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SYNTHESIS AND CRYSTAL STRUCTURE OF BINUCLEAR
COPPER( 1 ) COMPLEX
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AT Toum temperature, dibenzoyl peroxide undergoes oxidative addition reaction with metallic cop-
pet powder and 2-picolinic acid which afford the last product as binuclear copper{ [ ) complexes,
FCue HNOL) (CHAC00 ) |: , The cytstal and molecular structute of the title complex has been deter
mined by single crystal X-ray analysis; Crystals (1) are monochinic. the space group is #2, /0. 0= [0,
423¢51 4 . 6=10.511(32 %, ¢=16.896¢11) % . F=99.37(35)",1 =1826.4 Y '. Each copper
{ T} ion is coordinated by bridging bidentate benzoate ligands and Z-picolinic acid to form dimeric bin
uclear molecutes. The structure of the compound({ 1) shows a clear centrs of symmetry. The complex
1s further characterized by its IR and thermal properties.

Keywards; vopper binuclear complex oxidative addirion

0 Introduction

Binuclear copper complexes are very important in coordination chemistry and catalytic reactions.
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Certain copper complexes have been shown to have unusual chemical properties of importance in such
diverse areas as oxygen transfer, oxidative addition and homogenous hydrogenation-'). Osidative add)-
tion reactions are key steps in the activation of o bonds in a great number of catalytlic processes. Cop-
per{ [ ) complexes are widely used as catalysts in the decompostion of disubstituted peroxides 2, To ab-
tain insight into the correlation between the structure and nature of copper catalysts. low-molecular-
weight coordination compounds may be prepared. The electronic structure and bonding at the copper
catalysts can be profitably pursued by studying model comlexes. These considerations prompted efforts
to develop easy methods for the syhthesis of bihuclear copper{ I } complexes which would possess nov-
el coordination chemistry. Generally, the Cu{ [ ) complexes are obtained by reacting Cu{ 1 ) salts
and ligands. Since the investigation of dinuclear compounds of transition metals constitutes a field of
continuing reaearch interest. we report here A novel method of preparing copper complexes which de-
pends on the oxidative-addition reaction of the O-O bond in dibenzoyl peroxide on metallic copper pow-
der. In this work we first prepared the binuclear copper { | ) compounds [ Cu { CiH:NO: )
{CiH-CO0): ; by the oxidative addition reactien. The X-ray structure analysis of the prepared binucte-
ar copper{ I ) complex[ Cu{CH;NO; ) (CtH;CO0 }; ] are reported. Lt also describes a detailed study of

the spectroscopic properties of the title compounds.

1 Experimental

1.1 Physical measurements

Commercially available purest samples of various chemicals were used For the preparation of the
complexes.

Etemental analyses were performed on an ERBA-1106 instrument (ltaly}. Copper was deter-
mined using a JA96-970 spectrometer. Molecular weight detetminations were made on chloroform solu-
tions at 25° using CORONA-117 analvser { American instrument). IR spectra was recorded on a Nico-
let 170S8X IR spectrophotometer in Nujol on Csl. TG was carried out under N, purge, 25 mbL
min~ ', heating at 5° * min~'. on a PE-TGS-2 instrument thermal analyzer. Conductivity measure-
ments were carried out on acetone solutions thermostatted at 25° using DDS- 11A analyser. Melting
points were determined on an Electrothermal melting point apparatus and are uncorrected. Electronic
spectra was observed with a Hitachi 330 spectrophotometer.

1.2 Synthesis of the complex

2-Picolinic acid {1 mmol, 123 mg) was added to a mixture of dibenzoy! peroxide (1 mmol, 242
mg) and copper powder {1 mmol, 63. 5 mg) in a mixed sclvent of methano! (20 mL) and acetone
{20 mL). The sclution was stirred for 48 h at room temperature. The resulting blue sclution was Fil-
tered and left to vield blue crystals. They were washed and dried in vacuo. Yield; 69%,. Found C=
36. 21, H=123. 39, N=3. 36, Cu=14. 2, CyyH3N:0,,Cu; requires C=56. 00, H=3. 50, N=
3.27, Cu=14. 8%. m. p. =240C {decompose). The measured molecular weight is 859 {calcd.
B57.75).

