyl-1,10-phenantroline, 2,2’-bypiridine, 4,4’-dimethyl-2,2'bipyridine).

1. Introduction

Metal borohydride complexes were deeply investigated since
the Sixties because of their possible use as solid-state ion con-
ductors in batteries or in energy storage technology [1]. Another
field of application of borohydride complexes is catalysis, for in-
stance iron(Il), zinc(Il) and titanium(IIl) derivatives were success-
fully applied in the hydrogenation of aldehydes and ketones [2].
The zinc(Il) complexes revealed to be active also in reductive am-
ination reactions [3]. Rare earths-based borohydride complexes
were recently applied as polymerization catalysts, and the borohy-
dride ligand showed different behaviour depending upon the na-
ture of the monomers considered [4].

Copper(I) complexes have been known from a long time [5],
frequently in combination with mono- or bidentate phosphines,
or phosphites [6]. The most common coordination mode for the
borohydride ion is k2 [7], but k'-BH4 derivatives were reported
in a number of cases [7a,8]. The reactivity towards CO, and
heteroallenes was investigated [8b], wherein [Cu(k2-BH,)(PPh3),]
and related compounds were widely used as selective reducing
agents for carbonyl compounds [9]. The same species revealed to
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be efficient catalysts for the photosensitized isomerization of di-
enes [10], while the formal replacement of the phosphine ligands
with a bulky cyclic carbene afforded a complex which is able to
catalyse the hydrolytic dehydrogenation of BH3NH;3 [11]. Intrigu-
ing catalytic activity was recently observed also for related hy-
dridoborate species, such as [(IPr)Cu(HBPh3)] (IPr = 1,3-bis(2,6-
diisopropylphenyl)imidazol-2-yl-idene) for carbonyl hydrosilations
in aqueous solution [12].

The photophysical properties of metal borohydrides were less
investigated. One of the most interesting examples is the Eu(Il)
borohydride coordination polymer reported by Roesky et al., that
exhibited blue luminescence with a quantum yield of 75% [13]. In
the case of Cu(I) complexes, blue photoluminescence was observed
for [Cu(x?-BH4)(PPhs),] and [Cu(k2-BH4)(dppp)] (dppp = 13-
bis(diphenylphosphino)propane) after cooling down the samples at
77 K [14].

Our research group is currently investigating on first row tran-
sition metal complexes exhibiting peculiar luminescent properties
that could be exploited in advanced technology [15]. The first
copper complexes having bis[(2-diphenylphosphino)phenyl] ether
(DPEphos) as P-donor ligand were reported by Venkateswaran et
al. [16]. Several DPEphos complexes are of interest for their photo-
physical properties, despite the scarce luminescence of the free lig-
and [17]. In the case of Cu(l) species, the presence of a wide P-Cu-
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P angle improves the charge transfer processes and increases the
emission lifetimes [18]. Copper(I) borohydride complexes were re-
cently used by our research group as precursors to afford lumines-
cent heteroleptic complexes with benzotriazole derivatives [15c].
Herein, we report the synthesis, characterization and single crys-
tal X-ray structure determination of a new borohydride complex
having formula [Cu(k2-BH4)(DPEphos)]. The compound was easily
converted into the dimer [Cuy(u-BH,4)(DPEphos), ][OTf] (OTf = tri-
flate) by reaction with triflic acid. Both the borohydride com-
plexes exhibited bright blue photoluminescence at room temper-
ature. [Cu(k2-BH,)(DPEphos)] also revealed to be a suitable pre-
cursor for the preparation of luminescent heteroleptic complexes
with chelating N-donor ligands in the coordination sphere [19].

