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Dibenzoazepine hydrazine is a building block for
N-alkene hybrid ligands: exploratory syntheses of
complexes of Cu, Fe, and Li†

Alexander Grasruck,‡a Kristina Schall,§a Frank W. Heinemann, a Jens Langer, b

Alberto Herrera,a Sybille Frieß,a Günter Schmid c and Romano Dorta *a

The new hydrazine 5H-dibenzo[b,f ]azepin-5-amine (2) reacts with P- and Si-electrophiles via deprotona-

tion to afford P(III)-, P(V)-, and TMS-hydrazides 3–8 and with carbonyl electrophiles via acid-free conden-

sation to the N-substituted hydrazones 9–12 that are potential N-alkene ligands. While β-ketohydrazone 9

and α-dihydrazone 10 react with [Mes(Cu)]4, [Cu(NCCCH3)4]2PF6, and FeCl2(THF)1.5 to afford complexes

devoid of alkene interaction, [Cu(OTf)]2·C6H6 reacts with the α-keto hydrazone 11 or with N,N dimethyl-

hydrazone 12 to form the neutral dimeric Cu(I) complex 18 with bridging Cu(I)–alkene interactions or the

tetrahedral cationic complex 19 in which 12 binds as a bidentate hydrazone-alkene ligand, respectively. The

surprising stability of the alkene coordination in complexes 18 and 19 prevents substitutions with, e.g., PPh3.

Introduction

Hydrazones are a versatile synthetic tool in organic chemistry.1

In particular, metallated hydrazones are key intermediates in
C–C bond forming reactions2 and reductions such as the
Shapiro reaction.3 However, their application as supporting
ligands for metal complexes in synthesis and catalysis is less
developed.4 For example, hydrazones corresponding to α- and
β-diimines (e.g. nacnac type ligands) have different electronic
properties through the second hydrazine nitrogen atom.5

Some time ago, we and others have introduced 5H-dibenzo[b,f ]
azepine as a building block for the synthesis of chiral6 and
achiral7 hemilabile P- and S-alkene hybrid ligands (Chart 1):
Ligands I and II feature both point and planar chirality, while
the superbulky ligand IV displays a crystallographic Tolman
cone angle of 229°. In order to extend the versatility of this
building block we envisaged the corresponding hydrazine

5H-dibenzo[b,f ]azepin-5-amine (2) inspired by Grützmacher’s
5-amino-5H-dibenzo[a,d]cycloheptene (tropNH2).

8 In this paper,
we disclose a multi-gram scale preparation of the new hydrazine
2 and its use for the synthesis of hydrazone-based N-alkene
hybrid ligands. The coordination chemistry with Li, Fe(II), Cu(II),
and Cu(I) is presented. In particular, the Cu(I) species are shown
to be additionally stabilized by alkene coordination of the
alkene function of the benzoazepine moiety.

Results and discussion

For the realization of new N-alkene hybrid ligands, the accessi-
bility of the primary hydrazine 2 on a gram scale had first to
be demonstrated: dibenzo[b,f ]azepine reacts with NaNO2

under acidic conditions following literature procedures for
similar systems9 to afford nitrosoamine 1 as yellowish crystals
in good yields (Scheme 1). The reduction of 1 with LiAlH4

10

can be performed on a multi gram scale and yields 2 as a
bright yellow crystalline solid. 2 decomposes by N–N bond
cleavage under acidic conditions, which must be avoided.

The reaction of 2 with Si- and P-electrophiles is outlined in
Scheme 2. Yellow 2 is deprotonated with LDA in THF at RT to
afford a red suspension of an orange solid, which is quenched
in situ with a slight excess of Ph2PCl or TMSCl to afford 311 and
6, respectively, in very good isolated yields. Similarly, 2 reacts
with PBr2Ph3

12 in the presence of 1.5 equiv. of NEt3 to afford
the phosphonium bromide 4. The 1H NMR spectra for 3 and 4
show characteristic doublets at 4.95 and 11.38 ppm, respect-
ively, for the amine protons due to 2J-coupling to phosphorus.
In 6 the NH proton resonates at 3.75 ppm as a board singlet.

†Electronic supplementary information (ESI) available: X-ray crystallographic infor-
mation, NMR spectra. CCDC 2338469–2338477. For ESI and crystallographic data in
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The 31P NMR spectra of 3 and 4 show a singlet resonance at
49.1 and 38.9 ppm, respectively (2J-couplings are not resolved).

While the deprotonation of 3 to the corresponding amido-
phosphine does not afford clean, isolable products with a
variety of bases, such as PhLi,13 from 4, the second equivalent
of HBr is eliminated with LDA liberating the iminophosphine
5 as a yellow powder in practically quantitative yields. Contrary
to N-alkyliminophosphines,14 5 is air-stable and resistant to
hydrolysis. 5 was needed in this project as potential imidation
reagent15 for carbonyl compounds (vide infra). 6 is smoothly
deprotonated by PhLi in toluene to form the trimeric lithium
complex 7 as an orange powder in good yield,16 whose 1H

NMR reveals broad signals due to fluxional behavior. Attempts
to prepare the analogous potassium salt by reacting 6 with
benzyl potassium or KH afforded untractable products.
Reacting 7 with an additional equivalent of TMSCl quantitat-
ively yields pure 8 that does not need further purification.17 1H
NMR shows one singlet at 0.25 ppm for the TMS groups and a
characteristic singlet at 5.99 ppm for the alkene protons of the
azepine. As with 5, 8 is a potential hydrazide transfer reagent
(vide infra).18

Single crystal X-ray diffraction analysis of 7 revealed a C3-
symmetric trimeric structure containing three lithium atoms
forming an equilateral triangle (Fig. 1). The average Li–N bond
length of 1.988 Å is in the range of reported values19,16b and
similar to the corresponding bond in complex 13 (vide infra).
The lithium-bridging hydrazido N-donors are tetrahedral,
while the azepine ring N-atoms N1, N3 and N5 are trigonal
planar (sum of bond angles ∑∢(N) ≈ 360°). One of the two

Scheme 1 Synthesis of the new dibenzo[b,f]azepine derived hydrazine 2.

Scheme 2 Reactions of 2 with P(III), P(V), and the TMS-Cl electrophiles.

Fig. 1 Crystal structure of one of two independent molecules of 7 (50%
probability ORTEP, H atoms are omitted). Selected bond lengths (Å) and
angles (deg): Li1–N2 1.933(7), Li3–N2 1.989(7), Li1–Li3 2.960(9), N1–N2
1.479(4), Si1–N2 1.736(3), Si1–C16 1.866(4), Li2–C19 2.429(7) Å; C1–N1–
C14 114.8(3), C1–N1–N2 117.2(3), Li1–N2–Li3 98.0(3), N2–Li1–N4 139.8
(4), N6–Li2–N4 138.1(3).

