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Deprotonation/Protonation-Driven Change of the c-
Donor Ability of a Sulfur Atom in Iron(II) Complexes
with a Thioamide SNS Pincer Type Ligand

Tatsuya Suzuki,' Yuji Kajita® and Hideki Masuda'"

A new iron complex with a thioamide SNS pincer type ligand, [FeBr,(i’-H,L°"™)] (-
H,L°"™M = 2 6-bis(N-2,6-bis(diphenylmethyl)-4-isopropylphenylthioamide)pyridine) ~ was
synthesized. This complex reacts with NaH in THF to yield a unique Fe(II) complex with two
THF molecules, [Fe(THF)2(K3—LDPM)] (>-LPPM = 2,6-bis(N-2,6-bis(diphenylmethyl)-4-
isopropylphenyliminothiolate)pyridine). The THF molecules of [Fe(THF),(i>-LP*™)] can be
substituted with CO and CN-xylyl to give [Fe(CO)3(K3-LDPM)] and [Fe(CN-xy1y1)3(K3-LDPM)],
respectively. The complex [Fe(CN-xyly1)3(K3—LDPM)] reacts with HBF, to produce [Fe(CN-
xylyD);(k*-H,LPPM)12* with protonated thioamide units. The difference in the IR spectra before
and after protonation indicates that the major binding mode of CN-xylyl to iron(Il) changes
from m-back donation from metal to isocyanide to g-donation from isocyanide to iron(II). This

indicates that the o-donor

ability of the thioamide sulfur atom is tuned by

deprotonation/protonation of thioamide.

Introduction

In recent years, the coordination chemistry of “pincer-type”
tridentate ligands with metal ions has attracted significant attention
from investigators in the fields of catalytic chemistry and material
sciences.! In particular, the iron and cobalt complexes with bis-
iminopyridine ligands (PDI), have been shown to have unique
properties including elevated levels of catalytic activity for reactions
such as olefin polymerization and dinitrogen activation, among
others.? The thioamide pincer ligand has also been investigated. For
example, Bowman-James and co-workers and Kanbara et al. each
reported that Pd and Pt complexes with thioamide-based pincer
ligands, which form a square planar structure, respectively, exhibit
catalytic activities and photoluminescent properties.* The thioamide
group undergoes tautomerization between its amino-thione and
imino-thiol forms, as shown in Scheme 1, and exhibits a stronger
Brgnsted acidity than the corresponding amide group. Consequently,
when secondary thioamides are used as ligands, they are
deprotonated (in the thionate form). This provides the ability to tune
the electron density of  the metal center by
deprotonation/protonation.  Kanbara et al. also reported that Ru(II)
complexes with a thioamide pincer ligand can regulate the electronic
properties of the metal center by deprotonation/protonation reactions
of the NH groups on the secondary thioamide units.* However, there
have been no reports of an iron complex with a thioamide pincer
ligand. In the case of other metal complexes, the Co complex with
the thioamide pincer ligand formed a bischelate compound with an
octahedral structure.” In addition, the iron complexes with thiourea

This journal is © The Royal Society of Chemistry 2013
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tridentate ligands and an amide pincer ligand, which are similar to
thioamide pincer ligand, formed bischelate compounds.* 7 These
bischelate compounds are not expected to have catalytic activity,
because they have a tight structure and are difficult to exchange with
other substituent ligands. We therefore designed and prepared a
unique monochelate iron(II) complex with the thioamide pincer
ligand. Here, we report the synthesis, structure, spectroscopic
properties and an investigation of the reactivity of the new iron(II)
complexes with the thioamide pincer ligand. Additionally, as an
example, we examined the coordination behavior of the isocyanide
molecule in deprotonation/protonation reactions of the NH groups on
the thioamide units.

Results and Discussion
Preparations of H,LP™ ligand and its iron(Il) complex

The ligand 2,6-bis(N-2,6-diphenylmethyl-4-isopropylphenyl-
thioamide)pyridine (H,L°™) was prepared according to a
previously published method with slight modifications, where
H,L"™ is an SNS pincer-type ligand with two bulky N-2,6-
diphenylmethyl-4-isopropylphenylthioamide groups at the 2- and 6-
positions of the pyridine unit. This ligand is expected to prevent the
formation of a bischelate metal complex. The ligand was
recrystallized from methanol to obtain a single crystal suitable for X-
ray analysis. The molecular structure of H,L°™ is shown in Figure
1. The C=S bond lengths for H,LP™ are 1.648(2) and 1.651(2) A
and the C-N bond lengths are 1.340(3) and 1.339(3) A, indicating
that this ligand has a thioamide type structure (HN—(C=S)-) with a
proton on each nitrogen atom.

