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Abstract 
 

This thesis is divided into two topics, 1) the synthesis and analysis of bullvalene and substituted 

bullvalene, 2) and the synthesis of endiandric acid J and beilcyclone A.  

 

Bullvalene is the epitome of fluxional molecules. This C10H10 hydrocarbon undergoes an 

infinite succession of fast sigmatropic Cope rearrangements and exists as an ensemble of 1, 

209, 600 degenerate isomers. Substituents on this core structure will explore all possible non–

degenerate isomers. Mono substituted bullvalene for instance exists between 4 isomers and 

disubstituted bullvalene with unidentical substituents interconverts between 30 isomers. With 

more substituents, the complexity of the molecular system rapidly escalates.  

 

Chapter 1 presents a comprehensive history of the synthetic chemistry of bullvalene, written 

in a review format. 

 

In chapter 2 we demonstrate a new method to access bullvalene, as well as mono– and 

disubstituted bullvalenes in two–steps. A cobalt catalysed [6+2] cycloaddition reaction 

between cyclooctatetraene and substituted alkynes followed by a photorearrangement gives the 

desired products. The isomer distribution of these substituted bullvalenes were elucidated using 

low temperature NMR spectroscopy. Our collaborator Lukáš F. Pašteka developed a 

computational toolbox to predict the isomer distribution of substituted bullvalenes and reaction 

graphs display their interconversion network. Despite the efficiency of this method, intrinsic 

limitations in alkyne substitution patterns prevent access to trisubstituted bullvalenes.  

 

Chapter 3 continues the narrative of chapter 2, where we overcome the limitation of our 

method by introducing a trimethylsilyl group to cyclooctatetraene to access trisubstituted 

bullvalenes. Surprisingly, all trisubstituted bullvalenes share a kinetically metastable major 

isomer which is in slow exchange with the rest of the network. Using DFT calculations as well 

as kinetic simulations we gain a deeper insight on the interconversion network of substituted 

bullvalenes.  

 

In chapter 4 we expand the dynamic behaviour of bullvalene by introducing one or two 

elements of stereogenicity into the substituents of disubstituted bullvalenes. This leads to the 
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creation of a chemical library which is defined by structure. In this chemical library some 

isomers show mutating helicity on their bullvalene core by a fast Cope rearrangement, while 

the stereocentre of their substituent is fixed. The coupling of two disubstituted bullvalenes by 

a stereogenic tether leads to a structure with three mutating stereogenic elements, where the 

tethers’ configuration is mutated by the dynamic ensemble of exchanging isomers of the 

bullvalenes attached to it.  

 

Chapter 5 is an introduction to the endiandric acid natural product. Here, we explore the 

previous syntheses of these natural products and showcase alternative strategies to access these 

structures. 

 

In chapter 6 we demonstrate the total synthesis of endiandric acid J and beilcyclone A in six 

and five steps, respectively. The natural products are isolated from the roots of Beilschmiedia 

erythrophloia as racemates. Our strategy is based on an overall anti–vicinal difunctionalisation 

of COT through an alkylative anti–SN2’ addition of COT–oxide, followed by a cascade Claisen 

rearrangement/ 6π electrocyclization reaction. A Wittig olefination and intramolecular Diels 

Alder reaction afford the natural products.  
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Abbreviation 

 

%   percentage 

D   heat 

ºC   degree/s Celsius  
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h   hour 
1H   proton  

HMBC   heteronuclear multiple bond 

HRMS   high–resolution mass spectroscopy 
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IR   infrared 

IUPAC  international union of pure and applied chemistry ‘ 
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TS   transition state 
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1. Introduction 

 

This chapter details a comprehensive review of bullvalene chemistry. The history of this area 

dates back to 1963, with the most recent comprehensive review appearing in 1967 by 

Schröder.[1] In its early decades, bullvalene’s chemistry was mostly investigated by German 

scientists. Most of their work was published in the German language, which has made this body 

of work more unavailable to the community. Therefore, we sumarised these works in this 

review, increasing accessibility for future purposes.  

Recent reviews in bullvalene chemistry were published early last year by Echavarren[2] and 

McGonigal.[3] Echavarren reviewed the synthesis of bullvalene and substituted bullvalenes, 

while McGonigal discussed the applications of shapeshifting molecules. We sought to write 

this review by including all the scientific papers that were not mentioned in both reviews and 

provide a comprehensive synthetic summary. 

The review includes following chapters: (i) the synthesis of bullvalene, substituted bullvalene, 

and azabullvalene (i) reactions of bullvalene such as 1,2– and 1,6–, addition, complexation 

with metals, and reduction etc. (iii) applications of substituted bullvalene (iv) isomer 

distributions of all synthesised substituted bullvalene tabularised. The review evokes all 

forgotten work from various scientists in this field and gives better insight about bullvalene 

chemistry. 
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1.4.2. Disubstituted 

 

Dibromo bullvalene 77 was used as a precursor for the synthesis of many disubstituted 

bullvalenes (Figure 1.30). The bromination of bromobullvalene followed by an 1,4–elimination 

with potassium tert–butoxide gave dibromo bullvalene 79 in low yield. Dimethyl 104 and 

diphenyl bullvalene 105 were obtained by treating 79 with the corresponding Gilman cuparate, 

which was generated in situ.[67] The addition of sodium cyanide and copper cyanide to 79 gave 

the dicyano bullvalene 106. The latter was either reduced to the aldehyde 107,[68] oxidized to 

the dicarboxylic acid bullvalene 108 and the mono acid–carboxamide bullvalenes 109. 

Dimethanol bullvalene 110 can be obtained by reducing the dialdehyde 107. The dimenthol 

bullvalene can be methylated 111 or acetylated 112.[67] The formation of cyano–bromo 

bullvalene 113 was achieved by using the same condition as for the synthesis of dicyano 

bullvalene 106. The former 113 was reduced to the aldehyde–bromo bullvalene 114. 

Aldehyde–bromo bullvalene 114 was reduced to the alcohol 115 and protected with acetate 

116. Introduction a cyano group 117 was achieved by treating 116 with sodium cyanide and 

copper cyanide.[67] The bromination and the 1,4–elimination of methyl bullvalene 118 gave the 

disubstituted bromo–methyl bullvalene 119.[67] The latter 119 was converted to the cyano–

methyl bullvalene 120 and then oxidized and esterified to the methylester–methyl bullvalene 

121. 
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1.7.1. Monosubstituted bullvalene 

 

The elucidation of the isomer distribution of monosubstituted bullvalenes is easy because the 

number of possible isomers is four (Figure 1.60). In most cases the number of major isomers 

is two, whereby the substituents are attached to the olefinic carbons and rarely to the 

cyclopropyl or the bridgehead carbons. The only exception is flurobullvalene in which the 

substituent for the major isomer is attached to the bridgehead carbon. The fluorine substituent 

prefers the bridgehead carbon as it requires maximum satisfaction of its electronegativity 

requirements, and because the bond to the bridgehead carbon (sp3) is endowed with less s 

character and is therefore less electronegative than that the cyclopropyl carbon (sp2).[88] 
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2.1. Introduction 
 

Chapter 2 is a published document: O. Yahiaoui, L. F. Pašteka, B. Judeel, T. Fallon, Angew. 

Chem, Int. ed. 2018, 57, 2570–2574. 

 

The shapeshifting ability of bullvalene was theorized by Doering in 1963 and in the same year, 

Schröder synthesised the molecule in two steps. Schröder’s synthesis remained the best despite 

the poor overall yield (5.6%). Over the years, several groups attempted to optimise the 

synthesis of bullvalene, but their methods were lengthy and low yielding.  

Through a rapid Cope rearrangement bullvalene exists between over 1.2 million degenerate 

isomers. Substituents on this core structure will explore all possible non–degenerate isomers. 

Mono substituted bullvalene exists between four isomers and disubstituted bullvalene with 

unidentical substituents between 30 isomers. The fluxional property of bullvalene is unique 

and can be advantageous in applications like a molecular sensors, supramolecular chemistry, 

catalysis etc. Bode and co–workers were the only group to show the benefit of this feature by 

using diverse tetrasubstituted bullvalenes as a sensor. However, bullvalene is an under explored 

system, due to its low yielding and/or lengthy synthesis.  

 

We uncovered a hidden strategy for the synthesis of bullvalene and substituted bullvalene, by 

combining two ideas (Figure 2.1). The first idea dates back to the 1970s where Jones and Scott 

investigated the photorearrangement of bullvalene and discovered the high conversion and 

clean reaction of a tetraene 4 (R1 = R2 = H) to bullvalene. The second idea is based on the work 

of Buono who synthesised substituted tetraenes 4 though a [6+2] cobalt catalysed cycloaddition 

reaction between substituted alkynes and COT. The combination of both ideas was the key 

strategy for the synthesis of bullvalene, as well as mono– and disubstituted bullvalene, in only 

two steps. Our collaborator Lukáš F. Pašteka developed a toolbox to predict the isomer 

distribution of substituted bullvalenes and a reaction graph to gain insight into their dynamic 

behaviour.  
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3.1. Introduction  
 

Chapter 3 is a published document: O. Yahiaoui, L. F. Pašteka, C. J. Blake, C. G. Newton, T. 

Fallon, Org. Lett. 2019, 21, 9574–9578. 

 

In the previous chapter, we claimed a limitation in our method for the synthesis of trisubstituted 

bullvalenes; that is the intrinsic limitation in the number of substituents on acetylene. Hence, 

we overcome this problem by introducing a trimethyl silyl group to COT to procure COT–

TMS. Using our synthetic strategy and with COT–TMS in hand, we synthesised analogous 

disubstituted bullvalenes and for the first time heterogenous trisubstituted bullvalenes. The 

appearance of a kinetically metastable major isomer among all trisubstituted bullvalenes was 

investigated using DFT calculations and kinetic simulations. Furthermore, we explored a 

survey of the thermodynamic and kinetic landscapes through computational studies. 

An additional discussion section of unreported results from this project is included after the 

manuscript.  
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The analysis of the bullvalene stereocentres shows how the dynamic ensemble of exchanging 

isomers made the central streoreocentre mutate. The is a novel example of steromutation in 

which the shapeshifting property of the bullvalene is controlling the configuration of the 

stereocentre. Moreover, three stereomutation are occurring simultaneously. 

 

4.3. Conclusion and future work 

 

To conclude, we expanded the dynamic behaviour of disubstituted bullvalene by installing one 

or two elements of stereogenicity into their substituents. This leads to the formation of a 

chemical library that is distinguished by shape, in which some isomers have a stereomutation 

occurring on the bullvalene core while the configuration of the stereogenic centre is fixed.  

Dialdehyde bullvalene 34 is an exemplary molecule for further derivatisation. A further 

oxidation would deliver the dicarboxylic acid 47, which can be used as a building block to 

form a metal organic framework 48. Reductive amination 49 or iminium condensation 50 

formation could rapidly diversify a chemical library of disubstituted bullvalenes. A Wittig 

olefination might lead to a product 51 that can undergo a Cope rearrangement 52 to give an 

“opened out” bullvalenee 53.  

 

The conjoining of two bullvalenes with a stereogenic tether forming bis(TMS) methylmalonic 

diester dibullvalene is a novel example of stereomutation in which three stereomutations are 

occurring side by side. Yet, the configuration of the central stereocentere is dependant on the 

bullvalene isomers.  

 

This project requires DFT calculations to support our observed isomer ratios of the substituted 

bullvalenes and to develop a reaction graph that shows the interconversion of all possible 

isomers.   
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5. Endiandric acid minireview 
 

Hitherto, a review about the synthesis of endiandric acid natural products has not been reported. 

Therefore, this introduction will form the basis of a future minireview. Here we cover all the 

strategies to access the bicyclo[4.2.0]octadiene moity that act as the key component for the 

synthesis of bicyclo[4.2.0]octadiene derived natural products and the synthesis of all reported 

endiandric acids. 
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In the biomimetic synthesis of endiandric acids A–G[128,129] Nicolaou constructed precursor 21 

in 13 steps (Figure 5.6). Semihydrogenation with Lindlar catalyst gave the E,Z,Z,E–tetraene 

which undergoes an 8π–6π cascade to give a mixture of endiandric acids methyl ester 22 and 

23. When both molecules were heated in toluene the intramolecular Diels–Alder afforded 

endiandric acid methyl ester A 24 in 30 % yield. Using the same methodology but with a 

different precursor 25, endiandric acids methyl ester F and G (26, 27) were synthesised. 

Heating in toluene gave endiandric methyl ester B and C (28, 29) in a combined yield of 28% 

and a ratio of 4.5:1, and reflects the ability of the BOD precursors to undergo the intra–

molecular Diels–Alder in one of two distinct modes. 
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6.1. Introduction 
 

Endiandric acids are peculiar targets and are isolated as racemates. Their Australian discoverer 

Black suggested that their biosynthesis involves a non–enzymatic cascade 8π conrotatory 

electrocyclization/6π disrotatory electrocyclization, and an intramolecular Diels–Alder 

reaction (IMDA) from a linear tetraene. His theory was proved by the Nicolaou group who 

synthesized endiandric acid A–G from a linear tetraene. Since then, all the strategies to 

synthesise related natural products of this family were similar. The formation of a tetraene 

intermediate, through cross–coupling, or semi–hydrogenation which upon heating or at room 

temperature undergoes a cascade 8π/6π electrocyclization reaction to deliver the natural 

product or the bicylo[4.2.0]octadiene precursor. Despite the efficiency of the cascade reaction, 

the formation of the tetraene with the correct stereoselectivity is the most challenging part of 

the synthesis  

 

We developed the shortest method to synthesise endiandric acid J and beilcyclone B in 6 and 

5 steps, respectively. With COT as a starting material we access the bicyclo[4.2.0]octadiene 

scaffold through the desymmetrisation of COT oxide through an SN2’ alkylation. A gold 

catalysed vinyl transfer, which upon heating undergoes a Claisen/6π electrocyclization reaction 

to give the bicyclooctadiene moity. A one pot Wittig olefination and an IMDA delivered the 

natural products. As we thought that we can enantioselectively synthesise the natural products, 

computational calculation proved that an enantiopure sample would racemize during the 6π or 

the IMDA reaction though ring opening and ring.  

 

6.2. Conclusion and future work 

 

Our strategy is the ideal method to synthesise other related endiandric acid natural products in 

few steps. For instance, endiandric acid A, D, and E are synthesized in 15 – 16 steps by 

Nicolaou. With our method and the corresponding nucleophile[167] to desymmetrize the COT 

oxide we can obtain the natural products in 6 – 7 steps. This is 10 steps less than the original 

synthesis. The only challenging task is the ring opening of the COT oxide with  
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1 General Information 

NMR analysis was conducted using a Bruker Advance III-HD 300, 500, or 700 MHz spectrometer. 

Chemical shifts are referenced to the residual solvent resonance as the internal standard (CHCl3: 

δ = 7.26 ppm for 1H NMR and δ = 77.16 ppm for 13C NMR, acetone: δ = 2.05 ppm for 1H NMR and 

and δ = 29.84 ppm for 13C NMR, tetrahydrofuran: δ = 3.58 ppm for 1H NMR and δ = 25.31 ppm for 
13C NMR). Data are reported as follows: chemical shift, multiplicity (br s = broad singlet, s = singlet, 

d = doublet, t = triplet, q = quartet, m = multiplet). High-resolution mass spectrometry was recorded 

using either a VG70SE spectrometer (ESI) or a Micromass/Waters AutoSpec Premier 

spectrometer (EI). Infra-red spectra were recorded using a Bruker Alpha FTIR spectrometer 

equipped with an attenuated total reflectance probe. Melting points were recorded using an 

Electrothermal IA9300 capillary melting point apparatus and are uncorrected.  

 

Cyclooctatetraene was obtained as a generous gift from the University of Adelaide. The material 

was manufactured by BASF, most l kely sometime in the 1970s. Samples were purified by vacuum 

distillation using a short vigrex column (20 mbar/ 60 °C), and stored in a freezer under an 

atmosphere of argon. All other chemicals were purchased from commercial suppliers and used as 

received.  
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and the residue purified with flash chromatography eluting with hexane to give the title compound 

6 (21 mg, 64%) as a yellow gum. IR (ATR): v/cm!! = 3030, 2931, 791, 1617, 1391, 1361, 1325, 

1233, 1208, 842, 780, 715, 680. 1H NMR (300 MHz, CDCl3) δ = 7.35 – 7.28 (2H, m), 7.25 – 7.18 

(1H, m), 7.10 – 7.06 (2H, m), 6.76 (1H, d, J = 5.7 Hz), 6.73 (1H, dd, J = 5.7, 2.9 Hz), 6.18 (1H, 

ddd, J = 9.3, 1.9, 1.0 Hz), 6.06 (1H, ddd, J = 9.3, 5.7, 1.3 Hz), 5.74 (1H, ddd, J = 5.7, 3.2, 0.5 Hz), 

5.54 (1H, ddd, J = 5.7, 3.1, 0.5 Hz), 3.46-3.40 (1H, m), 3.18 (1H, ddd, J = 5.2, 3.1, 1.9 Hz), 2.66 – 

2.60 (1H, m). 13C NMR (75 MHz, CDCl3) δ = 147.82 (CH), 146.14 (CH), 144.91 (C), 137.11 (CH), 

132.37 (CH), 130.03 (CH), 128.49 (CH), 128.24 (CH), 126.27 (CH), 126.13 (CH), 69.43 (CH), 

61.96 (CH), 54.40 (C), 41.75 (CH). HRMS (EI, m/z) calculated for C16H14 206.1096, found 

206.1095.  
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alkene (3.7 – 3.9 ppm) or to a cyclopropane (3.35 – 3.55 ppm). The aliphatic methyne region of the 

spectrum (1H; 1.95 – 2.45 ppm, 13C; 18 – 35 ppm) represents the heart of the problem. While there 

is adequate resolution in the carbon spectrum, the proton spectrum is heavily overlapping. A set of 

high-resolution HSQC, H2BC, HMBC, and HSQC-TOCSY spectra were recorded. Non-uniform 

sampling was used to improve resolution in the carbon dimension. Effectively this permits for the 

isolation of all 1J, 2J, 3J, and 4J C–H correlations. In particular the HSQC-TOCSY spectrum 

correlates the apex methyne carbon environments to the cyclopropyl protons. This allows carbon 

signals to be grouped into their respective isomers with only minimal resolution and clarity in the 

proton dimension. A very high resolution HSQC experiment (F1 TD: 1024, F2 TD: 4096, no 

decoupling during acquisition, traditional-planes) allowed for the isolation of high quality proton 

signals resolved according to their attached carbons. 1D slices from the HSQC allow the proton 

spectra of individual isomers (in the aliphatic methyne region) to be fully reconstructed. Inspection 

of multiplicity and patterns of these signals allows for a robust confirmation of the assignments. 

Abstractions of this analysis are presented in the following Figures.  
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keeping the same constraints using DFT with the dispersion corrected functional PBE-D3BJ3 and 

the 6-31G basis set.4 Finally, only one rotamer with the lowest energy for each isomer/TS was kept 

and used as a starting geometry for the full optimization. 

 

Table 1. Number of bullvalene isomers and TS depending on the nuber of unique/equivalent substituents. All degenrate 
enantiomers are included in the number of chiral structures, however, only the non-degenrate ones are being calculated. 

number	of	
substituents	

number	of	isomers	 		 number	of	TS	
chiral	 achiral	 total	 		 chiral	 achiral	 total	

unique	substituents	
0	 0	 1	 1	

	
0	 1	 1	

1	 0	 4	 4	
	

2	 3	 5	
2	 18	 12	 30	

	
38	 7	 45	

3	 216	 24	 240	
	

348	 12	 360	
4	 1656	 24	 1680	

	
2508	 12	 2520	

5	 10080	 0	 10080	
	

15120	 0	 15120	
6	 50400	 0	 50400	

	
75600	 0	 75600	

7	 201600	 0	 201600	
	

302400	 0	 302400	
8	 604800	 0	 604800	

	
907200	 0	 907200	

9	 1209600	 0	 1209600	
	

1814400	 0	 1814400	
10	 1209600	 0	 1209600	

	
1814400	 0	 1814400	

equivalent	substituents	
0	 0	 1	 1	

	
0	 1	 1	

1	 0	 4	 4	
	

2	 3	 5	
2	 6	 9	 15	

	
18	 7	 25	

3	 26	 16	 42	
	

48	 12	 60	
4	 50	 22	 72	

	
94	 16	 110	

5	 60	 24	 84	
	

108	 18	 126	
6	 50	 22	 72	

	
94	 16	 110	

7	 26	 16	 42	
	

48	 12	 60	
8	 6	 9	 15	

	
18	 7	 25	

9	 0	 4	 4	
	

2	 3	 5	
10	 0	 1	 1	 		 0	 1	 1	

 

All isomer/TS geometries were then fully optimized using the hybrid dispersion corrected B3LYP-

D3BJ5 functional and the Def2-SVP basis set.6 Finally, the single point energies were calculated 

with the same functional and the Def2-TZVPPd basis set,7 with and without the use of the implicit 

continuous solvation model CPCM.8 

The overall workflow is pictorially summarized in the flowchart on Figure 29.  

