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Experimental Section 

General Consideration.  All manipulations were conducted under a nitrogen atmosphere 

using standard Schlenk or drybox techniques.  1H, 13C{1H} NMR spectra were recorded on 

400 MHz (JEOL GSX-400, Bruker DPX-400), 500 MHz (JEOL JNM-A500), and 600 MHz 

(Varian Unity-Inova 600) instruments.  The chemical shifts were referenced to the residual 

resonances of deuterated solvents. Elemental analyses were performed at the Instrument 

Center, Institute for Molecular Science, and the Analytical Center, Faculty of Engineering, 

Osaka University.  High-resolution ESI-MS analyses were performed by Bruker micrOTOF 

ESI-TOF.  X-ray crystal data were collected by Rigaku RAXIS-RAPID Imaging Plate 

diffractometer.  Unless specified, all reagents were purchased from commercial suppliers and 

used without purification.  Nitromethane, diethyl ether, dichloromethane, benzene, 

acetonitrile, CD3NO2, and CD2Cl2 were purified according to the standard procedures.  

[Pd2(CH3CN)6][BF4]2,
1 NaB(ArF)4,

2 and [Pd2(CH3CN)6][PF6]2
3 were prepared according to 

the literature.  

 

Synthesis of [Pd3(μ3-[2.2]paracyclophane)(phen)3][BF4]2 (3): To a solution of 

[Pd2(CH3CN)6][BF4]2 (100 mg, 0.16 mmol) in a mixture of CH2Cl2 (ca. 40 mL) and CH3CN 

(ca. 5 mL) was added [2.2]paracyclophane (165 mg, 0.79 mmol) and Pd2(dba)3 (82 mg, 0.079 

mmol), and the mixture was stirred for 1 h at room temperature.  Addition of 

1,10-phenanthroline (85 mg, 0.47 mmol) to the mixture resulted in precipitation of a red 

powder.  After the volatiles were removed in vacuo, the red powder was dissolved in 

nitromethane, and the solution was filtrated.  Addition of Et2O to the filtrate gave a red 

powder.  Recrystallization from CH3NO2/benzene gave red crystals of 3 (93.5 mg) in 48% 

yield.   1H NMR(400 MHz, CD3NO2, 25 C):  9.66 (br, 1H, H7), 9.62 (br, 2H, H15), 8.84 

(d, 3J = 6 Hz, 1H, H9), 8.61 (br, 4H, H17, H20 or 22), 8.30 (m, 1H, H8), 8.04 (d, 3J = 8.8 Hz, 

1H, H10), 7.99 (d, 3J = 8.8 Hz, 2H, H20 or 22), 7.93 (d, 3J = 8.8 Hz, 2H, H18 or 19), 7.86 (m, 

2H, H16), 7.71 (m, 4H, H11, H12 or 14, H18 or 19), 7.53 (s, 2H, H2), 7.41 (s, 2H, H1), 7.32 

(m, 1H, H12 or 14), 6.74 (m, 2H, H21), 5.95 (m, 1H, H13), 4.78 (s, 2H, H5), 4.75 (s, 2H, H6), 

3.17 (m ,4H, H3), 2.78 (m, 4H, H4).  13C{1H} NMR (100.6 MHz, CD3NO2, 25 C)  155.1 

(s, C26 or 28), 153.8 (s, C19), 153.3 (s, C16 or 18), 150.8 (s, C9), 146.6 (s), 146.5(s), 146.2 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013



S3 
 

(s), 140.6 (s, C7), 140.2 (s, C21), 139.9 (s, C11), 139.1 (s, C26 or 28), 138.3 (s, C14 or 16 or 

18), 133.0 (s, C2), 132.8 (s, C1), 132.0 (s), 131.4 (s) 130.7 (s), 130.4 (s), 129.7 (s), 128.6 (s, 

C23 or 24) 128.6 (s, C23 or 24), 128.5 (s, C13), 127.3 (s, C10), 126.9 (s, C20), 125.4 (s, C27), 

125.0 (s, C17), 106.0 (s, C8), 68.9 (s, C6), 67.7 (s, C5), 37.7 (s, C4), 35.3 (s, C3). Anal. Calcd. 