3

\
Figure 1. ORTEP view of the molecular structure of H,L°™ with
ellipsoids at the 50% probability level. The hydrogen atoms and
aromatic substituents on N—phenyl unit have been omitted for clarity
except for H(2) and H(3). Selected bond lengths (10\) and angles
(deg): C(1)-N(2) 1.340(3), C(2)-N(3) 1.339(3), C(1)-S(1) 1.648(2),
C(2)-S(2) 1.651(2), S(1)-C(1)-N(2) 123.93(16), S(1)-C(1)-C(3)

121.41(14), NQ)-C()-C(3)  114.67(17),  S(2)-C(2)-N(3)
124.74(14),  S2)-C(2)-C(7)  121.85(14),  N(3)-C(2)-C(7)
113.41(16).

Treatment of H,L°™ with FeBr, in Et,0 under an argon
atmosphere at room temperature produced a dark green solution after
24 h. A single crystal of [FeBr,(ic>-H,LP™)] was obtained by slow
evaporation from dimethoxyethane solution. The crystal structure of
[FeBry(ic>-H,LP™)] is shown in Figure 2.
geometry around the metal center for [FeBry(ic-H,LP™)] is a

The coordination

distorted trigonal bipyramidal structure (t = 0.60);® the bond angles
Br(1)-Fe-Br(2) 123.19(5), Br(1)-Fe-N(1) 112.16(10) and Br(2)-
Fe-N(1) 124.61(10) reveal that Br(1)-Br(2)-N(1) forms a trigonal
plane and the angle S(1)-Fe-S(2) 160.93(6)° indicates that the
arrangement of atoms S(1)-Fe-S(2) is essentially linear. The Fe—
N(1) bond length for [FeBr,(ic*>-H,LP"™)] is 2.164(4) A, and the Fe—
S(1) and Fe-S(2) bond lengths are 2.459(2) and 2.458(2) A
respectively. These Fe—N and Fe—S bond lengths are typical of those
of a high-spin iron(Il) complex as reported previously.”

This geometry is similar to that of the bis(iminopyridine)iron(Il)
complex [FeBry(PDI)] reported previously.'” As the serise of
bis(imino)pyridine ligand, the iron complexes with PDI containing
thioether have previously been reported, which is coordinated with
N,N,N atoms to iron jion."! However, we could isolate only the iron
complex coordinated with S,N,S atoms. This is the first report of a
monochelate iron(Il) complex with a thioamide pincer-type ligand,
although there have been many reports on syntheses of iron(II) and
cobalt(Il) complexes with thiourea corrdinated ligands in the mer
configuration (each of these is octahedral bischelate metal
complexes).>’

The C=S bond lengths of thioamide units for [FeBry(ic>-
H,LP™)] are 1.649(4) and 1.667(5) A and the C—N bond lengths are
1.326(7) and 1.323(7) A, respectively. The former bond lengths are
slightly longer than those of the metal-free ligand (1.648(2), 1.651(2)
A), and the latter bond lengths are shorter than those of the metal-
free ligand (1.340(3), 1.339(3) A). These findings indicate that the
ligand is in the thioamide form (HN—(C=S)-) with a proton on each
nitrogen atom.

The 'H-NMR spectrum of [FeBry(k’-H,L°"™)] in THF-dg
exhibited broadened peaks, indicating that the iron(II) complex is in
the high-spin form. The [FeBr,(ic>-H,LP"™)] complex decomposed
in MeOH, resulting in a yellow precipitate of H,L°™. The solid-
state magnetic moment of [FeBr,(i*-H,LP™)] was determined by
the Evans method (using a magnetic susceptibility balance) to be 5.4
ug at 23 °C, which is consistent with the presence of four unpaired
electrons. This finding has also been reported for the
bis(imino)pyridine iron(II) complex, [FeBr,(PDI)]. 12

Preparation of [Fe(THF)(«-L"™)]

S
!
\\
) \ P NaH
n\m/(\//\\(n Febr, = NaBr .
O ya N AN in E1,0 in THE
0
2| J. Name., 2012, 00, 1-3 This journal is © The Ro¥|al Society of Chemistry 2012
HyLoPM [FeBry(x3-H,LOPM)]: 84 % [Fe(THF);(x3-LOPMY]: 39 %

Scheme 2. Synthesis of compounds [FeBry(i>-H,LP™)] and [Fe(THF),(>-LPP™)).
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Stirring of [FeBr,(ic*-H,LP"™)] with excess NaH in THF solution
under a dinitrogen atmosphere produces the bis-THF iron(Il)
compound [Fe(THF),(>-LP™)] (Scheme 2), which is also air- and
moisture-sensitive. A single crystal of [Fe(THF),(k>-LP™)] suitable
The crystal
The
)] is square pyramidal

for X-ray analysis was obtained from THF solution.
structure of [Fe(THF),(k>-L°™)] is shown in Figure 3.
coordination geometry of [Fe(THF),(«>-LP™M
(1 = 0.16) with one pyridine nitrogen atom, N(1), two sulfur atoms,
S(1) and S(2), and one THF oxygen atom, O(1), in the equatorial
plane and one THF oxygen atom, O(2), in the axial position. This
Fe(Il) complex with THF molecules is available for substitution

reaction.'

