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A new ligand bearing a tetrazol heterocyclic core — N,N-dimethyl-4-[5-(allylsulfanyl)-1H-
tetrazol-1-yl]aniline (Dasta) — was synthesized and used for preparation of copper(I) m-complex.
Alternating current electrochemical method was used to obtain [Cu(Dasta)(DastaH)][BF4]2-3.5H20
in form of single crystals suitable for X-ray study. This coordination compound crystallizes in
monoclinic crystal system, space group 12/a (a = 15.946(5) A, b = 13.341(5) A, ¢ = 36.669(8) A,
B = 100.87(3)°, V = 7661(4) A3, Z = 8). The structure is formed by layers composed of
[Cu(Dasta)(DastaH)]?* cations and a half of fluoroborate anions while the other half of the
counterions connects the layers by means of intercalation. The resulting structure possesses pores
which host disordered water molecules.
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1. Introduction

n-Complexes of copper(l) and silver(l) attract attention regarding crystal
engineering [1-3], catalysis [4] and as potential materials for non-linear optics applications
[5, 6]. It has been shown that depending on the choice of ligand and counterions various
types of structures are accessible which include ionic [7], polymer [8, 9] or molecular
species [10].

A broad class of ligands for the formation of m-complexes includes heterocyclic
compounds with unsaturated substituents, usually allyl [1]. The heterocyclic cores provide
atoms capable of o-coordination (N, S, O etc) and unsaturated fragments tend to be
n-coordinated to the metal ion, therefore ligands of this type are bi- or polydentate and form
either chelate cycles or coordination polymers. Many of those ligands also bear additional
substituents that have an on effect the resulting crystal structure by means of non-covalent
interactions [1].

Compounds with this tetrazole moiety are extensively studied in the field of medicinal
chemistry [11, 12]. Therefore, protocols for their preparation and functionalization are well-
established and could be easily utilized for syntheses of “heterocycle-and-allyl” type ligands
which have already been capable of forming copper n-complexes [5, 7].

In this work we prepared N,N-dimethyl-4-[5-(allylsulfanyl)-1H-tetrazol-1-yl] aniline
(Dasta), crystallized its copper(l) m-complex [Cu(Dasta)(DastaH)][BFa4]2-3.5H20 (1) and
studied it by means of single crystal X-ray diffraction.
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2. Experimental section

2.1. Preparation of Dasta

Dasta was prepared in three synthetic steps according to the procedure reported
previously [7] starting with N,N-dimethylbenzene-1,4-diamine (a) which was converted
into respective isothiocyanate b via elimination of one sulfur atom from the thiocarbamate
intermediate assisted by activation with ethylchloroformate (Scheme 1). Tetrazol derivative
¢ was subsequently prepared through 1,3-dipolar cycloaddition reaction of b in water
solution of sodium azide. Eventually, ¢ was alkylated with allyl bromide in ethanol in
presence of potassium hydroxide as a base yielding Dasta (d).
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Scheme 1. Preparation of Dasta ligand

2.2. Preparation of [Cu(Dasta)(DastaH)][BF4]2-3.5H20

Crystals of the coordination compound were obtained via alternating current
electrochemical synthesis. Equivalent quantities of Cu(BF4)2'6H.O and ligand were
dissolved in ethanol. The solution was placed into a glass tube where it was sealed with a
minimal volume of residual air using a rubber stopper equipped with two copper wire
electrodes. Alternating voltage of 0.75 V with frequency of 50 Hz was applied to the
electrodes for a day. Single crystals appropriate for X-ray diffraction measurements were
collected from the electrodes.

2.3. Single crystal X-ray diffraction studies

Diffraction data for [Cu(Dasta)(DastaH)][BFa4]»-3.5H20 (1) crystal were collected
on an Kuma KM-4-CCD diffractometer with MoK, radiation (2 = 0.71073 A). The
collected diffraction data were processed with the CrysAlis PRO program [13]. The
structure was solved by ShelXT program [14] and refined by least squares method on F? by
ShelXL program [15] with the graphical user interface of OLEX? [16]. Atomic
displacements for non-hydrogen atoms (except water O atoms) were refined using an
anisotropic model. Position of N-bonded H atom was derived from difference Fourier
maps. This H atom is statistically distributed over two sites (over two Dasta molecules)
with an occupancy ratio of 0.699(18):0.301(18). The nearest to amino-group water O atoms
are statistically disordered over three sites with an occupancy ratio of
0.699(18):0.42(3):0.301(18). Two fluorine atoms of the one anion are disordered over two
sites with an occupancy ratio of 0.64(4):0.36(4). The contribution of the rest water
molecules to the scattering factors was taken into account with PLATON/SQUEEZE [17].
The other hydrogen atoms were placed in ideal positions and refined as riding atoms with
relative isotropic displacement parameters.
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Table 1
Selected crystal data and structure-refinement parameters of [Cu(Dasta)(DastaH)][BF4]2-3.5H20
CCDC number * 1962695
Empirical formula C24H31CuN10S2-2(BF4)-3.5H20
Formula weight 823.92
Temperature, K 120
Crystal system, space group Monoclinic, 12/a
a, A 15.946(5)
b, A 13.341(5)
c, A 36.669(8)
 © 100.87(3)
Vv, A3 7661(4)
z 8
Calculated density, g/cm?® 1.429
Absorption coeff., mm 0.76
F(000) 3384
Crystal size, mm? 0.55 x 0.32 x0.10
Theta range for data collection, ° 3.1-24.9
Measured reflections 33884
Used in refinement 6737
Refined parameters 461
R[F? > 26(F?)], wR(F?), S 0.097, 0.290, 1.02

