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      A highly efficient Ullmann homocoupling reaction of aryl halides using palladium(II) phosphine-ylide complexes as homogenous pre-

catalysts under aerobic conditions has been developed without the need for any chemical co-reducing agents. The procedure is relatively 
mild and appears to have broad applicability, being useful for the homocoupling of both electron-deficient and electron-rich aryl halides 
and also homocoupling of phenylboronic acid and phenylacetylene. 
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INTRODUCTION 
 
      The Ullmann reaction has evolved considerably from its 
original guise as the homocoupling of aryl halides in the 
presence of an excess of copper powder at elevated 
temperatures [1]. In the last decades, there were notable 
improvements to the Ullmann reaction. Last decade, more 
and more attentions have been paid in Pd-catalyzed 
homocoupling reactions, which are usually conducted in the 
presence of the reducing agents, such as zinc [2], hydrogen 
gas [3], formate salts [4], hydroquinone (HQ) [5], alcohols 
[6], gas [7], amines [8], indium [9] and triphenylarsine [10]. 
Some of these reducing agents, however, reduce the 
selectivity in some cases due to the competitive 
chemisorption and hydride forming ability, which leads to 
the parallel reduction reaction. For example, undesired 
reductions of carbonyl and nitro group as well as hydro 
dehalogenation are often observed when metal was 
employed as the reductant. Recently, some compounds had 
been used as ligands in palladium-catalyzed homocoupling 
reactions of aryl halides such as P(o-tol)3 and As(o-tol)3 
[11], P(2-furyl)3 [12],  N,N-dicyclohexyl-1,4-diazabutadiene 
(DAB-Cy)  [13],  tetrakis(dimethylamino)ethylene  (TDAE) 
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[14], biphenyl-based phosphine system [15], agarose 
hydrogel [16], poly ethylene glycol [17], 
tetrabutylammonium bromide and fluoride [18], Pd@IFMC 
[19], EDTA [20], palladium on carbon [21],  phosphite [22], 
carboxylate‐based ionic liquids [23], N‐heterocyclic 
carbine-Pd polymers [24], tert‐butyllithium [25], 
polystyrene-supported triphenylarsines [26], monomeric 
orthopalladated complex of 4‐methoxybenzoylmethylene-
triphenylphosphorane [27], 1,4‐butanediol [28], 
polymerized functional ionic liquid [29] and immobilization 
of Pd(II) on MOFs [30]. Here, we would like to report the 
simple palladium (II) phosphine-ylide complexes [31] as an 
effective homogeneous pre-catalysts for Ullmann 
homocoupling reactions of aryl halides without using any 
reductant. 
 
EXPERIMENTAL  
 
General Procedure for the Homocoupling of Aryl 
Halides Catalyzed by Complex A or B 
      NaOH (3 mmol, 0.1 g) and aryl halide (1.0 mmol) were 
added to the vessel containing complex A or B (0.5 mol%) 
and DMF (3 ml) at 130 °C under the air atmosphere and 
stirred for the appropriate time. TLC of the reaction mixture 
showed  the  completion of  the  reaction  after  1-12 h.  The  
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reaction mixture was then cooled to room temperature. 
After extraction with water and ether, the combined organic 
layer was dried over MgSO4. Evaporation of the solvent and 
chromatography on a short silica gel column using n-
hexane/ethyl acetate (5:1) as eluent gave corresponding 
biaryl products in 65%-95% yields (Table 3, entries 1-12). 
The products were identified by comparison of their 
physical and spectral data with the literature [34-39]. 
 
Homocoupling Reaction of Phenylboronic Acid 
Catalyzed by Complex A 
      NaOH (0.1 g, 3 mmol) and phenylboronic acid (0.12 g, 
1 mmol) were dissolved in DMF (3 ml) in a flask. To the 
resulting solution, complex A (0.022 g, 0.5 mol%) was 
added while being stirred at 90 °C under the air atmosphere 
for 1 h. The mixture was cooled to room temperature. After 
extraction with water and ether, the combined organic layer 
was dried over MgSO4. Purification of the product was 
performed by column chromatography on silica gel eluted 
with an appropriate mixture of n-hexane/ ethyl acetate (5:1) 
to afford the pure biphenyl compound in 92% isolated yield. 
 
