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Octafunctionalized iron(ll) cage complex with six equivalent methoxyl-terminated alkylsulfide ribbed fragments
and two terminal carboxyl groups in its apical aromatic substituents was obtained using nucleophilic substitution
of an appropriate hexachloroclathrochelate precursor with an anionic derivative of mercaptoacetic acid,; generated
in situ in the presence of triethylamine, followed by the further esterification reaction of thus obtained product with
methanol. The obtained diamagnetic cage complex was characterized using elemental analysis, MALDI-TOF mass
spectrometry, UV-Vis and 'H NMR spectra, and by the synchrotron single crystal X-ray diffraction experiment as well.
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OKmMagyHKYUOHAIUUPOBAHHBIL KIeMOUHbII Komniekc dcenesa(ll) ¢ wecmvio 9K6UBANIEHMHBIMU MEMOKCUATKUICY b~
uonvimu pebepuvimu GpacmeHmamut u O8yMsi MEPMUHATLHLIMU KAPOOKCUTLHBIMU SPYRNAMU 8 €20 ANUKATIbHBIX Apo-
MAMUYECKUX 3aMeCmumensx Obll NOAYUeH HYKIeODUIbHbIM 3aMeujenuemM COOMEEmcmeayiome20 2eKCaxiopriampo-
XenamHoeo npeoulecmeeHHUKa noo Oelcmeuem AHUOHHO20 NPOU3BOOH020 MEPKANMOYKCYCHOU KUCIOMbL, 2eHepUpo-
BAHHO20 N SitU 8 NPUCYMCMBEUU MPUIMULAMUHA U NOCTedYIOWell peakyuell NOTyYeHHo20 NPOOYKMAa ¢ MEmAanoioM.
Tonyyennviti ouamacHUmMHbLIL KIeMOUHbIL KOMNILEKC Dbl 0XAPAKMEPUI0BAH C UCNONb308AHUEM OAHHBIX JTIEMEHMHO20
ananuza, MALDI-TOF macc-cnekmpomempuu, snekmponno2o u 'H SAMP cnexmpos, a maxoice nymem CUHXpOMpPOH-
noeo PCA e2o monoxpucmanna.
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Macropolycyclic cage metal complexes (clathro-
chelates!"!) are the three-dimensional, chemically robust
and easy-to-modify molecular scaffolds (platforms), which
seem to be prospective for the direct molecular design
and efficient synthesis of various biologically active
compounds and molecular optical probes.”! Their interac-
tions with biomolecules have been extensively studied,?~
revealing the iron(I) mono- and bis-clathrochelates to be
the efficient submicromolar and low micromolar inhibitors
in the transcription systems of T7 RNA,® and Tag DNAM
polymerases, respectively. Highest in vitro inhibitory
activity in the transcription systems of these polymerases
has been observed for cage iron(I) complexes containg
functionalizing ribbed carboxyl-terminated arylsulfide
substituents in the o-dioximate chelate fragment(s)
of a macrobicyclic framework. The same carboxyl-termi-
nated arylsulfide iron(II) mono- and bis-clathrochelates
are also reported™® to be able to affect the protein—protein
interactions in amyloid self-aggregation. It was shown,>
that both the kinetics of fibril formation and the morphology
of protein fibrils formed by insulin and lysozyme, have been
affected by the presence of these cage metal complexes.
The formation of supramolecular complexes between
the iron(Il) clathrochelates and transport serum albumins
has been observed.”! An ability of the inherently CD-silent
cage molecules to give an induced circular dichroism
(ICD) output in the visible range upon such an assembling
is reported®™ for the first time. Such clathrochelate-based
ICD response is explained® by the existence of an initial
clathrochelate framework as an equilibrium of enantiomers
with trigonal prismatically (TP)-distorted and trigonal
antiprismatically (TAP)-distorted optically active confor-
mations (A- and A-conformations, respectively). Binding
of a designed clathrochelate guest to the asymmetric bind-
ing site of a given protein macromolecule as a host leads
to a selective fixation (and thus accumulation) of one of these
enantiomers and, therefore, in formation of the intensive
clathrochelate-based ICD signals in the visible and near UV-
ranges. An ability of the hexacarboxyphenylsulfide iron(II)
cage complexes to discriminate between the proteins of sim-
ilar structures (i.e., human and bovine serum albumins)
by their ICD outputs is reported.”’ The interactions between
a complete set of the monoribbed-functionalized iron(II)
clathrochelates with two equivalent or non-equivalent
carboxyl-terminated arylsulfide groups in the same chelate
a-dioximate fragment and a series of globular proteins, such
as bovine and human serum albumins, lysozyme, beta-lac-
toglobulin, trypsin and insulin have been studied.'” Among
the tested iron(Il) clathrochelates and bis-clathrochelates,
those with terminal biorelevant polar and H-bond donor
(in particular, carboxyl) groups, have been recognized as
most efficient bioeffectors and/or optical molecular probes.
Indeed, the presence of terminal H-bond donor carboxyl
groups in their molecules as the guests suggests an ability
to form the strong hydrogen bonds with appropriate biologi-
cal macromolecules and/or their supramolecular assemblies
as the hosts. The effect of such host—guest binding can be
taken into account using the derivatives of these cage com-
pounds, the molecules of which do not contain the above ter-
minal H-bond donor group(s) (first of all, due to a formation
of their methyl esters). Indeed, methyl group is least bulky
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in a row of alkyl homologs and it causes the minimal steric
clashes within the cavities of biomacromolecules and/or
their supramolecular aggregates. Such methoxyl-containing
macrobicyclic derivatives, the terminal biorelevante car-
boxyl groups of which are protected by a formation of their
alkyl esters, did not formed the stable supramolecular
assemblies with globular proteins.®!I The synthetic pathway
for preparation of a series of the methyl ester-terminated
macrobicyclic iron(II) complexes, which are appropriate
reference compounds in biochemical and biological testings
of their parent carboxyl-terminated cage complexes, have
been elaborated.'! As follows from the single crystal X-ray
diffraction data, a structural disordering of their function-
alizing ribbed substituents in the corresponding X-rayed
crystals has been observed and explained"! by the absence
of strong H-bonded supramolecular assemblies, character-
istic of their carboxyl-terminated clathrochelate analogs.
Such the absence of these intermolecular interactions, as
well as that of the substantial sterical clashes hampering
a rotation around the single C—S bonds, caused the different
orientations of the functionalizing methoxyl-terminated
arylsulfide substituents at a cage framework in their
X-rayed crystals. So, they are prospective reference cage
compounds for biological and spectral (including fluo-
rescent and CD) studies.l'! In the present stage, we aimed
to obtain an apically- and ribbed-functionalized iron(II)
clathrochelate, the terminal carboxyl groups of which are
protected via their esterification (i.e., a formation of eight
ester COOCH,-fragments): its molecule seems to be not
able to form the strong intermolecular and intramolecular
O-H...X hydrogen bonds.

