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1. Experimental details 

General information. All manipulations were carried out under a nitrogen atmosphere using 

standard Schlenk techniques unless otherwise stated. Solvents were distilled under nitrogen 

from sodium benzophenone (hexane, ether, tetrahydrofuran THF), sodium (toluene), or CaH2 

(dichloromethane, DCM). The starting materials ReCl3(PPh3)2(N≡CMe) [1] and 

ReCl3(PMePh2)3 
[2] were prepared following the procedure described in the literature. All other 

reagents were used as purchased from Aldrich Chemical Co.. Microanalyses were performed 

by M-H-W Laboratories (Phoenix, AZ) or MEDAC Ltd (Egham, UK). 1H, 13C{1H}, and 31P{1H} 

NMR spectra were collected on a Bruker-400 spectrometer (400 MHz). 1H and 13C NMR shifts 

are relative to TMS, and 31P chemical shifts are relative to 85% H3PO4. 

Preparation of Re(η2-C(Ph)CH(PPh3))2Cl3 (3a). A mixture of ReCl3(PPh3)2(N≡CMe) (500 

mg, 0.503 mmol) and phenylacetylene (0.116 mL, 1.06 mmol) in DCM (20 mL) was heated at 

70 oC for 1 h in a sealed Schlenk tube. The reddish solution was transferred to a Schlenk flask 

and the solvent was removed vacuum to give an oily residue. The residue was treated with 

hexane (10 mL) to give an orange precipitate, which was collected by filtration. The solid was 

washed with acetone until the filtrate not showing a darken reddish colour. The remaining 

orange solid was dried under vacuum. Yield: 350 mg, 68.1%. 31P{1H} NMR (162 MHz, CDCl3): 

δ 23.80. 1H NMR (400 MHz, CDCl3): δ 7.70 (m, 11H, Ph), 7.58 – 7.48 (m, 7H, Ph), 7.38 (m, 

12H, Ph), 6.88 – 6.62 (m, 10H, Re=CPh), 5.14 (d, J = 12.1 Hz, 2H, CH(PPh3)). Anal. Calcd. 

for C52H42Cl3P2Re · 2(CH2Cl2): C, 54.45; H, 3.89. Found: C, 54.46; H, 3.85. 

Preparation of Re(η2-C(4-PhC6H4)CH(PPh3))2Cl3 (3b). A mixture of ReCl3(PPh3)2(N≡

CMe) (100 mg, 0.117 mmol) and 4-ethynylbiphenyl (0.044 g, 0.247 mmol) in DCM (5 mL) 

was heated at 70 oC for 1 h in a sealed Schlenk tube. The reddish solution was transferred to a 

Schlenk flask and the solvent was removed vacuum to give an oily residue. The residue was 

treated with hexane (10 mL) to give an orange precipitate, which was collected by filtration. 

The solid was washed with acetone until the filtrate not showing a darken reddish colour. The 

remaining red-orange solid was dried under vacuum. Yield: 90 mg, 65.1%.31P{1H} NMR (162 

MHz, CDCl3): δ 24.53. 1H NMR (400 MHz, CDCl3): δ 7.76 (m, 11H, Ph), 7.52 (m, 7H, Ph), 

7.41 (m, 12H, Ph), 7.26 (m, 10H, C6H4-Ph), 6.94 (d, J = 8.0 Hz, 4H, C6H4), 6.78 (d, J = 8.0 Hz, 

4H, C6H4), 5.11 (d, J = 12.2 Hz, 2H, CH (PPh3)). 13C{1H} NMR (101 MHz, CDCl3) : δ 251.51-

251.37 (m, Re=C), 153.09 – 118.88 (m), 21.33 (d, 1J(PC) = 69.3 Hz, CH(PPh3)). Anal. Calcd. 

for C64H50Cl3P2Re · CH2Cl2: C, 62.03; H, 4.16. Found: C, 61.46; H, 4.06.  