Homocoupling Reaction of Phenylacetylene 
Catalyzed by Complex A 
      To a flask containing DMF (3 ml), complex A (0.022 g, 
0.5 mol%), phenylacetylene (0.102 g, 1 mmol) and NaOH 
(0.1 g, 3 mmol) were added and the resulting mixture was 
stirred at 90 °C for 4 h under the air atmosphere. The 
mixture was cooled down to room temperature. After 
extraction with water and ether, the combined organic layer 
was dried over MgSO4. Evaporation of the solvent and 
chromatography on a short silica gel column using n-
hexane/ethyl acetate (5:1) as eluent gave corresponding 
dienyne product in 70% isolated yield.  
 
Physical and Spectral Data of the Products 
      a. White crystals, m.p: 70-71 °C (lit. 69-70 °C) [32],   
1H NMR (250 MHz, CDCl3): 7.66-7.35 (m, 10H), 13C NMR 
(62.5 MHz, CDCl3): 145.2, 131.2, 127.4, 127.1. 
      b. White crystals, m.p.: 177-178 °C (lit. 178-179 °C) 
[33], 1H NMR (250 MHz, CDCl3): 7.48-7.40 (m, 4H), 6.9-
6.8 (m, 4H), 3.70 (s, 6H), 13C NMR (62.5 MHz, CDCl3): 
158.6, 132.7, 127.7, 113.8, 55.55. 
  c. White  crystals,   m.p.:   119-120.5 °C  (lit.  118-120 °C) 

 
 
[34], 1H NMR (250 MHz, CDCl3): 7.43-7.34 (m, 4H), 7.22-
7.10 (m, 4H), 2.55 (s, 6H), 13C NMR (62.5 MHz, CDCl3): 
138.8, 137, 130.2, 126.8, 21.3. 
      d. White solid, m.p.: 188-189 °C (lit. 189-190 °C) [35], 
1H NMR (250 MHz, CDCl3): 7.98 (d, J = 8.6 Hz, 4H), 7.68 
(d, J = 8.6 Hz, 4H), 2.75 (s, 6H), 13C NMR (62.5 MHz, 
CDCl3): 195.6, 145.5, 137.8, 128.5, 125.5, 29.0.  
      f. Yellow solid, m.p.: 238-240 °C (lit. 240 °C) [35],     
1H NMR (250 MHz, CDCl3): 7.85-7.80 (m, 4H), 7.47-7.44 
(m, 4H), 13C NMR (62.5 MHz, CDCl3): 152.5, 148.2, 125.9, 
124.8. 
      g. 1H NMR (250 MHz, CDCl3): 10.21 (s, 2H), 8.02 (d,   
J = 8.4 Hz, 4H), 7.90 (d, J = 8.4 Hz, 4H). 13C NMR       
(62.5 MHz, CDCl3): 191.5, 145.8, 136.6, 130.5, 126.8.  
      h. Orange solid, m.p.: 232-233 °C (lit. 232 °C) [36],    
1H NMR (250 MHz, CDCl3): 8.77 (s, 2H), 8.4-8.6 (m, 6H), 
7.75-7.89 (m, 4H), 7.43-7.46 (m, 5H), 13C NMR (62.5 MHz, 
CDCl3): 150.5, 148.8, 136.5, 134.5, 123.4. 
      i. White crystals m.p.: 85-87 °C (lit. 85-86 °C) [37],    
1H NMR (250 MHz, CDCl3): 7.5-7.45 (m, 4H), 7.32-7.2 (m, 
6H), 13C NMR (62.5 MHz, CDCl3): 133.6, 129.2, 128.5, 
121.7, 80.7, 73.1. 
 
