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Synthesis, Structure and Magnetic Property of a Gold(I)
Complex with Nitronyl-nitroxide Radical

LI Cheng-Hui GU Zhi-Guo ZUO Jing-Lin* YOU Xiao-Zeng
(Coordination Chemistry Institute and the State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093)

Abstract: The complex (PPhs)Au(p-NN) (1), where p-NN=2-(p-Ethynylphenyl)-4,4,5,5-tetramethyl-2-imidazoline-
1-oxide-3-oxyl has been prepared and structurally characterized. No close intra- or inter-molecular Au--- Au
contact was found in the structure of complex 1 due to the steric hindrance of the bulky triphenylphosphine
ligand. Magnetic studies show inter-molecular anti-ferromagnetic interactions which result from the dimerized

structure formed by short O---O contact between neighboring molecules. CCDC: 646346.
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0 Introduction coordinated to the NO group. Strong metal-ligand
magnetic exchange interactions have been observed

In the preparation of molecule based magnetic from the radicals to paramagnetic transition-metal ions.

materials, transition metal complexes with organic
radical ligands have been found widespread interest in
recent years!"?. Most of the work in this topic has been
focused on the well known Ulman’s nitronyl-nitroxide
family of radicals since they are stable and easy to
functionalize .. A wide variety of transition metal
complexes have been prepared with these ligands, most

of them involving paramagnetic transition metal
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On the other hand, incorporation of diamagnetic-metal
into these “metal-radical” systems represents another
strategy to construct molecular magnetic material where
the metal ions play an active role in aiding the
exchange coupling between the radicals. Several
diamagnetic-metal complexes with organic radical
ligands exhibiting operative antiferro- or ferro-magnetic

interactions have been reported, such as those of Ti(IV),
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Cu(I), Ag(I), Hg(I), Zn(I), and CA(ID¥'. However,
there are very few examples of gold (I) ions being
incorporated into molecular magnetic materials "
Herein, we report the synthesis, structure characteriza-
tion and magnetic property of a new gold(I) complex

containing nitronyl-nitroxide radical (Scheme 1).

o
KA
/\I/ >\—©%AuPPh3
SN

\

O.

iy,

Scheme 1

1 Experimental

1.1 Reagent and apparatus

All reactions were carried out under a nitrogen
atmosphere using standard Schlenk and vacuum line
technique. Chemicals were obtained from commercial
resources and used without further purification. The
solvents were treated using the common method for
preparing anhydrous and deoxygenated solvents.
Column separation was carried out using 160 ~200
mesh silica gel. (PPh;)AuCl " and the para-ethynyl-
phenylnitronyl-nitroxide radical™ were prepared acco-
rding to the literature.

The IR spectrum was taken on a Vector22 Bruker
Spectrophotometer (400~4 000 cm™) with KBr pellets.
The UV-Vis spectrum was recorded on a Shimadzu UV-
3100 spectrometer. The magnetic susceptibility was
measured using a Quantum Design MPMS-XL7 SQUID
magnetometer at temperature ranging from 1.8 to 300 K
and using an applied magnetic field of 2 000 Oe. ESR
spectrum was measured using a Bruker ER 200-D-SRC
spectrome-ter. Elemental analysis for C, H, and N were

performed on a Perkin-Elmer 240C analyzer.

1.2 Synthesis of (PPh;)Au(p-NN) (1)

Under nitrogen atmosphere, a methanol solution
(30 mL) containing NaOH (0.028 5 g, 0.7 mmol) and
ethynyl-(4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazol-
1-yloxyl)-phenyl (0.184 g, 0.7 mmol) was added into 30
mL of dichloromethane with (PPh;)AuCl (0.352 ¢, 0.7
mmol). The reaction mixture was stirred at room
temperature for 5 h. The solvent was evaporated and the
residue was separated on 2.5 x 30 cm silica gel
chromatography using CH,Cl, as eluent. Yield 0.186 g
(37%). Anal. Caled. for C3;H; AuN,O,P (%): C, 55.39;
H, 4.37; N, 3.91. Found: C, 55.20; H, 4.51; N, 4.05.
IR (KBr, em™): 2115 (vc=c), 1358 (vyo). UV-Vis
(CHCL) A, nm (&, mol™ +ecm™): 311(49 150), 329
(48 040), 348(13240), 602(502).
1.3 Crystal structure determination

The well-shaped single crystal of 1 was selected
for X-ray diffraction study on a Siemens (Bruker)
SMART CCD diffractometer using graphite monochro-
mated Mo Ka radiation (A=0.071073 nm). Cell para-
meters were retrieved using SMART software and
refined using SAINT on all observed reflections .
Data were collected using a narrow-frame method with
scan widths of 0.30° in w and an exposure time of 5 s
per frame. The highly redundant data sets were reduced
using SAINT and corrected for Lorentz and polarization
effects. Absorption corrections were applied using
SADABS supplied by Bruker!™. The structure was sol-
ved by direct methods and refined on F?* by full-matrix
least-squares procedures using SHELXTL software [,
All non-hydrogen atoms were anisotropically refined.
The hydrogen atoms were located theoretically and not
refined. Crystallographic data and refinement for the

complex are presented in Table 1.