Chart 1
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independent molecules in the asymmetric unit exhibits an
anagostic interaction (Li2⋯C19) at a distance of 2.431 Å.20

Similar Agostic interactions in this position of the dibenzo[b,f ]
azepine backbone have also been observed for Ru(II) complexes
with P-alkene ligands.21

The reaction of 2 with carbonyl electrophiles is summarized
in Scheme 3. With acetylacetone the mono substituted
β-ketohydrazone 9 is isolated in high yield after stirring for 10
d in EtOH at room temperature and crystallization. Long reac-
tion times are necessary because the usual catalysts cannot be
used due to the instability of 2 towards Brønsted acids.22 The
1H NMR spectrum shows characteristic resonances for the OH

and alkene protons at 13.1 and 6.75 ppm, respectively.
Condensation of a second equivalent of 2 was attempted in
three ways: (i) in situ alkylation of 9 with [OMe3][BF4] followed
by addition of 2 under basic conditions,23 (ii) reaction of 9
with bis-silyl hydrazide 8 at 60 °C (with the intention to drive
the reaction by forming (TMS)2O), and (iii) by an acid-free aza-
Wittig reaction2 employing imino-phosphine 5 (Scheme 2).
While the first two methods gave no reaction, a mixture of
acetylacetone with 5 led to decomposition at 90 °C (at lower T
no reaction takes place), even though P(O)Ph3 was identified
in the crude product mixture. With hexafluoroacetylacetone,
on the other hand, 5 reacts as a base in THF at 50 °C to afford
the iminium salt [5-H][F3C(O)CCC(O)CF3] (an analogue of 4).24

Condensation of 2 with glyoxal quantitatively affords 10, which
turned out to be hydrolysis resistant and which precipitates as
a mixture of isomers as evinced by its 1H NMR spectrum. Such
yellow CDCl3 NMR solutions of 10 turn orange within hours
and show the expected peak pattern of one sole symmetrical
isomer.25 XRD analysis revealed the exact configuration of 10
in the crystal and shows the trans-isomer with a perfectly
planar tetraazahexadiene chain (Fig. 3). The terminal azepine
N-atoms are very slightly pyramidalized (∑∢(N) = 356°), and
the C15–N2 bond length of 1.290 Å is in the expected range.26

With acenaphthenequinone, 2 reacts only in a one-to-one ratio
to the α-ketohydrazone 11,27 albeit in excellent yields. The 1H
NMR spectrum shows a characteristic singlet at 6.9 ppm
suggesting CS symmetry in solution. In the crystal, the sym-
metry is lower with the dibenzoazepine moiety tending into
coplanarity with the acenaphthenequinone substitutent con-
trasting aniline-based BIANs (Fig. 2, right).28 The nitrogen
atoms lie in the quinone plane within ca. 5°, while the
dibenzo[b,f ]azepine moiety is twisted out of plane by 23°
(average torsion angle along C5–C1–C19–C20 in four indepen-
dent molecules). The N1–N2 bond distance of 1.37 Å indicates
double bond character. Finally, hydrazone 12 forms upon con-
densation of 2 with acetone. The 1H NMR spectrum shows two

Scheme 3 Condensation of 2 with carbonyl compounds to
hydrazones.

Fig. 2 Crystal structures of 10 (left, one of two independent molecules) and 11 (right, one of four independent molecules). ORTEPs are drawn at
50% probability, H atoms are omitted. Selected bond lengths (Å) and angles (deg) for 10: C15–C15A 1.444(2), N1–N2 1.3741(12), N2–C15 1.2904(13),
N1–C1 1.4278(13), C7–C8 1.3426(17), N2–N1–C1 113.37(8), N2–N1–C14 123.22(8), C15–N2–N1 119.95(9); for 11: C2–O1 1.214(3), N1–N2 1.354(2),
C1–N1 1.296(3), N2–C13 1.437(3), C1–C2 1.517(3), C19–C20 1.340(3), N2–N1–C1 124.17(17), N1–C1–C2 114.39(17).
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singlets at 1.98 and 2.28 ppm for the methyl groups and a
singlet at 7.09 ppm for the alkene protons.

Deprotonation of 12 with lithium di-isoprpopyl-amide
(LDA) or PhLi in THF solution affords the deep red aza-enolate
13 (eqn (1)). The enamine protons resonate as singlets at 2.75
and 2.96 ppm in the 1H NMR spectrum. There is no indication
for conjugation between the π-systems of the enamide and the
dibenzo[b,f ]azepine. The crystal structure of 13 has approxi-
mate CS symmetry consistent with its solution structure
(Scheme 4). Solvation by three THF molecules creates together
with the hydrazido N-donor a tetrahedral coordination geome-
try around lithium and prevents higher aggregation (cf.
complex 7 above). The N atoms are trigonal planar with ∑∢
(N1) = 358.5° and ∑∢(N2) = 360.0°, and the N–Li distance of
1.956 Å parallels the values observed in 7.29 The delocalized
nature of the enamide function is reflected in its planar geo-
metry and the short N2–C15 bond distance of 1.370 Å indicat-
ing double bond character.30 The enamide moiety is oriented
perpendicular to the unusually planar dibenzo[b,f ]azepine
backbone with the C15–C16 double bond (1.346 Å) pointing
towards it. Normally, the azepine ring displays a boat configur-
ation due to its antiaromatic character,31 which has been used
to great effect to install stable planar chirality in similar P- and
S-alkene ligand systems.32 In addition, the C7–C8 bond
(1.327 Å) clearly has double bond character and is not in con-
jugation with the benzene rings. Conjugative effects between
the π-systems are also excluded because the N1–N2 distance
(1.443 Å) identifies it as a single bond and because of the
aforementioned perpendicular orientation of the
N-substituents. The planarity of the system is therefore
explained in terms of steric, rather than electronic, preference.
Nevertheless, this is a rare example, in which the planar struc-
ture is stable enough to be caught in the crystal.

With the well characterized potential ligands 3, 5, 7–13 at
hand, their coordination chemistry with iron and copper was
explored, because, ultimately, we are interested in the stabiliz-
ation of reactive hydrides of first-row transition metal-hydrides
for the reduction of CO2.

33 The synthesis of Cu(I) amido com-
plexes was attempted with ligands 3, 6–8 (Scheme 2). 3 reacts

with [Cu(Mes)]4 in pyridine or THF solution and a beige solid
is isolated (Scheme 5). Against expectations, crystallographic
analysis revealed the metal-free imino-phosphine 14, in which
the tetrahedral phosphorus atom is bound to two phenyl
groups, one dibenzo[b,f ]azepine, and one hydrazine dibenzo[b,
f ]azepine moiety. The P1–N2 bond distance of 1.598 Å corres-
ponds to a double bond,34 whereas the P1–N3 single bond
measures 1.692 Å.35 The 31P nucleus resonates as a singlet at
16.9 ppm. The mechanism outlined in Scheme 6 rationalizes
the outcome of the reaction of [Cu(Mes)]4 with two equivalents
of 3. NMR control experiments of the reaction revealed rapid
formation of mesitylene on deprotonation of 3 by [CuMes]4 in
the proton spectrum and a broad 31P resonance at 58 ppm of a
major side product, which we attribute to CuNHPPh2. We
assume that the initially formed unsaturated copper amido
complex is stabilized by coordination of a second equivalent of
neutral ligand, triggering the intramolecular redox rearrange-
ment to 14 upon elimination of CuNHPPh2. The N–N cleavage
reduces two nitrogen atoms from -II to -III, while the P(III) is
oxidized to P(V), so overall this reaction could be termed an
oxidative addition of an N–N bond to P(III). Oxidation of phos-
phorous by Cu(I) is excluded because no precipitation of metal-
lic Cu was observed.

