
 1 

Gold-Catalyzed Intermolecular Reactions between Propiolic Acids with 

Alkenes: [4+2] Annulation and Enyne Cross Metathesis 

 

Hyun-Suk Yeom,† Jaeyoung Koo,† Hyun-Sub Park,† Yi Wang,‡ Yong Liang,‡ Zhi-Xiang Yu,*,‡ Seunghoon Shin*,† 

 

†Department of Chemistry and Research Institute for Natural Sciences, Hanyang University, Seoul 133-791, Korea 
‡Beijing National Laboratory of Molecular Sciences (BNLMS), Key Laboratory of Bioorganic Chemistry and Molecular 
Engineering, College of Chemistry, Peking University, Beijing 100871, China 

 

Supporting Information 

 

Table of Contents 

I. General Remarks        S2 

II. Alkene Synthesis        S2 

III. Optimization Conditions for [4+2] Annulation and Enyne Metathesis  S3 

IV. General Procedure for [4+2] Annulation and Enyne Cross Metathesis  S6 

V. Asymmetric [4+2] Annulation (eq 5)      S6 

VI. Characterization Data of All Products      S10 

VII. Chemical Derivatization and Determination of Olefin Geometry  S17 

VIII. Copies of NMR Spectra       S18 

IX. DFT Studies         S96 

 

 

 

S1 



 2 

I. General Remarks 

All commercially available reagents were used without further purification (3a, 3d-f, 3h-i, 3k-n, 3p-r and (R)-DM-

SEGPHOS ligand). Anhydrous chloroform (reagent grade) was purified by washing with water followed by drying 

(CaCl2) before distillation over CaCl2. TLC analysis was carried out on Merck silica gel 60 F254 TLC plate and 

was visualized by UV lamp and potassium permanganate solution. Flash column chromatography was performed 

on Kieselgel 60 (230-400 mesh). Chiral HPLC assay was conducted on Younglin ACME 9000 system attached 

with UV detector. 1H and 13C NMR spectra were recorded on a Varian (400 MHz) spectrometer with TMS as an 

internal standard. High resolution mass spectra (HRMS) were conducted at Korea Basic Science Institute (KBSI) at 

Taegu, Korea. 

II. Alkene Synthesis 

The alkenes 3b,1 (E)-3j,2,3
 3r,1 (Z-major)-3n

1 and (Z-major)-3u
1,4

 were synthesized via Wittig olefination 

(RPPh3Br/nBuLi)1 or Horner-Emmons reaction (RP(O)(OMe)2/nBuLi)2 of the corresponding aldehydes. The allene 

3o was synthesized according to S. Ma’s protocol.5 Compound 3t was synthesized by olefin metathesis using 

Grubbs (I) catalyst.6 

[References] 

1. Nishimoto, Y.; Ueda, H.; Inamoto, Y.; Yasuda, M.; Baba, A. Org. Lett. 2010, 12, 3390. 
2. Eggen, M.; Mossman, C. J.; Buck, S. B.; Nair, S. K.; Bhat, L.; Ali, S. M.; Reiff, E. A.; Boge, T. C.; Georg, G. I. 
J. Org. Chem. 2000, 65, 7792. 
3. Jang, Y.–J.; Yan, M.–C.; Lin, Y.–F.; Yao, C.–F. J. Org. Chem. 2004, 69, 3961. 
4. Ollivier, J.; Piras, P. P.; Stolle, A.; Aufranc, P.; Meijere, A.; Salaün, J. Tetrahedron Lett. 1992, 33, 3307. 
5. (a) Kuang, J.; Ma, S. J. Am. Chem. Soc. 2011, 132, 1786. (b) Elsevier, C. J.; Vermeer, P. J. Org. Chem. 1989, 54, 
3726. 
6. Gresser, M. J.; Wales, S. M.; Keller, P. A. Tetrahedron 2010, 66, 6965. 
7. (a) Carlson, R. M.; Oyler, A. R.; Peterson, J. R. J. Org. Chem. 1975, 40, 1610; (b) Kato, T.; Sato, M.; Kitagawa, 
Y.; Sato, R. Chem. Pharm. Bull. 1981, 29, 1624; (c) Moreau, X.; Bazán-Tejeda, B.; Campagne, J.–M. J. Am. Chem. 

Soc. 2005, 127, 7288; (d) Tezuka, K.; Ishizaki, Y.; Inoue, Y. J. Mol. Catal. A: Chemical, 1998, 129, 199; (e) Harsh, 
P.; O’Doherty, G. A. Tetrahedron, 2009, 65, 5051. 
 
 

Compound 3s (colorless oil); 1H NMR (400 MHz, CDCl3): δ 7.36-7.13 (m, E&Z isomer, 5H), 5.64-5.44 (m, 

E&Z isomer, 2H), 3.40 (d, J = 6.2 Hz, Z isomer, 2H), 3.33 (d, J = 5.9 Hz, E isomer, 2H), 2.16 (q, J = 6.3 Hz, 

Z isomer, 2H), 2.01 (q, J = 6.2 Hz, E isomer, 2H), 1.50-1.30 (m, E&Z isomer, 4H), 0.92 (t, J = 7.0 Hz, Z 

isomer, 3H), 0.90 (t, J = 6.6 Hz, E isomer, 3H); 13C NMR (100 MHz, CDCl3): δ 144.9, 132.8, 131.7, 129.4, 

129.1, 129.1, 129.0, 128.6, 126.5, 126.4, 39.8, 34.2, 32.9, 32.6, 32.4, 27.6, 23.1, 22.9, 14.7, 14.6. 
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Compound 3u (colorless oil); 1H NMR (400 MHz, CDCl3): δ 5.30 (dt, J = 15.2, 6.6 Hz, E isomer, H), 5.31 (dt, J = 11.0, 7.4 Hz, 

Z isomer, H), 4.95 (dd, J = 15.2, 8.6 Hz, E isomer, H), 4.73 (t, J = 10.2 Hz, Z isomer, H), 2.16 (q, J = 7.0 Hz, 

Z isomer, 2H), 1.97 (q, J = 6.7 Hz, E isomer, 2H), 1.64-1.48 (m, Z isomer, H), 1.46-1.24 (m, E isomer 5H & 

Z isomer 4H), 0.89 (t, J = 7.0 Hz, Z isomer 3H), 0.88 (t, J = 7.0 Hz, E isomer 3H), 0.78-0.68 (m, Z isomer 

2H), 0.68-0.60 (m, E isomer 2H), 0.38-0.24 (m, E&Z isomer 2H); 13C NMR (100 MHz, CDCl3): δ 134.4, 134.3, 129.0, 32.9, 

32.7, 32.6, 28.0, 23.0, 22.9, 14.7, 14.6, 14.2, 10.2, 7.5, 7.0.  

 

III. Optimization Conditions for [4+2] Annulation and Enyne Metathesis 

1. Conditions screened for [4+2] Annulation: Optimal conditions for [4+2] annulation were probed with styrene 

(3a) as a prototypical substrate with propiolic acid (4a) (Table S1-S4).  

Table S1. The effect of liganda 

 

 

 

 
 

 

a Au(I)-complex were generated in-situ. b Crude yield (1H NMR, 1,3,5-trimethoxy- 
benzene as an internal standard).  

Table S2. The effect of solventsa 

 

 

 

 

 

 
 

 

a Au(I)-complex were generated in-situ. b Crude yield (1H NMR, 1,3,5-trimethoxy- 
benzene as an internal standard). c Cy-JohnPhos was used. 
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entry ligand condition productb 
1 PPh3 rt (4h) 50 % 
2 JohnPhos (L1) rt (4h) 76 % 
3 Cy-JohnPhos rt (4h) 61 % 
4 t-Bu-Xphos rt (4h) 47 % 
5 IPr rt (4h) 38 % 
6 IMes rt (4h) 13 % 

entry solvent condition productb  
1 CH2Cl2 rt (4 h) 54 % 

2 CH2Cl2 rt (12 h) 66 % 

3 1,2-dichloroethanec rt (12 h) 66 % 
4 1,2-dichloroethane rt (12 h) 68 % 

5 C6H6 rt (12 h) 56 % 

6 CH3NO2 rt (12 h) 54 % 
7 CHCl3

c rt (4 h) 59 % 

8 CHCl3 rt (4 h) 78 % 

N N

R1

R1

R1

R1
R2R2

IPr: R1 = iPr, R2 = H

IMes: R1, R2 = Me

PR1
2

JohnPhos: R1 = tBu, R2/R3/R4 = H

Cy-JohnPhos: R1 = c-C6H11, R2/R3/R4 = H

tBu-XPhos: R1 = tBu, R2/R3/R4 = iPr

SPhos: R1 = c-C6H11, R2/R3 = OMe, R4 = H

tBu-DavePhos: R1 = tBu, R2 = NMe2, R3/R4 = H

R3R2

R4
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Table S3. The effect of counter-anion (AgX)a 

 

 

 

 
a Au(I)-complex were generated in-situ. b Crude yield (1H NMR, 1,3,5-trimethoxy- 
benzene as an internal standard). c No reaction; starting materials remained intact. 

 

Table S4. The effect of ratio of alkenes and propiolic acida 

 

 

 

 
 

 

 

 

 

a Au(I)-complex were generated in-situ. b Crude yield by 1H NMR with 1,3,5-trimethoxybenzene as an internal  
standard; Isolated yield after chromatography in parenthesis.  
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entry AgX condition productb  
1 AgNTf2 rt (4 h) 40 % 

2 AgOTf rt (4 h) 47 % 

3 AgSbF6 rt (4 h) 80 % 
4 AgBF4 rt (4 h) 27 % 
5 AgClO4 rt (4 h) NRc 

entry propiolic acid alkene condition product (%)b  
1 1 eq. 2 eq. 40 oC (15 h) 36 

2 2 eq. 1 eq. 40 oC (15 h) 38 

3 5 eq. 1 eq. rt (24 h) 80 (79) 
4 5 eq. 1 eq. 40 oC (2 h) (75) 
5 5 eq. 1 eq. rt (4 h) (72) 

6 1 eq. 5 eq. rt (4 h) (75) 

7 1 eq. 3 eq. rt (4 h) 79 

8 1 eq. 1.5 eq. rt (24 h) 58 
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2. Conditions screened for enyne metathesis: The conditions for metathesis were probed with cis-cyclooctene 

(3q) with ethyl propiolate (4c) (Table S5).  

Table S5. Deviation from optimal conditionsa 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Au(I)-complex were generated in-situ. b Crude yield by 1H NMR with 1,3,5-trimethoxybenzene as an  
internal standard.  

3. Other catalytic systems examined: Additionally, the following conditions were also examined (Tables S6-S7).  

Table S6. Other conditions examined for [4+2] annulationa 

 

 

 

 
 

 

 

 

 

a Au(I)-complex were generated in-situ. b Crude yield (1H NMR, 1,3,5-trimethoxy- 
benzene as an internal standard). 

S5 

entry deviation from optimal condition condition product (%)b  
1 None 60 oC (1.5 h) 75 

2 ligand (Cy-JohnPhos)  60 oC (1.5 h) 50 

3 ligand (tBu-Xphos) 60 oC (1.5 h) 14 
4 ligand (SPhos) 60 oC (1.5 h) 50 
5 ligand (t-Bu-DavePhos) 60 oC (1.5 h) NR 

6 ligand (PPh3) 60 oC (1.5 h) 50 

7 ligand (IPr) 60 oC (1.5 h) 37 

8 AgX (AgOTf) 60 oC (1.5 h) 63 

9 AgX (AgBF4) 60 oC (1.5 h) 57 

10 AgX (AgClO4) 60 oC (1.5 h) NR 

11 AgX (AgNTf2) 60 oC (1.5 h) 62 

12 solvent (CH2Cl2) 60 oC (2.5 h) 70 

13 solvent (1,4-dioxane) 60 oC (2.5 h) 46 

14 solvent (CH3NO2) 60 oC (2.5 h) 45 

15 solvent (toluene) 60 oC (2.5 h) 44 

16 solvent (CH3CN) 60 oC (2.5 h) NR 

17 ratio (1 eq. of 4a + 1 eq. of 3q) 60 oC (1.5 h) 47 

18 ratio (1 eq. of 4a + 1.5 eq. of 3q) 60 oC (1.5 h) 75 

19 ratio (1 eq. of 4a + 3.0 eq. of 3q) 60 oC (1.5 h) 75 

entry catalyst condition productb  
1 None 40 oC (2 h) NR 

2 AuCl3 70 oC (2 h) NR 

3 AgSbF6 40 oC (15 h) NR 
4 [Cu(OTf)]2

.C6H6 rt (12 h) NR 

5 Cu(OTf)2 rt (12 h) NR 

6 TfOH (20 %) 100 oC (2 h) NR 

7 TfOH (1 eq.) rt (12 h) NR 

8 BF3
.OEt2 (1 eq.) 100 oC (2 h) NR 
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Table S7. Other conditions examined for enyne metathesisa 

CO2R

catalyst
(5 mol %)

1.0 eq
CHCl3

cyclooctene

3 equiv.

CO2R

 

 

 
 

 

 

a Au(I)-complex were generated in-situ. b Crude yield (1H NMR, 1,3,5-trimethoxy- 
benzene as an internal standard).  

 

IV. General Procedure for [4+2] Annulation and Enyne Cross Metathesis 

Method A (Table 1, footnote c): To a solution of an alkene (1.5 mmol, 5.0 equiv.) in CHCl3 (1.5 mL) was added 

[Au(JohnPhos)]Cl (0.015 mmol, 5 mol%) and AgSbF6 (0.015 mmol, 5 mol%). The reaction mixture was stirred for 

5 min at RT, before the addition of propiolic acid (0.3 mmol, 1.0 equiv.). After stirring the mixture at RT for 

indicated time (see Table 1-3), the solvent was removed and the residue was purified by chromatography 

(EtOAc/n-Hex).  

Method B (Table 1, footnote d): Similar protocol to Method A was followed except that tert-butyl propiolate (1 

equiv.) was used in place of propiolic acid. 

Method C (enyne metathesis in Table 2): Similar protocol to Method A was followed except that 1.5 equiv. of 

alkene and 1.0 equiv. of propiolic acid was used. 

 

V. Asymmetric [4+2] Annulation (eq 5) 

Representative Procedure (Reaction of 3k with 4b in 1,2-dichloroethane): To a solution of (R)-DM-

SEGPHOS(AuCl)2 (0.0075 mmol, 2.5 mol %) and AgSbF6 (0.015 mmol, 5 mol %) in 1,2-dichloroethane (3.0 mL) 

was added 2-methyl-2-butene 3k (105.2 mg, 1.5 mmol, 5 equiv.) and tert-butyl propiolate 4b (37.8 mg, 0.30 mmol, 

1 equiv.). The mixture was stirred 24 h at room temperature, while the progress of the reaction was monitored by 

TLC. After 24 h at RT, the reaction was quenched with triethylamine (3 drops) and was concentrated in vacuo. The 

residue was purified by silica gel chromatography (EA/nHex = 1:5) to give 27.7 mg (66 % yield) of product 1k as a 

colorless oil.  

 

S6 

entry R catalyst condition productb  
1 H None 100 oC (2 h) S1 (trace) 

2 Et AgOTf 60 oC (2 h) 43 % 

3 Et TfOH (20 %) 100 oC (2 h) NR 
4 H TfOH (20 %) rt (1.5 h) S1 (36 %) 
5 H BF3

.OEt2 (1 equiv.) rt (1.5 h) S1 (38 %) 

O

O

S1
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(S)-1a: The enantioselectivity was determined on Chiralcel OD-H column (0.46 cm, I.D. x 25 cm) with 

nHexane:iPrOH (50:1) as eluent (λ = 220 nm). 

1k: Identical assay conditions except the eluent (nHexane:iPrOH = 130:1). 

* Absolute stereochemistry of 1k was not determined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

lit. [α]D
20 = -188 (c 1.5, CHCl3) (Bazan-Tejeda, B.; Bluet, G.; Broustal, G.; Cmapagne, J. -M. Chem. Eur. J. 2006, 12, 8358) 
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VI. Characterization Data of All Products 

Compound 1a (white solid, m.p. 56-58 oC); IR (thin film): 3057, 2923, 2853, 1716, 1685, 1495, 1457, 1411, 

1251, 767, 700 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.98 (ddd, J = 8.4, 5.5, 2.9 Hz, H), 6.15 (dd, J = 9.9, 1.5 

Hz, H), 5.46 (dd, J = 11.0, 4,7 Hz, H), 2.67 (ddt, J = 18.3, 11.0, 2.6 Hz, H), 2.61 (dt, J = 18.7, 4.8 Hz, H); 13C 

NMR (100 MHz, CDCl3): δ 164.8, 145.5, 139.1, 129.4, 129.3, 126.7, 122.4, 79.9, 32.3; HRMS(EI+) Calcd 

for C11H10O2 [M+] 174.0681, found 174.0682. Spectral data gave a satisfactory match to previous reports.7a 

 

Compound 1c (colorless oil); IR (thin film): 2979, 2934, 1716, 1653, 1385, 1288, 1216, 1098, 994, 950, 810, 

750 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.77 (dt, J = 9.9, 4.1 Hz, H), 6.04 (d, J = 9.6 Hz, H), 2.50-2.36 (m, 

2H), 1.46 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 164.5, 144.1, 121.6, 80.8, 36.2, 28.4; HRMS(EI+) Calcd for 

C7H10O2 [M+] 126.0681, found 126.0680. Spectral data gave a satisfactory match to previous reports.7b 

 

Compound 1d (colorless oil); IR (thin film): 2935, 2860, 1715, 1653, 1238, 838, 816 cm-1; 1H NMR (400 

MHz, CDCl3): δ 6.74 (dt, J = 9.6, 4.4 Hz, H), 6.01 (dt, J = 9.9, 1.9 Hz, H), 2.41 (dd, J = 4.4, 2.2 Hz, H), 2.10-

1.88 (m, 2H), 1.88-1.69 (m, 2H), 1.69-1.42 (m, 5H), 1.42-1.25 (m, 1H); 13C NMR (100 MHz, CDCl3): 

δ 164.5, 143.8, 121.6, 81.8, 36.9, 35.1, 25.9, 22.1; HRMS(EI+) Calcd for C10H14O2 [M+] 166.0994, found 

166.0993. 

 

Compound 1e (white solid, m.p. 47-48 oC); IR (thin film): 3060, 3030, 2981, 2932, 2893, 1713, 1626, 1496, 

1446, 1380, 1262, 1091, 997, 965, 815, 760, 701; 1H NMR (400 MHz, CDCl3): δ 7.38-7.26 (m ,5H), 6.75 

(ddd, J = 9.6, 5.2, 3.7 Hz, H), 6.01 (dt, J = 9.5, 1.8 Hz, H), 2.96 (ddd, J = 18.4, 5.2, 1.1 Hz, H), 2.80 (ddd, J = 

18.3, 3.3, 2.5 Hz, H), 1.71 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 164.6, 144.5, 144.1, 129.2, 128.2, 125.1, 

122.5, 83.8, 36.0, 30.8; HRMS(EI+) Calcd for C12H12O2 [M+] 188.0837, found 188.0838. Spectral data gave a satisfactory 

match to previous reports.7c 

 

Compound 1f (colorless oil); IR (thin film): 3054, 2977, 2939, 2884, 1715, 1630, 1463, 1384, 1265, 1106, 1092, 

995, 957, 813 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.79 (dt, J = 9.9, 4.0 Hz, H), 6.03 (d, J = 9.9, 1.9 Hz, H), 

2.50 (ddd, J = 18.7, 3.3, 2.6 Hz, H), 2.32 (ddd, J = 18.3, 4.8, 1.5 Hz, H), 1.84-1.64 (m, 2H), 1.40 (s, 3H), 0.98 (t, 

J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 164.6, 144.1, 121.6, 83.2, 34.1, 340. 25.3, 8.7; HRMS(EI+) Calcd for 

C8H12O2 [M+] 140.0837, found 140.0839. This sample was obtained as an inseparable mixture with product 1m (0.15 equiv.). 

Spectral data gave a satisfactory match to previous reports.7b 
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Compound 1g (colorless oil); IR (thin film): 3080, 2979, 2927, 2857, 1716, 1646, 1455, 1381, 1289, 1249, 

1134, 1079, 996, 913, 810, 743 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.78 (dt, J = 9.8, 4.3 Hz, H), 6.02 (dt, 

J = 9.8, 1.9 Hz, H), 5.87 (ddt, J = 16.9, 10.5, 5.5 Hz, H), 5.26 (dd, J = 17.1, 1.5 Hz, H), 5.19 (dd, J = 9.5, 

1.1 Hz, H), 4.04 (dd, J = 5.5, 1.6 Hz, H), 3.57 (d of ABq, J = 9.8 Hz, H), 3.39 (d of ABq, J = 9.7 Hz, H), 

2.78 (ddd, J = 18.8, 3.9, 2.4 Hz, H), 2.29 (ddd, J = 18.8, 4.7, 2.0 Hz, H), 1.4 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 164.0, 

144.2, 134.9, 121.3, 118.0, 82.0, 75.3, 73.2, 31.6, 24.5; HRMS(EI+) Calcd for C10H14O3 [M+] 182.0943, found 182.0941. 