Preparation of Re(η2-C(2-CF3C6H4)CH(PPh3))2Cl3 (3c). A mixture of ReCl3(PPh3)2(N≡CMe) 

(100 mg, 0.117 mmol) and 2-ethynyl--trifluorotoluene (0.0344 mL, 0.247 mmol) in DCM 

(5 mL) was heated at 70 oC for 1 h in a sealed Schlenk tube. The reddish solution was transferred 

to a Schlenk flask and the solvent was removed vacuum to give an oily residue. The residue 

was treated with hexane (10 mL) to give an orange precipitate, which was collected by filtration. 

The solid was washed with acetone until the filtrate not showing a darken reddish colour. The 

remaining yellow solid was dried under vacuum. Yield: 69 mg, 51.3%. 31P{1H} NMR (162 

MHz, CDCl3): δ 25.29. 1H NMR (400 MHz, CDCl3) δ 7.71 (t, 12H, Ph), 7.46 – 7.36 (m, 6H, 
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Ph), 7.29 (m, 12H, Ph), 6.94 – 6.86 (m, 4H), 6.68 (dt, J = 5.5, 2.0 Hz, 4H), 5.60 (d, J = 14.5 

Hz, 2H).13C{1H} NMR (101 MHz, CDCl3): δ 254.11 – 253.96 (m, Re=C), 163.71 – 118.13 (m), 

124.71 (d, 1J(FC) = 5.0 Hz, CF3), 21.91 (d, 1J(PC) = 68.5 Hz, CH(PPh3)). Anal. Calcd. for 

C54H40Cl3F6P2Re: C, 56.04; H, 3.48. Found: C, 55.67; H, 3.34. 

Preparation of Re(η2-C(Ph)CH(PMePh2))2Cl3 (8a). A mixture of ReCl3(PMePh2)3 (200 mg, 

0.224 mmol) and phenylacetylene (0.1 mL, 0.911 mmol) in toluene (10 mL) was heated at 100 
oC for 2 h. The mixture was filtered and the yellow solid was washed with methanol (5 mL x 

2) and ether (5 mL) to give Re(η2-C(Ph)=CH(PMePh2))2Cl3 (8a) as a yellow solid which was 

dried under vacuum. Yield: 175 mg, 87.1%. 31P{1H} NMR (162.0 MHz, CDCl3): δ 25.2 (s). 1H 

NMR (400.1 MHz, CDCl3): δ 2.27 (d, 2J(PH) = 14.0 Hz, 6 H, PMePh2), 4.92 (d, 2J(PH) = 11.2 

Hz, 2 H, CH(PMePh2)), 6.58-6.74 (m, 10 H, Ph), 7.33-7.60 (m, 16 H, Ph), 8.23-8.27 (m, 4 H, 

Ph). 13C{1H} NMR (100.6 MHz, CDCl3): δ 254.5 (d, 2J(PC) = 15.7 Hz, Re=C), 144.2, 134.0-

126.5, 21.9 (d, 2J (PC) = 69.8 Hz, CH(PMePh2)), 21.8 (d, 2J (PC) = 70.3 Hz, CH(PMePh2)), 

11.3 (d, 1J (PC) = 56.0 Hz, PMePh2). Anal. Calcd. for C42H38Cl3P2Re: C, 56.22; H, 4.27. Found: 

C, 56.13; H,4.40. 