In contrast to phosphine hydrazide 3, the silyl hydrazide 6
does not react with the Cu(I) precursors [MesCu]4 (Mes = mesityl
anion) and [Cu(OtBu)]4 to the Cu(I) silyl amido complex,36 pre-
sumably because the copper precursors are not basic enough.
Also 7 and 8 were tried in reactions with CuCl in a bid to obtain
the copper amide via salt metathesis or under the elimination of
TMSCl, respectively.37 The reactions with 7 in varying metal to
ligand ratios (cuprates were also envisioned) resulted in untract-
able mixtures,38 while 8 did not react with CuCl even at 70 °C.
The reaction of 9 with [CuMes]4 results in dark brown reaction
mixtures that show no 1H NMR signals, indicative of a dispro-
portionation reaction to metallic copper and a Cu(II) complex 15
(eqn (1)),39 which was confirmed by single crystal X-ray diffrac-
tion analysis (Fig. 3).40 The roughly square planar complex (di-
hedral angle between coordination planes: 9.7° (ref. 41)) is sup-
ported by two molecules of deprotonated N,O-coordinated 9 and

Scheme 4 Synthesis and crystal structure of 13 (50% probability ORTEP, H atoms are omitted). Selected bond lengths (Å) and angles (deg): Li1–N2
1.956(4), N2–C15 1.370(2), C15–C16 1.346(3), C15–C17 1.514(3), N1–N2 1.443(2), N1–C1 1.413(2), C7–C8 1.327(3); N1–N2–Li1 114.44(14), C15–N2–
Li1 132.58(16), C16–C15–C17 119.77(18).
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has crystallographic centrosymmetry. The trans positioned O
and N donors span angles of 172–174° and their distances to the
metal center are in the range of reported values.42 The Cu–N
bond is slightly longer due to the steric pressure exerted by the

dibenzo[b,f ]azepine residue, which is oriented perpendicularly
to the Cu–nacac plane.

ð1Þ

Two equivalents of 10 react with [Cu(NCCH3)4]PF6 to yield
complex 16 as an orange powder (Scheme 7).43 Long reaction
times (ca. 3 d) are required to ensure the coordination of the
second ligand equivalent. NMR spectra do not indicate ligand
alkene coordination and support a complex of high symmetry
in solution. 10 also reacts with FeCl2(THF)1.5 to afford red-
brown crystals of 17 in excellent yield.44 The crystal struc-
ture suffered from substantial disorder, caused by the pres-
ence of different conformers. The major conformer, which
occupied 78% of the lattice sites, showed a transoid

Scheme 5 Synthesis and crystal structure of 14 (50% probability ORTEP, H atoms are omitted). Selected bond lengths (Å) and angles (deg): P1–N2
1.5977(12), P1–N3 1.6919(12), N1–N2 1.4611(16), N1–C1 1.4381(19), N3–C15 1.4453(18), N1–N2–P1 111.31(9), N2–P1–N3 122.47(6), N3–P1–C29
103.55(6), N3–P1–C35 104.05(6), C29–P1–C35 105.14(7), C15–N3–P1 118.54(9), C1–N1–N2–P1 117.32(11).

Scheme 6 Proposed mechanism for the formation of 14.

Fig. 3 Crystal structure of 15 (50% probability ORTEP, H atoms are
omitted). Selected bond lengths (Å) and angles (deg): Cu1–O1 1.8903
(14), N1–N2 1.432(2) Cu1–N1, 2.0041(16), O1–C2 1.277(3), N1–C4 1.323
(3), C2–C3 1.376(3), C3–C4 1.418(3), O1–Cu1–O1A 173.98(13), N1–Cu1–
N1A 172.26(12), O1–Cu1–N1 90.80(6), O1–Cu1–N1A 89.60(6), C4–N1–
N2 112.89(17), C2–C3–C4 125.5(2).
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arrangement of the dibenzoazepine moieties, and a dis-
torted tetrahedral coordination geometry around iron
(Fig. 4). The conformers are defined by the relative orien-
tations of the dibenzo[b,f ]azepine moieties to each other
and suggest low energy barriers between them.45 The nitro-
gen, iron, and imine carbon atoms are coplanar, and
azepine N atoms are pyramidallized (∑∢(N2) = 345.41°, ∑∢
(N4) = 343.05°). The C1–N1 and C1–C1 distances do not sig-
nificantly change compared to the free ligand, indicating
redox-neutral coordination.

In contrast to the synthesis of complex 15, disproportiona-
tion reactivity is suppressed by the use of the α-ketohydrazone
11. It reacts with [Cu(OTf)]2·C6H6 to form the dinuclear
complex 18 within minutes (eqn (2), Cu(I) halides are unreac-
tive).46 The 1H NMR spectrum shows 16 individual proton

resonances indicating a low-symmetry, rigid structure. The dia-
stereotopic dibenzoazepine alkene protons resonate as doub-
lets at 6.27 and 4.74 ppm. Indeed, the crystal structure reveals
a C2-symmetric dinuclear complex with pseudo-tetrahedral copper
centers reminiscent of triene–Cu(I)–triflates (Fig. 5).47 Each α-keto-
hydrazone coordinates one copper atom in a bidentate manner,
while the alkene function bridges onto the neighboring copper
atom. The coordinated CvC double bonds are elongated from
1.341 Å in the free ligand to 1.381 Å, which is on the long side of
comparable values.48 The copper atoms are separated by 4.58 Å,
and the naphthalene moieties are π-stacked at roughly 3.5 Å
(C4⋯C30) and offset.49 Due to the fact that the ligands bridge the
metals, there is no need for pyramidalization of the dibenzoaze-
pine N atoms (∑∢(N2) = 355°, ∑∢(N4) = 353°), contrasting their
usual sp3-hybridization encountered in bidentate coordination
modes in mononuclear complexes of such hybrid ligands (cf. 19
below). The remaining coordination sites are occupied by the tri-
flate anion with a Cu–O contact of 2.232 Å,50 thereby securing an
18 valence electron count.51

ð2Þ

Hydrazone 12 cleanly reacts52 with [Cu(OTf)]2·C6H6 in
CH2Cl2 solution to complex 19, which is isolated as gold-
yellow powder in excellent yields (eqn (3)). The NMR spectra
reflect a highly symmetric complex, and the low frequency
shift of the singlet resonance of the alkene protons at
6.54 ppm by 0.5 ppm compared to the free ligand indicates
alkene coordination. In fact, X-ray analysis authenticated the
bidentate coordination of the ligands through the imine nitro-
gen and the azepine CvC double bond (Fig. 6). The copper
atom has tetrahedral coordination geometry with an outer-sphere
OTf− counterion. While the Cu–N distances are in the expected
range for this type of structures,53 the Cu–C bonds are slightly
longer than in most reported structures at 2.194–2.288 Å.54 The
dibenzo[b,f]azepine nitrogen atoms are pyramidalized (∑∢(N1) =
333° and∑∢(N2) = 335°) due to the bidentate coordination mode
of the ligand, which is also a recurring observation in complexes
of bidentate dibenzoazepine-based chiral P- and S-alkene
ligands.55 The average C–C double bond is similar to the values
found in complex 18 and is slightly elongated to 1.368 Å com-
pared with the uncoordinated alkene in the aza-enolate 13
(1.327 Å). This is consistent with Cu(I) alkene coordination invol-
ving mostly σ-donation and very little π-back donation.56 However,
the coordinated alkene functions in complexes 18 and 19 resist
substitution by PPh3, CO, CO2, phenyl isocyanate, or
dicyclohexylcarbodiimide.

