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ARTICLE INFO ABSTRACT

Four acyl-hydrazones derived from 5-hydroxypicolinohydrazide and 4-hydroxybenzaldehyde (HL!'), 2-fluoro-4-

Dedicated to Prof. Ionel Haiduc, at his 85th hydroxybenzaldehyde (HL2), 2,4-dihydroxybenzaldehyde (HL'3) or 2-pyridinecarboxaldehyde (HL!*) and two

birthday. hydrazones derived from 2-hydrazino pyridine and 4-dimethylaminobenzaldehyde (HL2!) or 4-diethylamino-2-
Keywords: hydroxybenzaldehyde (HL?2) were synthesized and their X-ray structures determined. Twelve rhenium(l)
Rhenium(l) complexes complexes of formula [ReX(HL™(CO)3] (X = Cl, Br) were obtained by treating these ligands with [ReX
Hydrazone (CH3CN)2(CO)s3], and the structures of some representative compounds were determined by X-ray diffraction.

Acyl-hydrazone The coordination geometry around rhenium(I) can be described as octahedral, with three carbon atoms in a fac
Zwitterion configuration, the halogen atom and two nitrogen atoms from the hydrazone chain and the pyridine group,

Crystal structure respectively. The carbonyl group of the acyl-hydrazone ligands does not participate in coordination in any of
complexes HL!'-HL!*, The coordination mode of the ligands in all complexes could be established by comparing
the IR and 'H NMR spectra.

Formation of the hydrazonate complexes only proved possible with the derivatives of HL?2. A study of the
corresponding single crystal showed the presence of the dimer [Rez(LZZ)z(CO)G], in which the phenolate group of
the ligand of the dimer partner coordinates to rhenium after deprotonation. This same group is used to bind to

the rhenium atom of the dimer partner at the position released by the halide.

1. Introduction

The coordination chemistry of rhenium continues to be of current
interest because it is the main surrogate in the design of **™Tc complexes
as possible drugs to perform radioimaging using the SPECT technique.
Furthermore, since optimization of the production of the {Tc(CO)3}™
fragment in biologically compatible media [1], this latter coordinating
center, and consequently its surrogate {Re(CO)s}", has attracted great
attention due to the important advantages when designing a radio-
pharmaceutical. In addition to their configurational robustness, the
hydrophobic character of carbonyl groups, which facilitates their bio-
distribution, has been cited.

To help in the design of such complexes, intensive work has been
carried out to determine which groups particularly favor their stabili-
zation, and the particular stability of {M(CO)3}* (M = Tc, Re) complexes
with aromatic imines such as pyridine or imidazole [2] has been
identified.

Another interesting property of the {Re(CO)3}" fragment is its

inertia, which allows the isolation of coordinated species that are diffi-
cult to observe with other metal centers [3].

Hydrazones are organic compounds containing the RoC = N-NH,
moiety [4]. Given their versatile properties and simple design and syn-
thesis, their applications are of interest in different fields, such as
analytical, organic, or medicinal chemistry. In the analytical chemistry
field, these ligands present chelatometric properties, as reported by
Katiyar and Tandon [5]. Spectrophotometric determination is the most
common application of these systems, and they have been shown to be
able to detect several different metals, including mercury [6], depending
on the nature of the hydrazone.

The application of hydrazones in the pharmaceutical field stands out
since these ligands exhibit a wide variety of biological activities (treat-
ment of tuberculosis [7,8], intestinal antiseptics [9], antifungal agents
[10], or antidepressants [11], amongst others), and these activities are
often related to their coordination to a metallic center [8].