RESULTS AND DISCUSSION 
 
      In continuation of the interest in the developing new 
catalyst for the C-C coupling reaction [38], we report here 
homogeneous homocoupling reactions catalyzed by two 
palladium(II) phosphine-ylide complexes A and B which 
recently developed [31]. In these title complexes, the 
phosphorus ylide as a ligand coordinated to the palladium 
atom via the phosphine group and ylidic carbon atom to 
form a six-membered chelate ring (Fig. 1). It is well 
established that palladium complexes containing 
phosphorus ylides, which combine both good donor strength 
and π-accepting capacity, have a high catalytic activity [39]. 
      The rate of coupling is dependent on a variety of 
parameters such as solvent, base, and catalyst loading. 
Hence, we investigated the effects of different reaction 
parameters on the catalytic activity in order to optimize the 
protocol for a homocoupling reaction. 
      In the first, we investigated the effect of different 
solvents (Table 1, entries 1-7) on the model reaction of 
bromobenzene catalyzed by 0.5 mol% of catalyst A,  under  
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air. NaOH was used as a base in this reaction. The solvent 
had a dramatic influence on product formation. As clear 
from Table 1, the yield of biphenyl was reduced as the 
polarity of the organic solvent decreased. Moderate product 
yields were observed when the reactions were  performed in 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
solvents of low polarity, such as 1,4-dioxane, and toluene 
(Table 1, entries 1, 2). High yields were observed when 
highly polar solvents, such as acetonitrile, 
dimethylformamide (DMF), dimethylsulfoxide (DMSO), 
and  methanol  were used  as  the reaction medium (Table 1,  

X= OCH3     A 
X= Br           B

Ph2P
Pd

CH
PPh2

C
O

X

Cl Cl

 
Fig. 1. 

 
 

               Table 1. Optimization of Base and Solvent for Homocoupling Reaction of Bromobenzenea 

Br2
Catalyst A (0.5 mol%)

base, solvent, Temp. oC  

Entry Solvent Base 
Temp. 

(°C) 

Time 

(h) 

Yield 

(%)b 

1 Dioxane NaOH 130 10 50 

2 Toluene NaOH 130 14 55 

3 Methanol NaOH 65 20 75 

4 CH3CN NaOH 80 8 80 

5 DMSO NaOH 130 5 95 

6 DMF NaOH 130 2 98 

7 DMF None 130 24 - 

8 DMF K2CO3 130 5 70 

9 DMF Na2CO3 130 5 75 

10 DMF Cs2CO3 130 3 90 

11 DMF NaOAc 130 7 68 

12 DMF Et3N 130 8 trace 
                         aReaction conditions: Bromobenzene (1 mmol),  catalyst A (0.5 mol%), base (3 mmol),  solvent  
               (3 ml) under air. bIsolated yield. 
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entries 3-6). As shown in Table 1, DMF gave the highest 
yield (entry 6, 98%) after 1.5 h at 130 °C. 
      Next investigated the influence of various bases           
(Table 1, entries 7-11) on the model system using 0.5 mol% 
of catalyst A under the air atmosphere. Under identical 
reaction conditions, bases such as NaOH, K2CO3, Et3N, 
Cs2CO3, Na2CO3 and NaOAc led to considerable variation 
in the isolated yields. However, only NaOH and Cs2CO3 
gave acceptable results with DMF as the solvent. Based on 
the results shown in Table 1, NaOH was the best choice 
(entry 6). 
      The effects of catalyst loading were also examined. The 
results were summarized in Table 2. A control experiment 
indicated that the coupling reaction did not occur in the 
absence of catalyst A or B (Table 2, entry 1). A catalyst 
loading of 0.5 mol% was found to be optimum (Table 2, 
entry 3). 
      Using the optimized conditions, we examined the scope 
of the reaction of various aryl halides using catalyst  A  and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. The results are shown in Table 3. Both electron-rich and 
electron-poor aryl bromides could be used to provide the 
homocoupling products in moderate to good yields. 
Iodobenzene showed higher reactivity (Table 3, entry 1). 
The reductive homocoupling of aryl bromides substituted 
with electron-deficient groups was a rather difficult task and 
proceeded in longer reaction times (Table 3, entry 6, 8). 
Poor catalytic activity for chlorobenzene was observed as 
only a yield of 10% was obtained even with 4 mol% of A 
and reacting for 24 h (Table 3, entry 9) but when electron-
deficient aryl chloride such as 4-bromo benzaldehyde was 
used, 20% of biaryl compound was obtained (Table 3, entry 
10). 3-Bromopyridine was used as a heterocyclic aryl halide 
and its homocoupling reaction was examined. Reductive 
homocoupling of 3-bromopyridine proceeded smoothly and 
the coupling product was isolated in 65% yield (Table 3, 
entry 11). Similar results were also obtained in the presence 
of catalyst B (Table 3) but the reaction times were longer 
than the reaction times of catalyst A. 