For. C52H40B2F8N6Pd3･CH3NO2: C, 48.86; H, 3.33; N, 7.53. Found: C, 48.34; H,3.37; N, 

6.76. 
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Figure S1. A 1H NMR spectrum of [Pd3(-[2.2]paracyclophane)(phen)3][BF4]2 (3) in 

CD3NO2 at 25 C.   

 

The B(ArF)4 salt [Pd3(-[2.2]paracyclophane)(phen)3][B(ArF)4]2 (3), which was generated 

in CD2Cl2 by treatment of 3 with NaB(ArF)4 showed a dynamic 1H NMR behavior (Figure S2).  

As described in the main text, the well-separated signals could not be obtained in the range of 

the temperature down to 90 °C, and the signals of the phen protons were very broad at 90 °C.  

Presumably, two or more dynamic processes are involved in the processes.  The 1H NMR 

spectral change in the teperature range of -90 °C to 20 °C might involve an exchange process 
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which resulted in the averaging of two sets of phen ligands as well as of pairs of the 

coordinated or uncoordinated arene protons, as to make a formal pseudo-mirror plane in a 

molecule.  The two coordinated arene signals or the two uncoordinated arene signals without 
3JH-H coupling at 23 °C may indicate that the chemical environments around two ipso carbons 

of the cyclophane become equivalent on the NMR time scale.  In this case, the hydrogen 

atoms Ha and Ha are equivalent, as are the hydrogen atoms Hb and Hb.   

 

A few explanations for the NMR aspects are possible.  Firstly, one major barrier to the 

structural change appears to come from steric interactions within the tripalladium-arene 

complex, particularly around the (phen)Pd1Pd2(phen) framework.  Secondly, the singlet 

pattern of the coordinated and uncoordinated arene protons at 23 °C may exclude a situation 

that dynamic processes result in different bonding and/or structural environments about the two 

ipso-carbons in each arene of the paracyclophane ligand.  Thirdly, the facts that the NMR 

signals for two of three Pd(phen) units in 3 are averaged at 23 °C and those for another 

Pd(phen) unit are not involved in the exchange event suggest that the dynamic NMR behavior 

may arise from the rapid exchange between two of three Pd(phen) units.  One possible 

dynamic process, which is consistent with the observed signal pattern and variable temperature 

NMR behavior, is the rapid exchange between Pd3(phen) and one of the Pd(phen) units of the 

Pd2 framework.  In the process, the Pd1(phen) unit or the Pd2(phen) unit moves fluxionally 

between the two allylic coordination site (Scheme S1).  It is known that intermolecular allyl 

ligand exchange between a -allyl PdPd complex [Pd2(-allyl)(PPh3)2(-Cl)] and a 

mononuclear allyl Pd complex [Pd(allyl)(PPh3)Cl] proceeds in an equilibrium manner.   

   On the other hand, the 1H NMR spectral change in the temperature range of 30 °C to 90 °C 

gives rise to averaging of all four protons of the coordinated or uncoordinated arene to a single 

signal.  Significant broadening of the all phen proton signals may suggest that all three 

Pd(phen) units are involved in the exchange process.   
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Figure S2. Variable Temperature 1H NMR spectra of 3 (left: -90 ~ 20 ˚C in CD2Cl2; right: 30 ~ 

90 ˚C in CD3NO2) (▲ = a set of phen, ● = a set of phen, ■ = arene protons, * = 

dichloromethane, nitromethane, toluene, and Et2O).   