" CCDC 1962695 contains the supplementary crystallographic data for this paper. Copies of
the data can be obtained free of charge on applications to the Director, CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (Fax: int.code +(1223)336-033; e-mail for inquiry:
fileserv@ccdc.cam.ac.uk).

3. Results and discussion

n-Complex [Cu(Dasta)(DastaH)][BF4]2-3.5H,O (1) crystallizes in a monoclinic
crystal system, space group I2/a. Its structure contains one crystallographically independent
Cu(l) ion and two organic moieties, which form a complex cation [Cu(Dasta)(DastaH)]?*.
One of the tetrazole ligand in each complex cation is statistically protonated and throughout
the structure this proton is distributed between N15 and N25 atoms with an occupancy ratio
of 0.301(18):0.699(18). It should be also noted that the disordering of fluoroborate anions
with B1 atoms is largely associated with the disordering of N-bonded H atoms and
hydrogen-bonded with it H,O molecules. Tetrazole moieties act as chelate-bridging ,c-
ligand being attached to the metal center by #?-allyl group and by only one the most
nucleophilic tetrazole N atom (Fig. 1, a). Copper(l) ion adopts distorted tetrahedral
(4=0.90, 74 — four-coordinate geometry index) surrounding, including two heterocyclic N
atoms and two allylic C=C bonds of the neighbouring ligands. Selected geometrical
parameters of Cul atom are presented in Table 2.

Table 2
Bond lengths and angles in coordination sphere of Cul atom in [Cu(Dasta)(DastaH)]?* cation

Bond | d, A | Angle | , deg.
Cul—N14 2.054(6) N24—Cul—N14 105.7(2)
Cul—N24 2.026(6) N24—Cul—m; 106.1(2)
Cul—m; @ 2.068(7) N24—Cul—m> 108.2(2)
Cul—mz 2.091(8) N14—Cul—my 107.6(2)
C13—C14 1.347(10) N14—Cul—m; 103.6(2)
C23—C24 1.325(8) m;—Cul—m> 124.3(4)

2 ma1 and mz2 — middle points of C13—C14 and C23—C24 double bonds.
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Fig. 1. (a) Structure of [Cu(Dasta)(DastaH)]?* cation. Proton is
statistically distributed between N15 and N25 atoms. (b) The pair of [Cu(Dasta)(DastaH)]?* cations
involved into a close contact

Cations [Cu(Dasta)(DastaH)]* approach each other to form pairs
{[Cu(Dasta)(DastaH)]*}. (Fig. 1, b) where the molecules contact close to the sum of Van
der Waals radii. The N15 atom of one cation is situated closer to the N25 atom than to the
N15 atom of the other cation resulting into a protonation pattern that avoids repulsion
between adjacent moieties.

The structure of the coordination compound consists of layers formed by cation
pairs arranged parallel to the xy-plane (Fig. 2, a). The structure of this two-dimensional
sublattice contains voids where the fluoroborate anions with B1 atoms reside (Fig. 2, b)
stabilizing the plane’s integrity through electrostatic attraction.

The layers stack to form the bulk of the crystal adopting alternately two different
spatial orientations (Fig. 3, a). Fluoroborate anions with B2 atoms intercalate between the
layers (Fig. 3, b) contributing to the electrostatic bonding between them. Every
{[Cu(Dasta)(DastaH)]*}. pair possesses surrounding of 14 fluoroborate anions which
provide electrostatic linkage between neighboring pairs of cations. Any given pair borders
with four other {[Cu(Dasta)(DastaH)]*}. pairs in its own layer, two in the layer above, and
two in the layer below.
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Fig. 2. (a) Fragment of the layer formed by cation pairs {[Cu(Dasta)(DastaH)]*}2 and fluoroborate
counterions. Five adjacent pairs are circled for clarity.
(b) The same fragment with fluoroborate anions visible
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Fig. 3. (a) Packing of 2D-layers in structure of the compound.
(b) The same fragment with fluoroborate anions visible