 

Compound 1h (colorless oil); IR (thin film): 2953, 2897, 1721, 1384, 1251, 1136, 1052, 1018, 840, 818 

cm-1; 1H NMR (400 MHz, CDCl3): δ 6.85 (ddd, J = 9.2, 5.5, 2.6 Hz, H), 6.01 (dd, J = 9.5, 1.5 Hz, H), 

4.56 (dtd, J = 11.7, 7.3, 4.4 Hz, H), 2.87 (dt, J = 18.7, 4.4 Hz, H), 2.27 (ddt, J = 18.3, 11.0, 2.5 Hz, H), 

1.25 (dd, J = 14.7, 7.3 Hz, H), 1.02 (dd, J = 14.3, 7.3 Hz, H), 0.12 (s, 9H); 13C NMR (100 MHz, CDCl3): 

δ 165.6, 145.6, 122.2, 77.6, 33.1, 24.9, -0.19; HRMS(EI+) Calcd for C9H16O2Si [M+] 184.0920, found 184.0916. 

 

Compound 1i (cis-isomer, pale yellow oil); IR (thin film): 2952, 2874, 1719, 1388, 1240, 1130, 1100, 1042, 987, 

822 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.90 (dd, J = 9.5, 5.5 Hz, H), 5.93 (d, J = 9.9 Hz, H), 4.92 (td, J = 8.5, 2.6 

Hz, H), 2.57 (tt, J = 9.2, 5.9 Hz, H), 2.20-1.84 (m, 4H), 1.80-1.66 (m, H), 1.66-1.48 (m, H); 13C NMR (100 MHz, 

CDCl3): δ 164.1, 148.5, 119.9, 84.0, 39.0, 34.1, 31.7, 24.1; HRMS(EI+) Calcd for C8H10O2 [M+] 138.0681, found 

138.0683. The cis-stereochemistry was determined by 1D-NOE experiments. 

 

Compound 1j (colorless oil); IR (thin film): 3034, 2913, 2930, 2874, 1727, 1455, 1386, 1248, 1226, 1057, 1002, 

812, 762, 698 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.46-7.30 (m, 5H), 6.85 (dd, J = 9.7, 3.1 H), 6.15 (dd, J = 

10.2, 2.3 Hz, H), 5.32 (d, J = 9.0 Hz, H), 2.66 (tt, J = 5.5, 3.5 Hz, H), 1.75 (dsextet, J = 7.0, 4.3 Hz, H), 1.03 (d, 

J = 7.0 Hz, 3H), 0.93 (d, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 163.7, 146.7, 138.0, 128.7, 128.6, 

127.0, 121.8, 82.5, 45.8, 27.7, 20.8, 17.6; HRMS(EI+) Calcd for C14H16O2 [M+] 216.1150, found 216.1151. The trans-

stereochemistry was determined by 1D-NOE experiments. 

 

Compound 1k (colorless oil); IR (thin film): 2981, 2936, 1716, 1653, 1272, 1133, 1088, 979, 823, 750, 668 cm-1; 
1H NMR (400 MHz, CDCl3): δ 6.66 (dd, J = 9.5, 3.6 Hz, H), 5.98 (dd, J = 9.9, 1.8 Hz, H), 2.67-2.45 (m, 1H), 

1.45 (s, 3H), 1.34 (s, 3H), 1.12 (d, J = 7.7 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 164.6, 150.6, 120.5, 83.9, 

38.6, 28.3, 23.2, 15.6; HRMS(FAB+) Calcd for C8H13O2 [M+H] 141.0916, found 141.0914. 
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Compound 1l (cis-isomer, colorless oil); IR (thin film): 2977, 2935, 2860, 1714, 1446, 1381, 1242, 1102, 993, 

970, 819 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.81 (dd, J = 9.5, 5.1 Hz, H), 5.98 (d, J = 9.1 Hz, H), 2.32-2.20 (m, 

H), 2.18-2.10 (m, H), 1.91-1.72 (m ,H), 1.72-1.52 (m, 3H), 1.52-1.38 (m, H), 1.38 (s, 3H), 1.32-1.18 (m, 2H); 13C 

NMR (100 MHz, CDCl3): δ 164.6, 149.7, 120.3, 80.9, 40.2, 36.5, 29.5, 26.4, 21.6; HRMS(FAB+) Calcd for 

C10H15O2 [M+H] 167.1072, found 167.1075. The cis-/trans-isomers (ratio = 7.7:1) could not be separated. The 

cis-stereochemistry was determined by 1D-NOE experiments. 

 

Compound 1m (colorless oil); IR (thin film): 2981, 2933, 1714, 1653, 1381, 1279, 1252, 1104, 997, 950, 823, 

809 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.73 (dt, J = 9.5, 4.4 Hz, H), 6.02 (dt, J = 9.9, 1.8 Hz, H), 5.86 (dd, J 

= 17.2, 11.0 Hz, H), 5.27 (d, J = 17.3 Hz, H), 5.16 (d, J = 11.0 Hz, H) 2.62-2.44 (m, 2H), 1.52 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 164.5, 143.6, 140.9, 122.0, 115.4, 82.0, 34.9, 27.9; HRMS(FAB+) Calcd for 

C8H11O2 [M+H] 139.0759, found 139.0757. 

 

Compound 1n (white solid); IR (thin film): 3056, 2916, 2848, 1722, 1494, 1449, 1382, 1265, 1245, 1057, 

1021, 967, 814, 737, 694 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.39 (d, J = 7.4 Hz, 2H),7.34 (t, J = 7.5 Hz, 

2H), 7.29 (d, J = 7.3 Hz, H), 6.93 (dt, J = 9.9, 4.0 Hz, H), 6.73 (d, J = 15.7 Hz, H), 6.28 (dd, J = 16.1, 6.2 

Hz, H), 6.09 (d, J = 9.5 Hz, H), 5.11 (q, J = 7.0 Hz, H), 2.64-2.46 (m, 2H); 13C NMR (100 MHz, CDCl3): 

δ 164.5, 145.2, 136.4, 133.8, 129.4, 129.0, 127.4, 126.3, 122.4, 78.6, 30.4; HRMS(EI+) Calcd for C13H12O2 [M+] 200.0837, 

found 200.0836. Spectral data gave a satisfactory match to previous reports.7e 

 

Compound 1o (colorless oil); IR (thin film): 2953, 2928, 2857, 1719, 1653, 1233, 1117, 1032, 925, 828, 

746, 698 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.40 (m, 3H), 7.26 (d, J = 7.7 Hz, 2H), 7.36 (d, J = 9.6 Hz, 

H), 6.73 (s, H), 5.99 (dd, J = 9.9, 1.5 Hz, H), 5.05 (t, J = 6.6 Hz, H), 2.05-1.93 (m, H), 1.93-1.81 (m H), 

1.60-1.50 (m, H), 1.50-1.40 (m, H), 1.40-1.18 (m, 6H), 0.88(t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 164.5, 139.8, 135.5, 133.3, 131.5, 130.0, 129.3, 120.3, 82.9, 36.4, 32.3, 29.6, 25.8, 23.2, 14.7; 

HRMS(EI+) Calcd for C18H22O2 [M+] 270.1620, found 270.1623. The regiochemistry was determined from the COSY NMR 

spectra (δ 5.05 (t) peak correlated with aliphatic protons). The stereochemistry of the double bond was determined from the 

NOE contact of the vinyl proton (PhCH) with methine proton (CHO). 
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Compound 2pa (white solid, m.p. 95-97 oC); IR (thin film): 3200(br), 2930, 2852, 2672, 2529, 1669, 

1609, 1430, 1288, 976, 748, 704 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.20 (t, J = 6.8 Hz, H), 5.85 (d, J = 

16.4 Hz, H), 5.69 (ddd, J = 16.0, 10.6, 5.5 Hz, H), 2.60-2.08 (m, 4H), 1.78-1.60 (m, 3H), 1.60-1.36 (m, 

3H); 13C NMR (100 MHz, CDCl3): δ 172.1, 149.8, 138.0, 133.9, 123.0, 32.2, 30.5, 29.0, 28.6, 28.1; 

HRMS(EI+) Calcd for C10H14O2 [M+] 166.0994, found 166.0994. The trans-geometry of unconjugated double bond was 

supported by the large coupling constant (J = 16.2 Hz). The trans-geometry of conjugated double bond was taken from the 

analogy to the products (E,E)-2ra and (E,Z)-2ra.  

 

Compound 2qa (white solid, m.p 109-111 oC); IR (thin film): 3100(br), 3005, 2957, 2926, 2849, 2622, 

2550, 1682, 1653, 1600, 1457, 1424, 1297, 1273, 1207, 973, 916, 747 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 7.03 (t, J = 8.0 Hz, H), 6.00 (d, J = 16.2 Hz, H), 5.58 (dt, J = 16.5, 7.7 Hz, H), 2.25 (q, J = 7.7 

Hz, H), 2.19 (q, J = 7.7 Hz, 2H), 1.62-1.50 (m, 2H), 1.48-1.31 (m, 4H), 1.30-1.16 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 172.5, 147.1, 139.1, 134.0, 124.0, 35.1, 28.0, 27.8, 27.0, 25.7, 23.7; HRMS(EI+) Calcd for C11H16O2 

[M+] 180.1150, found 180.1148. The trans-geometry of unconjugated double bond was supported by the large coupling 

constant (J = 16.3 Hz). The trans-geometry of conjugated double bond was taken from the analogy to the products (E,E)-2ra 

and (E,Z)-2ra.  

 

Compound (E,E)-2ra (colorless oil); IR (thin film): 3180(br), 2960, 2931, 2872, 2650, 2523, 1685, 

1653, 1457, 1418, 1277, 967, 668 cm-1; 1H NMR (400 MHz, CDCl3): δ 10.5 (br s, H), 6.81 (t, J = 7.7 

Hz, H), 6.11 (d, J = 16.2, Hz, H), 6.05 (dt, J = 15.7, 6.2 Hz, H) ,2,29 (q, J = 7.3 Hz, 2H), 2,14 (q, J = 

7.0 Hz, 2H), 1.50 (sextet, J = 7.3 Hz, 2H), 1.46 (sextet, J = 7.3 Hz, 2H), 0.95 (t, J = 7.7 Hz, 3H), 0.93 (t, 

J = 7.7 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 173.1, 145.0, 137.0, 129.7, 121.9, 35.9, 31.2, 22.6, 22.4, 14.1, 13.9; 

HRMS(EI+) Calcd for C11H18O2 [M+] 182.1307, found 182.1308. The trans-geometry of unconjugated double bond was 

supported by the large coupling constant (J = 16.0 Hz). The trans-geometry of conjugated double bond was determined by 

NOE experiments after reduction of the acid into the alcohol (see Section VII below). 

 

Compound (E,Z)-2ra (colorless oil); IR (thin film): 3170(br), 2960, 2932, 2872, 2648, 2533, 1686, 

1653, 1418, 1281, 920, 750 cm-1; 1H NMR (400 MHz, CDCl3): 6.96 (t, J = 7.3 Hz, H), 5.92 (d, J = 

11.0 Hz, H), 5.71 (dt, J = 11.3, 7.4 Hz, H), 2.11 (q, J = 7.3 Hz, 2H), 1.87 (q, J = 7.0 Hz, 2H), 1.47 

(sextet, J = 7.3 Hz, 2H), 1.38 (sextet, J = 7.4 Hz, 2H), 0.92 (t, J = 7.3 Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 173.3, 147.7, 136.3, 129.3, 122.3, 32.5, 31.9, 22.9, 22.3, 14.6, 14.5; HRMS(EI+) Calcd for C11H18O2 [M+] 182.1307, 

found 182.1309. The cis-geometry of unconjugated double bond was supported by the small coupling constant (J = 11.2 Hz). 

The trans-geometry of conjugated double bond was determined by NOE experiments after reduction of the acid into the 

alcohol (see Section VII below). 
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Compound 2qc (colorless oil); IR (thin film): 2927, 2852, 1713, 1655, 1607, 1458, 1257, 1200, 1126, 

1084, 1078, 1044, 1000, 973, 746 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.88 (td, J =8.2, 0.8 Hz, H), 

6.03 (d, J = 16.4 Hz, H), 5.55 (dt, J = 16.4, 7.8 Hz, H), 4.22 (q, J = 7.0 Hz, 2H), 2.23 (q, J = 7.8 Hz, 

2H), 2.18 (q, J = 7.6 Hz, 2H), 1.53 (m ,2H), 1.48-1.12 (m, 6H), 1.30 (t, J = 7.0 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 167.6, 144.1, 138.4, 134.9, 124.7, 61.3, 35.1, 28.1, 27.8, 27.1, 25.4, 23.7, 15.0; 

HRMS(EI+) Calcd for C13H20O2 [M+] 208.1463, found 208,1461.  

 

Compound (E,Z)-2rd (colorless oil); IR (thin film): 2959, 2931, 2873, 1718, 1647, 1457, 1379, 1243, 

1217, 1143, 1088, 1049, 968, 928, 753, 667 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.84 (t, J = 7.4 Hz, 

H), 5.95 (d, J = 11.3 Hz, H), 6.04-5.88 (m, H), 5.67 (dt, J = 11.0 , 7.4 Hz, H), 5.33 (dd, J = 17.2, 1.6 

Hz, H), 5.22 (dd, J = 10.1, 1.2 Hz, H), 4.64 (d, J = 7.0 Hz, 2H), 2.09 (q, J = 7.4 Hz, 2H), 1.86 (qd, J = 7.4, 1.6 Hz, 2H), 1.46 

(sextet, J = 7.4 Hz, 2H), 1.37 (sextet, J = 7.4 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 167.8, 145.3, 135.7, 133.1, 129.8, 122.8, 118.5, 65.9, 32.3, 31.9, 22.9, 22.4, 14.6, 14.5; HRMS(EI+) Calcd for 

C14H22O2 [M+] 222.3233, found 222.3234.  

 

Compound 2qe (white solid, m.p. 88-90 oC); IR (thin film): 2927, 2854, 1597, 1459, 1311, 1300, 1149, 1090, 

982, 813, 730, 718, 667, 661 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.74 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 7.8 

Hz, 2H), 6.91 (t, J = 7.8 Hz, H), 5.76 (d, J = 16.0 Hz, H), 5.68 (dt, J = 16.0, 7.4 Hz, H), 2.42 (s, 3H), 2.22 (q, 

J = 7.4 Hz, 2H), 2.11 (q, J = 7.8 Hz, 2H), 1.58-1.48 (m, 2H), 1.48-1.36 (m, 2H), 1.36-1.18 (m, 4H); 13C 

NMR (100 MHz, CDCl3): δ 144.6, 144.2, 143.0, 141.6, 137.8, 130.2, 129.0, 119.9, 35.2, 27.6, 27.4, 26.9, 25.8, 24.0, 22.3; 

HRMS(EI+) Calcd for C17H22O2S [M+] 290.1342, found 290.1344. 

 

Compound (E,E)-2rc (colorless oil); IR (thin film): 2970, 2935, 2863, 1719, 1642, 1453, 1364, 1283, 

1253, 1232, 1061, 776 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.58 (t, J = 7.4 Hz, H), 6.12 (d, J = 16.1 Hz, 

H), 6.01 (dt, J = 15.8, 6.9 Hz, H), 4.20 (q, J = 7.0 Hz, 2H), 2.26 (q, J = 7.3 Hz, 2H), 2.13 (q, J = 7.0 Hz, 

2H), 1.53-1.40 (m, 4H), 1.30 (t, J = 7.0 Hz, 3H), 0.94 (t, J = 6.9 Hz, 3H), 0.93 (t, J = 6.9 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 168.0, 141.7, 136.3, 130.8, 122.4, 60.7, 35.9, 30.9, 22.6, 22.5, 14.5, 14.2, 13.9; HRMS(EI+) Calcd 

for C13H22O2 [M+] 210.1620, found 210.1621. 
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Compound (E,Z)-2rc (colorless oil); IR (thin film): 2960, 2932, 2873, 1717, 1632, 1463, 1360, 1270, 

1248, 1222, 1061, 776, 701 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.80 (t, J = 7.4 Hz, H), 5.93 (d, J = 

11.3 Hz, H), 5.66 (dt, J = 11.3, 7.0 Hz, H), 4.19 (q, J = 7.1 Hz, 2H), 2.08 (q, J = 7.4 Hz, 2H), 1.86 (qd, 

J = 7.4, 1.6 Hz, 2H), 1.46 (sextet, J = 7.4 Hz, 2H), 1.37 (sextet, J = 7.4 Hz, 2H), 1.29 (t, J = 7.0 Hz, 

3H), 0.92 (t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 168.2, 144.7, 135.5, 130.1, 123.0, 61.2, 

32.3, 31.9, 22.9, 22.4, 14.9, 14.6, 14.4; HRMS(EI+) Calcd for C13H22O2 [M+] 210.1620, found 210.1622. 

 

 

Compound 2sc/2sc' (colorless oil, inseparable mixture of 1.4:1); IR (thin film): 

3065, 2919, 1729, 1380, 1243, 1062, 1020, 814, 756, 666 cm-1; 1H NMR (400 

MHz, CDCl3): δ 7.38-7.19 (m, 2sc/2sc', 5H), 6.73 (t, J = 7.8 Hz, 2sc', H), 6.64 (t, 

J = 7.8 Hz, 2sc, H), 6.28-6.17 (m, 2sc/2sc', 3H), 6.08 (dt, J = 15.6, 7.1 Hz, 2sc', 

H), 4.20 (q, J = 7.1 Hz, 2sc/2sc', 2H), 3.63 (d, J = 7.8 Hz, 2sc', 2H), 3.50 (d, J = 

4.7 Hz, 2sc, 2H), 2.27 (q, J = 7.5 Hz, 2sc, 2H), 2.19 (q, J = 7.0 Hz, 2sc', 2H), 

1.57-1.18 (m, 2sc/2sc', 4H), 1.30 (t, J = 7.0 Hz, 2sc, 3H), 1.29 (t, J = 7.1 Hz, 2sc', 3H), 0.91 (t, J = 7.8 Hz, 2sc', 3H), 0.89 (t, J 

= 7.0 Hz, 2sc, 3H); 13C NMR (100 MHz, CDCl3): δ 168.2, 143.3, 140.8, 140.0, 139.6, 138.0, 134.9, 131.8, 130.7, 129.3, 129.3, 

129.2, 129.1, 127.1, 126.8, 124.2, 122.5, 61.3, 40.6, 35.5, 34.0, 32.0, 31.8, 29.1, 23.1,23.0, 14.9, 14.6, 14.5; HRMS(EI+) Calcd 

for C18H24O2 [M+] 272.1776, found 272.1775. 

 

 

Compound 2tc (colorless oil, inseparable mixture); IR (thin film): 3084, 3062, 3027, 2957, 2927, 

2871, 2858, 1716, 1649, 1602, 1494, 1453, 1377, 1237, 1196, 1140, 1030, 969, 739, 697, 635 cm-

1; 1H NMR (400 MHz, CDCl3): δ 7.36-7.09 (m, E&Z isomer, 10H), 7.04 (t, J =7.8 Hz, Z isomer, 

H), 6.78 (t, J = 7.4 Hz, E isomer, H), 6.32 (d, J = 15.6 Hz, E isomer, H), 6.26 (dt, J = 16.0, 6.3 Hz, 

E isomer, H), 6.18 (dd, J = 11.4, 1.2 Hz, Z isomer, H), 5.96 (dt, J = 11.3, 7.4 Hz, Z isomer, H), 

4.21 (q, J = 7.1 Hz, Z isomer, 2H), 4.20 (q, J = 7.4 Hz, E isomer, 2H), 3.61 (d, J = 7.8 Hz, E isomer, 2H), 3.53 (d, J = 7.7 Hz, E 

isomer, 2H), 3.51 (d, J = 7.8 Hz, Z isomer, 2H), 3.32 (d, J = 7.0 Hz, Z isomer, 2H), 1.28 (t, J = 7.1 Hz, Z isomer, 3H), 1.27 (t, 

J= 7.6 Hz, E isomer, 3H); 13C NMR (100 MHz, CDCl3): δ 167.2, 167.0, 142.5, 140.0, 139.9, 139.8, 139.1, 138.7, 135.2, 133.9, 

13.0,8 129.6, 128.7, 128.6, 128.6, 128.5, 128.5, 128.4, 126.5, 126.4, 126.2, 126.1, 123.2, 123.0, 60.8, 60.7, 39.9, 35.8, 35.3, 

34.8, 14.3, 14.2; HRMS(EI+) Calcd for C21H22O2 [M+] 306.1620, found 306.1622. 
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Compound 1u (colorless oil, dr 3.8 :1); IR (thin film): 3007, 2956, 2931, 2861, 1722, 1465, 1380, 1251, 

1029, 992, 822 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.96 (dd, J = 9.8, 5.6 Hz, major, H), 6.82 (dd, J = 9.8, 

3.6 Hz, minor, H), 5.99 (d, J = 9.8 Hz, major&minor, H), 3.63 (dd, J = 9.4, 5.5 Hz, major, H), 3.47 (dd, J 

= 8.9, 7.0 Hz, minor, H), 2.60-2.50 (m, minor, H), 2.50-2.40 (m, major, H), 1.88-1.28 (m, major&minor, 

6H), 1.25-1.08 (m, major&minor, H), 0.98-0.86 (m, major&minor, 3H), 0.76-0.57 (m, major&minor, 2H), 

0.57-0.44 (m, major&minor, H), 0.38-0.30 (m, minor, H), 0.30-0.20 (m, major, H); 13C NMR (100 MHz, CDCl3): δ 165.4, 

164.6, 151.3, 150.1, 121.2, 121.1, 87.3, 86.5, 40.2, 38.4, 31.3, 29.5, 29.2, 28.6, 23.6, 23.4, 15.1, 14.6, 12.2, 4.8, 4.5, 3.7, 2.7; 

HRMS(EI+) Calcd for C12H18O2 [M+] 194.1307, found 194.1308. 