 

 

Scheme S1. Possible mechanisms for the dynamic behavior of 3.  One of the two Pd(phen) 

units (red) in the PdPd moiety [mechanism A, Pd1(phen); mechanism B, Pd2(phen)] moves 

between the two -allyllic sites.   
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Synthesis of [Pd3(μ3-C7H8)(phen)3][BF4]2 (5):  To a solution of 

[Pd3(3-C7H8)2(CH3CN)3][BF4]2 (4) (100 mg, 0.125 mmol) in CH3NO2 (ca. 3 mL) was added 

1,10-phenanthroline (67.5 mg, 0.370 mmol) at room temperature.  The mixture was stirred for 

5 min, and the mixture was filtered.  Crystallization from CH3NO2/benzene gave 5 (59.3 mg, 

42% yield).  1H NMR (400 MHz, CD3NO2, 25 °C): δ 9.96 (d, 3J = 4.5 Hz, 1H, phen), 9.54 (d, 
3J = 5.0 Hz, 1H, phen), 9.50 (d, 3J = 5.0 Hz, 1H, phen), 9.44 (d, 3J = 5.0 Hz, 1H, phen), 9.00 (d, 
3J = 8.3 Hz, 1H, phen), 8.79 (d, 3J = 8.0 Hz, 1H, phen), 8.41 (m, 2H, phen), 8.34 (d, 3J = 8.5 Hz, 

1H, phen), 8.25 (m, 3H, phen), 8.09 (d, 3J = 8.5 Hz, 1H, phen), 8.01 (d, 3J = 9.0 Hz, 1H, phen), 

7.83 (d, 3J = 8.8 Hz, 1H, phen), 7.78-7.74 (m, 3H, phen), 7.71 (d, 3J = 8.0 Hz, 1H, phen), 7.64 

(d, 3J = 8.8 Hz, 1H, phen), 7.36 (m, 1H, phen), 7.19 (dd, 3J = 5.0 and 8.0 Hz, 1H, phen), 6.69 

(dd, 3J = 4.8, 7.9 Hz, 1H, phen), 5.95 (dd, 3J = 5.0 and 8.3 Hz, 1H, phen), 5.66 (dd, 3J = 8.0 and 

9.0 Hz, 1H, H5), 5.35 (dd, 3J = 8.0 and 9.0 Hz, 1H, H6), 4.99 (dd, 3J = 8.0 and 7.0 Hz, 1H, H7), 

4.94 (dd, 3J = 8.3 and 8.0 Hz, 1H, H4), 4.78 (dd, 3J = 8.3 and 9.5 Hz, 1H, H3), 3.63 (m, 1H, H2), 

3.32 (ddd, 2J = 19.3 Hz, 3J = 7.0 and 2.5 Hz, 1H, H1), 2.31 (m, 1H, H1).  13C{1H} NMR (100.5 

MHz, CD3NO2, 25 °C): δ 157.7 (s, phen), 154.2 (s, phen), 153.9 (s, phen), 153.2 (s, phen), 

152.4 (s, phen), 150.9 (s, phen), 147.6 (s, phen), 147.4 (s, phen), 146.8 (s, phen), 145.7 (s, 

phen), 145.2 (s, phen), 140.7 (s, phen), 140.3 (s, phen), 140.0 (s, phen), 139.7 (s, phen), 139.3 

(s, phen), 138.3 (s, phen), 132.0 (s, phen), 131.9 (s, phen), 131.6 (s, phen), 131.5 (s, phen), 

130.4 (s, phen), 130.2 (s, phen), 129.7 (s, phen), 129.0 (s, phen), 128.9 (s, phen), 128.8 (s, 

phen), 128.7 (s, phen), 128.6 (s, phen), 128.5 (s, phen), 127.8 (s, phen), 127.7 (s, phen), 127.0 

(s, phen), 126.2 (s, phen), 125.7 (s, phen), 125.0 (s, phen), 100.3 (s, C6), 85.3 (s, C5), 76.3 (s, C7), 

73.4 (s, C3), 54.5 (s, C4), 40.5 (s, C2), 31.7 (s, C1).  Anal. Calcd. for C43H32B2F8N6Pd3: C, 45.88; 

H, 2.87; N, 7.47. Found: C, 45.36; H, 3.07; N, 7.28.   