Therefore, direct use of metallic copper powder and dibenzoyl peroxide is characteristic of the pre-
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sent novel synthetic method which is significantity different from previous preparation of the binuclear
coppert [ } complexes (direct use of copper{ I ) salis and ligands).

The complexes are stable in air at room temperature. It is easily soluble in THF, acetone and
methanol, and sparingly soluble in benzene and hexane. Their molar conductivity (4. 5 5 « em? »
mol™ '} in acetone shows that they are nonelectrolyte and existed as a molecular-*/,

1.3 X-ray data collection

A blue single crystal of the titlie compound with dimensions of 0. 54 < 0. 36 < 0. 45 mm was select-
ed and mounted on the tip of a glass fiber with epoxy resin for X-ray diffraction studies. The determi-
nation of the unit cell and the data collection were performed with graphite-monochromatized MoK ra-
diation {(A==0. 071073 nm) on an Enraf Nonius CAD4 diffractometer. A total of 3596 independent re-
flections were collected in the range of 1° <{#<(25° by «-2# scan technique at room temperature. in
which 1742 reflections with 12230 (1) were considered to be observed and used in the succeeding re-
finemenis. The unit-cell pal-ameters were obtained by least-squares refinement of the setting angles for
25 reflections. Mo significant change was detected in the intensity of the three standard reflections.
Lorentz, polarization and absorption corrections were applied to the intensity data (empirical method.
¥-scan). Positional and thermal parameters were refined by the full-matrix least-squares method. The
structure was solved by direct methods and Fourier syntheses. The space group was determined to be
the centric £2,,, from the systematic absences. Computations were performed using the SPD program
on an P2P11/44 computer. Crystals are monoclinic, the space group is P2, /&, a=10. 423(51 4 , &
=10.5311(3) & . ¢==16.896(11) 4, #=99. 37(5)". V'=1826.44°%. Z=2, Icalcd. }==1. 567
Mg m™ ', p=1.22 mm ™', F(000)=964. Refinement of non-hydrogen atoms with anisotropic tem-
perature factors led to the final values of R=0. 0544 and K.==0. 0670, §=2.512, 1/o=0. 44. Fi-
nal difference Fourier calculations showed a featureless map on which the maximum peak height was

1.291 A %

2 Results and Discussion

Dibenzoy! peroxide and Z-picolinic acid reacted with metallic copper powder at room lemperture
giving a blue solution. the inscluble copper powder is observed to dissolve rapidly. After a few days,
blue crystals were deposited in good yield. This indicates the formation of the copper({ 1 ) compounds.
The mechanism of the reaction may be regarded as successive oxidations of Cu with the benzoyl radi-
cal. ending with the copper{ 1 } carboxylate compound.

The complex [Cu (CyHsNO:) (CiHsCOO); ], (Fig. 1) has the expected dimeric form which is
bridged via the copper atoms with the carboxylate groups. Two copper( 1 ) ions, two mohodentately
coordinated 2-picolinic acid and four benzoate form a dimeric complex. The coordination around the
coppert I } ion is distorted square-pyramidal. The total angle of .~ 01-Cu-O3(88. 9°), .~ 0O1-Cu-04'
(88.8°), ~02'-Cu-04'(90. 09°) and ~03-Cu-02¢ (89. 9°) is 358° (near 360°). Four oxygen
atoms lie in the basal plane with interatomic distances of Cu-01 1. 965, Cu-03 1. 975, Cu-02r
1.957, Cu-0O4' 1. 963 A, and simijlar values have been observed in tetrakis (acetato) bis (triph-
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enylphosphuine ) dicopper¢ I ) tav. 1.956 4 »'. The
nearest neighbours of the copper atom are ithe four
oxygen atoms of the bridging benzoate ligands 1n a
square plunar arrangement. A squarcbased pyramidal
arrangement about the copper alom 1 completed by
the nitrogen of the 2-picoline acid ligand at 2. 110
t4) ¢ from the copper atom. The copper atom lies D.
21 4 owm of the plane defined by the four oxygen
atoms, towards the nitrogen atom. The eight - mem- )
bered ring of C1 O1 Cu 02 C1 O1' Cu’” O2 tthe sumn
of inter angle is 10430, 2°) and 04 Cu O3 C2 O4 Cu’