 

Compound 6 (colorless oil); IR (thin film): 2956, 2927, 2871, 1691, 1643, 1487, 1456, 1414, 1287, 

1207, 1132, 989, 923, 832, 762 cm-1; (for major isomer) 1H NMR (400 MHz, CDCl3): δ 5.65 (ddt, 

J = 16.8, 10.2, 6.7 Hz, H) 5.13 (d, J = 10.1 Hz, H), 5.10 (d, J = 15.6 Hz, H), 3.83 (dd, J = 15.2, 5.9 

Hz, H), 3.74 (dd, J = 15.6, 6.3 Hz, H), 3.33 (dd, J = 10.2, 5.9 Hz, H), 3.10 (d, J = 10.1 Hz, H), 

1.52-1.30 (m, 7H), 1.30-1.12 (m, 2H), 0.91 (t, J = 6.7 Hz, 3H), 0.88 (t, J = 7.0 Hz, 3H), 0.87-0.77 

(m, 2H), 0.56 (t, J = 4.3 Hz, H), 0.54-0.45 (m, H), 0.45-0.34 (m, H); 13C NMR (100 MHz, CDCl3): δ 176.5, 133.7, 118.1, 48.4, 

45.5, 32.9, 31.0, 30.9, 23.8, 23.0, 22.5, 21.7, 18.0, 16.8, 14.9, 14.8; HRMS(EI+) Calcd for C17H27NO [M+] 261.4024, found 

261.4022.  

 

Compound (Z,E)-2rc (in Scheme 3) (colorless oil); IR (thin film): 2960, 2930, 2872, 1725, 1463, 1378, 1261, 

1212, 1174, 1157, 1094, 1044, 961, 803 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.02 (d, J = 16.0 Hz, H), 5.75 (t, 

J = 7.8 Hz, H), 5.68 (dt, J = 16.1, 7.5 Hz, H), 4.28 (q, J = 7.4 Hz, 2H), 2.20 (q, J = 7.4 Hz, 2H), 2.06 (q, J = 

7.0 Hz, 2H), 1.52- 1.37 (m ,4H), 1.33 (t, J = 7.4 Hz, 3H), 0.92 (t, J = 7.0 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 169.0, 136.6, 134.4, 132.3, 128.6, 61.2, 35.6, 32.3, 23.2, 23.0, 15.0, 14.5, 14.4; 

HRMS(EI+) Calcd for C13H22O2 [M+] 210.3126, found 210.3125. 
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VII. Chemical Derivatization and Determination of Olefin Geometry 

 

A solution of 2ra in ether at 0 oC was treated with 2.05 equiv. of LiAlH4 portionwise. After 1 h, the reaction was quenched 

with a saturated solution of Na2SO4. The white precipitate was filtered off and the residue was purified by chromatography 

(EtOAc/nHex = 1:2) to give the respective alcohols. The stereochemistry of conjugated double bonds determined from the 1D-

NOE experiments. 

 

Compound (E,E)-S2 (colorless oil); 1H NMR (400 MHz, CDCl3): δ 6.28 (d, J = 15.8 Hz, H), 5.84 (dt, J 

= 16.1, 7.0 Hz, H), 5.21 (t, J = 7.3 Hz, H), 4.25 (d, J = 5.9 Hz, 2H), 2.15 (q, J = 7.4 Hz, 2H), 2.12 (q, J = 

7.0 Hz, 2H), 1.43 (m, 4H), 0.93 (t, J = 7.4 Hz, 3H), 0.92 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 136.4, 131.9, 130.8, 125.3, 66.3, 36.2, 30.0, 24.5, 23.3, 14.5, 14.4. 

Compound (E,Z)-S3 (colorless oil); 1H NMR (400 MHz, CDCl3): δ 5.82 (d, J = 11.7 Hz, H), 5.59 (dt, J 

= 11.8, 7.0 Hz, H), 5.53 (t, J = 7.0 Hz, H), 4.08 (s, 2H), 1.98 (m, 4H), 1.38 (m, 4H), 0.90 (t, J = 7.5 Hz, 

3H), 0.89 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 137.0, 135.1, 129.6, 125.4, 67.9, 31.9, 

31.5, 23.3, 23.2, 14.9, 14.6. 

 

[ Key NOE Contacts ] 
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VIII. Copies of NMR Spectra 

 

S18 



 19 

 

S19 



 20 

S20 



 21 

 

S21 



 22 

 

S22 

O

O

Ph

1a



 23 

 
S23 

O

O

Ph

1a



 24 

 
S24 



 25 

 
S25 



 26 

 
S26 



 27 

 
S27 



 28 

 
S28 

O

O

1e

Ph



 29 

 
S29 

O

O

1e

Ph



 30 

 
S30 

O

O

1f



 31 

 
S31 



 32 

 
S32 



 33 

 
S33 



 34 

 
S34 



 35 

 
S35 



 36 

 
S36 



 37 

 
S37 



 38 

 
S38 



 39 

 
S39 



 40 

 
S40 

O

O

1i

H

H

4.92

2.57
nOe

1.89 %



 41 

 
S41 



 42 

 
S42 



 43 

 

 
S43 



 44 

 
S44 



 45 

 
S45 



 46 

 
S46 



 47 

 
S47 

O

O

1l



 48 

 
S48 



 49 

 
S49 



 50 

 
S50 

O

O
1m



 51 

 

 
 

S51 



 52 

 
S52 



 53 

 
S53 



 54 

 
S54 

O

O

1o

C6H13

Ph



 55 

S55 



 56 

 
S56 

O

O

1o

C6H13

Ph



 57 

 
S57 



 58 

S58



 59 

S59

CO2H

2pa



 60 

S60



 61 

S61 



 62 

 
S62 



 63 

 
S63 



 64 

 
S64 



 65 

 
S65 



 66 

S66 



 67 

 
S67 



 68 

 
S68 



 69 

 
S69 



 70 

 
S70 



 71 

 
S71 



 72 

 
S72 



 73 

 

S73 



 74 

 
S74 



 75 

S75 



 76 

 
 
 
 
 
 
 

S76 



 77 

 
 
 
 
 
 
 

S77 



 78 

 
S78 



 79 

S79 



 80 

 

S80 



 81 

 

S81 



 82 

 
S82 



 83 

 

 
S83 



 84 

S84 



 85 

S85 



 86 

S86 



 87 

 
S87 

CO2Et
Bn

Bn

2tc (E,Z/E,E=1.5:1)



 88 

S88 



 89 

 
S89 



 90 

 

S90 



 91 

 

S91 



 92 

 

 
S92 



 93 

 
 
 
 

 
S93 



 94 

 
 
 
 
 
 

 
 

S94 



 95 

 
 
 

 
 
 
 

S95 



 96 

IX. DFT Studies 

 

1. Computational details 

All DFT calculations were performed with the Gaussian 09 software package.8 Geometry optimization of all 

the minima and transition states involved was carried out at the B3LYP level of theory.9 The SDD basis set10 was 

used for gold and the 6-31G(d) basis set11 for the other atoms. The keyword “5D” was used to specify that five 

(instead of six) d-type orbitals were used for all elements in the calculations. The vibrational frequencies were 

computed at the same level to check whether each optimized structure was an energy minimum or a transition state 

and to evaluate its zero-point vibrational energy (ZPVE) and thermal corrections at 298 K. To improve the 

calculation accuracy with the consideration of dispersion energies, single-point energies and solvent effects were 

computed at the M06/6-311+G(d,p)-SDD level (the SDD basis set for gold and the 6-311+G(d,p) basis set for the 

other atoms),12 based on the gas-phase optimized structures. Solvation energies in chloroform (CHCl3) were 

evaluated by a self-consistent reaction field (SCRF) using the CPCM model,13 where UFF radii were used. In the 

paper and the Supporting Information, all discussed energies are Gibbs free energies in chloroform (∆Gsol) at 298 K 

unless specified. The Gibbs free energies in gas phase (∆Ggas) and the enthalpies in gas phase (∆Hgas) are also given 

for reference. 
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The DFT-calculated structures of transition states TS1-c, TS1-t, TS3-in, and TS3-out shown in Figure 1 of 

the paper are provided in Figure S1. As mentioned in the paper, there is obvious steric repulsion between the 

migrating methyl group and the carboxylic acid in TS1-c. This conclusion is supported by the disfavored eclipsed 

conformation along the developing C1−C4 bond in TS1-c, as evidenced by the C5-C1-C4-C6 dihedral angle of 

28.8° (Figure S1). 

 

  

  
 
Figure S1. DFT-calculated structures of transition states TS1-c, TS1-t, TS3-in, and TS3-out (C gray; H white; O 
red; P blue; Au gold; distances are given in Å). 
 

As mentioned in the paper, from cyclopropyl Au-carbenoid A-trans, the enyne metathesis pathway via 

transition state TS1-t is the most favored one, which requires an overall activation free energy of only 8.0 kcal/mol 

in CHCl3 (Figure 1). As depicted in Figure S2, the cyclobutene formation pathway and the [4+2] annulation 

pathway from A-trans require overall activation free energies of 16.7 and 14.6 kcal/mol in CHCl3, respectively. 

These two pathways are higher by 7-9 kcal/mol in energy than the enyne metathesis pathway via TS1-t, suggesting 

that neither cyclobutene B-trans nor [4+2] product G will be generated. This is in accord with the experimental 

results. 

The formation of A-trans and other issues will be discussed in a full paper in the due course. 

 

 

 

S97 



 98 

 
 
Figure S2. DFT-calculated free energy surfaces for cyclobutene formation and [4+2] annulation pathways. 
 

In Figure S3, three different cyclobutene ring-opening pathways a, b, and c were compared. Calculations 

indicated that, in the presence of Au(I)-catalyst, pathways a (from gold-alkene complex B-trans) and b (from gold-

carbonyl complex B’-trans) are much more favored than pathway c (from free cyclobutene B’’-trans, Figure S3). 

However, in all cases, outward conrotation transition states are lower by 12-15 kcal/mol in energy than the 

corresponding inward conrotation transition states, showing that the Z,E-diene will be generated exclusively. This 

selectivity is contrary to the experimental result in the corresponding gold-catalyzed enyne metathesis reaction, 

where the E,Z-diene is the sole product. Therefore, the involvement of cyclobutene intermediates in the gold-

catalyzed enyne metathesis reaction can be excluded. 
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Figure S3. DFT-calculated energies for three different cyclobutene ring-opening pathways. 
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2. Coordinates of all stationary points 
 