Figure 2. ORTEP view of the molecular structure of [Fe(i>-
H,L"™)Br,] with ellipsoids at the 50% probability level. The
hydrogen atoms have been omitted for clarity except for H(2) and
H(3). Selected bond lengths (A) and angles (deg): Br(1)-Fe(1)
2.4272(12), Br(2)-Fe(1) 2.4642(12), Fe(1)-S(1) 2.459(2), Fe(1)-
S(2) 2.458(2), Fe(1)-N(1) 2.164(4), S(1)-C(1) 1.674(5), S(2)-C(2)
1.667(5), N(2)-C(1) 1.326(7), N(3)-C(2) 1.323(7), Br(1)-Fe(1)-
Br(2) 123.19(5), Br(1)-Fe(1)-N(1) 112.16(10), Br(2)-Fe(1)-N(1)
124.61(10), S(1)-Fe(1)-S(2) 160.93(6).

Figure 3. ORTEP view of the molecular structure of [Fe(THF), (k-
LP™)] with ellipsoids at the 50% probability level. The hydrogen
atoms have been omitted for clarity. Selected bond lengths (A),

This journal is © The Royal Society of Chemistry 2012
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angles (deg): Fe(1)-S(1) 2.3600(8), Fe(1)-S(2) 2.3621(8), Fe(1)-
O(1) 2.0639(19), Fe(1)-0O(2) 2.1418(18), Fe(1)-N(1) 2.1593(19),
S(1)-C(1) 1.744(3), S(2)-C(2) 1.758(3), N(2)-C(1) 1.286(4), N(3)-
C(2) 1.284(3), S(1)-Fe(1)-S(2) 151.30(3), O(2)-Fe(1)-N(1)
162.05(8).

Such a combination does not typically form a stable complex.'* The
C-=S bond lengths of [Fe(THF),(i>-LP"™)] are 1.744(3) and 1.758(3)
A and the C-N bond lengths are 1.286(4) and 1.284(3) A. The C-S
bond lengths are longer and the C=N bond lengths are shorter in
comparison with those of the [FeBr,(ic>-H,LP™)) complex
described above. These observations are explained in terms of a
structural change involving deprotonation of the NH groups on the
secondary thioamide unit to form imino-thiolate. The deprotonation
of NH groups was confirmed in a comparison of IR spectra of
[FeBry(ic>-H,LP™)] and [Fe(THF),(>-LPPM)]. The NH stretching
vibration bands of [FeBr,(i>-H,LP™)] were found at 3327 cm™' and
at 3157 cm™!, while the analogous bands in [Fe(THF),(k>-LPPM)]
disappeared upon reaction with NaH. The formation of the imino-
thiolate is indicated by the metal-to-ligand bond lengths. The
lengths of Fe-N(1) (2.1593(19)), Fe-S(1) (2.3600(8)), and Fe-S(2)
(2.3621(8)) bonds for [Fe(THF),(i*>-LP"™)] are each shortened upon
deprotonation. This indicates that the oc-donation of the imino-
thiolate ligand is strengthened relative to the bond strength of the
protonated thioamide form. This complex is paramagnetic, as
determined by its 'H-NMR spectrum in THF-ds. The solid-state
magnetic moment of [Fe(THF),(>-LP"M)] was determined by
magnetic susceptibility measurements to be 5.2 4 at 23 °C, which is
consistent with that of an iron(Il) complex with four unpaired
electrons.

Reaction of [Fe(THF),(k’-LP™)] with CO.

The red precipitate of [Fe(THF),(k>-L°™)] reacted with CO in
toluene, and the resulting orange solution was stored at —30 °C
(Scheme 3). The resultant complex [Fe(CO)5(k>-LP"™)] was in the
form of a yellow crystalline solid (precipitated from toluene
solution), and was characterized by 'H-NMR and "“C-NMR
spectrometry, infrared spectroscopy and elemental analyses. The
complex [Fe(CO);(i>-LPPM)] is diamagnetic, and its 'H-NMR
spectrum displays resonances in the diamagnetic range. In "*C-
NMR, the carbon atoms of the coordinated CO ligands were clearly
observed at 206.9 and 200.3 ppm with an integration ratio of 1:2 and
the thioamide carbon atoms were observed at 169.5 ppm.
Fortunately, we obtained a single crystal of complex [Fe(CO);(x -
L°™)) and the X-ray analysis revealed that the iron ion is engaged
by the thioamide pincer-type ligand and three carbonyl ligands
(Figure 4). The coordination geometry is distorted octahedral with
the SNS pincer type ligand (Fe-N(1) 1.980(2), Fe-S(1) 2.2676(11),
Fe-S(2) 2.2638(11)), in which one coordinated CO molecule (Fe—
C(4) 1.791(3)) is positioned within the pincer plane, and two CO
molecules (Fe-C(3) 1.861(3) and Fe—-C(5) 1.825(3)) are located in
trans positions each other. The Fe-S(1) and Fe-S(2) bonds are
shorter than those of [Fe(CN—xylyl)3(K3—LDPM)] as describe below
and the Fe—CO bond in the pincer plane is significantly shorter than
the other two Fe—CO bonds, indicating that the Fe—~CO bond in the