2. Experimental section
2.1. Materials and methods

Commercial solvents (Merck) were purified following reported
procedures [20]. The other reagents were Merck products used
as received. CuCl was synthesized according to literature proce-
dures using sodium sulphite as reducing agent and stored in a
glove box to avoid decomposition [21]. The syntheses of the com-
plexes were performed using common Schlenk techniques. Ele-
mental analyses were carried out using an Elementar Unicube mi-
croanalyzer. The conductivity of acetone solutions of the com-
plexes was measured with a Radiometer Copenhagen CDMS83 in-
strument. Melting point measurements were carried out using a
modified Falc 360 D apparatus equipped with a video recording
device. TGA measurements were carried out under N, atmosphere
with a Linseis STA PT 1000 instrument. The heating rate was set
at 10 °C min~!. IR spectra were collected in the 4000-400 cm™!
range using a PerkinElmer Spectrum One spectrophotometer. Nu-
clear magnetic resonance (NMR) spectra were collected at vari-
able temperature employing Bruker Avance 300 and Avance 400
instruments operating respectively at 300.13 MHz and 400.13 MHz
of TH resonance. 'H and 3C {'H} NMR spectra are referred to
the partially non-deuterated fraction of the solvent, itself quoted
to tetramethylsilane. 3'P {'H} NMR and "B NMR resonances are
respectively referred to 85% H3PO4 in water and BF3-Et,O com-
plex in CDCl;. The bandwidth of the 3P and B resonances is
expressed as full width at half maximum (FWHM). 9F chemical
shifts are referred to CClsF. UV-vis absorption spectra were col-
lected for dichloromethane solutions using a PerkinElmer Lambda
40 spectrophotometer. Photoluminescence emission (PL) and ex-
citation (PLE) measurements were carried out at room tempera-
ture on solid samples using a Horiba Jobin Yvon Fluorolog 3 spec-
trofluorometer. A continuous-wave xenon arc lamp was used as
source selecting the excitation wavelength using a double Czerny-
Turner monochromator. A single grating monochromator coupled
to a photomultiplier tube was used as detection system for optical
emission measurements. Excitation and emission spectra were cor-
rected for the instrumental functions. Time-resolved analyses were
performed in Multi Channel Scaling mode (MCS) by using Horiba
SpectralED pulsed sources centred at 265, 290 and 445 nm, or
in Time-Correlated Single Photon Counting mode (TCSPC), using a
Horiba NanoLED pulsed source centred at 373 nm coupled with a
400 nm shortpass filter (declared pulse duration 1.3 ns). The ex-
perimental setup for measurements in the nanosecond range was
checked using anthracene in methanol as standard (5 ns lifetime)
and data were elaborated with the Horiba DAS6 software. The pho-
toluminescence quantum yields (&) of the complexes (solid state,
r.t.) were measured employing a OceanOptics HR4000CG UV-NIR
detector, fiber-coupled to an integrating sphere connected to an
OceanOptics LED source centred at 365 nm.

2.2. X-Ray structure determination

Crystallographic data were collected at CACTI (Universidade de
Vigo) at 100 K (CryoStream 800) using a Bruker D8 Venture Photon
II CMOS detector and Mo-Ke radiation (A = 0.71073 A) generated
by a Incoatec Microfocus Source IuS. The software APEX3 was used
for collecting frames of data, indexing reflections, and the deter-
mination of lattice parameters [22], software SAINT for integration
of intensity of reflections [22], and SADABS for scaling and empir-
ical absorption correction [22]. The crystallographic treatment was
performed with the Oscail program [23], solved using the SHELXT
program [24]. The structure was subsequently refined by a full-
matrix least-squares based on F2, using the SHELXL program [25].
Non-hydrogen atoms were refined with anisotropic displacement
parameters. Hydrogen atoms were included in idealized positions
and refined with isotropic displacement parameters, except those
bonded to the boron atoms that were found in the final density
map and refined isotropically. Other details concerning crystal data
and structural refinement are given in Table S1. CCDC 2106874 con-
tains the supplementary crystallographic data for this paper. These
data can be obtained free of charge from the Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. PLA-
TON (version 60720) was used to obtain some geometrical param-
eters of the cif file [26].

2.3. DFT calculations

The ground-state geometry optimizations of [Cu(k?-
BH4)(DPEphos)] and [Cu,(u-BH4)(DPEphos),|™ were carried
out using the range-separated hybrid DFT functional wB97X [27].
The basis sets considered were Alhrichs’ split-valence polarized
def2-TZVP and def2-SVP, respectively for the mononuclear and the
dinuclear complex [28]. The stationary points were characterized
by IR simulation (harmonic approximation). The software used
was Orca 4.2.0 [29].