 

 

 

Synthesis of [Pd2(μ-C7H8)(CH3CN)4][BF4]2 (6-CH3CN):  To solution of 

[Pd2(CH3CN)6][BF4]2 (200.3 mg, 0.32 mmol) in CH3NO2 (ca. 4 mL) was added 
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cycloheptatriene (29.5 mg, 0.32 mmol, 33.0 L) at room temperature.  The mixture was 

stirred for 30 min, and mixture was filtered.  Adding CH2Cl2 and Et2O, the solution was 

cooled at -20 ˚C to give 6-CH3CN (114.1 mg, 56%).  1H NMR (400 MHz, CD3CN, 25 °C): δ 

5.41 (m, 2H, H4), 5.16 (m, 2H, H3), 5.05 (m, 2H, H2), 2.19 (m, 1H, H1), 1.52 (m, 1H, H1).  
13C{1H} NMR (100.5 MHz, CD3CN, 25 °C):  104.16 (s, C3), 83.12 (s, C2), 79.52 (s, C4), 

32.32 (s, C1).  Anal. Calcd. for C15H20B2F8N4Pd2: C, 28.03; H, 3.14; N, 8.72. Found: C, 

27.69; H, 3.03; N, 8.44. 
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Synthesis of [Pd2(μ-C7H8)(phen)2][BF4]2 (6-phen):  To solution of [Pd2(CH3CN)6][BF4]2 

(99.9 mg, 0.16 mmol) in CH3NO2 (ca. 8 mL) was added cycloheptatriene (14.29 mg, 0.16 

mmol, 16.0 L) at room temperature, and the mixture was stirred for 30 min.  

1,10-phenanthoroline (57.0 mg, 0.32 mmol) was added and the reaction mixture was stirred for 

1h.  The reaction mixture was filtered and concentrated in vacuo.  Addition of Et2O to the 

solution gave the crude product. Crystallization from CH3NO2 /toluene gave 6-phen (94.9 mg, 

71%).  1H NMR (400 MHz, CD3NO2, 25 °C): δ 9.14 (dd, 3J = 4.8 Hz, 4J = 1.5 Hz, 2H, H5), 8.96 

(dd, 3J = 5.0 Hz, 4J = 1.3 Hz, 2H, H5’), 8.39 (dd, 3J = 8.3 Hz, 4J = 1.3 Hz, 2H, H7’), 8.33 (dd, 3J = 

8.3 Hz, 4J = 1.5 Hz, 2H, H7), 7.75 (s, 4H, H8 and H8’), 7.69 (dd, 3J = 5.0 and 8.3 Hz, 2H, H6’), 7.66 

(dd, 3J = 4.8 and 8.3 Hz, 2H, H6), 6.11 (m, 2H, H4), 5.68 (m, 2H, H3), 5.20 (m, 2H, H2), 3.00 (dt, 2J 

= 22.6 Hz, 3J = 3.7 Hz, 1H, H1), 2.22 (dt, 2J = 22.6 Hz, 3J = 3.9 Hz, 1H, H1). 
13C{1H} NMR (100.5 

MHz, CD3NO2, 25 °C): δ 155.7 (s, C5), 153.8 (s, C5’), 145.5 (s, C9’), 144.7 (s, C9), 141.3 (s, C7’), 

141.0 (s, C7), 130.9 (s, C10’), 130.6 (s, C10), 128.9 (s, C8), 128.7 (s, C8’), 127.7 (s, C6), 127.5 (s, 

C6’), 106.8 (s, C3), 82.4 (s, C4), 78.2 (s, C2), 31.8 (s, C1).  Anal. Calcd. for C24H25B1F4N2Pt3: C, 

44.38; H, 2.88; N, 6.68. Found: C, 43.99; H, 2.96; N, 6.66. 
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Synthesis of [Pd3(μ3-C8H8)(phen)3][BF4]2 (8):  To a solution of cyclooctatetraene (48.6 mg, 

0.47 mmol) in CH3NO2 was added [Pd2(CH3CN)6][BF4]2 (268 mg, 0.42 mmol) and 

1,10-phenanthroline (153 mg, 0.85 mmol).  Subsequently, Pd2(dba)3 (219 mg, 0.21 mmol) and 