The view along the a axis reveals channel-like pores in the structure where water
molecules are situated (Fig. 4). Protonated N15 and N25 atoms of [Cu(Dasta)(DastaH)]*
are involved into hydrogen bonding to them.
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Fig. 4. Voids that stretch along the a axis. Positions of oxygen atoms of N-H---O-bonded intercalated
water shown as red isotropic atoms
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1-KOOPJIMHAIIIMHA CIIOJIYKA KYIIPYM(I) TETPA®JIIOOPOBOPATY I3
N,N-IAMETHJI-4-[5-(AIIJICYJIb®AHILT)-1H-TETPA30JI-1-II]JAHIJITHOM:
CHUHTE3 TA XAPAKTEPUCTHUKA CTPYKTYPHU
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CuHre30BaHO HOBHIA jtirany i3 simpom Terpasony — N,N-mumeruin-4-[5-(anincynbganin)-1H-
terpazon-1-in]aninin (Dasta). Moro Bukopucrano as nobysaums m-komiuiekcy Kympymy(l). 3miaHo-
CTpyMHUH CNIEKTPOXIMIYHUI METOJ CHHTE3Y BUKOPHCTAIIH ULt OTPUMaHHS
[Cu(Dasta)(DastaH)][BF4]2-3,5H20 (1) 'y  ¢opmi  MOHOKpHCTAmiB, NPUAATHUX  IJIS
PEHTICHOCTPYKTYPHOTO JIOCIIPKEHHSI METOZOM MOHOKpHcTana. OnepikaHa KOOpAMHALiiiHa Crioyka
KPUCTAIi3yeThcs Y MOHOKIIiHHIH CHHIOHIi, mpocToposa rpyma 12/a (a = 15,946(5) A, b =13,341(5) A,
c=36,669(8) A, #=100,87(3) °, V=7661(4) A3, Z = 8). ludppaxuiiiauii MacuB 11 MOHOKpHCTana 1
orpumano Ha juppaxromerpi Kuma KM-4-CCD (Bunpominioanus MoKas, A = 0.71073 A).
CTpyKTYpy CIOJIYKH pO3B’s3aHO 3a gomomororo mporpamu  ShelXT Tta yrouHeno Meromom
HaliMeHIIMX KBajpaTiB 110 F2, BuxopucToByroun nporpamy ShelXL ta rpagiunuii intepdeiic OLEX2,
IapameTpy TEIUIOBUX 3MIIeHb IS HEBOJHEBHUX aTOMiB (3a BHHATKOM aromiB O MOJEKys BOAH)
YTOUHEHO B aHi30TpomHoMy HabmmxeHHi. [losumii N-3B’s3aHOro atoma 3HAHIEHO i3 Pi3HUIIEBUX
cunresiB @yp’e. CTPyKTypa KOMIUIEKCY MiCTHTB OJIMH KpHCTanorpadiuno Hesanexuuit arom Cu(l) ta
JIBi HE3aJeXKHI OPraHiuHi YacTHHKH, sIKi (pOpMYIOTh KomIulekcHuii kation [Cu(Dasta)(DastaH)]?*.
OnuH i3 TeTpa3oNbHHX JIraHiB KOXXHOI'O KOMIUIEKCHOTO KaTiOHa CTaTHCTUYHO HMPOTOHOBAHWH 1 B
MeXaX CTPYKTYpH IIefi MPOTOH CTATHCTUYHO posmomineHuii Mixk atomamu N15 i N25 3i crmis-
BimHomennsm K311 0.301(18):0.699(18). IporoHOBaHa Ta HENPOTOHOBAHA TETPa30JbHI MOJCKYJIH
CIYTYIOTh XEJaTHO-MICTKOBHMHM T,G-TiraHJaMM, KOOPAHHYIOUHCh [0 METaliuHOTO LEHTPY
#%-alliIbHOIO TPYIOIO 1 JIMINE OJHUM HAHOLIbLI HyKI€O(IILHMM TeTpazonbHuM atomMoM N. OTxke,
kynpyMm(I) mae nepopmoBano-TeTpaeapuuHe KoopauHamiiHe otoueHHs (74=0.90, 74 — reoMeTpUuHMIA
iHZIEKC), Y sIKe BXOZISTH 1Ba rerepouukmigai atomu N Ta aBa aminbHi 3B s3ku C=C mBox cycimHix
niranais. CTpykTypa mnoOyiaosana i3 mapis kariomis [Cu(Dasta)(DastaH)]?* i nomnosuau
TerpadoopobopaT-aHioHiB. [HIIa MOJOBMHA aHIOHIB IHTEPKAIbOBaHA B CTPYKTYPY KOMIUIEKCY MiX
mapamu. CTpyKTypa MiCTUTB TIOPH, Y SIKi BKJIIOYEHI MOJICKYJIN KPHCTATi3aliifHOT BON.

Kniouosi cnosa: wynpym(l), m-koMmuiekc, MOXiJHI TETpa3oily, KPUCTAIiYHA CTPYKTYypa,
HopyBaTa CTPYKTYpa.
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