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Summary

The project proposes a systematic study of a novel generation of metal-organic
frameworks (MOFs) based on made-by-design organo-metallic tectons.

A special emphasis will be given to the post-synthesis processing of the new MOFs:
removal of solvent and weakly coordinated ligands; functionalization by
nanoconfinement with metal nanoparticles and generation of acidic and basic sites.

The properties of the newly synthesized MOFs will be investigated as follows:

» sorption capacity of various gases (H,, CO,, C,H,, etc.)

> catalytic properties (e.g. enantioselective organic reactions catalyzed by chiral
MOFs or asymmetric aldol reactions between representative ketones and aromatic
aldehydes, under solvent-free conditions, using functionalized MOFs with acidic
and basic sites)

» luminescent properties and the influence brought by host molecules

> ability to play a role in decontamination processes (e.g. as adsorbents for the
molecules resulted from degradation of pharmaceutical compounds via either liquid
phase catalytic oxidation or plasma)



Objectives

Main objectives:
A. Design, synthesis and characterization of new families of organic spacers

B. Design, synthesis and characterization of new organometallic spacers and potential
organometallic nodes.

C. Building MOFs based on the newly designed and synthesized organic and
organometallic spacers.

D. Optimization of MOFs architectures based on the design improvement of new
spacers and organometallic nodes.

E. Optimizing MOFs properties by post-synthesic processes.

F. Generation of acidic and basic sites in MOFs showing optimized properties by
nanoconfinement with metal nanoparticles and post-synthetic functionalization.

G. Evaluation of selective sorption capacity of MOFs for various molecules.

H. Investigation of gas (hydrogen) storage capability of synthesized MOFs for energy
applications.



Project Organization

The goal of the project is to provide a rational design for the synthesis of new MOFs and
to prove their effectiveness in several applications, such as catalysis, energy storage, luminescence, etc.
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Milestones

e organic and organometallic tectons; new families of MOFs based on layered
cyclophanes, C; cryptocyclophanes and new tetrahedral spacers

e MOFs with high capability for the storage of gases and/or high catalytical activity

e |uminescent and/or chiral materials




Major Scientific Results

d Design of novel coordination polymers using organometallic

spacers and nodes
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The first 3-D coordination polymer constructed from binuclear
alkoxo-bridged nodes and linear spacers — [Cu(pa),(py,HQ),] (BF,),

T. Mocanu, C.I. Rat, C. Maxim, S. Shova, V. Tudor, C. Silvestru, M. Andruh, Bis(4-pyridyl)mercury — a new linear tecton in crystal
engineering: coordination polymers and co-crystallization processes, CrystEngComm, 2015, 17, 5474-5487.



Major Scientific Results

O Design of 3-D coordination networks for gas sorption and

postsynthetic modifications for catalysis

MOF
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3-D metal-organic Grafting of the chiral, dimeric Cr''-salen
framework, 3, [Cu,(mand),(hmt)]-H,O complex onto [Cu,(mand),(hmt)]
_ _ _ _ _ Candu, N.; Tudorache, M.; Florea, M.; llyes, E.; Vasiliu,

llyes, E.; Florea, M.; Madalan, A.M.; Haiduc, _I., Parvulescu, F.: Mercioniu, I.: Coman, S.M.: Haiduc, I.: Andruh, M.:
V.I.; Andruh, M., A Robust Metal-Organic Framework

Constructed from Alkoxo-Bridged Binuclear Nodes and
Hexamethylenetetramine Spacers: Crystal Structure and

Parvulescu, V.l., Postsynthetic modification of a Metal-
Organic Framework (MOF) Structure for
Enantioselective Catalytic Epoxidation, ChemPlusChem

Sorption Studies, Inorg. Chem. 2012, 51, 7954-7956. 2013. 78. 443-450.



Major Scientific Results

O Synthesis of new organic ligands with tetrahedral symmetry

New rigid nucleobase-decorated
tetrapodants exhibiting 1,3,5,7-
tetraphenyladamantane and 9,9'-
spirobifluorene central units

= nucleobases (uracil, thymine,
adenine) decorated groups

O Synthesis of new polycarboxylates spacers for constructing

coordination polymers

L. Pop, M.L. Golban, N.D. Hadade, C. Socaci, |I. Grosu, CuUAAC Synthesis of Tetragonal Building Blocks Decorated with
Nucleobases, SYNTHESIS-STUTTGART, 2015, 47, 2799-2802.



Major Scientific Results

O Investigation of enantioselective organic reactions catalyzed by
chiral MOFs

O Design of heterotrimetallic coordination polymers displaying slow

relaxation of the magnetization b
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a. 2-D coordination network of {Ni'"Tb''"Fe''}
b. The heterotrimetallic compound exhibits slow
relaxation of the magnetization

M.G. Alexandru, D. Visinescu, M. Andruh, N. Marino, D. Armentano, J. Cano, F. Lloret, M. Julve, Heterotrimetallic coordination
polymers: {Cu'Ln"'Fe'"} chains and {Ni'Ln'"'Fe'"} layers: Synthesis, crystal structures, and magnetic properties, Chemistry A
European Journal, 2015, 21, 5429-5446.



Major Scientific Results

1 Design of novel coordination polymers using chiral nodes

CD spectra for the two enantiomers,
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A. S. Dinca, N. Candu, S. Shova: F. Lloret, M. Julve, V. I. Parvulescu, M. Andruh, A new chiral dimanganese(lll) complex:
synthesis, crystal structure, spectroscopic, magnetic, and catalytic properties, RSC Adv., 2016, 6, 86569



Major Scientific Results

O Catalytic properties of novel coordination polymers using

chiral nodes

Catalyst

methyl 7rans-cinnamate

NMO
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methyl-3-phenyloxirane-2-carboxylate

Methyl trans-cinnamate epoxidation catalyzed by the complexes 1 and 2.

Reactie Catalizator Selectivitate

TOF (h?)

in epoxid (%)

EtOH (solvent)

IPA (solvent)

Faracatalizator

1
5 [Mn',(CH,0),(S-valBINAM),] >99.9 (S)
3 [Mn',(CH,0),(S-valBINAM),] >99.9 (S)
4 [Mn",(CH;0),(R-valBINAM), ] >99.9 (R)
5 [Mn",(CH;0),(R-valBINAM), ] >099.9 (R)

0.03

0.04

48103

7.3-10°3

Reaction conditions: 0.162 g
TMC (1 mmol), 8.1 mg of
catalyst, Et3N = 0.1 g, (N-
methylmorpholine-N-oxide) =
0.1757 g, 72 h, 6 mL EtOH :
H20 (5 : 1 viv) or IPA: H,0O
(5 : 1 v/v) solvent mixtures.

A. S. Dinca, N. Candu, S. Shova: F. Lloret, M. Julve, V. I. Parvulescu, M. Andruh, A new chiral dimanganese(lll) complex:
synthesis, crystal structure, spectroscopic, magnetic, and catalytic properties, RSC Adv., 2016, 6, 86569



Major Scientific Results

0 One-dimensional coordination polymers constructed from
binuclear 3d—4f nodes and isonicotinato spacer
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A. A. Patrascu, S. Calancea, R. A. Alldao Cassaro,S Soriano, A. M. Madalan, C. Maxim,M. A. Novak, M. G. F. Vaz, M. Andruh,
One-dimensional coordination polymers, constructed from binuclear 3d-4f nodes and isonicotinato spacers, CrystEngComm.,
2016, 18, 4779.



Major Scientific Results

0 One-dimensional coordination polymers constructed from
binuclear 3d—4f nodes and isonicotinato spacer
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A. A. Patrascu, S. Calancea, R. A. Alldao Cassaro,S Soriano, A. M. Madalan, C. Maxim,M. A. Novak, M. G. F. Vaz, M. Andruh,
One-dimensional coordination polymers, constructed from binuclear 3d-4f nodes and isonicotinato spacers, CrystEngComm.,
2016, 18, 4779.



Major Scientific Results

O Syntheses of new triorganophosphine chalcogenides
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L. Dubovan, A. Poellnitz, C. Silvestru, Tris(3-pyridyl)- and tris(4-pyridyl)phosphine chalcogenides and their complexes with
ZnTPP (TPP = tetraphenylporphyrinate), Eur. J. Inorg. Chem,. 2016, 1521-1527.