A-trans 

Standard orientation: 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0        - 2 . 2 6 1 8 3 1    - 0 . 8 0 9 8 1 1    - 0 . 4 7 4 1 7 1 
      2           6            0        - 1 . 4 1 9 4 9 8     0 . 1 8 9 6 5 5    - 0 . 0 2 2 7 2 5 
      3           6            0        - 3 . 8 0 0 3 7 1    - 0 . 6 3 6 7 1 2    - 0 . 9 4 0 4 2 9 
      4          1 5            0         2 . 9 9 3 8 8 8    - 0 . 1 9 7 6 2 7    - 0 . 0 4 6 2 9 4 
      5          7 9            0         0 . 6 3 7 4 6 9     0 . 0 0 8 0 6 6    - 0 . 0 2 6 4 9 2 
      6           6            0        - 3 . 6 5 7 5 5 9    - 1 . 1 2 3 6 1 3     0 . 4 0 6 8 9 9 
      7           1            0        - 3 . 7 5 5 5 8 3    - 0 . 3 9 4 4 1 7     1 . 2 0 7 6 7 0 
      8           6            0        - 1 . 9 2 9 9 0 8     1 . 4 4 8 3 8 1     0 . 5 8 8 8 1 7 
      9           8            0        - 2 . 4 4 0 1 3 3     1 . 4 8 1 1 8 0     1 . 6 9 0 5 5 9 
     1 0           8            0        - 1 . 6 8 3 9 1 5     2 . 5 2 4 9 3 7    - 0 . 1 7 3 4 4 7 
     1 1           1            0        - 1 . 9 9 2 4 3 4     3 . 3 1 3 6 9 4     0 . 3 1 7 2 4 5 
     1 2           1            0        - 1 . 8 1 8 7 5 5    - 1 . 7 2 7 7 0 0    - 0 . 8 4 3 9 0 1 
     1 3           6            0         3 . 8 7 1 0 5 5     1 . 4 1 3 7 8 7    - 0 . 1 6 0 3 4 6 
     1 4           1            0         3 . 6 0 2 1 9 1     2 . 0 4 4 8 1 7     0 . 6 9 1 8 5 4 
     1 5           1            0         4 . 9 5 5 3 0 2     1 . 2 5 9 4 3 3    - 0 . 1 6 4 0 8 6 
     1 6           1            0         3 . 5 7 9 7 3 5     1 . 9 3 0 8 9 6    - 1 . 0 7 9 2 8 5 
     1 7           6            0         3 . 6 6 6 2 9 6    - 1 . 0 0 7 4 9 3     1 . 4 6 1 4 9 5 
     1 8           1            0         3 . 2 5 1 4 8 7    - 2 . 0 1 5 0 7 5     1 . 5 5 8 5 8 9 
     1 9           1            0         4 . 7 5 8 1 1 4    - 1 . 0 7 3 3 9 1     1 . 4 0 5 8 0 4 
     2 0           1            0         3 . 3 8 6 9 9 0    - 0 . 4 3 1 4 2 3     2 . 3 4 8 5 1 4 
     2 1           6            0         3 . 6 3 3 4 2 7    - 1 . 1 9 3 7 4 9    - 1 . 4 5 3 0 9 4 
     2 2           1            0         4 . 7 2 6 1 6 0    - 1 . 2 5 4 8 1 9    - 1 . 4 1 3 9 1 7 
     2 3           1            0         3 . 2 1 7 4 3 5    - 2 . 2 0 4 7 3 0    - 1 . 4 1 2 0 6 7 
     2 4           1            0         3 . 3 3 4 7 7 8    - 0 . 7 3 4 6 9 3    - 2 . 4 0 0 1 4 4 
     2 5           6            0        - 4 . 3 6 9 5 3 7     0 . 7 2 0 7 4 1    - 1 . 2 8 7 7 3 5 
     2 6           1            0        - 4 . 2 9 9 1 3 8     1 . 4 3 3 6 0 3    - 0 . 4 6 3 5 3 3 
     2 7           1            0        - 3 . 8 8 7 3 2 7     1 . 1 4 4 2 5 5    - 2 . 1 7 3 0 3 1 
     2 8           1            0        - 5 . 4 3 4 4 5 4     0 . 5 9 0 0 3 9    - 1 . 5 1 2 7 3 7 
     2 9           1            0        - 3 . 9 6 6 9 9 6    - 1 . 4 0 0 6 3 9    - 1 . 7 0 0 5 8 9 
     3 0           6            0        - 3 . 7 9 3 9 7 8    - 2 . 5 6 8 2 6 0     0 . 8 0 3 8 7 8 
     3 1           1            0        - 3 . 6 2 0 7 7 5    - 3 . 2 4 9 4 1 8    - 0 . 0 3 4 6 9 3 
     3 2           1            0        - 3 . 1 1 9 2 9 3    - 2 . 8 2 4 9 1 2     1 . 6 2 5 7 5 8 
     3 3           1            0        - 4 . 8 2 1 9 9 0    - 2 . 7 2 4 7 8 3     1 . 1 5 7 4 2 3 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS1-t 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0         2 . 8 6 4 5 2 9    - 0 . 0 5 6 3 4 2    - 0 . 0 0 7 6 6 2 
      2          7 9            0         0 . 5 1 5 5 0 6     0 . 0 0 2 1 5 1    - 0 . 0 6 9 8 7 7 
      3           6            0        - 2 . 3 6 1 2 3 3    - 0 . 6 5 9 8 1 9    - 1 . 0 6 7 0 6 4 
      4           6            0        - 1 . 5 9 6 8 4 3     0 . 1 0 8 1 0 6    - 0 . 1 0 6 2 1 1 
      5           6            0        - 3 . 7 2 7 0 8 7    - 0 . 9 5 8 1 2 0    - 0 . 7 8 6 6 4 9 
      6           6            0        - 2 . 5 2 6 2 1 7    - 1 . 0 8 9 1 0 1     0 . 5 1 4 2 9 1 
      7           6            0        - 1 . 9 9 1 4 9 1    - 2 . 4 2 6 8 6 9     0 . 9 7 4 1 4 0 
      8           1            0        - 3 . 1 0 3 3 8 2    - 0 . 5 0 9 0 4 1     1 . 2 3 5 3 9 7 
      9           1            0        - 1 . 2 6 7 2 8 2    - 2 . 8 4 7 6 9 5     0 . 2 7 1 5 4 1 
     1 0           1            0        - 2 . 8 0 4 0 4 1    - 3 . 1 4 6 2 6 7     1 . 1 1 6 4 7 1 
     1 1           1            0        - 1 . 4 9 0 3 3 0    - 2 . 2 9 4 3 3 8     1 . 9 3 8 1 7 4 
     1 2           6            0         3 . 6 3 3 3 4 7     1 . 6 1 2 2 0 3    - 0 . 0 8 4 5 1 6 
     1 3           1            0         3 . 2 8 9 4 1 3     2 . 2 1 9 3 0 4     0 . 7 5 8 0 4 0 
     1 4           1            0         4 . 7 2 5 1 1 8     1 . 5 3 3 2 9 7    - 0 . 0 4 7 1 6 6 
     1 5           1            0         3 . 3 4 1 7 0 4     2 . 1 1 2 7 1 0    - 1 . 0 1 2 5 1 5 
     1 6           6            0         3 . 5 4 9 0 1 9    - 0 . 8 2 2 5 6 7     1 . 5 1 7 8 2 0 
     1 7           1            0         4 . 6 4 3 9 6 8    - 0 . 8 0 5 2 3 2     1 . 4 9 7 7 9 9 
     1 8           1            0         3 . 1 9 8 6 2 6    - 0 . 2 7 4 3 8 0     2 . 3 9 7 3 1 1 
     1 9           1            0         3 . 2 0 9 3 9 6    - 1 . 8 5 9 3 6 8     1 . 5 9 8 7 8 2 
     2 0           6            0         3 . 6 3 0 7 0 6    - 0 . 9 9 3 2 1 3    - 1 . 3 9 2 5 8 4 
     2 1           1            0         3 . 3 3 7 3 7 1    - 0 . 5 4 9 0 5 1    - 2 . 3 4 8 3 5 6 
     2 2           1            0         4 . 7 2 2 7 1 2    - 0 . 9 7 5 4 6 8    - 1 . 3 1 0 0 3 7 
     2 3           1            0         3 . 2 8 8 6 9 2    - 2 . 0 3 2 2 3 5    - 1 . 3 7 4 2 6 0 
     2 4           1            0        - 1 . 8 2 5 2 9 8    - 1 . 4 2 2 0 2 2    - 1 . 6 2 8 3 7 3 
     2 5           6            0        - 2 . 0 8 7 5 9 5     1 . 4 4 1 2 2 2     0 . 4 0 6 2 7 3 
     2 6           8            0        - 2 . 6 9 4 3 7 9     1 . 6 2 2 5 0 7     1 . 4 4 2 4 4 9 
     2 7           8            0        - 1 . 7 1 3 0 9 3     2 . 4 3 4 7 5 0    - 0 . 4 2 0 8 8 7 
     2 8           1            0        - 2 . 0 0 9 8 0 2     3 . 2 7 4 5 3 7    - 0 . 0 1 7 4 5 6 
     2 9           1            0        - 4 . 0 3 4 4 5 1    - 1 . 9 2 7 9 7 7    - 1 . 1 7 9 1 4 4 
     3 0           6            0        - 4 . 8 7 3 5 3 2    - 0 . 0 2 4 5 0 7    - 0 . 4 9 3 6 8 5 
     3 1           1            0        - 5 . 6 0 9 2 9 8    - 0 . 5 1 7 1 0 4     0 . 1 4 9 2 3 6 
     3 2           1            0        - 4 . 5 7 1 8 5 0     0 . 9 1 2 7 4 7    - 0 . 0 2 7 4 5 3 
     3 3           1            0        - 5 . 3 6 8 8 9 3     0 . 2 0 0 6 9 6    - 1 . 4 4 6 1 9 4 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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C-t 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0         2 . 8 2 9 0 4 5    - 0 . 0 9 3 0 8 1     0 . 1 4 4 7 6 6 
      2          7 9            0         0 . 4 9 0 5 6 9     0 . 0 6 1 2 8 5    - 0 . 0 2 1 1 4 4 
      3           6            0        - 2 . 3 9 6 2 9 1     0 . 8 7 2 7 0 0     0 . 9 4 7 4 7 3 
      4           6            0        - 1 . 6 1 6 3 4 9     0 . 1 2 0 0 5 2    - 0 . 2 6 9 1 0 1 
      5           6            0        - 3 . 5 8 3 2 9 6     0 . 4 3 8 5 3 2     1 . 4 8 3 2 0 2 
      6           6            0        - 2 . 3 6 1 0 4 9     1 . 2 6 5 5 8 5    - 0 . 6 8 7 5 7 0 
      7           6            0        - 1 . 7 8 3 7 5 8     2 . 6 3 5 5 8 7    - 0 . 9 2 8 3 4 4 
      8           1            0        - 3 . 3 2 6 3 6 9     1 . 0 8 7 2 3 5    - 1 . 1 6 2 5 4 5 
      9           1            0        - 0 . 8 4 8 8 8 7     2 . 7 8 9 8 3 7    - 0 . 3 8 1 8 8 5 
     1 0           1            0        - 2 . 4 9 6 3 4 5     3 . 4 2 6 5 9 2    - 0 . 6 7 6 5 2 4 
     1 1           1            0        - 1 . 5 6 2 2 8 6     2 . 7 1 1 4 5 6    - 2 . 0 0 1 2 7 5 
     1 2           6            0         3 . 5 7 6 3 1 4    - 1 . 1 2 5 1 7 8    - 1 . 1 8 0 6 7 4 
     1 3           1            0         3 . 3 4 0 6 7 8    - 0 . 7 0 0 2 0 9    - 2 . 1 6 0 7 6 6 
     1 4           1            0         4 . 6 6 4 0 8 3    - 1 . 1 7 2 8 4 9    - 1 . 0 6 1 9 3 5 
     1 5           1            0         3 . 1 6 6 7 8 4    - 2 . 1 3 8 6 2 7    - 1 . 1 3 7 0 3 2 
     1 6           6            0         3 . 7 0 0 9 2 5     1 . 5 2 2 3 4 8     0 . 0 3 6 7 2 9 
     1 7           1            0         4 . 7 8 4 1 5 0     1 . 3 7 8 2 9 4     0 . 1 1 0 0 2 9 
     1 8           1            0         3 . 4 6 8 9 4 1     2 . 0 0 6 1 9 1    - 0 . 9 1 6 6 1 3 
     1 9           1            0         3 . 3 7 2 6 6 8     2 . 1 7 8 8 3 8     0 . 8 4 7 9 5 4 
     2 0           6            0         3 . 4 1 2 7 0 0    - 0 . 8 4 5 6 9 5     1 . 7 1 8 0 9 9 
     2 1           1            0         2 . 9 9 6 4 5 6    - 1 . 8 5 1 8 8 7     1 . 8 2 3 3 7 8 
     2 2           1            0         4 . 5 0 6 2 0 9    - 0 . 9 0 6 8 6 3     1 . 7 3 2 1 1 6 
     2 3           1            0         3 . 0 7 7 0 7 0    - 0 . 2 4 2 4 3 1     2 . 5 6 6 7 3 5 
     2 4           1            0        - 1 . 7 6 6 6 0 2     1 . 5 0 9 4 2 4     1 . 5 5 6 4 2 5 
     2 5           6            0        - 2 . 1 3 6 8 8 5    - 1 . 2 2 6 6 7 2    - 0 . 6 8 9 4 3 9 
     2 6           8            0        - 2 . 5 4 1 0 4 1    - 1 . 4 6 8 0 1 8    - 1 . 8 0 6 3 1 0 
     2 7           8            0        - 2 . 0 2 8 3 0 8    - 2 . 1 6 2 7 4 9     0 . 2 8 1 5 2 5 
     2 8           1            0        - 2 . 3 0 2 0 1 6    - 3 . 0 1 2 7 4 3    - 0 . 1 1 6 3 3 5 
     2 9           6            0        - 4 . 6 5 7 3 7 2    - 0 . 3 8 5 3 1 9     0 . 8 8 0 5 7 9 
     3 0           1            0        - 4 . 5 3 8 9 2 7    - 0 . 5 9 3 3 6 4    - 0 . 1 8 2 9 9 8 
     3 1           1            0        - 4 . 7 0 9 7 1 1    - 1 . 3 4 0 3 9 3     1 . 4 2 5 2 9 3 
     3 2           1            0        - 5 . 6 2 5 0 5 1     0 . 1 0 5 4 4 7     1 . 0 4 9 7 2 4 
     3 3           1            0        - 3 . 7 6 6 3 3 5     0 . 7 3 5 2 5 1     2 . 5 1 7 6 8 4 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS2-t 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0         2 . 8 1 6 2 5 7    - 0 . 0 9 4 9 4 1     0 . 1 3 8 2 8 6 
      2          7 9            0         0 . 4 8 5 3 2 2     0 . 0 7 9 0 4 0    - 0 . 0 1 0 9 2 2 
      3           6            0        - 2 . 3 5 8 4 0 3     0 . 6 7 6 7 3 0     1 . 1 2 2 2 0 5 
      4           6            0        - 1 . 6 8 0 7 1 9     0 . 1 4 2 3 8 0    - 0 . 1 6 0 7 9 0 
      5           6            0        - 3 . 6 3 6 9 9 2     0 . 4 1 8 5 7 1     1 . 4 9 3 3 3 6 
      6           6            0        - 2 . 2 4 2 3 6 8     1 . 2 1 8 3 2 5    - 0 . 9 0 2 5 2 8 
      7           6            0        - 1 . 8 3 2 2 7 7     2 . 6 4 1 2 0 2    - 0 . 8 7 6 1 3 4 
      8           6            0         3 . 5 4 7 7 7 0    - 1 . 1 3 4 4 6 1    - 1 . 1 8 9 0 2 0 
      9           6            0         3 . 6 9 8 4 9 2     1 . 5 1 4 1 1 9     0 . 0 3 0 7 2 9 
     1 0           6            0         3 . 3 8 5 3 4 8    - 0 . 8 5 3 5 7 1     1 . 7 1 2 8 2 1 
     1 1           6            0        - 2 . 0 8 6 9 6 5    - 1 . 2 1 0 6 8 8    - 0 . 6 8 6 1 1 0 
     1 2           8            0        - 2 . 4 1 0 3 2 3    - 1 . 4 1 2 3 2 6    - 1 . 8 3 8 8 2 4 
     1 3           8            0        - 1 . 9 9 3 8 7 5    - 2 . 1 8 3 5 2 0     0 . 2 4 4 0 6 7 
     1 4           6            0        - 4 . 6 9 9 6 4 1    - 0 . 3 8 3 4 2 0     0 . 8 1 5 3 4 6 
     1 5           1            0        - 1 . 7 5 8 0 7 5     1 . 3 1 9 2 8 6     1 . 7 5 6 9 3 2 
     1 6           1            0        - 3 . 9 1 6 6 6 2     0 . 8 0 3 8 9 2     2 . 4 7 4 7 0 4 
     1 7           1            0        - 3 . 0 4 3 2 0 2     0 . 9 7 2 2 9 9    - 1 . 6 0 7 6 2 1 
     1 8           1            0        - 1 . 0 6 7 0 9 9     2 . 8 6 6 2 7 0    - 0 . 1 3 0 8 6 6 
     1 9           1            0        - 2 . 6 9 4 4 6 5     3 . 3 0 9 0 0 7    - 0 . 7 6 6 5 4 6 
     2 0           1            0        - 1 . 4 1 6 6 0 8     2 . 8 5 2 1 6 8    - 1 . 8 7 6 0 9 8 
     2 1           1            0         3 . 3 1 6 4 2 2    - 0 . 7 0 6 0 5 9    - 2 . 1 6 8 5 8 3 
     2 2           1            0         4 . 6 3 5 0 4 4    - 1 . 1 9 4 3 4 6    - 1 . 0 7 0 6 6 6 
     2 3           1            0         3 . 1 2 6 7 6 4    - 2 . 1 4 3 1 2 2    - 1 . 1 4 5 0 4 5 
     2 4           1            0         4 . 7 8 0 3 9 6     1 . 3 6 0 8 2 9     0 . 1 0 5 7 7 3 
     2 5           1            0         3 . 4 7 2 0 9 2     1 . 9 9 9 1 4 4    - 0 . 9 2 3 2 7 3 
     2 6           1            0         3 . 3 7 4 1 9 5     2 . 1 7 2 6 9 7     0 . 8 4 1 7 5 5 
     2 7           1            0         2 . 9 5 6 6 8 6    - 1 . 8 5 4 5 3 6     1 . 8 1 7 5 8 5 
     2 8           1            0         4 . 4 7 8 0 5 2    - 0 . 9 2 7 8 2 3     1 . 7 2 8 4 1 2 
     2 9           1            0         3 . 0 5 5 3 4 8    - 0 . 2 4 5 5 4 3     2 . 5 6 0 2 0 0 
     3 0           1            0        - 2 . 2 1 8 6 2 7    - 3 . 0 2 3 8 7 6    - 0 . 2 0 1 6 4 8 
     3 1           1            0        - 4 . 4 7 6 3 6 0    - 0 . 6 4 7 8 9 2    - 0 . 2 1 9 8 6 3 
     3 2           1            0        - 4 . 8 7 3 5 7 7    - 1 . 3 1 0 3 0 6     1 . 3 7 9 2 0 2 
     3 3           1            0        - 5 . 6 4 6 5 0 8     0 . 1 6 9 4 7 9     0 . 8 3 3 1 4 9 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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E,Z-D 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0        - 2 . 5 7 6 5 7 4    - 0 . 4 4 5 1 5 8    - 0 . 0 3 7 9 3 9 
      2          7 9            0        - 0 . 3 8 1 1 3 3     0 . 3 2 5 9 4 2     0 . 0 3 2 5 5 8 
      3           6            0        - 3 . 2 4 4 5 2 3    - 0 . 8 1 6 6 3 7     1 . 6 3 1 0 1 6 
      4           6            0        - 3 . 7 4 1 7 9 2     0 . 7 6 1 3 4 1    - 0 . 7 8 4 6 6 0 
      5           6            0        - 2 . 7 7 5 0 7 9    - 1 . 9 9 2 2 0 0    - 1 . 0 0 7 8 8 0 
      6           1            0        - 3 . 2 3 3 1 0 1     0 . 0 8 7 3 3 4     2 . 2 4 6 7 4 4 
      7           1            0        - 4 . 2 7 2 9 8 9    - 1 . 1 8 5 2 0 9     1 . 5 5 1 7 8 4 
      8           1            0        - 2 . 6 2 5 7 5 8    - 1 . 5 7 5 0 5 5     2 . 1 1 9 1 8 1 
      9           1            0        - 4 . 7 5 8 2 5 3     0 . 3 5 3 0 4 8    - 0 . 7 8 2 8 8 3 
     1 0           1            0        - 3 . 7 2 9 6 0 8     1 . 6 9 3 3 7 6    - 0 . 2 1 2 3 2 3 
     1 1           1            0        - 3 . 4 4 4 7 2 8     0 . 9 8 0 1 7 8    - 1 . 8 1 4 3 0 4 
     1 2           1            0        - 2 . 1 6 3 5 4 3    - 2 . 7 8 6 7 0 9    - 0 . 5 7 0 6 5 8 
     1 3           1            0        - 3 . 8 2 4 7 9 4    - 2 . 3 0 5 3 6 1    - 1 . 0 0 4 0 3 9 
     1 4           1            0        - 2 . 4 5 2 4 3 7    - 1 . 8 3 0 3 9 2    - 2 . 0 4 0 3 3 5 
     1 5           6            0         2 . 5 8 3 7 3 6     0 . 0 5 2 7 6 9    - 1 . 3 2 8 7 1 9 
     1 6           6            0         2 . 0 5 2 1 7 9     0 . 4 8 8 6 8 5    - 0 . 0 3 1 2 2 8 
     1 7           6            0         2 . 8 7 7 2 7 9    - 1 . 2 0 5 2 7 5    - 1 . 7 1 8 5 1 1 
     1 8           6            0         1 . 4 8 4 6 2 8     1 . 7 4 4 1 9 1     0 . 1 7 9 2 9 7 
     1 9           6            0         1 . 3 6 3 8 7 2     2 . 8 4 3 7 8 5    - 0 . 8 4 2 9 2 3 
     2 0           6            0         2 . 3 7 9 8 9 7    - 0 . 2 6 3 0 6 7     1 . 2 4 7 5 4 8 
     2 1           8            0         1 . 5 8 5 2 4 9    - 0 . 4 6 3 4 0 6     2 . 1 4 4 2 1 7 
     2 2           8            0         3 . 6 7 0 7 9 1    - 0 . 6 1 4 0 8 1     1 . 2 9 5 7 6 2 
     2 3           6            0         2 . 6 8 2 2 6 4    - 2 . 4 9 9 5 9 6    - 0 . 9 9 3 6 5 6 
     2 4           1            0         2 . 7 6 7 3 6 8     0 . 8 5 1 2 5 9    - 2 . 0 4 2 0 4 6 
     2 5           1            0         3 . 3 1 4 3 6 1    - 1 . 3 0 2 0 3 7    - 2 . 7 1 1 6 4 7 
     2 6           1            0         1 . 3 6 1 0 8 8     2 . 0 5 1 6 4 4     1 . 2 1 7 8 5 0 
     2 7           1            0         1 . 2 3 1 8 3 0     2 . 4 7 7 6 9 3    - 1 . 8 6 3 2 8 8 
     2 8           1            0         2 . 2 7 6 7 6 2     3 . 4 5 6 4 4 8    - 0 . 8 1 6 7 5 6 
     2 9           1            0         0 . 5 2 8 9 1 7     3 . 5 0 7 3 4 3    - 0 . 5 9 9 7 8 2 
     3 0           1            0         3 . 8 2 6 8 7 7    - 1 . 0 3 9 9 5 7     2 . 1 6 2 6 3 8 
     3 1           1            0         2 . 0 5 5 1 8 5    - 2 . 4 2 0 0 7 1    - 0 . 1 0 2 3 0 8 
     3 2           1            0         2 . 2 2 4 2 4 6    - 3 . 2 3 3 9 1 8    - 1 . 6 6 7 3 4 2 
     3 3           1            0         3 . 6 5 3 6 3 3    - 2 . 9 1 5 7 3 5    - 0 . 6 9 5 0 4 4 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS1-c 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0        - 2 . 8 9 7 0 7 3    - 0 . 2 1 0 2 6 4     0 . 0 5 7 5 6 6 
      2          7 9            0        - 0 . 5 5 7 5 9 4    - 0 . 0 3 9 0 8 4    - 0 . 0 9 5 2 4 1 
      3           6            0         2 . 3 7 1 2 3 1    - 0 . 8 0 8 8 9 7    - 0 . 8 3 4 3 9 5 
      4           6            0         1 . 5 3 4 3 6 1     0 . 1 7 5 6 0 2    - 0 . 2 2 3 3 7 0 
      5           6            0         3 . 7 1 3 6 0 1    - 0 . 8 7 9 3 5 3    - 0 . 3 1 6 8 8 2 
      6           6            0         2 . 5 6 4 0 5 7    - 0 . 7 0 7 1 1 0     0 . 8 5 0 5 8 6 
      7           6            0        - 3 . 7 5 9 6 4 4     1 . 3 6 7 7 4 8    - 0 . 3 2 7 0 0 1 
      8           6            0        - 3 . 5 0 2 2 9 8    - 0 . 6 8 3 9 0 7     1 . 7 2 8 2 2 8 
      9           6            0        - 3 . 6 3 8 3 4 3    - 1 . 4 4 7 0 6 9    - 1 . 0 8 3 7 9 5 
     1 0           6            0         1 . 9 2 3 4 0 7     1 . 6 3 3 2 0 3    - 0 . 2 1 0 1 2 3 
     1 1           8            0         1 . 5 9 9 5 5 6     2 . 4 2 2 1 1 4     0 . 6 4 8 5 4 4 
     1 2           8            0         2 . 6 1 7 1 2 7     1 . 9 7 7 8 5 3    - 1 . 3 1 9 9 8 6 
     1 3           1            0         1 . 9 1 6 7 8 2    - 1 . 7 5 4 6 0 5    - 1 . 1 3 4 1 6 4 
     1 4           1            0         4 . 2 7 9 4 1 3     0 . 0 5 0 5 0 4    - 0 . 3 0 3 3 7 8 
     1 5           1            0        - 3 . 4 2 4 7 4 0     2 . 1 5 0 3 6 1     0 . 3 6 0 1 5 2 
     1 6           1            0        - 4 . 8 4 3 8 7 7     1 . 2 4 5 2 3 8    - 0 . 2 3 1 1 4 4 
     1 7           1            0        - 3 . 5 2 3 5 2 0     1 . 6 8 1 1 4 1    - 1 . 3 4 8 1 6 3 
     1 8           1            0        - 4 . 5 9 6 5 1 8    - 0 . 7 2 9 2 9 5     1 . 7 4 0 5 6 1 
     1 9           1            0        - 3 . 1 6 6 7 6 2     0 . 0 5 0 6 4 8     2 . 4 6 6 2 0 3 
     2 0           1            0        - 3 . 1 0 0 8 0 4    - 1 . 6 6 2 7 5 1     2 . 0 0 6 4 8 7 
     2 1           1            0        - 3 . 3 8 1 2 6 7    - 1 . 1 9 8 7 2 6    - 2 . 1 1 7 7 3 0 
     2 2           1            0        - 4 . 7 2 8 5 3 7    - 1 . 4 6 0 4 2 9    - 0 . 9 7 9 7 9 3 
     2 3           1            0        - 3 . 2 4 5 8 3 3    - 2 . 4 4 3 2 6 2    - 0 . 8 5 9 2 2 5 
     2 4           1            0         2 . 7 4 2 2 6 4     2 . 9 4 7 8 0 6    - 1 . 2 8 8 6 6 2 
     2 5           6            0         3 . 0 7 0 8 5 0     0 . 1 7 0 5 9 5     2 . 0 1 0 5 1 4 
     2 6           1            0         3 . 5 9 3 5 8 2     1 . 0 6 5 5 6 3     1 . 6 7 7 2 9 9 
     2 7           1            0         2 . 2 2 7 1 7 5     0 . 4 7 1 9 6 8     2 . 6 3 4 1 1 2 
     2 8           1            0         3 . 7 5 7 0 2 0    - 0 . 4 4 6 1 6 2     2 . 5 9 9 3 4 6 
     2 9           1            0         2 . 1 2 6 6 9 2    - 1 . 6 3 4 3 5 2     1 . 2 1 0 6 6 8 
     3 0           6            0         4 . 5 3 4 9 3 1    - 2 . 1 4 0 2 9 1    - 0 . 4 2 9 4 8 6 
     3 1           1            0         5 . 1 2 4 3 1 1    - 2 . 1 2 0 3 0 1    - 1 . 3 5 2 4 5 5 
     3 2           1            0         5 . 2 3 6 5 6 9    - 2 . 2 1 6 9 9 6     0 . 4 0 7 0 2 3 
     3 3           1            0         3 . 9 0 7 6 9 0    - 3 . 0 3 7 6 0 4    - 0 . 4 4 0 7 0 1 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S105 