Preparation of Re(η2-C(4-HCCC6H4)CH(PMePh2))2Cl3 (8b). A mixture of 

ReCl3(PMePh2)3 (180 mg, 0.202 mmol) and 1,4-diethynylbenzene (56 mg, 0.444 mmol) in 

toluene (10 mL) was heated at 100 oC for 2 h. The mixture was loaded to a SiO2 column and 

the eluted sequentially with DCM, and a mixture of DCM and ether (v/v = 10/1). The yellow 

band was collected and the solvents were removed under reduced pressure to give the complex 

8b as a brownish solid. Yield: 30 mg, 15.7%. 31P{1H} NMR (162.0 MHz, CDCl3): δ 24.8 (s). 
1H NMR (400.1 MHz, CDCl3): δ 2.28 (d, 2J(PH) = 13.6 Hz, 6 H, PMePh2), 2.99 (s, 2 H, C≡CH), 

4.92 (d, 2J(PH) = 11.2 Hz, 2 H, CH(PMePh2)), 6.52 (d, J = 8.4 Hz, 4 H, C6H4), 6.80 (d, J = 8.0 

Hz, 4 H, C6H4), 7.33-7.60 (m, 16 H, Ph), 8.20-8.24 (m, 4 H, Ph). 13C{1H} NMR (100.6 MHz, 

CDCl3): δ 252.6 (d, 2J(PC) = 15.5 Hz, Re=C), 144.4, 134.0-126.2, 121.0, 84.2 (s, C≡CH), 78.3 

(s, C≡CH), 22.9 (d, 2J (PC) = 70.5 Hz, CH(PMePh2)), 22.8 (d, 2J (PC) = 70.1 Hz, CH(PMePh2)), 

11.4 (d, 1J (PC) = 56.1 Hz, PMePh2). Anal. Calcd. for C46H38Cl3P2Re: C, 58.45; H, 4.05. Found: 

C, 58.70; H,4.26. 

Preparation of Re(η2-EtC≡CEt)Cl3(PMePh2)2 (9). A mixture of ReCl3(PMePh2)3 (200 mg, 

0.224 mmol) and 3-hexyne (0.1 mL, 0.880 mmol) in toluene (10 mL) was heated at 100 oC for 

2 h. The volume of the yellow solution was reduced to ca. 2 mL and hexane (10 mL) was added 

to precipitate out a yellow solid. The yellow solid of Re(η2-EtC≡CEt)Cl3(PMePh2)2 (9) was 

washed with methanol (3 mL x 2) and ether (5 mL), then dried under vacuum. Yield: 156 mg, 

89.9%. 31P{1H} NMR (162.0 MHz, CDCl3): δ -53.4 (s). 1H NMR (400.1 MHz, CDCl3): δ 0.91 

(t, J = 7.4 Hz, 6 H, CH2CH3), 2.16 (t, 2J(PH) = 4.6 Hz, 6 H, PMePh2), 3.91 (q, J = 7.5 Hz, 4 H, 

CH2CH3), 7.29-7.34 (m, 12 H, Ph), 7.52-7.54 (m, 8 H, Ph). 13C{1H} NMR (100.6 MHz, CDCl3): 

δ 229.9 (t, 2J(PC) = 7.0 Hz, Re-C), 136.3 (t, J = 23.5 Hz, Ph), 132.9 (t, J = 4.3 Hz, Ph), 130.2, 

128.1 (t, J = 4.6 Hz, Ph), 31.5 (s, CH2CH3), 14.9 (s, CH2CH3), 12.7 (t, 1J (PC) = 18.6 Hz, 

PMePh2). Anal. Calcd. for C32H36Cl3P2Re: C, 49.58; H, 4.68. Found: C, 49.80; H,4.70. 
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2. Computational studies.  

Computational details.  The optimizations were performed with the Gaussian 16 software 

package [3] at the B3LYP level of density functional theory (DFT). [4] DFT/GENECP level had 

been done by implementing def2-TZVP basis set for Re atom. [5] The 6-311G(2d,p) basis set 

had been used for the rest of atoms. [6] Nucleus-independent chemical shift (NICS) values were 

calculated at the B3LYP-GIAO//6-311G(2d,p)/def2-TZVP level. [7] The anisotropy of the 

current density was calculated with the AICD 2.0 program computing the NMR properties 

using the CSGT method with the geometries previously obtained for 8a. [8] GIMIC analysis was 

finished by GIMIC code [9] based on the formatted check point file of Gaussian and rendered 

by ParaView visualization program. [10] Current densities were obtained from the wavefunction 

for GIAO NMR computations for a magnetic field applied perpendicular to the ring plane of 

the molecules within the context of the Quantum Theory of Atoms in Molecules using AIMAll. 
[11] The molecular orbital composition was analyzed using Multiwfn, [12] a multifunctional 

wavefunction analyzer. 