2.4. Synthesis and characterization of [Cu(k%-BH4)(DPEphos)] (1H)
and [Cu(k2-BD4)(DPEphos)] (1P)

A stirred solution containing 0.500 g of CuCl (5.0 mmol) and
2.692 g of DPEphos (5.0 mmol) in dichloroethane was heated at
83 °C under N, atmosphere for one hour. After allowing the reac-
tion mixture to cool at room temperature, a solution of 10.0 mmol
of NaBH4 or NaBD,4 in ethanol was added dropwise to the previ-
ous one. The solution was left under stirring at room temperature
overnight, then the solvents were evaporated under reduced pres-
sure. The crude product separated as white solid by addition of
5 mL of ethanol and were collected by filtration and dried in vacuo.
The purification was performed by dissolution in dichloromethane
(20 mlL), followed by filtration. Ethanol (20 mL) was then added
and the solution was concentrated under reduced pressure until
a white solid started to separate. After cooling at —20 °C for one
hour, the product was collected by filtration. Yield: 60% (1.856 g for
1 and 1.845 g for 1P) in both the cases. Crystals of 11 suitable for
X-ray diffraction were collected from dichloromethane and diethyl
ether solutions.

Characterization of [Cu(k?-BH,)(DPEphos)] (11). Anal. calcd for
C36H3,BCuOP, (616.95 g mol~1,%): C, 70.09; H, 5.23. Found (%): C,
69.81; H, 5.25. M.p. > 503 K (dec.). TGA mass loss > 570 K. H
NMR (CDCl3, 298 K) § 7.53-7.43 (m, 8H, DPEphos), 7.40-7.27 (m,
12H, DPEphos), 7.20 (td, 2H, Jyy = 8.0 Hz, Jyy = 1.5 Hz, DPEphos),
6.96-6.86 (m, 4H, DPEphos), 6.74-6.68 (m, 2H, DPEphos), 1.52-
0.66 (m, 4H, BH,). 3'P {'H} NMR (CDCl;, 298 K) § —15.48
(FWHM = 36 Hz). 3C {'H} NMR (CDCl3, 298 K) § 157.86 (t,
Jpc = 6.0 Hz), 134.26, 134.16 (t, Jpc = 8.6 Hz), 131.14, 129.99, 128.58
(t, Joc = 5.0 Hz), 124.44 (t, Jpc = 2.2 Hz), 119.88 (t, Jpc = 1.9 Hz).
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Scheme 1. Synthesis of Cu(l) borohydride complexes.

P-bonded carbons not detected. "B NMR (CDCl3, 298 K) § —32.13
(quint, br, 1Jgy = 74 Hz). IR (KBr, cm™!): 3050-3005 w (aromatic
Vc-_p), 1690-1560 (aromatic vc_c), 2402 sh, 2371 m (Vg y terminal)»
1992 m, 1947 M (Vpppridging)- UV-Vis (CHyCly, 298 K) < 350,
250 (max), 273 (sh). PL (solid, r.t., Aexcitation = 290 nm, nm): 465
(FWHM = 3400 cm™1). PLE (solid, T.t., Aemission = 470 nm, nm) <
390. 7 (It, Aexcitation = 373 NM, Aemission = 470 nm, ns): 2.2. ¢
(solid, r.t., Aexcitation = 365 nm): 12%.

Characterization of [Cu(x?-BD4)(DPEphos)] (1P). TH NMR (CDCl;,
298 K) 6 7.55-7.40 (m, 8H, DPEphos), 7.40-7.27 (m, 12H, DPEphos),
721 (td, 2H, Jyy = 7.8 Hz, Jyy = 1.4 Hz, DPEphos), 6.95-6.85 (m,
4H, DPEphos), 6.78-6.69 (m, 2H, DPEphos). 3'P {TH} NMR (CDCl;,
298 K) 8§ —15.44 (FWHM = 42 Hz). "B NMR (CDCl5, 298 K) &
-32.37 (FWHM = 144 Hz). IR (KBr, cm'!): 3070-3000 w (aro-
matic vc_y), 1680-1560 m (aromatic vc._¢), 1807 m, 1740 m
(vp.p)- PL (solid, r.t., Aeycitation = 290 nm, nm): 465. PLE (solid,
L.t, Aemission = 470 nm, nm) < 390. T (I.t, Aexcitation = 373 nm,
Aemission = 470 nm, ns): 4.5. @ (solid, L.t, Aecitation = 365 nm):
12%.