J. Name., 2012, 00, 1-3 | 3



Dalton Transactions

pincer plane is shortened by the trans influence of the thioamide
ligand. On the other hand, the Fe—CO bonds of the other two
carbonyls are elongated by trans influence through the m—back
donation from metal to CO ligand. Further support for trans
influence is provided by '>C-NMR data; the carbonyl carbon atom in
the pincer plane is observed in the lower magnetic field region
relative to the two carbonyl carbon atoms at the trans positions,
although it was not significantly affected to their C—O bond lengths.
In the IR spectrum of [Fe(CO)5(k>-LP"M)], two vibrations were
detected as the coordinated CO stretching bands. From the above
findings, the 2044 cm™ band was tentatively assigned as that of the
two carbonyls located at the trans positions and the 1993 cm™ as a
carbonyl in the pincer plane.

Figure 4. ORTEP view of the molecular structure of [Fe(CO)5(x>-
L°™)] with ellipsoids at the 50% probability level. The hydrogen
atoms have been omitted for clarity. Selected bond lengths (A):
Fe(1)-S(1) 2.2676(11), Fe(1)-S(2) 2.2638(11), Fe(1)-N(1) 1.980(2),
Fe(1)-C(3) 1.861(3), Fe(1)-C(4) 1.791(3), Fe(1)-C(5) 1.825(3),
S(1)-C(1) 1.743(3), S(2)-C(2) 1.745(3), N(2)-C(1) 1.291(3), N(3)-
C(2) 1.2854), S(1)»-Fe(1)-S(2) 173.39(3), S(1)-Fe(1)-N(1)
86.73(7), S(1)-Fe(1)-C(3) 90.51(11), S(1)-Fe(1)-C(4) 93.98(11),
S(1)-Fe(1)-C(5) 89.49(12), S(2)-Fe(1)-N(1) 87.05(8), S(2)-Fe(1)—
C@3) 87.04(11), S(2)-Fe(1)-C(4) 92.25(11), S(2)-Fe(1)-C(5)
92.41(12), N(1)-Fe(1)-C(3) 87.88(10), N(1)-Fe(1)-C(5) 86.99(10),
C(3)-Fe(1)-C(4) 92.30(12), C(4)-Fe(1)-C(5) 92.82(12).

4| J. Name., 2012, 00, 1-3
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Scheme 3. Synthesis of compounds [Fe(CO)5(i>-LPPM)] and
[Fe(CN-xylyl);(>-LP™M)].

Reaction of [Fe(THF)y( &-LPPM)]  with 2,6-dimethylbenzene
isocyanide (CN-xylyl)

The reaction of [Fe(THE),(i>-L°"™)] with 3 equiv of CN-xylyl
in toluene afforded [Fe(CN-xylyl)»;(K3 -LPPMy] as a red crystal
(Scheme 3) which was characterized by 'H-NMR and *C-NMR
spectrometry, infrared spectroscopy and elemental analysis. The 'H-
NMR spectrum of the complex displays resonances in the normal
magnetic field region, indicating that the complex is in the low-spin
state. The methyl protons of the xylyl group were clearly observed
at 2.268 and 1.878 ppm with a 1:2 integral ratio, although certain
peaks assignable to aromatic protons observed in the 6.7 — 7.2 ppm
region are less informative due to overlapping of peaks. The
compound [Fe(CN—xylyl)g(K3—LDPM)] was stable under air and in the
presence of moisture. Fortunately, we obtained a single crystal
suitable for X-ray analysis. The crystal structure analysis, as shown
in Figure 5, clearly revealed that the complex [Fe(CN-xylyl);(x*-
L°")] has a distorted octahedral structure with an SNS pincer-type
ligand, one isocyanide carbon atom in the pincer plane and two
isocyanide carbon atoms located at trans positions each other. The
lengths of Fe-N(1), Fe-S(1), Fe-S(2), and Fe—C(79) bonds in the
pincer plane are 1.9844(17), 2.2807(10), 2.2744(10), and 1.809(3) A,
respectively, and the Fe—C(79) bond length is shorter than the Fe—
C(78) (1.871(4) A) and Fe—C(80) (1.874(4) A) bonds. The lengths
of the two C-S bonds are 1.743(3) and 1.739(2) A, and those of two
C-N bond are 1.288(4) and 1.286(3) A, respectively. These bond
lengths are almost the same as those of [Fe(CO)5(x>-LP"M)] and
[Fe(THF),(i>-LP™)] with the imino-thiolate ligand in spite of the
difference in their spin states (the former is low-spin and the latter is
high-spin). However, the C-S and C-N bonds for [Fe(CN-
xylyDs(i>-LPP™)] are clearly elongated and shortened, respectively
in comparison with those of [FeBry(i>-H,LP™)] with the thioamide
ligand described above.