There are numerous literature references regarding active rhenium
complexes with hydrazone ligands [12], and interesting biological
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Scheme 1. The (acyl)-hydrazone ligand and atomic numbering scheme used in
this work.

properties have been reported in some cases [13]. In this regard, acyl-
hydrazones are an interesting type of hydrazone because the presence
of the C1 = O group (Scheme 1) increases the acidity of the ligand (N2-H
group) and its ability to form acyl-hydrazonate complexes, in addition to
binding to the metal cation via the N3,0 coordination mode [14]. In the
past we have shown that, when one [3,15] or two [16] pyridine sub-
stituents are included on the C2 carbon (Scheme 1), the carbonyl oxygen
atom is not involved in binding to the metal and the observed coordi-
nation mode is N3,Npy or Ny, Ny,

In the present work, we have designed and synthesized six new li-
gands bearing pyridine groups and/or acyl groups in different positions
of the hydrazone chain (Scheme 2) to determine how these groups can
affect the coordination mode of the ligand to rhenium(I) and, by
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extension, to the more relevant technetium(I) center from a bioinorganic
point of view (Scheme 3).

2. Results and discussion
2.1. Synthesis and spectroscopic characterization

When designing ligands HL!'-HL* (Scheme 2), we decided to
include a 5-hydroxypyridine ring so that it may play a role in coordi-
nation to the metal together with the hydrazone chain. The substituents
on C2 were chosen because they are susceptible to derivatization and/or
able to interact with biomolecules [17]. HL'# is an exception as it con-
tains another pyridine group. The four ligands were synthesized by re-
action of 4-hydroxybenzaldehyde (HLH), 2-fluoro-4-
hydroxybenzaldehyde (HL'?), 2,4-dihydroxybenzaldehyde (HL'?) or
2-pyridinecarboxaldehyde (HL!'#) with the previously synthesized 5-
hydroxypicolinohydrazide. Details of the synthesis can be found in the
experimental section. In the design of ligands HL?' and HL??, we
eliminated the carbonyl group of the hydrazone chain. These ligands can
be easily obtained by treating the commercial reagent 2-hydrazino
pyridine with the corresponding aldehyde (Scheme 2). A substituent
derived from salicylaldehyde was included at C6 in HL22 to provide a
possible coordination position after deprotonation.

All ligands were obtained in high yield as air-stable solids that are
soluble in common polar organic solvents. Formation of the ligands was

3 Q 3
1
Q0 B 0
+ 1 5
HO XN R H(1) \6 N1
HDZ HL11-14
B 0 :
47 2
A NH, + 7 —— = 3
N N 1 ~2_Ns R
H R SONTTNT Y
1 H 6
HL21,22
HL11 HL12 HL13 HL14
10 2 10 2 3 10 2 10
OH F.0 OH HO.® OH 9 M
DG O e
~
.78 12 .78 12 .8 12 SN 12
R 13 13 13 3
HL11 HL12 HL13 HL14
11 4 11 4
12 NMe; 12 NEt,
10 10
9 9
6" T 3 67 7 Vs
OH

Scheme 2. Synthesis of ligands HL'!-HL'%, HL2!, and HL?? including the atomic numbering scheme used.
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Scheme 3. Synthesis of the complexes.

confirmed by observation of the set of bands corresponding to the
stretching modes for the acyl-hydrazone groups v(C—=0) and v(C=N) at
around 1650 and 1550 cm™?, respectively. The H NMR spectra of
DMSO solutions are also characteristic, with the most downfield signals
in the range 11.6-12.6 ppm due to the hydrazinic proton (N2-H in
Scheme 1).

Twelve rhenium(I) complexes of stoichiometry [ReX(HL)(CO)s]
were obtained after refluxing fac-[ReX(CH3CN),(CO)3] (X = Cl, Br) with
the corresponding ligand in ethanol (HL!-HL'#) or chloroform
(HL2'-HL?2) for 3-5 h. The proposed stoichiometry was confirmed by
elemental analysis. Although most of the mass spectra showed peaks due

to the species [M—X|* (sometimes as the base-peak), this behavior has
been observed previously in rhenium(I) complexes containing Schiff
bases such as acyl-hydrazones or thiosemicarbazones [15].

The fac configuration of the carbonyl groups in the {Re(CO)s}"
moiety was confirmed by observation of three strong/very strong bands
in the 1820-2035 cm™! range of the IR spectra (occasionally, the two
lowest energy bands collapsed).