2.5. Synthesis and characterization of [Cuy(iu-BH4)(DPEphos); J[OTf]
(OTf = trilflate), (2)

The complex was prepared by adapting a reported procedure
[30]. [Cu(k2-BH4)(DPEphos)] (0.617 g, 1.0 mmol) was dissolved
in 20 mL dichloromethane. The solution was put under nitro-
gen atmosphere and frozen with a liquid nitrogen bath. Trifluo-
romethanesulfonic acid (HOTf, 44 uL, 0.5 mmol) was added with a
microsyringe and the mixture was allowed to warm at room tem-
perature under stirring. After 30 min the solvent was evaporated
under reduced pressure and the product was precipitated by addi-
tion of 10 mL of diethyl ether. The white solid was filtered, washed
with diethyl ether and dried in vacuo. Yield: 60% (0.366 g).

Characterization of [Cuy(ju—BH4)(DPEphos), J[OTf], (2). Anal. calcd
for Cy,HgoBCu,0,P4(1219.07 g mol~1,%): C, 70.94; H, 4.96. Found
(%): C, 70.66; H, 4.98. M.p. > 503 K (dec.). TGA mass loss >
620 K. Ay (acetone, 298 K): 124 ohm~'mol~!cm?2. TH NMR (CDCl3,
298 K) § 7.55-7.20 (m, 22H, DPEphos), 6.99 (t, 2H, Jyy = 7.5 Hz,
DPEphos), 6.89 (m, 2H, DPEphos),6.78-6.71 (m, 2H, DPEphos), 1.87
(quart, 4H, ljgy = 76 Hz, BH,). 3'P {!H} NMR (CDCl;, 298 K)
8§ —13.96 (FWHM = 112 Hz). 3C {'H} NMR (CDCl3, 298 K) §
157.77, 134.20, 133.81 (t, Jpc = 6.7 Hz), 131.89, 130.50, 128.83 (t,
Jpc = 4.7 Hz), 124.80, 119.74. P-bonded and CF; carbons not de-
tected. "B NMR (CDCl3, 298 K) § —30.38 (quint, 'Jgy = 76 Hz).

19F NMR (CDCl5, 298 K) § —77.78 (FWHM = 13 Hz). IR (KBr,
cm): 3070-3005 w (aromatic vc_y), 2121 M (Vpypridging):
1590-1560 m/w (aromatic vc._c), 1030 m (vs—g). PL (solid, r.t.,
Aexcitation = 350 nm, nm): 476. PLE (solid, r.t., Aemission = 470 nm,
nm) < 390. T (r.t, Aexcitation = 373 NM, Aemission = 470 nm, ns):
5.0. @ (solid, r.t., Aeycitation = 365 nm): 14%.

3. Results and discussion
3.1. Synthesis and characterization of the complexes

The copper(l) borohydride complex [Cu(k2-BH4)(DPEphos)]
(11) was prepared in two steps, first heating CuCl and DPEphos
in dichloroethane at reflux for one hour, then by adding a solu-
tion of NaBH, in ethanol to the reaction mixture (Scheme 1). The
synthetic procedure was extended to the isotopologue 1P, using
NaBD,4 as reactant, with the aim of unambiguously assigning the
IR and NMR signals and to verify possible influences of the change
of isotope on the luminescence features (vide infra).