Major Scientific Results

4 Syntheses of ZnTPP complexes of @ - O % W,

triorganophosphine chalcogenides
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L. Dubovan, A. Poellnitz, C. Silvestru, Tris(3-pyridyl)- and tris(4-pyridyl)phosphine chalcogenides and their complexes with
ZnTPP (TPP = tetraphenylporphyrinate), Eur. J. Inorg. Chem,. 2016, 1521-1527.



Major Scientific Results

0 Syntheses of adamantane-based covalent-organic frameworks.
Evaluation of their stability, adsorption capability, and behavior as
catalysts.
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M. M. Trandafir, L. Pop, N. D. Hadade, M. Florea, F. Neatu, C. M. Teodorescu, B. Duraki, J. A. van Bokhoven, I. Grosu, V..
Parvulescu, H. Garcia, Adamantane-based covalent—-organic framework: stability, adsorption capability, and behaviour as catalyst
and support for palladium and gold for the hydrogenation of nitrostyrene, Catal. Sci. Technol., 2016, DOI: 10.1039/C6CY01631F.



Major Scientific Results

 Coordination polymers constructed from tetrahedral shaped
adamantane tectons

(Mn(hfac)z Cu(Il)

(1) (2)

Two rigid tetrahedral organic linkers derived from adamantane have been employed in
constructing a 3-D, 4-fold interpenetrated framework featuring a PtS topology,
[CuL1(H20)2](BF4)2-:8H20 (2) (L1= 1,3,5,7-tetrakis{4-(4-pyridyl)phenyl}adamantane), and a
2-fold interpenetrated grid—like coordination polymer, [Mn(hfac)2(L2)0.5] (1) (L2= 1,3,5,7-
tetrakis(4-cyano-phenyl)adamantane).

T. Mocanu, L. Pop, N.D. Hadade, S. Shova, |. Grosu, M. Andruh, Coordination polymers constructed from tetrahedral shaped
adamantane tectons, CrystEngComm, DOI: 10.1039/C6CE02146H — accepted manuscript.
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Two new coordination polymers have been assembled using the chromato ions as bridging ligands:
1[Ni(phen)(H20)2(11-0,Cr0,)] 1, and %[Mn(4,4'-bipy) -0} u-0-Cr0)[Hz0 2. In crystal 1 the chromate
ions act as bridges connecting two nickel ions through two oxygen atoms, resulting in infinite chains.
1,10-Phenanthroline acts as a blocking ligand. In compound 2, each chromato ion is connected to three
manganese ions, resulting in layers which are parallel to the ab plane. The layers are constructed from
(MnsCr;) meshes, each metal atom being shared between three other meshes. The structure is expanded
into the third direction by connecting the inorganic layers through 4,4-bipy spacers. The thermal decom-
position of the two compounds has been investigated.
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Direct atmos pheric CO; capture occurred during the reactions of triphenyltin chloride (PhsSnCl) with 1,2-
bis(4-pyridyl Jethane (bpa) in methanol and aqueous ammonia. Depending on the reaction temperature,
4 °Cand room temperature, two different compounds were obtained: a discrete, trinuclear complex,
[(PhsSnCl)2(p3-CO5) (PhsSn) (Hbpa)] - H20 (1), and a coordination polymer ' .[(PhsSnCI)(PhsSn)z(us-
C03)(bpa)]-Hz0 (2), respectively. X-Ray crystal structure analysis reveals that both compounds contain a
rare trinuclear carbonato-centered core C(0SnPhs)s. The lecular architecture of e 1, as-
sembled by hydrogen-bond interactions, is described.
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1. Introduction

The chromate anion, CrO3 ", has a quite rich coordination chem-
istry. It can act as a terminal ligand, through one oxygen atom, or as
abridge, involving in the interaction with the metal ion two, three or
all the oxygen atoms [1]. In the last cases, either oligonuclear com-
plexes or coordination polymers can be assembled. The interest in
this chemistry is due to several reasons: (i) chromium(VI) com-
pounds are known to rise important ecological problems, showing
a strong mutagenic effect [2]; (i) the various bridging modes of
the chromate anion affords coordination polymers with relevance
in crystal engineering; (iii) some complexes of transition metalions
with chromato ligands are useful precursors for obtaining mixed
metal oxides [3], or mixtures of oxides, which can be used as
catalysts [4]. The chromato-bridged polynuclear complexes are
assembled by reacting transition metal ions with a soluble chro-
mate (usually of sodium, potassium, orammonium)with or without
additional chelating or bridging ligands. Generally, the chelating
(blocking) ligands are employed to obtain discrete species and 1-D
coordination polymers. For example, the reaction between the
mononuclear complex [LFeCls] (L=1,4,7-trimethyl-1,4,7-triazacy-
clononanine) and (NH,),CrO, lead to a binuclear complexes with
triple chromato bridges connecting the iron(1ll) ions [5]; a tetranu-
clear complex, [{Cu(2,2"-bipy}:}s(1-Cr04)](Cl04)s-H20, has been
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obtained by reacting potassium chromate with copper(Il) perchlo-
rate and 2,2-bipyridine, the chromato ion being linked to three
copper(ll) ions [6]. Interestingly, by replacing 2,2'-bipyridine with
1,10-phenanthroline, a binuclear complex [Cu(I[)Cr(V1)] complex
with monodentate chromate was obtained [7]. In principle, if only
one bidentate chelating ligand or a macrocycle is attached to the
assembling cation, the formation of 1-D coordination polymers is
favored. A nice example is the chain resulted by connecting the
{Ni(MAC)}** complex cations with chromato bridges (MAC=
2,5,9,12-tetramethyl-1,4,8,11-tetraazacyclotetradecane) [8]. Con-
versely, 2-D and 3-D coordination polymers can be constructed
using divergent (exo-dentate) ligands. One of the most popular
bridging ligand in crystal engineering is 44'-bipyridine [9]. Herein
we report on two new chromato-bridged coordination polymers,
constructed using nickel(ll) and manganese(ll) as assembling cat-
ions, in the presence of 1,10-phenathroline (phen) and, respectively,
44'-bipyridine (4.4"-bipy).

2. Experimental part

2.1. Materials and physical measurements

Nickel(Il) acetate tetrahydrate, manganese(II) acetate tetrahy-
drate, sodium chromate, 1,10-phenathroline monchydrate, and
o . . . i

N
e

00201683 Financial support from the UEFISCDI (grant PNII-ID-PCCE-2011-
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The capture of atmospheric carbon dioxide, a major greenhouse gas,
is of great current interest; therefore, various methods to reduce the CO»
levels have been investigated in recent years [1]. Most of these methods
are based upon physical adsorption into porous materials (Metal-
Organic Frameworks, MOFs) [2], and on chemical reactions with basic
reagents [3].

Reactions of carbon dioxide with organotin compounds have been
previously reported. The CO, insertion into Sn—0 bonds is facile in
the alkoxide series and compounds exhibiting a C(OSnRs)s core with
R = CHa, 'C4Hg, "C4Hg, as well as some polymeric organotin carbonates
are known [4].

We report here an unexpected capture of atmospheric carbon
dioxide which occurred during the reaction of triphenyltin chloride
(Ph,SnC1) with 1,2-bis(4-pyridyl)ethane (bpa), in methanol and aque-
ous ammonia, an alkaline environment that favors the capture of CO,.
The reaction was studied with the aim of obtaining coordination poly-
mers or supramolecular architectures with organometallic nodes linked
through diamine spacers [5]. Two different compounds were obtained
just by using different reaction temperatures. Thus, at 4 °C, a trinuclear
complex, [ (PhSnCl)2(s-C03) (PhsSn) (Hbpa) ]-H20 (1) [6], was isolat-
ed, whereas at room temperature (ca 25 °C) a 1-D coordination poly-
mer, ! [ (PhsSnCl)(PhySn )»(115-C03)(bpa)] - H50 (2), was obtained [7].