Table 1 Crystal data and structure refinement for complex 1
Formula Cs3H3AuN,O,P Absorption coefficient / mm 5.105
Formula weight 715.53 F(000) 1412
Temperature / K 293(2) 6 range / (°) 2.00~25.02
Crystal system Monoclinic Limiting indices (h, k, ) -16<h<16-9<k=<15-20<[<20
Space group P2/c Reflections collected 14 431
a/ nm 1.386 0(16) Independent reflection (R;,) 5 180 (0.030 5)
b/ nm 1.323 2(15) Reflections [I>20(])] 4227
¢/ nm 1.696 5(19) Data / restraints / parameters 5180/07/356
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Continued Table 1
B/(° 109.60(2) Goodness-of-fit on F* 1.071
A 4 Final R indices [/>20(1)] R=0.038 1, wR,=0.084 5
V /[ nm? 2.931 2(6) Largest diff. peak and hole / (e-nm™) 45 and -138
Dea. / (g+cm™) 1.621

CCDC: 646346.

2 Results and discussion

2.1  Crystal structure
Complex 1 crystallizes in space group P2//c. The
molecular structure is shown in Fig.1. Selected bond
distances and angles are listed in Table 2. A linearly
coordinated gold(I) center with the P-Au-C angle of
177.4(3)° is observed and the bond lengths of Au-P and
Au-C are 0.227 1(2) nm and 0.199 8(9) nm, respectiv-
ely. The N-O bond length of 0.127 1(9)~0.127 5(8) nm
is comparable with those of other systems containing
this fragment. The dihedral angle between the planes of
nitronyl-nitroxide fragment and phenyl group is 38.17°.
The neighboring molecules are arranged in the head-
to-head fashion through shorter O---O contact [O(1)---
O (1") 0.337 8 nm], leading to a dimerized structure
(Fig.2).
It is noteworthy that no close intermolecular Au
- Au interaction was found in the structure of
complex 1, in spite of that aurophilic interactions are

frequently observed in gold(I) complexes. This may be

due to the bulky ligand of triphenylphosphine which

inhibits the close contact of two gold(l) centers.

Thermal ellipsoids are drawn at the 50% probability levels

H atoms are omitted for clarity

Fig.1  Perspective drawing of complex 1 showing the
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Fig.2 View of the “dimmer” structure formed through

short O---O contact

Table 2 Selected bond distances (nm) and bond angles (°) for complex 1

Au(1)-P(1) 0.227 1(13) Au(1)-C(1)
C2)-C3) 0.147 3(7) C(9)-N(1)
C(10)-N(1) 0.151 9(7) C(11)-NQ)
N(2)-0(2) 0.127 8(6)

P(1)-Au(1)-C(1) 177.17(15) C(8)-C(9)-N(1)
Au(1)-C(1)-C(2) 171.80(6) N(1)-C(9)-N(2)
C(1)-C2)-C(3) 175.60(6) C(9)-N(1)-0(1)

C(8)-C(9)-N©2) 123.60(5) 0(1)-N(1)-C(10)

0.200 4(5) C(1)-C2) 0.115 3(7)
0.132 3(7) C(9)-N©2) 0.135 4(7)
0.150 4(7) N(1)-0(1) 0.127 6(6)
125.80(5) C(9)-N(1)-C(10) 111.90(4)
110.60(5) C(9)-N(2)-0(2) 126.70(5)
127.30(5) 0(2)-NQ2)-C(11) 123.00(5)
120.80(5) C(9)-N2)-C(11) 110.20(5)

2.2 ESR spectrum
The ESR spectrum of complex 1 consists of five
(hfe) of

electron spin with two equivalent nitronyl-nitroxide

main lines due to the hyperfine coupling

nitrogen atoms (“N) (Fig.3). These lines centered at
£=2.006 3 has an intensity ratio of 1:2:3:2:1 which is

Possible
hyperfine spitting with the hydrogen atoms in the

characteristic of monoradical complex .

phenyl ring was not observed in this case.
2.3 Magnetic properties
The variable temperature magnetic susceptibility

data for a polycrystalline sample of complex 1 was
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Fig.3 ESR spectrum of complex 1 in CH,Cl, solution
(5%10* mol - L") at 298 K

measured on SQUID susceptometer over the tempera-
ture range 1.8~300 K with an applied field of 2 000
Oe. The plots of yyT and yyvs T are shown in Fig.4.
The yuT' value of 0.39 emu K -mol™ was observed at
room temperature, which is slightly higher than the
value required for uncorrelated spin 1/2  (yy7'=0.375
emu K +mol™) in mono-radical complex. Upon cooling,
the yyT value decreases gradually from 300 to 75 K,
and then decreases sharply with the temperature
further lowered. The yyvs T curve is increasing with
the temperature, reaching to a plateau between 10 and
30 K (}y=0.008 5 emu-mol™). At very low temperatu-
re, a Curie tail is observed due to some paramagnetic
behavior indicated the

impurity. This magnetic

presence of anti-ferromagnetic interactions in the

complex.
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Fig.4  Plot of yyT (O) and yy () vs T for complex 1
As  described

dimerized structure through shorter O --- O contact.

above, complex 1
Therefore, the magnetic data could be fitted by

Bleaney and Bowers equation (eq 1) for dimeric

shows a

system:

2NgB* 1
x=2ER M

The least-square analysis of the

susceptibility data led to J=—12.8(1) ecm™, g=2.049(3),
and R=1.9x10™ (the agreement factor defined as R=
> [( Xobsd — X «al«:d)z/ X ohsdz]-

magnetic

3 Conclusion

In this paper, a new gold(I) phosphine complex
containing the ethynyl-phenyl-nitronyl-nitroxide radi-
cal has been prepared. No aurophilic interaction was
found in the crystal structure of complex 1. The

magnetic  studies  show inter-molecular  anti-

ferromagnetic interactions which result from the
dimerized structure formed by shorter O--- O contact

between neighboring molecules.
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