 106 

C-c 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0        - 2 . 8 7 9 7 2 5     0 . 2 0 2 4 5 2     0 . 0 2 7 7 2 7 
      2          7 9            0        - 0 . 5 4 5 7 1 2    - 0 . 0 0 0 0 2 6    - 0 . 0 8 9 6 8 8 
      3           6            0         2 . 3 9 3 7 8 4     1 . 0 6 2 9 4 9    - 0 . 3 1 3 3 6 9 
      4           6            0         1 . 5 6 6 8 6 9    - 0 . 2 8 5 1 6 5    - 0 . 1 9 4 4 3 7 
      5           6            0         3 . 6 2 4 3 5 0     1 . 2 1 0 8 4 7     0 . 2 6 0 7 0 5 
      6           6            0         2 . 2 6 3 7 5 7    - 0 . 2 7 6 5 7 7    - 1 . 4 4 4 6 0 4 
      7           6            0        - 3 . 6 3 2 3 2 4     1 . 0 1 6 3 4 6    - 1 . 4 3 9 5 7 4 
      8           6            0        - 3 . 4 6 7 7 1 3     1 . 1 8 0 6 6 6     1 . 4 6 9 2 0 2 
      9           6            0        - 3 . 7 3 7 2 1 5    - 1 . 4 1 7 6 2 4     0 . 1 6 6 2 8 3 
     1 0           6            0         1 . 9 6 6 9 5 0    - 1 . 3 0 1 5 2 1     0 . 8 3 6 8 8 3 
     1 1           8            0         2 . 0 1 8 3 2 3    - 2 . 4 9 0 8 0 1     0 . 6 0 7 2 8 7 
     1 2           8            0         2 . 1 6 8 5 0 4    - 0 . 7 7 4 3 8 2     2 . 0 6 7 8 8 1 
     1 3           1            0         1 . 8 5 2 3 1 2     1 . 9 4 2 0 3 4    - 0 . 6 4 5 9 0 7 
     1 4           1            0         4 . 1 7 3 1 1 5     0 . 3 2 0 8 6 1     0 . 5 6 3 3 6 0 
     1 5           1            0        - 3 . 2 3 5 5 4 9     2 . 0 3 0 0 7 9    - 1 . 5 4 7 5 1 1 
     1 6           1            0        - 4 . 7 2 1 1 4 8     1 . 0 6 7 9 6 2    - 1 . 3 3 2 2 5 2 
     1 7           1            0        - 3 . 3 8 9 0 8 0     0 . 4 5 0 5 7 0    - 2 . 3 4 3 6 9 3 
     1 8           1            0        - 4 . 5 6 1 6 9 1     1 . 2 3 2 8 0 2     1 . 4 7 6 6 9 3 
     1 9           1            0        - 3 . 0 6 1 1 4 2     2 . 1 9 5 0 8 7     1 . 4 2 0 5 8 1 
     2 0           1            0        - 3 . 1 2 4 9 8 8     0 . 7 1 5 2 9 0     2 . 3 9 8 0 0 0 
     2 1           1            0        - 3 . 4 9 7 6 8 2    - 2 . 0 4 0 6 0 8    - 0 . 7 0 0 4 3 5 
     2 2           1            0        - 4 . 8 2 1 8 3 9    - 1 . 2 7 3 4 9 3     0 . 2 1 6 1 7 8 
     2 3           1            0        - 3 . 4 0 2 7 7 7    - 1 . 9 3 8 8 0 7     1 . 0 6 8 0 1 8 
     2 4           1            0         2 . 3 1 4 8 9 4    - 1 . 5 2 8 6 5 9     2 . 6 7 2 3 2 2 
     2 5           6            0         3 . 4 2 2 3 3 9    - 1 . 1 4 5 2 2 4    - 1 . 8 4 5 5 8 2 
     2 6           1            0         3 . 9 6 8 5 6 9    - 1 . 5 6 6 3 3 4    - 1 . 0 0 0 7 0 2 
     2 7           1            0         2 . 9 9 6 1 6 4    - 1 . 9 9 2 8 2 3    - 2 . 3 9 9 2 8 1 
     2 8           1            0         4 . 1 0 6 2 0 0    - 0 . 6 2 0 4 0 6    - 2 . 5 1 8 5 3 5 
     2 9           1            0         1 . 7 7 8 5 5 4     0 . 2 3 3 9 1 6    - 2 . 2 7 5 7 9 3 
     3 0           6            0         4 . 2 7 3 3 6 5     2 . 5 1 2 4 3 0     0 . 5 5 0 5 7 9 
     3 1           1            0         4 . 4 1 3 9 6 0     2 . 6 1 3 9 1 2     1 . 6 3 6 9 8 4 
     3 2           1            0         5 . 2 8 2 6 4 0     2 . 5 3 6 4 0 4     0 . 1 1 7 0 7 3 
     3 3           1            0         3 . 6 9 6 9 9 1     3 . 3 6 6 2 1 1     0 . 1 8 6 5 1 8 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS2-c 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0        - 2 . 8 6 5 1 3 4     0 . 2 1 2 6 2 9     0 . 0 1 5 8 7 7 
      2          7 9            0        - 0 . 5 3 3 4 2 5     0 . 0 1 3 5 3 1    - 0 . 0 9 1 4 4 6 
      3           6            0         2 . 3 9 2 9 1 8     1 . 1 1 6 7 3 4    - 0 . 1 7 7 0 1 1 
      4           6            0         1 . 6 1 8 6 1 6    - 0 . 2 1 8 6 3 1    - 0 . 1 3 7 9 2 4 
      5           6            0         3 . 6 9 6 0 2 7     1 . 2 0 7 1 6 4     0 . 1 8 8 0 0 7 
      6           6            0         2 . 1 7 9 6 6 1    - 0 . 4 3 5 2 4 7    - 1 . 4 3 2 9 3 3 
      7           6            0        - 3 . 6 0 9 3 0 3     1 . 0 5 7 6 4 7    - 1 . 4 3 7 3 9 3 
      8           6            0        - 3 . 4 4 6 3 1 7     1 . 1 6 6 3 9 4     1 . 4 7 5 6 0 2 
      9           6            0        - 3 . 7 2 6 4 7 8    - 1 . 4 0 7 3 6 3     0 . 1 2 4 0 8 5 
     1 0           6            0         1 . 9 3 7 7 7 3    - 1 . 2 2 7 2 1 8     0 . 9 3 0 5 5 4 
     1 1           8            0         1 . 9 9 8 8 5 1    - 2 . 4 2 3 7 2 4     0 . 7 3 3 3 3 1 
     1 2           8            0         2 . 0 6 7 9 8 0    - 0 . 6 7 1 5 6 8     2 . 1 5 5 3 2 7 
     1 3           1            0         1 . 8 6 1 6 0 6     2 . 0 0 2 6 3 0    - 0 . 5 1 3 7 1 2 
     1 4           1            0         4 . 2 2 4 2 6 4     0 . 3 0 0 6 8 7     0 . 4 8 3 0 5 9 
     1 5           1            0        - 3 . 2 0 4 7 2 0     2 . 0 7 0 0 6 1    - 1 . 5 2 6 8 2 0 
     1 6           1            0        - 4 . 6 9 7 7 2 3     1 . 1 1 5 6 4 7    - 1 . 3 2 8 9 6 5 
     1 7           1            0        - 3 . 3 7 0 2 4 0     0 . 5 0 6 0 7 4    - 2 . 3 5 1 2 9 2 
     1 8           1            0        - 4 . 5 4 0 0 0 2     1 . 2 2 4 6 1 5     1 . 4 8 3 6 1 9 
     1 9           1            0        - 3 . 0 3 3 7 4 6     2 . 1 7 9 1 0 9     1 . 4 4 6 5 0 8 
     2 0           1            0        - 3 . 1 0 6 6 0 1     0 . 6 8 1 2 3 2     2 . 3 9 5 3 1 9 
     2 1           1            0        - 3 . 4 8 9 7 2 4    - 2 . 0 1 4 8 7 8    - 0 . 7 5 4 2 6 3 
     2 2           1            0        - 4 . 8 1 0 5 8 1    - 1 . 2 6 0 2 3 4     0 . 1 7 7 1 9 8 
     2 3           1            0        - 3 . 3 9 3 5 1 7    - 1 . 9 4 5 9 9 4     1 . 0 1 6 0 3 6 
     2 4           1            0         2 . 1 8 7 7 0 7    - 1 . 4 0 9 4 0 8     2 . 7 8 5 0 5 5 
     2 5           6            0         3 . 1 6 2 9 4 9    - 1 . 4 6 2 8 4 3    - 1 . 8 6 3 7 1 9 
     2 6           1            0         3 . 6 6 4 2 4 4    - 1 . 9 6 5 7 2 3    - 1 . 0 3 7 7 3 5 
     2 7           1            0         2 . 5 7 8 4 7 7    - 2 . 2 3 1 1 8 5    - 2 . 3 9 6 9 0 8 
     2 8           1            0         3 . 8 7 5 9 6 9    - 1 . 0 5 5 2 9 1    - 2 . 5 8 6 8 6 5 
     2 9           1            0         1 . 8 1 3 9 0 5     0 . 2 1 1 6 2 1    - 2 . 2 2 9 5 1 1 
     3 0           6            0         4 . 4 5 9 4 3 7     2 . 4 8 2 6 0 7     0 . 2 9 7 6 1 8 
     3 1           1            0         4 . 7 5 7 4 3 1     2 . 6 5 4 1 0 1     1 . 3 4 1 0 3 3 
     3 2           1            0         5 . 3 9 1 4 4 1     2 . 4 1 9 8 9 9    - 0 . 2 7 9 6 3 2 
     3 3           1            0         3 . 8 8 3 0 1 9     3 . 3 4 5 5 6 4    - 0 . 0 4 6 6 3 6 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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Z,E-D 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          1 5            0        - 2 . 6 1 2 1 1 1     0 . 4 3 9 9 3 6     0 . 2 6 5 3 1 4 
      2          7 9            0        - 0 . 4 3 3 2 0 5    - 0 . 1 8 2 2 8 0    - 0 . 2 7 0 3 1 3 
      3           6            0         2 . 4 4 9 9 5 7     0 . 9 9 6 0 0 7    - 0 . 7 0 1 4 0 6 
      4           6            0         2 . 0 0 0 2 7 1    - 0 . 3 4 3 8 8 4    - 0 . 3 1 9 2 1 6 
      5           6            0         3 . 0 9 3 5 8 7     1 . 8 6 5 8 7 5     0 . 1 0 1 7 8 5 
      6           6            0         1 . 4 2 8 6 0 6    - 1 . 2 2 0 0 6 6    - 1 . 2 3 7 1 5 1 
      7           6            0        - 3 . 6 8 6 4 8 7     0 . 6 8 1 2 9 5    - 1 . 2 0 3 8 9 8 
      8           6            0        - 2 . 7 0 0 5 6 2     2 . 0 1 2 0 2 4     1 . 2 1 0 7 3 3 
      9           6            0        - 3 . 4 6 0 6 5 6    - 0 . 8 1 1 9 1 0     1 . 3 0 5 6 6 8 
     1 0           6            0         2 . 3 0 6 1 7 5    - 0 . 8 6 3 2 3 6     1 . 0 7 4 1 7 5 
     1 1           8            0         1 . 4 5 4 6 6 2    - 1 . 1 4 5 1 0 8     1 . 8 9 1 1 5 5 
     1 2           8            0         3 . 6 2 2 4 9 9    - 0 . 9 8 9 8 3 4     1 . 2 7 9 2 2 6 
     1 3           1            0         2 . 2 5 2 5 9 7     1 . 2 7 2 5 5 3    - 1 . 7 3 6 6 4 2 
     1 4           1            0         3 . 3 0 6 0 2 4     1 . 5 8 8 3 3 8     1 . 1 3 3 1 4 5 
     1 5           1            0        - 3 . 2 7 9 2 0 7     1 . 4 7 4 9 6 8    - 1 . 8 3 6 8 1 1 
     1 6           1            0        - 4 . 6 9 9 3 2 8     0 . 9 5 6 0 4 1    - 0 . 8 9 0 1 0 6 
     1 7           1            0        - 3 . 7 3 1 1 1 9    - 0 . 2 4 1 8 4 5    - 1 . 7 8 8 8 6 0 
     1 8           1            0        - 3 . 7 4 2 7 4 9     2 . 2 4 8 2 9 1     1 . 4 5 1 6 5 6 
     1 9           1            0        - 2 . 2 7 5 0 6 5     2 . 8 2 7 7 8 5     0 . 6 1 9 3 4 5 
     2 0           1            0        - 2 . 1 3 0 0 1 7     1 . 9 1 9 0 1 0     2 . 1 3 9 2 5 8 
     2 1           1            0        - 3 . 5 2 0 6 6 1    - 1 . 7 6 3 2 8 1     0 . 7 6 9 2 1 5 
     2 2           1            0        - 4 . 4 7 3 0 7 2    - 0 . 4 7 4 4 7 8     1 . 5 5 2 7 7 9 
     2 3           1            0        - 2 . 8 9 7 1 0 3    - 0 . 9 6 9 2 8 6     2 . 2 2 9 8 1 5 
     2 4           1            0         3 . 7 5 1 5 0 9    - 1 . 3 4 6 8 9 0     2 . 1 8 1 6 3 6 
     2 5           6            0         1 . 2 9 4 7 2 0    - 2 . 7 1 4 7 0 6    - 1 . 0 8 1 0 7 6 
     2 6           1            0         1 . 2 5 6 9 6 9    - 3 . 0 3 3 0 7 6    - 0 . 0 3 6 8 5 7 
     2 7           1            0         0 . 4 0 2 0 4 5    - 3 . 0 8 6 6 2 9    - 1 . 5 9 2 5 5 5 
     2 8           1            0         2 . 1 5 9 9 0 2    - 3 . 1 9 6 6 1 4    - 1 . 5 5 7 9 9 9 
     2 9           1            0         1 . 3 5 1 8 7 3    - 0 . 8 4 6 0 1 5    - 2 . 2 5 9 4 0 9 
     3 0           6            0         3 . 5 8 7 0 9 7     3 . 2 0 8 3 0 1    - 0 . 3 3 0 3 0 0 
     3 1           1            0         3 . 1 6 4 8 5 1     3 . 9 9 7 6 5 7     0 . 3 0 5 3 4 8 
     3 2           1            0         4 . 6 7 7 2 3 2     3 . 2 7 0 0 3 5    - 0 . 2 1 4 2 4 9 
     3 3           1            0         3 . 3 3 6 6 2 3     3 . 4 2 5 8 3 8    - 1 . 3 7 2 6 2 6 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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B-trans 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         1 . 7 6 8 4 0 4    - 0 . 5 2 9 5 5 4    - 1 . 1 7 9 7 2 5 
      2           6            0         2 . 3 9 8 0 7 6    - 1 . 7 1 0 9 9 0    - 0 . 4 4 9 2 4 5 
      3           6            0         1 . 9 8 4 7 3 3     0 . 3 4 3 9 1 9    - 0 . 1 2 7 6 9 3 
      4           6            0         2 . 6 2 6 4 5 7    - 0 . 7 2 6 2 8 2     0 . 7 6 6 7 6 0 
      5           6            0         2 . 0 6 8 1 5 2     1 . 8 3 3 0 0 2    - 0 . 0 2 8 6 4 4 
      6           8            0         2 . 5 1 4 3 3 9     2 . 4 0 5 1 3 9     0 . 9 3 7 7 5 9 
      7           8            0         1 . 6 0 6 8 0 4     2 . 4 4 7 9 3 1    - 1 . 1 4 0 4 3 4 
      8           6            0         1 . 6 1 8 8 3 1    - 3 . 0 0 4 6 3 0    - 0 . 2 4 4 9 0 6 
      9           6            0         4 . 0 7 5 7 1 6    - 0 . 4 5 9 8 6 0     1 . 1 7 5 0 4 5 
     1 0           1            0         1 . 5 2 0 3 4 4    - 0 . 3 6 3 7 2 1    - 2 . 2 2 6 6 4 6 
     1 1           1            0         3 . 3 6 3 0 7 0    - 1 . 9 2 9 6 2 5    - 0 . 9 2 8 3 0 4 
     1 2           1            0         2 . 0 2 8 4 1 6    - 0 . 9 8 5 2 3 9     1 . 6 4 7 9 1 2 
     1 3           1            0         2 . 1 9 2 9 0 3    - 3 . 7 0 0 6 5 8     0 . 3 7 5 6 2 8 
     1 4           1            0         0 . 6 6 0 1 8 9    - 2 . 8 1 7 8 4 9     0 . 2 5 5 9 2 4 
     1 5           1            0         4 . 1 2 9 4 9 0     0 . 3 6 6 3 3 9     1 . 8 8 8 8 2 2 
     1 6           1            0         4 . 6 9 4 9 7 2    - 0 . 2 0 1 6 8 7     0 . 3 0 7 9 7 3 
     1 7           1            0         1 . 7 2 5 8 8 2     3 . 4 1 0 1 6 7    - 1 . 0 1 2 5 0 0 
     1 8          7 9            0        - 0 . 3 4 3 5 3 3    - 0 . 0 4 0 8 0 9    - 0 . 1 5 7 4 4 2 
     1 9          1 5            0        - 2 . 6 4 5 7 3 8     0 . 0 1 0 2 7 5     0 . 2 4 8 1 8 6 
     2 0           6            0        - 3 . 1 5 1 5 0 9    - 1 . 0 1 0 5 5 6     1 . 6 8 7 0 4 5 
     2 1           1            0        - 4 . 2 3 5 5 0 3    - 0 . 9 4 5 2 5 2     1 . 8 3 0 5 0 7 
     2 2           1            0        - 2 . 8 7 5 5 3 2    - 2 . 0 5 5 7 6 0     1 . 5 2 0 0 1 3 
     2 3           1            0        - 2 . 6 4 8 6 8 3    - 0 . 6 5 6 9 1 4     2 . 5 9 1 7 7 5 
     2 4           6            0        - 3 . 6 2 6 3 1 2    - 0 . 6 0 5 1 0 3    - 1 . 1 7 6 4 9 3 
     2 5           1            0        - 3 . 3 5 4 1 7 4    - 1 . 6 4 0 8 6 8    - 1 . 3 9 9 1 0 8 
     2 6           1            0        - 4 . 6 9 5 5 5 0    - 0 . 5 5 7 9 6 0    - 0 . 9 4 3 1 5 6 
     2 7           1            0        - 3 . 4 2 5 0 0 1     0 . 0 0 6 8 8 1    - 2 . 0 6 0 4 1 5 
     2 8           6            0        - 3 . 2 6 0 5 3 8     1 . 7 0 5 6 8 7     0 . 5 8 9 5 5 1 
     2 9           1            0        - 3 . 0 4 5 7 3 0     2 . 3 5 8 0 1 3    - 0 . 2 6 1 7 3 2 
     3 0           1            0        - 4 . 3 4 2 0 4 6     1 . 6 8 4 6 2 4     0 . 7 6 2 1 0 5 
     3 1           1            0        - 2 . 7 6 4 1 4 5     2 . 1 1 2 4 0 4     1 . 4 7 5 3 6 8 
     3 2           1            0         4 . 5 0 2 3 7 9    - 1 . 3 5 3 0 9 9     1 . 6 4 3 1 8 0 
     3 3           1            0         1 . 4 1 2 7 1 0    - 3 . 4 9 8 3 9 9    - 1 . 2 0 1 0 0 3 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S109 



