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Earlier, the hybrid binuclear metallophthalocyaninate-capped iron and nickel(Il) tris-pyridineoximates have been
prepared using a two-step synthetic procedure via transmetalation reaction of their labile triethylantimony-capped
precursors. We elaborated new efficient synthetic pathway to the preparation of the titled complexes. This synthetic
approach is based on a one-pot template condensation of 2-acetylpyridinoxime with zirconium and hafnium(IV)
phthalocyaninate on the corresponding metal ion(Il) as a matrix, thus giving the target compounds in high yields (up
to 83 %).
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Panee wnamu 6Ovi10 onucano nonyuenue UOPUOHBIX OUSOEPHBIX MEMALLOPMATOYUAHUHANO-CUIUMbBIX  MPUC-
RUPUOUHOKCUMAMOG Jicenesa u Hukens(ll) nepememaniuposanuem ux cypoma-cooepircauwjux npeoulecmeeHHurkos. Mot
paspabomanu Hogwlll IPHEKMUBHBLI CUHMEMUYECKULL RyMb OIS NOTYUEHUsT MAKUX KOMNJLEKCO8. DmMom nyms ucnoio-
3yem OOHOCMAOUIHYIO MEeMNIAMHYI) KOHOCHCAYUro 2-ayemuinupuOuHoOKCUMA ¢ (mMaroyuaHuHamami. YupKoHUs
u eaprua(lV) na mampuye — uone coomeemcmeyroujeco memanna(ll), u nosgonsiem nOLYUAMb UCKOMbLE COCOUHEHUS
¢ gblcoKUMU 8bIx00amu (00 83 %).

KiaioueBrnle ciioBa: MaKpOIII/IKJ'II/I‘{eCKI/Ie COCAMHCHUSA, MOJIUAACPHBIC KOMIUJICKCHI, TEMILIATHAsA PCaKIMs, KOMIIJICKCHI
KCJIC3a, KOMIIJICKChI HUKCIIA, (bTaHOHI/IaHI/IHLI, KOMILJICKCBI HUPKOHU S, KOMILJICKCHI Fa(i)HI/IH.

Introduction lates)!?! are forms an individual class of the coordination

compounds possessing unusual or, even, unique chemical

Cage metal complexes and their pseudomacrobicyclic reactivity, physical and physicochemical (including redox)

analogs with an encapsulated metal ion (clathroche- properties.
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Tetrapyrrole- (phthalocyaninate- or porphyrinate-)
capped cage and pseudocage metal complexes belong
to a subclass of hybrid clathrochelate-based compounds
and several types of them with various (pseudo)encap-
sulated metal ions and different capping fragments have
been synthesized to date.’7 Recently,® we reported
a two-step synthetic approach (Scheme 1) that allowed
to obtain the binuclear metallophthalocyaninate-capped
metal(Il) tris-pyridineoximates using a transmetallation
of the initially obtained antimony-capped iron and nickel(II)
tris-pyridineoximates with zirconium and hafnium(IV)
phthalocyaninates as Lewis acids.

The transmetallation (a capping group exchange) reac-
tion is a most common synthetic approach for the prepara-
tion of the hybrid cage metal complexes with tetrapyrrolic
macroheterocyclic capping groups.’”) However, the use
of an extremely toxic triethylantimony(V) dibromide as
a capping agent in this two-step procedure, thus allowing
to isolate of the trialkylantimony-capped (pseudo-)clathro-
chelate complexes with labile capping groups, is its main
disadvantage. In the present paper, we report an efficient
antimony-free synthesis of the hybrid binuclear metalloph-
thalocyaninate-capped iron and nickel(Il) tris-pyridineoxi-
mates, allowing to obtain them in the moderate or, even high
yields using their one-pot template self-assembly.

Experimental

The materials used and the details of the spectral experi-
ments are described previously.[®

General procedure for the preparation of metal(1V) phthalo-
cyaninate-capped iron and nickel(Il) complexes. 2-Acetylpyridi-
neoxime was dissolved in ethanol—chlorobenzene 2:3 (v/v) mixture
(5 mL) and NaClO,'H,0, NaHCO,, the corresponding metalloph-
thalocyaninate {Zr(Cl,)Pc or Hf(Cl)Pc} and the corresponding
metal(II) salt {FeCl-4H,0 or Ni(ClO,),-6H,0} were added under
argon. The reaction mixture was refluxed with stirring for 0.5
h. Then the reaction mixture was cooled to room temperature
and the precipitate formed was filtered off, washed with ethanol
(10 mL, in two portions), diethyl ether (5 mL) and dried in vacuo
for 1 h. The solid product was extracted with dichloromethane (15
mL, in three portions), the extract was rotary evaporated to a small

NN (C;H5)3SbBry,
M2+ 3 __ NaHCO;
CZHSOH
Scheme 1.
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volume (approximately 5 mL) and, then, it was purified by column
chromatography on Al O, (eluent: chloroform —methanol 5: 1 (v/v)
mixture. The major elute was collected, filtered and evaporated
to dryness. The solid residue was washed with hexane and dried
in vacuo.