Both compounds were investigated by single crystal X-ray diffrac-
tion [8] and were found to contain a trinuclear unit, C(0SnPhs )3, built

* Corresponding authhors.
E-mail addresses: deliapop escu02@yahoo.com (D-L Popescu), ihaiduc@acad ro
(1 Haiduc), marius.andruh@dnt.o (M. Andruh),

hutpz//dx.doi org/10.1016/jinoche 2015.06.003
1387-7003/0 2015 Elsevier BV. All rights reserved.

around the carbonato anion. To the best of our knowledge, the only sim-
ilar case is the formation of [(PhsSn)s(CQOs)(EtQH)4]-Cl-(ntb) H»0,
where ntb = tris(2-benzimidazolyl-methyl)amine, obtained from
Ph3SnCl, NaOEt and ntb in open atmosphere. In this compound the
trinuclear units formed around the COs group are nodes connected
into a 3D supramolecular network linked through OH N bonds [9].
Crystallographic analysis reveals that compound 1 crystallizes in the
monoclinic centrosymmetric space group P2 ;/c. The molecular structure
of compound 1 is shown in Fig. 1. The central CO group coordinates

Fiz. 1.The melec Acknowled gments
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Three families of heterctrimetallic chains ftype 1-type I1 with different tpologies, have been cbtained by
readiing the 3d-4f complexes, [fCull "l Ln(MNO k] withx = 1 or 2, formed in s by the reaction of Schiff-base
bi-compartmental [CuL'] complexes and lanthan dels) saits, with (MHBu3)JMICNZ] (M = Mo®, WY).For type 1
series of compounds, 1-D coordination polymers, with the general formuls  [QuzfvalpnalnHM
[CNIIAH:O-mCHAC N fwhere Haalpn = 1 y-p result
from the amociation of trinuclear [Cu3ln"} moketies and [MYICNIf~ anions acting as Ti-conneding spacers
ILn=laly).Ce 2. EuBl.ToM. Ho BLM=Ma Ln =To lBL Ho(A.M =W.m =0 n=15F and 2 14 &
n=1m =1 5] The type 2 famity has the general formula [Cubvaldp)LnlHeO) KMICN e 2HO-C HaCN
fwhere Hyvaidp = 12 6-methoxy-phenal) and atso consiss of heteotri-
metllic chains involving binuckear (Cu'Ln™} uniits linked to [MICN o~ anions coordinating through twe cyano
groups [Ln = Cd 181 Tb{9L Dy {L0): M = Mo; Ln = La (111 Gd (120 Tb {131 Dy (14): M = W]. With large Ln" jons
{La™ and Pr), the type 3 family of are [iCusdvaidp) A nHzOlHMo -
CNJal-nCHAOH-mCHACN, nm = 0, Ln = La (155 n = m = 1, Pr {16], in which the trinuclear (Culln"} nodes
are connected to [Mo¥ICNL]* anions that act as tetra-connedting spacers. For To™ dematves of the type 1
kcompounds 4 and €], the DC magnefic properes indicate a predominant feromagnetic Cu®-To™
interaction, while the AC magnetc ausceptblity in the presence of a gtatic magnetic field, Hoe = 3000 04
emphasize the dow elaxation of the magnetization (Uwks = 205 Kand s = 55 % 107 s for aompound 4.
Luliy T = 151 K and 5, = 15 % 10~ s for compound 6. A predominant ferromagnetic Cu”-Ln interaction
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Accepted Gth Juy 205 was also chsenved in the type 2 series fcompounds 8-10 and 12-14) as a result of the magnetic coupling
DC: 20 USRI 73 betwesn copperi] and lanthanidels) lons wa the phenoso-brdge. The magnete behavior for the La dera-
wwerss orgldsion tives revesis that weak are aiso operative between the Cu' and the 4d/5d centers.
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enpmal packing for sompoumd & (Fig. 51}, for compeund 13 (Fig. 52 and 53),
makcular grucare for compound 16 (Fig. 54), view of the helimidal motif in
compaund 15 [Fig. 55 and 55}, erysal packing for compownd 15 (Fig. 57), plots
of M and dagds w H plot i compounds 4 and 6 (Fig.58 and 59), pu’ . T far
compound 9 (Fig. 510)and ¢,/ and 5,," ve T for compound 13 (Fig. 511), g, vs T
{Inset A vs. ) for evmpound 15 (Fig.512), cryeal data and details of the aysal
determinations for compaund 16 {Table 51), the main hond distances and angle
walues for empounds 1-6 (Tables 52 and 53, 10-14 (Tables 54 and 55) and
15-16 (Tables 57 and 58], selected hydrogen-hond lengths far cam pounds 10-14
(Table S6]. CODC 1060172-1060177 (compounds 1-6) and 10601791060 185
(compounds 10-16] For EST and aysallographic dam in CIF o ather destronic
farmat see DN: 10.1039 k540 1738f
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magnetic materials.' The rational design of heterometallic
complexes marked a step forward in the development of mole-
cular magnetism. The presence of two or mare paramagnetic
metal jons within the same molecular entity, with a specific
spin topology, leads to diverse and interesting magnetic
phenomena, such as ferro- and ferrimagnetism,” complexes
showing irregular spin-state structures” or molecular magnets
with high T..” More meently, numerous heterometallic com-
plexes with high-spin ground states and magnetic anisotropy
were found to show slow relmation of the magnetization
(Single-Molecule Magnets, SMMs and Single-Chain Magnets,
SCMs)." In this respect, an important goal in molecular mag-
netism is to design, synthesize and explore the poperties of

Daton Trans, 2015, 44, 1671316727 | 16713

Acknowledgements

Financal support from the UEFISCDI
PCCE-2011-2-0050) is gratefully acknowledged.

(grant

PHIFID-



Dissemination of Results 2015

15. T. Mocanu, C.I. Rat, C. Maxim, S. Shova, V. Tudor, C. Silvestru, M. Andruh, Bis(4-pyridyl)mercury — a new linear tecton
in crystal engineering: coordination polymers and co-crystallization processes, CrystEngComm, 2015, 17, 5474-5487.

16. M.G. Alexandru, D. Visinescu, M. Andruh, N. Marino, D. Armentano, J. Cano, F. Lloret, M. Julve, Heterotrimetallic
coordination polymers: {CullLnlllFelll} chains and {NillLnllIFelll} layers: Synthesis, crystal structures, and magnetic
properties, Chemistry A European Journal, 2015, 21, 5429-5446.

CrystEngComm

Cite this: DOI: 10.1039/c5ce00388a

CHEMISTRY

“';‘ ChemPubSoc AEuropean Journal
ROYAL SOCETY et Europe DOI: 10.1002/chem.201406088 Full Paper
OF CHEMISTRY

View Article Online

View Journal

Bis(4-pyridyl)mercury - a new linear tecton in
crystal engineering: coordination polymers and
co-crystallization processest

Teodora Mocanu,? Ciprian |. Rat,® Catalin Maxim,? Sergiu Shova,© Violeta Tudor,”
Cristian Silvestru*® and Marius Andruh*?

