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1,2,3- Tricyanoferrocene and 1,3-dibromo-2,4,5-tricyanoferro-
cene have been synthesized via metallation and usage of
dimethylmalononitrile (DMMN) as cyanating agent. They are
the first compounds where three nitrile functions could be
introduced into the ferrocene sceleton. Further studies on the
electrophilic cyanation of lithiated haloferrocenes [Fe(CsH,, X,
»Li)(CsHs)] (X=Cl, Br; m=0-3) show the formation of complex

Introduction

The chemistry of nitrile compounds continues to be extensively
explored, as can be concluded from the large number of recent
review articles devoted to their synthesis." This continuous
interest is certainly due to the fact that nitriles not only
themselves have widespread industrial applications, e.g. in
pharmaceutics,” but also can easily be transformed to numer-
ous other functional groups, including nitrogen containing
heterocycles.” For the coordination chemist, nitriles have
proven as ligands with good leaving group abilities." Ferrocene
has been recognized as a “bioisosteric replacement for
benzene”® which is the reason for its successful application in
medicinal chemistry.® It could be shown for example, that
certain nitrile hydratase/ amidase enzymes can induce bio-
transformations on cyanoferrocene [Fe(CsH,CN)(CsHs)] (1¢).”
The antitubercular properties of a ferrocenyl thiadiazole, which
was prepared via a condensation-cyclization reaction from 1¢,®
and a ferrocenyl-isoquinolinone, which was also prepared from
1¢, were examined in a study directed towards tankyrase
inhibitors.” Besides these limited medicinal studies, 1c has
mainly been used as ligand for metals like Cu, Ag, Rh or Pt
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mixtures of cyano-halo-ferrocenes [Fe{CsH,,Xs.,.,(CN)}CsH;)]
(m=0-3, n=0-3) most likely induced by “halogen-dance”
reactions. The molecular and crystal structures of [Fe
{CsH,(CN);HCsHs)] and [Fe(CsCI,CN)(CsHs)] are discussed. Cyclic
voltametric studies of both tricyanoferrocenes show irreversible
oxidations at very high potentials (E,...~845 mV and 945 mV,
respectively, vs FcH/FcH™).

Cyanoferrocene 1¢, first reported in 1957,"" is a generally well-
studied compound (156 references according to SciFinder",
accessed on January 10th, 2022), and many synthetic ap-
proaches have been reported, with many different starting
materials, and yields between 5 and 90%.°""%, In contrast to
this, there are rather few reports on the three isomeric
dicyanoferrocenes (24 entries on 1,1-, two entries on 1,2- and
one on 1,3- dicyanoferrocene) and none on ferrocenes with
three or more cyano substituents. 1,2- Dicyanoferrocene had
been prepared from 1,2-diformylferrocene either via the
dioxime,"”®" or via treatment with NH,/L.™ An alternative
approach started from 1,2-dibromoferrocene, using a Pd-
catalyzed cyanation with Zn(CN),."7® The yields of dicyanoferro-
cene were 71%, 97 % and 16 %, respectively

Two old claims on “decacyanoferrocene” could later be
shown to be erroneous and the obtained compounds were
found to be Fe nitrile-complexes.?" Since we are working for
quite a while on the coordination chemistry of tetra- and
pentacyanocyclopentadienide and obtained so far only mono-
meric or polymeric N-coordinated complexes,”? we found it
worthwhile to look for synthetic pathways towards m-coordi-
nated polycyanocyclopentadienyl complexes. Recently we re-
ported the serendipitous synthesis of tricyanocymantrene.”®
Here we report on our studies towards the synthesis of
polycyanoferrocenes.