[Fe(AcPyOx) (HfPc)](CIO ). 2-Acetylpyridineoxime (0.057 g,
0.419 mmol), NaClO ‘H,0 (0.084 g, 0.599 mmol), NaHCO,
(0.030 g, 0.359 mmol) Hf(CL)Pc (0.101 g, 0.132 mmol)
and FeCl,4H,0 (0.024g, 0.120 mmol) were used. The product
was separated and purified as described above. Yield: 0.108 g
(72 %).

[Fe(AcPyOx) (ZrPc)](CIO ). 2-Acetylpyridineoxime
(0.017 g, 0.123 mmol), NaClO,H,0 (0.015 g, 0.105 mmol),
NaHCO, (0.009 g, 0.105 mmol), Zr(Cl,)Pc (0.026 g, 0.39 mmol)
and FeCl,4H,0 (0.007 g, 0.35 mmol) were used. The product
was separated and purified as described above. Yield: 0.033 g
(83 %).

[Ni(AcPyOx) (HfPc)](CIO ). 2-Acetylpyridineoxime
(0.057 g, 0.419 mmol), NaCIO, H,O (0.034 g, 0.239 mmol),
NaHCO, (0.020 g, 0.239 mmol), Hf(CL,)Pc (0.101 g, 0.132 mmol)
and Ni(ClO,),"6H,0 (0.044g, 0.120 mmol) were used. The product
was separated and purified as described above. Yield: 0.098 g
(65 %).

[Ni(AcPyOx) (ZrPc)J(CIO ). 2-Acetylpyridineoxime (0.016 g,
0.119 mmol), NaClO,-H,0 (0.014 g, 0.102 mmol), NaHCO, (0.009 g,
0.102 mmol), Zr(Cl,))Pc (0.025 g, 0.37 mmol) and Ni(ClO,),-6H,0
(0.012 g, 0.34 mmol) were used. The product was separated
and purified as described above. Yield: 0.027 g (68 %).

Results and Discussion

The hybrid binuclear metallophthalocyaninate-capped
complexes under study were obtained in the yields from
moderate to high (Table 1) by Scheme 2 using the direct
template condensation of 2-acetylpyridineoxime with
an equimolar amount of the Lewis-acidic zirconium or
hafnium(IV) phthalocyaninates on the corresponding metal
ion(II) as a matrix.

A formation of the known® metallophthalocyaninate-
capped tris-pyridineoximates was confirmed by elemental
analysis, 1D (‘H and *C{'H}) and 2D NMR, MALDI-TOF
MS data , as well as using their UV-Vis spectra (Figure 1).
All the spectral data for these isolated complexes were
identical to those described previously.©
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Figure 1. UV-Vis spectrum of a DMSO solution of the parent
Hf(Cl,)Pc (black) and that of its derivatives [Fe(AcPyOx),(HfPc)]
(Cl10,) (blue) and [Ni(AcPyOx),(HfPc)](CIO,) (green) in CH,CL,.

Conclusions

We elaborated a new direct synthetic approach for
preparation of the hybrid binuclear metallophthalocya-
ninate-capped iron and nickel(II) tris-pyridineoximates
using the one-pot reaction giving them in the yields from
moderate to high. This allows to avoid the initial isolation
of their antimony-capped precursors and, therefore, the use
of the toxic trialkylantimony derivatives.
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C,H50H: CgH5CI
Ar

[Fe(AcPyOx)3(ZrPc)](ClO,): m?*

FeZ*,M' = zr**
[Fe(AcPyOx)3;(HfPc)](ClO,): M?* = Fe?*,M' = Hf**
[Ni(AcPyOx)3(ZrPc)](ClO,): M?* = Niz*, m" = zr#*
[Ni(AcPyOXx)3(HfPc)](C10,4): M?* = Ni?*, M' = Hf**

Table 1. The isolated yields of the metallophthalocyaninato-capped
tris-pyridineoximates, which were obtained using a direct self-
assembly and by a transmetallation reaction.

Yield, %
One-pot Trans-
reaction metallation!®!
[Fe(AcPyOx),(ZrPc)](CIO,) 83 39
[Fe(AcPyOx),(HfPc)](CIO,) 72 42
[Ni(AcPyOx),(ZrPc)](CIO,) 68 50
[Ni(AcPyOx),(HfPc)](CIO,) 65 46
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