The study of the vibrational spectra of complexes containing ligands
HL'-HL'* focused on analysis of the medium frequency region
(1700-1450 cm’l), where we expect to see the bands attributable to the
acyl-hydrazone group that will presumably show important differences

HLY ©

Fig. 1. Molecular structures of ligands HL!'-HL?2. Solvent molecules have been omitted for clarity. For the same reason, only one molecule of the asymmetric unit is

depicted in HL?! and HL2
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Table 1
Bond lengths (10\) and angles (°) for the ligands.
HLM! HL'2H,0 HLY HL' HL?! HL?*
(a)
0(1)-C 1.2359 1.228(5) 1.2331 1.231
(€8] (19) (19) 5)
N(3)-C 1.295(2) 1.282(6) 1.284(2) 1.291
@) 5)
N(3)-C 1.247 1.290
6) (2) m
N(3)-N 1.3754 1.375(5) 1.3760 1.370 1.372 1.3780
) 17) (16) 5) 2) ©
C(1)-N 1.354(2) 1.355(6) 1.346(2) 1.363 1.374 1.367
2) ) (2) (€8]
C(7)-N 113.00 117.1(4) 117.62 115.9
3)-N (13) 13) “@
)
C(6)-N 116.6 115.45
3)-N (€)] @
2
0(1)-C 122.62 123.4(4) 122.40 122.6
(1)-N (14) 14 “@
2
0(1)-C 124.76 122.7(4) 121.82 122.3
m-c (14) 14 “@
2
N(2)-C 112.61 114.0(4) 115.78 115.1 120.4 122.64
m-c (13) 13) “@ @™ @
)
N(1)-C 117.4 114.62
(1)-N @™ @
)
N(3)-C 123.57 120.2(4) 120.52 120.1
7)-C (14) a4 “@
®)
N(3)-C 122.4 122.77
(6)-C @™ ®)
@
C(1)-N 121.70 119.1(4) 118.78 118.6 120.1 119.93
(2)-N (13) 13) “@ @™ @
3

(a). Mean value for the two molecules in the asymmetric unit obtained using the
expression: X = XX; /(Gj)z; o(x) = Zl/(cj)z.

due to the different coordination modes. Thus, the band at 1630-1660
em ™! corresponding to the free ligand is displaced slightly to lower
energies in complexes 11a,b-13a,b, whereas in complexes 14a,b this
displacement is more pronounced (around 1700 em™}, see references
[14] and [15]). This suggests that the coordination mode of the acyl-
hydrazone is different in the latter compounds, as subsequently
confirmed by X-ray single-crystal diffraction (vide infra). The other
bands located in the range 1450-1620 cm ! in the free ligands, and
which have a high participation of vibrational modes related to the C=N
bonds, are slightly displaced in complexes 11a,b-14a,b. Similarly, in
complexes 21 and 22 slight changes in the positions of the bands in the
1510-1635 cm ™! region with respect to free HL2! and HL22 can also be
attributed to coordination.

We have previously reported the utility of using NMR spectroscopy
to diagnose the acyl-hydrazone coordination mode in rhenium(I) com-
plexes [16]. Indeed, our experience shows that the position of the N2-H
proton is strongly dependent on the formation of the chelate with the
acyl-hydrazone group. Similarly to what was observed for thio-
semicarbazones, despite the slight deshielding of all signals for the
ligand upon coordination (0.2-0.3 ppm), the N2-H proton signal is
strongly shifted to low field (about 2 ppm) when the N3,0 five-
membered chelate ring is formed. In the case of complexes 14a,b the
hydrazinic N2-H is hardly shifted with respect to the free ligand,
therefore this group does not form part of the chelate ring. In contrast,
the most deshielded signals in HL“, HL'? and HL!3 (at 1 1.66,11.92 and
12.07 ppm, respectively) appear at around 11.46 and 11.60 ppm in
complexes 11a,b-13a,b, whereas the remaining signals are, as usual,
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slightly deshielded in the NMR spectra. These findings, together with
those relating to the ¥(C=0) band in the IR spectra, suggest that ligands
HL_HL are not linked to the rhenium in the usual O,N3-bidentate
mode and that, in fact, the first three ligands coordinate differently to
HL#. This can be explained by the presence of one (HL'-HL®) or two
(HL*) pyridine groups, which implies greater coordination possibilities
than those offered by the acyl-hydrazone group alone. It should also be
noted that a characteristic of the ligand signals for HL!* when com-
plexed is the deshielding of the signal due to the C7-H methylene group
by more than 1 ppm (Scheme 2). This behavior is in accordance with
coordination of the ligand via the azomethine nitrogen (N3) and the
pyridine nitrogen (N4), thus menaing that the C7-H group forms part of
the chelate ring. This latter mode was confirmed by single-crystal X-ray
diffraction (vide infra).