Three new coordination polymers have been obtained using bis(4-pyridylmercury (py,Hg) as a spacer:

[Cu(Hmea)a(py-Hg)l(ClO4)2-2(py2Hg)

@, [Cuz(palz (py2HGNCIO4)21-0.5(py2Hg)-HO (). and

[Cu,(pa)a(py-Hg)(BF.), (3) (Hmea = monoethanolamine; Hpa = propanolamine). Compounds 1 and 2 are

linear coordination polymers with mononuclear and binuclear alkoxo-bridged nodes, respectively. Com-
pound 3 features a 3-D network with a cadmium sulfate topology. The ability of py.Hg to generate supra-
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Accepted 3rd June 2015

DOI: 10.1039/c5¢e00388a

molecular solid-state architectures is illustrated by three systems obtained from co-crystallization pro-
cesses: (4,4'-dihydroxybiphenyl)-(pyHg) (4), (pyrogallol-(py2Hg) (5). and (phloroglucinol-2(py,Hg) (6). The
convolution of various supramolecular interactions (Hg--N, Hg---O, n--Hg, and =-7) in sustaining the archi-

tecture of the crystals is analyzed. A new synthetic method for bis(4-pyridymercury was developed. It

www.rsc.org/erystengcomm

Introduction

Linear exo-bidentate ligands are among the most popular
tectons in crystal engineering." The archetype is 4,4"-bipyridyl,

consists of a two-step reaction, starting from 4-iodopyridine and using 'PrMgCLLICl and HgCl.

certain topology on the coordination polymers.” Apart from
their ability to connect two metal ions, these molecules can
act as monodentate ligands or can be found uncoordinated,
as guests, in the crystal. The nitrogen atom from the

l Coordination Polymers

Heterotrimetallic Coordination Polymers: {Cu"Ln"Fe"} Chains and
{Ni"Ln"'Fe"} Layers: Synthesis, Crystal Structures, and Magnetic

Properties

Maria-Gabriela Alexandru,”®® Diana Visinescu,”” Marius Andruh,*® Nadia Marino,*
Donatella Armentana,*® Joan Cano," ¥ Francesc Lloret," and Miguel Julve*

Abstract: The use of the [Fe"({AA)(CN).]" complex anion as
metalloligand towards the preformed [Cu'{valpn)Ln"** or
[Ni"(valpn)Ln™"* heterometallic complex cations (AA=2,2-
bipyridine (bipy) and 1,10-phenathroline (phen); Hvalpn=
134 diyl-bis(2-i hyl hoxyphenol)) al-
lowed the preparation of two families of heterotrimetallic
complexes: three isostructural 1D coordination polymers of
general formula {ICu'(valpn)Ln"(H,0),(u-NC),Fe"(phen)(CN),
{(u-NC)Fe"(phen) (CN),INO,7H,0}, (Ln=Gd (1), Tb (2],
and Dy (3)) and the trinuclear complex [Cu'(valpn)La™
(OH,),(0,NO)(p-NC)Fe"{phen)(CN),]-NO;H,0-CH,CN (4) were
obtained with the [Cu'(valpn)Ln"]*" assembling unit, where-
as three isostructural heterotrimetallic 2D networks, {[Ni-
(valpn)Ln"{ONO; ), (H,0)(-NC),Fe"{bipy)(CN)}-2 H,0-2CH,CNJ,
{Ln=Gd (5), Tb (6), and Dy (7)) resulted with the related
[Ni'(valpn)Ln™]** precursor. The crystal structure of com-
pound 4 consists of discrete heterotimetallic complex cat-
ions, [Cu'(valpn)La™(OH,),(0,NO)(p-NC)Fe"(phen)(CN),] ', ni-
trate counterions, and non-coordinate water and acetonitrile
molecules. The heteroleptic {Fe(bipy)(CN),} maiety in 5-7

acts as a tris-monodentate ligand towards three )
{Ni"(valpn)Ln"} binuclear nodes leading to heterotrimetallic
2D networks. The feromagnetic interaction through the di-
phenoxo bridge in the Cu'-Ln" (1-3) and Ni"-Ln" (5-7)
units, as well as through the single cyanide bridge between
the Fe" and either Ni' (5-7) or Cu" (4) account for the overall
ferromagnetic behavior observed in 1-7. DFT-type calcula-
tions were performed to substantiate the magnetic interac-
tions in 1, 4, and 5. Interestingly, compound 6 exhibits slow
relaxation of the magnetization with maxima of the out-of-
phase ac signals below 4.0 K in the lack of a dc field, the
values of the pre-expanential factor (r)) and energy barrier
(E,) through the Arthenius equation being 20x10™'%s and
291 em ', respectively. In the case of 7, the ferromagnetic
interactions through the double phenoxo (Ni'-Dy") and
single cyanide (Fe"-Ni") pathways are masked by the depop-
ulation of the Stark levels of the Dy" ion, this feature most
likely accounting for the continuous decrease of T upon
cooling observed for this last compound.

a molecule that has generated a huge number of coordination  uncoordinated pyridyl moiety acts in such cases as a hydro- la) Hy =2
polymers with a rich structural diversity.” Numerous other  gen bond acceptor.® The pyridyl rings can be involved in m-rt ACkﬂOW!edgemen f.‘i (mPF Ay
bis(4-pyridyl) derivatives, with various lengths, are employed  stacking interactions which also sustain the supramolecular 16.0187

as well: 1,2-bis(4-pyridyl)ethylene,® 1,2-bis(4-pyridyl)ethane,*

bis(4-pyridyljacetylene,” 1,4-bis(4-pyridyl)benzene,® etc. The
distance between the metallic nodes within a coordination
polymer can be thus tuned by choosing the spacer with
appropriate length. Spacers with pyridyl groups connected by
aliphatic chains can show various conformations (for exam-
ple, antiperiplanar and gauche for the case of 1,2-bis(4-
pyridyl)ethane), which play a crucial role in impos
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solid state architectures.”

Most of the spacers employed in constructing coordina-
tion polymers are organic molecules. Several inorganic
anions (e.g azide,' thiocyanate,'" and dicyanamide'®) are
also good linkers. Organometallic compounds containing
functional groups that can coordinate to another metal ion
have been also used as ligands in classical (Wernerian) coor-
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ABSTRACT: Four new coordination polymers have been obtained solvothermally from the
reactions of Zn(NO,),-6H,0 with 1,2, 1,3-, or 1,4-benzedicarboxylic acids in the presence of

,1 various amino-alcohols: ©[Zn,(Htea),(1,2-bdc)] (1), ®[Zn(Hytris)(1,3-bdc)(CH,OH)] (2),
- [ Zng(Htea)(1,3-bdc)y(H,0)]- 26,0 (3), and F[Zny(Hydea)s (14bdo);] (4) (Hytea =
/‘X \\ tristharilyming Hytri =l tes(loydromymetiol}amminmethnns, (Hyden = disthanclrmine | 12

H,bdc =1,2-benzenedicarboxylc acd, 1,3 Hybde =1,3-benzenedicarborylic acid, and 14-Hybde =14-
y benzenedicarboxylic acid). Their crystal structures, thermogravimetric analyses, solid-state

I\
{
U

) transformation to ZnO and characterization of the resultant zinc oxide particles are reported.

i Compounds 1 and 2 show three-dimensional (3D) supramolecular architectures, d from

\\ \\ the interconnection of the zigzag (in 1) and respectively the linear (in 2) chains through
hydrogen bonding interactions. The crystal structure of 3 revealed the presence of five different types of zinc atoms that are

successively linked through carboxilato or alkoxo bridges in a helicoidal chain running along the crystallographic a axis. Both
right-handed (P) and left-handed (M) helices are present in the crystal, and they are alternately interconnected by pairs of
isophthalato bridges, resulting in channels of hexagonal shape, filled with water molecules. Compound 4 has a 3D structure in
which linear centrosymmetric {Zn;(H,dea),}*" nndes are Jmned by terephthalate bridges. Owing to its porous network,
The self-assembly processes between homotrimetallic, {Zns(salen and mononuclear, {Zn(Sald- compound 3 was tested in two selective reactions: of phenol to hyd one and aerobic photooxidative
men)} ", {Zn(Salampy)} ", units and dicyanometallates, generate new polymeric 1-D chains. In com- Jensation of benzyl to N-benzylidenel

pound 1 the homotrimetallic units, {Zny(salen). re comnected by two [Au(CN),]” bridges,
forming 1-D double chain. In compounds 24 the I structures show polymeric 1-D chains gen-

erated by the mononuclear zinc(Il) nodes and [M(CN),]™ spacers. B INTRODUCTION coordination polymers. Conventional linkers are usually organic