This journal is © The Royal Society of Chemistry 2012
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Next, [Fe(CN-xylyl)»;(K3 -LPPM)] was mixed with 2 equiv of HBF,
in toluene. A brown precipitate of [Fe(CN-xy1y1)3(K3-H2LD PMy)
-2(BF,) was obtained in which the two imino-thiolate nitrogen atoms
were protonated. The 'H-NMR spectrum of the precipitate in CDCls
solution has an NH proton peak at 10.51 ppm, indicating that the
imino-thiolate nitrogen of the compound is protonated to afford
[Fe(CN-xylyl);(i>-H,LPPM) 1+,
observed when a weaker acid such as trimethylammonium chloride
and 2,6-lutidinium tetrafluoroborate was added. Further evidence of
protonation was provided by a comparison of IR spectra of [Fe(CN-
xylyD);(>-LPPM)] and [Fe(CN-xylyl);(i*>-H,LPPM)].2(BF,); the NH
stretching vibration band for [Fe(CN-xylyl);(*>-H,LP™™)].2(BF,)

appeared at 3266 cm™' upon addition of HBF, to [Fe(CN-xylyl);(k’-
LPPM

Such a phenomenon was not

)], indicating that the imino-thiolate groups are converted to
thioamides. ~ Furthermore, the band representing the stretching
vibration of the coordinated isocyanide units V(C=N) was shifted
from 2110 cm™ to 2144 cm™ upon protonation of the imino-thiolate
units. This stretching vibration is significantly higher than that of
metal free CN-xylyl molecule (2121 cm™), which indicates that the
o-donation from the sulfur atoms to the metal ion is weakened with
the conversion from imino-thiolate to thioamide groups. We think
this finding as follows. The m-back donation from the metal ion to
the m* orbitals of isocyanide ligands are reduced and the c-donation
from the o* orbital of isocyanide carbon to metal ion increases.

Figure 5. ORTEP view of the molecular structure of [Fe(CN-
xylyDs(i>-LPP™)] with ellipsoids at the 50 % probability level. The
hydrogen atoms have been omitted for clarity. Selected bond lengths
(A) and angles (deg): Fe(1)-S(1) 2.2807(10), Fe(1)-S(2) 2.2744(10),
Fe(1)-N(1) 1.9844(17), Fe(1)-C(78) 1.871(4), Fe(1)-C(79)
1.809(3), Fe(1)-C(80) 1.874(4), S(1)-C(1) 1.743(3), S(2)-C(2)
1.739(2), N(2)-C(1) 1.288(4), N(3)-C(2) 1.286(3), S(1)-Fe(1)-S(2)
172.33(3), S(1)-Fe(1)-N(1) 86.49(8), S(1)-Fe(1)-C(78) 90.39(10),
S(1)-Fe(1)-C(79) 95.04(11), S(1)-Fe(1)-C(80) 90.24(10), S(2)-
Fe(1)-N(1) 86.00(7), S(2)-Fe(1)-C(78) 91.13(10), S(2)-Fe(1)-
C(79) 92.45(11), S(2)-Fe(1)-C(80) 87.90 (10), N(1)-Fe(1)-C(78)
89.49(10), N(1)-Fe(1)-C(80) 87.90(10), C(78)-Fe(1)-C(79)
91.17(13), C(79)-Fe(1)-C(80) 91.41(13).

This journal is © The Royal Society of Chemistry 2012
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Conclusion

In order to examine the binding behavior of the thioamide pincer
type ligand relating  to
deprotonation/protonation of its thioamide group, we synthesized a

toward the metal and effects
new monochelate iron(Il) complex, [FeBr,(>-H,LPP™)], with a
thioamide SNS pincer type ligand which includes a bulky substituent
group, K>-H,LP™.  The complex was characterized and ligand
substitution reactions were investigated. To the best of our
knowledge, this is the first report of a monochelate iron(Il) complex
with a thioamide pincer-type ligand. The two bromide ions of the
iron complex were substituted with THF molecules in THF solution.
The THF ligands of the [Fe(THF),(k>-LPP™y) complex were easily
substituted with CO and CN-xylyl molecules to give [Fe(CO)5(x>-
LPPMy) [Fe(CN-xylyl);(K3 -LPPMy], respectively. These
complexes each had a distorted octahedral structure in a low spin
The imino-thiolate units of the [Fe(CN-xylyl);(ic>-LP"™)]
complex can be protonated to thioamide units to give [Fe(CN-
xylyD);(*-H,LP"™)]- 2(BF,).
stretching vibration of the coordinated CN group of [Fe(CN-

and
state.
The band representing the CN

xylyDs(i>-LPP™)] was shifted by 34 cm™ to a higher energy region
upon protonation. The above findings may be explained in terms of
the o and m bonding characters between metal and ligands as
follows; the o-donation from the sulfur atoms to the iron ion is
weakened by conversion from imino-thiolate to thioamide, which
made the m-back donation from the metal ion to isocyanide reduced
and made the o-donation from the isocyanide carbon to the metal ion
increased. These suggest that they are controlled by the process of
deprotonation/protonation.

