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Sirtinol is a known inhibitor of sirtuin proteins, a family of 

deacetylases involved in the pathophysiology of aging. 

Spectroscopic and structural data reveal that this compound 

is also an iron chelator forming high-spin ferric species in 

vitro and in cultured leukemia cells. Interactions with the 

highly regulated iron pool therefore contribute to its overall 

intracellular agenda. 

The architectures of biologically active small molecules, including 

pharmaceuticals,1 feature multiple heteroatoms (e.g., O, N, S) that 

can interact with metal ions.  The ability of such compounds to 

recruit metal cations in the biological milieu could not only modify 

on-target efficacy, but also affect intracellular metal homeostasis and 

introduce new reactivity (for instance, through the redox chemistry 

of metal complexes formed in situ).2 These effects could lead to the 

repositioning of known drugs and/or to the identification of new 

therapeutic opportunities. Therefore, the potential for biological 

effects and/or polypharmacologic profiles involving metal 

coordination should be evaluated carefully. This study illustrates the 

iron binding properties of an established inhibitor of sirtuin proteins, 

sirtinol, which features a 2-hydroxiphenyl imine motif analogous to 

the core structure of several 2-hydroxyphenyl hydrazone chelators of 

transition metals. 

Sirtuin proteins are nicotinamide adenine dinucleotide 

(NAD+)−dependent deacetylases present in mammalian cells in 

seven isoforms (SIRT1−7).3 Because of their role in histone 

modification and gene regulation, the study of sirtuins is relevant to 

the understanding (at a molecular level) of aging and age-related 

diseases such as neurodegenerative disorders, diabetes, and cancer.4, 

5 These implications have placed sirtuins at the center of intense 

investigation in the pharmaceutical arena in recent years. The 

activators6 and inhibitors7, 8 identified over the last decade are the 

molecular tools employed to unravel the roles of sirtuin proteins, 

ranging from lifespan-extending effects to cell survival and 

metabolic control, to inflammatory response. The information 

collected through these investigations will ultimately determine the 

effective potential of sirtuins as therapeutic targets. 

Sirtinol (Chart 1) is a member of the first cohort of sirtuin 

inhibitors identified by phenotypic screening.9 This inhibitor of 

SIRT1 and SIRT2 has been employed in multiple studies aimed at 

establishing sirtuins as therapeutic targets in anticancer drug 

development.10-16 Although specificity of protein interaction is the 

ideal scenario in such investigations, the occurrence of off-target 

effects is often difficult to rule out. In the case of sirtinol, the 

observation of biological activity at concentrations lower than the 

inhibitory levels (<25 µM) has suggested its effects on multiple 

intracellular pathways.17 Based on a structural analysis of its 

molecular scaffold, we sought to investigate the effect of sirtinol on 

intracellular iron homeostasis. 

 
Chart 1. Sirtuin inhibitor sirtinol and selected biologically-active iron 
chelators. The metal-binding units are highlighted in blue. 

 

 From a structural standpoint, sirtinol shares several 

characteristics of effective metal-coordinating species. Within 

its scaffold, a 2-hydroxynaphthalenyl moiety is connected to a 

benzamide through an aldiminic nitrogen atom. Sirtinol thus 

presents a tridentate O,N,O donor set (Chart 1) similar to the 
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binding units of several established iron scavengers, e.g., 

deferasirox (Exjade),18 a clinically approved chelator for the 

treatment of iron overload, and 2-hydroxy-1-naphthylaldehyde 

isonicotinoyl hydrazone (NIH, also known as 311),19, 20 an 

antiproliferative iron scavenger. The biological activity of iron 

chelators,21 including naturally occurring siderophores such as 

deferoxamine (DFO, Chart 1, vide infra), is relevant to the 

study of cancer biology because these compounds interfere with 

intracellular iron availability and exploit the iron avidity of 

cancer cells, which require higher levels of this ion to maintain 

fast proliferation rates.22, 23 The involvement of iron chelation 

in the intracellular chemistry of sirtinol could therefore 

complicate its biological profile. Herein, we illustrate the iron 

binding properties of sirtinol as well as its coordination mode. 

In addition, we investigate whether intracellular iron 

coordination is a hitherto unrecognized component of the action 

profile of this sirtuin inhibitor. 

 Sirtinol was prepared according to published methods24 and 

isolated as a bright yellow solid. Of the two enantiomers, which 

present similar inhibitory activity,24 (R)-sirtinol was selected for 

this investigation. UV-visible absorption changes in 1:1 

mixtures of methanol and buffered water (50 mM PIPES, pH 

7.4) indicate that sirtinol coordinates 1 equiv. of divalent Fe(II), 

the prevalent species in the biological labile iron pool, over a 

period of 20 min (Fig. S1, Supporting Information (SI)). In 

order to avoid complications arising from the hydrolytic 

decomposition of sirtinol in neutral aqueous solutions (as noted 

by several commercial suppliers of this inhibitor), the stepwise 

formation of the resulting complex was monitored in dry 

methanol. Under an inert atmosphere, titration with Fe(II) is 

associated with spectral changes (Fig. 1) exhibiting 

approximately isosbestic behavior and saturation at 1 Fe(II) 

equiv. (Fig. S2, SI), thus indicating high affinity and formation 

of a single species.  