” : The chemistry of multifunctional coordination polymers (CPs) compounds containing donar atoms or groups of donor atoms
Four new d'® heterometallic coordination polymers have been obtained using thre has rapidly become one of the most challenging and appealing (polycarboxylates, phenolates, amines, pyridyl
ligands, zinc(Il) nitrate, and dicyanometallates: |“’[{Zns( 3 derivatives, " sulfonates,*' ™ phosphonates,™** and azo-

research areas due to their potential in both traditional and

men){u-Ag(CN),}]2H,0 (2); ,*[Zn(Salampy){u- Ag(CN):}] Q) o

. 0-55
(4). The Schiff bases are obtained from cond . with ethylenediamir emerging applications: gas storage,"”* separation”” ' cataly- I,T,t,esgdgy)' . P;mcuhr' wbmylm'b:fea syﬁms{' ESPE?EIII(Y
A 3 o bk % sis, '~ > luminescence,>* * recognition,* ~** bioactive mole- ee-dimensional (3D) porous metal organic frameworks
;. N,N-dimethyl-cthylenediamine (HSaldmen) and, respectively, 2-aminomethyl-pyridine dles *7 and tism 35 A rich £ structur 4 (MOFs) constructed with rigid aromatic backbones (benzene-,
icyanometallates are K[Ag(CN),] and K[Au(CN),]. The compounds were charac- cules, — and magnetism. rich variety of structures an naphthalene-, anthracene-, and pyrene-based derivatives), have
terized by X-ray single-crystal diffiaction, infrared spectroscopy, UV-vis spectroscopy, and elemen- topologies have been rationally designed and synthesized by e o e et e e ity oF th
tal analysis. In compound 1, the homotrimetallic units, {Zns(salen),}*", are connected by two [Au judicious selection of connectors (metal ions or metal clusters) ~ atracte conoienb e “’E"“‘S" fue to . J‘J“““f‘ ‘YhDdr’ el
(CN).]” bridges, forming a 1-D double chain. In compounds 24, the crystal structures show poly- and linkers (organic molecules, inorganic anions, or metal- structures and properties and their suitability for ‘hydrogen
meric zigzag chains generated by the mononuclear zinc(11) nodes and [M(CN),]™ spacers. The lumi- loligands).**™* The sum of the distinctive characteristics of the ~ Storage, sorption, separation, and sensing
nescence properties of the new heterometallic polymers have also been investigated. inorganic and organic components and their possible synergistic The nade.and.cnacer annrmach nroved o he s
action could provide novel and intriguing properties for the Ml ACKNOWLEDGMENTS
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ABSTRACT: Two novel bidimensional coordination
polymers, [Co(azbbpy)(4,4'-bipy), s(DMF)(NCS),]-
MeOH (1) and [Co(azbbpy)(bpe),s(DMF)(NCS),]-
0.25H,0 (2), resulted from the assembling of cobalt(IT)
ions by 1,3-bis(4-pyridyl)azulene, using either 44’
bipyridyl or 1,2-bis(4-pyridyl )ethylene as neutral spacers.
The cobalt(Il) nodes in 1 and 2 act as single-ion magnets
(SIMs).

Recently, we reported one of the first coordination polymers
to be constructed using an angular neutral spacer: 1,3-bis(4-
pyridyl Jazulene (azbbpy), which generates zigzag chains.” This
ligand has a lot of potential in crystal engineering, and its ability
to act as a spacer deserves to be exploited. Herein, we present
two 2D coordination polymers that are assembled from
cobalt(11) ions using two spacers (azbbpy and either 4,4'-bipy
or bpe): [Co(azbbpy) (4,4"-bipy),s(DMF)(NCS),] MeOH (1)
and [Co(azbbpy)(bpe)ﬁ(DMF)(NCS) 10.25H,0 (2) (DMF

he construction of coordination polymers (CPs) is a hot

topic in crystal engineering.' The main interest in such
compounds arises from their exciting physical and chemical
properties, which can ultimately lead to applications. Apart
from their structural role in sustaining solid-state architectures,
the metal ions in CPs are the source of most of the useful
physical properties of these materials (e.g,, magnetism, color,
luminescence).

The node-and-spacer approach, formulated more than 20
years ago by Robson, remains a widely employed strategy for
the design of coordination polymers. The spacers (exodentate
or divergent ligands) are generally organic molecules, either
neutral or anionic. We mention here polycarboxylate ions as
anionic spacers, which generate an extremely rich coordination
chemistry.* The exobidentate ligands can be linear or angular.
Among the neutral linear spacers, the most popular are the
bis(4-pyridyl) derivatives: 4,4'-bipyridyl (44"bipy), 1,2-bis(4-
pyridy)ethylene (bpe), bis(4-pyridyl)acetylene, and 14-bis(4-
pyridyl)benzene* The number of coordination polymers
incorporating both

lformamide). These two compounds have been
cbtained following the same general procedure: reacting a
solution containing cobalt(1I) nitrate and potassium thiocya-
nate with a solution of the two spacers (Supporting
Information). Details of the crystallographic investigation are
given in Table S1.

Because the topologies of the two sheetlike coordination
polymers are similar, only the aystal structure of 1 will be
described in detail (Figure 1). Each cobalt(II) ion acting as a
node is six-coordinate with two nitrogen atoms from the pyridyl
fragments arising from two azbbpy molecules (Col-N3 =
2.134(6) A, Col —N§ = 2.168(7) A), one nitrogen from a 4,4'-
bipy bridge (Col—N4 = 2.179(6) A), one oxygen atom from
the DMF molecule (Co1—01 = 2.172(7) A), and two nitrogen
atoms from the thiocyanato terminal ligands in trans positions
(Co1-N1 = 1.992(9) A, Col-N2 = 2.061(9) A), building a
slightly distorted octahedral environment. Each cobalt center is
connected to three others by bridging ligands, two azbbpy and
one 4,4"-bipy, resulting in distorted hexagonal meshes (Figure
1). Within a mesh, the distance between the cobalt(II) ions are
1402 and 1148 A (through azbbpy and across 4,4'-bipy,

e on e o [l ACKNOWLEDGMENTS
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The self-assembly process between the binuclear [Cuy(HL)(L)]” complex and the manganese(ll) ion
affords a two-dimensional coordination polymer of formula [Mn{Cu,(HL)(L)}(H,0).], (1) (HsL=3-
hydroxyiminomethylsalicylic acid) where parallel ladder-like motifs of defective double cubanes of bis
(phenoxo)dicopper(ll) units as rods and anti-syn carboxylato bridges as rungs act as ligands towards tet-
raaqua-manganese(ll) entities through the deprotonated oxime groups. The topology of 1 is compared
with the one of anather compound, [ Mn{Cu,(HL)(L)}5(H,0),]-4H,0-2DMF (1’) which was obtained in dif-
3} ferent conditions by Okawa etal. (J. Chem. Soc., Dalton Trans. (2001) 3119). Magnetic susceptibility mea-
Coordination polymers y -
tallic complexes surements of 1 in the temperature range 2.0-300 K are practically determined by the occurrence of a very
per complexes large antiferromagnetic coupling between the two copper(ll) ions through the double phenoxido bridge
Manganese complexes /= —765(5) cm !, the spin Hamiltonian being defined as H = —[Sq,1-Scuz], a value which is as expected in
Magnetic properties the light of a recent magneto-structural correlation for bis(phenoxido)dicopper(1l) complexes.
@© 2015 Elsevier B.V. All rights reserved.

Keywords:

1. Introduction reported by Okawa et al. [4], who observed two configurations of
the resulting species, with cis- and trans-arrangements of the
ligands around the two metal centers (Scheme 2): [Ma(HL)s],
[My(HL)L)] ", and [M,(L),]*". For the second complex (cis configu-
ration), the two organic molecules are assembled into what we can
call a “supramolecular compartmental ligand”, whose assembling

3-Formylsalicylic acid is a valuable starting material for the
synthesis of a rich variety of ligands [1]. Among these, the Schiff
bases resulted from its condensation reactions with primary
diamines are particularly useful as bicompartmental ligands
(Scheme 1, A). Since the two sets of donor atoms are different is supported by the well-known hydrogen bond established
(N»05 and 0,0';), they favor the formation of heterobinuclear com- between the protonated and deprotonated oxime groups [51. The
plexes, which have played an important role in the history Pal:lmowledgments
molecular magnetism. Indeed, one of the most important toc
operating in the molecular magnetism field, namely the stri
orthogonality of the magnetic orbitals, which leads to fEm]ma ThlS WCll'k was SLlple'tEd by thE Stl'EltEglC gl':'.ll'lt POS-
netic interactions, was illustrated by rationally designed Cu''-
cu'-cr", Ni'-cr"! complexes with side-off compartmental ligan DRU[159/1.5/S/137750, financed by the European Social Found
(A) [2]. If diamines with one primary and one tertiary ar
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e e e enemie opat®. opment 2007-2013, and by UEFISCDI - Romania, Project PN-II-ID-
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ARTICLE INFO ABSTRACT

Articke hisiory: Tri- and diorganotin(IV) pseudohalides of type [2+ Mea NCH, s Hy IR SNCE] [E = 5. R = Me (1) E= Se.