 110 

TS3-in 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         1 . 6 2 6 1 0 7    - 0 . 5 4 8 8 8 4    - 0 . 7 3 0 9 5 4 
      2           6            0         2 . 1 8 1 9 0 8    - 1 . 6 6 2 3 7 0     0 . 0 5 4 2 9 6 
      3           6            0         2 . 5 4 7 6 1 8     0 . 4 4 3 9 6 3    - 0 . 1 9 6 3 5 0 
      4           6            0         3 . 7 0 4 6 1 3    - 0 . 2 3 3 6 5 6     0 . 2 3 3 3 3 3 
      5           6            0         2 . 3 0 6 2 3 6     1 . 8 5 4 1 6 4     0 . 2 2 6 6 5 9 
      6           8            0         3 . 0 3 2 7 9 6     2 . 4 4 7 3 8 1     0 . 9 9 2 8 7 8 
      7           8            0         1 . 2 2 6 9 4 5     2 . 4 0 5 7 1 9    - 0 . 3 7 1 2 5 5 
      8          7 9            0        - 0 . 4 9 2 3 9 0    - 0 . 1 9 2 5 1 5    - 0 . 2 2 5 5 4 2 
      9          1 5            0        - 2 . 7 8 7 4 8 0     0 . 0 5 3 2 4 6     0 . 1 3 7 5 2 7 
     1 0           6            0        - 3 . 4 1 4 4 0 0    - 0 . 8 9 1 5 0 6     1 . 5 8 4 1 7 5 
     1 1           6            0        - 3 . 7 9 9 0 8 4    - 0 . 5 1 7 3 4 2    - 1 . 2 8 6 7 1 1 
     1 2           6            0        - 3 . 3 1 0 6 2 0     1 . 7 9 0 0 7 8     0 . 4 3 3 7 7 3 
     1 3           6            0         4 . 6 5 7 9 7 7    - 0 . 9 9 4 8 2 6    - 0 . 6 7 9 3 8 9 
     1 4           6            0         1 . 8 4 2 2 3 9    - 1 . 9 5 7 8 7 2     1 . 4 9 2 9 7 8 
     1 5           1            0         1 . 4 8 1 5 5 9    - 0 . 6 5 5 0 9 5    - 1 . 8 1 0 5 0 0 
     1 6           1            0         2 . 5 6 6 8 6 5    - 2 . 5 3 7 8 5 7    - 0 . 4 7 6 6 1 5 
     1 7           1            0         4 . 1 9 5 8 8 3     0 . 1 3 8 1 6 4     1 . 1 3 7 1 4 7 
     1 8           1            0         1 . 1 9 5 3 0 2     3 . 3 4 2 6 9 8    - 0 . 0 9 4 4 5 1 
     1 9           1            0        - 4 . 4 9 4 0 9 8    - 0 . 7 4 3 9 5 4     1 . 6 9 4 9 3 0 
     2 0           1            0        - 3 . 2 1 1 9 3 7    - 1 . 9 5 7 8 9 9     1 . 4 4 8 8 7 9 
     2 1           1            0        - 2 . 9 1 2 3 1 4    - 0 . 5 5 4 9 0 9     2 . 4 9 5 8 8 5 
     2 2           1            0        - 3 . 6 0 1 1 6 9    - 1 . 5 7 4 8 2 8    - 1 . 4 8 4 4 0 5 
     2 3           1            0        - 4 . 8 6 5 3 9 2    - 0 . 3 8 5 6 5 4    - 1 . 0 7 3 1 1 6 
     2 4           1            0        - 3 . 5 3 9 2 3 8     0 . 0 5 6 8 3 8    - 2 . 1 8 0 7 9 8 
     2 5           1            0        - 3 . 0 3 8 4 5 0     2 . 4 1 1 6 7 2    - 0 . 4 2 4 1 4 5 
     2 6           1            0        - 4 . 3 9 4 7 1 9     1 . 8 3 9 9 0 8     0 . 5 8 2 3 1 3 
     2 7           1            0        - 2 . 8 0 9 3 5 2     2 . 1 8 3 8 5 5     1 . 3 2 2 7 2 4 
     2 8           1            0         4 . 2 0 9 7 9 8    - 1 . 2 7 3 6 6 2    - 1 . 6 3 5 4 5 1 
     2 9           1            0         5 . 0 6 8 1 7 1    - 1 . 8 8 5 5 4 9    - 0 . 1 9 3 6 5 1 
     3 0           1            0         5 . 5 0 2 4 1 2    - 0 . 3 2 1 8 6 4    - 0 . 8 7 8 5 3 1 
     3 1           1            0         2 . 6 9 0 4 4 8    - 2 . 4 0 6 0 2 9     2 . 0 2 0 4 9 0 
     3 2           1            0         1 . 0 3 6 2 2 6    - 2 . 7 0 5 8 3 9     1 . 5 0 2 1 3 4 
     3 3           1            0         1 . 4 9 7 5 3 5    - 1 . 0 7 5 3 2 2     2 . 0 3 8 2 2 8 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS3-out 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0        - 2 . 1 9 2 0 2 6     0 . 6 9 6 3 3 7    - 1 . 0 8 5 0 5 6 
      2           6            0        - 3 . 1 4 2 0 3 9     1 . 4 7 9 2 4 0    - 0 . 4 0 0 3 4 8 
      3           6            0        - 1 . 8 2 0 1 9 2    - 0 . 3 2 3 5 6 4    - 0 . 1 4 8 2 9 9 
      4           6            0        - 2 . 3 1 5 7 1 2     0 . 3 1 3 6 5 5     1 . 0 9 2 1 2 8 
      5           6            0        - 1 . 8 7 2 7 9 7    - 1 . 7 9 9 7 9 2    - 0 . 3 9 3 2 6 3 
      6           8            0        - 2 . 0 5 2 4 0 9    - 2 . 6 2 7 0 2 8     0 . 4 7 2 8 9 8 
      7           8            0        - 1 . 6 9 5 7 2 5    - 2 . 0 9 8 5 4 7    - 1 . 6 9 9 7 5 7 
      8           1            0        - 1 . 7 1 7 5 9 7     0 . 9 4 2 7 9 2    - 2 . 0 3 2 7 5 5 
      9           1            0        - 1 . 7 3 9 9 2 7    - 3 . 0 7 1 5 7 1    - 1 . 7 8 0 4 4 0 
     1 0          7 9            0         0 . 4 0 5 5 7 4     0 . 0 1 6 0 4 2    - 0 . 0 3 1 7 3 7 
     1 1          1 5            0         2 . 7 2 3 1 2 0     0 . 2 0 7 5 5 3     0 . 1 0 1 9 9 9 
     1 2           6            0         3 . 5 5 1 3 0 6     0 . 1 1 7 3 3 4    - 1 . 5 3 4 4 7 8 
     1 3           1            0         4 . 6 3 6 7 3 8     0 . 2 0 1 5 3 8    - 1 . 4 1 3 7 3 3 
     1 4           1            0         3 . 3 1 7 3 6 1    - 0 . 8 3 5 7 2 5    - 2 . 0 1 7 5 5 4 
     1 5           1            0         3 . 1 9 8 1 7 2     0 . 9 2 8 8 4 6    - 2 . 1 7 7 2 5 7 
     1 6           6            0         3 . 4 8 4 6 9 4    - 1 . 1 2 0 6 5 1     1 . 1 1 5 8 1 4 
     1 7           1            0         3 . 2 5 1 4 3 9    - 2 . 0 9 8 7 7 2     0 . 6 8 5 3 0 7 
     1 8           1            0         4 . 5 7 2 0 8 2    - 0 . 9 9 3 1 6 0     1 . 1 5 0 0 5 9 
     1 9           1            0         3 . 0 8 7 4 5 0    - 1 . 0 8 6 6 3 7     2 . 1 3 4 3 7 2 
     2 0           6            0         3 . 2 8 5 2 8 3     1 . 7 8 5 6 9 0     0 . 8 5 5 2 0 5 
     2 1           1            0         2 . 8 8 4 1 0 6     1 . 8 7 8 1 7 3     1 . 8 6 8 6 1 2 
     2 2           1            0         4 . 3 7 9 4 3 0     1 . 8 1 4 1 2 3     0 . 8 9 9 4 8 3 
     2 3           1            0         2 . 9 2 9 1 8 4     2 . 6 3 1 6 5 0     0 . 2 6 0 2 2 9 
     2 4           6            0        - 3 . 1 8 0 7 7 1    - 0 . 3 4 2 2 4 6     2 . 1 2 5 9 3 7 
     2 5           1            0        - 2 . 5 4 5 6 3 6    - 0 . 9 2 2 5 2 8     2 . 8 0 8 8 6 6 
     2 6           1            0        - 3 . 7 0 4 2 5 3     0 . 4 0 9 7 8 3     2 . 7 2 4 7 1 2 
     2 7           1            0        - 3 . 8 9 8 7 3 6    - 1 . 0 4 2 0 4 2     1 . 6 9 1 8 5 7 
     2 8           6            0        - 3 . 3 7 4 7 5 8     2 . 9 5 6 2 5 7    - 0 . 5 6 2 8 1 0 
     2 9           1            0        - 4 . 2 0 6 8 0 3     3 . 1 3 7 9 2 5    - 1 . 2 5 6 1 1 7 
     3 0           1            0        - 3 . 6 5 9 6 1 5     3 . 4 0 9 6 3 4     0 . 3 9 3 3 3 0 
     3 1           1            0        - 2 . 4 8 8 5 3 0     3 . 4 7 4 9 3 2    - 0 . 9 3 9 0 2 4 
     3 2           1            0        - 1 . 7 2 9 3 9 4     1 . 1 5 6 9 1 1     1 . 4 4 6 9 1 4 
     3 3           1            0        - 4 . 0 0 5 4 5 9     0 . 9 1 4 5 1 6    - 0 . 0 4 3 7 3 2 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS4 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         2 . 4 7 6 3 6 2    - 0 . 4 4 1 7 7 5    - 0 . 6 3 4 3 9 5 
      2           6            0         1 . 4 6 1 3 1 6     0 . 4 9 1 5 9 9    - 0 . 1 5 8 7 6 1 
      3           6            0         3 . 7 9 5 2 7 6    - 0 . 7 6 4 4 9 8     0 . 0 3 3 7 8 7 
      4           6            0         2 . 7 2 2 6 6 1    - 1 . 8 4 8 9 8 2    - 0 . 1 3 2 2 1 3 
      5          1 5            0        - 2 . 8 8 6 9 0 5    - 0 . 2 4 6 5 2 6    - 0 . 0 3 9 9 6 1 
      6          7 9            0        - 0 . 5 3 8 5 1 8     0 . 1 3 6 5 7 8    - 0 . 0 7 0 0 9 1 
      7           6            0         1 . 9 5 8 0 4 4     1 . 7 8 0 5 2 1     0 . 3 5 4 4 1 1 
      8           8            0         2 . 2 4 3 0 3 7     1 . 7 5 4 5 7 3     1 . 5 3 7 0 2 2 
      9           8            0         2 . 0 2 2 6 7 5     2 . 8 1 0 0 1 0    - 0 . 4 7 5 6 9 5 
     1 0           6            0        - 3 . 3 8 3 0 9 4    - 1 . 8 6 3 6 3 8    - 0 . 7 5 8 2 5 9 
     1 1           6            0        - 3 . 8 3 3 3 4 4     1 . 0 1 7 0 7 4    - 0 . 9 8 0 8 9 6 
     1 2           6            0        - 3 . 5 9 6 0 2 8    - 0 . 2 2 4 3 0 5     1 . 6 5 5 7 9 5 
     1 3           1            0         2 . 5 1 2 9 6 2    - 0 . 3 1 6 3 1 4    - 1 . 7 2 9 3 4 1 
     1 4           1            0         2 . 3 4 6 5 9 2     3 . 5 9 5 7 0 8     0 . 0 1 2 8 1 4 
     1 5           1            0        - 3 . 0 5 3 8 7 3    - 1 . 9 2 5 1 9 5    - 1 . 7 9 9 7 2 1 
     1 6           1            0        - 4 . 4 7 1 3 4 3    - 1 . 9 8 0 3 3 5    - 0 . 7 2 0 3 5 7 
     1 7           1            0        - 2 . 9 1 6 9 2 9    - 2 . 6 7 9 3 7 5    - 0 . 1 9 7 8 3 3 
     1 8           1            0        - 4 . 9 0 6 1 6 8     0 . 8 0 2 6 5 1    - 0 . 9 3 0 8 2 5 
     1 9           1            0        - 3 . 5 1 7 0 6 2     1 . 0 1 7 5 2 2    - 2 . 0 2 8 1 3 7 
     2 0           1            0        - 3 . 6 4 6 7 8 1     2 . 0 1 0 0 5 9    - 0 . 5 6 1 5 5 2 
     2 1           1            0        - 4 . 6 7 7 0 2 2    - 0 . 3 9 5 4 8 4     1 . 6 1 6 3 9 9 
     2 2           1            0        - 3 . 4 0 3 5 6 0     0 . 7 4 3 9 5 1     2 . 1 2 6 9 9 9 
     2 3           1            0        - 3 . 1 3 2 0 3 9    - 1 . 0 0 5 0 0 7     2 . 2 6 5 6 3 4 
     2 4           6            0         5 . 0 8 4 3 1 8    - 0 . 8 1 0 2 2 1    - 0 . 7 5 5 4 6 3 
     2 5           1            0         5 . 5 2 7 9 5 0     0 . 1 8 7 8 4 5    - 0 . 8 4 7 8 2 6 
     2 6           1            0         5 . 8 1 6 2 0 1    - 1 . 4 5 4 6 0 9    - 0 . 2 5 6 4 1 3 
     2 7           1            0         4 . 9 2 3 3 4 8    - 1 . 2 0 1 4 9 8    - 1 . 7 6 6 7 0 6 
     2 8           1            0         3 . 8 9 0 5 0 1    - 0 . 3 9 2 1 3 1     1 . 0 5 3 3 2 9 
     2 9           1            0         2 . 9 3 8 0 7 1    - 2 . 5 7 8 9 2 4    - 0 . 9 1 1 3 8 9 
     3 0           6            0         1 . 9 9 3 2 4 2    - 2 . 4 0 0 5 5 9     1 . 0 7 0 8 4 9 
     3 1           1            0         1 . 8 2 1 8 8 5    - 1 . 6 2 7 2 7 8     1 . 8 2 9 9 9 0 
     3 2           1            0         1 . 0 1 8 6 3 9    - 2 . 8 1 7 1 9 3     0 . 7 8 9 3 2 0 
     3 3           1            0         2 . 5 7 6 8 7 1    - 3 . 2 0 4 1 4 6     1 . 5 3 2 4 3 9 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S112 