Results and Discussion
Synthetic Studies

Amazed by the near quantitative yield of 1,2-dicyanoferrocene
obtained with the NH./I, method, we first considered a
synthesis of tricyanoferrocene via the known 1,2,3-
triformylferrocene.”” Although we followed the synthetic path-
way described in this publication, we failed to reproduce
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acceptable vyields. While the formylations approximately
matched the literature values, the dioxanyl functionalization
and especially the removal of the 1,3-dioxanyl protection group
couldn’t be reproduced. Therefore, no attempts were made to
transform the triformylferrocene to the tricyano compound
(Supporting Info).

We have recently started to look at the electrophilic
cyanation  of lithiated metallocenes  with  dimeth-
ylmalonodinitrile (“DMMN”).™ This reagent was introduced as
cyanation reagent for carbanions in 2015 and several
synthetic modifications using nickel or rhodium catalysis have
appeared since then.”™ We therefore decided to look at the
electrophilic cyanation of lithiated ferrocenes with this reagent.

Lithiation of ferrocene with ‘BuLi/KO'Bu in THF followed by
electrophilic quench with DMMN vyielded apparently unreacted
ferrocene (according to 'H NMR ca. 35% recovery) and
cyanoferrocene 1b as main products (Scheme 1). After chroma-
tographic work-up 1b was isolated in 55 % yield. An intermedi-
ate like A has been suggested before, as well as its decom-
position to a nitrile or its hydrolysis to a ketone.” (For the
numbering scheme, see Table S1 of the SI. Basically, in the
general formula [Fe(CsH;){CsH,,(CN), Xs.,.,}1 the numerical of the
compound name corresponds to 5-m for X=Br and 10-m for
X=dl, e.g. all compounds 1 and 6 have four hydrogens on the
substituted ring, 2 and 7 have three and so on. The lettering in
the name corresponds to the number n of cyano substituents: a
has none, b has one, and so on.)

Next, we had a look at the reactivity of compound 1b.
Kinetic studies of H-D-exchange under acidic conditions had
shown that 1b was very unreactive.””’ Treatment of 1b with
TMPMgCL.LICI followed by electrophilic quench had been
reported to give several 1,2- disubstituted cyanoferrocenes,
including 1,2-dicyanoferrocene 2¢-1,2.'>%

Therefore, we used 1b as starting material and DMMN or
tetrabromoethane as electrophiles. We tried out sterically
hindered lithium bases under different conditions. The amount
of lithium base or lithiation time didn’t show any clear trend,
the main impact resulted from the lithiation temperature; above
—35°C the nucleophilic attack of the nitrile function and other
side reactions became increasingly important. Below - 50°C
merely the starting material 1b could be recovered (Table S6 of
the Supporting Information). While with LDA the amount of
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Scheme 1. Electrophilic cyanation of lithiated ferrocene.
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recovered starting material decreased with increasing temper-
ature, no cyanoferrocenes could be identified. This might be
the consequence of the work-up procedures, which sincluded a
silica gel filtration of the reaction mixture. Thus, an ionic
product like A or a trimerization product of 1¢, as has been
observed with other nitriles and BuLi or LDA,? might remain in
the silica, when THF is the solvent. With LiTMP as base, we
could reproducibly obtain mixtures of apparently unreacted 1b
with 1,2-dicyanoferrocene 2c and 1,2,3-tricyanoferrocene 3d
(Scheme 2), together with varying amounts of unidentified side
products.

The highest obtained yields were 23% for 1,2-dicyanoferro-
cene 2c and 6-8% for the 1,2,3-tricyanoferrocene 3d.

Using 2c and 3d as starting materials for further cyanations
led only to decomposition.

Compound 3d was characterized by 'H, >C NMR and IR
spectra as well as by HRMS and also yielded crystals that were
suitable for an X-ray diffraction study. 2c has been reported
before (see also above).">*”

From our experience with cymantrene chemistry we knew,
that pentabromocyclopentadienyl complexes are also good
starting materials for the perfunctionalization of a cyclopenta-
dienyl ring.®” The reactivity of 1,2,3,4,5-pentabromoferrocene
(5a) has apparently not yet been studied. We therefore decided
to look also at a possible electrophilic cyanation of 5a.