Received 29 September 2014
Received in nevised farm

21 Movember 2014
Accepted 24 November 201

K= Me (2L Ph(3)] and respectively |2-(MeyNCHCeH, JRSHNCE), [E = 5, R = *Bu (4L Ph (5 2-
(MeyNCH, I Hy (60, E = Sey R = 2+ MegNCH, )OgH, (7)) were obtained by reacting the appropriate
organotinilV] chlorides and alkali metal pseudohalides in stoichiometric amounts. The new species were
characterized by multinuclear NME (*H, C, ™50 and 775 where appropriatel, 1R spectroscopy and mas

Availihle online 4 December 2014
spectrometry. Both the "0 NMR and the X-ray diffraction studies evidenced the formation of Sn—NCE
x - bonds in these compounds. For compounds 1-4 6 and 7 the single-crystal X-ray diffraction studies
Orgamofin(IV) paeudabaides revealed intramolecular Megh —Sn interactions and the Tormation of hypervalent spacies 10-51-5 in
NMR spestrasmpy compounds 1—-3 and 12-51-6 in 4, 6 and 7, respectively. Compounds 1—3 are monomeric species with
Single crystal ¥-ray diffraction monedentate isochalcoge nocyanato ligands, while in 4 one of the NCE™ ligands behave a5 a bridging
maiety. thus resulting in dimeric associations. Shor © CHyoup--Cy and respectively Cy---Cy intermao-
lecular contacts resulted in polymeric chains of dimmers in 4 and 30 supramolecular networks in 6 and
T respectively The reactions of [24/MeaNCH; ) JRSnCh and MECN inan 1:1 molar ratk resulted in the
formation of a mixture of [2-{MeaNCH2)CaHJREnClz [2-(MeaMCH 2)CsH 4R S NCE)2 and [2-(MeaNCHz)
CaH4 JRSCI(NCE) [E = 5, R = Ph (81 24 MeaNCHa )sHa (9; E — Se_ R — 24{MeaNCHz ey (10)]
© 20714 Hsevier BV, All rights reserved.
Introduction Mo [5-13], as well as the distannyne [{2.6- MesNCH2)CgHz1Snk

The chemistry of aorganotin compounds bearing organic groups
with one ar two pendant arms capable for N—5n intramolecular
coordination, mainly 2-{Me;NCH;)CgHy and 26-(Me;NCH; ) gHa.,
started to attract a continuously increased interest once the frst
representatives were reported by van Koten in the second half of
the 19705 decade |1 Their structural features and the high
thermal and hydrolytic stability determined by the CN chelating
behavior of these ligands make them promising reagents for
various applications in biology, catalysis or nanomaterials. The
organotin(1l} isolated species are pradically limited to |2-
(MesNCH2)GH )55 [3] and [2.6-(MesMNCH.)GsH3]SnCl |4 ] Such
compounds were extensively used in order to obtain hetero di- or
trinuclear species with Sn—M bonds (M = Pd, Pt,Rh, Co, Ru, Zr, W,

* tomespanding authar.
E-mizil ddres's: anca@hemubi cuj ro (A Sive
! These m-authars have contriued in equal fre

hii: e dolorg/ 101016 j organchem2 01411028
002 2-32 8X/e 2014 Elsevier BV, All rights reserved

|14]. The tin(IV]) hypervalent compounds with such groups attrac-
ted much more interest, due to the various structural aspects which
may arise by varying the number of organic groups with pendant
arms, as well as the type of additional anionic ligands in the coor-
dination sphere of tin{IV). Among them, the omganatin] IV) halides
of type | 2-(R;MCH; ) sHs RSz (R = Me, EG R' = Me, "Bu; Fh, 2-
(RzNCHa)CsHa: X = F CL Br, 1) [15-23] and [2-{MesNCHy)
CeHalaRs oS (R =Me, Ph.n =1,2; X = F.C.Br, 1) 2
a well a8 |2-{MesNCH: ICaH, S (X = Q. Br, 1) 2930
systematically investigated and in all cases the solid-state structure
revealed increased coordination numbers at the metal centeras a
consequence of the strong N— &n intramalecular interactions. The
single-crystal ¥-ray diffraction studies upon the di- and tri-
organotin halides revealed short intermolecular X--H contacts
msulting in chain polymers or supamaolecular assemblies in most
of the species containing such organic groups.
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ABSTRACT: An easy and powerful access to 3,366

ituted 9,9 -spirabifl

derivatives with tetrahedral orientation ofthe peripheral groups (ie, =1, ~CN, =NOy, ~CH=
0, ~COOH, ~C=CH, —4-Py) was developed. The NMR and HRMS results are in agreement
with the proposed formula and the solid-state molecular structures obtained by single-crystal X-
ray diffaction. They form molecular solids self-assembled via exclusive hydrophobic
interactions. Solid-state selection and adaptation can be obtained on the basis of variable
compact packing of functional groups present on the 99 spirobifluorene backbone.

3

ydrophobic interactions are of fundamental importance

for many biclogica functions. The spatial positioning of
hydrophobic residues within the proteins can determine their
architectres and folding behaviors.! Because of the great
significance of these processes, design of synthetic artificial
superstructures, exdusively driven by the h}dlophoblc effects,
has become an area of expanding interest. * Related approaches
are based on lipophilic systems showing efficient integrated self-
assembly, but the prediction of the final superstructures remains
challenging.* Directional forces (e, H-banding, electrostatic or
coordination interactions, etc.) are the most important driving
forces that induce the self-assembly of artificial superstructures.
For most artificial systems, directional interactions play an
Jmponant rale in reinforcing the dissipative hydrophobic seli-
as.semb]y However, artificial superstructures based on unique
hydrophaobic contacts remains rare.

‘Within this context, the 99"-spirohifluorene badibone
constituted fmm two fluorene units joined through a shared
spiro carbon®™ represents an umswal structural metif, shedding
hg]n on unique opportumnities for uwesugaung a wuety of

4 I aspects of hydrophobic self The 99
spirabifluorene derivatives presenta Dy pomt sylmnet.ry, with an
Onsager cruciform rigid spatial arangement.™ Their w»g]e
aystal structures show that 99 spimbifluorens

guests®or of polymers with intrinsic microporosity (PIMs)."
Other a})p]jations are enantioselective recognition and

catalym or organic light-emitting diodes (OLED) technol
agy”
Hejem we report a series of 2,2, mmmthuxy 33 66

49,9 spirabifl 3= -1, -CHN,
=Ny, =CH=0, =COOH, -C H, ~4-pwidine) (Scheme
1). Four of these compounds (3, § 7, and 11, Scheme 2a) were
crystallized, and their structures determined by single-crystal X-
ray diffiaction revealed that they adaptively form self-assembled
molecular solids via exdusive weak hydrophobic interactions.'*
Their simultanecus self-asembly encodes the supramolecular
guiding information on the orthogoml armngement of the rigid
fluorene units and the specific molecular packing of various
substituents grafted on an aromatic baddbone, which adaptively
ill the available space with a very compact packing within the
network.

Our primary efforts were concentrated on developing novel
and powerful methods for the synthesis of tetrahedral 2,2°,7,7"-
tetramethoxy-3,3' 6,6 substituted-9,9 spirobifluorenes 3—
by 'wg methoxy (CHy0=) ortho-directing groups in the
1,277 positions. The chemically inert CHyO= moieties may
assist ha]ogenauon inthe 33°6,6" positions, hhlch may be used

far 3 cavise of farthor euhetimition rastinne Tha omeharic

through shont (322-345 A) intermolecular o l] ACKMNOWLEDGMENTS

aromatic interactions™ or via the C—H--x(arene) i
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solids with significant porosity (44-60%) for the DY AMULTIREC

=7 ACS Publications  © 215 Amedcan cramical s




Dissemination of Results

2015

23. L. Pop, M.L. Golban, N.D. Hadade, C. Socaci, I. Grosu, CUAAC Synthesis of Tetragonal Building Blocks Decorated
with Nucleobases, SYNTHESIS-STUTTGART, 2015, 47, 2799-2802.