Elemental analyses are in agreement with the proposed formu-
lae and acetone solutions of 1% and 1P are non-conductive. TGA
measurements on complex 14 showed that the mass loss starts
at 570 K, thus indicating good thermal stability (see Fig. S1). The
TH NMR spectrum of 11 reported in Fig. 1 shows, besides the
signals attributable to the phosphine in the region between 7.47
and 6.68 ppm, two broad multiplets of comparable intensity in
the high-frequency region attributable to the borohydride moiety,
broadened by quadrupolar relaxation. The 3C {{H} NMR and HSQC
TH-13C NMR spectra are reported in the Supporting Information
for completeness (Fig. S2-S3). The 3P {TH} NMR and the "B NMR
spectra show respectively a singlet at —15.48 ppm and a broad
quintet at —32.13 ppm with Jgy equal to 74 Hz (Fig. 1). The 'H and
1B NMR resonances related to the borohydride ligand are com-
parable to those of the known complex [Cu(x2-BH4)(PPhs),] and
agree with «2-coordination mode. As expected, no signal in the
2.0-1.0 ppm range was detected in the 'H NMR spectrum of the 1P
isotopologue (Fig. S4), and no multiplicity was appreciated in the
broad "B NMR resonance of 1° because of the lower gyromagnetic
ratio of deuterium with respect to protium (Fig. S4).

Further confirmation of the presence of k2-BH, in the coordi-
nation sphere of the complex was given by the IR spectrum of 1H,
where two groups of signals are observable, one between 2240 and
2370 cm~! and the other one in 1940-1990 cm~! interval, respec-
tively related to the asymmetric and symmetric stretchings of the
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Fig. 2. IR of 1% (black line) and 1P (blue line). Bands related to B-H and B-D
stretchings are highlighted in yellow.

terminal and bridging B-H bonds. As observable in Fig. 2, both the
groups of signals are shifted at lower wavenumbers in the case of
the 1P isotopologue.

Crystals of 14 suitable for X-ray diffraction were collected by
slow diffusion of diethyl ether in dichloromethane solutions. Fig. 3
shows an ellipsoid plot of the two molecules found in the asym-
metric unit [31]. The unit cell contents are shown in Figure S5
while crystal data and structure refinement are collected in Ta-
ble S1. The two complexes do not show important differences in
the geometrical parameters (see Table S2, where the values were
carefully ordered). These values are not very different from the re-

cently revised (tetrahydroborato)bis(triphenylphosphine)copper(l)
[32] or related compounds such as [Cu(k2-BH4)(Cy3P),], [Cu(k2-
BH,)(p-tolyl;P),] or [Cu(k2-BH4)(p-MeO-Ph;P);] [33]. The aver-
age Cu-P bond lengths are 2.26 and 2.24 A respectively in the
first and second molecule of the asymmetric unit. The Cu-P dis-
tances are shorter than those reported for [Cu(k2-BH4)(PPhs),],
equal to 2.78 A, but similar to those found in [Cu(k2-BH,)(p-
MeO-Ph3P), ], equal to 2.2462(9) A. The P-Cu-P angles are 111.66(2)
and 116.19(2)° in the two molecules of the asymmetric unit, sim-
ilar to the values found in other Cu-DPEphos complexes [17d].
The P-Cu---B angles resulted to be asymmetric, being the val-
ues about 112° and 136° (see Table S2). The non-bonding Cu.--B
distances, 2.170(2) and 2.1564(18) A in the two molecules, are
shorter than the values in the 2.18-2.23 A range reported for the
above-mentioned compounds. The position of the hydrogen atoms
bonded to the boron was found in the residual density and re-
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fined isotropically by using the usual procedure on SHELXL. Be-
sides its typical inaccuracy [32b], the bridging hydrogen atoms are
characterized by slightly longer B-H bonds with respect to the
non-bridging ones. Moreover, the B-H bonds of the non-bridging
hydrogen atoms are not identical between them, differently from
the related compounds that exhibit in most of the cases crystallo-
graphic symmetry. In any case, these values are similar to those
outlined for previously mentioned complexes [32b]. Instead, the
Cu-H bonds, comprised between 1.67(3) and 1.75(2) A, are only
imperceptibly shorter. The most significant distinction between the
two complexes in the asymmetric unit relies on the fact that the
copper atoms lie at 0.031(1) and 0.116(1) A from the plane defined

by the phosphorus and the boron atom, as observable from the su-
perimposition depicted in Fig. S6.