In the cymantrene system, treatment of [Mn(CsBrs)(CO);]
with one or two equivalents of "BuLi at —78°C leads selectively
to the mono- or 1,3-di-substituted products. For the sake of
comparison, we treated 5a at —78°C in Et,0 with 2.0 eq. "BuLi
followed by hydrolysis with MeOH and obtained a 91 % yield of
1,2,4-tribromoferrocene 3a-1,2,4. The reaction of 5a with
1.0 eg. "BuLi and DMMN in Et,0 or THF at —78°C, followed by
slow warming-up to r.t. within 16 h, afforded complex mixtures
of several bromo- and bromo-cyano-ferrocenes [Fe{CsH,Brs.,.
A(CN),} (CsHs)]. 1,3-Dibromo-2,4,5-tricyanoferrocene (5d) could
be isolated from the reaction in Et,O, while 4b, 5b and 5c¢ could
be isolated from the reaction in THF (Scheme 3 and Table S3,
entries 5 and 6, in the SI). The "H-NMR and MS data did not
allow specification of the regiochemistry of compound 5d,
however, the structure solutions obtained with some low-
quality crystals suggested the stereochemistry shown in
Scheme 3. Further support for the suggested stereochemistry

'\!\\ ,/N W ,
C C’ C C’/
LITMP @ @‘CEN
1c Fe + Fe + ..
DMMN -
2c-1,2 3d-1,2,3

Scheme 2. Reaction of monocyanoferrocene 1c with LiTMP and
DMMN.
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Scheme 3. Reactions of the pentahaloferrocenes 5a and 10a with
BuLi and DMMN.

comes from our earlier observation, that pentabromocyman-
trene and butyl lithium usually react to 1,3-disubstituted and
1,2,4-trisubstituted products.””

We also had a look at the reactions of bromoferrocenes 1a-
4a with 1.5 equivalents of LiTMP and DMMN. Quite astonish-
ingly, despite the low excess of base in nearly all cases a
mixture of tri-, tetra- and pentasubstituted mixed bromocyano-
ferrocenes was obtained, including the tricyanoferrocene 5d
(see Table S3, entries 1-4, of the Supporting Information). Quite
astonishingly, in the product mixture obtained from 1a also
dimethylsuccinonitrile could be identified (NMR, MS and X-ray
structure).
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Next, we studied the reaction of pentachloroferrocene 10a
with ‘BuLi and DMMN (Scheme 3). We obtained again a
complex product mixture, from which the mono- and dicyano
complexes 10b and 10c¢ could be identified together with all
chloroferrocenes. The specific outcome of this and some other
reactions of lithiated chloroferrocenes with DMMN are summar-
ized in Table S4 of the SI.

All compounds in Schemes 2 and 3 could be characterized
by NMR and/ or mass spectrometry (see Tables S2 - S5 of the
Supporting Information). We obtained crystals of compounds
5b, 5d, 10b, but only the ones from 10b were of sufficient
quality for publication (for preliminary views of the molecular
structures of 5b and 5d see Figures ST — S2 of the Supporting
Information). No attempt was made to optimize yields of
individual compounds.

The formation of dimethylsuccinonitrile hints to an alter-
native radical pathway in the cyanation with DMMN. The
“parent” Fc-CMe,CN has been reported as the product of a
radical reaction of ferrocene with azodiisobutyronitrile.®"

The complex product mixtures that were obtained when-
ever a bromine or chlorine substituent was involved are a clear
indication for the operation of “halogen-dance” reactions.?”
While they are quite common for bromo- and iodoferrocenes,
they make the isolation of pure compounds in acceptable yields
very difficult (however, recently “halogen dance” reactions have
successfully been used for stereospecific synthesis of multi-
substituted ferrocenes.®).