As regards the complexes containing HL2! and HL?2, deshielding of
the signal due to the N2-H group (again by about 2 ppm) suggests co-
ordination of the rhenium by N1 (pyridinic group) and N3 (azome-
thinic), thus forming a five-membered chelate ring.

Synthesis of the complexes in the presence of bases such as NEt3 or
NaOH to facilitate deprotonation of the ligands was tested. In general, it
was difficult to isolate a pure solid and, with the exception of the de-
rivative of HL22, the reaction mixtures do not appear to contain an
identifiable stoichiometric product. The mass spectrum of product 22¢
suggested the presence of [Rez(LZZ)z(CO)s] dimers, and an X-ray study
of single crystals confirmed this hypothesis.

2.2. Crystal structures

The molecular structures of all ligands (Fig. 1) were determined by X-
ray diffraction using single crystals obtained by slow evaporation of
ethanol or acetone solutions. In some cases, the presence of twin crystals
(HL!? and its complex 12a) somewhat hindered an optimal refinement
but, in general, the models obtained showed reasonable residual factors
and gave meaningful structural data (Table 1).

Some of the aspects common to all the structures derived from 5-hy-
droxy-picolinohydrazide that we can highlight are: i) the rings con-
nected by the acyl-hydrazone group are practically coplanar (with the
greatest distortions being observed for HL!2 but not exceeding 18°), and
ii) the bond conformations follow the same pattern observed in other
hydrazone ligands: C2-C1 (E), C1-N2 (Z), N2-N3 (E), N3-C7 (E) [for
simplicity, the same notation (Z and E) will be used to identify both the
type of isomer/configuration (for example, on the C7-N3 link) and the
rotamer/conformer (as derived from the substituents on the N2—-C1 link)
along the acyl-hydrazone arm C7-N3-N2-C1(01)-C2].

The C1-0O1, C—N and N—N bond distances mainly suggest a double-
bond character for the C7-N3 and C1-O1 linkages, although some n
delocalization along the hydrazone chain is also possible [14].

The single crystals of the two ligands derived from 2-hydrazinopyri-
dine (HL?! and HL??) contain two molecules per asymmetric unit
(Fig. 2), differing only slightly in terms of the angles between the planes
or the relative position of the terminal NRy groups, so we can consider
them to be structurally equivalent. Both crystals belong to centrosym-
metric groups (P21/c for HL2! and P-1 for HL22), although we have not
detected missed symmetry. Again, the values for the C—N and C—C
distances along the hydrazone chain suggest some delocalization of
n-electron density (even at the N—N link). This delocalization is prob-
ably also responsible for the co-planarity of the pyridine rings and the
substituent at C6, although it should be mentioned that intramolecular
hydrogen bonding involving the phenol group and the azomethinic ni-
trogen (O1A-H1A-N3A = 0.85, 1.90, 2.6658(13) ;X, 149.0° and
O1B-H1B-N3B = 0.85, 1.96, 2.7172(13) A, 148.7°) in the HL?? ligand
plays a role in the co-planarity of the entire molecule. The conformation
in the C1-N2-N3-C6 hydrazone arm is EEE in both ligands.