The octafunctionalized iron(Il) cage complex
Fe((CH,O00CCH,S),Gm),(B-3-C.H,COOH), (where
Gm is glyoxime residue) with six equivalent methoxyl-
terminated carboxyalkylsulfide ribbed fragments and two
terminal carboxyl groups in its apical aromatic substituents
was obtained by Scheme 1 under mild reaction conditions (in
acetone as a solvent at room temperature) using nucleophilic
substitution of an appropriate hexachloroclathrochelate
precursor Fe(Cl,Gm),(B-3-C,H,COOH), with an anionic
derivative of mercaptoacetic acid; this S-nucleophilic mono-
anion was generated in situ in the presence of triethylamine
as an organic base. The further esterification reaction of thus
obtained product methanol unexpectedly gave® the above
apically- and ribbed-functionalized cage complex.

This diamagnetic iron(Il) cage compound was char-
acterized using elemental analysis, MALDI-TOF/MS mass
spectrometry, UV-Vis and '"H NMR spectra and by the syn-
chrotron single crystal X-ray diffraction experiment as well.”

The most intensive peaks in the positive range
of its mass spectrum (Figure 1) belong to the corresponding
molecular ion and its monocationic assemblies with Na*
and K ions.

Deconvolution of a solution UV-Vis spectrum
of the complex Fe((CH,00CCH,S),Gm),(B-3-C,H,COOH),
(Figure 2) into its Gaussian components!¥ gave in the visible
and near UV ranges the two less (g, ~ 1 + 2:10° mol-L-cm™)
and one more (¢ ~ 20-10° mol'L-cm™') intense metal-to-
ligand charge transfer Fe(d) — L(n *) bands with maxima
at approximately 390, 420 and 490 nm. Six bands assigned
to the m—m* transitions in its quasiaromatic macrobicyclic
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Scheme 1. Preparation of a titled cage iron(II) complex.
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Figure 1. Fragment of the MALDI-TOF mass spectrum of Fe((CH,00CCH,S),Gm),(B-3-C,;H,COOH),. Inset: the calculated isotope

distribution in its molecular ion.

tris-o-dioximate framework, and in the apical aromatic sub-
stituents at this framework as well, are observed in the UV
range from approximately 230 to 340 nm.