 

 

Figure S1. NICSin-out curve for 8a with AIM processing. 
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Figure S2. NICS-scan curves for 8a without AIM processing. 

 

 

Figure S3. NICSin-out curve for 8a without AIM processing. 
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Figure S4. AICD plots of 8a separated into the π contributions (left) and σ contributions (right) 

with an isosurface value of 0.03. For AICD maps, the magnetic field vector is orthogonal with 

respect to the monocyclic ring plane and points downward (anti-clockwise currents are 

diatropic). 

 

 

Figure S5. GIMIC maps of 8a in the three-membered metallacycle plane (left) and 1.5 Bohr 

above the plane (right). The magnetic field vector is orthogonal with respect to the ring plane 

and points upward (clockwise currents are diatropic). 
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Figure S6. GIMIC Jmod plots for 8a, isovalue = 0.02 a.u. 

 

 

 

Figure S7. GIMIC streamline plots of the current densities for single metallacycle cycle of 8a.  
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Figure S8. The magnetically induced currents intensities passing through each bond in nA/T. 

The positive values represent diamagnetic currents. In the calculation of the current intensity 

on the three-membered metallacycle, the direction of the magnetic field is perpendicular to the 

plane of the three-membered ring. When calculating the current intensity between the two non-

coplanar rings, the magnetic field is perpendicular to the plane formed by the three atoms of 

Re1, C2, and C4. 
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Figure S9. (a) Current intensity plotted on the mean planes of 8a. Red to blue colors represent 

0 to 0.002 atomic units of current density. (b) Isosurface of current density at J = 0.0003 a.u. 

for a magnetic field applied perpendicular to the plane formed by the three atoms of Re1, C2, 

and C4. (c) NICS-grid for 8a. (d) ICSS plots for 8a. Green and blue correspond to ICSSZZ = 

5.0 (shielding) and −2.5 ppm (deshielding), respectively. 
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3. X-ray crystallographic study of complexes 3a, 8a and 9. 

 

Crystals were grown in DCM/n-hexane. All the crystals were mounted on the glass fibers. The 

diffraction intensity data of 3a (CCDC no. 2205733), 8a (CCDC no. 2205745) and 9 (CCDC 

no. 2205743) were collected on a Rigaku SuperNova, Dual, Atlas diffractometer, using 

monochromatized Cu-Kα radiation (λ = 1.54184 Å).  Lattice determination, data collection 

and reduction were carried out using CrysAlisPro software (version 1.171.35.19). Empirical 

absorption corrections were performed using spherical harmonics, implemented in SCALE3 

ABSPACK scaling algorithm in the CrysAlisPro software suite. Structure solution and 

refinement for all compounds were performed using the Olex2 software package. [13] All the 

structures were solved with the SHELXT [14] structure solution program using Intrinsic Phasing 

and refined with the SHELXL [15] refinement package using Least Squares minimization. All 

non-hydrogen atoms were refined anisotropically with a riding model for the hydrogen atoms. 

The crystal data are listed in Table S1. Crystallographic data have been deposited with the 

Cambridge Crystallographic Data Centre. 

 

Table S1. Crystallographic data and refinement details for 3a, 8a and 9. 