  

                                                
3 a) J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 1996, 77, 3865; Phys. Rev. Lett. 1997, 78, 
E1396, b) S. Grimme, S. Ehrlich, L. Goerigk, J. Comp. Chem. 2011, 32, 1456 
4 W. J. Hehre, R. Ditchfield, J. A. Pople, J. Chem. Phys. 1971, 54, 724; J. Chem. Phys. 1972, 56, 2257; M. 
M. Francl, W. J. Pietro, W. J. Hehre, J. S. Binkley, D. J. DeFrees, J. A. Pople, M. S. Gordon, J. Chem. Phys. 
1982, 77, 3654 
5 A. D. Becke, J. Chem. Phys. 1993, 98, 5648; C. Lee, W. Yang, R. G. Parr, Phys. Rev. B 1998, 37, 785 
6 F. Weigend, R. Ahlrichs, Phys. Chem. Chem. Phys. 2005, 7, 3297 
7 D. Rappoport, F. Furche, J. Chem. Phys. 2010, 133, 134105 
8 V. Barone, M. Cossi, J. Phys. Chem. A 1998, 102, 1995; M. Cossi, N. Rega, G. Scalmani, V. Barone, J. 
Comp. Chem. 2003, 24, 669 
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4.2 Isomer Stability Results 

Table 2. Computational and experimental relative energies and ratios for monosubstituted bullvalenes at –60°C. 
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Table 3. Computational and experimental relative energies and ratios for bis(methylenehydroxy)bullvalene 5g. 
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Table 4. Computational and experimental relative energies and ratios for methyl(n-pentyl)bullvalene 5h at –60°C. 
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4.4 XYZ coordinates of the optimized structures 

Isomers of methyl-bullvalene 5b 

Isomer 0000000001: 
C		-0.010465		-0.005437			0.000000	
C			1.463539			0.001854		-0.000000	
C			2.256770			1.086306		-0.000000	
C		-0.834831			1.034805		-0.766294	
C		-0.208446			2.111580		-1.554239	
C			0.917581			2.776007		-1.244840	
C		-0.834831			1.034805			0.766294	
C		-0.208446			2.111580			1.554238	
C			0.917581			2.776007			1.244840	
C			1.763202			2.529188		-0.000000	
H		-0.451753		-1.005365			0.000000	
H			1.937717		-0.984770		-0.000000	
H			3.342160			0.938214		-0.000000	
H		-1.750872			0.634010		-1.207691	
H		-0.729024			2.380193		-2.478970	
H			1.266857			3.556822		-1.929187	
H		-1.750872			0.634010			1.207691	
H		-0.729025			2.380193			2.478969	
H			1.266857			3.556822			1.929187	
C			2.965007			3.482015			0.000000	
H			2.630161			4.531358			0.000000	
H			3.590483			3.320653			0.892204	
H			3.590483			3.320653		-0.892204	
	
Isomer 0000000010: 
C			0.018093		-0.016366		-0.016656	
C			1.492336			0.012094		-0.037236	
C			2.260811			1.114273		-0.024493	
C		-0.838528			1.021529		-0.757012	
C		-0.248940			2.121667		-1.542266	
C			0.865301			2.804871		-1.230612	
C		-0.806917			1.003065			0.773730	
C		-0.195305			2.080475			1.576621	
C			0.914268			2.785185			1.280677	
C			1.708233			2.527858			0.001050	
H		-0.408013		-1.022923		-0.024549	
H			1.984187		-0.965619		-0.061042	
H			3.348950			0.997328		-0.039594	
H		-1.753981			0.607899		-1.187886	
H		-0.787168			2.391943		-2.456420	
H			1.196556			3.604966		-1.899992	
H		-1.708594			0.580580			1.224722	
H		-0.716703			2.316256			2.510674	
H			2.559234			3.222943		-0.009642	
C			1.436622			3.863058			2.187838	
H			0.810034			3.985743			3.084337	
H			2.467318			3.637858			2.516334	
H			1.480575			4.834343			1.662837	
	

Isomer 0000000100: 
C			0.000147			0.008400			0.010920	
C			1.475263		-0.001500		-0.004687	
C			2.269456			1.082199		-0.012742	
C		-0.825979			1.051240		-0.757200	
C		-0.203026			2.116922		-1.565013	
C			0.927295			2.776332		-1.260517	
C		-0.814672			1.055879			0.773177	
C		-0.202731			2.138324			1.584323	
C			0.929159			2.785039			1.244925	
C			1.741597			2.506079		-0.007525	
H		-0.449336		-0.987964			0.018133	
H			1.941085		-0.992078		-0.013470	
H			3.354907			0.942085		-0.027597	
H		-1.746791			0.649879		-1.188308	
H		-0.725289			2.373438		-2.492245	
H			1.290446			3.547883		-1.946733	
H		-1.731650			0.653222			1.212870	
H			1.298154			3.570025			1.913245	
H			2.602689			3.188055		-0.007934	
C		-0.947840			2.480314			2.849220	
H		-0.449818			3.286319			3.408088	
H		-1.980503			2.803256			2.626194	
H		-1.028427			1.600440			3.512359	
	
Isomer 0000001000: 
C			0.001504			0.006855			0.006442	
C			1.476598			0.004739			0.004971	
C			2.272433			1.087295		-0.003828	
C		-0.824740			1.050583		-0.760973	
C		-0.203712			2.127141		-1.555485	
C			0.927329			2.786300		-1.252938	
C		-0.850433			1.027857			0.774093	
C		-0.202987			2.112172			1.551543	
C			0.922647			2.776143			1.242428	
C			1.747195			2.512394		-0.004116	
H		-0.438823		-0.993995		-0.007631	
H			1.945231		-0.984684			0.005292	
H			3.357700			0.945720		-0.008389	
H		-1.733861			0.642119		-1.210881	
H		-0.729321			2.393323		-2.478234	
H			1.283711			3.565274		-1.934161	
H		-0.719443			2.384845			2.478473	
H			1.273702			3.556326			1.925303	
H			2.606768			3.196266			0.000323	
C		-2.120354			0.490421			1.410856	
H		-2.569463		-0.310742			0.804268	
H		-1.911823			0.078528			2.412412	
H		-2.871165			1.290546			1.521858	
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Transition states of methyl-bullvalene 5b 

Transition state 0000000001: 
C		-0.011607		-0.004017		-0.008274	
C			1.382947			0.000390			0.007693	
C			2.231119			1.102889			0.012860	
C		-0.706871			1.401363		-1.398652	
C			0.375558			2.036628		-2.006800	
C			1.525366			2.529546		-1.398550	
C		-0.901478			1.205355			0.079833	
C		-0.504357			2.317310			1.005163	
C			0.692667			2.907497			1.003106	
C			1.837182			2.559485			0.079034	
H		-0.516627		-0.961854		-0.156731	
H			1.865097		-0.973254		-0.127994	
H			3.299938			0.916427		-0.128062	
H		-1.461643			0.948260		-2.046386	
H			0.377963			2.032607		-3.101715	
H			2.337863			2.860970		-2.051999	
H		-1.934045			0.897738			0.285215	
H		-1.259159			2.654013			1.723013	
H			0.881213			3.711979			1.721998	
C			3.039747			3.455531			0.383570	
H			3.888918			3.220966		-0.277043	
H			2.775963			4.515217			0.239028	
H			3.368309			3.316774			1.425779	
	
Transition state 0000000010: 
C			0.030729		-0.025723			0.001652	
C			1.420386			0.005651		-0.025611	
C			2.238651			1.135286		-0.032070	
C		-0.726769			1.398004		-1.386969	
C			0.338337			2.039371		-2.009144	
C			1.490236			2.542026		-1.404029	
C		-0.874548			1.173427			0.094156	
C		-0.500742			2.286991			1.031932	
C			0.678862			2.920728			1.038157	
C			1.783706			2.564835			0.070640	
H		-0.461122		-0.992704		-0.133102	
H			1.924572		-0.954268		-0.177555	
H			3.309597			0.985711		-0.191281	
H		-1.491961			0.944663		-2.022657	
H			0.328108			2.046193		-3.103942	
H			2.292475			2.897474		-2.055735	
H		-1.897550			0.844001			0.314465	
H		-1.262839			2.589798			1.758097	
H			2.650349			3.210792			0.260250	
C			0.989298			4.029095			2.004920	
H			0.143100			4.234819			2.677367	
H			1.869432			3.777693			2.623905	
H			1.239025			4.962231			1.468359	
	

Transition state 0000010000: 
C		-0.002015		-0.020954			0.034135	
C			1.384375		-0.008940			0.001743	
C			2.222903			1.108880		-0.032225	
C		-0.706767			1.433891		-1.395342	
C			0.380606			2.044914		-2.000843	
C			1.561014			2.523445		-1.408586	
C		-0.889534			1.196496			0.079957	
C		-0.513522			2.312987			1.014410	
C			0.678712			2.914341			1.009000	
C			1.801500			2.549687			0.081831	
H		-0.508498		-0.981952		-0.088936	
H			1.874817		-0.978301		-0.135679	
H			3.289893			0.937559		-0.194039	
H		-1.469269			1.001263		-2.048746	
H			0.368714			2.056702		-3.096241	
H		-1.923857			0.887905			0.277036	
H		-1.275593			2.643534			1.727550	
H			0.870983			3.725367			1.718821	
H			2.674870			3.176795			0.300941	
C			2.651454			3.101707		-2.273711	
H			3.653010			2.793006		-1.934878	
H			2.544424			2.800714		-3.326837	
H			2.629904			4.207289		-2.231597	
	
Transition state 0000100000: 
C		-0.005839			0.002102			0.000427	
C			1.387310		-0.002417		-0.004019	
C			2.232228			1.105162		-0.000254	
C		-0.701700			1.430637		-1.395623	
C			0.381848			2.035915		-2.038010	
C			1.522087			2.527180		-1.396622	
C		-0.886486			1.219879			0.084192	
C		-0.502203			2.322429			1.028966	
C			0.695088			2.912553			1.028468	
C			1.802919			2.545386			0.083034	
H		-0.519293		-0.952470		-0.140894	
H			1.867183		-0.976226		-0.146013	
H			3.301982			0.930888		-0.141942	
H		-1.469436			0.978492		-2.029994	
H			2.347752			2.860638		-2.031757	
H		-1.921121			0.912986			0.280742	
H		-1.259489			2.644145			1.751050	
H			0.901688			3.709360			1.750139	
H			2.676732			3.178941			0.278846	
C			0.404770			1.988459		-3.555428	
H		-0.610956			2.033663		-3.977083	
H			0.979939			2.826539		-3.977784	
H			0.871370			1.052074		-3.910947	
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Isomers of n-hexyl-bullvalene 5c 

Isomer 0000000001: 
C		-0.076949		-0.019270			0.062653	
C			1.396671		-0.035876			0.041592	
C			2.207870			1.033763		-0.005667	
C		-0.903979			1.013176		-0.700417	
C		-0.295360			2.076246		-1.519950	
C			0.848938			2.730006		-1.260157	
C		-0.860677			1.052229			0.833486	
C		-0.189051			2.136135			1.571896	
C			0.938686			2.774279			1.213004	
C			1.743903			2.485119		-0.050599	
H		-0.533745		-1.011557			0.099557	
H			1.855766		-1.028348			0.092347	
H			3.287834			0.858857			0.018246	
H		-1.839385			0.618455		-1.105237	
H		-0.859545			2.361151		-2.413754	
H			1.154922			3.521345		-1.951270	
H		-1.768963			0.679671			1.313889	
H		-0.674357			2.437497			2.505646	
H			1.320439			3.564676			1.868546	
C			2.961702			3.433161		-0.087968	
C			3.895116			3.290724		-1.290600	
H			2.585942			4.471019		-0.043028	
H			3.541563			3.278519			0.839541	
C			5.075531			4.262871		-1.244252	
H			4.280484			2.258219		-1.350967	
H			3.333376			3.450139		-2.227206	
C			6.021168			4.137894		-2.439156	
H			4.693874			5.299369		-1.187026	
H			5.644754			4.102961		-0.309539	
C			7.203342			5.108151		-2.394939	
H			6.402061			3.100947		-2.496734	
H			5.451845			4.298534		-3.373883	
C			8.142083			4.976220		-3.593605	
H			6.819898			6.143272		-2.335957	
H			7.770199			4.945457		-1.459951	
H			8.982206			5.686648		-3.533487	
H			8.567601			3.960364		-3.657016	
H			7.609339			5.168265		-4.540357	
	
Isomer 0000000010: 
C		-0.586583			0.345957		-0.104392	
C			0.384536		-0.425767			0.693185	
C			1.594968			0.001258			1.089868	
C		-0.160802			1.300659		-1.229482	
C			1.251271			1.511920		-1.597968	
C			2.292189			1.547344		-0.748051	
C		-0.761548			1.856719			0.066206	
C			0.021828			2.652596			1.030920	
C			1.315256			2.481260			1.367841	
C			2.160960			1.368373			0.752503	
H		-1.517169		-0.188483		-0.311972	
H			0.066460		-1.432679			0.981698	
H			2.221043		-0.670585			1.685219	
H		-0.848769			1.312872		-2.078721	
H			1.446850			1.651834		-2.665854	
H			3.296071			1.711474		-1.151219	
H		-1.796086			2.192900		-0.041039	
H		-0.523275			3.475070			1.506455	
H			3.167237			1.431773			1.188561	
C			2.012189			3.406770			2.331710	
C			3.043894			4.326360			1.650766	
H			1.265330			4.025961			2.857214	
H			2.525607			2.804635			3.103437	
C			2.411424			5.357921			0.714996	
H			3.629203			4.848226			2.429038	
H			3.769639			3.707209			1.095177	
C			3.419201			6.274667			0.009946	
H			1.787491			4.836981		-0.030166	
H			1.713242			5.981784			1.301803	
C			4.359075			5.580707		-0.986598	
H			2.863360			7.065753		-0.525535	
H			4.026803			6.795144			0.772697	
C			3.641650			4.927601		-2.169217	
H			5.078963			6.327697		-1.364722	
H			4.968707			4.823674		-0.461774	
H			2.967431			4.119903		-1.845054	
H			3.032971			5.665716		-2.719364	
H			4.360634			4.492076		-2.882157	
	

Isomer 0000000100: 
C		-0.086550			0.032335		-0.089431	
C			1.385258		-0.049833		-0.033139	
C			2.230494			0.992599			0.035077	
C		-0.821044			1.143362		-0.854440	
C		-0.109823			2.203910		-1.592966	
C			1.034979			2.795193		-1.212660	
C		-0.884169			1.092812			0.673728	
C		-0.258592			2.111274			1.553173	
C			0.916174			2.715060			1.287977	
C			1.773942			2.440688			0.065357	
H		-0.583360		-0.939930		-0.141936	
H			1.802957		-1.061497		-0.052466	
H			3.307110			0.798190			0.069434	
H		-1.739583			0.805292		-1.341033	
H		-0.574881			2.518807		-2.532588	
H			1.466988			3.571754		-1.851670	
H		-1.841833			0.724200			1.051667	
H			1.291162			3.453474			2.004602	
H			2.666434			3.077716			0.130422	
C		-1.012771			2.415215			2.827203	
C		-0.965633			1.268035			3.847850	
H		-0.598829			3.327171			3.288483	
H		-2.069728			2.637991			2.587179	
C		-1.744725			1.563549			5.129673	
H		-1.357882			0.343309			3.387580	
H			0.090480			1.056231			4.091976	
C		-1.692296			0.430365			6.154988	
H		-1.353706			2.490533			5.589001	
H		-2.799541			1.778476			4.875262	
C		-2.467302			0.724778			7.440987	
H		-2.085522		-0.496213			5.696047	
H		-0.637050			0.214069			6.406260	
C		-2.409169		-0.413665			8.458848	
H		-2.072311			1.650965			7.897129	
H		-3.520987			0.942149			7.186961	
H		-2.975092		-0.172320			9.372965	
H		-2.830155		-1.343970			8.041262	
H		-1.369147		-0.629277			8.756999	
	
Isomer 0000001000: 
C		-0.003617			0.030742		-0.262393	
C			1.470888			0.015711		-0.293598	
C			2.277445			1.079500		-0.143789	
C		-0.836205			1.187623		-0.831806	
C		-0.221560			2.374403		-1.455634	
C			0.924841			2.966507		-1.079766	
C		-0.827700			0.916572			0.681209	
C		-0.161323			1.870306			1.599879	
C			0.963630			2.568923			1.375457	
C			1.767652			2.490370			0.090745	
H		-0.455890		-0.951088		-0.428098	
H			1.928252		-0.965304		-0.458024	
H			3.360978			0.932169		-0.189426	
H		-1.758806			0.862658		-1.320234	
H		-0.766069			2.791441		-2.308933	
H			1.273605			3.843288		-1.634332	
H		-0.669225			2.020095			2.558561	
H			1.320675			3.249512			2.154898	
H			2.634724			3.158086			0.185333	
C		-2.077340			0.261889			1.257293	
C		-1.791001		-0.691508			2.419821	
H		-2.777171			1.051909			1.586506	
H		-2.599283		-0.292085			0.458205	
C		-3.046923		-1.353360			2.987626	
H		-1.083413		-1.469359			2.080559	
H		-1.268914		-0.147351			3.226503	
C		-2.766679		-2.303914			4.152041	
H		-3.755728		-0.570817			3.317124	
H		-3.566104		-1.905576			2.181935	
C		-4.020700		-2.970450			4.721267	
H		-2.055557		-3.084784			3.823151	
H		-2.249551		-1.750522			4.958210	
C		-3.729767		-3.915858			5.886162	
H		-4.730415		-2.187911			5.046705	
H		-4.534836		-3.523521			3.913927	
H		-4.650769		-4.379899			6.274108	
H		-3.049593		-4.728682			5.580005	
H		-3.247122		-3.381818			6.722141	
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Transition states of n-hexyl-bullvalene 5c 

Transition state 0000000001: 
C		-0.031060		-0.015590		-0.035035	
C			1.363262		-0.001463			0.034161	
C			2.198524			1.107414			0.068221	
C		-0.681496			1.362480		-1.453591	
C			0.414411			2.015420		-2.022896	
C			1.533645			2.527936		-1.377569	
C		-0.935185			1.183311			0.018648	
C		-0.588635			2.321594			0.930974	
C			0.602554			2.922428			0.968789	
C			1.793964			2.561761			0.111497	
H		-0.522752		-0.977683		-0.199365	
H			1.857152		-0.971246		-0.085910	
H			3.272558			0.929368		-0.040177	
H		-1.404379			0.896581		-2.127927	
H			0.455805			2.008901		-3.117016	
H			2.362736			2.870972		-2.003742	
H		-1.971357			0.866388			0.188300	
H		-1.386107			2.687222			1.585749	
H			0.735296			3.765925			1.653503	
C			2.992220			3.464259			0.452325	
C			3.535951			3.293572			1.871109	
H			3.802327			3.258647		-0.269264	
H			2.693613			4.514657			0.286992	
C			4.741287			4.187952			2.164720	
H			2.741047			3.504183			2.607657	
H			3.814707			2.237255			2.032046	
C			5.294128			4.025540			3.581005	
H			5.542825			3.974463			1.433018	
H			4.461625			5.245386			2.000426	
C			6.501374			4.916849			3.879154	
H			4.492509			4.240040			4.312449	
H			5.571859			2.967468			3.745096	
C			7.045680			4.746735			5.296989	
H			7.300459			4.700898			3.146458	
H			6.221054			5.973234			3.713437	
H			7.913449			5.400198			5.481552	
H			6.277838			4.990201			6.050759	
H			7.365811			3.706834			5.479070	
	