1,10-phenanthroline (76.3 mg, 0.42 mmol) were added to the reaction mixture.  The mixture 

was stirred at ambient temperature for 2 h to give a deep blue solution.  The mixture was 

filtered, and the filtrate was concentrated in vacuo.  Addition of toluene afforded a deep blue 

powder of 8 (413 mg, 0.36 mmol) in 86% yield.  1H NMR (400 MHz, CD3NO2, 25 C): δ 9.16 

(4H, dd, J = 5 Hz, J = 1 Hz, H4), 8.48 (2H, dd, J = 5 Hz, J = 1 Hz, H8), 8.26 (4H, dd, J = 10 Hz, 

J = 1 Hz, H6), 8.01 (2H, dd, J = 10 Hz, J = 1 Hz, H10), 7.66 (4H, dd, J = 10 Hz, J = 5 Hz, H5), 

7.60 (4H, s, H7) , 7.43 (2H, s, H11), 7.39 (2H, dd, J = 10 Hz, J = 5 Hz, H9), 6.37 (4H, t, J = 6 Hz, 

H2), 6.03 (2H, t, J = 6 Hz, H3), 2.42 (2H, t, J = 6 Hz, H1).   13C{1H} NMR (100.6 MHz, 

CD3NO2, 25 C): δ 156.0 (s, C4), 148.6 (s, C8), 145.3 (s, C13), 144.6 (s, C15), 139.4 (s, C6), 

138.8 (s, C10), 130.9 (s, C12), 130.0 (s, C14), 128.1 (s, C7), 127.8 (s, C11), 126.4 (s, C5), 125.6 (s, 

C9), 106.6 (s, C3), 93.5 (s, C2), 22.1 (s, C1). Anal. Calcd. for C44H32B2F8N6Pd3･CH3NO2: C, 

45.09; H, 2.94; N, 8.18. Found: C, 45.55; H, 3.08; N, 7.82. 

 

 

The PF6 salt [Pd3(3-cyclooctatetraene)(phen)3][PF6]2 (5) was obtained by a similar method 

using [Pd2(CH3CN)6][PF6]2 as the starting material.  Anal. Calcd. for C44H32P2F12N6Pd3･
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CH3NO2: C, 42.14; H, 2.57; N, 6.70. Found: C, 41.80; H, 2.72; N, 6.75. 

 

Synthesis of [Pd2(-C8H8)(phen)2][BF4]2 (9-phen):  To a solution of cyclooctatetraene (50 

mg, 0.48 mmol) in CH3NO2 was added [Pd2(CH3CN)6][BF4]2 (304 mg, 0.48 mmol) and 

1,10-phenanthroline (173 mg, 0.96 mmol).  The mixture was filtered, and crystallization from 

CH3NO2/benzene gave an yellow powder of 9-phen (175 mg, 0.21 mmol) in 43% yield.  1H 

NMR spectra of 9-phen at 25 C showed broad signals for phen and COT protons due to a 

dynamic process of 9-phen (Figure S3).  1H and 13C{1H} NMR assignment by using Variable 

Temperature measurement with aid of COSY and HSQC was done for 9-phen (see below). 

Anal. Calcd. For C32H24B2F8N4Pd2: C, 45.16; H, 2.84; N, 6.58. Found: C, 44.92; H, 3.03; N, 

6.73.   

 

Figure S3. A 1H NMR spectrum of [Pd2(μ-C8H8)(phen)2][BF4]2 (9-phen). 

 

The B(ArF)4 salt [Pd2(C8H8)(phen)2][B(ArF)4]2 (9-phen) was obtained by treatment of 

9-phen with NaB(ArF)4 (2 equiv.) in CH2Cl2.  1H NMR (600 MHz, CD2Cl2, -60 C): For the 

COT protons;  5.97-5.93 (4H, br), 5.74 (1H, br), 5.64 (2H, br), 2.82 (1H, br).  13 resonances 

were observed for phen protons (three signals overlap with those of B(ArF)4 anions).  13C{1H} 

NMR (151 MHz, CD2Cl2, -60 C): For the COT carbons;  145.8 (s), 129.4 (s), 110.0 (s), 102.0 

(s), 92.3 (s), 92.2 (s) 75.7 (s), 47.5 (s).   
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Figure S4. Variable Temperature 1H NMR spectra of 9-phen in CD2Cl2.   