Its '"H NMR spectrum (Figure 3) contains the signals
of protons of both the ribbed methoxyl-terminated carboxy-
alkylsulfide substituents in the a-dioximate chelate frag-
ments of an encapsulating ligand and those of the carboxyl-
terminated aromatic groups at the capping boron atoms.
The number and position of these signals, as well as the ratio
of their integral intensities, confirmed the composition

Maxkpozemepoyurnvt / Macroheterocycles 2021 14(3) 225-230

and the molecular C,-symmetry of the macrobicyclic com-
plex Fe((CH,O0CCH,S),Gm),(B-3-C,H,COOH),.
Molecular structure of this clathrochelate is shown
in Figure 4; main geometrical parameters of its cage frame-
work, as well as those of its hexaalkylsulfide analogs with
known X-ray structures!'>'? are complied in Table 1. Average
Fe—N distance in the molecule Fe((CH,O00CCH,S),Gm),(B-
3-C,H,COOH), is slightly greater, as compared with those
in the ribbed-functionalized hexaalkylsilfide complexes
Fe((n-C,H,S),Gm),(BCH,), and Fe((CH,S),Gm),(BC H,), "
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Figure 2. UV-Vis spectrum of a methanol solution
of Fe((CH,00CCH,S),Gm),(B-3-C,H,COOH), and its
deconvolution into the Gaussian components.

The geometry of their FeN -coordination polyhedra is inter-
mediate between an ideal trigonal prism (TP, the distortion
angle ¢ = 0°) and an ideal trigonal antiprism (TAP, ¢ = 60°).
Values of the C—C and C=N bond leghts in the molecule

Figure 4. General view of the dicarboxyl-terminated clathrochelate
molecule Fe((CH,00CCH,S),Gm),(B-3-C ,H,COOH),

in representations of its atoms with thermal ellipsoids

(given with p =50 %).
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Figure 3. '"H NMR spectrum of the clathrochelate Fe((CH,00CCH,S),Gm),(B-3-C ,H,COOH), in CD,0OD.
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Table 1. Main geometrical parameters of cage frameworks of the triribbed-functionalized hexaalkylsulfide iron(Il) tris-o-dioximate

clathrochelates.
Parameter Fe((é%_%?}i (élézcs)ﬁim)* Fe((n-C,H,S),Gm),(BC H,)," Fe((CH,S),Gm),(BC H,),!"
Fe-N (A) 1.907(4) — 1.945(3) 1.898(6) — 1.922(6) 1.898(4) — 1.917(4)
B-0(A) av. 1.511 av. 1.497 av. 1.491
N-0(A) av. 1.391 av. 1.368 av. 1.377
C=N (A) av. 1.327 av. 1.309 av. 1.298
C-CA) av. 1.477 av. 1.459 av. 1.461
N=C - C=N (°) av. 2.8 av. 7.3 av. 10.9
¢ (°) 253 25.6 253
a(®) 79.0 78.8 78.6
h(A) 2.36 2.36 2.32

o g L
SR

‘\—_(u ?

Figure 5. Fragment of H-bonded clathrochelate chains formed in the X-rayed crystal Fe((CH,00CCH,S),Gm),(B-3-C ,H,COOH),.
Hydrogen bonds between their macrobicyclic entities are depicted with dotted lines.

Fe((CH,00CCH,S),Gm),(B-3-C.H,COOH), are also
higher, as compared with those for their above macrobicy-
clic analogs. The torsion N=C—C=N angles in its apically-
and ribbed-functionalized caging ligand are substantially
less acute as well, while other geometrical parameters of all
their quasiaromatic tris-o.-dioximate cage frameworks are
almost the same.

Characteristic  feature of the crystal struc-
tures of carboxylic acid, known from the literature,
is a formation of two H-bonds between -carboxyl
groups of their neighboring molecules. In the crystal
Fe((CH,00CCH,S),Gm),(B-3-C . H,COOH),, its macro-
bicyclic entities containing two terminal carboxyl groups
in their apical aromatic substituents also form the same
hydrogen bonds on the distance #(O...0) = 2.660(6) A with
the corresponding O...H...O angle equal to 170.2°. As
a result, the infinite H-bonded clathrochelate chains shown
in Figure 5 are observed in this X-rayed crystal. Other inter-
molecular contacts in it are mainly formed by the hydropho-
bic van der Waals C—H...S and C—H...n interactions.

Thus, we succeeded in preparation and X-ray diffrac-
tion characterization of an unusual apically- and ribbed-
functionalized iron(II) cage complex, which seems to be
a prospective compound from the point of view as its bioac-
tivity (as a cage bioeffector containing the terminal biorel-
evant carboxyl groups), as a reference clathrochelate guest
with protected ribbed substituents.
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