Transition state 0000000010: 
C			0.553140		-0.135117		-0.167245	
C			1.843237			0.361507		-0.308346	
C			2.249499			1.692615		-0.209639	
C		-0.795070			1.112931		-1.249523	
C		-0.079549			2.140417		-1.853218	
C			0.924524			2.921565		-1.279458	
C		-0.665859			0.674201			0.185276	
C		-0.546705			1.730495			1.247748	
C			0.356170			2.719521			1.249578	
C			1.382609			2.866946			0.151230	
H			0.381167		-1.187603		-0.407737	
H			2.602964		-0.349225		-0.649511	
H			3.281554			1.929291		-0.480701	
H		-1.454572			0.511123		-1.880434	
H		-0.236774			2.273896		-2.928493	
H			1.479472			3.598031		-1.934554	
H		-1.493087		-0.000785			0.437744	
H		-1.266208			1.677915			2.072265	
H			2.018949			3.734875			0.364676	
C			0.380488			3.772058			2.327830	
C		-0.075026			5.154151			1.833939	
H		-0.262507			3.456552			3.166612	
H			1.406735			3.858056			2.733656	
C		-0.004579			6.236959			2.910973	
H			0.537420			5.462506			0.967392	
H		-1.108560			5.070197			1.454101	
C		-0.472478			7.611048			2.430388	
H		-0.613028			5.926924			3.780927	
H			1.033623			6.313679			3.284760	
C		-0.404816			8.697426			3.505684	
H			0.136345			7.920592			1.560140	
H		-1.510133			7.532661			2.055514	
C		-0.875118		10.066366			3.015509	
H		-1.013065			8.385036			4.374227	
H			0.632936			8.773259			3.878962	
H		-0.814954		10.826690			3.810740	
H		-0.261885		10.419156			2.169017	
H		-1.921661		10.027853			2.668696	
	

Transition state 0000010000: 
C		-0.503610			0.120880		-0.407547	
C			0.810112		-0.313858		-0.540884	
C			1.972233			0.410077		-0.276729	
C		-0.649158			2.082021		-1.236409	
C			0.595621			2.482415		-1.706191	
C			1.848555			2.348635		-1.094035	
C		-0.939976			1.468652			0.106426	
C		-0.237237			2.042833			1.304486	
C			1.087335			2.192354			1.385825	
C			2.046189			1.799002			0.299537	
H		-1.297203		-0.525754		-0.790914	
H			0.949781		-1.290243		-1.016464	
H			2.927699		-0.038018		-0.560819	
H		-1.493231			2.142350		-1.928610	
H			0.615832			2.845468		-2.740204	
H		-2.022656			1.461458			0.283412	
H		-0.864239			2.358675			2.144520	
H			1.521527			2.626376			2.292309	
H			3.070595			2.004575			0.630054	
C			3.079981			2.814167		-1.838974	
C			3.311524			4.332435		-1.707383	
H			3.968115			2.280033		-1.460762	
H			2.995984			2.561125		-2.908934	
C			3.474616			4.829874		-0.270468	
H			4.206942			4.605248		-2.295062	
H			2.462628			4.861254		-2.176471	
C			3.733734			6.333489		-0.173106	
H			2.566749			4.584215			0.307808	
H			4.304570			4.284318			0.217112	
C			3.880448			6.838746			1.263642	
H			4.645341			6.589138		-0.745376	
H			2.907393			6.877278		-0.667994	
C			4.133296			8.342965			1.355996	
H			2.968366			6.579595			1.831751	
H			4.705652			6.292875			1.756878	
H			4.233822			8.675904			2.401554	
H			5.058289			8.625418			0.825210	
H			3.306558			8.914678			0.901438	
	
Transition state 0000100000: 
C		-0.151026			0.112416			0.139467	
C			1.235763			0.015967			0.105016	
C			2.152213			1.065916			0.035721	
C		-0.785146			1.545294		-1.320536	
C			0.323985			2.043733		-2.004070	
C			1.515433			2.463156		-1.400083	
C		-0.946404			1.390468			0.169453	
C		-0.473984			2.503877			1.061799	
C			0.759217			3.012898			1.017246	
C			1.823035			2.534146			0.072089	
H		-0.728720		-0.812125			0.061427	
H			1.647665		-0.992624			0.000279	
H			3.203454			0.814349		-0.125560	
H		-1.604818			1.141725		-1.922379	
H			2.349891			2.706545		-2.063013	
H		-1.994953			1.161925			0.396665	
H		-1.195348			2.905330			1.780688	
H			1.031063			3.824262			1.699919	
H			2.741108			3.114368			0.225130	
C			0.287777			1.979836		-3.527007	
C			0.363431			0.553507		-4.094329	
H		-0.635811			2.462055		-3.889860	
H			1.122532			2.576541		-3.931286	
C			1.634167		-0.197048		-3.693975	
H		-0.522460		-0.011241		-3.757559	
H			0.291432			0.601340		-5.196744	
C			1.777019		-1.585286		-4.330511	
H			2.512832			0.412304		-3.973330	
H			1.670616		-0.277710		-2.595982	
C			0.646244		-2.575129		-4.015878	
H			1.855388		-1.474478		-5.427524	
H			2.735625		-2.026323		-4.001233	
C			0.438439		-2.832752		-2.522745	
H		-0.298740		-2.214583		-4.459415	
H			0.866235		-3.529734		-4.525294	
H		-0.329348		-3.604641		-2.351977	
H			1.371443		-3.178899		-2.045275	
H			0.118451		-1.921584		-1.994401	
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Isomers of methylenehydroxy-bullvalene 5d 

Isomer 0000000001: 
C		-0.011012			0.020849		-0.012907	
C			1.463022		-0.000772		-0.016223	
C			2.276042			1.068726		-0.004245	
C		-0.818046			1.088064		-0.755473	
C		-0.180884			2.170354		-1.529005	
C			0.956461			2.811329		-1.214577	
C		-0.813455			1.065573			0.776830	
C		-0.156801			2.108194			1.584335	
C			0.981448			2.754069			1.277900	
C			1.801574			2.513352			0.015871	
H		-0.471019		-0.970478		-0.023793	
H			1.918266		-0.996079		-0.028460	
H			3.359184			0.901050		-0.004229	
H		-1.744650			0.711480		-1.196139	
H		-0.707813			2.469111		-2.440763	
H			1.307638			3.622260		-1.858755	
H		-1.733691			0.674424			1.217907	
H		-0.652219			2.353283			2.529174	
H			1.365706			3.485755			1.999830	
C			3.033061			3.437303			0.022101	
O			2.711910			4.803009		-0.089116	
H			3.626854			3.224338			0.935266	
H			3.667467			3.196053		-0.846109	
H			2.051407			5.016802			0.583868	
	
Isomer 0000000010: 
C			0.052743		-0.054771		-0.080748	
C			1.524280		-0.002150		-0.165299	
C			2.280314			1.107560		-0.117108	
C		-0.849223			1.015801		-0.711852	
C		-0.309227			2.172096		-1.451216	
C			0.811678			2.850385		-1.151463	
C		-0.749324			0.895864			0.812348	
C		-0.114379			1.927498			1.653503	
C			0.964441			2.667264			1.338651	
C			1.711941			2.508074			0.022053	
H		-0.360414		-1.065091		-0.136876	
H			2.026037		-0.968950		-0.273612	
H			3.367865			1.007917		-0.188297	
H		-1.777917			0.617034		-1.128048	
H		-0.891968			2.490092		-2.321685	
H			1.104041			3.692834		-1.786024	
H		-1.623780			0.429835			1.273789	
H		-0.567234			2.091153			2.635598	
H			2.553091			3.217226			0.022384	
C			1.515153			3.708746			2.285156	
O			0.725575			3.965872			3.418822	
H			2.499806			3.372535			2.659482	
H			1.716260			4.636059			1.704748	
H		-0.136182			4.276066			3.107400	
	

Isomer 0000000100: 
C		-0.044771			0.009782		-0.046261	
C			1.430040		-0.025258		-0.028333	
C			2.245689			1.042125			0.005413	
C		-0.834970			1.082368		-0.812075	
C		-0.172786			2.155144		-1.578236	
C			0.961661			2.788314		-1.234020	
C		-0.861673			1.052867			0.716920	
C		-0.247557			2.112054			1.550780	
C			0.909176			2.740667			1.266196	
C			1.746720			2.476380			0.028510	
H		-0.510957		-0.978529		-0.071030	
H			1.878582		-1.023637		-0.051125	
H			3.328242			0.881086			0.008702	
H		-1.750406			0.705664		-1.275404	
H		-0.667930			2.443619		-2.510896	
H			1.352254			3.569056		-1.894047	
H		-1.782641			0.653376			1.147874	
H			1.270047			3.503671			1.964720	
H			2.619899			3.141866			0.061391	
C		-1.021009			2.455146			2.801849	
O		-1.282406			1.318803			3.607267	
H		-0.487233			3.248775			3.361119	
H		-2.013237			2.858585			2.532718	
H		-0.434312			0.884775			3.774977	
	
Isomer 0000001000: 
C			0.000246		-0.012443		-0.133707	
C			1.474931		-0.021370		-0.148700	
C			2.275608			1.055520		-0.085558	
C		-0.830459			1.081613		-0.814647	
C		-0.216254			2.215821		-1.530640	
C			0.921844			2.846114		-1.193363	
C		-0.830401			0.953797			0.716895	
C		-0.180047			1.983927			1.560442	
C			0.945601			2.664543			1.289305	
C			1.757898			2.478934			0.020730	
H		-0.446109		-1.008227		-0.193795	
H			1.937638		-1.010716		-0.220874	
H			3.360102			0.910768		-0.108843	
H		-1.747004			0.710523		-1.281443	
H		-0.753040			2.554807		-2.422369	
H			1.271087			3.674142		-1.817997	
H		-0.701358			2.218222			2.497067	
H			1.293994			3.410598			2.010472	
H			2.620769			3.157181			0.062429	
C		-2.067773			0.337224			1.348707	
O		-1.762669		-0.548365			2.404831	
H		-2.745372			1.151772			1.680695	
H		-2.617556		-0.255688			0.601279	
H		-1.171583		-0.091344			3.018258	
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Transition states of methylenehydroxy-bullvalene 5d 

Transition state 0000000001: 
C			0.013532		-0.029833		-0.081744	
C			1.404294		-0.034765		-0.171936	
C			2.260375			1.063649		-0.176262	
C		-0.767752			1.455178		-1.348842	
C			0.273290			2.112893		-2.001207	
C			1.468414			2.565133		-1.449855	
C		-0.856907			1.180691			0.126915	
C		-0.383636			2.233819			1.085953	
C			0.816242			2.814803			1.031592	
C			1.873907			2.516574		-0.002621	
H		-0.509226		-0.976683		-0.239257	
H			1.865663		-1.001885		-0.397141	
H			3.309589			0.881169		-0.432689	
H		-1.570666			1.039911		-1.963327	
H			0.198453			2.165499		-3.092108	
H			2.238689			2.921177		-2.141210	
H		-1.875286			0.867561			0.387244	
H		-1.076477			2.521682			1.883049	
H			1.093674			3.545856			1.796259	
C			3.112078			3.383236			0.263344	
O			3.616847			3.216193			1.565760	
H			3.878173			3.161283		-0.508395	
H			2.840652			4.446267			0.160270	
H			3.709708			2.266394			1.726732	
	
Transition state 0000000010: 
C			0.031274		-0.009585		-0.002479	
C			1.421642			0.040901		-0.022360	
C			2.227041			1.178958		-0.004715	
C		-0.740198			1.424298		-1.367155	
C			0.318357			2.094621		-1.971927	
C			1.460356			2.603137		-1.354213	
C		-0.895939			1.171429			0.108662	
C		-0.539678			2.273814			1.064038	
C			0.639626			2.907502			1.088844	
C			1.753436			2.599590			0.120364	
H		-0.446203		-0.980790		-0.156051	
H			1.936516		-0.910907		-0.188256	
H			3.300278			1.044974		-0.162467	
H		-1.494828			0.970083		-2.014439	
H			0.310977			2.121071		-3.066440	
H			2.258519			2.984167		-1.996453	
H		-1.914556			0.822188			0.317791	
H		-1.305207			2.560923			1.793926	
H			2.594915			3.271114			0.325351	
C			0.931036			3.995375			2.088743	
O			1.354769			5.197250			1.467832	
H			0.048705			4.150529			2.740986	
H			1.768482			3.690956			2.741537	
H			0.681805			5.437335			0.815664	
	

Transition state 0000010000: 
C		-0.009872			0.000508		-0.094962	
C			1.381878		-0.012376		-0.136089	
C			2.239256			1.084645		-0.104686	
C		-0.717637			1.508409		-1.399559	
C			0.354644			2.158254		-2.002769	
C			1.541371			2.599080		-1.411728	
C		-0.878379			1.220063			0.067886	
C		-0.456458			2.277481			1.048384	
C			0.744744			2.860465			1.043486	
C			1.836339			2.526077			0.066911	
H		-0.534264		-0.941921		-0.272345	
H			1.849052		-0.982685		-0.334461	
H			3.304334			0.904427		-0.274056	
H		-1.496798			1.108016		-2.053686	
H			0.329985			2.228421		-3.094323	
H		-1.910830			0.913430			0.275649	
H		-1.193367			2.578725			1.799670	
H			0.969356			3.627816			1.791177	
H			2.723487			3.131150			0.294675	
C			2.630936			3.182172		-2.286621	
O			2.662778			2.679512		-3.601366	
H			2.470723			4.272781		-2.383979	
H			3.608167			3.061673		-1.775882	
H			2.705879			1.714565		-3.536549	
	
Transition state 0000100000: 
C		-0.012773			0.014656		-0.014840	
C			1.377803			0.007984		-0.007662	
C			2.228888			1.114826		-0.011312	
C		-0.687276			1.434420		-1.445171	
C			0.414230			2.022595		-2.062997	
C			1.552779			2.512575		-1.415667	
C		-0.892965			1.236565			0.032635	
C		-0.518171			2.348291			0.971769	
C			0.681522			2.933850			0.987545	
C			1.806477			2.556551			0.067207	
H		-0.526042		-0.940980		-0.149447	
H			1.857574		-0.968349		-0.130934	
H			3.299210			0.934626		-0.139175	
H		-1.436244			0.989180		-2.104287	
H			2.385927			2.839421		-2.045279	
H		-1.930630			0.933462			0.219192	
H		-1.285336			2.680259			1.678639	
H			0.877982			3.735653			1.706440	
H			2.679527			3.188112			0.271593	
C			0.473637			1.936815		-3.585799	
O		-0.787956			1.994192		-4.214203	
H			1.158512			2.720016		-3.968550	
H			0.908696			0.964805		-3.879754	
H		-1.229631			2.797602		-3.905030	
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Isomers of benzyl-bullvalene 5e 

Isomer 0000000001: 
C			0.039118		-0.079882		-0.106477	
C			1.503490		-0.009373			0.036977	
C			2.247054			1.106525			0.118299	
C		-0.747006			0.933961		-0.944478	
C		-0.087696			2.040088		-1.660986	
C			0.973036			2.750964		-1.242160	
C		-0.895664			0.921945			0.579749	
C		-0.388702			2.015501			1.427417	
C			0.731801			2.731303			1.232292	
C			1.702992			2.531810			0.076277	
H		-0.357755		-1.097138		-0.153209	
H			2.018803		-0.974185			0.079829	
H			3.332206			0.999425			0.223534	
H		-1.598955			0.502193		-1.475778	
H		-0.523778			2.294834		-2.632101	
H			1.337484			3.552008		-1.888786	
H		-1.833498			0.483240			0.929786	
H		-1.003990			2.255224			2.300383	
H			0.963809			3.520885			1.950181	
C			2.919568			3.495466			0.203008	
C			2.623757			4.975959			0.180079	
H			3.437681			3.242434			1.142196	
H			3.614260			3.251392		-0.616960	
C			2.364461			5.683499			1.365821	
C			2.068066			7.048478			1.344832	
C			2.034704			7.741141			0.131592	
C			2.315257			7.059186		-1.055442	
C			2.610988			5.694219		-1.027322	
H			2.411055			5.160055			2.324438	
H			1.869958			7.574856			2.282193	
H			1.804421			8.809351			0.112650	
H			2.311778			7.593852		-2.008902	
H			2.852432			5.178818		-1.960711	
	
Isomer 0000000010: 
C			0.160334		-0.085126			0.045954	
C			1.497224			0.294351		-0.448613	
C			1.985829			1.543685		-0.520682	
C		-1.087603			0.770878		-0.208587	
C		-1.043928			2.038848		-0.962211	
C		-0.050023			2.942466		-0.930192	
C		-0.519263			0.643872			1.208749	
C			0.104679			1.776194			1.920444	
C			0.879250			2.740609			1.387127	
C			1.210723			2.778849		-0.101944	
H		-0.032966		-1.160749			0.024746	
H			2.131765		-0.533901		-0.779755	
H			2.998679			1.691204		-0.908344	
H		-1.995099			0.185002		-0.375829	
H		-1.915072			2.244376		-1.592412	
H		-0.143740			3.855245		-1.525801	
H		-1.102295		-0.013850			1.858574	
H		-0.097959			1.820348			2.996179	
H			1.844001			3.657927		-0.280360	
C			1.441349			3.859123			2.228614	
C			0.990486			5.234012			1.765930	
H			1.148859			3.705780			3.281880	
H			2.544981			3.824185			2.200229	
C			1.911806			6.271751			1.570524	
C			1.490725			7.537405			1.149652	
C			0.135699			7.781579			0.914006	
C		-0.792768			6.751607			1.100473	
C		-0.367845			5.489564			1.519460	
H			2.974740			6.085280			1.750461	
H			2.225406			8.333403			1.002021	
H		-0.196329			8.768693			0.582284	
H		-1.854694			6.932294			0.913454	
H		-1.092400			4.681426			1.645984	
	

Isomer 0000000100: 
C			0.769763			0.107575			0.379830	
C			2.141751			0.638613			0.281505	
C			2.478473			1.917799			0.040478	
C		-0.380340			0.624196		-0.498573	
C		-0.192514			1.680542		-1.511393	
C			0.609725			2.751216		-1.392055	
C		-0.380512			0.903129			1.003000	
C		-0.200803			2.253078			1.588779	
C			0.609220			3.200653			1.079165	
C			1.460651			3.026762		-0.165425	
H			0.722050		-0.964838			0.584546	
H			2.942457		-0.095238			0.417483	
H			3.538712			2.184420		-0.012665	
H		-1.084952		-0.155894		-0.798016	
H		-0.765571			1.556536		-2.435791	
H			0.666092			3.465019		-2.219783	
H		-1.077937			0.278313			1.566889	
H			0.681391			4.158404			1.605136	
H			2.007212			3.964524		-0.333668	
C		-0.963595			2.492745			2.872234	
C		-0.557468			1.546292			3.989465	
H		-0.805495			3.535720			3.195950	
H		-2.047480			2.382419			2.691699	
C		-1.516795			0.977891			4.838917	
C		-1.139372			0.124115			5.879977	
C			0.209369		-0.179216			6.082642	
C			1.174728			0.375880			5.236088	
C			0.794162			1.228932			4.198162	
H		-2.574971			1.207956			4.682401	
H		-1.902915		-0.308730			6.531833	
H			0.507266		-0.849132			6.893312	
H			2.231921			0.138848			5.382965	
H			1.549251			1.648815			3.528717	
	
Isomer 0000001000: 
C			0.035420		-0.015409			0.224011	
C			1.442177		-0.003318		-0.219985	
C			2.151958			1.078833		-0.581204	
C		-1.020297			0.928767		-0.361559	
C		-0.716358			1.923986		-1.406581	
C			0.422995			2.626752		-1.522788	
C		-0.586376			1.079751			1.104155	
C			0.228245			2.237548			1.544781	
C			1.181584			2.873478			0.844847	
C			1.593469			2.491310		-0.564841	
H		-0.345936		-1.015738			0.446113	
H			1.931235		-0.981932		-0.257770	
H			3.191582			0.947345		-0.896976	
H		-2.006614			0.469269		-0.466606	
H		-1.507305			2.087417		-2.145562	
H			0.522712			3.338555		-2.348154	
H			0.010637			2.594329			2.556539	
H			1.703727			3.712596			1.315206	
H			2.385675			3.178495		-0.891269	
C		-1.598326			0.606467			2.135617	
C		-2.674941			1.611853			2.503749	
H		-2.088339		-0.310465			1.763149	
H		-1.062429			0.302888			3.052432	
C		-3.439809			1.404997			3.663494	
C		-4.462909			2.284731			4.020356	
C		-4.738918			3.399094			3.221262	
C		-3.981117			3.620445			2.069459	
C		-2.958076			2.735567			1.712790	
H		-3.227062			0.537869			4.296412	
H		-5.044593			2.102912			4.927999	
H		-5.536854			4.092468			3.498944	
H		-4.182754			4.491805			1.440751	
H		-2.369856			2.931406			0.815257	
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Transition states of benzyl-bullvalene 5e 