In ligands HL!'"'*, molecules of both kinds of ligands are associated
in the crystal via medium hydrogen bond type O—H..O involving the
phenol (OH) and hydrazinic nitrogen (N2-H) as donor groups and the
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Fig. 2. Formation of dimers by H-bonding in HL* (top) and HL22 (bottom).

Fig. 3. The asymmetric unit in 12a-(Et,0) (a) and 13a-(EtOH) (b).

carbonyl (C=0) and azomethinic nitrogen (N3) as acceptor groups.
Depending on the number and relative distribution of those groups in
each case, the dimensionality and topology of the chains is different (see
Supplementary Material).

In ligands HL2!"?2, the two molecules in the asymmetric unit are
associated via hydrogen bonds involving the hydrazine N2-H group of
one and the pyridine nitrogen of the other (Fig. 2). This means that all
the active groups are blocked by hydrogen bonding and, therefore, that
the dimers formed are packed in the crystal via much weaker
interactions.

Figs. 3 and 4 show the molecular structures of different [ReX(HL)
(CO)3] complexes, as determined by X-ray diffraction (Table 2). This
technique allowed us to clarify the different spectroscopic behaviours of
ligands HL'"'3 in complexes with respect to those of HL'# and HL2!22,

Firstly, we can identify some elements that are common to all
structures of the complexes included in this paper: i) the pyridine group
is always involved in the coordination, as expected given the known
affinity of the {M(CO)3}" group (M = Tc, Re) for aromatic imines; ii) the
ligand achieves the bidentate coordination mode by complementing the
aforementioned pyridine with a hydrazone nitrogen. It is important to
note that in the ligands derived from acyl-hydrazone (HL'-HL!?), the
carbonyl group never participates in rhenium coordination. This
behaviour has been observed before in other acyl-hydrazonate com-
plexes [2]; iii) the resulting chelate is always a five-membered ring even
though other sizes, for example six-membered due to coordination via
Npy,N3, could be formed; iv) the coordination geometry around the
rhenium cation can be described as octahedral, involving three carbon
atoms in a fac configuration, two nitrogen atoms from the hydrazone
ligand and the halogen atom. The main distortion of the ideal geometry
is imposed by the chelate angle, which has a value of around 75°.

In most acyl-hydrazone complexes, coordination (with or without
deprotonation) involves rotation of the C1-N2 bond so that the ligand
binds to the metal via the O and N3 atoms. The coordinated ligands in
12a and 13a maintain the EZEE conformations observed in the crystal
structure of the free ligands. This implies coordination to rhenium via
the N1 pyridinic and N2 hydrazinic atoms and, consequently, rear-
rangement of the proton, which migrates to N3. This finding was
confirmed by the successful isotropic refinement of H—N(3) in the
model and agrees with the different chemical shift of the 'H NMR signal.
In addition, this finding confirms that ligands HL!2 and HL!® (and HL!!
based on the spectroscopic behavior of its complexes) behave as
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Fig. 4. The asymmetric unit in 14b (a), 22a (b) and 22a-EtOH (c).

zwitterions. In both structures (12a and 13a), the six-membered ring is
formed via an intramolecular hydrogen bond involving the protonated
group N3*-H and the substituent in the meta position on the benzene
linked to C7 (F in 12a and O(H) in 13a). This interaction likely plays an
important role in stabilization of the zwitterion.

HL!* offers a new coordination position for the rhenium cation due
to the additional pyridine ring on the C7 carbon. As such, in complex
14b we observe that the ligand is again bidentate (forming a five-
membered ring) but coordinates via the pyridine nitrogen N4 and the
azomethinic nitrogen N3 (Fig. 4a). To accomplish this, the N2-N3 bond
must formally rotate (as must the C7-C8 bond), such that the C7-H
group is now oriented toward the C—=O carbonyl of the hydrazone
chain. This allows the hydrogen-bonding interaction C7-H---O1 (0.90,
2.20, 2.802(5) A, 120.5°). In any case, the C7-H group is integrated into
the chelate ring and causes the greatest deshielding of the '"H NMR signal
with respect to other ligand protons in the spectra of 14b and 14a. The
value of the Re-N3 distance—and this can be also observed in the
structures of 22a and 22b—is equivalent to the Re-N2 distance
observed in 12a and 13a, despite the anionic character of the donor
nitrogen in the latter two complexes. The limited variation in hydrazone
chain distances in rhenium complexes after deprotonation has also been
reported previously [2].