Fig. 4 Crystal structure of one of three conformers of 17 (50% prob-
ability ORTEP, H atoms and solvent molecules are omitted). Selected
bond lengths (Å) and angles (deg): Fe1–Cl1 2.220(2), Fe1–N1 2.137(2), N1–
C1 1.292(3), C1–C2 1.458(3), Cl1–Fe1–Cl2 126.68(6), N1–Fe1–N3 77.14(7),
N1–N2–C3 113.22(16), N1–N2–C8 117.00(17), C3–N2–C8 115.19(16), C1–
N1–N2 120.75(18), N2–N1–Fe1 125.85(13), C1–N1–Fe1 113.33(14).

Scheme 7 Synthesis of the tetrahedral Cu(I) and Fe(II) complexes 16
and 17.
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ð3Þ

Conclusion

The new hydrazine 2 is accessible in multi-gram scales and is a
useful building block for the synthesis of N- and P-alkene
hybrid ligands and iminophosphines 5 and 14, the latter being
accessible by a Cu(I) mediated reaction. The neutral and anionic
hydrazone derived N-alkene ligands are readily prepared on
gram-scales and show a versatile coordination behaviour. While
8 was not suitable for Cu(I) complexes, a biscoordinated Cu(II)
complex was isolated. α-keto hydrazone 11 and the N,N-
dimethyl hydrazone 12 form the alkene coordinated Cu(I) com-
plexes 18 and 19, which sport unexpectedly strong alkene inter-
actions that resist PPh3 and CO substitution. Moreover, we
think that the tricyclic hydrazine 2 is of interest to pharma-
ceutical/medicinal chemistry and developments along these
lines are currently being pursued in our laboratories.

Experimental details

All reactions were carried out under anaerobic and anhydrous
conditions, using standard Schlenk and glovebox techniques
unless otherwise stated. Et2O, THF, benzene, n-hexane and
n-pentane were distilled from purple Na/benzophenone solu-
tions, toluene from Na, C6D6 from Na/K alloy, CH2Cl2 and 1,2-
difluorobenzene from CaH2, and NEt3 from K. CDCl3 and
CD2Cl2 were degassed with three freeze–pump–thaw cycles and
then kept over activated molecular sieves (4 Å) in the glovebox.
LiAlH4 was purified by filtration of a concentrated Et2O solu-
tion over glass fiber filter (Whatman GF/B) and subsequent
evaporation to a snow-white solid. [CuMes]4,

57 [Cu(NCCH3)4]
PF6

58 and [Cu(OTf)]2·C6H6
59 were prepared according to pub-

lished procedures. Technical solvents were pre-purified by dis-
tillation on a rotary evaporator. NMR spectra were recorded on

Fig. 5 Crystal structure of 18 with its core structure to the right (50% probability ORTEP, H atoms and solvent molecules are omitted). Selected
bond lengths (Å) and angles (deg): Cu1–O1 2.0590(13), Cu1–O2 2.2263(13), Cu1–N1 2.1358(15), Cu1–C45 2.1026(18), Cu1–C46 2.0518(18), C45–
C46 1.381(3), Cu2–O5 2.0537(13), Cu2–O6 2.2391(13), Cu2–N3 2.1121(15), Cu2–C19 2.0559(18), Cu2–C20 2.0872(18), C19–C20 1.381(2), N1–N2
1.344(2), N3–N4 1.344(2), O1–Cu1–N1 80.23(5).

Fig. 6 Crystal structure of 19 (50% probability ORTEP, H atoms are
omitted). Selected bond lengths (Å) and angles (deg): Cu1–N2 2.0460
(18), Cu1–N4 2.0823(19), Cu1–C7 2.223(2), C7–C8 1.370(3), C24–C25
1.366(3), Cu1–C8 2.280(2), Cu1–C24 2.268(2), Cu1–C25 2.194(2), N1–
N2 1.470(3), N3–N4 1.471(3), N4–C32 1.286(3), N2–C15 1.285(3), N2–
Cu1–N4 113.89(7), N2–Cu1–C7 92.26(8), N4–Cu1–C24 90.33(8), C32–
N4–Cu1 135.03(16), C15–N2–Cu1 127.37(16).
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a JOEL EX 400 (400.5 MHz), JOEL EX 270 (270 MHz), Bruker
Avance DPX300 NB (300 MHz) and Bruker Avance III HD
(600 MHz). Chemical shifts δ are indicated in ppm and 1H-
and 13C NMR shifts refer to the solvent signal as an internal
standard (CDCl3, δ = 7.25; C6D6, δ = 7.16).60 Signal multiplici-
ties are given as s (singlet), d (doublet), t (triplet), q (quartet),
oct (octet) or m (multiplet). The raw data were processed with
Mestrec. The elemental analyses (EAs) of new products were
determined with a Euro EA 3000 (Euro Vector).

5-Nitroso-5H-dibenzo[b,f ]azepine (1)

Dibenzo[b,f ]azepine (77.7 g, 402 mmol) was suspended in
EtOH (800 ml) and cooled to 0 °C before conc. HCl (280 ml)
was added. After 15 min a solution of NaNO2 (30.5 g,
442 mmol) in H2O (250 ml) was added dropwise via addition
funnel over 40 min. The reaction mixture turned brown before
a brown precipitate formed. The suspension was stirred for 1 h
at 0 °C and filtered with a frit. The solid was slurried in EtOH
(300 ml), filtered and washed with petrol ether (200 ml). The
crude was extracted with DCM (400 ml) and filtered over acti-
vated charcoal to remove remaining inorganic salts. The
brownish solution was concentrated to 150 ml and n-pentane
was added to promote crystallization. After cooling overnight
at −30 °C, the mother liquor was removed, and the yellowish
crystals were dried in HV. The product was recrystallized from
boiling toluene (400 ml) to obtain slightly yellowish crystals.
The solvent was decanted, and the crystals were washed with
n-pentane (2 × 50 ml) before drying in HV (60.4 g, 68%). 1H
NMR: (600 MHz, CDCl3) δ (ppm) = 7.62 (d, 1H, ArH, 3JH,H = 6
Hz), 7.56–7.53 (m, 1H, ArH), 7.49–7.38 (m, 5H, ArH), 7.15 (d,
1H, ArH, 3JH,H = 6 Hz), 6.89; 6.84 (dd, 2H, ArH, 4JH,H = 12 Hz,
3JH,H = 30 Hz). 13C NMR (101 MHz, CDCl3) δ (ppm) = 140.83
(s), 136.25 (s), 132.81 (s), 132.16 (s), 130.49 (s), 130.43 (s),
130.17 (s), 129.85 (s), 129.61 (s), 129.23 (s), 129.16 (s), 128.94
(s), 127.61 (s), 126.09 (s). EA found: C 75.39%, H 4.46%, N
12.47%; calculated for C14H10N2O: C 75.66%, H 4.54%, N
12.60%.