                 Table 2. The Effect of the Amount of Catalyst in Homocoupling Reaction of Bromobenzenea 

Br2
Catalyst A or B

NaOH, DMF, 130 oC  

Entry 
Catalyst 
 (mol%) 

Yield  
(%)b 

1 None 0 

2 
A (1.0) 

B (1.0) 

97 

95 

3 
A (0.5) 

B (0.5) 

95 

95 

4 
A (0.1) 

B (0.1) 

70 

73 

5 
A (0.01) 

B (0.01) 

50 

54 
                          aReaction conditions: Bromobenzene (1 mmol), NaOH (3 mmol), DMF (3 ml), 130 °C, under 
                 air. bIsolated yield. 
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    Table 3. Homocoupling Reactions of Various Aryl Halides Catalyzed by Catalyst A or Ba  

X2
R R R

Catalyst A or B (0.5 mol%)

NaOH, DMF, 130 oC
 

Entry Ar-X Productb Time 

(h) 

Catalyst     Yield 

                   (%)c 

TONe 

 

TOF 

(h-1)f 

1 I
 a 1 

2.5 

A              95 

B              95 

1.90 

1.90 

1.90 

0.76 

2 IH3CO
 

H3CO OCH3b 6 

7.5 

A              88 

B              90 

1.76 

1.80 

0.29 

0.24 

3 Br
 a 2 

4 

A              93 

B              90 

1.86 

1.80 

0.93 

0.45 

4 BrH3CO
 

H3CO OCH3b 6.5 

8 

A              85 

B              90 

1.70 

1.80 

0.26 

0.23 

5 BrH3C
 

H3C CH3c 6.5 

8 

A              83 

B              80 

1.66 

1.60 

0.26 

0.20 

6 BrC
O

 
C C

OO

d 12 

15 

A              78 

B              75 

1.56 

1.50 

0.13 

0.10 

7 BrNC
 

NC CN
e 24 

24 

A                - 

B                 - 

- 

- 

- 

- 

8 BrO2N  
O2N NO2f 12 

14 

A              70 

B              68 

1.40 

1.36 

0.12 

0.10 

9 Cl
 a 24 

24 

A             15d 

B             10d 

0.04 

0.03 

0.001 

0.001 
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      In order to show the more application of this catalytic 
system, the homocoupling reaction of phenylboronic acid 
and phenylacetylene under similar reaction conditions have 
been also presented. The reactions were performed well as 
shown in Schemes 1 and 2 and the desired coupled products 
were isolated in 92% and 70%, respectively.  
      Electrochemistry is a convenient technique to detect          
Pd(0) complexes that are generated in situ from Pd(II) 
complexes. The electrochemical behavior of complexes was 
investigated by cyclic voltammeters [31], thus cyclic 
voltammetry (CV) of complexes A and B, in 
dichloromethane solution with Pt electrode, shows that the 
redox reaction of the pair Pd(II)/Pd(0) is irreversible with 
the cathodic peak potential at -1.08 V versus Ag wire. There 
is no anodic peak(s) observed on the reverse scan. This 
behavior  is  similar  to  that  reported  previously in a cyclic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
voltammetric study of various types of Pd(II) complexes in 
aprotic solvents [40]. This irreversibility may be due to the 
reaction of a Pd(0) complex with adventitious O2 or other 
components of the solution [41]. Therefore, we conclude 
that the reaction mechanism occurs via the reduction of 
Pd(II) to Pd(0) in the homocoupling cycle. 
 
CONCLUSIONS 
 
      In summary, we have shown the applicability of the 
palladium(II) phosphine-ylide complexes A and B as 
efficient and well-defined homogenous pre-catalysts for 
Ullmann homocoupling reaction of various aryl halides 
without the need for any chemical co‐reducing agents. High 
activity and air stability of the catalyst, the high solubility  
of catalyst in organic solvents,  low  catalyst  loadings,  high  

      Table 3. Continued 
 

10 Cl
H

O

 
C C

H

OO

H g 
24 

24 

A              20 

B              15 

0.40 

0.30 

0.02 

0.01 

11 
N

Br

 
N N h 12 

15 

A              65 

B              67 

1.3 

1.34 

0.11 

0.90 

         aReaction conditions: Aryl halide (1 mmol), catalyst A or B (0.5 mol%), NaOH (3 mmol), DMF (3 ml), 130 °C,  
      under air. bAll products are known compounds and were identified  by comparison of their physical or  spectral 
      data with  those  of  known  samples  [32-37].  cIsolated  yield.  d4  mol%  of A or B was used.  eTON,  turnover  
      number, moles of aryl halides converted per mole of Pd. fTOF, turnover frequencies, TON/time of reaction. 
 