Experimental

Materials.

All of the reagents and solvents employed are commercially
available. All anhydrous solvents were purchased from Wako Ltd.,
and were degassed with argon. 2,6-pyridinedicarbonyl dichloride
was synthesized according to the previously published method.'*

General Methods.

All manipulations were carried out under an atmosphere of purified
argon or dinitrogen gas in an mBRAUN MB 150B-G glovebox or by
standard Schlenk techniques. 'H-NMR and *C-NMR spectra were
measured on a Varian Mercury 300 spectrometer, and 'H chemical
shifts were estimated relative to TMS as an internal standard.
Fourier transform infrared (FT-IR) spectra of solid compounds were
KBr pellets using a JASCO FT/IR-410
spectrophotometer. Elemental analyses were obtained with a Perkin-
Elmer CHN-900 elemental analyzer. Magnetic moment
measurements (Evans method) in the solid state were obtained using
a Sherwood Scientific Ltd. MSB-MKI magnetic susceptibility
balance.

measured as

J. Name., 2012, 00, 1-3 | 5
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X-ray crystallography. Each crystal was mounted on a glass fiber
and diffraction data were collected using a Rigaku/MSC Mercury
CCD with graphite monochromated Mo-Ka radiation at =100 °C or
—150 °C. Crystal data and experimental details are listed in Table S1
(Supporting Information). The crystal structures of all Fe(Il)
complexes were solved by a combination of direct methods (SIR92'
or SIR2004'") and Fourier techniques. All non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were refined by the riding
model using the appropriate HFIX command in SHELXL97."® The
Sheldrick weighting scheme was applied. Plots of Z(IFyl — IF,l)?
versus |Fl, reflection order in data collection, sin 6/A, and various
classes of indices showed no unusual trends.
scattering factors were taken from International Tables for X-ray
Crystallography edited by Cromer and Waber."

Neutral atomic

Anomalous
dispersion effects were included in Feaes where the values for Af’
and Af” were taken from those of Creagh and McAuley.?' The
values for the mass attenuation coefficients are those of Creagh and
Hubbell.? All performed using the

crystallographic software package, CrystalStructure.

calculations were

Syntheses of compounds
2,6-Bis(diphenylmethyl)-4-isopropylaniline

The compound was prepared by according to the method described
by Marké et al.® Diphenylmethanol (10.0 g 0.0542 mol), HCI (36
% HCI, 2 mL), ZnCl, (2.00 g, 0.0146 mol), and 4-isopropylaniline
(3.66 g 0.0271 mol) were added to a 100 mL Schlenk tube. The
mixture was heated at 160 °C to melt the diphenylmethanol. Once
cooled, the solid was dissolved in CH,Cl, and washed successively
with NaHCO;. After drying over Na,SO,, the mixture was filtered.
Evaporation of the solvent in vacuo yielded an off-white solid,
which was washed with n-hexane to give 2,6-bis(diphenylmethyl)-4-
isopropylaniline as a white powder (9.66 g, yield: 76 %). 'H-NMR
(6/ppm vs TMS in CDCl;, 300 MHz): 7.27 (t, 8H, CHpy), 7.21 (4,
4H, CH,), 7.08 (d, 8H, CH,y), 6.42 (s, 2H, CHy,), 5.45 (s, 2H,
CH(Ph),), 3.26 (s, 2H, NH,), 2.55 (m, 1H, CH(CH3;),), 0.93 (d, 6H,
CHj).

2,6-Bis(/V-2,6-bis(diphenylmethyl)-4-
isopropylphenylamide)pyridine

2,6-Pyridinedicarboxylic dichloride (5.00 g 10.6 x 10~ mol) was
dissolved in 100 mL of dry THF. To this solution was added 2,6-
bis(diphenylmethyl)-4-isopropylaniline (1.09 g 5.34 x 10~ mol) and
triethylamine (1.50 mL 0.0106 mol) at 0 °C. The mixture was stirred
at room temperature overnight. The precipitate of Et;N-HCl was
filtered and the solvent was removed under vacuum, dissolved in
CHCI, and purified by silica gel column chromatography. 2,6-bis(/N-
2,6-bis(diphenylmethyl)-4-isopropylphenylamide)pyridine was
isolated as white powder (yield: 3.51 g 62 %). 'H-NMR (8/ppm vs
TMS in CDCls, 300 MHz): 7.95 (t, 1H, CHyy), 8.27 (d, 2H, CH,,),
7.98 (s, 2H, NH), 5.43 (s, 4H, CH(Ph),), 6.87 (br, 16H, CHpy), 6.87
(br, 16H, CHpy), 6.87 (br, 8H, CHpy), 6.73 (s, 4H, CHpy), 2.72 (m,
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2H, CH(CHas),), 1.05 (d, 12H, CH3). ESI TOF MS: m/z 1088.7 [M +
Nal*, 1066.7 [M + H]*. FTIR (KBr, cm™): 3371(NH), 1687 (C=0).