5H-Dibenzo[b,f ]azepin-5-amine (2)

1 (15.4 g, 68.4 mmol) was dissolved in dry THF (250 ml) and
cooled to 15 °C. A solution of LiAlH4 (2.72 g, 71.8 mmol) in
THF (30 ml) was added dropwise, so that the gas formed at a
controlled rate. The resulting dark greenish solution was
stirred for 1 h at 15 °C. The cooling bath was removed, and
stirring was continued for 15 h at RT. The reaction mixture was
quenched with aqueous sodium tartrate solution (20 g of
C4H4Na2O6·2H2O in 180 ml of H2O) and Et2O (300 ml) was
added. The phases were separated, and the aqueous phase was
extracted with Et2O (3 × 200 ml). The combined organic
phases were dried over MgSO4, and the solvent was removed.
The product was purified by column chromatography with de-
activated silica (Hex/EtOAc/NEt3, 8 : 1 : 1) and obtained as a
yellow crystalline solid (7.04 g, 50%).1H NMR: (600.13 MHz,
CDCl3) δ 7.33–7.23 (m, 4H, ArH), 7.09–7.01 (m, 4H, ArH), 6.77
(s, 2H, ArH), 4.29 (s (br), 2H, NH2).

13C NMR: (150.9 MHz,
CDCl3) δ 152.7 (s), 132.4 (s), 130.9 (s), 129.2 (s), 129.1 (s), 123.7

(s). EA found: C 81.15%, H 5.81%, N 13.07%; calculated for
C14H12N2: C 80.74%, H 5.81%, N 13.45%.

N-(Diphenylphosphanyl)-5H-dibenzo[b,f ]azepin-5-amine (3)

A solution of LDA (249 mg, 2.33 mmol) in THF (3 ml) was
added dropwise to a solution of 2 (530 mg, 2.33 mmol) in THF
(5 ml). While stirring for 1 h, the reaction mixture turned red
and an orange precipitate formed. The reaction mixture was
cooled to −30 °C and was added dropwise to a solution of
PPh2Cl (525 mg, 2.38 mmol) in THF (5 ml), which was cooled
to −30 °C. The formed yellow solution was stirred for additional
2 h. The solvent was removed, the residue was extracted with
benzene (15 ml) and filtered over cotton and Celite in a pipette.
The yellow solution was cooled to −30 °C and subsequently the
frozen benzene was sublimed in HV. Afterwards the product
was slurried in n-pentane (15 ml) for 1 h, cooled to −30 °C and
filtered cold. The precipitate was washed with n-pentane (6 ml),
filtered again and dried in HV to afford a yellow powder
(811 mg, 88%). 1H NMR: (400 MHz, C6D6) δ 7.45–7.41 (m, 4H,
ArH), 6.93–6.87 (m, 8H, ArH), 6.73–6.65 (m, 6H, ArH), 6.33 (s,
2H, ArH), 4.95 (d, 1H, NH, 2JH,P = 32 Hz) 13C NMR: (101 MHz,
C6D6) δ 152.8 (s), 139.6 (s), 139.5 (s), 132.8 (s), 132.6 (s), 132.3
(s), 131.0 (s), 128.74 (s), 128.4 (s), 128.5 (s), 127.7 (s), 123.4 (s),
119.2 (s). 31P NMR: (162 MHz, C6D6) δ 49.1 (s). EA found: C
79.88%, H 5.38%, N 6.84%; calculated for C26H21N2P: C
79.58%, H 5.39%, N 7.14%.

Dibromotriphenyl-λ5-phosphine (PBr2Ph3)
61

Triphenylphosphine (3.00 g, 11.4 mmol) was suspended in
acetonitrile (15 ml) and the mixture was cooled down to 0 °C.
Bromine (1.82 g; 11.4 mmol; 0.58 ml) was added dropwise via
syringe and stirring was continued for 1 h. To remove the
excess of bromine, a solution of triphenyl phosphine (0.60 g
diluted in 10 ml acetonitrile) was added. The white precipitate
was separated by filtration, washed with acetonitrile (15 ml)
and dried under reduced pressure to yield an off-white powder
(4.67 g, 97%). 1H NMR (600 MHz, DMSO-d6) δ 7.64–7.57 (m,
9H, ArH), 7.57–7.51 (m, 6H, ArH). 31P NMR: (243 MHz; DMSO-
d6) δ 25.5 (s).

((5H-Dibenzo[b,f ]azepin-5-yl)amino)triphenyl-phosphonium
bromide (4)62

PBr2Ph3 (1.03 g, 2.43 mmol) was dissolved in benzene (7 ml)
and a solution of 2 (505 mg, 2.43 mmol) and NEt3 (369 mg,
3.65 mmol) in benzene (7 ml) was added slowly. The yellow
reaction mixture was stirred for 20 hours, then the solvent was
removed by sublimation. The air stable light-yellow solid was
washed with water (50 ml), Et2O (40 ml) and dried under
reduced pressure to obtain an off-white powder (1.14 g, 85%)
1H NMR (400 MHz, CDCl3) δ 11.38 (d, J = 41.6 Hz, 1H, NH),
8.47 (d, J = 8.2 Hz, 2H), 7.69 (ddd, J = 13.1, 8.2, 1.4 Hz, 6H),
7.61 (td, J = 7.5, 1.6 Hz, 3H), 7.42 (td, J = 7.8, 3.5 Hz, 6H), 7.31
(ddd, J = 8.4, 7.3, 1.7 Hz, 2H), 6.93 (td, J = 7.5, 1.0 Hz, 2H), 6.84
(dd, J = 7.6, 1.6 Hz, 2H), 6.46 (s, 2H). 31P NMR (162 MHz,
CDCl3) δ 39.06 (d, J = 38.0 Hz). 13C NMR (101 MHz, CDCl3) δ
149.54 (d, J = 2.5 Hz), 134.77 (d, J = 2.9 Hz), 134.33 (s), 134.2
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(s), 131.9 (s), 130.2 (s), 130.0 (s), 129.4 (s), 129.2 (s), 128.1 (s),
124.7 (s), 122.5 (s), 120.2 (s), 119.14 (s). EA found: C 70.05%, H
4.67%, N 5.02%; calculated for C32H26N2PBr: C 69.95%, H
4.77%, N 5.10%.