 

B(OH)2
A (0.5 mol%), NaOH (3 mmol)

DMF (2 mL), 90 oC, 1 h, 92%  
Scheme 1 

 
 

A (0.5 mol%), NaOH (3 mmol)

DMF (2 mL), 90 oC, 4 h, 70%
i  

Scheme 2 
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yields of corresponding homocoupling product, and short 
reaction times are important features of using this 
homogeneous system. In addition to the homocoupling 
reactions of aryl halides, important high yielding 
homocoupling reactions of phenylboronic acid and 
phenylacetylene using this catalytic system have been 
conducted in the presence of these catalysts. 
 
ACKNOWLEDGEMENTS   
 
      We thank Shahid Chamran University of Ahvaz 
Research Council, Ahvaz, for financial support of this 
investigation. 
 
REFERENCES 
 
[1] F. Ullmann, J. Bielecki, Chem. Ber. 34 (1901) 2174. 
[2] a) S. Venkatraman, C.J. Li, Org. Lett. 1 (1999) 1133; 

b) S. Venkatraman, C.J. Li, Tetrahedron Lett. 41 
(2000) 4831; c) J.H. Li, Y.X. Xie, D.L. Yin, J. Org. 
Chem. 68 (2003) 9867. 

[3] S. Mukhopadhyay, G. Rothenberg, H. Wiener, Y. 
Sasson, Tetrahedron 55 (1999) 14763. 

[4] a) S. Mukhopadhyay, G. Rothenberg, D. Gitis, H. 
Wiener, Y. Sasson, J. Chem. Soc., Perkin Trans. 2 
(1999) 2481; b) S. Mukhopadhyay, G. Rothenberg, N. 
Qafisheh, Y. Sasson, Tetrahedron Lett. 42 (2001) 
6117. 

[5] D.D. Hennings, T. Iwama, V.H. Rawal, Org. Lett. 1 
(1999) 1205. 

[6] a) J. Hassan, V. Penalva, L. Lavenot, C. Gozzi, M. 
Lemaire, Tetrahedron 54 (1998) 13793; b) J. Hassan, 
C. Gozzi, M. Lemaire, Surface Chemistry and 
Catalysis 3 (2000) 517; c) L. Wang, Y.H. Zhang, L.F. 
Liu, Y.G. Wang, J. Org. Chem. 71 (2006) 1284. 

[7] H. Amii, M. Kohda, M. Seo, K. Uneyama, Chem. 
Commun. (2003) 1752. 

[8] M. Kuroboshi, Y. Waki, H. Tanaka, J. Org. Chem. 68 
(2003) 3938. 

[9] Y.M. Chang, S.H. Lee, M.Y. Cho, B.W. Yoo, H.J. 
Rhee, S.H. Lee, C.M. Yoon, Synth. Commun. 35 
(2005) 1851. 

[10] K. Kikukawa, T. Yamane, M. Tagaki, T. Matsuda, J. 
Chem. Soc., Chem. Commun. (1972) 695. 

 
 
[11] D.L. Boger, J. Goldberg, C.M. Andersson, J. Org. 

Chem. 64 (1999) 2422. 
[12] N. Shezad, A.A. Cli-ord, C.M. Rayner, Green Chem. 

4 (2002) 64. 
[13] N. Ma, Zh. Duan, Y. Wu, J. Organomet. Chem. 691 

(2006) 5697. 
[14] S.B. Park, H. Alper, Tetrahedron Lett. 45 (2004) 

5515. 
[15] Sh. Nadri, E. Azadi, A. Ataei, M. Joshaghani, E. 

Rafiee, J. Organomet. Chem. 696 (2011) 2966. 
[16] H. Firouzabadi, N. Iranpoor, F. Kazemi, J. Mol. Catal. 

A: Chem. 348 (2011) 94. 
[17] L. Wang, Y. Zhang, L. Liu, Y. Wang, J. Org. Chem. 

71 (2006) 1284. 
[18] a) V. Penalva, J. Hassan, L. Lavenot, C. Gozzi, M. 