 

Synthesis of [Pd3(3dihydropentalenediyl)(phen)3][BF4]2 (10):  A deep blue solution of 

[Pd3(-cyclooctatetraene)(phen)3][BF4]2 (36.6 mg, 0.032 mmol) in CH3NO2 was heated at 55 

C for 5 h.  The resultant red mixture was filtered, and the volatiles were removed in vacuo.  

Crystallization from CH3CN/CH3NO2/benzene gave orange microcrystals of 6 (28.1 mg) in 

77% yield.  A 1H NMR spectrum (400 MHz, CD3NO2, 25 C) is shown in Figure S4.  At 25 

C, only averaged signals were observed except for central allylic protons, due to the dynamic 

process of 10.  1H and 13C{1H} NMR assignment by using Variable Temperature measurement 

with aid of COSY and HSQC was done for 10 (see below).  ESI-MS spectrum is shown in 

Figure S5.  Anal. Calcd. for C44H32B2F8N6Pd3: C, 46.45; H, 2.84; N, 7.39. Found: C, 45.59; H, 

3.08; N, 7.36.   
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Figure S5. A 1H NMR spectrum of [Pd3(3dihydropentalenediyl)(phen)3][BF4]2 (10) in 

CD3NO2 at 25 C.   

 

 

Figure S6. Experimental (top) and calculated (bottom) ESI(+)-mass spectrum of 

[Pd3(3-dihydropentalenediyl)(phen)3][BF4]2 (10).  

 

 

The B(ArF)4 salt [Pd3(3dihydropentalenediyl)(phen)3][B(ArF)4]2 (10) was obtained by 

treatment of 10 with NaB(ArF)4 (2 equiv.) in CH2Cl2.  1H NMR (600 MHz, CD2Cl2, -60 C: δ 

9.66 (1H, d, J = 4 Hz, phen), 9.59 (1H, d, J = 4 Hz, phen), 8.93 (1H, d, J = 5 Hz, phen), 8.72 
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(1H, d, J = 8 Hz, phen), 8.63 (1H, d, J = 5 Hz, phen), 8.58 (1H, d, J = 8 Hz, phen), 8.20 (1H, dd, 

J = 8 Hz, J = 5 Hz, phen), 8.13-8.10 (2H, m, phen), 7.97 (1H, d, J = 8 Hz, phen), 7.80-7.78 (2H, 

m, phen), 7.75 (B(ArF)4), 7.58-7.56 (2H, m, phen), 7.45-7.43 (B(ArF)4 + phen), 7.39 (1H, d, J = 

8 Hz, phen), 7.35-7.30 (2H, two d, J = 9 Hz, phen), 7.18 (1H, d, J = 4 Hz, phen), 7.07 (1H, dd, 

J = 8 Hz, J = 5 Hz, phen), 6.85 (1H, d, J = 4 Hz, phen), 6.57 (1H, dd, J = 8 Hz, J = 5 Hz, phen), 

6.14 (1H, phen), 5.93 (1H, br s, H7), 5.55 (1H, dd, J = 8 Hz, J = 5 Hz, phen), 5.12 (1H, t, J = 5 

Hz, H3), 4.92 (1H, br s, H6 or H8), 4.80 (1H, br s, H6 or H8), 4.46 (1H, t, J = 5 Hz, H2), 3.82 

(1H, br t, H4), 2.62 (br t, H5), 2.35 (br t, H1).  13C{1H} NMR (151 MHz, CD2Cl2, -80 C): δ 

105.6 (s, C7), 81.1 (s, C3), 81.1 (s, C6 or C8), 79.5 (s, C6 or C8), 57.4 (s, C5), 56.2 (s, C1), 

52.1 (s, C2), 46.0 (s, C4). 
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The dynamic NMR behavior observed for 10 and 10 might be due to the exchange between 

two Pd-phen moieties of the PdPd unit.   