03 C2(the sum of inter angle is 1080. 2¥) are in the

| LR LEE shacking al | Cu {CoH N
(CeH-CO0 -

basal plane conformation. The dihedral angle is 90. s
1. The C-O distances (1. 24, 1. 274 ) and C-C-0O

angles {118, 125%) 1in 2-picolnic acid are in agreement with those reporied for CEDICOOH 10-O dis-
tances 1. 26, 1. 27 4 , C-C-O angles 118, 119°) 2. The binuclear coppert [ 1 molecular posseases o
centte of symmetry. The copper atoms are pentacoordinate (one nitrogen. betong to 2-prcolinic acid .
and four oxygen to bridging carboxyl groups hgands). Bond distances and angles of the tltle complex
ure listed in Table 1; final fractional coordinales are listed in Table. 2

Table 1 Selecied Bond Distances ( 4 ) and Angles «7) for the Complex

alurm distance wr atem islance dlum distame

Cu Ol ILY9R3CT) | Cu-03 1.975¢5) Cu N1 A

Ca ta “, 618015 o1 Cl 1.257016) 0z Cl 1,013, 50

G 1. 25% 1d Q4-co LI cren R L

ALY 1,330 Ml C7 1. 42¢ 33 . C8 Oh 12700,

CH us L. 24w focroca | 1517 " CR 7 ETIER

ChLth 1. 2805 C4-C5 1 oAuts N N of | 1370

Cu €37 1 957015 Cu04’ L-uu3igs 0o Cu | n3hT)

LI W 1.B62(5 Cu' 01" 1. 565141 Cu' 03 1. TRIUY
7angh: [ ' angle o [} angle P

Qal Cu 03 46, 91 3) "ol Cu NI u7 103, M us-cu ) 91 1040

Cu Ul Cl 120. 216) Cu-03-c7 122 315 Cu-NI L3 176, 114

Cu NI C7 117,012 C3 N1 CF 117001 01 C1 Oz 127, 00y,

ISR ST! L1521 8y 02-L] 1] 115 7173 a3 ¢ ud 126, Dby

Q2 ¢z 7l 115 491/ 24-C2 C2) 114, 0t 81 N1 C3 ¢4 BERUES

M1-CF Ch 126. 01 2) | N1-CT C8 117.0¢3) | €7 cA-u3 L8, & 50

C7 CH-U6 123.0(51 i (5-C8-0F 118.007) Cu C7-C4 117.0¢3;

01 CuCu 5. 7021 | 0)-Cuor 168, 810y Ul Cu LA’ 8K K. 23

Q3 Cu Cu' 84.012) " D3-Cu-0r BY. 907 I 03 Ca-uy 168 02y .

NI CuCu' 176, 7030 N1-Cu o b3 ud ©OND Cu O a7, 1t d

Cu’ w02 g3 I8t Cu' Cu 4’ B4. 270 1 : a2 Cu 04 ug by s

¢! L2 Cu 124.016) C204cu 173, 37 6) Cu Cu' 02 43,202

Lutu U4 B4 3120 ' cucwr o) B5 7t Cu Cu’'-03 84. D024

0 Cu' 04 9o 1t i 02-Cu' OF 1G8. 9e2) U2 Cu O3 B4.4910

09 Cuf O3 Ba. 8¢ 04-Cu’-133' T1h8. 2(20 Ol -Cu' O3 BB, Ui
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Table 2 Final Fractional Coordinates for the Complex

Ao s yrih Z/C Iteoa 2 dturn r.ou A T I
TC0 UoauBstln 0 0SIIiLt 0.8dARSZeE 34N C21 0300010 —O 330369r b 9Bddear LDy
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2 .37 1) —4 1064 By 0, 9R0TiGy 1 342 C4 0 15030 0.22404% BOT3R 2y T
cll O 314¢1) 7 I29319)  L.IV3BLRY 4 Gy C3 0 071¢3) 0. 13414) W 722 2 hil
€12 0.36401) Q. I06¢i) 1.252108)  B-T(3 C6  0.040¢021 0.06h:31 0. 784120 AL
13 0.3u8c) 0.154¢1> 1.313416)  9.0r4» C7  0.135(3 0.08G¢3y 0. 85301 hoHid)
Cld 0. 1440 0.223r1 1.2958517) 9.6t 4y CE 0.097¢d> 0.045¢5) 0. ¥I8. 1) Gy
CES UL L4232 0, B 1.2188¢7) 8, 1:t3) 0B 0. uduIE! D 125CRy 100 96304 (R
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There have been many structural reports concerning bridged binuclear copper( § ) compounds -,
similar to the present complex. The carboxylate bridged Cu---Cu distance of the present compound is
tound to the 2. 618(] }A, which is comparable to that in tetrakis (formato-1-bis{ v-picoline) dicopper
¢ LY. 285301 4L