 113 

E-trans 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         2 . 7 7 2 9 1 5    - 0 . 1 1 2 3 3 0    - 0 . 2 2 8 2 0 5 
      2           6            0         1 . 6 0 8 1 4 8     0 . 6 3 9 5 0 3    - 0 . 1 6 7 6 2 8 
      3           6            0         2 . 8 7 4 6 6 1    - 1 . 6 2 0 8 5 8    - 0 . 7 5 5 1 5 1 
      4           6            0         2 . 8 1 4 9 5 8    - 1 . 5 0 4 7 7 7     0 . 6 8 0 9 9 2 
      5          1 5            0        - 2 . 7 0 9 3 2 6    - 0 . 2 9 4 1 3 3     0 . 1 4 9 9 8 4 
      6          7 9            0        - 0 . 3 8 8 5 4 7     0 . 1 2 9 0 5 9    - 0 . 0 3 8 2 0 6 
      7           6            0         4 . 0 0 5 1 0 7    - 1 . 5 9 9 8 1 4     1 . 5 9 8 8 5 1 
      8           1            0         1 . 8 4 5 0 1 3    - 1 . 6 7 9 0 6 7     1 . 1 4 0 6 2 7 
      9           1            0         4 . 0 6 8 4 6 5    - 2 . 6 2 9 7 0 0     1 . 9 7 3 9 8 3 
     1 0           1            0         4 . 9 4 3 0 4 9    - 1 . 3 7 2 5 2 7     1 . 0 8 3 8 0 8 
     1 1           1            0         3 . 8 9 9 3 9 2    - 0 . 9 3 4 9 7 4     2 . 4 6 1 2 2 5 
     1 2           6            0        - 3 . 3 8 3 9 4 2    - 1 . 4 0 5 9 4 1    - 1 . 1 4 9 9 2 0 
     1 3           1            0        - 4 . 4 6 2 5 8 5    - 1 . 5 3 9 0 4 0    - 1 . 0 1 4 7 9 2 
     1 4           1            0        - 3 . 1 9 8 4 0 3    - 0 . 9 7 7 8 1 1    - 2 . 1 3 9 4 0 8 
     1 5           1            0        - 2 . 8 9 4 9 3 6    - 2 . 3 8 3 1 5 2    - 1 . 0 9 7 1 0 8 
     1 6           6            0        - 3 . 7 1 7 1 7 8     1 . 2 3 9 2 9 9     0 . 0 4 0 5 4 6 
     1 7           1            0        - 3 . 5 4 6 5 3 4     1 . 7 2 7 6 4 7    - 0 . 9 2 3 4 1 5 
     1 8           1            0        - 4 . 7 8 2 5 4 7     1 . 0 0 5 8 5 9     0 . 1 4 0 4 1 8 
     1 9           1            0        - 3 . 4 2 6 1 7 7     1 . 9 3 2 0 9 5     0 . 8 3 5 6 5 1 
     2 0           6            0        - 3 . 1 8 9 1 5 0    - 1 . 0 7 3 0 4 1     1 . 7 4 4 7 2 4 
     2 1           1            0        - 4 . 2 7 2 5 3 2    - 1 . 2 2 8 8 6 1     1 . 7 8 1 7 5 9 
     2 2           1            0        - 2 . 6 8 5 7 5 1    - 2 . 0 3 8 0 2 0     1 . 8 5 5 2 8 7 
     2 3           1            0        - 2 . 8 9 2 0 7 7    - 0 . 4 2 8 9 8 7     2 . 5 7 7 6 1 3 
     2 4           1            0         3 . 7 3 4 4 7 7     0 . 3 9 6 2 7 7    - 0 . 2 3 1 7 9 3 
     2 5           6            0         1 . 8 2 1 7 0 5     2 . 1 0 9 9 0 3    - 0 . 0 2 0 5 2 8 
     2 6           8            0         1 . 9 1 3 5 4 3     2 . 6 1 1 2 3 1     1 . 0 7 8 2 2 2 
     2 7           8            0         1 . 8 6 6 4 8 1     2 . 7 6 1 4 7 5    - 1 . 1 8 9 1 9 1 
     2 8           1            0         1 . 9 7 6 9 7 2     3 . 7 1 5 8 1 6    - 0 . 9 9 9 4 0 3 
     2 9           6            0         1 . 7 8 5 4 0 0    - 2 . 2 3 5 4 8 8    - 1 . 6 0 2 7 9 2 
     3 0           1            0         0 . 7 9 7 8 5 0    - 2 . 1 3 8 1 6 7    - 1 . 1 4 4 2 1 2 
     3 1           1            0         1 . 7 5 7 6 0 6    - 1 . 7 8 2 0 7 5    - 2 . 5 9 8 1 7 2 
     3 2           1            0         2 . 0 0 0 8 3 7    - 3 . 3 0 4 0 6 4    - 1 . 7 2 0 3 2 3 
     3 3           1            0         3 . 8 7 7 0 1 5    - 1 . 7 2 5 2 7 3    - 1 . 1 7 0 8 1 9 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS5 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0        - 2 . 6 0 1 2 0 1     0 . 4 7 7 1 0 7    - 1 . 0 2 7 6 8 9 
      2           6            0        - 1 . 7 2 7 1 7 9    - 0 . 2 8 5 6 1 9    - 0 . 2 4 8 8 8 6 
      3           6            0        - 2 . 7 5 3 8 1 3     1 . 8 3 2 9 0 5    - 0 . 4 5 1 1 9 5 
      4           6            0        - 2 . 6 0 4 4 0 2     0 . 8 9 8 3 2 4     0 . 7 8 8 3 1 5 
      5          1 5            0         2 . 7 1 9 4 0 2     0 . 0 5 9 1 0 0     0 . 1 1 7 9 9 0 
      6          7 9            0         0 . 3 8 6 8 3 8    - 0 . 0 4 0 2 5 2    - 0 . 0 3 9 3 1 6 
      7           6            0        - 2 . 0 3 0 8 9 8    - 1 . 7 5 1 8 3 6    - 0 . 1 4 0 3 5 1 
      8           8            0        - 2 . 1 9 4 8 9 0    - 2 . 3 2 4 2 9 1     0 . 9 1 3 7 1 5 
      9           8            0        - 2 . 0 8 4 1 4 5    - 2 . 3 4 5 9 5 7    - 1 . 3 5 0 4 3 3 
     1 0           6            0         3 . 3 9 9 5 5 9    - 1 . 0 5 9 5 6 4     1 . 4 0 7 2 8 5 
     1 1           6            0         3 . 5 6 4 9 7 3    - 0 . 4 2 4 3 5 1    - 1 . 4 4 0 2 5 4 
     1 2           6            0         3 . 3 7 6 8 3 1     1 . 7 2 5 6 1 7     0 . 5 2 8 2 9 5 
     1 3           6            0        - 3 . 8 3 0 5 7 1     0 . 3 8 5 8 1 4     1 . 5 1 5 9 2 6 
     1 4           6            0        - 1 . 7 0 0 0 1 3     2 . 9 2 2 2 3 0    - 0 . 6 0 3 7 2 1 
     1 5           1            0        - 3 . 4 3 7 0 6 2     0 . 0 1 1 8 7 2    - 1 . 5 6 0 2 1 4 
     1 6           1            0        - 3 . 7 6 3 9 3 0     2 . 2 1 6 9 1 6    - 0 . 6 0 9 7 0 4 
     1 7           1            0        - 1 . 8 0 5 5 8 3     1 . 2 2 9 1 8 2     1 . 4 4 6 5 9 5 
     1 8           1            0        - 2 . 2 5 9 4 9 9    - 3 . 2 9 6 9 4 8    - 1 . 2 0 3 1 1 7 
     1 9           1            0         4 . 4 9 2 7 3 7    - 0 . 9 9 4 6 0 1     1 . 4 2 9 4 1 5 
     2 0           1            0         3 . 1 0 5 7 7 5    - 2 . 0 9 1 9 7 6     1 . 1 9 6 6 9 6 
     2 1           1            0         3 . 0 0 3 4 3 7    - 0 . 7 8 1 1 5 5     2 . 3 8 8 2 0 3 
     2 2           1            0         4 . 6 5 1 9 4 9    - 0 . 3 7 7 9 8 1    - 1 . 3 1 3 7 1 6 
     2 3           1            0         3 . 2 6 9 1 2 9     0 . 2 4 9 3 8 3    - 2 . 2 4 9 6 6 5 
     2 4           1            0         3 . 2 7 9 9 0 2    - 1 . 4 4 3 6 1 3    - 1 . 7 1 6 6 1 8 
     2 5           1            0         3 . 0 7 6 5 3 2     2 . 4 4 4 9 5 8    - 0 . 2 3 9 2 1 1 
     2 6           1            0         4 . 4 7 0 3 2 7     1 . 6 9 9 4 1 3     0 . 5 8 4 8 8 7 
     2 7           1            0         2 . 9 7 7 6 3 4     2 . 0 5 6 5 4 9     1 . 4 9 1 5 0 2 
     2 8           1            0        - 4 . 1 7 3 3 2 6     1 . 1 6 5 2 0 5     2 . 2 0 6 5 3 7 
     2 9           1            0        - 3 . 5 8 9 4 2 9    - 0 . 5 0 7 9 4 1     2 . 0 9 6 4 8 2 
     3 0           1            0        - 4 . 6 5 6 2 1 5     0 . 1 4 7 3 3 8     0 . 8 3 9 1 4 5 
     3 1           1            0        - 1 . 7 7 4 9 4 9     3 . 3 8 8 3 5 6    - 1 . 5 9 1 0 6 7 
     3 2           1            0        - 0 . 6 8 8 7 3 5     2 . 5 1 9 0 5 6    - 0 . 4 8 5 4 9 6 
     3 3           1            0        - 1 . 8 5 7 3 7 9     3 . 6 9 7 6 0 6     0 . 1 5 2 8 5 3 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS6 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         2 . 1 6 4 7 7 4    - 0 . 8 4 4 0 7 2     0 . 5 3 5 1 9 9 
      2           6            0         1 . 3 8 2 1 3 5     0 . 1 3 2 2 1 9     0 . 0 5 0 4 6 1 
      3           6            0         4 . 2 6 6 9 3 9    - 0 . 7 3 0 9 9 1    - 0 . 4 0 6 9 5 5 
      4          1 5            0        - 3 . 0 4 2 3 4 7    - 0 . 1 9 7 4 0 0    - 0 . 0 0 5 5 1 0 
      5          7 9            0        - 0 . 6 9 3 6 0 1    - 0 . 0 3 3 8 9 8     0 . 0 2 9 4 9 2 
      6           6            0         3 . 7 1 2 7 0 5    - 0 . 7 6 6 4 2 5     0 . 9 2 8 3 5 0 
      7           6            0         1 . 9 8 3 5 9 0     1 . 3 7 3 5 5 1    - 0 . 4 9 7 5 5 3 
      8           8            0         2 . 9 6 6 2 0 7     1 . 3 8 5 2 9 4    - 1 . 2 2 9 6 5 5 
      9           8            0         1 . 3 2 4 4 2 6     2 . 4 9 2 8 5 8    - 0 . 1 6 3 4 0 0 
     1 0           6            0        - 3 . 7 3 5 2 7 8    - 0 . 6 2 2 2 2 7    - 1 . 6 5 5 9 0 3 
     1 1           6            0        - 3 . 7 2 8 5 0 3    - 1 . 4 7 1 0 5 2     1 . 1 3 1 0 7 9 
     1 2           6            0        - 3 . 8 9 1 3 4 3     1 . 3 6 3 0 7 9     0 . 4 7 2 6 3 9 
     1 3           1            0         1 . 7 6 0 9 6 9    - 1 . 8 3 0 8 5 9     0 . 7 3 8 9 0 6 
     1 4           1            0         1 . 7 7 4 7 4 8     3 . 2 4 2 7 2 4    - 0 . 6 0 0 1 2 2 
     1 5           1            0        - 3 . 3 4 2 1 1 3    - 1 . 5 8 8 5 2 4    - 1 . 9 8 5 1 8 3 
     1 6           1            0        - 4 . 8 2 8 3 8 5    - 0 . 6 7 5 5 7 0    - 1 . 6 1 3 0 2 7 
     1 7           1            0        - 3 . 4 4 1 8 9 0     0 . 1 3 6 4 6 5    - 2 . 3 8 7 3 9 0 
     1 8           1            0        - 3 . 4 2 3 7 0 8    - 1 . 2 5 3 7 4 2     2 . 1 5 9 0 2 2 
     1 9           1            0        - 4 . 8 2 2 3 8 2    - 1 . 4 8 6 2 0 3     1 . 0 7 7 4 2 6 
     2 0           1            0        - 3 . 3 4 3 4 4 0    - 2 . 4 5 8 0 6 2     0 . 8 5 8 2 0 3 
     2 1           1            0        - 4 . 9 7 8 7 7 8     1 . 2 3 6 7 2 6     0 . 4 3 8 8 5 6 
     2 2           1            0        - 3 . 5 9 5 2 6 4     1 . 6 5 0 3 9 8     1 . 4 8 5 8 1 1 
     2 3           1            0        - 3 . 6 0 2 1 3 4     2 . 1 6 6 4 1 5    - 0 . 2 1 1 2 9 7 
     2 4           1            0         4 . 6 8 4 4 0 5     0 . 2 0 2 4 2 1    - 0 . 7 7 0 1 8 0 
     2 5           1            0         3 . 8 9 7 1 8 0    - 1 . 7 4 4 8 7 7     1 . 3 8 5 9 6 9 
     2 6           6            0         4 . 0 9 3 2 6 9     0 . 3 7 2 6 8 4     1 . 8 7 6 0 1 6 
     2 7           1            0         5 . 1 4 8 9 2 9     0 . 2 9 3 8 4 2     2 . 1 5 5 7 9 1 
     2 8           1            0         3 . 9 3 6 3 9 5     1 . 3 5 2 3 8 6     1 . 4 1 7 3 5 1 
     2 9           1            0         3 . 4 9 3 2 5 5     0 . 3 1 8 2 1 7     2 . 7 8 8 1 0 5 
     3 0           6            0         4 . 3 4 3 8 4 9    - 1 . 8 8 2 7 9 8    - 1 . 3 1 8 3 3 2 
     3 1           1            0         3 . 8 4 5 1 5 1    - 2 . 7 8 1 7 5 1    - 0 . 9 5 1 0 2 9 
     3 2           1            0         3 . 9 7 1 6 5 3    - 1 . 6 1 1 0 1 9    - 2 . 3 1 4 5 2 5 
     3 3           1            0         5 . 4 1 7 1 7 0    - 2 . 0 9 9 0 9 8    - 1 . 4 6 5 4 5 0 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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F 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0        - 2 . 1 2 9 8 7 8    - 1 . 1 6 9 4 2 2     0 . 2 7 1 9 3 4 
      2           6            0        - 1 . 3 5 2 3 4 8    - 0 . 0 9 2 3 5 4    - 0 . 0 3 1 2 8 2 
      3           6            0        - 4 . 2 1 8 2 7 3     0 . 1 9 8 1 7 9     0 . 3 5 2 9 5 2 
      4          1 5            0         3 . 0 8 0 1 4 1    - 0 . 0 5 9 9 9 1     0 . 0 7 5 9 1 2 
      5          7 9            0         0 . 7 2 8 3 3 3    - 0 . 0 5 4 8 7 8     0 . 0 1 4 5 4 3 
      6           6            0        - 3 . 6 3 2 5 2 8    - 1 . 2 0 2 1 8 4     0 . 1 4 5 1 4 7 
      7           1            0        - 4 . 0 3 1 2 8 8    - 1 . 8 3 2 0 3 6     0 . 9 5 0 8 5 6 
      8           6            0        - 2 . 1 1 2 3 8 3     1 . 0 4 0 0 6 2    - 0 . 4 8 6 9 2 7 
      9           8            0        - 3 . 3 9 9 5 8 2     1 . 2 0 0 0 4 6    - 0 . 3 9 9 4 0 4 
     1 0           8            0        - 1 . 4 9 2 6 0 6     2 . 0 3 2 8 7 4    - 1 . 0 7 4 8 8 5 
     1 1           1            0        - 2 . 1 3 2 5 6 7     2 . 7 2 7 4 4 5    - 1 . 3 3 4 4 2 6 
     1 2           1            0        - 1 . 6 5 5 1 6 0    - 2 . 1 0 2 1 3 1     0 . 5 6 9 6 0 0 
     1 3           6            0         3 . 8 3 8 6 6 9     1 . 5 6 5 1 7 4    - 0 . 3 3 6 0 7 9 
     1 4           1            0         3 . 4 9 7 7 2 5     2 . 3 2 3 9 3 9     0 . 3 7 4 4 9 5 
     1 5           1            0         4 . 9 3 1 5 2 1     1 . 5 0 3 5 7 9    - 0 . 2 9 7 5 9 6 
     1 6           1            0         3 . 5 3 3 1 6 6     1 . 8 7 1 6 7 1    - 1 . 3 4 0 8 4 5 
     1 7           6            0         3 . 7 8 9 7 0 1    - 0 . 5 0 3 9 8 8     1 . 7 1 4 5 1 1 
     1 8           1            0         3 . 4 5 3 4 0 5    - 1 . 5 0 3 7 6 3     2 . 0 0 4 6 7 2 
     1 9           1            0         4 . 8 8 4 2 6 5    - 0 . 4 9 1 0 8 5     1 . 6 7 8 6 7 9 
     2 0           1            0         3 . 4 4 7 6 3 0     0 . 2 0 7 6 1 5     2 . 4 7 1 7 5 8 
     2 1           6            0         3 . 8 5 3 3 7 0    - 1 . 2 4 4 6 6 9    - 1 . 1 0 0 9 0 3 
     2 2           1            0         4 . 9 4 5 5 7 5    - 1 . 1 9 9 5 7 5    - 1 . 0 3 3 6 4 2 
     2 3           1            0         3 . 5 2 2 7 2 9    - 2 . 2 6 2 3 9 3    - 0 . 8 7 3 2 2 2 
     2 4           1            0         3 . 5 4 7 4 1 1    - 1 . 0 0 4 1 8 7    - 2 . 1 2 3 3 7 1 
     2 5           6            0        - 4 . 0 4 2 3 4 6    - 1 . 8 4 1 3 7 3    - 1 . 2 0 2 6 0 4 
     2 6           1            0        - 3 . 5 9 7 8 0 1    - 2 . 8 3 5 0 7 2    - 1 . 3 1 3 4 9 6 
     2 7           1            0        - 5 . 1 3 0 7 4 9    - 1 . 9 5 0 8 0 3    - 1 . 2 5 5 4 7 5 
     2 8           1            0        - 3 . 7 1 1 9 5 5    - 1 . 2 2 8 7 7 4    - 2 . 0 4 8 1 8 0 
     2 9           6            0        - 4 . 3 0 8 3 5 8     0 . 6 6 9 4 1 0     1 . 7 9 5 9 1 4 
     3 0           1            0        - 4 . 6 6 3 1 4 0     1 . 7 0 2 8 2 1     1 . 8 4 2 5 2 6 
     3 1           1            0        - 5 . 0 2 7 2 3 9     0 . 0 4 0 9 9 5     2 . 3 3 1 9 9 2 
     3 2           1            0        - 3 . 3 4 3 2 1 8     0 . 5 9 9 8 8 1     2 . 3 0 7 8 1 9 
     3 3           1            0        - 5 . 1 8 6 9 8 1     0 . 2 9 0 7 1 0    - 0 . 1 4 1 3 8 3 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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G 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         4 . 4 7 7 7 7 8    - 0 . 9 4 2 4 9 2    - 0 . 0 6 9 9 4 4 
      2           6            0         3 . 3 0 2 1 2 0    - 1 . 5 0 8 6 4 7    - 0 . 3 8 9 3 7 2 
      3           6            0         3 . 3 9 1 5 3 6     1 . 3 0 0 3 0 5    - 0 . 1 6 7 9 5 9 
      4          1 5            0        - 3 . 0 5 9 4 6 0     0 . 4 3 9 7 8 5     0 . 1 5 7 8 2 1 
      5          7 9            0        - 0 . 9 4 9 4 7 1    - 0 . 3 9 5 3 4 4    - 0 . 0 7 1 6 7 8 
      6           6            0         4 . 5 6 6 4 2 0     0 . 4 8 4 4 7 1     0 . 3 9 5 9 4 2 
      7           1            0         5 . 4 8 4 4 1 9     0 . 9 2 7 6 5 5    - 0 . 0 1 0 9 3 6 
      8           6            0         2 . 0 7 1 1 3 2    - 0 . 7 3 7 1 2 0    - 0 . 2 5 2 6 9 3 
      9           8            0         2 . 1 1 3 2 0 4     0 . 5 6 1 6 3 8    - 0 . 0 1 8 9 3 5 
     1 0           8            0         0 . 9 5 9 1 5 8    - 1 . 3 0 6 7 3 0    - 0 . 3 1 1 7 0 1 
     1 1           1            0         5 . 3 8 9 3 5 3    - 1 . 5 3 5 5 5 3    - 0 . 0 8 8 4 4 7 
     1 2           6            0        - 3 . 1 0 1 5 7 7     2 . 2 6 7 1 6 7     0 . 3 2 5 1 8 2 
     1 3           1            0        - 2 . 6 5 6 5 7 4     2 . 7 3 1 4 9 3    - 0 . 5 5 9 4 9 9 
     1 4           1            0        - 4 . 1 3 5 2 1 7     2 . 6 1 3 5 3 5     0 . 4 3 1 3 9 2 
     1 5           1            0        - 2 . 5 2 8 4 4 5     2 . 5 7 3 6 0 4     1 . 2 0 4 9 1 4 
     1 6           6            0        - 4 . 1 4 0 6 5 7     0 . 0 4 7 1 6 7    - 1 . 2 7 2 5 5 8 
     1 7           1            0        - 4 . 2 1 6 6 0 9    - 1 . 0 3 7 2 1 8    - 1 . 3 9 3 8 8 9 
     1 8           1            0        - 5 . 1 4 1 9 9 0     0 . 4 6 2 1 7 4    - 1 . 1 1 5 0 1 3 
     1 9           1            0        - 3 . 7 1 6 1 2 7     0 . 4 7 0 1 0 5    - 2 . 1 8 7 5 6 6 
     2 0           6            0        - 3 . 9 3 3 7 1 7    - 0 . 2 1 3 4 6 9     1 . 6 3 3 4 7 4 
     2 1           1            0        - 4 . 9 3 9 4 4 3     0 . 2 1 5 8 0 8     1 . 6 9 6 7 0 5 
     2 2           1            0        - 4 . 0 1 1 4 2 1    - 1 . 3 0 2 4 6 4     1 . 5 6 7 2 9 4 
     2 3           1            0        - 3 . 3 7 6 6 4 6     0 . 0 4 0 6 5 9     2 . 5 3 9 7 3 8 
     2 4           6            0         4 . 6 5 7 4 4 1     0 . 5 3 6 0 4 3     1 . 9 3 8 5 6 6 
     2 5           1            0         5 . 4 9 3 5 6 4    - 0 . 0 6 8 7 0 9     2 . 3 0 3 0 0 5 
     2 6           1            0         4 . 8 1 6 0 0 8     1 . 5 6 6 5 4 6     2 . 2 7 3 1 2 8 
     2 7           1            0         3 . 7 3 9 4 0 7     0 . 1 5 7 2 1 7     2 . 3 9 9 8 4 8 
     2 8           6            0         3 . 5 3 8 0 4 6     1 . 7 1 1 5 9 2    - 1 . 6 2 7 2 7 1 
     2 9           1            0         2 . 6 3 9 9 0 8     2 . 2 3 4 9 5 2    - 1 . 9 6 7 8 2 9 
     3 0           1            0         4 . 3 8 8 1 1 8     2 . 3 9 4 0 7 6    - 1 . 7 3 1 0 5 5 
     3 1           1            0         3 . 7 1 0 6 6 4     0 . 8 4 8 5 2 4    - 2 . 2 7 8 1 3 0 
     3 2           1            0         3 . 2 1 8 7 0 3     2 . 1 8 1 2 6 5     0 . 4 5 3 3 6 2 
     3 3           1            0         3 . 1 9 2 4 2 9    - 2 . 5 4 7 6 4 1    - 0 . 6 7 6 8 3 5 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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B’-trans 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         4 . 4 2 4 7 1 5    - 1 . 1 5 3 6 4 1    - 0 . 3 6 7 0 9 7 
      2           6            0         5 . 3 9 5 7 2 4    - 0 . 0 2 3 7 8 1    - 0 . 0 9 6 3 5 3 
      3           6            0         3 . 3 3 1 7 3 9    - 0 . 3 8 7 3 5 3    - 0 . 1 5 0 6 3 9 
      4           6            0         4 . 1 2 0 9 0 7     0 . 8 7 5 6 6 2     0 . 1 7 8 4 6 3 
      5           6            0         1 . 9 1 9 5 0 9    - 0 . 6 7 7 9 2 9    - 0 . 2 1 2 3 7 1 
      6           8            0         1 . 0 5 9 8 9 3     0 . 2 0 1 5 2 2     0 . 0 4 4 6 0 5 
      7           8            0         1 . 5 9 7 5 2 7    - 1 . 9 2 0 4 0 2    - 0 . 5 5 3 8 2 9 
      8           6            0         6 . 4 0 0 1 5 5    - 0 . 2 1 4 3 7 5     1 . 0 4 1 6 2 2 
      9           6            0         3 . 9 1 7 4 5 9     2 . 1 0 1 1 3 1    - 0 . 7 0 7 8 6 2 
     1 0           1            0         4 . 5 6 2 0 2 6    - 2 . 2 0 0 5 1 8    - 0 . 6 2 5 3 0 2 
     1 1           1            0         5 . 9 1 8 3 5 7     0 . 2 8 8 7 6 3    - 1 . 0 1 0 9 1 3 
     1 2           1            0         4 . 0 4 6 9 9 0     1 . 1 5 1 7 6 0     1 . 2 3 7 4 9 6 
     1 3           1            0         6 . 9 3 1 8 8 6     0 . 7 2 2 4 1 1     1 . 2 3 9 1 9 8 
     1 4           1            0         5 . 9 0 0 9 2 2    - 0 . 5 2 5 1 0 7     1 . 9 6 6 1 7 6 
     1 5           1            0         2 . 9 3 0 9 1 8     2 . 5 4 7 2 9 9    - 0 . 5 4 0 9 2 5 
     1 6           1            0         3 . 9 9 9 1 9 8     1 . 8 4 2 7 5 7    - 1 . 7 7 0 2 4 0 
     1 7           1            0         0 . 6 2 5 2 0 9    - 2 . 0 2 1 1 1 2    - 0 . 5 6 5 4 1 7 
     1 8          7 9            0        - 1 . 0 6 2 3 8 5     0 . 0 7 0 8 3 8     0 . 0 3 6 4 7 1 
     1 9          1 5            0        - 3 . 3 4 9 9 8 4     0 . 0 3 4 2 7 4     0 . 0 6 1 1 8 2 
     2 0           6            0        - 4 . 0 7 2 7 6 8     1 . 6 5 6 3 0 3    - 0 . 3 9 8 9 7 5 
     2 1           1            0        - 5 . 1 6 6 3 6 3     1 . 6 0 0 9 3 5    - 0 . 3 7 1 2 3 1 
     2 2           1            0        - 3 . 7 3 4 5 9 6     2 . 4 2 7 1 1 1     0 . 2 9 9 5 1 9 
     2 3           1            0        - 3 . 7 5 2 9 8 3     1 . 9 3 4 7 2 5    - 1 . 4 0 7 2 0 0 
     2 4           6            0        - 4 . 0 3 2 9 9 9    - 0 . 3 7 6 2 2 9     1 . 7 1 3 4 3 2 
     2 5           1            0        - 3 . 6 9 4 9 8 1     0 . 3 5 8 8 9 0     2 . 4 4 9 4 5 7 
     2 6           1            0        - 5 . 1 2 7 7 6 0    - 0 . 3 7 2 6 9 7     1 . 6 7 8 4 3 6 
     2 7           1            0        - 3 . 6 8 7 2 5 0    - 1 . 3 6 5 8 8 7     2 . 0 2 5 2 3 0 
     2 8           6            0        - 4 . 0 7 0 7 0 1    - 1 . 1 8 7 5 4 0    - 1 . 1 0 1 9 6 2 
     2 9           1            0        - 3 . 7 4 1 1 0 5    - 2 . 1 9 6 4 4 3    - 0 . 8 3 7 5 7 8 
     3 0           1            0        - 5 . 1 6 4 3 1 8    - 1 . 1 4 5 6 5 1    - 1 . 0 5 6 7 7 4 
     3 1           1            0        - 3 . 7 4 5 8 1 8    - 0 . 9 6 8 8 1 2    - 2 . 1 2 3 1 9 3 
     3 2           1            0         4 . 6 7 1 3 6 6     2 . 8 6 4 3 9 9    - 0 . 4 8 5 9 3 9 
     3 3           1            0         7 . 1 4 4 6 6 8    - 0 . 9 7 5 5 8 8     0 . 7 8 4 5 3 8 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS3’-in 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         4 . 4 3 8 2 8 0    - 0 . 9 6 5 4 6 9    - 0 . 6 8 7 4 8 5 
      2           6            0         5 . 4 6 0 3 1 3    - 0 . 5 6 3 7 9 4     0 . 2 0 3 8 9 0 
      3           6            0         3 . 3 3 2 8 5 3    - 0 . 1 5 9 9 2 1    - 0 . 3 8 8 7 7 1 
      4           6            0         3 . 9 1 4 5 6 3     1 . 0 3 2 3 9 8     0 . 1 7 3 0 0 0 
      5           6            0         1 . 9 3 6 0 4 7    - 0 . 4 5 7 1 2 7    - 0 . 4 6 4 9 7 7 
      6           8            0         1 . 0 5 8 0 1 8     0 . 3 4 6 9 6 5    - 0 . 0 3 8 7 7 6 
      7           8            0         1 . 6 2 0 1 3 0    - 1 . 6 2 5 0 5 5    - 1 . 0 2 4 0 2 3 
      8           6            0         5 . 4 1 6 7 3 3    - 0 . 7 1 4 9 5 8     1 . 7 1 5 7 8 0 
      9           6            0         4 . 6 7 2 9 5 1     2 . 0 5 6 4 4 5    - 0 . 6 3 4 5 6 4 
     1 0           1            0         4 . 5 8 5 0 1 4    - 1 . 6 0 5 0 3 1    - 1 . 5 5 7 3 4 7 
     1 1           1            0         6 . 4 8 9 4 5 6    - 0 . 5 5 5 2 2 2    - 0 . 1 7 3 0 5 1 
     1 2           1            0         3 . 4 7 7 8 9 5     1 . 4 4 8 8 0 3     1 . 0 8 7 7 3 8 
     1 3           1            0         4 . 3 9 8 6 1 6    - 0 . 8 0 1 8 4 9     2 . 1 0 2 4 3 4 
     1 4           1            0         5 . 9 6 3 1 9 5    - 1 . 6 3 1 4 1 7     1 . 9 8 0 2 1 5 
     1 5           1            0         5 . 0 7 2 5 5 7     1 . 6 4 5 8 9 0    - 1 . 5 6 4 4 9 3 
     1 6           1            0         5 . 4 9 0 4 8 1     2 . 5 0 7 4 9 0    - 0 . 0 6 1 6 6 9 
     1 7           1            0         0 . 6 4 8 9 9 7    - 1 . 7 0 4 7 1 9    - 1 . 0 9 1 5 0 9 
     1 8          7 9            0        - 1 . 0 4 3 0 9 5     0 . 1 1 5 7 7 0     0 . 0 1 8 1 2 7 
     1 9          1 5            0        - 3 . 3 2 3 5 5 7    - 0 . 0 3 4 3 9 5     0 . 1 0 9 5 4 2 
     2 0           6            0        - 3 . 9 2 6 1 7 5    - 1 . 7 1 6 3 3 1     0 . 5 2 6 7 8 0 
     2 1           1            0        - 5 . 0 2 0 6 4 0    - 1 . 7 2 2 4 9 0     0 . 5 6 8 8 9 6 
     2 2           1            0        - 3 . 5 9 4 0 0 3    - 2 . 4 3 2 5 7 5    - 0 . 2 3 0 2 1 4 
     2 3           1            0        - 3 . 5 2 7 9 7 8    - 2 . 0 2 4 4 2 7     1 . 4 9 7 7 5 1 
     2 4           6            0        - 4 . 1 3 1 9 7 2     0 . 4 1 1 4 0 6    - 1 . 4 7 6 2 5 0 
     2 5           1            0        - 3 . 7 9 5 9 0 0    - 0 . 2 6 2 1 6 7    - 2 . 2 6 9 7 5 6 
     2 6           1            0        - 5 . 2 2 0 2 2 6     0 . 3 3 5 8 3 2    - 1 . 3 7 7 7 3 0 
     2 7           1            0        - 3 . 8 6 7 2 3 3     1 . 4 3 5 7 2 0    - 1 . 7 5 3 8 4 8 
     2 8           6            0        - 4 . 0 4 6 3 8 2     1 . 0 8 3 5 7 8     1 . 3 7 2 4 4 9 
     2 9           1            0        - 3 . 7 7 2 6 0 3     2 . 1 1 9 9 1 7     1 . 1 5 4 6 3 4 
     3 0           1            0        - 5 . 1 3 8 0 0 5     0 . 9 9 3 1 9 3     1 . 3 7 2 6 8 0 
     3 1           1            0        - 3 . 6 6 4 2 3 7     0 . 8 2 3 1 8 8     2 . 3 6 3 7 0 4 
     3 2           1            0         3 . 9 8 0 7 8 3     2 . 8 7 5 7 3 9    - 0 . 8 8 5 0 3 2 
     3 3           1            0         5 . 9 2 3 2 2 3     0 . 1 1 1 6 1 7     2 . 2 2 4 7 1 1 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS3’-out 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0        - 4 . 4 1 7 8 6 4    - 1 . 1 0 7 5 9 6     0 . 0 0 4 1 6 2 
      2           6            0        - 5 . 4 6 6 8 2 5    - 0 . 2 4 4 9 5 8     0 . 4 0 6 4 1 9 
      3           6            0        - 3 . 3 2 3 5 5 5    - 0 . 2 6 2 9 3 6    - 0 . 1 8 4 5 3 2 
      4           6            0        - 3 . 9 4 2 6 9 3     1 . 0 2 9 1 9 9    - 0 . 3 8 5 0 8 3 
      5           6            0        - 1 . 9 2 8 6 0 3    - 0 . 5 6 8 4 0 9    - 0 . 0 9 9 6 9 8 
      6           8            0        - 1 . 0 3 1 0 8 2     0 . 3 1 8 1 0 7    - 0 . 1 8 6 2 6 6 
      7           8            0        - 1 . 6 3 4 5 0 8    - 1 . 8 5 9 2 6 7     0 . 0 5 9 2 0 9 
      8           6            0        - 6 . 9 2 2 3 6 6    - 0 . 4 3 2 9 6 0     0 . 0 7 6 0 1 9 
      9           6            0        - 3 . 4 7 7 0 9 5     2 . 3 3 0 7 0 2     0 . 2 0 0 0 3 9 
     1 0           1            0        - 4 . 5 2 6 5 0 2    - 2 . 1 5 0 1 8 3    - 0 . 2 9 0 0 4 8 
     1 1           1            0        - 5 . 2 6 8 4 8 5     0 . 3 6 0 1 5 1     1 . 2 8 8 7 3 1 
     1 2           1            0        - 4 . 5 4 8 2 7 9     1 . 1 1 4 4 0 2    - 1 . 2 8 2 1 8 2 
     1 3           1            0        - 7 . 4 1 1 2 4 9     0 . 5 3 5 0 7 1    - 0 . 0 8 3 0 1 7 
     1 4           1            0        - 7 . 0 6 9 3 0 0    - 1 . 0 4 1 4 1 4    - 0 . 8 2 0 7 6 1 
     1 5           1            0        - 3 . 0 2 9 7 1 7     2 . 2 1 1 2 2 5     1 . 1 9 1 0 9 3 
     1 6           1            0        - 4 . 3 0 4 2 4 3     3 . 0 4 5 2 2 6     0 . 2 6 7 2 7 4 
     1 7           1            0        - 0 . 6 6 5 2 7 2    - 1 . 9 7 9 0 9 7     0 . 0 4 7 5 0 6 
     1 8          7 9            0         1 . 0 6 5 6 3 4     0 . 0 9 0 2 2 7    - 0 . 0 5 0 3 3 2 
     1 9          1 5            0         3 . 3 4 5 5 1 9    - 0 . 0 5 1 7 3 4     0 . 0 7 3 6 2 2 
     2 0           6            0         3 . 9 5 4 3 5 9    - 0 . 4 4 6 9 5 5     1 . 7 5 8 6 2 7 
     2 1           1            0         5 . 0 4 8 7 0 9    - 0 . 4 9 2 1 8 6     1 . 7 6 1 4 8 9 
     2 2           1            0         3 . 6 2 5 1 2 6     0 . 3 2 1 6 4 1     2 . 4 6 3 7 7 2 
     2 3           1            0         3 . 5 5 4 7 4 2    - 1 . 4 1 1 7 4 9     2 . 0 8 3 7 5 7 
     2 4           6            0         4 . 1 6 5 7 9 7     1 . 5 1 9 7 5 4    - 0 . 4 0 1 2 2 5 
     2 5           1            0         3 . 8 4 2 0 6 0     2 . 3 2 5 6 2 1     0 . 2 6 3 7 3 6 
     2 6           1            0         5 . 2 5 3 5 3 0     1 . 4 1 1 4 5 9    - 0 . 3 3 1 3 6 9 
     2 7           1            0         3 . 8 9 7 1 0 2     1 . 7 8 5 6 0 0    - 1 . 4 2 7 6 2 1 
     2 8           6            0         4 . 0 5 0 2 6 2    - 1 . 3 3 6 9 8 4    - 1 . 0 3 0 0 5 3 
     2 9           1            0         3 . 7 6 7 7 0 6    - 1 . 1 3 4 2 4 1    - 2 . 0 6 7 0 4 6 
     3 0           1            0         5 . 1 4 2 6 2 4    - 1 . 3 4 2 2 7 0    - 0 . 9 4 9 9 1 7 
     3 1           1            0         3 . 6 6 6 6 1 7    - 2 . 3 2 2 2 7 6    - 0 . 7 5 0 0 0 5 
     3 2           1            0        - 2 . 7 1 9 8 2 1     2 . 7 8 1 1 9 2    - 0 . 4 5 8 5 4 6 
     3 3           1            0        - 7 . 4 4 7 0 3 8    - 0 . 9 1 3 9 7 9     0 . 9 1 3 4 3 3 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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B’’-trans 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         0 . 4 9 1 2 1 7    - 1 . 1 6 8 4 9 0    - 0 . 5 3 6 5 0 4 
      2           6            0         1 . 7 4 8 0 1 8    - 0 . 3 3 6 6 1 0    - 0 . 3 3 8 5 2 6 
      3           6            0        - 0 . 3 2 9 9 7 3    - 0 . 2 2 1 7 4 4    - 0 . 0 4 8 3 9 5 
      4           6            0         0 . 7 8 3 1 2 2     0 . 7 7 2 2 1 9     0 . 2 4 9 1 0 0 
      5           6            0        - 1 . 7 8 0 6 0 2    - 0 . 1 1 2 4 7 5     0 . 1 4 4 1 9 6 
      6           8            0        - 2 . 3 4 4 1 9 0     0 . 8 6 5 9 7 4     0 . 5 9 7 6 4 6 
      7           8            0        - 2 . 4 5 0 9 2 1    - 1 . 2 3 0 0 6 8    - 0 . 2 4 1 0 6 3 
      8           6            0         2 . 8 2 7 5 9 1    - 0 . 8 9 6 5 9 1     0 . 5 8 7 1 2 3 
      9           6            0         0 . 7 3 1 3 6 2     2 . 1 2 1 5 5 7    - 0 . 4 6 2 7 5 8 
     1 0           1            0         0 . 3 2 4 9 0 5    - 2 . 1 6 9 9 9 2    - 0 . 9 2 4 7 1 0 
     1 1           1            0         2 . 1 9 8 0 5 3    - 0 . 0 1 7 9 6 1    - 1 . 2 8 9 4 0 6 
     1 2           1            0         0 . 9 4 3 2 5 5     0 . 9 2 0 1 2 0     1 . 3 2 5 2 7 6 
     1 3           1            0         3 . 6 0 0 1 9 3    - 0 . 1 4 4 2 2 4     0 . 7 8 5 3 7 4 
     1 4           1            0         2 . 4 0 0 2 1 4    - 1 . 2 0 6 2 0 9     1 . 5 4 8 1 1 0 
     1 5           1            0         0 . 6 1 2 7 4 9     1 . 9 9 1 6 8 9    - 1 . 5 4 5 4 8 2 
     1 6           1            0         1 . 6 4 9 4 1 2     2 . 6 9 5 2 2 2    - 0 . 2 8 7 3 0 1 
     1 7           1            0        - 3 . 3 9 3 6 0 4    - 1 . 0 4 4 2 8 5    - 0 . 0 7 0 8 4 4 
     1 8           1            0        - 0 . 1 1 7 0 2 7     2 . 7 1 1 1 5 5    - 0 . 0 9 9 8 6 7 
     1 9           1            0         3 . 3 1 8 3 3 0    - 1 . 7 6 9 9 5 6     0 . 1 4 0 7 8 4 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 
TS3’’-in 