Crystallography

It was very difficult to obtain suitable crystals of compound 3d.
Most crystals suffered from severe twinning, which made
meaningful structure solutions impossible. Even the crystal
finally used for the structure discussed here showed twinning
and had to be refined with a modified dataset ("HKLF5"). It
should be mentioned here, that also the crystal structure
determination of the known compound 2c suffered from
twinning."”® Compound 3d crystalizes in the monoclinic space
group P2,/n. The asymmetric unit is displayed in Figure 1.

The C—N bond lengths are nearly identical and also with the
bond length reported for the structure of 2c (see Table 1). The
C—CN bonds are close to linear, as usual. The substituted
cyclopentadienyl ring is slightly distorted towards a “butadiene-
yl” form (C1-C5 1.427(3)/ C1-C2 1.440(3)/ C2-C3 1.442(3)/ C3-
C4 1.428(3)/ C4-C5 1.416(3) A). Both rings are planar (rm.s.
deviatons 0.0028 A and 0.0019 A) for the substituted and
unsubstituted ring, respectively, with the iron atom significantly
closer (by 0.021(1) A) to the former. All nitrile groups are bent
away from the iron atom out of the ring plane, with the largest
deviation observed for the middle cyano group.

Compound 10b crystallized in the monoclinic space group
P2,/m with half a molecule in the asymmetric unit, i.e., the iron
atom, the CCN group and one CH group are situated on a
mirror plane (Figure 2).

Both rings are planar (r.m.s. deviations 0.0039 and 0.0007 A
for the substituted and unsubstituted ring, respectively), with
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Figure 1. Molecular structure of 3d. Thermal ellipsoids at 30%
probability level.

the iron atom significantly (by 0.040(2) A) closer to the
substituted ring. The C—Cl bond lengths are identical (1.705(4)
and 1.704(4) A) and correspond to the usually observed values.
All substituents are bent away to the distal side of the ring (Cl1
by 0.119(1) A, CI2 by 0.075(1) A), with the largest shift observed
for the nitrile nitrogen (0.201(8) A). In contrast to the structure
of 3d, there are no bond alternations in both rings. The
unusually short C—N bond in combination with the significant
deviation from linearity of the CCN group might be an artifact
due to the crystallographically enforced placement of this
group on the mirror plane.

We also performed a Hirshfeld Analysis for the analysis of
non-covalent interactions in the crystal.?* Details of this analysis
and a short discussion can be found in the Supporting
Information.

RESEARCH ARTICLE

Electrochemistry

The electrochemistry of cyanoferrocenes was investigated by
cyclic voltammetry in previous publications. Half-wave poten-
tials (relative to the FcH/FcH* couple) for monocyanoferrocene
at 436 mV (1.0 mmol/L in CH,Cl, with 0.1 mmol/L NBu,B(C4Fs),
as supporting electrolyte, scan rate 100 mV/s)" and for the
dicyanoferrocene compound at either 767 mV (concentration
not given, in CH,Cl, with 0.1 mmol/L NBu,PF, as supporting
electrolyte, scan rate 100 mV/s)"* or 860 mV (1.0 mmol/L in
CH,Cl, with 0.1 mmol/L NBu,B(C4Fs), as supporting electrolyte,
scan rate 100 mV/s)"""® were reported.

For both cases the oxidations are to be classified as
reversible one-electron transfers. Generally, for functionalized
ferrocenes a linear relation between the Hammett parameter o,
(CN: 0.66) of the substituent and the redox potential E,,, at the
iron center exists.”

Cyclovoltammetric measurements were performed of com-
pounds 3d and 5d. For both compounds, the oxidation waves
can be classified as irreversible one-electron processes (Fig-
ure 3). While for reversible one-electron processes and also for
the majority of quasi-reversible processes the E;,,=E(0) approx-
imation provides in practice reliable values, the “onset” -
although not as clearly defined as the half-wave potential - is
more suitable for irreversible processes, and also gives better
results in bandgap calculations.?®

The onsets of the oxidation peaks are found for 3d and 5d
at E,,,=845 mV and 945 mV, respectively (relative to FcH/FcH™).