 

 Complex 3a Complex 8a Complex 9 

Empirical formula C54H46Cl7P2Re C42H38Cl3P2Re C32H36P2Cl3Re 

Formula weight 1191.20 897.21 775.10 

Temperature/K 173.01(10) 220.02(10) 100.01(10) 

Crystal system triclinic orthorhombic monoclinic 

Space group P-1 Pna21 C2/c 

a/Å 10.9390(6) 23.4928(3) 11.0820(2) 

b/Å 13.1090(6) 11.58031(15) 18.4374(3) 

c/Å 18.4122(10) 13.76598(19) 15.6667(3) 

α/° 85.943(4) 90 90 

β/° 80.643(4) 90 107.276(2) 

γ/° 72.033(4) 90 90 

Volume/Å3 2477.5(2) 3745.08(9) 3056.66(10) 

Z 2 4 4 

ρcalcg/cm3 1.597 1.591 1.684 

μ/mm-1 9.164 9.344 11.330 

F(000) 1188.0 1784.0 1536.0 

Crystal size/mm3 0.08 × 0.06 × 0.05 0.15 × 0.12 × 0.03 0.08 × 0.06 × 0.05 

Radiation CuKα (λ = 1.54184) CuKα (λ = 1.54184) CuKα (λ = 1.54184) 

2Θ range for data 

collection/° 

4.866 to 154.378 8.512 to 151.238 9.594 to 151.082 

Index ranges 

-13 ≤ h ≤ 13,  

-14 ≤ k ≤ 16,  

-17 ≤ l ≤ 22 

-18 ≤ h ≤ 29, 

-13 ≤ k ≤ 13, 

-16 ≤ l ≤ 9 

-13 ≤ h ≤ 13, 

-20 ≤ k ≤ 23, 

-18 ≤ l ≤ 19 

Reflections collected 16048 8207 8945 
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Independent reflections 
10015 [Rint = 0.0312, 

Rsigma = 0.0447] 

4739 [Rint = 0.0393,  

Rsigma = 0.0519] 

3107 [Rint = 0.0215,  

Rsigma = 0.0231] 

Data/restraints/parameters 10015/0/577 4739/7/435 3107/0/175 

Goodness-of-fit on F2 1.025 1.002 1.041 

Final R indexes [I>=2σ 

(I)] 

R1 = 0.0283, wR2 = 

0.0678 
R1 = 0.0357, wR2 = 0.0952 

R1 = 0.0167, wR2 = 

0.0417 

Final R indexes [all data] 
R1 = 0.0324, wR2 = 

0.0699 
R1 = 0.0394, wR2 = 0.0996 

R1 = 0.0174, wR2 = 

0.0421 

Largest diff. peak/hole / e 

Å-3 
0.70/-1.09 2.14/-1.43 0.67/-0.51 
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4. NMR spectra 

 

Figure S10. The 1H NMR spectrum of complex 3a in CDCl3 at 400.1 MHz. 

 

 
Figure S11. The 31P{1H} NMR spectrum of complex 3a in CDCl3 at 162.0 MHz. 
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Figure S12. The 1H NMR spectrum of complex 3b in CDCl3 at 400.1 MHz. 

 

 

Figure S13. The 31P{1H} NMR spectrum of complex 3b in CDCl3 at 162.0 MHz. 
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Figure S14. The 13C{1H} NMR spectrum of complex 3b in CDCl3 at 100.6 MHz. 

 

 

Figure S15. The 1H NMR spectrum of complex 3c in CDCl3 at 400.1 MHz. 
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Figure S16. The 31P{1H} NMR spectrum of complex 3c in CDCl3 at 162.0 MHz. 

 

 
Figure S17. The 13C{1H} NMR spectrum of complex 3c in CDCl3 at 100.6 MHz. 
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Figure S18. The 19F NMR spectrum of complex 3c in CDCl3 at 376 MHz. 

 

   

Figure S19. The 1H NMR spectrum of complex 8a in CDCl3 at 400.1 MHz. 
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Figure S20. The 31P{1H} NMR spectrum of complex 8a in CDCl3 at 162.0 MHz. 