Transition state 0000000001: 
C			0.184936		-0.163921		-0.594823	
C			1.538858		-0.010657		-0.904322	
C			2.335172			1.107694		-0.699596	
C		-0.869738			1.521737		-1.180286	
C		-0.003098			2.458624		-1.750465	
C			1.247809			2.851152		-1.293277	
C		-0.675656			0.825632			0.138725	
C		-0.078860			1.604421			1.271692	
C			1.063625			2.290413			1.199536	
C			1.939153			2.401280		-0.026697	
H		-0.320861		-1.062083		-0.957786	
H			1.985196		-0.813612		-1.499948	
H			3.322127			1.108833		-1.169667	
H		-1.753494			1.230626		-1.753399	
H		-0.289267			2.831303		-2.739396	
H			1.848900			3.485113		-1.952430	
H		-1.611078			0.350090			0.457319	
H		-0.634036			1.603292			2.215073	
H			1.408032			2.820432			2.091273	
C			3.162636			3.304052			0.264428	
C			3.980262			2.909818			1.472229	
H			3.801098			3.313691		-0.634906	
H			2.791853			4.332821			0.397328	
C			3.955880			3.697162			2.633698	
C			4.686227			3.336125			3.769611	
C			5.458917			2.172683			3.763229	
C			5.497634			1.380005			2.611843	
C			4.768061			1.746481			1.479077	
H			3.354821			4.611068			2.645952	
H			4.651117			3.967294			4.661455	
H			6.031578			1.886016			4.648904	
H			6.103235			0.470067			2.594439	
H			4.812016			1.117984			0.587841	
	
Transition state 0000000010: 
C			0.291934		-0.104585			0.088225	
C			1.542190			0.246424		-0.408808	
C			2.054782			1.533179		-0.567870	
C		-1.185944			1.149908		-0.792771	
C		-0.569272			2.042438		-1.663850	
C			0.594248			2.777660		-1.438299	
C		-0.746299			0.848348			0.615511	
C		-0.307342			1.996144			1.480022	
C			0.641697			2.881155			1.150753	
C			1.385676			2.816018		-0.161069	
H		-0.007368		-1.153955			0.023404	
H			2.142560		-0.566842		-0.829267	
H			3.003691			1.640248		-1.099511	
H		-2.018091			0.553951		-1.176703	
H		-0.975471			2.085452		-2.679632	
H			1.015123			3.337121		-2.277309	
H		-1.532246			0.284862			1.133427	
H		-0.821068			2.111309			2.440718	
H			2.106821			3.641009		-0.206346	
C			1.002906			4.035098			2.052063	
C			0.776103			5.390092			1.402346	
H			0.415572			3.965766			2.984100	
H			2.065396			3.959070			2.344991	
C			1.710362			6.425235			1.546976	
C			1.492031			7.676965			0.963577	
C			0.333179			7.909521			0.218315	
C		-0.602217			6.881706			0.060691	
C		-0.381271			5.633208			0.646000	
H			2.622067			6.247702			2.125227	
H			2.232696			8.471366			1.088286	
H			0.161587			8.885778		-0.242303	
H		-1.508437			7.052124		-0.526646	
H		-1.106468			4.827591			0.507499	
	

Transition state 0000010000: 
C			0.147616			0.010245			0.241583	
C			1.510874			0.242167			0.289448	
C			2.171169			1.460180			0.080060	
C		-0.633765			1.046749		-1.507415	
C			0.408521			1.699952		-2.141049	
C			1.449770			2.455248		-1.568566	
C		-0.910729			1.049818		-0.026148	
C		-0.804458			2.370966			0.686466	
C			0.279200			3.150611			0.645090	
C			1.532332			2.808694		-0.104052	
H		-0.196393		-1.026695			0.286327	
H			2.153004		-0.640086			0.380142	
H			3.262132			1.441346			0.022138	
H		-1.264547			0.392730		-2.115710	
H			0.499976			1.521803		-3.218168	
H		-1.900996			0.615571			0.160512	
H		-1.679674			2.701971			1.254768	
H			0.272880			4.106549			1.178082	
H			2.275032			3.602805			0.038392	
C			2.509568			3.065023		-2.459638	
C			2.391421			4.577630		-2.567643	
H			3.517763			2.820449		-2.088564	
H			2.440384			2.615907		-3.465687	
C			1.135310			5.193851		-2.681077	
C			1.028842			6.581605		-2.795939	
C			2.177688			7.379347		-2.794908	
C			3.432992			6.777580		-2.675278	
C			3.535415			5.388016		-2.559639	
H			0.233942			4.575932		-2.668766	
H			0.042033			7.044051		-2.883087	
H			2.093955			8.465652		-2.881803	
H			4.337294			7.391873		-2.666315	
H			4.521114			4.923172		-2.461384	
	
Transition state 0000100000: 
C			0.438199		-0.064807		-0.047489	
C			1.791528			0.229825		-0.017596	
C			2.380243			1.500602			0.026084	
C		-0.512289			1.261155		-1.463503	
C			0.456236			2.078200		-2.032166	
C			1.465295			2.753866		-1.325978	
C		-0.683846			0.940434		-0.000908	
C		-0.583279			2.065194			0.992006	
C			0.458129			2.897239			1.064005	
C			1.656139			2.812416			0.165219	
H			0.147190		-1.103067		-0.226879	
H			2.475763		-0.611060		-0.168342	
H			3.465743			1.563191		-0.083793	
H		-1.139106			0.681684		-2.147768	
H			2.231162			3.265408		-1.914476	
H		-1.636194			0.415103			0.142781	
H		-1.419567			2.192054			1.686893	
H			0.460105			3.692743			1.815844	
H			2.368251			3.607819			0.415463	
C			0.551960			2.071904		-3.555978	
C			1.022598			0.737146		-4.099880	
H		-0.427421			2.316646		-3.996252	
H			1.242618			2.868895		-3.878010	
C			2.229476			0.173451		-3.653430	
C			2.661360		-1.062923		-4.134393	
C			1.891965		-1.763853		-5.070417	
C			0.688579		-1.215683		-5.518706	
C			0.259411			0.024954		-5.034281	
H			2.823473			0.707940		-2.908843	
H			3.603333		-1.486103		-3.774970	
H			2.229751		-2.733219		-5.445829	
H			0.077981		-1.754899		-6.247921	
H		-0.685696			0.447803		-5.387644	
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Isomers of trimethylsilyl-bullvalene 5f 
Isomer 0000000001: 
C		-0.010488		-0.010992			0.004649	
C			1.463403		-0.002029			0.002094	
C			2.256780			1.083661		-0.001714	
C		-0.838474			1.025393		-0.762466	
C		-0.217358			2.101658		-1.555084	
C			0.908287			2.771382		-1.251015	
C		-0.835860			1.028868			0.769883	
C		-0.212050			2.108726			1.555478	
C			0.912545			2.777051			1.244530	
C			1.753352			2.524595		-0.004108	
H		-0.449773		-1.011859			0.007663	
H			1.938367		-0.988735			0.003486	
H			3.338911			0.910666		-0.003208	
H		-1.754396			0.621183		-1.201127	
H		-0.741722			2.365731		-2.479479	
H			1.233014			3.546647		-1.954189	
H		-1.750278			0.626653			1.213487	
H		-0.733269			2.377004			2.480439	
H			1.239635			3.555499			1.943072	
Si		3.253812			3.720100		-0.009288	
C			2.629200			5.501642		-0.012400	
H			3.476492			6.207610		-0.015035	
H			2.013539			5.712789		-0.901506	
H			2.015852			5.716663			0.877375	
C			4.298018			3.414756			1.533568	
H			5.167095			4.093490			1.551922	
H			3.718318			3.586882			2.454698	
H			4.678661			2.381249			1.566663	
C			4.293279			3.407618		-1.553906	
H			5.162439			4.086075		-1.577872	
H			4.673632			2.373899		-1.583523	
H			3.710896			3.575771		-2.474074	
	
Isomer 0000000010: 
C		-0.372638			0.166539		-0.071772	
C			0.962640		-0.186476			0.446441	
C			1.983572			0.665412			0.638232	
C		-0.590431			1.229737		-1.150688	
C			0.517139			1.989103		-1.761322	
C			1.626629			2.408314		-1.130368	
C		-1.062633			1.489421			0.285735	
C		-0.437088			2.501700			1.157411	
C			0.871058			2.838284			1.225372	
C			1.912009			2.150056			0.336666	
H		-1.060053		-0.680179		-0.144442	
H			1.109062		-1.242243			0.695826	
H			2.925273			0.276787			1.038682	
H		-1.402773			0.993356		-1.842761	
H			0.399074			2.225799		-2.823545	
H			2.373219			2.973119		-1.697638	
H		-2.144238			1.400768			0.416651	
H		-1.143096			3.022480			1.813445	
H			2.900160			2.577835			0.558911	
Si		1.491551			4.162701			2.406430	
C			2.326142			5.529045			1.399710	
H			3.144596			5.127546			0.779506	
H			1.602685			6.015185			0.724892	
H			2.755281			6.303174			2.057968	
C			0.069889			4.888781			3.412058	
H		-0.430248			4.116929			4.019639	
H			0.445494			5.665056			4.099293	
H		-0.687601			5.355487			2.761338	
C			2.767470			3.389355			3.568657	
H			2.309174			2.595699			4.181195	
H			3.601487			2.938352			3.005864	
H			3.194661			4.144809			4.249484	
	

Isomer 0000000100: 
C		-0.506094			0.317220		-0.346811	
C			0.849278		-0.253167		-0.231019	
C			1.971911			0.430006			0.047971	
C		-0.771698			1.701481		-0.954304	
C			0.308723			2.564692		-1.467476	
C			1.539249			2.685810		-0.942054	
C		-0.999127			1.463326			0.541776	
C		-0.174641			2.089502			1.606337	
C			1.156623			2.297070			1.497350	
C			2.002522			1.928802			0.290184	
H		-1.277838		-0.420183		-0.582405	
H			0.922354		-1.333462		-0.392534	
H			2.920752		-0.112493			0.105159	
H		-1.695126			1.754744		-1.536800	
H			0.062365			3.149605		-2.359471	
H			2.254119			3.362865		-1.420007	
H		-2.059906			1.370340			0.793657	
H			1.689299			2.766298			2.331078	
H			3.040614			2.220219			0.500572	
Si	-1.098163			2.599073			3.171203	
C		-1.891533			1.064036			3.938947	
H		-2.571602			0.565377			3.228854	
H		-1.121600			0.332554			4.234747	
H		-2.477535			1.326096			4.835940	
C			0.078223			3.394685			4.412644	
H			0.552016			4.299355			3.998042	
H		-0.473594			3.690956			5.320239	
H			0.877026			2.699507			4.718305	
C		-2.456947			3.828779			2.705561	
H		-3.046751			4.122012			3.590330	
H		-2.024187			4.742000			2.264967	
H		-3.153314			3.398367			1.967209	
	
Isomer 0000001000: 
C			0.169477		-0.007730			0.262919	
C			1.628305			0.174867			0.387231	
C			2.306038			1.321668			0.212091	
C		-0.674865			0.746878		-0.757446	
C		-0.103123			1.722784		-1.704988	
C			0.918009			2.562605		-1.465658	
C		-0.859322			1.038833			0.750034	
C		-0.399555			2.329541			1.322258	
C			0.677617			3.049218			0.963647	
C			1.642001			2.641883		-0.134015	
H		-0.146055		-1.043955			0.411076	
H			2.192148		-0.727190			0.646091	
H			3.393863			1.315870			0.332627	
H		-1.475033			0.143911		-1.195061	
H		-0.572181			1.744324		-2.694005	
H			1.245658			3.236388		-2.263525	
H		-1.016089			2.737848			2.131399	
H			0.878237			3.988070			1.489777	
H			2.422521			3.410999		-0.210838	
Si	-2.435902			0.372868			1.561016	
C		-2.951892		-1.275935			0.796402	
H		-2.187960		-2.058056			0.935074	
H		-3.875875		-1.629698			1.283774	
H		-3.162353		-1.189958		-0.281943	
C		-2.104383			0.123026			3.402233	
H		-3.001180		-0.254799			3.921113	
H		-1.290744		-0.605233			3.554952	
H		-1.805079			1.064761			3.889961	
C		-3.818336			1.632370			1.306829	
H		-4.756849			1.295425			1.777881	
H		-3.556664			2.611287			1.740001	
H		-4.012353			1.784131			0.232117	
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Transition states of trimethylsilyl-bullvalene 5f 
Transition state 0000000001: 
C		-0.029322		-0.001650		-0.020884	
C			1.368040		-0.006722		-0.011649	
C			2.225191			1.087165			0.000290	
C		-0.725225			1.405664		-1.381938	
C			0.352199			2.047510		-1.998364	
C			1.508212			2.537330		-1.402297	
C		-0.913178			1.208476			0.096311	
C		-0.501457			2.310683			1.025087	
C			0.699149			2.895855			1.015954	
C			1.832868			2.547379			0.076383	
H		-0.540259		-0.955388		-0.175090	
H			1.840848		-0.983770		-0.157390	
H			3.287326			0.873664		-0.151905	
H		-1.486646			0.958325		-2.025819	
H			0.339402			2.052155		-3.093452	
H			2.301903			2.866426		-2.079478	
H		-1.945108			0.903307			0.308398	
H		-1.248388			2.645210			1.752590	
H			0.873927			3.691816			1.748785	
Si		3.335638			3.670675			0.471355	
C			4.788056			3.280942		-0.672288	
H			5.637326			3.939290		-0.423429	
H			5.135909			2.240909		-0.565722	
H			4.540750			3.449832		-1.732658	
C			2.816672			5.466502			0.219777	
H			3.660096			6.150358			0.412053	
H			2.475947			5.630409		-0.815737	
H			1.991902			5.751951			0.891984	
C			3.854112			3.358726			2.257833	
H			4.734429			3.966903			2.524526	
H			3.047242			3.605407			2.966170	
H			4.116369			2.298321			2.406159	
	
Transition state 0000000010: 
C		-0.502173			0.237714		-0.185326	
C			0.746580		-0.139061			0.294233	
C			1.834061			0.692156			0.564518	
C		-0.246419			1.627641		-1.782167	
C			1.111456			1.843747		-1.984088	
C			2.086237			2.062668		-1.010228	
C		-0.954722			1.648553		-0.453697	
C		-0.582415			2.717175			0.536636	
C			0.662388			2.982080			0.966561	
C			1.853727			2.192803			0.469701	
H		-1.199839		-0.553111		-0.473180	
H			0.937563		-1.215537			0.353669	
H			2.787603			0.216292			0.808185	
H		-0.852102			1.336896		-2.644506	
H			1.475839			1.709878		-3.007859	
H			3.130533			2.079774		-1.333021	
H		-2.039892			1.662882		-0.615003	
H		-1.418452			3.311651			0.921343	
H			2.773481			2.564583			0.940439	
Si		1.005282			4.350314			2.215366	
C			2.192190			5.598736			1.435792	
H			1.736904			6.072049			0.550469	
H			2.456487			6.394740			2.152188	
H			3.129167			5.115978			1.112515	
C		-0.595300			5.214642			2.713456	
H		-0.385298			6.013396			3.444087	
H		-1.091736			5.677109			1.844782	
H		-1.305557			4.512375			3.179582	
C			1.823663			3.587509			3.739647	
H			2.085640			4.363252			4.478775	
H			1.148656			2.864625			4.226375	
H			2.750734			3.053204			3.474031	
	

Transition state 0000010000: 
C		-0.142123			0.017565		-0.056734	
C			1.233626		-0.081114		-0.167443	
C			2.163792			0.966579		-0.146694	
C		-0.804020			1.661839		-1.318308	
C			0.307995			2.213622		-1.929308	
C			1.567622			2.528266		-1.371888	
C		-0.922747			1.291626			0.137649	
C		-0.413117			2.292417			1.138560	
C			0.823921			2.794887			1.118234	
C			1.870959			2.415133			0.113099	
H		-0.733238		-0.886137		-0.229493	
H			1.633916		-1.071231		-0.408518	
H			3.207197			0.720071		-0.350405	
H		-1.641339			1.370441		-1.958851	
H			0.227850			2.321184		-3.015951	
H		-1.966996			1.045717			0.368151	
H		-1.114643			2.627565			1.909268	
H			1.112218			3.534406			1.872413	
H			2.804492			2.941730			0.351982	
Si		2.928501			3.246818		-2.462812	
C			2.513624			3.012831		-4.288310	
H			2.379203			1.947152		-4.535817	
H			1.591933			3.547294		-4.570184	
H			3.330674			3.405837		-4.916047	
C			3.064864			5.092975		-2.073085	
H			3.860490			5.570192		-2.669901	
H			2.116216			5.610487		-2.290576	
H			3.299218			5.258096		-1.008301	
C			4.597032			2.435521		-2.098745	
H			5.392990			2.930429		-2.680375	
H			4.872457			2.513074		-1.034064	
H			4.590936			1.368199		-2.372711	
	
Transition state 0000100000: 
C		-0.076247			0.045621			0.025516	
C			1.313217		-0.017459			0.005637	
C			2.208665			1.052400		-0.003248	
C		-0.715485			1.507501		-1.376594	
C			0.395865			2.054172		-2.027526	
C			1.566508			2.487061		-1.387591	
C		-0.903101			1.302004			0.105451	
C		-0.464405			2.390347			1.043925	
C			0.757760			2.926976			1.037551	
C			1.848317			2.510981			0.092969	
H		-0.630830		-0.887055		-0.106265	
H			1.749749		-1.011381		-0.137070	
H			3.267981			0.828955		-0.152644	
H		-1.518886			1.091309		-1.993160	
H			2.413314			2.784180		-2.011486	
H		-1.948960			1.040804			0.309208	
H		-1.203644			2.749088			1.767274	
H			1.000314			3.716804			1.755694	
H			2.751480			3.102763			0.285973	
Si		0.403796			1.924924		-3.918182	
C			1.815894			2.945632		-4.647002	
H			2.801918			2.554262		-4.347484	
H			1.771489			2.919776		-5.748599	
H			1.756999			4.000302		-4.331695	
C			0.631011			0.109530		-4.391808	
H		-0.183387		-0.507294		-3.978145	
H			0.643129		-0.028526		-5.486080	
H			1.580005		-0.277984		-3.985799	
C		-1.238202			2.555551		-4.607404	
H		-1.260642			2.469495		-5.706819	
H		-2.092979			1.983128		-4.211543	
H		-1.394180			3.614726		-4.344382	
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Isomers of bis(methylenehydroxy)-bullvalene 5g 

Isomer 0000000011: 
C			0.059144		-0.049242		-0.057035	
C			1.528462			0.013721		-0.127114	
C			2.277781			1.126562		-0.079730	
C		-0.844152			1.013512		-0.675146	
C		-0.321519			2.185016		-1.402016	
C			0.793381			2.871535		-1.106569	
C		-0.735178			0.902957			0.849454	
C		-0.078762			1.929374			1.671786	
C			1.006197			2.682649			1.378860	
C			1.750828			2.550719			0.031829	
H		-0.350504		-1.061578		-0.099148	
H			2.039366		-0.950840		-0.207696	
H			3.367263			1.014267		-0.119943	
H		-1.779910			0.616628		-1.077013	
H		-0.926274			2.521270		-2.250267	
H			1.051042			3.753962		-1.698623	
H		-1.602036			0.442013			1.329342	
H		-0.538500			2.081539			2.655073	
C			1.454216			3.687789			2.408587	
O			1.204000			5.040541			2.002954	
H			0.949010			3.480926			3.368776	
H			2.537495			3.638180			2.592540	
H			0.278753			5.088380			1.719584	
C			2.982714			3.485708		-0.105823	
O			2.694866			4.842665		-0.270791	
H			3.670510			3.295620			0.744503	
H			3.519083			3.162596		-1.013789	
H			2.207317			5.146198			0.519635	
	
Isomer 0000000101: 
C		-0.037916			0.016832			0.015608	
C			1.435565		-0.012665			0.007051	
C			2.252223			1.053829			0.000441	
C		-0.840762			1.070246		-0.769679	
C		-0.178387			2.110734		-1.574449	
C			0.962574			2.750216		-1.264145	
C		-0.841320			1.079442			0.758839	
C		-0.216470			2.165785			1.547373	
C			0.933415			2.788096			1.229038	
C			1.778306			2.498227		-0.001531	
H		-0.502337		-0.972469			0.021678	
H			1.886400		-1.010037		-0.002644	
H			3.334962			0.884705		-0.017753	
H		-1.761534			0.682719		-1.212702	
H		-0.668750			2.357802		-2.521327	
H			1.355186			3.479386		-1.984003	
H		-1.756445			0.693693			1.214045	
H			1.287049			3.598691			1.874201	
C		-0.978465			2.555645			2.791898	
O		-1.229582			1.449879			3.642227	
H		-0.441187			3.371095			3.314394	
H		-1.974537			2.945562			2.517041	
H		-0.376861			1.034382			3.831904	
C			3.010493			3.421610			0.005346	
O			2.689923			4.786072			0.131502	
H			3.642431			3.170326			0.872437	
H			3.606340			3.218594		-0.908514	
H			2.039973			5.011084		-0.548125	
	