2799

Synthesis L Popetal

Spacial Topic

CuAAC Synthesis of Tetragonal Building Blocks Decorated with

Nucleobases

Lidia Pop*
Mirabela Ligia Golban®

+ Babog Bohyal University, Supramalsaular Organic and Crgancmeealic
Chemistry Center (SOOMCC), Cluj-Napoca, 11 Arany Janos Sir., 400028
Cluj Napoca, Romaria

* National instinze of Research and Development far lsatopic and Molocular
Technalogies (INCOTIM), Cluj-Napaca, 63103 Danath Str. 400293 Cluj
Napoca, Romania
igrosulichem LbEcu o

FRocsived: 03,05.2015

Accepend after revtsion: 20.06.2015

Fudlshed onfine: 04.05.2015

DOL: 10.1055/5-0034-1378782; Art 1D: 352015002885t

Abstract The CuAAC synthesis and the characterization of new rigid
orated ds exhibiting 1.3.5.7- Y
mantane and 9,9"-spirobiflucrene central units ars reported. 1.3,5.7-
and 3,3.6,6- i 9.,9'-spirobiflu-
orene dervatives are tetrahedral building blocks, while the dervatives
of22'7.7" 9,9'-spirobi can lead to 2D archi-
tectures.

Key words ‘ciick’ chemistry. nucleobase-cecorated building blocks,
pocand 9,9"-spirobs

Rigid tetragonal and, in particular, tetrahedral organic
ligands have become important synthetic targets due to
their utility as building blocks in the construction of metal-

organic fr ks (MOFs),! lecular metzl-organ-
ic frameworks (SMOFs),? and covalent organic frameworks
(COF:)2

Such tetragonal and tetrahedrzl ligands are highly
branched, symmetrical, and readily available, properties
that make them extremely useful for preparation of amor-
phous or crystalline porous matersals® The most encoun-
tered motifs are tetrakisphenylmethane? tetrakisphenylsi-
lane® 1,3,5,7-tetrakisphenyladamantane,” and 2,2°,7,7"-tet-
rasubstituted 9,9 -spirobisfluorene® decorated with various
functional groups that are able to interact through metal-
coordination,” hyd bonding,'? or covalent reversible!!
or irreversible reactions.'?

In the last few years, nucleobases have been increasing-
Iy used as bridging units for the synthesis of a subclass of
MOFs, the so called MB:ioFs.!? The main benefits of the nu-
clecbases as directing units for the construction of such
materials rely on their rigidity and the very well known
ability to form hydrogen bonds or n-m stacking interac-

- O-6
-

N % - LN
B - OG-0
u’? == | g / N
N ] \"\rr(
® T
A:}‘ 5 -Mh:bu;‘l::d&ywmbhm}

tions, as well 25 on their capacity to coordinate metal ions. ™
A large number of 1-D, 2-D, and 3-D nuclecbase-based co-
ordination polymers with flexible or rigid structures and
interesting properties have been reported in the literature
so far.'® However, o our knowledge, there are no examples

= nucleobases (uradil, thymine, adsning)
odscoiated Foups
Figure 1 Targes d i 1
and 9,9"-spircbifiucrena N building blocks

© Georg Thieme Verlag Stuttgart - New York — Synthesiz 2015, 47, 2799-2804
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Two erantomenc complexes of formula [Mng - OCHa)AR-valBINAM]- 1L750MF (1) and Mg je-
OCH2{5-valBINAMIZ]-2DMF (2) [alBINAM =11 2 [ hoxysalic)

nave been synthesized using as a ligand the chiral Schiff bases resulting from the condensation reactions
betwesn a-vanilin and the chiral 11-hinaphthy -2 ¥-damine. The structures of 1 and 2 which have
been solved by single crystal X-ray dffraction consst of neutral dmers, the mangansselu) lons baing
oridged by two methoxdo anions, arising from the solvent, and by two valBINAM?~ lgands Their
circular dichroism spectra at room tempersture emphasze the cccumence of the exciton coupling
effect. The o in the range 2.0-200, for compound 2 reveal the
oocurence of antferromagnetic interactions between the two Mn jons U = —35.5 o’ the
Hamiltonian being defined as H = —J5:5;). The catalytic behaviour of these complexes was checked in
the epowidation of methyl trans- with N o -N-ovide as an oxdant The
influence of the solvent was akso investigated The reactions ina CHaCH/HO (50 1wi) solent miture
afforded total chemo- and enanticselectvity in the desired epoxdes.
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Trree new 1-0 coordnation polymers, [ColvalpriGdinfac) NIl (1. [MivalpriGainfackAMil, (2). and
[MifvatpniDyinfacl AN, (31 were conmstructed by connectng (M valpnilnfrfack) nodes frough so-
nicotinato spacers (IN7), with hesafucroacetylacetonato being hfac and 13- propansdyios(2-iming-
methylens- G-methasy -phenall (Hyvalpnl being the Scniff o btained from the cond reaction be-
tween o-vanillin and 1 3-daminopropane. The synthetic approach relied on the substtution of the acetate
tigands from the hinuclear precursars [MICHsO HivalpniLa Thfac) ACH:CO 0] with the soncotinato bgand.
The af the magnetic orop: 1 all compounds showed a ferromagnetic nteraction attriputed
o the intranade exchange interaction between the 3dand 4f metal lons. For compound 3, the AC magretic
measurements indicated a fisld-induced slow relaxation of e magnetization of the [N Dy ] nodes.
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spacer ligands® We currently synthesize coordination poly
mers following the first synthetic approach aforementioned.

Introduction

Introduction

The coordination chemistry of manganese in higher oxida-

tion states has been stimulated especially by the search for

malecular magnetic materials and efficient oxidation cata-

lysts. Indeed, manganese(m), because of its high magnetic

anisotropy and large spin, is an excellent ingredient for the
boadt

a diamine. Chiral Schiff bases from the salen family and their
complexes, which are widely employed as catalysts for enan-
tioselective reactions, can be obtained using chiral
diamines.” One of them is the 1,1%binaphthyl-2 2" diamine
(BINAM). A keto precursor that generates a rich variety of
ligands is the ovanillin.® Liu et 2l have obtained chiral Schiff
bases derived from o-vanillin and (R/§)-2-amino-1-propanol.
They ob d a chiral mixed walence Mn'YMn" complex by

synthesis of molecular na [single molecul
magnets (SMMs) and single chain magnets (SCMsj.* On
the other hand, the discovery of asymmetric epoxidation of
nonfunctionalized olefins by chiral complexes of man-
ganese[m) with salen-like ligands [Hysalen = NN-ethyl-
enchis(salicylideneimine)] also gave a strong impulse to the
development of this chemistry. The salentype ligands are
readily obtained by reacting a salicylaldehide derivative with
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using this ligand.® Long et af. designed a chiral [Zn"Dy"]
complex using the enantiopure ligand resulting from the
condensation of o-wvanillin with 2,2dip henyl-ethvlenedi-
amine.® In this paper, we report on the synthesis of two new
dimanganese{m) enantiomeric compounds of formula
[Mny" [n-0OCH ), [R-val BINAM), ] 1.75DMF (1) and [Mnj"[p-
OCH,)y{S-valBINAM),]- 2DMF (2) [valBINAM = 1,T-binaph-
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The nodeand-spacer approach, first formulated by Robson as