For compound 5d also the reduction wave was examined,
which appeared also to be irreversible (Figure S6). The onset of
the reduction wave was found at —1.38V (vs FcH/FcHY),
corresponding to a HOMO-LUMO gap of 2.325 eV.

DFT calculations

In order to investigate the electrochemical process more closely
the frontier orbitals were examined. Geometry optimization as
well as frequency calculations were performed using the
Gaussian 09 suite at the (U)B3LYP—D3/Def2SVP and
(U)B3LYP(D3)/Def2TZVP level of theory with the implicit con-
tinuum solvation model (SMD) in acetonitrile. This method has

Table 1. Bond parameters of 3d and 10b in comparison with 1b and 2c.
3d 10b 1bP" 2"
Fe—CT,,, 1.635(1) 1.622(2) 1.642(1) 1.645(1)
Fe—CT, 1.656(1) 1.662(2) 1.649(1) 1.655(1)
(C—Ogup 1.416(3)-1.442(3) 1.421(5)-1.428(5) 1.409(4)-1.435(4) 1.412(4)-1.448(3)
(C—Q)y 1.386(5)-1.425(5) 1.396(9)-1.404 (8) 1.399(5)-1.410(5) 1.415(3)-1.430(4)
C—N 1.143(3) 1.004(9) 1.139(3) 1.143(3)
1.147(3)
1.147(3)
C—CN 176.2(2) 172.8(7) 179.4(3) 178.4(3)
179.6(2)
177.2(2)
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Ci1

c13 CI2 Figure 4. HOMO (left)/LUMO (right)-Plot of compound 3d on the
B3LYP/Def2SVP level of theory.

Figure 2. Molecular Structure of 10b. Thermal ellipsoids at the 30%
probability level.
Figure 5. Spin density plot of compound [3d]™.

T Ll T T T T T T T

—— Compound 3d For the sake of comparison calculations of the energy
—— Compound 5d differences between the cationic and neutral species for all the
compounds [Fe{CsH,.,(CN), HCsHs)] (n=0-3) were performed.
For the tricyanated compound a theoretical value of 930 mV
was obtained which fits nicely with the experimentally observed
oxidation around 900 mV (see above and Table S7 of the
Supporting Information).

We also performed calculations on the same level of theory
for several other ferrocenes with a substituted Cp ring bearing
different numbers of cyano groups and their constitution
isomers. For the yet unknown compound 1,2,3,4-tetracyanofer-
rocene 4e, the tendency towards longer bonds between
substituted carbons atoms is found similar to compound 3d
(Figure 6). However, although we could obtain some spectro-

i(a. u.)

T T T T T T T T T
-200 0 200 400 600 800 1000 1200 1400
E vs Fc/Fc' (mV)

Figure 3. Cyclic voltammograms of 3d and 5d (0.1 m); ferrocene
(0.1 m) as internal standard, electrolyte NEt,PF, (0.1 m); work-/
counter electrode: Pt; reference: Ag.

been found accurate in benchmark experiments for the
ferrocenium/ferrocene system.®”

In case of 3d the nitrile functions contribute substantially to
the HOMO extension increasing the probability that an
oxidation occurs here (Figure 4) leading to a lower potential
than the theoretically predicted one. This also would explain
why for compound 5d no further increase of the oxidation
potential due to the bromine substituents is observed.

Quite interestingly, similar to the calculations made for the
[Fe{Cs(SR)sHCsHs)] systems,?” a spin density calculation for

[3d]* shows only a small contribution of the ring substituents  Figure 6. Tetracyanoferrocene with important bonds and distances
to the spin density (Figure 5). displayed (B3LYP(D3)/Def2TZVP level of theory.
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scopic hints on the formation of 4 e, we were not able to isolate
it.