 

Fig. 1. Optical spectral changes associated with the addition of Fe(II) 
(0.1−1.2 equiv.) to a solution of sirtinol (86 µM, orange trace) in MeOH 
under an argon atmosphere. 

 

Exposure to air of a stirring solution of the putative Fe(II) 

sirtinol complex led (over a period of 12 minutes) to formation 

of a stable green species (Fig. 2) with spectral features 

analogous to those of the complex obtained in aqueous 

mixtures (Fig. S1, SI). A quantitative determination of 

thermodynamic iron affinity constants under simulated 

physiological conditions should take into account the 

protonation equilibria of the free ligand and its potential 

complexes of various binding stoichiometries, as well as the 

redox chemistry of the Fe(II)/Fe(III) couple. In the case of 

sirtinol, such an investigation would be likely hampered by the 

hydrolytic decomposition and poor solubility of this compound 

in water. Nevertheless, this study showed that sirtinol 

coordinates Fe(II) with high affinity and 1:1 stoichiometry (as 

indicated by the saturation at 1 equiv.) and that a ferric complex 

is stabilized under aerobic conditions. 

Fig. 2. Spectral changes occurring upon air exposure of ferrous sirtinol 
species ([total sirtinol] = 76 µM, blue trace) leading to oxidation and 
formation of a ferric species (green trace) in MeOH over a period of 12 
min. 

 

 The green ferric complex of sirtinol could also be prepared 

by direct addition of Fe(NO3)3 to a sirtinol solution (see UV-

visible absorption spectrum in Fig. S3, SI). 

[FeIII(sirtinol−H)(NO3)2] was characterized by high-resolution 

mass spectrometry, elemental analysis, and X-ray diffraction 

analysis (see SI for experimental details). The crystal structure 

(Fig. 3) revealed the tridentate coordination mode expected for 

sirtinol, which behaves as a monoanionic ligand. The 

coordination sphere of the iron center is completed by two 

nitrato−κ2O ligands in the solid state. The complex has an 

effective magnetic moment at room temperature of (6.0±0.1)µB, 

indicating a high-spin configuration for the d5 Fe(III) center. 

Indeed, the EPR spectrum of this complex is characteristic of 

the high-spin (S = 5/2) ferric center in rhombic crystal field and 

shows a major feature at g = 4.3 and a minor feature at g ≈ 9 

corresponding to the intermediate and lowest Kramers doublets, 

respectively (Fig. S4, SI). 

 Our chemical characterization data indicate that sirtinol 

coordinates both Fe(II) and Fe(III) and that a high-spin ferric 

species is stabilized in solution under aerobic conditions. These 

findings on the coordination mode and electronic structure of 

the iron center are in agreement with those previously reported 

for the structurally similar 2-hydroxynaphthaldehyde derivative 

NIH (Chart 1), although the latter crystallizes in a 2:1 ligand-to-

metal stoichiometry.19†  
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Fig. 3. Crystal structure of FeIII(sirtinol−H)(NO3)2 showing a partial 
labeling scheme. Selected bond lengths (Å): Fe1−O1, 1.889(2); 
Fe1−O2, 2.011(2); Fe1−N1, 2.072(3). Thermal ellipsoids are scaled to 
the 50% probability level. CCDC 1036424. 

 

 As a protein inhibitor and metal chelator, sirtinol bears 

several features of molecules described as “chemical con 

artists” because of non-specific abilities (e.g., metal 

coordination, redox cycling, covalent reactivity) that enhance 

their profile in screening assays of protein interaction.25 The 

overall biological activity of these compounds is not simply the 

result of a drug-like interaction with a specific protein target, 

but rather a composite of several actions, both independent 

and/or correlated, in multiple intracellular locales. Inevitably, 

these promiscuous molecules complicate biological data 

analysis, and the evaluation of their effective therapeutic 

potential is often arduous.26 For instance, the multifaceted 

biological profile of resveratrol, a polyphenol found in red wine 

and a sirtuin activator, has motivated intense debate over sirtuin 

proteins in recent years.27-30 In the case of sirtinol, we sought to 

determine whether iron binding is a component of its 

intracellular behaviour (in addition to its established function as 

a sirtuin inhibitor). 