 

 
Figure S21. The 13C{1H} NMR spectrum of complex 8a in CDCl3 at 100.6 MHz. 
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Figure S22. The 1H NMR spectrum of complex 8b in CDCl3 at 400.1 MHz. 

 

 
Figure S23. The 31P{1H} NMR spectrum of complex 8b in CDCl3 at 162.0 MHz. 
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Figure S24. The 13C{1H} NMR spectrum of complex 8b in CDCl3 at 100.6 MHz. 

 

   

Figure S25. The 1H NMR spectrum of complex 9 in CDCl3 at 400.1 MHz. 
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Figure S26. The 31P{1H} NMR spectrum of complex 9 in CDCl3 at 162.0 MHz. 

 

 
Figure S27. The 13C{1H} NMR spectrum of complex 9 in CDCl3 at 100.6 MHz.  
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5. The Calculated Cartesian Coordinates with Electronic Energies 

 
E = -3765.67385826 A.U. 

Re                 0.87055791    0.00000000    0.00012922 

 Cl                 1.09402770   -0.28918463   -2.44385138 

 Cl                 3.39717606    0.00035765    0.00035734 

 Cl                 1.09355016    0.28915606    2.44406026 

 P                  1.50216276    3.53369879   -0.03305121 

 P                  1.50303314   -3.53348431    0.03315555 

 C                  2.29620529    3.28374771    1.57430062 

 H                  2.82611989    4.19435069    1.85564259 

 H                  2.99563208    2.45434477    1.46498271 

 H                  1.56578973    3.00521688    2.33133355 

 C                  2.29765668   -3.28326097   -1.57386998 

 H                  1.56748419   -3.00498762   -2.33123499 

 H                  2.82797413   -4.19371025   -1.85494256 

 H                  2.99675496   -2.45362136   -1.46425545 

 C                  0.62418166    2.12533538   -0.65188302 

 H                  0.59199809    2.19490747   -1.74154156 

 C                 -0.43538852    1.38034315    0.00010158 

 C                 -1.74470547    1.76767521    0.47859249 

 C                 -2.42031355    2.86692205   -0.07993169 

 H                 -1.94596846    3.42994736   -0.87347971 

 C                 -3.68691413    3.22090013    0.35954422 

 H                 -4.19794408    4.06293597   -0.09285188 

 C                 -4.29647426    2.50317717    1.38473510 

 H                 -5.28255752    2.78580404    1.73486943 

 C                 -3.63234209    1.42370722    1.96123320 

 H                 -4.09965989    0.86731500    2.76538322 

 C                 -2.37543841    1.05187313    1.51042946 

 H                 -1.85072882    0.22175491    1.96233472 

 C                  0.62455014   -2.12539087    0.65193347 

 H                  0.59212973   -2.19516938    1.74157226 

 C                 -0.43509782   -1.38060715   -0.00016132 

 C                 -1.74429506   -1.76817433   -0.47877678 

 C                 -2.37510420   -1.05245104   -1.51062183 

 H                 -1.85051273   -0.22222080   -1.96246108 

 C                 -3.63190671   -1.42450393   -1.96151716 

 H                 -4.09928797   -0.86816663   -2.76566844 
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 C                 -4.29586162   -2.50413415   -1.38511232 