The nuckarity of the potential nodes is easily controlled by

a general stmtegy to design ination poly with vari-
ous di ionalities and logies,” has been in

ploving ligands containing coordination sites that can ae-
d ially two or more metal ions {compart-

seope by employing oligonuelear complexes, instead of single
metal ions, as nodes”® The oligonuclear nodes can be either
homometallic or heterometallic species. Their incorporation
into extended networks oceurs through one of the following
routes: (i) formation of the nodes in a preliminary step,
followed by the raction with appropriate spacers;™" (i) for-
mation of the nodes as a result of the interaction of the metal
ions with the spacer;** or (i) serendipitous assembly of th

mental ligand). For example, binuclear and trinuclear homo-
metallic preformed  from  symmetric
bicompartmental and tricompartmental ligands, which are
Schiff bases resulting from the condensation reactions of vari-
ous amines with 26-diformylp-cresol and 2.4, 6-triformyl-
i P v.* When h llic nodes are
desired,  dissymmetric  compartmental  ligands must be

nodes  are

metal ions into clusters, which are then interconnected tAC kncwled gEmEntS
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Tri(3-pyridyl)- and Tri(4-pyridyl)phosphine Chalcogenides and
Their Complexes with ZnTPP (TPP = Tetraphenylporphyrinate)

Lea Dubovan, B! Alpar Palinitz,*2 and Cristian Silvestru*(l

Abstract: The preparation, spectroscopic  characterization
INMR and IR spactroscopy), and solid-state structures of tri(2-
pyridyl)- and tri-pyridyliphosphine chalcogenides (€ = O, §,
52) a5 well as their ability to behave as ligands for ZnTPP (TPP =
tetraphenylporphyrinate) moisties are reported. In the solid
state, the compounds from this family are three-bladed molec-
ular propellers that crystallize as racemates. Both triorgano-
\ phosphine sulfdes and selenides, (3-Py);PE [Py = picyl,

NCeH E =5 (2), Se (3)] and (3-Py):PE [E = 5 (8), Se (7], quant;\

tativaly form complexes with ZnTPP by selective coordination
of all three pyridyd groups of a molecular unit to three metallo-
porphyrin moieties. The formation of these complexes in chlor-
inated solvents is unambiguously proven by spectroscopic
methods (i.e, multinuclear MMR and UVAs spectroscopy). The
affinity of these ligands towards ZATPP is different in berzene,
yielding a mixture of products in solution,

Introduction

Heterometallic complexes are expectad to possess novel prop-
erties with respect to their homometallic counterparts™ This
particularity can be exploited in many applications, especially
in cooperative and tandem catalysis.®! Ligands able to form
such coordinative heterometallic species have to be intelli-
gently designad to be ablz to selectively coordinate differant
metal centers. Tri@-pyridyliphosphane achieves this goal and
furthermore its hetzrometallic complex formed with ZnTPP and
RhH(CC); showed excellent selectivity in the hydroformylation
of trans-2-alkenes B! Such ligands cortaining nitrogen denor
groups and a P! center have been found to bind tetracoordi-
nate 7n complexes selectively through the pyridyl moieties with
no affinity of the phosphorus for zineP# This is dus to the
more pronounced o-doner character of the nitrogen atom. On
the ather hand, a transition metal will selectively bind to the P
center, the bond being stabilized by the x-acceptor character of
the later, This is perhaps the reason why organophesphorusilll
ligands benefit and have benefited from such a high level of
interest in coordination chemistry® Despite this fact, organe-
phosphorus compounds can successfully be used as ligands
even when phosphorus is in oxidation state V. In such com-
pounds, phosphorus loses its electron-donating ability, but
keeps its other most important role as an NMR active nucleus
with a high sensitivity to its chemical ervironmeant. Trialkyl- and
triary phosphine chalcogenides, RaPE (E = 0, 5, Se), readily form
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complexes with various main group and transition metals.®!
Our aim within this research was to prepare and to structurally
characterize tri{3-pyridyl)- and trii4-pyridyliphesphine chalco-
genides and then to study their coordination behavior. These
proligands possess two different donor atoms (nitrogen and
chalcogen), which can coordinate to different metal centers.
They might, thus, be useful as tetrahedral tectons to build het-
erometallic supramelecular architectures and their coordination
behavior can be monitored through ¥'F NMR s pectroscopy.

Results and Discussion

Preparation

Trii3-pyridyliphosphane (1) was prepared according to a pub-
lished method (Scheme 1.7 The 4-pyridyl analog was obtained
by using 4-iodopyridine, which was converted into the corre-
sponding Grignard reagent®™ by using PiMgCl-LICl and was
subsequently reacted with PCls in a 3:1 molar ratio. After work-
ing up, the crude reaction product consisted of a complex mix-
ture with the trii4-pyridyliphosphane (4) being the major prod-
uct (Scheme 2). The use of a &1 mdar ratio for the same reac-
tion between 4-PyMgCl and PCl; yielded similar patterns in the
I MR spectrum of the crude product, but with a lower yield.
Pure 4 erystallizes from the brown oily crude when left standing
for a few days. Oxidation reactions were carried out with
hydrogen peroxide, elemental sulfur, and selenium. The oxid-
ation of PV to P¥ with hydrogen peroxide was optimized first for
triphenylphosphine (see the Supporting Information). Sirilarly,
attempts were made for the oxidation of triphenyphosphine to
the corresponding telluride, PhaPTe. However, elemental tellu-
rium was found to be unreactive towards PhaP even when dis-
salved in a mixture of ethylene diamine and 2-mercaptoethanol
{41}, Similar mixtures have been reported to easily dissolve ele-
mertal selenium and tellurium/™
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Two rigid tetrahadral organic linkers derived from adamantane  (pyri triszole,”’ and tetrazole fragments, cyano
have been employed in a3-0, 4-fold i groups™ ). T bstituted  ad are
framework featuring a PIS topology, [Cul’(H,0),](BF,),8H,0 (1)  useful tectons in generating robust poreus structures showing
L'=1,357 is{a-(d-pyridyl Jad anda2-fold  high connectivity topologies.™™*** In spite of the fact that

grid-like di polymer, [Mn(hfackil'ls) rigt organic tetrahedral tectons are encoded to orient the
(2) (%= 1,35, kis[4-cy. ) . donor atoms towards the vertices of & regular tetrahedron,

Tetrahedral divergent ligands played an important role in

thus  extending the molecular assembling  into  three
2-D layered o organic ligands with Ty

crystal By the “nod |-spacer”
approach, Robson has shown that coordination polymers
featuring a diamond-like topelogy can be rationally obtained
by combining two tectons: a metal ion with a preference for T,
coordinstion  geometry, and an organic molecule  with
tetrahedrally-gdispesed coordination groups.” Several other
basic Inorganic structures are constructed from tetrahedral
tectans (mainly metal lons). lonsdaleite {lon), quartz {gtz),
Sral, (sra) (tetrahedral nodes — umi- or binodal nets), PtS (pts)
{a combination of tetrahedral and square planar nodes), Ge,N,
(tetrahedral and trigonal nodes in & 3:4 rato), fluorite (flu)
{tetrahedral and cubic centres) etc’ Even though a rich
diversity of topologies can be envisioned, the number of
coordination polymers described in the literature and relying
upon tetrahedral spacers is guite low.” The network topologies
are different from the diamondoid cne when the metal kons
have other stereochemical preferences.

The coordinating-prone units attached to tetrahedral skeletons
{methane, silane or adamantane derivatives) can be anionic

[

¥ y have also been described "™

Herein, we report the crystal structures of two new
coordination polymers constructed from copperill} lons and
{Mn"(hfac),) entities acting as nodes: [Cul*(H,OL])(BF ), 8H,0 1
and [Mnlhfachil’l,.] 2, where L' and L* are tetrahedral
specers having four phenyl-pyridyl (L'} or phenyl-cyanc
mateties (L%} attached to an adamantane backbone (Scheme
1). The two assembling species have been chosen from the
following rezsons: Cu" adopts varlous coordination numbers
and geometrias, but, only rarely tetrahedral; {Mn"[hfac),} has
two positions available for the interaction with the spacer
(either cis or trans). In the first case, Cu", the tepelogy of the
resulting coordination polymer cannot be easily predicted. In
the second case, a 3-0 coordingtion polymer is expected, if the
donor atoms arising from the spacer occupy the trams
positions at the manganese ion, end a 2-D coordination
polymer, when the donor atoms from the spacer occupy the
cis positions.
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