Conclusion

Our experiments showed that dimethylmalononitrile is a rather
slowly reacting electrophile. In combination with substrates
that are able to undergo “halogen dance reactions” like
bromoferrocenes and -under certain circumstances- chloroferro-
cenes, this leads to the formation of complex product mixtures
with a low degree of reproducibility. However, it was possible
for the first time to prepare compounds with three nitrile
moieties on one ring of the metallocene scaffold, albeit in low
yields. The compounds were characterized by NMR and mass
spectroscopic as well as electrochemical experiments. They
show one of the highest redox potentials for ferrocenes with
oxidative electron transfer probably occurring at the nitrile
functions.

Experimental Section

General Remarks

All reactions were carried out under an argon atmosphere using
standard Schlenk techniques and dry solvents. Solvents and
solutions were degassed by three freeze-pump-thaw cycles.
Chromatography was performed on silica gel (Merck, 40-63 pum).
Eluents petroleum ether (PE), diethyl ether (Et,0), ethyl acetate (EA)
and dichloromethane (DCM) were of technical grade and were
distilled before use. NMR spectra were recorded in (CD,);CO or
CDCl;; chemical shifts are referenced to CHCl; ("H: 7.26 ppm) and
CDCl; (PC: 77.0 ppm). For the assignment of peaks, the following
abbreviations are used: s=singlet. High-resolution mass spectra
were recorded on an ESI-QqaoTOF MS system. Dimeth-
ylmalononitrile (DMMN), 2,2,6,6-Tetramethylpiperidine (TMPH), "-
BuLi (1.6 M/2.5 M in hexane); ‘BuLi (1.7 m in pentane) as well as
ferrocene and ferrocene carbonitrile were purchased from Sigma
Aldrich.

Here only the synthetic procedures for the two tricyanoferrocenes
are described. A complete description of all experiments discussed
in this paper can be found in the Supporting Information

Preparation of 1,2,3-Tricyanoferrocene (3d)

A solution of LITMP was prepared from 2.5 m "Buli solution
(0.84 mL, 2.13 mmol) and TMPH (0.33 mL, 2.13 mmol) in THF
(20 mL). This was treated at —45°C with a solution of 1c¢ (300 mg,
1.42 mmol) in THF (5 mL) with stirring for 5 hours. Then the reaction
mixture was cooled to —100°C and treated with DMMN (201 mg,
2.14 mmol). After gradual warming up to room temperature in the
course of 16 hours, the mixture was filtered through a plug of silica
and evaporated to dryness. '"H-NMR spectroscopic examination of
the residue showed an 86:8:6 mixture of apparently unreacted 1b,
2c and 3d (Figure S31, top half). Chromatography on silica using a
9:1 mixture of petroleum ether and Et,O eluted 1b (136 mg,
0.64 mmol, 45% recovery). Further elution with pure Et,O yielded
first 2¢ (77 mg, 0.33 mmol, 23 % yield), then a mixture of mainly 2¢
and 3d (in approximate 1:2 ratio). NMR examination (Figure S31,
bottom half) showed also the presence of some unknown
compounds, one of which might be 4e (signals at 6 5.50 and
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5.00 ppm), while MS showed besides the signals of 3d three
unknown species (labelled as A, B and X, Figure S67). The m/z value
of signal A corresponds to the calculated value for 4e (calc. 286.0),
while the mass of B corresponds to a “dimer” [(NCH,Cs)Fe(CsH,-
CsH,)Fe(CsH,CN)] (calc. 420.0). A second chromatography of the 3™
fraction followed by recrystallization of the latter from petroleum
ether gave nearly pure 3d (29 mg, ca. 0.11 mmol, ca. 7%, NMR
purity ca 95%, see Figures S36 and S37).