 H                 -5.28187249   -2.78693046   -1.73531157 

 C                 -3.68621766   -3.22179750   -0.35993098 

 H                 -4.19710276   -4.06396720    0.09237645 

 C                 -2.41971305   -2.86759202    0.07964171 

 H                 -1.94530007   -3.43057160    0.87318209 

 C                  2.81781218    3.93924854   -1.22105585 

 C                  3.32626046    2.95296436   -2.07007058 

 H                  2.92517866    1.94847400   -2.05167601 

 C                  4.37430281    3.26019352   -2.93135570 

 H                  4.76293144    2.48979522   -3.58572114 

 C                  4.92279020    4.53614349   -2.94639596 

 H                  5.74036790    4.76788688   -3.61902112 

 C                  4.42444924    5.51804545   -2.09506866 

 H                  4.85079198    6.51404038   -2.10130085 

 C                  3.37562466    5.22283678   -1.23595248 

 H                  2.98736192    5.99629336   -0.58449513 

 C                  0.47233593    5.03934031    0.11041315 

 C                  0.02782840    5.67829678   -1.05267296 

 H                  0.34989484    5.32230369   -2.02410461 

 C                 -0.81884544    6.77451031   -0.97218885 

 H                 -1.15192873    7.26401970   -1.87952210 

 C                 -1.23730906    7.24392811    0.26989086 

 H                 -1.89901080    8.09959719    0.33190399 

 C                 -0.80464509    6.61270072    1.42890060 

 H                 -1.12984457    6.97073966    2.39816154 

 C                  0.04604265    5.51507185    1.35154974 

 H                  0.36590181    5.03072538    2.26475384 

 C                  0.47353887   -5.03929473   -0.11083171 

 C                  0.04741906   -5.51466973   -1.35216829 

 H                  0.36723588   -5.02993608   -2.26518584 

 C                 -0.80306530   -6.61242623   -1.42996237 

 H                 -1.12813189   -6.97017344   -2.39937333 

 C                 -1.23568532   -7.24414872   -0.27120862 

 H                 -1.89721264   -8.09992734   -0.33356343 

 C                 -0.81739484   -6.77509050    0.97106779 

 H                 -1.15045754   -7.26497883    1.87820422 

 C                  0.02906840   -5.67874828    1.05199425 

 H                  0.35099405   -5.32303020    2.02356893 

 C                  2.81841189   -3.93885043    1.22152487 

 C                  3.37646547   -5.22233025    1.23656250 

 H                  2.98848416   -5.99587409    0.58504366 

 C                  4.42516302   -5.51732090    2.09591140 

 H                  4.85168834   -6.51323757    2.10226142 
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 C                  4.92314912   -4.53530230    2.94731122 

 H                  5.74063550   -4.76687539    3.62010386 

 C                  4.37442945   -3.25945427    2.93212222 

 H                  4.76278187   -2.48896400    3.58654384 

 C                  3.32650467   -2.95244618    2.07061381 

 H                  2.92523742   -1.94803314    2.05211828 

 

 
E = -3765.665668 A.U. 

Re                 0.01849800   -0.59978000   -0.24229000 

 Cl                 0.29173500   -1.75056200   -2.37575400 

 Cl                 0.36655600   -2.88529100    0.77333800 

 Cl                -0.30234000    0.08322500    2.12171500 

 P                  3.51619600   -0.53618000    0.57883400 

 P                 -3.31183100   -0.90947600    0.91402600 

 C                  2.97928500   -0.73094200    2.29634300 

 H                  3.84300100   -0.95867200    2.92159900 

 H                  2.26415400   -1.55415000    2.31854800 

 H                  2.47025100    0.16565900    2.64597200 

 C                 -2.89248200   -2.24027900    2.07486100 

 H                 -2.70017800   -3.13772200    1.48723100 

 H                 -3.71773900   -2.42327000    2.76304100 

 H                 -1.97363900   -1.98211600    2.59781100 

 C                  2.19656400   -0.16622100   -0.54674400 

 H                  2.49913800   -0.46965000   -1.55095800 

 C                  1.20735600    0.88372300   -0.42423000 

 C                  1.33313800    2.32151600   -0.30956600 

 C                  2.46298700    2.99096700   -0.81279600 

 H                  3.24951900    2.41634200   -1.28470600 

 C                  2.56869300    4.37162400   -0.72972300 

 H                  3.44174200    4.86949300   -1.13558800 

 C                  1.56205200    5.11426100   -0.11963900 

 H                  1.64906200    6.19215300   -0.04611200 

 C                  0.44431000    4.46464100    0.39850400 

 H                 -0.33835000    5.03766500    0.88233700 

 C                  0.32288800    3.08763400    0.29842200 

 H                 -0.53840100    2.57821900    0.70711700 

 C                 -2.15641400   -0.84543000   -0.43202800 

 H                 -2.43819700   -1.63555800   -1.13373700 
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 C                 -1.47139300    0.30034800   -1.01592000 