2,6-Bis(/V-2,6-bis(diphenylmethyl)-4-
isopropylphenylthioamide)pyridine (H,LP™™)

Lawesson’s reagent (3.79 g, 9.33 x 10~ mol) was added to a solution
of 2,6-bis(N-2,6-bis(diphenylmethyl)-4-isopropylphenyl
amide)pyridine (5 g 4.69 x 107 mol) in toluene (30 mL), and the
mixture was heated at 100 °C for 6 h. After cooling, the precipitate
was filtered and the solvent was removed under vacuum. The
precipitate was dissolved in CHCl; and purified by silica gel column

2,6-Bis(N-2,6-bis(diphenylmethyl)-4-isopropyl-
LPPM

chromatography.
phenylthioamide)pyridine was isolated as yellow powder of H,
ligand (2.53 g 49 %). 'H-NMR (8/ppm vs TMS in CDCl;, 300
MHz): 8.02 (t, 1H, CH,,), 8.77 (d, 2H, CHy), 9.42 (s, 2H, NH), 5.37
(s, 4H, CH(Ph),), 6.97 (d, 8H, CHpy), 6.64 (d, 8H, CHpy), 7.13 (t,
8H, CHpy), 6.56 (t, 8H, CHpy), 7.15 (t, 8H, CHpy), 6.41 (t, 8H, CHpy),
6.84 (s, 4H, CHpy), 2.78 (m, 2H, CH(CH;),), 1.10 (d, 12H, CH,).
ESI TOF MS: m/z 1120.5 [M + Na]*, M = 1097.5 (C7;HgN;S,).
FTIR (KBr, cm): 3301(NH), 994 (C=S). Anal. Calcd. for
C7;7HeNsS,: C, 84.19; H, 6.15; N, 3.38; S, 5.84. Found: C 83.75; H
5.93; N 3.83; S, 5.52.

[FeBr,(i>-H,L°™)]

To a diethylether (3 mL) solution of H,L®™ (100 mg, 9.10 x 107
mmol) was added FeBr, (8.28 mg, 9.10 x 1072 mmol), followed by
stirring at room temperature. After 24 hours, the mixture was
filtered and washed with diethylether to give a green powder. The
powder was dissolved in CH,Cl,, and the precipitate was filtered.
The solvent was removed under vacuum to yield a green precipitate
of [FeBry(i>-H,L"™)] (1004 mg, 84 %). The complex was
recrystallized from DME as dark green needle-like crystals. ESI
TOF MS: m/z 12353 [M - Br]*, M = 1313.0 (C7;HgN3S,FeBr»).
Anal. Calcd. for C,7HgN3S,FeBr,: C, 70.37; H, 5.14; N, 3.20; S,
4.88, Found: C, 70.09; H, 5.24; N, 2.98; S, 5.01.

[Fe(THF),(ic’-L""™)]

To a THF (3 mL) solution of [FeBr,(i®>-H,L"")] (100 mg, 7.61 x
1072 mmol) was added NaH (20 mg, 8.33 x 107" mmol) with stirring
at room temperature. After 2 hours, the color of the reaction mixture
changed from green to orange-red. The precipitate was filtered and
the mixture was stored at —30 °C overnight, leading to formation of
orange crystals of [Fe(THF),(«>-LP"™)]. (38 mg, 39 %)

FTIR(KBr, cm™): 3082, 3059, 3024, 2958, 2924, 2868 (CH3), 1948,
1884, 1807, 1598 (C=C), 1565 (C=N).  Anal. Calcd. for
CgsH7oNsS,0,Fe: C, 78.86; H, 6.15; N, 3.25; S, 4.95, Found: C,
77.53; H, 6.23; N, 3.18; S, 4.83.

[Fe(CO);(c™-L"™)]

A toluene (3 mL) solution of [Fe(THF),(x>-L"™)] (100 mg, 7.71 x
1072 mmol) was placed under 1 atm of carbon monoxide at —196 °C.
When the resulting reaction mixture was warmed to ambient
temperature and stirred for 48 h, the solution color changed from
orange to brownish yellow. After 48 hours, the solvent was removed