Although the N-Re-N angle is statistically equivalent in all three
acyl-hydrazone complexes, the two Re-N bond lengths in 14b define a
more symmetric “bite” because they are virtually identical. In contrast,
when the bonding distances in the hydrazone chain of complexes 12a,
13a and 14b are analyzed, it can be concluded that there are few sta-
tistically significant differences with respect to their free ligands, except
for the elongation of the N2-N3 bond in the complexes.

Ligand HL22 coordinate in a similar manner in the complex 22a and
its solvate 22a-EtOH (Fig. 4b, c). Similar molecular connectivity was
observed in the model obtained from single crystals of 21b (Figure S1).
However, the lack of quality of the diffractions data discouraged in-
clusion of the structure in the present article. Thus, these ligands bind to
rhenium via the pyridine nitrogen (N1) and the azomethine nitrogen
(N3) of the hydrazone chain, thus meaning that the N2-H groups form
part of the chelate ring. The difference in the chemical shift of this
proton in complexes 21a,b and 22a,b is likely due to the fact that the
N2-H group is involved in an intramolecular hydrogen bond with the O1
(H) group in complexes 22, as shown by the X-ray diffraction studies for
22a (see Fig. 4c, d).

The coordination polyhedron in complexes 21b and 22a is very
similar, with no relevant differences between the Re-N distances. As we
observed for complexes of the acyl-hydrazone ligands, metalation does
not seem to produce important modifications in the bond distances and
angles in the hydrazone chain, except for the elongation of the N2-N3
distance.

The structure of dimer 22c¢ is shown in Fig. 5. The compound is
formed by deprotonation of ligand HL?? at the O1 group, with the
hydrazone group (N2-H) remaining protonated. The O1 atom binds to
the rhenium cation of the dimer partner at the position vacated by the
halide. In this way, the hydrazonate ligand maintains its planarity while
coordination via the pyridine N1 and azomethine N3 atoms is also
maintained. In fact, the Re-N distances, as well as those involved in the
C6-N3-N2-C1 chain, are similar to those in 22a, thus indicating that the
hydrazone group is barely affected by deprotonation.

As a consequence of the deprotonation of the O1-H, the intra-
molecular hydrogen bond established (as acceptor, Fig. 4c) with N2-H in
22a (N2-H2---01 = 0.849(19), 1.87(3), 2.668(5) [o\, 156(5)°, similar to
the values for 22a-EtOH), is clearly reinforced in 22c¢, as can be
observed by the decrease in the distance N2:--O1 (N2-H2:--O1 = 0.84,
1.72, 2.522(3) IOX, 159.7°).

3. Conclusion

We have described a study of the coordinative preferences of the {Re
(CO)3}* fragment with respect to six different hydrazone ligands con-
taining pyridine and acyl groups in coordinative positions. We have
found that the rhenium cation always binds to the nitrogen atom of one
of the pyridine groups and “ignores” the oxygen atom of the hydrazone
group (if present) by forming a chelate ring with one of the nitrogen
atoms of the hydrazine fragment. The chelate ring is always five-
membered even when, as can be seen in structures 12a and 13a, this
forces the reorganization of the hydrazinic hydrogen, thus leading to the
formation of a zwitterion form [-N—NT(H) = ] in the coordinated
hydrazone.