 C                 -1.93009500    1.18715100   -2.06520200 

 C                 -1.03878600    1.99359900   -2.79419500 

 H                  0.01387100    1.95136400   -2.56005700 

 C                 -1.49185500    2.81484500   -3.81334500 

 H                 -0.78473500    3.42501100   -4.36300500 

 C                 -2.84511200    2.85229100   -4.14136400 

 H                 -3.19501600    3.49478200   -4.94095700 

 C                 -3.74164700    2.04516800   -3.44897900 

 H                 -4.79312100    2.04902500   -3.71231100 

 C                 -3.28932500    1.21869200   -2.43053400 

 H                 -3.98785700    0.56755300   -1.91968600 

 C                  4.29483600   -2.09479400    0.06100600 

 C                  3.58826200   -3.01111700   -0.72159900 

 H                  2.57959300   -2.79729500   -1.04857000 

 C                  4.18065800   -4.22186900   -1.06545800 

 H                  3.62586200   -4.92680400   -1.67203600 

 C                  5.46269600   -4.52820500   -0.62823200 

 H                  5.91669200   -5.47461300   -0.89808200 

 C                  6.16551700   -3.62066300    0.15935200 

 H                  7.16509400   -3.85633700    0.50452400 

 C                  5.58627400   -2.40746300    0.50163800 

 H                  6.14528900   -1.70190100    1.10439000 

 C                  4.85965200    0.70717300    0.57589500 

 C                  5.67614000    0.82487700   -0.55474400 

 H                  5.55310900    0.14080100   -1.38605400 

 C                  6.65201400    1.80914000   -0.61750900 

 H                  7.28062100    1.88733000   -1.49645800 

 C                  6.82405300    2.69078600    0.44622800 

 H                  7.58664500    3.45883500    0.39671800 

 C                  6.01633800    2.58255200    1.57094800 

 H                  6.14348400    3.26720200    2.40076900 

 C                  5.03753300    1.59651600    1.63686300 

 H                  4.41145400    1.53332400    2.51715300 

 C                 -4.94331300   -1.41411400    0.24248900 

 C                 -5.02033500   -2.58764200   -0.51795500 

 H                 -4.13283900   -3.17918200   -0.70875500 

 C                 -6.23517300   -3.00740400   -1.04166200 

 H                 -6.27926200   -3.91634200   -1.62928700 

 C                 -7.38873100   -2.26310300   -0.81512200 

 H                 -8.33592300   -2.59121200   -1.22622100 

 C                 -7.32139700   -1.09895600   -0.06071000 

 H                 -8.21586200   -0.51498800    0.12051400 

 C                 -6.10612500   -0.67513000    0.46751600 



S25 
 

 H                 -6.06817900    0.23309600    1.05419600 

 C                 -3.58883300    0.62796900    1.83814800 

 C                 -3.72848300    0.60454000    3.22783800 

 H                 -3.61703500   -0.32106600    3.77567400 

 C                 -3.98584600    1.77695500    3.92497200 

 H                 -4.08503800    1.74771100    5.00322400 

 C                 -4.10307200    2.98360600    3.24403800 

 H                 -4.29797100    3.89857900    3.79072500 

 C                 -3.96424300    3.01349800    1.86151300 

 H                 -4.05009200    3.95008100    1.32399000 

 C                 -3.71036200    1.84205200    1.15810600 

 H                 -3.60248500    1.88295200    0.08329900 
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