Isomer 0000000110: 
C		-0.109223			0.035192		-0.049144	
C			1.353037		-0.027988			0.110593	
C			2.178224			1.029609			0.198614	
C		-0.810287			1.105722		-0.893914	
C		-0.073959			2.157185		-1.618782	
C			1.029241			2.780148		-1.176164	
C		-0.966313			1.117635			0.625516	
C		-0.411668			2.157910			1.521265	
C			0.787967			2.769289			1.341606	
C			1.695704			2.467383			0.149348	
H		-0.595357		-0.942794		-0.085257	
H			1.781564		-1.033813			0.161461	
H			3.253469			0.855892			0.310365	
H		-1.693827			0.736783		-1.420841	
H		-0.483109			2.440101		-2.593672	
H			1.489844			3.550587		-1.802150	
H		-1.934148			0.739516			0.963060	
H			2.576526			3.118387			0.235474	
C		-1.238010			2.431090			2.773508	
O		-0.780452			1.724255			3.904050	
H		-1.274991			3.523172			2.961119	
H		-2.277833			2.113171			2.597569	
H			0.123403			2.048848			4.071920	
C			1.354252			3.669418			2.418581	
O			1.735372			2.942371			3.597485	
H			2.221319			4.232491			2.029168	
H			0.618148			4.408871			2.765676	
H			2.285212			2.197761			3.312285	
	
Isomer 0000001001: 
C		-0.012793			0.038805			0.000440	
C			1.459759			0.004126		-0.070917	
C			2.281229			1.066126		-0.066288	
C		-0.843602			1.134815		-0.674311	
C		-0.234214			2.238291		-1.438051	
C			0.924058			2.857415		-1.157510	
C		-0.784752			1.040219			0.862042	
C		-0.078802			2.070282			1.655239	
C			1.048218			2.718233			1.320287	
C			1.819883			2.511872			0.023614	
H		-0.479708		-0.949460		-0.038678	
H			1.903225		-0.993976		-0.140564	
H			3.361370			0.891386		-0.128718	
H		-1.783566			0.766945		-1.097371	
H		-0.799989			2.571803		-2.313857	
H			1.252974			3.686973		-1.789515	
H		-0.556928			2.314586			2.608546	
H			1.454274			3.438985			2.041440	
C		-2.039210			0.506312			1.533686	
O		-2.956429			1.527420			1.854469	
H		-2.495667		-0.273283			0.889796	
H		-1.772391			0.022032			2.488093	
H		-3.107209			2.048773			1.053549	
C			3.057979			3.427197			0.009230	
O			2.743892			4.797673		-0.046513	
H			3.686515			3.181013			0.890017	
H			3.654300			3.209369		-0.891517	
H			2.132330			5.001077			0.674175	
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Isomer 0000001010: 
C			0.019100		-0.031022			0.013883	
C			1.491403		-0.091820			0.099086	
C			2.323037			0.962360			0.120787	
C		-0.720347			1.021397		-0.823242	
C		-0.017508			2.061871		-1.596619	
C			1.116700			2.685387		-1.233885	
C		-0.818291			1.036386			0.715280	
C		-0.196008			2.128407			1.496428	
C			0.975650			2.745413			1.255709	
C			1.856256			2.403129			0.060827	
H		-0.461068		-1.013594		-0.006194	
H			1.920090		-1.097924			0.141782	
H			3.400863			0.782042			0.179914	
H		-1.616975			0.631437		-1.315130	
H		-0.478723			2.331747		-2.552095	
H			1.540866			3.442044		-1.901351	
H		-0.793445			2.470240			2.348507	
H			2.731253			3.063887			0.097271	
C		-2.144800			0.562942			1.287346	
O		-3.080180			1.609138			1.423844	
H		-2.538789		-0.264713			0.662639	
H		-1.987883			0.157392			2.300914	
H		-3.139727			2.061314			0.570662	
C			1.465962			3.860730			2.139500	
O			1.737952			5.043048			1.404379	
H			0.742507			4.036765			2.960160	
H			2.426547			3.579003			2.606025	
H			0.933473			5.267169			0.915991	
	
Isomer 0000001100: 
C		-0.013881			0.004371		-0.163794	
C			1.458966		-0.014079		-0.115581	
C			2.262290			1.058521		-0.024374	
C		-0.805399			1.109682		-0.872371	
C		-0.161420			2.241470		-1.563301	
C			0.966295			2.863022		-1.182877	
C		-0.894464			0.954782			0.656922	
C		-0.277030			1.981798			1.555679	
C			0.870199			2.645625			1.295290	
C			1.737501			2.479627			0.065586	
H		-0.457073		-0.990140		-0.255168	
H			1.917770		-1.006278		-0.171680	
H			3.346791			0.913417		-0.009350	
H		-1.699450			0.746302		-1.385654	
H		-0.661874			2.580614		-2.475850	
H			1.352341			3.687739		-1.789527	
H			1.211323			3.375385			2.038060	
H			2.595096			3.158701			0.163541	
C		-2.191412			0.288022			1.127965	
O		-2.017317		-0.660764			2.143997	
H		-2.926833			1.071834			1.404406	
H		-2.628396		-0.247282			0.270104	
H		-1.655585		-0.189197			2.917765	
C		-0.942805			2.266480			2.883608	
O		-0.820740			1.172353			3.800387	
H		-0.504956			3.180658			3.320961	
H		-2.023518			2.439370			2.780046	
H			0.117634			0.934143			3.837559	
	

Isomer 0000010010: 
C		-0.157478			0.027004			0.013341	
C			1.308689		-0.127267		-0.001282	
C			2.201070			0.875689		-0.012649	
C		-0.868798			1.147962		-0.748508	
C		-0.155014			2.167806		-1.540138	
C			1.035117			2.729035		-1.252664	
C		-0.858249			1.147909			0.787513	
C		-0.132387			2.169948			1.561538	
C			1.054420			2.725585			1.248186	
C			1.826077			2.343182		-0.007584	
H		-0.705377		-0.918658			0.020354	
H			1.678646		-1.157251		-0.007546	
H			3.267460			0.630770		-0.028353	
H		-1.827084			0.847013		-1.179310	
H		-0.673855			2.505212		-2.443887	
H		-1.808103			0.846274			1.235904	
H		-0.635285			2.515657			2.471763	
H			2.759375			2.924151		-0.009782	
C			1.629897			3.813320		-2.115552	
O			1.663661			5.076285		-1.476431	
H			2.648601			3.503469		-2.435825	
H			1.028081			3.935920		-3.029980	
H			2.139933			4.995718		-0.632552	
C			1.649672			3.823262			2.084907	
O			1.807865			5.030848			1.341114	
H			1.038328			3.990983			2.991529	
H			2.666502			3.551965			2.416416	
H			0.941726			5.265058			0.973374	
	
Isomer 0000010100: 
C			0.065849			0.025602			0.060607	
C			1.536522			0.063038		-0.049571	
C			2.292023			1.171140		-0.134931	
C		-0.837353			1.023138		-0.682391	
C		-0.292494			2.081444		-1.550718	
C			0.827184			2.800396		-1.337909	
C		-0.738873			1.063716			0.842634	
C		-0.116264			2.191168			1.574437	
C			0.976684			2.861275			1.162131	
C			1.723003			2.577419		-0.124984	
H		-0.349646		-0.983788			0.116808	
H			2.034141		-0.911866		-0.067961	
H			3.378410			1.068095		-0.219883	
H		-1.766155			0.582200		-1.052971	
H		-0.870200			2.290209		-2.458274	
H		-1.600536			0.641266			1.364728	
H			1.353900			3.674369			1.792094	
H			2.563482			3.277758		-0.207511	
C			1.286579			3.848276		-2.314899	
O			2.615227			3.620524		-2.756350	
H			0.572371			3.915337		-3.159889	
H			1.306595			4.838727		-1.826521	
H			2.650645			2.717595		-3.102134	
C		-0.801169			2.554646			2.870292	
O		-0.934769			1.445866			3.742465	
H		-0.266430			3.399315			3.347825	
H		-1.832280			2.895210			2.668886	
H		-0.053102			1.066014			3.861465	
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Isomer 0000011000: 
C			0.078977		-0.007804		-0.143408	
C			1.552042			0.044702		-0.099680	
C			2.301671			1.156190		-0.012153	
C		-0.763144			1.051156		-0.865912	
C		-0.159472			2.198963		-1.565213	
C			0.931835			2.893660		-1.188347	
C		-0.826501			0.928057			0.663577	
C		-0.256984			1.987808			1.528388	
C			0.848735			2.713952			1.297982	
C			1.722086			2.555382			0.070426	
H		-0.323804		-1.021008		-0.218155	
H			2.058822		-0.924306		-0.147177	
H			3.391772			1.061041			0.008803	
H		-1.641908			0.642911		-1.372514	
H		-0.662191			2.500764		-2.491132	
H		-0.826157			2.202969			2.441342	
H			1.136266			3.476648			2.028479	
H			2.558658			3.262476			0.132692	
C			1.457442			4.037519		-2.012445	
O			2.821656			3.862787		-2.357893	
H			0.816538			4.184751		-2.904649	
H			1.421199			4.973860		-1.427768	
H			2.899576			3.000356		-2.789478	
C		-2.065874			0.264719			1.242049	
O		-1.773869		-0.605502			2.314108	
H		-2.789154			1.052805			1.539525	
H		-2.557735		-0.351404			0.473278	
H		-1.237135		-0.121875			2.956420	
	
Isomer 0000100100: 
C		-0.125482			0.083284			0.010913	
C			1.340572		-0.077955			0.013478	
C			2.239711			0.919744			0.016828	
C		-0.840035			1.202331		-0.748900	
C		-0.119764			2.214392		-1.556044	
C			1.070087			2.751908		-1.226426	
C		-0.836506			1.204476			0.778256	
C		-0.122465			2.217099			1.591453	
C			1.071359			2.747526			1.266723	
C			1.857435			2.388604			0.018851	
H		-0.674639		-0.861676			0.014099	
H			1.703375		-1.110560			0.014547	
H			3.305728			0.672527			0.020135	
H		-1.799766			0.914640		-1.184611	
H			1.502286			3.504935		-1.894375	
H		-1.787207			0.880491			1.215447	
H			1.504448			3.499190			1.934887	
H			2.782078			2.981115			0.019566	
C		-0.847552			2.654007		-2.803528	
O		-2.150188			3.135298		-2.519559	
H		-0.235781			3.400592		-3.347114	
H		-0.992332			1.795034		-3.482197	
H		-2.059411			3.832673		-1.854902	
C		-0.856705			2.666555			2.833752	
O		-2.042471			3.388771			2.544051	
H		-1.075323			1.784194			3.473037	
H		-0.217304			3.342677			3.420834	
H		-2.625723			2.817227			2.027579	
	

Isomer 0000101000: 
C			0.018008		-0.010571			0.050689	
C			1.490951		-0.116156			0.052338	
C			2.347878			0.913289		-0.024441	
C		-0.723317			1.046994		-0.741642	
C		-0.134130			2.152491		-1.521103	
C			1.046816			2.737723		-1.246150	
C		-0.754769			1.088982			0.798664	
C		-0.031597			2.147737			1.536676	
C			1.141301			2.715580			1.202872	
C			1.917480			2.367304		-0.058571	
H		-0.493690		-0.977019			0.056870	
H			1.894485		-1.131903			0.109042	
H			3.422611			0.707289		-0.024008	
H		-1.661671			0.681845		-1.169520	
H			1.347863			3.610866		-1.835609	
H		-0.531265			2.490340			2.448266	
H			1.559834			3.483394			1.861149	
H			2.822081			2.989178		-0.091570	
C		-1.110770			2.777075		-2.485195	
O		-2.238232			3.283646		-1.766520	
H		-0.619991			3.569636		-3.080149	
H		-1.520747			2.033432		-3.188202	
H		-1.896252			3.917331		-1.118395	
C		-2.135783			0.778794			1.348231	
O		-3.004938			1.871880			1.153606	
H		-2.520479		-0.148650			0.875381	
H		-2.093195			0.595640			2.435057	
H		-2.946575			2.133189			0.219150	
	
Isomer 0001001000: 
C			0.003661		-0.021376			0.007390	
C			1.474512			0.004859		-0.115110	
C			2.250941			1.100425		-0.110906	
C		-0.922713			1.016448		-0.652256	
C		-0.348701			2.156527		-1.409121	
C			0.792018			2.821508		-1.164124	
C		-0.794380			0.932431			0.892616	
C		-0.142587			2.030514			1.646719	
C			0.953379			2.723613			1.302751	
C			1.708445			2.513530			0.004513	
H		-0.413332		-1.033053		-0.008636	
H			1.955393		-0.973555		-0.213062	
H			3.334448			0.979619		-0.206500	
H		-0.924151			2.460496		-2.292730	
H			1.082124			3.630583		-1.841692	
H		-0.650819			2.292646			2.579654	
H			1.310018			3.510404			1.974751	
H			2.555156			3.212395		-0.023973	
C		-2.224142			0.524433		-1.263303	
O		-3.322994			1.383953		-0.962903	
H		-2.099055			0.428573		-2.358462	
H		-2.506629		-0.465003		-0.884164	
H		-3.089735			2.280187		-1.245058	
C		-1.960285			0.321636			1.672001	
O		-3.025245			1.215404			1.850063	
H		-2.283583		-0.625326			1.198374	
H		-1.589615			0.051621			2.675556	
H		-3.357129			1.421117			0.956254	
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Transition states of bis(methylenehydroxy)-bullvalene 5g 

Transition state 0000000011: 
C		-0.031324			0.017910			0.042758	
C			1.359891		-0.003418			0.057520	
C			2.229656			1.082458			0.020703	
C		-0.695390			1.407480		-1.400199	
C			0.398792			1.997831		-2.026572	
C			1.560248			2.482264		-1.433111	
C		-0.879704			1.257222			0.082591	
C		-0.440889			2.376535			0.974609	
C			0.763563			2.970102			0.982187	
C			1.891859			2.555899			0.035069	
H		-0.562784		-0.930363		-0.067769	
H			1.826286		-0.989081		-0.040080	
H			3.291414			0.856642		-0.112715	
H		-1.466191			0.954034		-2.028245	
H			0.398907			1.968736		-3.120948	
H			2.366235			2.805653		-2.096233	
H		-1.920476			0.995355			0.308819	
H		-1.186364			2.726472			1.698000	
C			0.965701			4.105571			1.957022	
O			1.033251			5.381737			1.309041	
H			0.145282			4.098788			2.696070	
H			1.907978			4.013024			2.515613	
H			0.260496			5.451539			0.728925	
C			3.196027			3.371768			0.215439	
O			3.138999			4.679437		-0.273658	
H			3.509426			3.320393			1.278058	
H			3.981370			2.856302		-0.360749	
H			2.463698			5.161589			0.240457	
	
Transition state 0000000101: 
C		-0.073965			0.052960		-0.048692	
C			1.318352			0.023102			0.032168	
C			2.188253			1.107810			0.069861	
C		-0.671521			1.460597		-1.482940	
C			0.449851			2.070646		-2.045001	
C			1.575043			2.546349		-1.381528	
C		-0.942275			1.279898		-0.017599	
C		-0.582641			2.393292			0.929708	
C			0.637461			2.939146			0.985295	
C			1.804237			2.571008			0.104701	
H		-0.593091		-0.894906		-0.211708	
H			1.783291		-0.962106		-0.077644	
H			3.257762			0.900728		-0.045040	
H		-1.401740			1.015143		-2.163351	
H			0.504575			2.060848		-3.138231	
H			2.427272			2.858603		-1.993331	
H		-1.984321			0.986886			0.153011	
H			0.837718			3.708867			1.737716	
C		-1.687088			2.843888			1.849853	
O		-2.255498			1.766496			2.575271	
H		-1.314104			3.646590			2.515972	
H		-2.517650			3.270047			1.259417	
H		-1.535027			1.324056			3.045279	
C			3.013415			3.442975			0.470668	
O			3.355330			3.344898			1.831996	
H			3.863667			3.173325		-0.189330	
H			2.770617			4.500419			0.278718	
H			3.431609			2.404927			2.049329	
	

Transition state 0000000110: 
C			0.087199			0.065597			0.143841	
C			1.474621			0.101148			0.074721	
C			2.279665			1.231999		-0.061978	
C		-0.724340			1.345881		-1.358669	
C			0.315632			1.934885		-2.065219	
C			1.468702			2.505000		-1.529014	
C		-0.833833			1.256526			0.137650	
C		-0.477280			2.448988			0.993407	
C			0.721474			3.063208			0.914914	
C			1.791914			2.656234		-0.070572	
H		-0.399851		-0.912652			0.129130	
H			1.982696		-0.866167			0.007982	
H			3.348265			1.084710		-0.237964	
H		-1.499572			0.824790		-1.926196	
H			0.281839			1.841300		-3.155287	
H			2.254288			2.815705		-2.222340	
H		-1.843600			0.924780			0.406258	
H			2.647961			3.334323			0.036193	
C		-1.494856			2.840839			2.054425	
O		-1.227545			2.258511			3.311563	
H		-1.557256			3.945510			2.122034	
H		-2.493714			2.492518			1.747012	
H		-0.366921			2.623025			3.587825	
C			1.113401			4.107185			1.941582	
O			1.290825			3.546553			3.250602	
H			2.034814			4.629522			1.627099	
H			0.333480			4.872684			2.061822	
H			1.904974			2.802417			3.167796	
	
Transition state 0000001001: 
C			0.012355		-0.035916		-0.302456	
C			1.403835		-0.023937		-0.372786	
C			2.253786			1.077282		-0.295213	
C		-0.765925			1.543403		-1.469617	
C			0.280414			2.249341		-2.057132	
C			1.471882			2.655169		-1.462235	
C		-0.891922			1.145810		-0.026579	
C		-0.410724			2.121869			1.015547	
C			0.783289			2.714848			1.019472	
C			1.857250			2.511106		-0.017564	
H		-0.494900		-0.970125		-0.566395	
H			1.874042		-0.968812		-0.664600	
H			3.305959			0.917615		-0.554303	
H		-1.552146			1.166439		-2.131235	
H			0.218414			2.381331		-3.141979	
H			2.250743			3.055703		-2.118682	
H		-1.102009			2.309674			1.841926	
H			1.047037			3.377035			1.848915	
C		-2.316077			0.683721			0.309413	
O		-2.414622			0.133954			1.600052	
H		-2.994831			1.551202			0.279861	
H		-2.656000		-0.028791		-0.470825	
H		-1.715751		-0.528717			1.694466	
C			3.084411			3.365375			0.327645	
O			3.574368			3.108033			1.620461	
H			3.862088			3.207427		-0.448431	
H			2.803933			4.430575			0.299307	
H			3.679818			2.150510			1.712657	
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Transition state 0000010001: 
C			0.018010		-0.046689			0.026084	
C			1.402741		-0.032607		-0.000551	
C			2.236452			1.089558		-0.016853	
C		-0.693777			1.415728		-1.383255	
C			0.393891			2.042245		-1.968681	
C			1.589859			2.509255		-1.384322	
C		-0.875509			1.161435			0.090397	
C		-0.505969			2.295940			1.001220	
C			0.680687			2.905460			0.991706	
C			1.853872			2.535251			0.120762	
H		-0.483913		-1.007760		-0.116035	
H			1.896320		-0.997710		-0.153610	
H			3.304706			0.912964		-0.175924	
H		-1.451802			0.994239		-2.048934	
H			0.380067			2.066394		-3.064689	
H		-1.907049			0.844997			0.288750	
H		-1.286910			2.666076			1.673145	
H			0.840449			3.777554			1.632012	
C			2.619055			3.093618		-2.318993	
O			2.615546			4.529922		-2.286412	
H			3.643034			2.801035		-2.053990	
H			2.434895			2.739850		-3.348791	
H			1.713401			4.817918		-2.490488	
C			3.068888			3.377488			0.570657	
O			2.862355			4.756889			0.477396	
H			3.246174			3.136404			1.632409	
H			3.975599			3.053331			0.023750	
H			2.804226			4.957593		-0.476003	
	