In conclusion, the coordination of the copper atom resulted to
be tetrahedral with 74 parameters respectively of 0.88 and 0.85 for
the two molecules [34]. Noteworthy, the coordination of the x-BH4
to the copper ion is symmetrical in one of the molecules, while in
the other one the Cu-H bond lengths show differences of around
0.05 A (see Table S2). However, these differences are not enough to
define the bond as asymmetric, if compared to values up to 0.15 A
found in Ni(Il) borohydride complexes [35].

The k2 coordination mode of borohydride was further con-
firmed by means of DFT calculations. The DFT-optimized structure
of 11 is shown in Fig. S7 (see Table S3 for the Cartesian coordi-
nates). Experimental and computed bond lengths and angles are
compared in Table S4. The most important difference is related
to Cu-H and B-H distances, slightly longer in the DFT-optimized
structure, a result attributable to the approximate localization of
the hydrogen atoms by means of X-ray diffraction.

The frontier orbitals of the complex are depicted in Fig. S7.
The HOMO is localized on the metal centre, the aromatic rings of
DPEphos and also on the terminal B-H bonds. On the other hand,
the LUMO is the combination of orbitals on Cu and DPEphos, with
negligible participation of the borohydride ligand.

The complexes 1" and 1P are characterized by absorptions be-
low 350 nm in dichloromethane solutions (inset of Fig. 4), in
agreement with the bands reported for the free ligand and re-
lated to the m-m* transitions of the DPEphos [36]. The photolu-
minescence in solution is weak, but the excitation of solid samples
in the UV region determined an emission in the blue region cen-
tred at 465 nm, as shown in Fig. 4 for 1H (see also the CIE 1931
chromaticity diagram in Fig. S8). Emission in the same range was
detected for the Cu(I) complex [Cu{BH(7-azaindolate)s}(PPhs)] in
frozen dichloromethane [37].
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Quite surprisingly, the photoluminescence quantum yields of 1H
and 1P are roughly the same, around 12%, this suggesting poor vi-
brational coupling of the emitting excited state with the borohy-
dride ligand. It is worth noting that the free ligand is scarcely lu-
minescent at solid state, characterized by an emission maximum
at 443 nm and 3% of quantum yield [17e]. The radiative decays of
1M and 1P are fast processes. First attempts using MCS mode (see
the Experimental section for details) indicated emission lifetimes
below 500 ns. Further experiments in TCSPC mode revealed life-
times for 11 and 1P in the nanoseconds range (see Fig. S9 for the
luminescence decay curves). Such a result confirms that the lumi-
nescence is attributable to ligand-centred transitions, in line with
the negligible difference between the photoluminescence quantum
yields measured for 1" and its deuterated isoanalogue.

3.2. Reactivity

On the basis of a previously reported approach applied
for [Cu(«2-BH,4)(PPh3),] [27], the complex 1" was initially re-
acted with trifluoromethanesulfonic acid (HOTf) in 2:1 ratio in
dichloromethane solution at low temperature, thus obtaining
the dimer [Cuy(u-BH,4)(DPEphos),|[OTf] (2). Other synthetic ap-
proaches, such as the reaction of 1M with a previously reacted
mixture of CuCl and DPEphos in boiling 1,2-dichloroethane, were
unsuccessful and afforded only insoluble materials [38]. The for-
mation of a cationic complex was confirmed by conductivity mea-
surements, indicating that 2 behaves as 1:1 electrolyte in acetone

solution. As for 14, TGA measurements on complex 2 indicated
good thermal stability, with mass loss beginning at 620 K (see Fig-
ure S1). The presence of the counter-anion was confirmed both
by the S=O stretching at 1030 cm~! in the IR spectrum and by
the singlet at —77.78 ppm in the °F NMR spectrum. The 'H NMR
spectrum shows, besides the resonances of coordinated DPEphos,
a quartet with 1:1:1:1 intensity ratio centred at 1.87 ppm, with
gy = 76 Hz. The same coupling constant was detected for the 1B
NMR quintet centred at —30.66 ppm (Fig. 5). The 3!P {TH} NMR
showed only one singlet at —13.96 ppm (Fig. 5). The change of co-
ordination mode of borohydride was further confirmed by the IR
spectrum of 2, where only one band at 2121 cm~! attributable to
u-BH4 was detected, while no signal attributable to terminal B-H
stretchings was observed (see Fig. 6).