N-(5H-Dibenzo[b,f ]azepin-5-yl)-1,1,1-triphenyl-λ5-phosphani-
mine (5)

4 (263 mg, 0.476 mmol) and LDA (51.0 mg, 0.476 mmol) were
placed in a vial and suspended in benzene (10 ml). The initial
colorless suspension turned immediately yellow and stirring
was continued for 2.5 h. Afterwards the reaction mixture was
centrifuged at 6000 rpm for 6 minutes to separate the LiBr
from the mother liquor. The benzene was removed by sublima-
tion and the remaining solid was dried under reduced
pressure. The product is obtained as a yellow solid (215 mg,
96%). 1H NMR (600 MHz, C6D6) δ 8.81 (dd, J = 8.2, 1.2 Hz, 2H),
8.04–7.95 (m, 6H), 7.43–7.32 (m, 3H), 7.23–7.18 (m, 3H), 7.15
(d, J = 1.4 Hz, 6H), 7.00 (dd, J = 7.5, 1.7 Hz, 2H), 6.96 (td, J =
7.3, 1.2 Hz, 2H), 6.73 (s, 2H). 31P-NMR (243 MHz, C6D6) δ 17.30
(s). 13C NMR (151 MHz, C6D6) δ 157.13 (s), 133.17 (d, J = 8.6
Hz), 132.73 (s), 131.11 (s), 130.82 (s), 130.62 (s), 130.22 (s),
128.43 (s), 128.00 (s), 127.82 (s), 127.60 (s), 121.94 (s),
121.72(s). EA found: C 81.68%, H 5.63%, N 5.82%; calculated
for C32H25N2P: C 82.03%, H 5.38%, N 5.98%.

N-(Trimethylsilyl)-5H-dibenzo[b,f ]azepin-5-amine (6)

A solution of LDA (0.625 g, 5.84 mmol) in THF (6 ml) was
added dropwise to a solution of 2 (1.20 g, 5.74 mmol) in THF
(10 ml). While stirring for 2 h, the reaction mixture turned red
and an orange precipitate formed. A solution of TMSCl
(0.750 g, 6.87 mmol, 0.88 ml, 1.2 eq.) in THF (4 ml) was added
dropwise and the yellow solution was stirred for an additional
1 h. The solvent was removed, and the residue was extracted
with benzene (10 ml) and centrifuged for 5 min at 5300 rpm.
The decanted solution was cooled to −30 °C and subsequently
the frozen benzene was sublimed in HV to afford a yellow
powder (1.59 g, 99%). 1H NMR: (270 MHz, C6D6) δ 7.07–7.00
(m, 2H, ArH), 6.88–6.85 (m, 2H, ArH), 6.76–6.74 (m, 4H, ArH),
6.49 (s, 2H, ArH), 3.75 (s, 1H, NH), 0.05 (s, 9H, Si(CH3)3).

13C
NMR: (68 MHz, CDCl3) δ 154.4 (s), 132.5 (s), 130.9 (s), 128.9
(s), 128.6 (s), 123.1(s), 118.8 (s), −0.99 (s). EA found: C 72.65%,
H 7.08%, N 9.50%; calculated for C17H20N2Si: C 72.81%, H
7.19%, N 9.99%.

Tris-(lithium{N-(trimethylsilyl)-5H-dibenzo[b,f ]azepin-5-amide})
(7)

PhLi (309 mg, 3.63 mmol) was suspended in toluene (13 ml)
and added dropwise to a solution of 6 (1.01 g, 3.60 mmol) in
toluene (3 ml). The red solution was stirred for 4 h at RT.
Subsequently the solvent was removed to dryness to give a red
foam and the crude was slurried in n-pentane (12 ml) for 6 h.
The orange precipitate (933 mg, 87%) was filtered and dried in
HV. 1H NMR: (400 MHz, C6D6) δ 7.46 (m, 2H, ArH), 7.12 (m,
2H, ArH), 6.85 (m, 4H, ArH), 6.51 (m, 2H, ArH), 0.12 (br. s, 9H,
Si(CH3)3).

13C NMR: (101 MHz, C6D6) δ 155.9 (s), 133.0 (s),
131.9 (s), 129.79, (s), 124.8 (s), 123.7(s), 2.43. EA found: C

70.89%, H 6.73%, N 9.33%; calculated for C17H19N2SiLi: C
71.30%, H 6.69%, N 9.78%.

N,N-Bis(trimethylsilyl)-5H-dibenzo[b,f ]azepin-5-amine (8)

A solution of TMSCl (38.2 mg, 0.352 mmol) in THF (2 ml) was
added dropwise to a solution of 7 (103 mg, 0.352 mmol) in
THF (1.5 ml). The resulting red solution was stirred for 45 min
at RT. Afterwards the solvent was removed to dryness and the
crude was extracted with benzene (5 ml) and filtered over
cotton and Celite in a pipette. The solution was cooled to
−30 °C and the frozen benzene was sublimed in HV to afford
the product as a yellow solid (125 mg, 100%). 1H NMR:
(400 MHz, C6D6) δ 7.09 (dd, 2H, ArH, 4JH,H = 1 Hz, 3JH,H = 8
Hz), 6.95–6.91 (m, 2H, ArH), 6.65 (dt, 2H, ArH, 4JH,H = 1 Hz,
3JH,H = 8 Hz), 6.58 (dd, 2H, ArH, 4JH,H = 1 Hz, 3JH,H = 8 Hz),
6.05 (s, 2H, ArH), 0.31 (s, 18H, Si(CH3)3).

13C NMR: (68 MHz,
C6D6) δ 154.7, 133.8, 130.9, 130.8, 127.8, 122.6, 121.6, 2.25. EA
found: C 67.97%, H 7.89%, N 7.51%; calculated for
C20H28N2Si2: C 68.12%, H 8.00%, N 7.94%.

(2Z,4E)-4-((5H-Dibenzo[b,f ]azepin-5-yl)imino)pent-2-en-2-ol (9)

2 (502 mg, 2.41 mmol) was dissolved in EtOH (6 ml) and acetyl
acetonate (0.250 ml, 2.41 mmol) was added. The yellow reac-
tion solution was stirred for 10 d at RT and reaction progress
was monitored by TLC. The solvent was removed and the
remaining solid was dissolved in n-pentane. The solution was
cooled to −30 °C in the fridge overnight. The formed crystals
were filtered and dried to obtain the product as yellow crystals
(576 mg, 80%). 1H NMR: (400.13 MHz, CDCl3) δ 13.1 (br. s,
1H, OH), 7.32–7.02 (m, 8H, ArH), 6.75 (s, 2H, ArH), 5.06 (s, 1H,
vCH), 2.11 (s, 3H, CH3) 1.95 (s, 3H, CH3).

13C NMR (101 MHz,
CDCl3) δ 196.88(s), 163.90 (s), 149.84 (s), 132.19 (s), 130.57 (s),
129.49 (s), 129.41 (s), 124.61 (s), 118.91 (s), 96.16 (s), 29.11 (s),
17.96 (s). EA found: C 78.78%, H 6.32%, N 9.54%; calculated
for C17H18N2O: C 78.59%, H 6.25%, N 9.65%.