 
Figure S7. Variable Temperature 1H NMR spectra of 10 in CD2Cl2.   
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Synthesis of [Pd2(dihydropentalenediyl)(phen)2][BF4]2 (11):  To a solution of 

[Pd2(CH3CN)6][BF4]2 (272 mg, 0.43 mmol) in CH3NO2 was added COT (44.7 mg, 0.43 

mmol) and 2 equiv of 1,10-phenanthroline (155 mg, 0.86 mmol).  To the mixture was added 

5 mol% of Pd(dba)(phen) (25.7 mg, 0.021 mmol). The mixture was heated at 60 C for 6 h, 

and filtered.  The filtrate was concentrated in vacuo.  Crystallization from CH3NO2/benzene 

gave an orange powder of 11 (266 mg) in 73% yield.  1H NMR (400 MHz, CD3NO2, 25 C): 

 9.01 (4H, dd, J = 5 Hz, J = 1 Hz, H4), 8.27 (4H, dd, J = 8 Hz, J = 1 Hz, H6), 7.68 (4H, s, 

H7), 7.60 (4H, dd, J = 8 Hz, J = 5 Hz, H5), 6.70 (2H, t, J = 3 Hz, H3), 5.64 (4H, t, J = 2 Hz, 

H2), 2.34 (2H, m, H1).  A 1H NMR spectrum is shown in Figure S6.  13C{1H} NMR (100.6 

MHz, CD3NO2, 25 C):  155.4 (s, C4), 144.7 (s, C9), 140.9 (s, C6), 130.5 (s, C8), 128.6 (s, 

C7), 127.3 (s, C5), 115.6 (s, C3), 83.3 (s, C2), 58.9 (s, C1).  ESI-MS spectrum is shown in 

Figure S7.  Anal. Calcd. for C32H24B2F8N4Pd2: C, 45.16; H, 2.84; N, 6.58. Found: C, 46.14; 

H, 3.40; N, 6.43. 

 

 

 

Figure S8. A 1H NMR spectrum of [Pd2(-dihydropentalenediyl)(phen)2][BF4]2 (11) in 

CD3NO2. 
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Figure S9. Experimental (top) and calculated (bottom) ESI(+)-mass spectra of 

[Pd2(-dihydropentalenediyl)(phen)2][BF4]2 (11). 

 

Kinetic Data for the conversion of 8 to 10.   

 

The sample of 8 (1.0×10-4 M) was prepared in a drybox in CH3NO2, and change of the 

absorbance at 700 nm was monitored.  The rate constant was independent on the 

concentration of 8 at 60 C (1.0×10-4 M, k = 2.21 ×10-4 s-1; 2.0×10-4 M, k = 2.19 ×10-4 s-1; 3.0

×10-4 M, k = 2.15 ×10-4 s-1).   

 

Table S1. Rate constants and half -lives for the conversion of 8 to 10.   

temp. /℃ rate const. k /s-1 t1/2 /min

70 6.21×10-4 19

65 3.38×10-4 34

60 2.21×10-4 52

55 1.12×10-4 103
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50 6.47×10-5 179

 

 

Figure S10. An Eyring Plot for the conversion of 8 to 10.  
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X-ray Crystallographic Data for [Pd3([2.2]paracyclophane)(phen)3][BF4]2 (3) 
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X-ray Crystallographic Data for [Pd3(cycloheptatriene)(phen)3][BF4]2 (5) 
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X-ray Crystallographic Data for [Pd2(cycloheptatriene)(CH3CN)4][BF4]2 

(6-CH3CN) 
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X-ray Crystallographic Data for [Pd2(cycloheptatriene)(phen)2][BF4]2 (6-phen) 
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X-ray Crystallographic Data for [Pd3(cyclooctatetraene)(phen)3][PF6]2 (8) 
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X-ray Crystallographic Data for [Pd3(dihydropentalenediyl)(phen)3][BF4]2 (10) 
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