This journal is © The Royal Society of Chemistry 2012
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under vacuum, forming a dark brown powder of [Fe(CO)5(x>-
LP"™)]. The brown powder was dissolved in toluene and stored at —
50 °C for 24 hours, leading to formation of [Fe(CO)5(1c>-LPPMY]
crystals (42 mg, 44 %). "H-NMR (&/ppm from TMS in benzene-d,
300 MHz): 7.71 (t, 1H, Pyw)), 7.29-7.13 (overlapped with solvent
peaks), 5.976 (s, 4H, CH(Ph),), 2.508 (m, 2H, CH(Me),), 0.970 (d,
12H, CH(CH;),). "*C-NMR (8/ppm from solvent in CDCl5): 206.9
(CO), 200.3 (CO), 169.5 (CS), 159.1, 145.6, 143.9, 143.8, 143.5,
132.3, 129.8, 129.3, 128.3, 128.1, 126.5, 126.2, 126.0, 125.9, 52.5
(CH(Phy)), 33.6 (CH(CHS;),), 24.1 (CH(CHj;),). FTIR (KBr, cm™):
3082, 3059, 3024, 2958, 2924, 2868 (CH3), 2044, 1993 (CO), 1948,
1884, 1807, 1598 (C=C), 1565 (C-N). Anal. Calcd. for
CgoHgsN3S,FeOs: C, 77.53; H, 5.53; N, 3.39, S, 5.17. Found: C,
77.85; H,5.72 2.88; N 4.89; S, 4.82.

[Fe(CN-xylyD)3(x*-L""™)]

To a toluene (3 mL) solution of [Fe(THF),(i*>-L""™)] (100 mg, 7.71
x 107 mmol) was added 2,6-xylylisocyanide (30.4 mg, 2.32 x 107!
mmol) with stirring at room temperature. After 6 hours, the mixture
was stored at —50 °C overnight, leading to formation of red crystals
of [Fe(CN-xylyl);(*>-LP"™)] (88 mg, 74 %).

'H-NMR (8/ppm from TMS in benzene-dg, 300 MHz): 7.783 (d, 2H,
Pya.s), 7.419 (d, 8H, Ph, ¢), 6.714 (t, 1H, Py), 6.781 — 7.124 (m,
14H, Ph, Xylyl), 6.477 (m, 3H, Xylyl), 6.377 (d, 4H, Xylyl), 5.976
(s, 4H, CH(Ph),), 2.508 (m, 2H, CH(Me),), 2.268 (s, 6H, Xylyl),
1.878 (s, 12H, Xylyl), 0.970 (d, 12H, CH(CH3),). *C-NMR (8/ppm
from solvent in CDCl3): 175.18 (xylyl), 175.29 (xylyl), 160.79 (CS),
147.85, 145.21, 144.12, 142.12, 138.13, 135.61, 134.68, 134.47,
132.12, 130.05, 129.43, 129.31, 128.04, 128.50, 127.75, 127.66,
126.48, 125.59, 124.22, 51.97 (Ph,CH), 33.63 (Ar-CH(CHj),),
24.28(Ar-CH(CH3),), 19.45 (xylyl), 18.50 (xylyl). FTIR (KBr, cm™
Y: 3082, 3059, 3024, 2953, 2922, 2854 (CHj), 2110, 2087 (CN),
1948, 1884, 1807, 1598 (C=C), 1538 (C-N). Anal. Calcd. for
Ci0sHooNgS,Fe: C, 80.80; H, 6.00; N, 5.44; S, 4.15. Found: C, 79.67;
H 6.04; N 5.16; S, 4.10.

[Fe(CN-xylyl);(’-H,L""™)|(BF,),

To a toluene (3 mL) solution of [Fe(CN-xylyl);(i*-LP"™)] (100 mg,
7.71 x 1072 mmol) was added HBF, (20 pL, 1.47 x 10”" mmol) with
stirring at room temperature.
changed from a red solution to a brown slurry. The precipitate was
collected on a funnel, washed with pentane and dried (79 mg, 60 %).
'H-NMR (8/ppm from TMS in benzene-ds, 300 MHz): 10.51 (s, 2H,
NH), 8.59 (t, 1H, Pyy), 8.16 (d, 2H, Py s)), 7.40-5.44 (overlapped
with solvent peaks), 5.44 (s, 4H, Ar-CHPh,), 2.69 (m, 2H,
CH(CHj;),), 2.52 (s, 6H, Xylyl), 1.89 (s, 12H, xylyl), 0.99 (d, 12H,
CH(CH)y).

BC-NMR (&/ppm vs solvent in CDCly): 194.71 (CS), 155.71 (xylyl),
150.57 (xylyl), 142.56, 142.16, 140.89, 134.88, 134.63, 131.77,
130.30, 130.17, 129.25, 129.06, 128.86, 128.73, 128.51, 128.44,
127.86, 127.58, 127.24, 126.54, 126.16, 52.03 (Ph,CH), 33.91 (Ar-
CH(CHz;),), 23.69 (Ar-CH(CHj3;),), 19.38 (xylyl), 18.52 (xylyl).

FTIR (KBr, cm™): 3269 (NH), 3082, 3059, 3024, 2953, 2922, 2869
(CH,3), 22175, 2144 (C=N), 1948, 1884, 1807, 1150, 1127, 1077,

After 6 hours, the reaction mixture

This journal is © The Royal Society of Chemistry 2012
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1051 (BF,). Anal. Calcd. for C,04HgsN¢S,FeB,Fg: C, 72.56; H, 5.50;
N, 4.88; S, 3.73. Found: C, 71.86; H, 5.54; N, 4.50; S, 3.52.
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