Lemaire, Tetrahedron Lett. 39 (1998) 2559; b) D. 
Albanese, D. Landini, M. Penso, S. Petricci, Synlett 
1999 (1999) 199. 

[19] B. Karimi, H. Behzadnia, H. Vali, Chem. Cat. Chem. 
6 (2014) 745. 

[20] V.R.N. Singh, Tetrahedron Lett. 47 (2006) 7625. 
[21] L. Shao, Y. Du, M. Zeng, X. Li, W. Shen, S. Zuo, Y. 

Lu, X.M. Zhang, C. Qi, Appl. Organometall. Chem. 
24 (2010) 421. 

[22] J. Moon, H. Nam, J. Ju, M. Jeong, S. Lee, Chem. Lett. 
36 (2007) 1432. 

[23] N. Iranpoor, H. Firouzabadi, Y. Ahmadi, Eur. J. Org. 
Chem. 2012 (2012) 305. 

[24] B. Karimi, M. Vafaeezadeh, P.F. Akhavan, Chem. 
Cat. Chem. 7 (2015) 2248.  

[25] J. Buter, D. Heijnen, C. Vila, V. Hornillos, E. Otten, 
M. Giannerini, A.J. Minnaard, B.L. Feringa, Angew. 
Chem. 128 (2016) 3684. 

[26] H.S. He, C. Zhang, C.K. Ng, P.H. Toy, Tetrahedron 
61 (2005) 12053. 

[27] A.R. Hajipour, K. Karami, G. Tavakoli, Appl. 
Organometall. Chem. 25 (2011) 567. 

[28] Y. Huang, L. Liu, W. Feng, Chem. Select 1 (2016) 
630. 

[29] J. Wang, Y. Li, P. Li, G. Song, Monatsh. Chem. 144 
(2013) 1159. 

[30] L. Chen, Z. Gao, Y. Li, Catal. Today 245 (2015) 122. 
[31] S.J. Sabounchei, S. Samiee, D. Nematollahi, A. 

Naghipour, D.  Morales-Morales,  Inorg.  Chim.  Acta 



 

 

 

Azadi et al./Inorg. Chem. Res., Vol. 4, No. 1, 43-50, July 2020. 

 50 

 
 

363 (2010) 3973.  
[32] G.W. Kabalka, L. Wang, R.M. Pagni, C.M. Hair, V. 

Namboodiri, Synthesis (2003) 217. 
[33] S. Chen, J. Zhang, Y.H. Li, J. Wen, S.Q. Bian, X.Q. 

Yu, Tetrahedron Lett. 50 (2009) 6795. 
[34] D.J. Koza, E. Carita, Synthesis (2002) 2183. 
[35] A.M. Echavarren, J.K. Stille, J. Am. Chem. Soc. 109 

(1987) 5478. 
[36] G. Lunn, J. Org. Chem. 57 (1992) 6317. 
[37] K. Yin, C. Li, J. Li, X. Jia, Appl. Organomet. Chem. 

25 (2011) 16. 
[38] a) N. Iranpoor, H. Firouzabadi, R. Azadi, J. 

Organomet. Chem. 693 (2008) 2469; b) Sarvestani, 
M.  Azadi,  R.  Appl.  Organometal.  Chem. 31 (2017)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

e3667; c) S. Samiee, A. Shiralinia, E. Hoveizi, R.W. 
Gable, J. Organometall. Chem. 900 (2019) 120927.  

[39] S.J. Sabounchei, M. Ahmadi, Z. Nasri, E. Shams, M. 
Panahimehr, Tetrahedron Lett. 54 (2013) 4656; b) S.J. 
Sabounchei, M. Panahimehr, M. Ahmadi, Z. Nasri, 
H.R. Khavasi, J. Organomet. Chem. 723 (2013) 207; 
c) S.J. Sabounchei, M. Ahmadi, Z. Nasri, E. Shams, 
M. Panahimehr, Tetrahedron Lett. 54 (2013) 4656. 

[40] N.R. Champness, P.F. Kelly, W. Levason, G. Reid, 
A.M.Z. Slawin, D. Williams, Inorg. Chem. 34 (1995) 
651.  

[41] A.J. Downard, A.M. Bond, A.J. Clayton, L.R. Hanton, 
D.A. McMorran, Inorg. Chem. 35 (1996) 7684. 

 
 