The DFT-optimized structure of 2 is shown in Fig. S10 together
with the frontier orbitals. Cartesian coordinates are collected in Ta-
ble S5. The localization of HOMO and LUMO is somewhat similar
to that of 14, and the borohydride ligand scarcely contributes to
the LUMO only by a p-type orbital of boron.

The photophysical properties of 2 are roughly comparable to
those of 14, with a red-shift of about 10 nm of the emission max-
imum that shifts the colour of the emission in the blue-green re-
gion of the CIE 1931 chromaticity diagram (Fig. S8). The absorp-
tion, PL and PLE spectra are reported in Fig. 4. The measured pho-
toluminescence quantum yield of 2, 14%, is in line with the val-
ues obtained for 14 and 1P, confirming a scarce participation of
the borohydride ligand in the non-radiative decay routes of the
excited states. As for 11 and 1P, the luminescence lifetime of 2
is in the nanoseconds range. It can be tentatively concluded, also
on the basis of the comparison with literature data [17e], that the
photoluminescence of 14, 12 and 2 is attributable to transitions of
DPEphos, enhanced by the rigidity due to coordination. The inter-
action with Cu(l) causes a red shift of the emission maxima, more
pronounced in the cationic complex 2.

The ease of conversion of 1M into 2 prompted us to extent
the reactivity study of 1" with acids. The investigation was also
motivated by the air stability of 1M, that makes it a promis-
ing precursor for the synthesis of other Cu(I) complexes. In par-
ticular, compound 1" was reacted with acetic acid (HOAc) in
combination with 1,10-phenanthroline (phen), 2,9-dimethyl-1,10-
phenanthroline (dmp), 2,2’-bipyridine (bpy) and 4,4’-dimethyl-
2,2'-bipyridine (dmbpy), to obtain previously reported luminescent
complexes having general formula [Cu(N~N)(DPEphos)|* [16], iso-
lated as acetate salts (see Scheme 2). The compounds were pre-
pared in high yields and purity using mild reaction conditions. De-
tails about the synthetic procedure are reported in the Support-
ing Information (Table S6), together with 'H NMR and 3'P {'H}
NMR data and spectra (Figs. S11-S14). The characterization of the

Ph ,Ph *
R E OAc|
7 P R N [0Ac]
N~ \ wN_ =
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~
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Scheme 2. Synthesis of [Cu(N~N)(DPEphos)][OAc] (N*N = phen, dmp, bpy, dmbpy).



neocuproine complex [Cu(dmp)(DPEphos)][OAc] was corroborated
by the determination of the luminescence lifetime, 33 us, in line
with literature data [39]. The luminescence decay curve is shown
in Fig. S15.

4. Conclusion

In this work we described the preparation of mono-
and dinuclear Cu(I) borohydride complexes having bis[(2-
diphenylphosphino)phenyl] ether (DPEphos) as bidentate P-donor
ligand. The coordination to Cu(l) enhanced the photolumi-
nescence of DPEphos and the isolated compounds showed
bright emissions in the blue-green region. Differently from
CuCl and [Cu(NCCHs3)4][BF4], the borohydride complex [Cu(x?2-
BH,4)(DPEphos)] proved to be air stable and also a viable precursor
for the synthesis of heteroleptic complexes with chelating N-donor
ligands, isolated in high yields and purity using very mild reaction
conditions and minimal work-up. The decomposition of the boro-
hydride ligand with an acid avoids the possibility that acetonitrile
or chloride remain in the Cu(I) coordination sphere. Thanks to
this feature, we are successfully obtaining new Cu(I)-DPEphos
complexes with unusual azoles in the coordination sphere, that
will be submitted for publication in the next future.
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