'H-NMR (270 MHz, CDCl,): 6 =5.09 (s, 2H), 4.78 (s, 5H). (Figure S36)
'H-NMR (400 MHz, (CD3),C0) 6 =5.56 (s, 2H), 4.88 (s, 5H)

BC{'"H}-NMR (101 MHz, CDCl,): 6 =114.6, 113.7, 76.4, 75.7, 59.1, 59.0
(Figure S37)

BC{'"H}-NMR (101 MHz, (CD,),C0O): §=116.58, 115.76, 115.12, 77.45,
77.03 (C5H5), 59.6, 59.5.

IR (ATR, cm): vey = 2230.
HRMS (EI): m/z=260.9984; calc. for C,;H,FeN,: 260.9984.
EA: found: C 59.83; H 2.60, N 16.38. calc: 59.81; H 2.70; N 16.10%.

Preparation of 1,3-Dibromo-2,4,5-tricyanoferrocene (5d)

Under an argon atmosphere using standard Schlenk techniques 5a
(220 mg, 0.38 mmol) was dissolved in 12 ml Et,0 and cooled to
—78°C. While maintaining the temperature a solution of "BuLi
(0.24 mL, 1.6 M in hexane, 0.38 mmol) was added dropwise. The
reaction mixture was stirred for 30 min and DMMN (37 mg,
0.38 mmol) was added. The solution was stirred for 1 h at —78°C.
Subsequently the mixture was allowed to reach room temperature
within 16 h. After removal of the solvent under reduced pressure,
the crude product (120 mg) was first examined by NMR (see
Figure S21). This showed an approximate 16 mol-% content in 5d
(corresponding to an NMR yield of ca. 11%). After extraction with
pentane, the residue was placed on top of a silica gel chromatog-
raphy column. Four fractions were eluted with Et,0. From the third
and 4th fraction 5d could be isolated as dark orange solid
(combined yield 14 mg, ca. 33 umol, 9%; for more details see
Supporting Information, Table S3, Entry 6).

'H NMR (400 MHz, CDCl,): 6 =4.82 ppm (Figure S40).
IR (ATR, cm™"): vy =2238
HRMS (El): m/z=418.8174, calc. for C;5H;Br,FeN;: 418.8179

Crystallography

Crystals of compounds 3d and 10b were measured on a BRUKER
D8 venture diffractometer. Structures were solved using SHELXT and
refined with SHELXL 2018/3, both implemented in the wiNGXx
program package.38 Experimental details of the structure solutions
are collected in Table S15. CCDC-2155106 and 2155107 contain the
supplementary crystallographic data for this paper. These data can
be obtained free of charge via www.ccdc.cam.ac.uk/data_request/
cif, by emailing data_request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12, Union Road, Cam-
bridge CB2 1EZ, UK; fax: +44 1223 336033

Supplementary Data

Additional data (tables, orTEP plots, DFT results including
cartesian coordinates, explicit experimental details for all

Z. Anorg. Allg. Chem. 2023, 649, e202200277 (6 of 8)

© 2022 The Authors. Zeitschrift fir anorganische und allgemeine Chemie published by Wiley-VCH GmbH

5UBD17 SUOWWOD dAIEaID a(qedi|dde a3 Aq pausenof are saie YO ‘asn Jo sajn. oy Ariqi]autjuQ A3|IA UO (SUO I} IPUOD-pUe-SWIBY W0 A3 1M Aelq 1 Buluo//Sdny) SUo R PUCD pue sWid | U} 88s *[£202/0T/0T] uo Akelqiauliuo A8 ‘Auewes suelydoD Aq 222002202 9eez/Z00T OT/I0p/wod A8 |im Azeiq i jpul|uo//sdiy wouy pepeo umod


http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif

Journal of Inorganic and General Chemistry

/AAC

Zeitschrift fir anorganische und allgemeine Chemie

described reactions, copies of NMR and mass spectra) are
contained in the Supplementary Information.
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