Transition state 0000010010: 
C		-0.179031			0.054842		-0.132985	
C			1.187544		-0.027051		-0.307742	
C			2.104810			1.037026		-0.307911	
C		-0.900485			1.746153		-1.338841	
C			0.184785			2.324457		-1.964818	
C			1.454555			2.615589		-1.423095	
C		-0.956352			1.324121			0.108541	
C		-0.422719			2.305024			1.116303	
C			0.814132			2.818315			1.090430	
C			1.819700			2.470848			0.028546	
H		-0.771739		-0.850222		-0.292596	
H			1.590244		-1.007419		-0.582594	
H			3.145705			0.821880		-0.554493	
H		-1.757962			1.468944		-1.958222	
H			0.089360			2.484582		-3.044882	
H		-1.990421			1.067874			0.371572	
H		-1.108759			2.625272			1.908765	
H			2.758304			3.005856			0.212867	
C			2.504826			3.255562		-2.310265	
O			3.800576			2.703011		-2.192336	
H			2.150317			3.248903		-3.359682	
H			2.616263			4.312868		-2.007619	
H			3.746514			1.783535		-2.487645	
C			1.270417			3.841917			2.095740	
O			1.699817			5.039264			1.467390	
H			0.468978			4.024539			2.838798	
H			2.150083			3.467921			2.648437	
H			0.969504			5.350243			0.914456	
	

Transition state 0000010100: 
C			0.079814			0.007364			0.201566	
C			1.460932			0.066182			0.122444	
C			2.250082			1.213835		-0.019819	
C		-0.737633			1.331898		-1.317326	
C			0.309803			1.932564		-1.993354	
C			1.491056			2.481353		-1.461394	
C		-0.856938			1.184502			0.175725	
C		-0.519698			2.390291			1.019380	
C			0.659822			3.019637			0.940799	
C			1.772796			2.636698			0.014393	
H		-0.391034		-0.979016			0.169793	
H			1.986728		-0.890649			0.040966	
H			3.318333			1.075223		-0.203349	
H		-1.507959			0.835800		-1.913958	
H			0.268843			1.880777		-3.087415	
H		-1.863755			0.844283			0.444566	
H			0.836842			3.887285			1.586651	
H			2.614722			3.325828			0.143900	
C			2.532321			3.063708		-2.387096	
O			2.696844			4.460588		-2.199169	
H			3.524704			2.626645		-2.193055	
H			2.270841			2.817667		-3.435119	
H			1.825956			4.870258		-2.297146	
C		-1.597433			2.844315			1.967837	
O		-2.044948			1.798159			2.813139	
H		-1.245282			3.724137			2.542232	
H		-2.488807			3.163061			1.398533	
H		-1.266906			1.434262			3.258222	
	
Transition state 0000011000: 
C		-0.010649		-0.001458		-0.062056	
C			1.375789		-0.034332		-0.160945	
C			2.253349			1.048631		-0.147430	
C		-0.742003			1.562821		-1.309640	
C			0.320512			2.209677		-1.929891	
C			1.542262			2.602725		-1.373894	
C		-0.870516			1.213846			0.156052	
C		-0.379022			2.252431			1.133511	
C			0.831415			2.812583			1.104906	
C			1.888110			2.488802			0.090769	
H		-0.552573		-0.933314		-0.251719	
H			1.817627		-1.006518		-0.402662	
H			3.305322			0.854159		-0.373189	
H		-1.534674			1.173849		-1.958476	
H			0.260102			2.309292		-3.017845	
H		-1.101495			2.573360			1.889146	
H			1.085755			3.565500			1.857612	
H			2.793792			3.071060			0.304101	
C			2.609711			3.186636		-2.275186	
O			2.575348			2.724936		-3.604455	
H			2.471232			4.282936		-2.332096	
H			3.603463			3.028420		-1.808841	
H			2.612866			1.758120		-3.573106	
C		-2.313904			0.823588			0.501821	
O		-3.177028			1.933440			0.545569	
H		-2.661630			0.057541		-0.221998	
H		-2.335747			0.363248			1.502765	
H		-3.056875			2.434498		-0.273629	
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Transition state 0000100001: 
C		-0.046864			0.058799			0.050010	
C			1.347002			0.015339			0.119942	
C			2.228432			1.091113			0.115187	
C		-0.634060			1.424914		-1.415387	
C			0.489566			1.985357		-2.030585	
C			1.616757			2.479520		-1.379801	
C		-0.893866			1.302222			0.060327	
C		-0.496606			2.427988			0.967920	
C			0.718694			2.977516			0.988905	
C			1.864536			2.561063			0.100818	
H		-0.580054		-0.886607		-0.077336	
H			1.799993		-0.978183			0.039587	
H			3.294198			0.866096		-0.000845	
H		-1.384722			0.965494		-2.065702	
H			2.462616			2.749450		-2.019081	
H		-1.944388			1.036950			0.229776	
H		-1.260340			2.797180			1.659696	
H			0.940170			3.767745			1.711773	
C			0.580506			1.846497		-3.548814	
O			1.390205			2.820923		-4.167452	
H			1.041437			0.874059		-3.798368	
H		-0.442347			1.831582		-3.975496	
H			1.049213			3.689450		-3.911320	
C			3.093244			3.428974			0.407930	
O			3.457674			3.388577			1.766229	
H			3.927095			3.117405		-0.254223	
H			2.862189			4.480174			0.171521	
H			3.523252			2.459127			2.027566	
	
Transition state 0000100010: 
C		-0.054307			0.009559			0.006148	
C			1.334074			0.012144			0.046160	
C			2.175669			1.127632			0.067291	
C		-0.702281			1.442428		-1.439851	
C			0.411744			2.035611		-2.026073	
C			1.532317			2.524747		-1.344999	
C		-0.937896			1.229599			0.031509	
C		-0.592739			2.335423			0.986468	
C			0.596439			2.948002			1.036855	
C			1.745568			2.565182			0.141537	
H		-0.560432		-0.947562		-0.143897	
H			1.825189		-0.959660		-0.067667	
H			3.250408			0.956657		-0.032853	
H		-1.435129			1.000520		-2.119005	
H			2.380855			2.857924		-1.950221	
H		-1.978949			0.923261			0.192401	
H		-1.380151			2.656863			1.677724	
H			2.610204			3.191640			0.387979	
C			0.510529			1.963333		-3.547613	
O		-0.735259			2.003948		-4.207452	
H			1.191458			2.760890		-3.906939	
H			0.969852			1.001320		-3.837336	
H		-1.194704			2.802501		-3.911955	
C			0.875575			4.059728			2.013738	
O			2.023579			3.804662			2.804939	
H			1.097647			4.993657			1.467197	
H		-0.024540			4.249716			2.631534	
H			1.897938			2.943041			3.226466	
	

Transition state 0000110000: 
C		-0.011722			0.008178			0.000277	
C			1.389017		-0.000724			0.045484	
C			2.230077			1.098951			0.082713	
C		-0.647065			1.403329		-1.368674	
C			0.438119			2.037940		-2.002857	
C			1.579120			2.558131		-1.375140	
C		-0.894552			1.222609			0.100983	
C		-0.527617			2.329083			1.042642	
C			0.668150			2.920372			1.044577	
C			1.795582			2.538737			0.128009	
H		-0.524393		-0.944642		-0.153958	
H			1.868365		-0.977314		-0.079480	
H			3.300212			0.929112		-0.054118	
H		-1.396679			0.945927		-2.020297	
H		-1.933916			0.915128			0.266701	
H		-1.296841			2.659200			1.747590	
H			0.864050			3.730305			1.754368	
H			2.663734			3.166355			0.361188	
C			0.459429			1.876773		-3.512708	
O			1.350027			0.832561		-3.925721	
H		-0.561496			1.672993		-3.881516	
H			0.812534			2.783138		-4.023768	
H			1.157511			0.060592		-3.372743	
C			2.766265			3.037458		-2.200174	
O			3.573665			2.018933		-2.745358	
H			2.387170			3.720969		-2.988686	
H			3.423486			3.646257		-1.560047	
H			2.985800			1.462175		-3.290320	
	
Transition state 0001010000: 
C			0.031170		-0.028410			0.000725	
C			1.413996			0.020091		-0.044424	
C			2.218980			1.163919		-0.090719	
C		-0.770328			1.396053		-1.434524	
C			0.300144			2.040818		-2.037228	
C			1.484483			2.528292		-1.458576	
C		-0.893568			1.160188			0.053114	
C		-0.543124			2.298788			0.971240	
C			0.634050			2.929415			0.956522	
C			1.757877			2.588854			0.024475	
H		-0.449399		-1.005099		-0.105540	
H			1.930638		-0.935647		-0.180959	
H			3.288226			1.023417		-0.266827	
H			0.258142			2.075261		-3.131145	
H		-1.911298			0.816555			0.282035	
H		-1.311898			2.617395			1.682440	
H			0.807705			3.753517			1.655805	
H			2.607048			3.257564			0.203896	
C		-1.895110			0.853481		-2.291651	
O		-1.545161			0.578823		-3.626898	
H		-2.334565		-0.033407		-1.790734	
H		-2.705567			1.605526		-2.339928	
H		-0.797640		-0.035840		-3.607522	
C			2.540437			3.150597		-2.341945	
O			2.722192			4.530840		-2.068671	
H			3.525266			2.688666		-2.168354	
H			2.281477			2.971787		-3.403912	
H			1.858778			4.958786		-2.153998	
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Transition state 0010010000: 
C		-0.026007			0.011421		-0.068498	
C			1.369989		-0.004002		-0.045961	
C			2.245247			1.075572			0.015459	
C		-0.737457			1.450931		-1.393438	
C			0.341449			2.096426		-1.999125	
C			1.524332			2.553818		-1.420072	
C		-0.912790			1.214860			0.081838	
C		-0.507962			2.308842			1.025878	
C			0.692698			2.892079			1.012337	
C			1.803310			2.518120			0.070881	
H		-0.538578		-0.936424		-0.251974	
H			1.844854		-0.975873		-0.215985	
H		-1.511964			1.037316		-2.043864	
H			0.296524			2.142582		-3.095528	
H		-1.942168			0.899088			0.289778	
H		-1.257384			2.640446			1.751379	
H			0.904961			3.691275			1.729729	
H			2.673719			3.151102			0.286112	
C			3.737742			0.794341		-0.080447	
O			4.117406		-0.021612		-1.156304	
H			4.289528			1.755703		-0.075947	
H			4.039469			0.264707			0.842180	
H			3.931256			0.505263		-1.957312	
C			2.637676			2.952469		-2.359421	
O			3.231255			1.854384		-3.068273	
H			2.246887			3.686297		-3.090490	
H			3.463628			3.436642		-1.820263	
H			2.508457			1.349606		-3.468853	
	
Transition state 0010100000: 
C		-0.193275			0.128241		-0.062356	
C			1.208500			0.014839		-0.084910	
C			2.148144			1.033236		-0.091196	
C		-0.795036			1.515583		-1.330875	
C			0.295649			2.114612		-1.996647	
C			1.440019			2.599487		-1.388614	
C		-0.993443			1.380793			0.153021	
C		-0.479158			2.415472			1.105340	
C			0.766725			2.893967			1.085553	
C			1.801616			2.501845			0.069954	
H		-0.772614		-0.787958		-0.201380	
H			1.598117		-0.981681		-0.317464	
H		-1.591397			1.094388		-1.950151	
H			2.257904			2.903357		-2.049735	
H		-2.038141			1.136937			0.377205	
H		-1.176320			2.764837			1.873019	
H			1.067163			3.629818			1.837841	
H			2.720500			3.072252			0.255180	
C			3.551072			0.687053		-0.558123	
O			3.568057		-0.065537		-1.750475	
H			4.141332			1.621694		-0.649957	
H			4.061463			0.070259			0.203593	
H			2.975357			0.366807		-2.391659	
C			0.424142			1.828724		-3.480109	
O			1.235564			0.670847		-3.693865	
H		-0.570417			1.700460		-3.947094	
H			0.933090			2.651775		-4.003495	
H			0.847077		-0.051014		-3.177812	
	

Transition state 0011000000: 
C			0.006174		-0.009575		-0.128880	
C			1.397219			0.006356		-0.130923	
C			2.247050			1.112170		-0.060773	
C		-0.771947			1.490936		-1.409965	
C			0.307202			2.176592		-1.971551	
C			1.468915			2.612628		-1.342701	
C		-0.905337			1.173239			0.060198	
C		-0.522101			2.217567			1.068892	
C			0.672188			2.812995			1.106448	
C			1.777285			2.534746			0.128510	
H		-0.488162		-0.964020		-0.330547	
H			1.895768		-0.946327		-0.333778	
H			0.278154			2.268922		-3.061481	
H			2.266225			3.012040		-1.975757	
H		-1.924915			0.824017			0.268709	
H		-1.276765			2.485325			1.815142	
H			0.873859			3.558467			1.882147	
H			2.636981			3.176904			0.359871	
C			3.741102			0.908835		-0.197402	
O			4.116101		-0.197845		-0.983384	
H			4.202907			1.848688		-0.562879	
H			4.173709			0.726805			0.804721	
H			3.683666		-0.096197		-1.843396	
C		-1.890170			1.004613		-2.307455	
O		-1.500877			0.712029		-3.628747	
H		-2.391623			0.140888		-1.825128	
H		-2.658654			1.796723		-2.388153	
H		-0.774017			0.074872		-3.577241	
	
Transition state 0100100000: 
C			0.063199			0.000508		-0.022496	
C			1.459447			0.018984			0.015383	
C			2.253344			1.165408			0.110540	
C		-0.601211			1.404694		-1.421201	
C			0.510294			2.023066		-2.000389	
C			1.595952			2.557772		-1.302490	
C		-0.860467			1.189120			0.046895	
C		-0.561020			2.299331			1.010867	
C			0.614677			2.927402			1.073037	
C			1.782813			2.593890			0.192343	
H		-0.417993		-0.958178		-0.235211	
H			3.335064			1.034240			0.009841	
H		-1.316905			0.927508		-2.097619	
H			2.455159			2.888368		-1.892702	
H		-1.891612			0.844558			0.190222	
H		-1.366548			2.596954			1.689293	
H			0.757437			3.731176			1.801917	
H			2.629536			3.244995			0.440594	
C			2.169992		-1.253586		-0.410778	
O			2.222061		-1.371895		-1.825191	
H			3.186413		-1.283032			0.028324	
H			1.632035		-2.142829		-0.047429	
H			2.590397		-0.549017		-2.185767	
C			0.701325			1.798638		-3.490108	
O			1.441702			0.614440		-3.748129	
H		-0.283541			1.770053		-3.996112	
H			1.274963			2.623819		-3.939814	
H			1.021247		-0.117939		-3.268855	

	
	 	



 - 63 - 

 
 

Supporting Information for Angewandte Chemie International Edition S63 

Isomers of methyl(n-pentyl)-bullvalene 5h 

Isomer 0000000012: 
C		-1.221115			0.495997			0.095935	
C			0.099069		-0.150633			0.026852	
C			1.287825			0.471485		-0.013678	
C		-1.542889			1.815031		-0.598781	
C		-0.563066			2.563321		-1.402449	
C			0.754701			2.656976		-1.164559	
C		-1.424644			1.767173			0.929838	
C		-0.324515			2.420528			1.660234	
C			0.974085			2.551701			1.307345	
C			1.511408			1.979852		-0.026959	
H		-2.062392		-0.200892			0.131553	
H			0.091688		-1.244918			0.056443	
H			2.186331		-0.152939		-0.002646	
H		-2.570438			1.881712		-0.965368	
H		-0.975026			3.126691		-2.245836	
H			1.343016			3.303641		-1.822590	
H		-2.383407			1.808826			1.453110	
H		-0.621703			2.854571			2.620854	
C			1.917465			3.272683			2.235878	
H			1.387350			3.618111			3.135617	
H			2.749522			2.627084			2.562658	
H			2.375669			4.153536			1.756243	
C			3.023820			2.251720		-0.209768	
C			3.633519			1.718932		-1.509050	
H			3.200272			3.338658		-0.160076	
H			3.570616			1.811113			0.639941	
C			5.130780			2.010867		-1.622353	
H			3.470906			0.630415		-1.586590	
H			3.113805			2.154850		-2.379216	
C			5.761322			1.490324		-2.915465	
H			5.299137			3.101734		-1.547945	
H			5.657803			1.568653		-0.755995	
C			7.257333			1.783140		-3.022304	
H			5.589915			0.400773		-2.988049	
H			5.233203			1.933978		-3.779206	
H			7.681946			1.396888		-3.962834	
H			7.455053			2.867938		-2.987359	
H			7.814679			1.321211		-2.189783	
	
Isomer 0000000021: 
C		-0.116186			0.018949		-0.044767	
C			1.336299		-0.023391			0.192273	
C			2.162521			1.032426			0.281564	
C		-0.773563			1.049495		-0.967499	
C			0.000723			2.076320		-1.682424	
C			1.082645			2.719753		-1.217142	
C		-0.992130			1.133054			0.542411	
C		-0.434158			2.211371			1.376838	
C			0.757678			2.837809			1.269073	
C			1.751444			2.494019			0.136751	
H		-0.596183		-0.962765		-0.066314	
H			1.763632		-1.022868			0.321588	
H			3.222956			0.843000			0.481044	
H		-1.630652			0.661558		-1.523808	
H		-0.365550			2.338429		-2.680115	
H			1.544782			3.475966		-1.860657	
H		-1.979795			0.795084			0.866648	
H		-1.075912			2.510059			2.213309	
C			1.151817			3.823870			2.345814	
C			1.995048			3.190219			3.466318	
H			1.699294			4.680215			1.921121	
H			0.236781			4.243154			2.796866	
C			2.462878			4.196050			4.517422	
H			1.396833			2.395182			3.945207	
H			2.870806			2.676672			3.033126	
C			3.273955			3.566368			5.651711	
H			3.068690			4.981679			4.027744	
H			1.584485			4.717918			4.941617	
C			3.742604			4.577525			6.697337	
H			2.665765			2.782624			6.139044	
H			4.148317			3.042969			5.223310	
H			4.323236			4.094499			7.499643	
H			4.381764			5.353668			6.243292	
H			2.886702			5.091020			7.167213	
C			3.021136			3.361059			0.164435	
H			2.785276			4.426033			0.023223	
H			3.580643			3.251017			1.103674	
H			3.684998			3.053971		-0.658851	
	

Isomer 0000000102: 
C		-0.055150		-0.008149		-0.020464	
C			1.417830		-0.030398		-0.030554	
C			2.228546			1.039800		-0.001407	
C		-0.851250			1.062297		-0.786687	
C		-0.187932			2.135030		-1.547771	
C			0.945840			2.771937		-1.207495	
C		-0.867854			1.029927			0.744445	
C		-0.265835			2.102056			1.572938	
C			0.881175			2.739574			1.272103	
C			1.758696			2.488263			0.051711	
H		-0.515719		-0.999143		-0.043914	
H			1.873299		-1.023722		-0.094471	
H			3.308168			0.868288		-0.052148	
H		-1.767572			0.687152		-1.249588	
H		-0.681775			2.423092		-2.481186	
H			1.327878			3.551141		-1.876168	
H		-1.798552			0.632109			1.158897	
H			1.205647			3.537165			1.948084	
C		-1.057046			2.468610			2.802881	
H		-0.570607			3.273612			3.373322	
H		-2.075129			2.803260			2.534431	
H		-1.177274			1.597539			3.471553	
C			2.975662			3.439107			0.076011	
C			3.923764			3.296153			1.267003	
H			3.544866			3.286787		-0.858468	
H			2.597112			4.476138			0.037341	
C			5.100950			4.271462			1.210275	
H			3.372539			3.451118			2.210477	
H			4.312408			2.264404			1.319636	
C			6.061080			4.145293			2.394667	
H			5.660679			4.116682			0.268736	
H			4.716359			5.307524			1.161138	
C			7.233616			5.123341			2.332554	
H			5.498746			4.298844			3.333851	
H			6.443576			3.109257			2.441431	
H			7.906120			5.008783			3.197843	
H			7.834202			4.968837			1.420126	
H			6.880856			6.168558			2.319834	
	