(1E,2E)-N1,N2-Bis(5H-dibenzo[b,f ]azepin-5-yl)ethane-1,2-diimine
(10)

2 (2.00 g, 9.60 mmol) was dissolved in EtOH (50 ml) and a
glyoxal solution (0.55 ml, 4.80 mmol, 40 wt% in H2O) was
added via syringe. After 10 min a yellow precipitate formed,
and the reaction mixture was stirred for additional 15 h. The
solvent was removed and the solid was slurried in hexane
(20 ml). The product was filtered, washed with cold hexane (3
× 5 ml) and dried in HV to obtain a yellow powder (1.83 g,
87%). 1H NMR: (600.13 MHz, CDCl3) δ 7.27–7.23 (m, 9H, ArH),
7.17–7.15 (m, 5H, ArH), 7.11–7.08 (m, 4H, ArH), 6.69 (s, 4H,
ArH). 13C NMR: (150.9 MHz, CDCl3) δ 144.6 (s), 135.7 (s), 134.3
(s), 130.9 (s), 130.0 (s), 129.6 (s), 127.0 (s), 126.8 (s). EA found:
C 82.51%, H 5.09%, N 12.84%; calculated for C30H22N4: C
82.17%, H 5.06%, N 12.78%.

(E)-2-((5H-Dibenzo[b,f ]azepin-5-yl)imino)acenaphthylen-1(2H)-
one (11)

Crystalline acenaphthylene-1,2-dione (1.03 g, 5.73 mmol) and
2 (1.22 g, 5.84 mmol) were placed in a flask with MeOH

Paper Dalton Transactions

8650 | Dalton Trans., 2024, 53, 8642–8656 This journal is © The Royal Society of Chemistry 2024

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
M

ay
 2

02
4.

 D
ow

nl
oa

de
d 

on
 1

/2
0/

20
26

 8
:1

1:
26

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d4dt00749b


(40 ml). The suspension turned orange, before an orange pre-
cipitate formed. Stirring was continued for 15 h, the solvent
was removed, and the crude was washed with n-hexane (2 ×
20 ml). After drying in HV the product was obtained as an
orange powder (1.86 g, 87%) 1H NMR (400 MHz, CDCl3) δ

(ppm) = 8.06 (d, J = 7.0 Hz, 1H), 7.99 (d, J = 8.1 Hz, 1H),
7.77–7.54 (m, 4H), 7.38–7.21 (m, 5H), 7.17 (td, J = 7.4, 1.1 Hz,
3H), 7.04 (s, 2H), 6.10 (d, J = 7.3 Hz, 1H) 13C NMR (101 MHz,
CDCl3) δ 189.96 (s), 149.00 (s), 141.22 (s), 140.09 (s), 131.86 (s),
131.59 (s), 131.52 (s), 131.38 (s), 130.41 (s), 129.80 (s), 129.38
(s), 127.93 (s), 127.89 (s), 127.64 (s), 126.70 (s), 126.02 (s),
123.72 (s), 123.07 (s), 121.71 (s). EA found: C 83.65%, H 4.17%,
N 7.32%; calculated for C26H16N2O C 83.85%, H 4.33%, N
7.52%.

N-(5H-Dibenzo[b,f ]azepin-5-yl)propan-2-imine (12)

2 (1.04 g, 5.00 mmol) was dissolved in MeOH (20 ml) and
acetone (0.400 ml, 5.50 mmol,) was added via syringe. The
reaction mixture was stirred for 3 d, during which time a
yellow precipitate formed. Reaction progress was monitored by
TLC and after complete conversion the solvent was removed
and the crude washed with n-hexane (5 ml) and dried in HV to
a bright yellow powder (1.11 g, 89%) 1H NMR (600 MHz,
CDCl3) δ (ppm) = 7.75 (dd, J = 8.3, 1.2 Hz, 2H), 7.51 (ddd, J =
8.4, 7.2, 1.6 Hz, 2H), 7.36 (dd, J = 7.7, 1.6 Hz, 2H), 7.27–7.21
(m, 1H), 7.09 (s, 2H), 2.39 (s, 3H), 2.00 (s, 3H). 13C NMR
(101 MHz, CDCl3) δ 166.16 (s), 152.46 (s), 132.26 (s), 130.71 (s),
129.08 (s), 128.88 (s), 123.27 (s), 119.85 (s), 25.22 (s), 19.91 (s).
EA found: C 82.40%, H 6.43%, N 11.35%; calculated for
C17H16N2: C 82.22%, H 6.49%, N 11.28%.

Lithium N-(5H-dibenzo[b,f ]azepin-5-yl)propene-2-amide tris-
tetrahydrofuranate (13)

12 (151 mg, 0.606 mmol) and LDA (68.2 mg, 0.636 mmol) were
placed in a vial and THF (5 ml) was added. The deep red reac-
tion mixture was stirred for 15 h, layered with n-hexane (6 ml),
and cooled to −30 °C for crystallization. The mother liquor
was decanted off and the remaining deep red crystals washed
with n-hexane (4 ml) and dried in HV (153 mg, 60%). Despite
measuring crystalline 13, NMR spectra always showed traces of
12 as impurity, which we attribute to partial hydrolysis of the
product by adventitious water. 1H NMR (400 MHz, THF-d8) δ
6.93 (d, J = 8.6 Hz, 2H), 6.45 (t, J = 8.8 Hz, 2H), 6.6 (d, J = 7.2 H,
2H), 5.97 (d, J = 7.2, 2H), 5.20 (s, 2H), 3.64–3.51 (m, 4H, THF),
2.96 (s, 1H), 2.75 (s, 1H), 1.83–1.70 (m, 4H, THF), 1.52 (s, 3H).
EA found: C 74.50%, H 7.75%, N 7.00%, calculated for
C17H15N2Li·2.35 C4H8O: C 74.84%, H 8.04%, N 6.61%.

N,1-Bis(5H-dibenzo[b,f ]azepin-5-yl)-1,1-diphenyl-λ5-phosphine-
imine (14)

To a suspension of [MesCu]4 (101 mg, 0.423 mmol) in pyridine
(5 ml), which was cooled to −30 °C, a cold solution (−30 °C) of
3 (168 mg, 0.422 mmol) in pyridine (2 ml) was added drop-
wise. The yellow solution turned red brown within 30 min.
After stirring overnight at RT, the solvent was removed to
dryness and the crude was slurried in n-pentane (8 ml) for

2.5 h. The precipitate was filtered, washed with n-pentane
(5 ml) and dried in HV to afford the product as a light brown
solid (172 mg, 61% with respect to 3). 1H NMR: (600 MHz,
C6D6) δ 8.64 (d, 2H, ArH, 3JH,H = 12 Hz), 8.16–8.11 (m, 6H,
ArH), 7.28–7.25 (m, 3H, ArH), 6.97–6.68 (m, 19H, ArH), 31P
NMR: (243 MHz, C6D6) δ 16.9 (s).13C NMR: (68 MHz, C6D6) δ
156.9 (d, 3JC,P = 9 Hz), 144.0 (d, 2JC,P = 5 Hz), 135.1 (s), 135.1
(s), 133.7 (s), 133.5 (s), 132.7 (s), 131.6 (s), 130.9 (s), 130.8 (s),
130.6 (t, 1JC,P = 1 Hz), 129.0 (s), 128.9 (s), 128.8 (s), 128.0 (s),
127.6 (s), 127.6 (s), 125.7 (s), 122.3 (s), 121.8 (s).