The five coordinate atoms form a sguare pyramid with N atom to 2-picclinic acid a1 the apical po-
sition. The basal plane (the four oxygens of the bridging benzoate ligands) foms an almosr pertecr
square. The octahedral environment about the the copper atom ix completed by the other copper atom
uf the dimer. The C-0O distances in the complex are not significantly different. (av. 1.247 4 )., and
possess comparable values to those in ather acetate-bridging dicopper complex -, All other bond dis-
tances and angles are within normal ranges.

in the binuclear copper { 1 ) complexes, the Cu atom is coordinated by five atoms: four oxvgens
belong ro bridging carboxyl groups. and one IN atom to 2-picolinic acid. Two benzcate groups and two
ligands are respetively located on the oppostie sides to minimise repulsion between the ligands.

2.1 IR

The benzoate may coordinate w a meatal ion in one of the following modes. umdentate, biden-
tate and bridging. The 1R data shows the existence of the bridging benzoato through the cbservation ot
characteristic absorption bands ( 1600 ~ 1404, 950~ 700. 500 ~ 600 em ) ). The IR ot the
[Cut CaHNOL 1 ¢ CH-CO0) . ] complex is consistent with other known bridged carboxylate metal com-
plexes as determined by the position and separation between the antisymmetric { .} and symmetrie
¢+ stretches of the carboxyviate ',

In this complex exhibirs carboxylate stretches at 1568 and 1402 cm !

. Tespectively . where |»
{ e ~ Lwm ) 166 em ', consistent with a bridging mode *-. In the range 950 ~ 700 and 500~ 600
cm ', there disappear the characteristic absorption bands of dvew, 8nd 7icoe; « Tespectively. These are
the characteristics of the typical bridging coordination benzoatet*l, They are consistent with the resufts

uf the crystal structure of the complexes, The bands were assigned to the »p, , vibrations 277 vm  and

) iul

rrwn vibrations 308 em ', respectively!
[he observed abscrplion band maxima in the electronic specita, as well as the 1R spectra, agreed

with those in the literarure’”l
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2. 2 Electronic Spectroscopy
The ultraviolet-visible spectras are complex. The absorption peaks (i<350 nm) belong to =-7~

(or x-xr* } orbital transition of benzoate and ligands. The wide bands (670 nm) belongs to 7-# absorp-

tion bands of ligand-field. Therefore, the copper( I ) atom in the complex is in the square pyramid
contiguration. The mechanism of the oxidative addition reaction is probably stepwise as the benzoyl

radical reacts with Cu to give copper{ | } benzoate which then in a subseguent reaction with a further

benzoyl radical result in the binuclear copper( 1 ) carboxylate complex. These processes may be regard- .
ed as involving successive oxidations of Cu, ending with the copper{ [ ) carboxylate compounds.

2.3 Thbermal Analysis of Complexes

The TG- DTA thermogram (Fig 2) of the com- ) 100l 2 3 - \
plex reveals that the pyrolitic decomposition takes " ‘5
place in two steps. The first one corresponds to a Ly E
weight loss of 31. 4% and is probably due tc decompo- ‘5_.? 60l L0 E
sition of the ligand 2Z-piclinic acid (loss of weight cal- g *;;
culated 28. 7%). The decomposition process is con- 407 [~ ! E
tirmed by a strong endothermic peak at 279~302 C. " i i s
The second step corresponds to, in the 302 ~500C o 160 ﬂu,ffge J,"Cﬁo 500 €ao
temperature range, a pronounced weight loss due to Fig. 2 TG and DTA of [Cu ( CHINO.
the combustion of the organic matter, giving CuQ as (CsH:CO0): .

final residue (determined by X-ray powder patterns, experimental weight of residue 23. 0%, . calc.
18. 6% ). The DTA curve shows characteristic exothermic peaks at 302~500 C.
Therefore, oxidative additon reaction is an easy and availabie method for the synthesis of binucle-

ar copper( I ) complexes.
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