Isomer 0000000120: 
C			0.428110			0.099619		-0.139099	
C			1.599994			0.565749		-0.901047	
C			1.864911			1.844716		-1.214247	
C		-0.966737			0.730752		-0.292911	
C		-1.237505			1.844615		-1.218623	
C		-0.403530			2.866790		-1.465029	
C		-0.181182			0.916472			1.001577	
C			0.368271			2.211972			1.491967	
C			0.885928			3.174883			0.691311	
C			0.966116			3.003982		-0.828673	
H			0.404648		-0.980652			0.026046	
H			2.299240		-0.211780		-1.224553	
H			2.771661			2.074434		-1.782955	
H		-1.783293			0.008294		-0.214685	
H		-2.203916			1.815987		-1.731838	
H		-0.711099			3.642177		-2.173574	
H		-0.555020			0.288645			1.814960	
H			1.421184			3.918217		-1.232092	
C			0.319890			2.308641			2.999738	
H			0.939859			1.514420			3.453145	
H			0.674309			3.267228			3.394486	
H		-0.709827			2.151343			3.366125	
C			1.504730			4.460310			1.191132	
C			3.042952			4.460954			1.093834	
H			1.113213			5.297109			0.585195	
H			1.213656			4.674953			2.228984	
C			3.715441			3.396817			1.960999	
H			3.346128			4.311451			0.041493	
H			3.418312			5.461215			1.375277	
C			5.239144			3.374729			1.831552	
H			3.439813			3.559068			3.019965	
H			3.312533			2.404925			1.691481	
C			5.902006			2.304903			2.698532	
H			5.507433			3.210707			0.771701	
H			5.645233			4.369184			2.093311	
H			6.997848			2.305841			2.582563	
H			5.679126			2.463637			3.767345	
H			5.537967			1.297776			2.433771	
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Isomer 0000000201: 
C		-0.045527			0.005638		-0.003383	
C			1.426102		-0.009960			0.056351	
C			2.233171			1.065091			0.080225	
C		-0.821326			1.062406		-0.802661	
C		-0.146976			2.116600		-1.581107	
C			0.975117			2.764652		-1.230045	
C		-0.881027			1.066557			0.721996	
C		-0.274533			2.120730			1.567633	
C			0.871497			2.763255			1.270569	
C			1.754306			2.512870			0.054256	
H		-0.502728		-0.986963		-0.018376	
H			1.886002		-1.002910			0.080108	
H			3.315888			0.904021			0.123255	
H		-1.727932			0.674563		-1.274136	
H		-0.620865			2.375714		-2.533163	
H			1.373626			3.526948		-1.908194	
H		-1.823125			0.678459			1.117495	
H			1.233233			3.515795			1.980128	
C		-0.988526			2.389228			2.873759	
C		-0.987629			1.169616			3.819484	
H		-0.515789			3.251261			3.369744	
H		-2.036856			2.679381			2.676337	
C			0.393888			0.551264			4.059174	
H		-1.436098			1.471793			4.783031	
H		-1.655020			0.391795			3.410002	
C			1.402715			1.478052			4.740908	
H			0.274417		-0.359948			4.672923	
H			0.814122			0.217254			3.094211	
C			2.767252			0.820253			4.942522	
H			1.530952			2.391818			4.137406	
H			0.996267			1.809233			5.714622	
H			3.479884			1.499683			5.437502	
H			2.687096		-0.089362			5.561838	
H			3.204478			0.522272			3.974616	
C			2.966021			3.452220			0.108485	
H			2.642734			4.504985			0.093527	
H			3.547995			3.284579			1.028480	
H			3.629837			3.283445		-0.754170	
	
Isomer 0000000210: 
C		-0.161154			0.059628		-0.170511	
C			1.306880		-0.052567		-0.123644	
C			2.163333			0.976505		-0.013234	
C		-0.880503			1.211726		-0.894277	
C		-0.157544			2.282146		-1.602670	
C			0.990651			2.844050		-1.193712	
C		-0.920916			1.119275			0.628011	
C		-0.282357			2.088712			1.561682	
C			0.909126			2.692628			1.334662	
C			1.724876			2.427208			0.065726	
H		-0.680217		-0.899368		-0.246524	
H			1.710076		-1.068515		-0.183037	
H			3.237847			0.769643			0.012660	
H		-1.811486			0.907094		-1.379279	
H		-0.615502			2.634218		-2.532478	
H			1.438590			3.636400		-1.801476	
H		-1.882921			0.756156			0.999056	
H			2.633516			3.040559			0.132780	
C		-1.077003			2.261582			2.841828	
C		-0.973962			1.043325			3.779436	
H		-0.764165			3.161870			3.388449	
H		-2.138944			2.418173			2.581645	
C			0.445150			0.762497			4.274125	
H		-1.643688			1.200412			4.644166	
H		-1.357288			0.146051			3.260341	
C			0.545655		-0.465391			5.180458	
H			1.112317			0.630048			3.404311	
H			0.827011			1.648413			4.815429	
C			1.969209		-0.744520			5.661257	
H		-0.121917		-0.334588			6.052040	
H			0.159172		-1.346990			4.636753	
H			2.015071		-1.635752			6.307740	
H			2.649908		-0.912845			4.809647	
H			2.369388			0.106981			6.237473	
C			1.588881			3.636286			2.292494	
H			1.009402			3.855773			3.196711	
H			2.558947			3.216777			2.615071	
H			1.814760			4.595132			1.792695	
	

Isomer 0000001002: 
C		-0.057004		-0.007458		-0.032728	
C			1.416182		-0.019326		-0.035512	
C			2.226306			1.051409		-0.004406	
C		-0.859256			1.067451		-0.786063	
C		-0.204882			2.156946		-1.530574	
C			0.930051			2.793632		-1.193701	
C		-0.904524			0.997884			0.748411	
C		-0.261801			2.065408			1.549066	
C			0.874482			2.725841			1.276140	
C			1.755775			2.499547			0.054941	
H		-0.506616		-1.002994		-0.082352	
H			1.876299		-1.010758		-0.097476	
H			3.306225			0.880805		-0.050280	
H		-1.765892			0.686367		-1.264007	
H		-0.708089			2.459784		-2.454392	
H			1.300398			3.585764		-1.853582	
H		-0.806009			2.348517			2.456752	
H			1.184201			3.512703			1.970874	
C		-2.188548			0.459998			1.355134	
H		-2.931024			1.266086			1.477900	
H		-2.639425		-0.319566			0.722234	
H		-1.997240			0.019677			2.347964	
C			2.967496			3.455360			0.084599	
C			3.916956			3.308912			1.274099	
H			3.536293			3.311729		-0.851505	
H			2.584555			4.491071			0.052768	
C			5.092487			4.286383			1.220088	
H			3.366425			3.459344			2.218896	
H			4.307315			2.277615			1.322170	
C			6.054271			4.157254			2.402791	
H			5.651262			4.135829			0.277317	
H			4.706234			5.322003			1.175148	
C			7.225956			5.136397			2.341812	
H			5.493214			4.307527			3.343256	
H			6.437654			3.121387			2.445777	
H			7.899735			5.019851			3.205821	
H			7.825370			4.984917			1.428111	
H			6.872396			6.181373			2.332575	
	
Isomer 0000001020: 
C			0.268659			0.057978			0.083619	
C			1.670882			0.350416		-0.265344	
C			2.176584			1.558866		-0.563494	
C		-0.918481			0.790254		-0.564824	
C		-0.743091			1.840753		-1.583945	
C			0.242842			2.752239		-1.617133	
C		-0.608006			0.997916			0.922080	
C		-0.074504			2.291879			1.413208	
C			0.783069			3.130254			0.800549	
C			1.350836			2.831029		-0.583807	
H			0.074299		-1.000864			0.275633	
H			2.344355		-0.512596		-0.276197	
H			3.241131			1.642283		-0.804027	
H		-1.784159			0.145598		-0.740348	
H		-1.497346			1.860381		-2.377172	
H			0.259367			3.482285		-2.432353	
H		-0.432589			2.581988			2.407997	
H			2.013588			3.661213		-0.863875	
C		-1.557284			0.324576			1.898570	
H		-1.931954		-0.632585			1.504749	
H		-1.051798			0.120529			2.857232	
H		-2.428057			0.969306			2.104022	
C			1.258264			4.393194			1.470675	
C			2.736938			4.340243			1.885577	
H			1.112331			5.248801			0.783876	
H			0.639658			4.597657			2.361026	
C			3.239431			5.640278			2.513527	
H			2.875641			3.503386			2.592684	
H			3.361470			4.095992			1.007265	
C			4.707523			5.588370			2.941160	
H			3.096489			6.471539			1.797676	
H			2.612459			5.890089			3.389964	
C			5.204265			6.891527			3.566022	
H			4.846518			4.756850			3.655909	
H			5.331001			5.336040			2.063881	
H			6.263218			6.823181			3.862739	
H			5.108837			7.734177			2.860382	
H			4.621301			7.149975			4.466249	
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Isomer 0000001200: 
C			0.254737		-0.078166		-0.033774	
C			1.708750			0.163378		-0.006411	
C			2.306205			1.364736			0.018574	
C		-0.729404			0.815451		-0.802660	
C		-0.294847			2.001983		-1.561477	
C			0.704915			2.833296		-1.223575	
C		-0.792117			0.743720			0.735262	
C		-0.386645			1.926523			1.563661	
C			0.637548			2.751503			1.261167	
C			1.529887			2.666553			0.039506	
H		-0.001268		-1.140111		-0.077125	
H			2.334888		-0.734579		-0.017471	
H			3.399255			1.418016			0.028932	
H		-1.538036			0.261939		-1.287661	
H		-0.846990			2.197048		-2.486426	
H			0.936280			3.679704		-1.877787	
H			0.828672			3.586052			1.944635	
H			2.249817			3.494613			0.090773	
C		-1.934489		-0.108692			1.272256	
H		-2.164945		-0.924395			0.570953	
H		-1.671130		-0.570134			2.237216	
H		-2.857637			0.473130			1.412404	
C		-1.234226			2.272751			2.773692	
C		-2.479000			3.103084			2.419101	
H		-1.543601			1.367086			3.319072	
H		-0.619456			2.854462			3.479852	
C		-3.368558			3.408231			3.623870	
H		-2.145855			4.044930			1.948850	
H		-3.072888			2.583156			1.647135	
C		-4.589613			4.265448			3.284633	
H		-3.704757			2.458292			4.080709	
H		-2.768934			3.917216			4.401809	
C		-5.476387			4.564503			4.492785	
H		-4.250103			5.213432			2.828926	
H		-5.184131			3.755025			2.504875	
H		-6.345571			5.183080			4.217086	
H		-5.858774			3.634645			4.946937	
H		-4.916226			5.105064			5.274476	
	
Isomer 0000002001: 
C		-0.005565			0.000964		-0.251421	
C			1.467381			0.005322		-0.276700	
C			2.264973			1.079342		-0.157753	
C		-0.845565			1.131833		-0.859318	
C		-0.233416			2.301702		-1.512968	
C			0.906090			2.915859		-1.152886	
C		-0.839796			0.908520			0.660586	
C		-0.180696			1.896133			1.545255	
C			0.938495			2.597657			1.303899	
C			1.773691			2.509449			0.032982	
H		-0.446244		-0.990569		-0.387598	
H			1.937436		-0.974400		-0.409627	
H			3.349686			0.932173		-0.197382	
H		-1.763483			0.786017		-1.342093	
H		-0.774734			2.688862		-2.382145	
H			1.244202			3.776885		-1.739654	
H		-0.690745			2.074256			2.497874	
H			1.280978			3.304029			2.068075	
C		-2.084986			0.263110			1.255729	
C		-1.792713		-0.648236			2.450169	
H		-2.792090			1.057740			1.557016	
H		-2.600296		-0.321792			0.474559	
C		-3.043725		-1.299858			3.039817	
H		-1.078889		-1.431699			2.137841	
H		-1.275362		-0.072842			3.238039	
C		-2.757065		-2.209469			4.236185	
H		-3.758631		-0.512138			3.343481	
H		-3.559244		-1.882928			2.253474	
C		-4.011540		-2.857194			4.820972	
H		-2.041558		-2.994561			3.930407	
H		-2.241697		-1.624142			5.019477	
H		-3.772908		-3.503918			5.680523	
H		-4.730172		-2.094634			5.166057	
H		-4.527679		-3.478040			4.069155	
C			2.976055			3.455492			0.139939	
H			2.642593			4.496073			0.278696	
H			3.612765			3.181224			0.995859	
H			3.589585			3.410073		-0.773721	
	

Isomer 0000002010: 
C			0.018511			0.009822		-0.240698	
C			1.492248			0.026701		-0.244208	
C			2.269478			1.114760		-0.117875	
C		-0.829746			1.124551		-0.873923	
C		-0.229292			2.296819		-1.535748	
C			0.893413			2.931143		-1.158309	
C		-0.833917			0.922335			0.647465	
C		-0.205904			1.928840			1.537807	
C			0.907584			2.655549			1.325203	
C			1.724955			2.521522			0.043321	
H		-0.410808		-0.987496		-0.371266	
H			1.976039		-0.948566		-0.359928	
H			3.356862			0.991810		-0.134699	
H		-1.736366			0.758106		-1.362955	
H		-0.763543			2.665876		-2.417159	
H			1.234271			3.792619		-1.741050	
H		-0.741027			2.101446			2.478343	
H			2.579087			3.209038			0.115485	
C		-2.078246			0.267934			1.236568	
C		-1.788426		-0.627306			2.443658	
H		-2.797601			1.057416			1.521923	
H		-2.578276		-0.331547			0.456504	
C		-3.038208		-1.286323			3.027641	
H		-1.063113		-1.406241			2.146806	
H		-1.285263		-0.037979			3.230281	
C		-2.753659		-2.181425			4.235407	
H		-3.764088		-0.503241			3.317006	
H		-3.540320		-1.882271			2.242253	
C		-4.006937		-2.835882			4.815262	
H		-2.027718		-2.962320			3.943775	
H		-2.251150		-1.583480			5.017543	
H		-3.769823		-3.472188			5.682998	
H		-4.736000		-2.077167			5.146713	
H		-4.510343		-3.468730			4.064809	
C			1.402830			3.656229			2.331354	
H			0.757422			3.699400			3.221882	
H			2.428345			3.409907			2.660789	
H			1.450255			4.668536			1.891059	
	
Isomer 0000002100: 
C		-0.135690			0.112689			0.051424	
C			1.297510			0.015070		-0.277268	
C			2.151616			1.044426		-0.407411	
C		-1.011216			1.272495		-0.437243	
C		-0.509295			2.371186		-1.282678	
C			0.706644			2.930867		-1.197477	
C		-0.734148			1.118160			1.062665	
C			0.188311			2.046360			1.797624	
C			1.256660			2.655191			1.241070	
C			1.743645			2.490053		-0.184518	
H		-0.647451		-0.853272			0.055388	
H			1.674182		-1.000018		-0.439003	
H			3.195342			0.840044		-0.665932	
H		-2.023305			0.957981		-0.705011	
H		-1.207392			2.739431		-2.041354	
H			0.972578			3.739822		-1.884899	
H			1.875693			3.280945			1.892312	
H			2.633958			3.121186		-0.309536	
C		-1.957162			0.611333			1.828157	
C		-3.096963			1.630134			1.940949	
H		-2.347551		-0.283317			1.314193	
H		-1.663398			0.265056			2.832065	
C		-4.276553			1.126496			2.772674	
H		-2.723202			2.573827			2.372422	
H		-3.447219			1.891506			0.926975	
C		-5.435413			2.121499			2.860576	
H		-4.644941			0.173268			2.348597	
H		-3.926970			0.882615			3.793548	
C		-6.608396			1.615505			3.699180	
H		-5.062507			3.073889			3.279770	
H		-5.784536			2.360807			1.839495	
H		-7.425729			2.353100			3.742984	
H		-7.023051			0.681855			3.282734	
H		-6.295269			1.402022			4.735230	
C		-0.036457			2.225927			3.282960	
H			0.700970			2.926574			3.699683	
H		-1.039358			2.609974			3.524778	
H			0.073803			1.268284			3.820638	
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Isomer 0000010020: 
C		-0.760849			0.495163			0.068766	
C			0.478010		-0.276686			0.270645	
C			1.723985			0.224906			0.271027	
C		-0.836397			1.682119		-0.899010	
C			0.314056			2.134814		-1.703965	
C			1.607809			2.161312		-1.327915	
C		-0.931254			1.919370			0.609473	
C			0.121665			2.623191			1.365159	
C			1.451319			2.560886			1.157739	
C			2.049357			1.690381			0.055941	
H		-1.673261		-0.105606			0.105927	
H			0.347975		-1.351228			0.434221	
H			2.564404		-0.456789			0.434727	
H		-1.793970			1.760619		-1.420335	
H			0.067934			2.484613		-2.712358	
H		-1.943477			2.135776			0.960895	
H		-0.237837			3.272981			2.170367	
H			3.141833			1.794313			0.106275	
C			2.688734			2.652589		-2.249170	
H			2.287004			2.953311		-3.228643	
H			3.215322			3.520677		-1.815012	
H			3.453219			1.872520		-2.414721	
C			2.413575			3.373582			1.987403	
C			3.188669			4.433650			1.184029	
H			1.859178			3.868805			2.802488	
H			3.143051			2.695295			2.468264	
C			2.295060			5.443418			0.464645	
H			3.873066			4.964942			1.869097	
H			3.841327			3.935633			0.444654	
C			3.074534			6.486877		-0.337207	
H			1.604416			4.905766		-0.207973	
H			1.650416			5.953464			1.205021	
C			2.173491			7.478913		-1.071530	
H			3.758874			7.033599			0.337281	
H			3.724805			5.969402		-1.066692	
H			2.758722			8.216109		-1.644502	
H			1.504696			6.959051		-1.778094	
H			1.534822			8.035321		-0.364790	
	
Isomer 0000010200: 
C			0.120583		-0.069853			0.044114	
C			1.591248			0.031261			0.009603	
C			2.295838			1.173619		-0.021370	
C		-0.786385			0.899286		-0.724080	
C		-0.261368			2.011012		-1.539823	
C			0.818603			2.772191		-1.272219	
C		-0.766976			0.914671			0.807150	
C		-0.250142			2.064553			1.586538	
C			0.827780			2.788753			1.229428	
C			1.659854			2.550053		-0.015971	
H		-0.252172		-1.097182			0.066171	
H			2.132831		-0.920005			0.001677	
H			3.388566			1.120190		-0.052322	
H		-1.675488			0.426443		-1.149355	
H		-0.823339			2.222134		-2.455968	
H		-1.642310			0.440895			1.259513	
H			1.111734			3.636295			1.861893	
H			2.469008			3.293376		-0.022225	
C			1.253707			3.883988		-2.184223	
H			0.594321			3.980583		-3.060238	
H			1.260992			4.851387		-1.650483	
H			2.284567			3.717901		-2.545549	
C		-1.077867			2.451465			2.790840	
C		-2.473770			2.983796			2.416119	
H		-1.196241			1.577876			3.457832	
H		-0.537902			3.220454			3.367731	
C		-2.439616			4.205951			1.498544	
H		-3.058126			2.182855			1.928075	
H		-3.020824			3.229657			3.343969	
C		-3.826142			4.745026			1.143829	
H		-1.845371			5.006623			1.978435	
H		-1.897385			3.950770			0.571291	
C		-3.780721			5.955773			0.212294	
H		-4.417418			3.938080			0.673016	
H		-4.366520			5.009869			2.071336	
H		-4.790930			6.321899		-0.032212	
H		-3.224728			6.790802			0.671374	
H		-3.275073			5.707886		-0.736284	
	

Isomer 0000012000: 
C			0.008353		-0.044817		-0.242020	
C			1.482065		-0.043971		-0.263788	
C			2.272237			1.037907		-0.167975	
C		-0.825357			1.078791		-0.868189	
C		-0.220672			2.241193		-1.547131	
C			0.916787			2.880652		-1.211603	
C		-0.833195			0.878217			0.653361	
C		-0.184048			1.882359			1.527868	
C			0.930612			2.585306			1.270032	
C			1.744663			2.450688		-0.002162	
H		-0.433363		-1.037935		-0.362985	
H			1.953966		-1.025522		-0.375439	
H			3.357883			0.903655		-0.201957	
H		-1.740499			0.724135		-1.350175	
H		-0.770333			2.602922		-2.422934	
H		-0.697159			2.073005			2.476486	
H			1.275629			3.308980			2.015296	
H			2.606937			3.127707			0.073216	
C			1.432339			4.053751		-1.995991	
H			0.778263			4.299666		-2.846361	
H			1.517470			4.950874		-1.356498	
H			2.445481			3.851843		-2.388128	
C		-2.080014			0.237964			1.250514	
C		-1.792375		-0.656340			2.458891	
H		-2.790707			1.034905			1.537261	
H		-2.589951		-0.358579			0.474596	
C		-3.044951		-1.301585			3.052161	
H		-1.075996		-1.442980			2.160685	
H		-1.279318		-0.069304			3.241039	
C		-2.761987		-2.195326			4.261309	
H		-3.761876		-0.510805			3.342901	
H		-3.556880		-1.895365			2.271498	
C		-4.018033		-2.836287			4.850168	
H		-2.044892		-2.983822			3.968269	
H		-2.249711		-1.599510			5.038713	
H		-3.781959		-3.471923			5.718671	
H		-4.738233		-2.069822			5.183162	
H		-4.531374		-3.466909			4.104590	
	