[Cu((2Z,4E)-4-((5H-Dibenzo[b,f ]azepin-5-yl)imino)
pentenoate)2] (15)

9 (111 mg, 0.381 mmol) and mesityl copper (91 mg,
0.38 mmol) were placed in a vial and toluene (5 ml) was
added. The initial yellow reaction solution turned slowly from
orange to deep brown. After stirring for 15 h the reaction solu-
tion was filtered over cotton and Celite to remove metallic Cu.
The filtrate concentrated to half of the initial volume and
layered with n-hexane (6 ml) at −30 °C. The complex was
obtained as red brownish crystals (71 mg, 0.11 mmol, 58%)
The paramagnetic complex is NMR silent. EA: found C
71.14%, H 5.37%, N 8.54%; calculated for C38H34N4O2Cu: C
71.06%, H 5.34%, N 8.72%.

[Cu(10)2]PF6 (16)

A solution of 10 (150 mg, 0.343 mmol) in DCM (4 ml) was
added dropwise to a suspension of [Cu(CNCH3)4]PF6 (128 mg,
0.343 mmol) in DCM (2 ml). An orange precipitate formed,
and stirring was continued for 3 d. The solvent volume was
reduced to a third and n-hexane (6 ml) was added to complete
precipitation. The reaction mixture was cooled to −30 °C, fil-
tered and washed with cold n-hexane (2 × 2 ml). After drying in
HV the product was obtained as an orange powder (213 mg,
85%). 1H NMR: (400 MHz, CD2Cl2) δ 7.48–7.32 (m, 25H, ArH),
6.97 (s, 8H, ArH), 6.97–6.88 (m, 7H, ArH), 6.32 (s, 4H, ArH).
13C NMR: (101 MHz, CD2Cl2) δ 134.6 (s), 130.7 (s), 130.4 (s),
129.9 (s), 128.4 (s), 128.1 (s), 127.8 (s). EA found: C 64.74%, H
3.89%, N 10.22%; calculated for C60H44CuN8PF6: C 64.80%, H
4.03%, N 10.01%.

[FeCl2(10)] (17)

10 (300 mg, 0.684 mmol) and FeCl2·(THF)1.5 (161 mg,
0.684 mmol) were placed in a vial, suspended in 1,2-difluoro-
benzene (5 ml) and stirred overnight, while the suspension
changed color from yellow to dark brown. For crystallization,
the reaction vial was warmed with a heat gun until a clear solu-
tion was obtained and crystallization was completed by
cooling down to −30 °C overnight. The liquid was decanted,
and the crystals were washed with n-hexane (2 ml). The
product was dried under vacuum and dark reddish crystals
were obtained (374 mg, 97%). 1H NMR (400 MHz, C6D6) δ 4.95
(br. s), 3.71 (br. s) EA found: C 64.02%; H, 3.89%; N, 9.76%;
calculated for C36H28Cl2FeN4: C 63.74%; H 3.92%; N 9.91%.
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[Cu(OTf)(11)]2 (18)

A suspension of 11 (500 mg, 1.34 mmol) in toluene (10 ml)
was added dropwise to [Cu(OTf)]2·C6H6 (338 mg, 0.671 mmol)
suspended in toluene (4 ml). Immediately an orange-brown
precipitate formed, and the reaction mixture was stirred for
15 h. The solvent was removed, and the precipitate was washed
with toluene (6 ml) and n-pentane (2 × 5 ml). After drying in
HV, the complex was obtained as an orange powder (705 mg,
86%). 1H NMR (400 MHz, CD2Cl2) δ 8.29 (d, J = 8.0 Hz, 2H),
7.85–7.72 (m, 4H), 7.58 (d, J = 8.0 Hz, 2H), 7.43–7.24 (m, 8H),
7.18 (dd, J = 11.1, 9.0 Hz, 4H), 7.07 (t, J = 7.8 Hz, 2H), 6.97 (d, J
= 8.0 Hz, 2H), 6.80 (d, J = 7.8 Hz, 2H), 6.72 (t, J = 7.9 Hz, 2H),
6.25 (d, J = 9.8 Hz, 2H), 4.74 (d, J = 7.5 Hz, 2H). 19F NMR
(400 MHz, CD2Cl2) δ −78.37 (s). 13C NMR (101 MHz, CD2Cl2) δ
(ppm) = 194.25 (s), 146.25 (s), 141.28 (s), 139.86 (s), 138.46 (s),
133.29 (s), 133.24 (s), 131.38 (s), 130.24 (s), 130.07 (s), 129.86
(s), 128.91 (s), 128.87(s), 128.53 (s), 128.41 (s), 128.18 (s),
127.57 (s), 127.12 (s), 126.59 (s), 125.49 (s), 125.10 (s), 124.04
(s), 123.32 (s), 104.25 (s), 102.06 (s). EA found: C 54.00%, H
2.95%, N 4.57% S 5.39%; calculated for C27H16N2O4SF3Cu·0.25
CH2Cl2: C 53.99%, H 2.74%, N 4.62%, S 5.29%.

[Cu(12)2]OTf (19)

A solution of 12 (945 mg, 3.81 mmol) in CH2Cl2 (15 ml) was
added to a stirred slurry of [Cu(OTf)]2·C6H6 (485 mg,
0.950 mmol) in CH2Cl2 (5 ml). After stirring the orange solu-
tion for 2 h at room temperature, the reaction solution was fil-
tered over cotton and Celite. The dark yellow filtrate was con-
centrated to half of its volume and the product was precipi-
tated by adding n-hexane (15 ml). The solid was filtered,
washed with n-hexane (2 × 6 ml), and dried in HV to afford a
yellow powder (1.23 g, 91%). 1H NMR (400 MHz, CDCl3) δ 7.55
(dd, J = 8.3, 1.4 Hz, 2H), 7.47 (m, 4H), 7.36 (td, J = 7.3, 1.4 Hz,
2H), 6.58 (s, 2H), 2.47 (s, 3H), 1.62 (s, 3H).13C NMR (151 MHz,
CDCl3) δ 145.34 (s), 133.49 (s), 131.09 (s), 129.6 (s), 129.00 (s),
128.32 (s), 119.04 (s), 26.95 (s), 21.45 (s). EA found: C 59.14%,
H 4.56%, N 7.93%, S 4.31%; calculated for C35H32N4CuSO3F3:
C 59.27%, H 4.55%, N 7.90%, S 4.52%. Diffraction quality
single crystals were grown by layering a CH2Cl2 solution with
n-pentane.

Single crystal X-ray structure determinations

Single crystal X-ray structure determinations were performed
on a Bruker Kappa IµS Duo diffractometer using MoKα radi-
ation (λ = 0.71073 Å) and QUAZAR focusing Montel optics (for
7, 13, 14, and 19), a Bruker Smart diffractometer using MoKα

radiation (λ = 0.71073 Å, curved graphite monochromator) for
10, an Agilent SuperNova dual radiation diffractometer with
microfocus X-ray sources and mirror optics using MoKα radi-
ation (λ = 0.71073 Å for 11 and 18) or CuKα radiation (λ =
1.54184 Å for 15 and 17). All intensity data sets were collected
at a temperature of 100 K. The structures were solved with
SHELXT63 and were refined on F2 with SHELXL 2018/3.64

Further details are summarized in the ESI.†
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