Standard orientation: 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0         0 . 4 7 1 0 6 4    - 0 . 8 6 1 5 6 5    - 0 . 9 3 8 9 2 8 
      2           6            0         1 . 7 7 4 0 9 4    - 0 . 7 9 2 5 6 6    - 0 . 3 7 3 3 5 7 
      3           6            0        - 0 . 2 9 9 5 7 3     0 . 0 3 9 7 3 4    - 0 . 2 1 9 2 0 1 
      4           6            0         0 . 6 2 6 3 3 8     0 . 9 9 3 3 1 4     0 . 3 1 6 9 7 9 
      5           6            0        - 1 . 7 2 4 1 2 3     0 . 0 0 5 6 3 5     0 . 1 3 5 4 7 3 
      6           8            0        - 2 . 2 6 2 8 9 1     0 . 7 4 7 5 6 6     0 . 9 3 7 4 4 7 
      7           8            0        - 2 . 4 0 9 3 5 4    - 0 . 9 6 1 3 4 6    - 0 . 5 3 4 1 0 2 
      8           6            0         2 . 1 2 9 8 1 9    - 1 . 2 5 9 7 4 4     1 . 0 2 7 6 0 5 
      9           6            0         1 . 3 6 7 4 3 5     2 . 0 1 4 0 8 0    - 0 . 5 1 7 2 4 8 
     1 0           1            0         0 . 2 0 2 1 8 5    - 1 . 4 0 7 6 3 8    - 1 . 8 4 2 9 1 3 
     1 1           1            0         2 . 6 3 4 2 6 8    - 0 . 8 7 9 5 7 6    - 1 . 0 5 1 7 3 4 
     1 2           1            0         0 . 4 6 0 2 1 7     1 . 3 4 1 1 1 0     1 . 3 4 4 2 3 9 
     1 3           1            0         1 . 2 6 5 3 7 2    - 1 . 2 5 6 1 6 6     1 . 6 9 5 9 5 3 
     1 4           1            0         2 . 5 1 5 9 1 4    - 2 . 2 9 0 0 4 1     0 . 9 7 4 4 5 7 
     1 5           1            0         1 . 4 7 4 9 9 8     1 . 6 9 7 6 8 5    - 1 . 5 5 7 7 9 5 
     1 6           1            0         2 . 3 6 1 6 2 8     2 . 2 3 5 8 8 6    - 0 . 1 1 0 7 3 1 
     1 7           1            0        - 3 . 3 3 5 7 8 3    - 0 . 8 7 4 4 8 1    - 0 . 2 4 1 3 4 5 
     1 8           1            0         2 . 9 2 3 9 2 7    - 0 . 6 5 1 2 8 4     1 . 4 7 6 3 7 8 
     1 9           1            0         0 . 8 0 4 9 1 2     2 . 9 6 1 4 1 2    - 0 . 5 0 1 2 0 3 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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TS3’’-out 
Standard orientation: 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1           6            0        - 0 . 7 6 5 3 9 6    - 1 . 0 9 3 1 1 4    - 0 . 0 1 7 9 9 9 
      2           6            0        - 1 . 8 8 8 4 9 2    - 0 . 2 9 7 5 7 6     0 . 3 4 6 4 2 7 
      3           6            0         0 . 2 6 9 5 1 9    - 0 . 1 8 8 1 2 5    - 0 . 1 7 5 6 0 4 
      4           6            0        - 0 . 3 9 4 8 3 4     1 . 0 7 1 3 0 9    - 0 . 3 8 4 8 1 0 
      5           6            0         1 . 7 1 6 0 0 8    - 0 . 3 7 5 6 7 6    - 0 . 0 2 5 4 3 1 
      6           8            0         2 . 5 4 9 0 0 0     0 . 5 1 4 0 8 4     0 . 0 0 1 5 1 1 
      7           8            0         2 . 0 6 2 2 5 6    - 1 . 6 8 9 0 0 5     0 . 0 7 9 2 6 3 
      8           6            0        - 3 . 3 1 3 8 4 1    - 0 . 5 8 6 6 4 8    - 0 . 0 5 4 0 1 2 
      9           6            0         0 . 0 6 7 3 6 2     2 . 3 9 6 3 5 0     0 . 1 5 7 7 4 7 
     1 0           1            0        - 0 . 7 8 1 0 3 0    - 2 . 1 5 5 4 2 3    - 0 . 2 5 6 9 2 9 
     1 1           1            0        - 1 . 7 8 4 3 1 1     0 . 2 9 0 8 9 1     1 . 2 5 3 8 5 6 
     1 2           1            0        - 1 . 0 0 9 8 2 8     1 . 1 3 2 5 7 0    - 1 . 2 7 7 1 7 3 
     1 3           1            0        - 3 . 3 7 2 7 1 4    - 1 . 1 6 3 4 6 4    - 0 . 9 8 2 5 5 7 
     1 4           1            0        - 3 . 8 3 8 4 6 1    - 1 . 1 4 9 5 6 2     0 . 7 3 2 6 5 5 
     1 5           1            0         0 . 4 5 6 7 0 7     2 . 3 1 5 6 2 6     1 . 1 7 6 9 9 2 
     1 6           1            0        - 0 . 7 4 5 2 4 6     3 . 1 3 1 3 7 9     0 . 1 4 2 6 1 1 
     1 7           1            0         3 . 0 3 5 0 2 5    - 1 . 6 9 4 8 8 9     0 . 1 5 0 1 6 1 
     1 8           1            0         0 . 8 8 3 4 9 7     2 . 7 8 8 9 9 1    - 0 . 4 6 5 0 8 6 
     1 9           1            0        - 3 . 8 7 5 6 4 9     0 . 3 4 4 1 3 0    - 0 . 1 9 8 6 3 9 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 
Me3PAu

+
 

Standard orientation: 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 C e n t e r      A t o m i c       A t o m i c              C o o r d i n a t e s  ( A n g s t r o m s ) 
 N u m b e r      N u m b e r        T y p e              X            Y            Z 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
      1          7 9            0        - 0 . 9 5 1 1 6 3     0 . 0 0 0 1 2 7     0 . 0 0 0 1 5 0 
      2          1 5            0         1 . 3 3 8 8 8 9     0 . 0 0 0 1 2 1    - 0 . 0 0 0 1 6 1 
      3           6            0         1 . 9 9 4 7 8 8    - 0 . 0 3 7 1 7 5     1 . 7 0 6 5 5 2 
      4           1            0         3 . 0 9 0 4 5 0    - 0 . 0 4 0 3 6 5     1 . 6 6 7 2 9 4 
      5           1            0         1 . 6 5 6 5 3 3     0 . 8 4 3 2 9 2     2 . 2 5 9 8 1 1 
      6           1            0         1 . 6 5 0 0 2 7    - 0 . 9 3 6 9 8 4     2 . 2 2 3 4 5 4 
      7           6            0         1 . 9 9 3 8 6 0     1 . 4 9 6 6 9 5    - 0 . 8 2 1 9 5 7 
      8           1            0         1 . 6 5 0 7 0 6     2 . 3 9 4 0 7 1    - 0 . 2 9 9 8 0 9 
      9           1            0         3 . 0 8 9 5 4 4     1 . 4 6 3 9 0 0    - 0 . 8 0 2 0 4 6 
     1 0           1            0         1 . 6 5 3 4 2 0     1 . 5 3 6 2 6 2    - 1 . 8 6 0 3 4 5 
     1 1           6            0         1 . 9 9 1 7 4 6    - 1 . 4 6 0 6 8 8    - 0 . 8 8 5 6 4 4 
     1 2           1            0         1 . 6 4 3 3 6 7    - 1 . 4 6 0 3 6 3    - 1 . 9 2 2 1 3 6 
     1 3           1            0         3 . 0 8 7 4 6 8    - 1 . 4 2 5 8 2 1    - 0 . 8 7 2 8 0 8 
     1 4           1            0         1 . 6 5 4 6 5 8    - 2 . 3 7 8 7 9 4    - 0 . 3 9 6 5 8 2 
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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3. Computed energies of all stationary points 
 
Table S8. Sum of electronic and thermal enthalpies (H, in Hartree), sum of electronic and thermal free energies (G, 
in Hartree), thermal correction to Enthalpy (TCH, in Hartree), thermal correction to Gibbs free energy (TCGFE, in 
Hartree), electronic energy (E, in Hartree), and total free energy in solution (ES, in Hartree, solvent = CHCl3) 
 

Structure H
a G

a TCH
a
 TCGFE

a E
b
 ES

b 

A-trans    -1019.585183 -1019.657408 0.295543 0.223318 -1019.621256 -1019.673387 

TS1-t    -1019.564351 -1019.635002 0.29455 0.2239 -1019.607586 -1019.661258 

C-t    -1019.58042 -1019.652815 0.294665 0.22227 -1019.620482 -1019.674643 

TS2-t    -1019.576221 -1019.64705 0.293391 0.222561 -1019.612696 -1019.666971 

E,Z-D    -1019.622158 -1019.695669 0.29578 0.222269 -1019.659554 -1019.713672 

TS1-c    -1019.557012 -1019.62761 0.294773 0.224174 -1019.598522 -1019.652484 

C-c    -1019.581406 -1019.654564 0.294674 0.221516 -1019.619121 -1019.672994 

TS2-c    -1019.581754 -1019.654065 0.293401 0.22109 -1019.615845 -1019.669564 

Z,E-D    -1019.628023 -1019.700852 0.295624 0.222794 -1019.663014 -1019.716119 

B-trans -1019.605896 -1019.677294 0.295987 0.224589 -1019.646219 -1019.703826 

TS3-in    -1019.54486 -1019.616794 0.293147 0.221213 -1019.578726 -1019.632878 

TS3-out    -1019.567443 -1019.639307 0.293309 0.221444 -1019.601314 -1019.656598 

TS4    -1019.557342 -1019.627939 0.292951 0.222353 -1019.591758 -1019.645853 

E-trans    -1019.583063 -1019.65639 0.295426 0.222099 -1019.619648 -1019.674458 

TS5 -1019.564721 -1019.635405 0.294043 0.223359 -1019.604274 -1019.659245 

TS6 -1019.567984 -1019.638551 0.293502 0.222935 -1019.598514 -1019.649807 

F    -1019.619262 -1019.687652 0.297837 0.229447 -1019.64996 -1019.698984 

G    -1019.661126 -1019.730238 0.298021 0.228908 -1019.684566 -1019.733454 

B’-trans -1019.620407 -1019.692036 0.296421 0.224792 -1019.6493 -1019.702336 

TS3’-in    -1019.561909 -1019.633746 0.293576 0.221739 -1019.58476 -1019.636325 

TS3’-out    -1019.581314 -1019.653894 0.293431 0.220851 -1019.603733 -1019.655122 

B’’-trans -423.004448 -423.049279 0.169164 0.124334 -423.0214816 -423.0273867 

TS3’’-in    -422.940895 -422.985215 0.166304 0.121985 -422.9525329 -422.9589364 

TS3’’-out    -422.95978 -423.006117 0.166193 0.119856 -422.9708559 -422.9771677 

Me3Pau
+
 -596.549318 -596.593056 0.125103 0.081365 -596.5688437 -596.640182 

 
a Computed at the B3LYP/6-31G(d)-SDD level. 
b Computed at the M06/6-311+G(d,p)-SDD level. 
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