Although these conclusions can be drawn from the X-ray diffraction
study of the majority of the twelve complexes synthesized, the spec-
troscopic results, fundamentally 'H NMR, allow them to be extrapolated
to those compounds that we have not been able to crystallize.
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Table 2
Bond lengths (;\) and angles (°) for the complexes.
12a.Et,0 13a-EtOH 14b 22a 22a.EtOH 22¢.2CHCl3

X = cl cl Br al cl ot @
Re(1)-N(2) 2.168(7) 2.1838(19)
Re(1)-N(1) 2.195(6) 2.1948(18) 2.169(4) 2.160(3) 2.1589(19)
Re(1)-N(4) 2.170(4)
Re(1)-N(3) 2.176(4) 2.173(4) 2.180(3) 2.176(2)
Re(1)-X(1) 2.495(2) 2.4842(6) 2.6170(5) 2.5069(12) 2.5029(9) 2.1581(16)
0o(1)-C(1) 1.224(10) 1.248(3) 1.216(5)
N(3)-C(7) 1.297(10) 1.290(3) 1.292(6)
N(3)-C(6) 1.300(6) 1.298(4) 1.300(3)
N(3)-N(2) 1.381(10) 1.381(2) 1.373(5) 1.382(5) 1.410(4) 1.394(3)
N(2)-C(1) 1.366(10) 1.351(3) 1.382(5) 1.365(6) 1.342(4) 1.359(3)
N(2)-Re(1)-N(1) 73.7(3) 74.06(7)
N(4)-Re(1)-N(3) 74.07(13)
N(1)-Re(1)-N(3) 74.98(14) 75.21(10) 75.26(7)
N(2)-Re(1)-X(1) 84.21(19) 83.63(5)
N(3)-Re(1)-X(1) 85.33(9) 83.05(10) 85.90(7) 80.50(7)
N(1)-Re(1)-X(1) 82.59(18) 85.66(5) 85.84(10) 81.92(8) 79.66(7)
N(4)-Re(1)-X(1) 84.34(9)
C(7)-N(3)-N(2) 125.3(7) 125.8(2) 120.6(4)
C(1)-N(2)-N(3) 108.5(6) 110.27(18) 127.9(4) 118.2(4) 117.8(3) 117.19(19)
C(1)-N(2)-Re(1) 119.7(5) 118.50(14)
N(2)-N(3)-Re(1) 121.4(3) 112.3(3) 112.68(19) 113.41(14)
N(3)-N(2)-Re(1) 131.2(5) 131.20(14)
0O(1)-C(1)-N(2) 124.9(7) 124.6(2) 124.4(4)
0(1)-C(1)-C(2) 122.6(7) 121.4(2) 124.3(4)
N(2)-C(1)-C(2) 112.5(7) 113.97(19) 111.4(49)

a). Symmetry transformations #1-x + 1, -y + 1, —z + 1.

4. Experimental section
4.1. Materials and physical measurements

The starting materials and solvents were obtained commercially and
were used as supplied. The adducts [ReX(CO)3(CH3CN)2] (X = Cl, Br)
were synthesized following the methods of Farona and Kraus [18] from
the corresponding [ReX(CO)s] (X = Cl, Br) compounds [19]. Elemental
analyses (C, H, N, S) were carried out using a FlashEA 1112 Series
microanalyser. IR spectra were recorded in the solid phase by ATR
(4000-400 cm™Y) using a Jasco FT/IR-6100 spectrophotometer. H
NMR spectra were obtained using a Bruker AMX 400 spectrometer. Mass
spectra (ESI + ) were recorded using a microTOF-Focus (Bruker Dal-
tonics) mass spectrometer.

4.2. Crystallography

The crystallographic data were collected at 100 K using a Bruker D8
Venture diffractometer with a Photon 100 CMOS detector and Mo-Ka
radiation (A = 0.71073 A) generated by an Incoatec high brillance
microfocus source equipped with Incoatec Helios multilayer optics. The
APEX3 software was used to collect frames of data, index reflections,
and determine the lattice parameters, SAINT was used for integration of
the intensity of reflections, and SADABS for scaling and empirical ab-
sorption correction [20]. The structures were solved using the SHELXT
program [21]. All non-hydrogen atoms were refined on F? with aniso-
tropic thermal parameters using SHELXL [22]. Hydrogen atoms were
inserted at calculated positions and refined as riding atoms except those
bonded to heteroatoms (N—H and O—H) which were generally located
from the electron density synthesis Fo-Fc map and isotropically refined.
Validation checking of the models (including for missed symmetry) was
performed using PLATON [23] and plots of all structures were produced
using MERCURY [24] with a 50% of thermal ellipsoid probability level.
The crystallographic data collection and refinement parameters are

Fig. 5. The dimer molecular unit in 22¢-2CHCl3, with the solvent molecule
omitted for clarity.

listed in Table S1.