 The intracellular formation of iron complexes of sirtinol 

was investigated by EPR spectroscopy in intact leukemia cells 

following exposure to sirtinol in the growth media. In the g ≈ 2 

region of the EPR spectrum (Fig. 4a) of intact frozen cells, the 

well-studied signal characteristic of the tyrosyl radical within 

the β2 subunit of active ribonucleotide reductase (RNR) 

provides an iron-responsive spectroscopic signature. The 

intensity of this signal, which correlates to enzyme activity, is 

indeed reduced upon exposure to iron scavengers,31-33 including 

NIH.34 In our experimental conditions, incubation of Jurkat 

cells in the presence of siderophore DFO (50 µM, 3 h) or 

sirtinol (50 µM, 3 h) caused a significant reduction of the 

amplitude of the Tyr� signal compared to that observed for 

untreated cells (Fig. 4a). On the contrary, exposure to ferric 

complex [FeIII(sirtinol−H)(NO3)2] (50 µM, 3 h) did not perturb 

the RNR active site (Fig. 4a, trace 4), indicating that this 

species does not engage in reactivity affecting the Tyr� radical 

(either directly or through the generation of redox-active 

species).32  

 Because sirtinol is similar to DFO in its stabilization of 

ferric centers upon iron coordination, both chelators were 

expected to increase the intracellular amount of high-spin 

Fe(III) centers. Indeed, the EPR data for these whole-cell 

samples in the g = 4.3 region (Fig. 4a) confirmed that exposure 

to sirtinol (or DFO) leads to formation of ferric species in 

cultured cells. The relative double integrals of these signals 

(which are proportional to the relative concentrations of the 

corresponding ferric centers) for the untreated sample and those 

treated with the chelators (Fig. 4b) demonstrate the increase in 

the intracellular high-spin ferric species upon treatment with 

DFO (as previously reported)31 and sirtinol.   Although the 

amplitude of the EPR signal at g ~ 4.3 for the intracellular 

sirtinol complex (trace 3 in Fig. 4a) is smaller than that of the 

complex with DFO (trace 2), the double integral of the sirtinol 

signal is greater (Fig. 4b).  This effect is explained by a greater 

EPR linewidth of the sirtinol complex (caused by departures of 

the crystal field rhombicity, E/D, from 1/3), which is much 

easier to observe for the spectrum of synthetic 

FeIII(sirtinol−H)(NO3)2 (trace 4 in Fig. 4a) because of its 

significantly larger amplitude. 

Fig. 4. Panel a, EPR spectra of intact Jurkat cells (g = 4.3 and g = 2 
regions). Traces 1 through 4 are obtained, respectively, for the 
untreated sample and for samples treated (50 µM × 3 h) with DFO (2), 
sirtinol (3), and complex FeIII(sirtinol−H)(NO3)2 (4). Experimental 
conditions: microwave frequency, 9.337 GHz; microwave power, 2 
mW; magnetic field modulation amplitude, 0.5 mT; temperatures, 10 K 
for g = 4.3 region and 30 K for g = 2 region. Trace 4 in the g = 4.3 
region is scaled down by a factor of 1/3. Panel b, relative double 
integrals of the g = 4.3 signals shown by traces 1–3 in panel a (the 
double integral value for the untreated cells is set as 1). The patterned 
regions correspond to the error of ±15% typical for such estimates. For 
comparison, the double integral value for g = 4.3 region of unscaled 
trace 4 (not shown) is 20 ± 3. 
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Conclusions 

Our findings demonstrate the iron binding ability of sirtinol, 

which behaves as a high-affinity tridentate chelator in organic 

solvents and stabilizes a ferric center under aerobic conditions. 

In cultured cells, sirtinol affects highly regulated iron levels 

through formation of ferric complexes. Similarly to known 

antiproliferative chelator and RNR inhibitor DFO,31 sirtinol 

leads to a reduction in the EPR signal associated to the 

Tyr� sRa  species 

that is essential for enzymatic activity in DNA biosynthesis. 

The ability of sirtinol to bind other intracellular metal cations 

(e.g., copper, zinc) and the effect of metal binding on the 

inhibitory activity with respect to sirtuins remain to be 

determined. Nevertheless, intracellular iron chelation affects 

cell growth and proliferation,35 and could thus influence overall 

readouts in cell-based assays involving sirtinol. In line with the 

inclusion of several metal-binding compounds among the pan-

assay interference compounds (PAINS)25, 26 in screening 

assays, our findings underscore the importance of metal 

interactions in the discovery of protein inhibitors and activators. 

A full understanding of these effects is not only critical for the 

definition of clean activity profiles, but also desirable for the 

potential engineering of polypharmacologic networks and of 

protein/small-molecule interactions that are modulated 

dynamically by metal coordination. 
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† The formation of a sirtinol complex of 2:1 binding stoichiometry 
was investigated in organic solvents upon addition of 0.5 equiv. Fe(III). 
Although the formation of both 2:1 and 1:1 complexes was supported by 
mass spectrometry data, multiple crystallization attempts ultimately led to 
the isolation of the 1:1 complex shown in Fig. 3.  
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