All crystals of HL!? and 12a were non-merohedral twins and two
components were identified using the CELL_NOW program [25]. After
reduction, absorption corrections were performed with TWINABS [26].
Data containing the reflections of the main component were used to
solve the structure but both domains were included in the final
refinement.

4.3. Synthesis of 5-hydroxy-picolinohydrazide
This hydrazide was synthesised in two steps, namely esterification of

the commercial carboxylic acid [27] then conversion of this methyl ester
(EST) into the corresponding hydrazide.
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~N

OH

a) Thionyl chloride (8 mL, 107.6 mmol) was added dropwise to a
suspension of 5-hydroxy-picolinoylic acid monohydrate (2 g, 12.7
mmol) in dry MeOH (40 mL) under an argon atmosphere and the
mixture was refluxed for 17 h. NaOH was then added until pH 7. The
white solid precipitated was filtered off and vacuum dried over CaCly/
KOH.

b) A solution of aqueous hydrazine (0.5 mL, 8.0 mmol) was added to

L ““
| N NS
H OH
HL22

a suspension of methyl 5-hydroxy-picolinate (EST) (150 mg, 1.0 mmol)
in CHCI3 (5 mL) and the mixture stirred at room temp. for 24 h. The
white solid formed was filtered off and vacuum dried over CaCl,/KOH.
HDZ crystals were obtained by slow evaporation of a solution in
methanol at 4 °C.
Details of the analytical and spectroscopic characterization of these
compounds are included in the Supplementary Material.

4.4. Synthesis of the ligands

5-Hydroxy-picolinoyl hydrazide (HDZ) for HL"14 or 2-hydrazino-
pyridine for HL2122) and the corresponding benzaldehyde were
refluxed for 4 h in an alcohol medium after addition of two drops of
glacial acetic acid. The solids formed were filtered off and vacuum dried
over CaCl,/KOH.

Details of the analytical and spectroscopic characterization (MS, IR
and NMR) of each of the ligands as well as the methods for obtaining
single crystals are included in the Supplementary Material.

4.5. Synthesis of the hydrazone complexes

A solution of fac-[ReX(CH3CN)5(CO)s] (X = Cl, Br) and the corre-
sponding ligand HL" in ethanol (HL“'”) or chloroform (HL21'22) was
refluxed for 3-5 h. The resulting solution was concentrated in vacuum
and stored at 4 °C after addition of diethyl ether. The solid formed was
washed with water, filtered off and vacuum dried over CaCl,/KOH.

Details of the analytical and spectroscopic characterization (MS, IR
and NMR) of each of the complex as well as the methods for obtaining
single crystals are included in the Supplementary Material.

1. [ReCI(CH3CN),(CO)s3] \\

2. NaOH (
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4.6. Synthesis of the hydrazonate complex

A solution of HL?2 (43 mg, 0.15 mmol) and fac-[ReCl
(CH3CN)2(CO)3] (59 mg, 0.15 mmol) in ethanol (15 mL) was refluxed
for one hour. A solution of NaOH (31 mg, 0.78 mmol) in water (5 mL)
was then added and the mixture refluxed for a further 2 h. The orange
solid formed was filtered off and vacuum dried over CaCly/KOH.

H
N\ Z
z || oc, | co \
~_N—Re o N
oc’l [co \\
%C eoN" S
| [ col P
Z" N
H
22c

Details of the analytical and spectroscopic characterization (MS, IR
and NMR) of this compound are included in the supplementary material.
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