Isomer 0000020100: 
C			0.554398		-0.095731			0.470412	
C			1.920799			0.437525			0.620580	
C			2.316225			1.676906			0.288792	
C		-0.339206			0.279347		-0.715848	
C			0.082175			1.205783		-1.783995	
C			0.842544			2.309130		-1.645190	
C		-0.700321			0.754189			0.694712	
C		-0.665522			2.180501			1.102137	
C			0.257931			3.062394			0.671784	
C			1.388644			2.731226		-0.283898	
H			0.443769		-1.133041			0.796905	
H			2.660209		-0.257338			1.031242	
H			3.363936			1.954886			0.440200	
H		-0.962187		-0.544920		-1.072830	
H		-0.291672			0.964500		-2.784887	
H		-1.525419			0.195400			1.145544	
H			0.192830			4.096617			1.025961	
H			1.977826			3.646660		-0.429300	
C			1.134774			3.219761		-2.809756	
C			0.475915			4.605962		-2.678311	
H			2.228137			3.356216		-2.902991	
H			0.793829			2.741590		-3.743798	
C		-1.050079			4.561905		-2.606951	
H			0.864662			5.116047		-1.778042	
H			0.790336			5.230710		-3.533371	
C		-1.694525			5.940653		-2.455858	
H		-1.444536			4.068053		-3.515113	
H		-1.355093			3.922176		-1.760864	
C		-3.219544			5.887328		-2.372161	
H		-1.291601			6.428322		-1.549064	
H		-1.390803			6.584254		-3.301980	
H		-3.658055			6.891781		-2.257498	
H		-3.653112			5.435186		-3.280281	
H		-3.548737			5.277926		-1.513535	
C		-1.762965			2.599140			2.046628	
H		-1.689155			3.665341			2.307219	
H		-2.758020			2.421761			1.600802	
H		-1.726922			2.012632			2.982008	
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Isomer 0000021000: 
C		-0.242375		-0.013594			0.000635	
C			1.160950		-0.112882		-0.440234	
C			1.988463			0.916881		-0.684978	
C		-1.175315			1.107200		-0.481341	
C		-0.741825			2.158226		-1.421426	
C			0.468502			2.746348		-1.486469	
C		-0.756431			1.043124			0.991782	
C			0.164589			2.063155			1.546226	
C			1.186300			2.661453			0.913571	
C			1.588396			2.370545		-0.518871	
H		-0.737963		-0.981934			0.112563	
H			1.539009		-1.129947		-0.585629	
H			3.009552			0.707444		-1.019007	
H		-2.203932			0.775036		-0.647545	
H		-1.499952			2.473245		-2.147027	
H		-0.032226			2.347859			2.585663	
H			1.776481			3.403301			1.460855	
H			2.462268			2.992633		-0.756379	
C			0.791820			3.775966		-2.536641	
C			1.790940			3.274290		-3.591063	
H		-0.135980			4.096682		-3.040236	
H			1.212168			4.676867		-2.049815	
C			2.164588			4.333928		-4.627631	
H			2.708849			2.914339		-3.091989	
H			1.359371			2.391617		-4.095183	
C			3.149696			3.836165		-5.687220	
H			1.246546			4.698856		-5.125262	
H			2.594966			5.213583		-4.113000	
C			3.518873			4.900160		-6.720228	
H			4.065245			3.471115		-5.186695	
H			2.717090			2.956612		-6.197945	
H			4.228746			4.512465		-7.468471	
H			2.626143			5.257902		-7.260661	
H			3.985206			5.777281		-6.240362	
C		-1.818049			0.574838			1.971433	
H		-2.444210			1.419909			2.303371	
H		-2.481842		-0.178159			1.519686	
H		-1.355156			0.123325			2.864913	
	
Isomer 0000100200: 
C			0.090656		-0.013284		-0.006492	
C			1.564403			0.049345		-0.036605	
C			2.295678			1.174534		-0.025805	
C		-0.804192			0.992799		-0.738121	
C		-0.279297			2.126796		-1.537025	
C			0.828388			2.823536		-1.214091	
C		-0.770746			0.962553			0.793851	
C		-0.231448			2.078909			1.606481	
C			0.866178			2.784448			1.273550	
C			1.683523			2.561411			0.014308	
H		-0.306181		-1.031781		-0.016093	
H			2.080058		-0.915621		-0.070074	
H			3.387284			1.099122		-0.051064	
H		-1.706382			0.544364		-1.163900	
H			1.132243			3.647503		-1.868212	
H		-1.653511			0.492568			1.235311	
H			1.166000			3.612544			1.924305	
H			2.503127			3.292636			0.013068	
C		-1.090032			2.470711		-2.760473	
H		-0.651599			3.314674		-3.313180	
H		-1.161435			1.608711		-3.447424	
H		-2.124978			2.741717		-2.484309	
C		-1.068716			2.464982			2.804518	
C		-2.457577			3.004002			2.410891	
H		-1.200422			1.592061			3.470063	
H		-0.530684			3.230671			3.387414	
C		-2.406835			4.191812			1.449788	
H		-3.051887			2.194816			1.949287	
H		-3.003216			3.287812			3.328619	
C		-3.786147			4.722661			1.057132	
H		-1.813095			5.007079			1.904744	
H		-1.854880			3.900229			0.539305	
C		-3.722715			5.881690			0.062937	
H		-4.380218			3.896788			0.623836	
H		-4.332136			5.039509			1.964767	
H		-4.727507			6.243551		-0.208680	
H		-3.161621			6.734777			0.480552	
H		-3.212385			5.578228		-0.866941	
	

Isomer 0000102000: 
C		-0.116201			0.044801		-0.025516	
C			1.325228		-0.145975		-0.269521	
C			2.254061			0.824064		-0.309131	
C		-0.883528			1.270835		-0.520905	
C		-0.277555			2.374210		-1.305399	
C			0.974449			2.831346		-1.115607	
C		-0.684565			1.061921			0.983750	
C			0.241037			1.921495			1.757398	
C			1.387553			2.473445			1.327574	
C			1.937145			2.290552		-0.074254	
H		-0.696095		-0.881336		-0.070781	
H			1.642783		-1.180278		-0.436214	
H			3.296463			0.552401		-0.502900	
H		-1.900162			1.031303		-0.842856	
H			1.330023			3.653661		-1.745122	
H		-0.048499			2.097783			2.798138	
H			1.976105			3.072627			2.029679	
H			2.873392			2.859669		-0.152563	
C		-1.179922			2.973447		-2.353767	
H		-0.682036			3.787164		-2.901521	
H		-1.499341			2.210178		-3.085595	
H		-2.100795			3.377573		-1.897004	
C		-1.924381			0.617750			1.754577	
C		-2.799287			1.767718			2.272718	
H		-2.531742		-0.033896			1.103165	
H		-1.608788		-0.009897			2.607197	
C		-3.272032			2.749596			1.199211	
H		-3.676822			1.334627			2.785701	
H		-2.252113			2.330186			3.049679	
C		-4.197570			3.842263			1.736889	
H		-2.396043			3.223872			0.724990	
H		-3.791231			2.197222			0.393506	
C		-4.644999			4.831499			0.661334	
H		-5.083323			3.375427			2.205485	
H		-3.680223			4.385986			2.548430	
H		-5.305149			5.612081			1.072435	
H		-3.778653			5.334965			0.199734	
H		-5.195864			4.320076		-0.146365	
	
Isomer 0000201000: 
C			0.099787		-0.018161			0.038639	
C			1.571545			0.069445			0.063862	
C			2.293988			1.201463			0.043772	
C		-0.779985			0.956605		-0.752009	
C		-0.243079			2.065094		-1.578277	
C			0.847829			2.786003		-1.255761	
C		-0.829900			0.957543			0.779966	
C		-0.263282			2.090384			1.550030	
C			0.822400			2.817759			1.240569	
C			1.670660			2.584813			0.004181	
H		-0.277807		-1.044425			0.032700	
H			2.100641		-0.888348			0.098007	
H			3.386234			1.134540			0.064090	
H		-1.652857			0.472954		-1.200314	
H			1.161439			3.585311		-1.935521	
H		-0.804819			2.340976			2.468769	
H			1.120433			3.626885			1.914975	
H			2.481731			3.325576			0.000765	
C		-1.039723			2.383459		-2.822584	
C		-2.396413			3.036552		-2.517948	
H		-0.452710			3.053220		-3.472709	
H		-1.210503			1.455681		-3.400923	
C		-3.221741			3.338630		-3.768699	
H		-2.980469			2.383231		-1.844851	
H		-2.219773			3.968256		-1.951679	
C		-4.568288			4.001234		-3.470788	
H		-2.636423			3.989325		-4.445179	
H		-3.392113			2.400858		-4.330418	
C		-5.387988			4.301822		-4.725046	
H		-5.150457			3.349129		-2.794109	
H		-4.394069			4.936452		-2.908028	
H		-6.350252			4.778521		-4.478206	
H		-4.843747			4.980031		-5.403898	
H		-5.607141			3.379426		-5.289175	
C		-2.074222			0.350963			1.404924	
H		-2.456333		-0.491697			0.808708	
H		-1.861272		-0.023133			2.420218	
H		-2.878359			1.102063			1.480938	
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Isomer 0001002000: 
C		-0.016704		-0.012519		-0.307014	
C			1.458084		-0.046696		-0.339813	
C			2.280097			1.000139		-0.164920	
C		-0.872447			1.131096		-0.868696	
C		-0.223817			2.346419		-1.424463	
C			0.932380			2.916301		-1.048432	
C		-0.837986			0.852230			0.660529	
C		-0.162710			1.806473			1.576167	
C			0.977861			2.485736			1.376555	
C			1.787966			2.411144			0.097226	
H		-0.473179		-0.992464		-0.476274	
H			1.901143		-1.030957		-0.523674	
H			3.361640			0.839299		-0.211915	
H		-0.767881			2.812378		-2.253337	
H			1.270162			3.812255		-1.578936	
H		-0.681045			1.967064			2.527579	
H			1.329695			3.160918			2.162993	
H			2.661265			3.069876			0.197632	
C		-2.109246			0.738559		-1.664991	
H		-2.504913		-0.246118		-1.386065	
H		-2.916131			1.479310		-1.535687	
H		-1.860396			0.695908		-2.737814	
C		-2.028882			0.166592			1.325299	
C		-1.617639		-0.792478			2.446790	
H		-2.706595			0.940962			1.729071	
H		-2.618795		-0.394452			0.587607	
C		-2.804147		-1.472284			3.130261	
H		-0.941467		-1.560316			2.029587	
H		-1.020852		-0.251750			3.201976	
C		-2.399247		-2.444442			4.240194	
H		-3.477608		-0.700738			3.548487	
H		-3.403934		-2.012613			2.373590	
C		-3.589437		-3.119235			4.920923	
H		-1.726872		-3.213910			3.818731	
H		-1.798472		-1.902833			4.993483	
H		-3.265768		-3.812733			5.713615	
H		-4.260081		-2.374521			5.382106	
H		-4.188842		-3.696452			4.196595	
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Transition states of methyl(n-pentyl)-bullvalene 5h 

Transition state 0000000012: 
C		-0.045126		-0.015143			0.042701	
C			1.345133		-0.005880			0.144508	
C			2.172888			1.105071			0.173782	
C		-0.648031			1.321963		-1.423182	
C			0.458599			1.964442		-1.986145	
C			1.565640			2.497477		-1.335893	
C		-0.925116			1.195471			0.051197	
C		-0.594437			2.384588			0.899131	
C			0.577442			3.035781			0.950941	
C			1.805916			2.571458			0.159526	
H		-0.545206		-0.974751		-0.109675	
H			1.844468		-0.976234			0.056685	
H			3.245996			0.913497			0.090856	
H		-1.360826			0.842107		-2.098428	
H			0.520390			1.933840		-3.078951	
H			2.401361			2.823766		-1.962165	
H		-1.968627			0.901964			0.218322	
H		-1.438653			2.813226			1.449706	
C			0.633487			4.354912			1.684784	
H		-0.327038			4.556362			2.180747	
H			1.424355			4.399607			2.448102	
H			0.823667			5.185571			0.983478	
C			3.070849			3.399265			0.472076	
C			3.716161			3.114145			1.832568	
H			3.816757			3.186702		-0.313026	
H			2.842831			4.471765			0.376255	
C			4.815455			4.114371			2.191064	
H			2.953177			3.109645			2.628446	
H			4.138106			2.094964			1.833583	
C			5.511367			3.812959			3.519620	
H			5.568413			4.138788			1.380818	
H			4.384701			5.132804			2.227567	
C			6.601374			4.822589			3.876964	
H			4.754495			3.782559			4.324674	
H			5.944682			2.796969			3.478495	
H			7.083229			4.579037			4.837440	
H			7.389220			4.848743			3.105170	
H			6.188944			5.842475			3.959408	
	
Transition state 0000000021: 
C		-0.172633			0.049514		-0.085345	
C			1.197223		-0.001229			0.160479	
C			2.086331			1.065675			0.263711	
C		-0.570661			1.423074		-1.630870	
C			0.622944			1.986175		-2.069551	
C			1.673096			2.457196		-1.288346	
C		-0.993893			1.304330		-0.196414	
C		-0.687282			2.425901			0.749142	
C			0.512019			2.981847			0.976288	
C			1.768861			2.543826			0.219151	
H		-0.694821		-0.891681		-0.275549	
H			1.650703		-0.997777			0.146683	
H			3.152023			0.822110			0.306046	
H		-1.233022			0.971372		-2.373651	
H			0.813323			1.940386		-3.146804	
H			2.592372			2.729658		-1.814642	
H		-2.061770			1.059752		-0.139847	
H		-1.535442			2.790082			1.339703	
C			0.626945			4.003414			2.088255	
C			1.062451			3.387847			3.429460	
H			1.319364			4.816207			1.819157	
H		-0.357163			4.479765			2.230933	
C			1.253313			4.422871			4.537560	
H			0.303551			2.645814			3.733749	
H			1.996244			2.814216			3.297659	
C			1.647483			3.814509			5.884907	
H			2.024134			5.153332			4.227218	
H			0.321125			5.006304			4.658079	
C			1.840026			4.854655			6.987817	
H			0.875384			3.085738			6.192019	
H			2.577236			3.229908			5.759363	
H			2.123343			4.386533			7.944218	
H			2.630928			5.576401			6.721976	
H			0.914691			5.430421			7.158970	
C			3.010743			3.366727			0.588706	
H			3.883546			2.992467			0.032335	
H			2.876873			4.425519			0.322733	
H			3.246469			3.298692			1.659465	
	

Transition state 0000000102: 
C		-0.013050		-0.006147		-0.017934	
C			1.384187			0.001159			0.033952	
C			2.218455			1.107090			0.069009	
C		-0.682556			1.374003		-1.405966	
C			0.400169			2.036838		-1.994035	
C			1.524692			2.549236		-1.364261	
C		-0.914361			1.190767			0.067466	
C		-0.573717			2.327164			0.996887	
C			0.629629			2.913120			1.002446	
C			1.805397			2.558724			0.121253	
H		-0.510139		-0.965238		-0.182948	
H			1.872045		-0.969883		-0.099562	
H			3.291764			0.931628		-0.051261	
H		-1.416747			0.910379		-2.069410	
H			0.418539			2.038839		-3.088771	
H			2.341659			2.904913		-1.999498	
H		-1.947178			0.866014			0.245618	
H			0.782371			3.752003			1.689547	
C		-1.685515			2.782741			1.901182	
H		-1.374246			3.621721			2.541312	
H		-2.565173			3.103757			1.314510	
H		-2.026800			1.958736			2.553497	
C			3.006030			3.462767			0.453884	
C			3.572007			3.282470			1.862728	
H			3.806269			3.266175		-0.281231	
H			2.701239			4.513378			0.302222	
C			4.779041			4.178038			2.144948	
H			2.787850			3.484645			2.612881	
H			3.856484			2.225786			2.010974	
C			5.354865			4.006754			3.552011	
H			5.570541			3.973140			1.399659	
H			4.494187			5.236243			1.993558	
C			6.561443			4.903076			3.827687	
H			4.562046			4.212259			4.294332	
H			5.636339			2.948247			3.700745	
H			6.952903			4.757230			4.847283	
H			7.382988			4.694422			3.121553	
H			6.299223			5.969248			3.719954	
	
Transition state 0000000120: 
C			0.710886			0.129200		-0.039982	
C			1.813814			0.486841		-0.809402	
C			2.122342			1.759851		-1.281347	
C		-1.036643			1.035955		-0.842796	
C		-0.696922			1.784162		-1.964270	
C			0.376635			2.661387		-2.078260	
C		-0.337191			1.071689			0.486219	
C			0.097540			2.390816			1.092132	
C			0.859813			3.276092			0.421436	
C			1.348495			3.015424		-0.988483	
H			0.538094		-0.934651			0.142581	
H			2.440021		-0.333541		-1.174713	
H			2.955623			1.858367		-1.982089	
H		-1.832455			0.293525		-0.944754	
H		-1.260707			1.578484		-2.879884	
H			0.591161			3.081387		-3.064384	
H		-0.953011			0.539901			1.222103	
H			1.939951			3.879395		-1.314972	
C		-0.368416			2.563736			2.515037	
H			0.037129			1.753961			3.148353	
H		-0.071802			3.516558			2.968369	
H		-1.468784			2.485569			2.574339	
C			1.386589			4.566359			1.008322	
C			2.891117			4.501084			1.336684	
H			1.218201			5.380693			0.280621	
H			0.834318			4.849813			1.915335	
C			3.244244			3.460036			2.399078	
H			3.462130			4.282169			0.416078	
H			3.227598			5.499618			1.668839	
C			4.741894			3.372756			2.696730	
H			2.698147			3.690085			3.333267	
H			2.879771			2.470736			2.071435	
C			5.085585			2.325051			3.754917	
H			5.281741			3.143232			1.759758	
H			5.110790			4.363326			3.020886	
H			6.169733			2.278071			3.946572	
H			4.586362			2.547810			4.713254	
H			4.757138			1.320234			3.439777	

	
  



 - 70 - 

 

Supporting Information for Angewandte Chemie International Edition S70 

Transition state 0000000201: 
C		-0.428120			0.561908		-0.408166	
C			0.858838			0.054437		-0.602968	
C			2.063108			0.694157		-0.351171	
C		-0.552364			2.509781		-1.123769	
C			0.683632			2.909660		-1.641314	
C			1.940067			2.711205		-1.085646	
C		-0.783841			1.877896			0.219935	
C			0.004951			2.383670			1.399644	
C			1.341644			2.450429			1.390718	
C			2.251241			2.067286			0.246172	
H		-1.267943		-0.023601		-0.790420	
H			0.920325		-0.904552		-1.127636	
H			2.977999			0.205884		-0.700252	
H		-1.432483			2.621448		-1.761962	
H			0.665442			3.314056		-2.658639	
H			2.809541			2.960718		-1.701429	
H		-1.854315			1.892952			0.457909	
H			1.839715			2.851602			2.280612	
C		-0.804157			2.888211			2.568375	
C		-1.642620			4.135325			2.230240	
H		-1.482459			2.088598			2.919682	
H		-0.126043			3.120930			3.406423	
C		-0.811668			5.326450			1.753756	
H		-2.389504			3.883485			1.455463	
H		-2.226260			4.421590			3.123370	
C		-1.648779			6.563808			1.426319	
H		-0.063237			5.582444			2.527530	
H		-0.229931			5.032451			0.862809	
C		-0.811268			7.745946			0.939772	
H		-2.396942			6.299096			0.656513	
H		-2.229647			6.861960			2.318593	
H		-1.437877			8.621565			0.705280	
H		-0.077309			8.055057			1.703212	
H		-0.246484			7.483954			0.029213	
C			3.708442			2.302481			0.652597	
H			4.397761			2.041745		-0.165679	
H			3.868796			3.360982			0.911605	
H			3.966787			1.686563			1.528436	
	
Transition state 0000001002: 
C			0.244658		-0.450791		-0.281009	
C			1.501866		-0.043319			0.166066	
C			1.942207			1.248488			0.435626	
C		-0.418651			0.836098		-1.798310	
C			0.547087			1.812538		-2.039168	
C			1.274189			2.542076		-1.105862	
C		-0.979348			0.412863		-0.464634	
C		-1.183907			1.490319			0.569970	
C		-0.277746			2.396115			0.941095	
C			1.123249			2.517214			0.395056	
H			0.132757		-1.493798		-0.591260	
H			2.274093		-0.819511			0.177553	
H			3.010799			1.388088			0.624367	
H		-0.770703			0.254240		-2.655062	
H			0.867900			1.916222		-3.080932	
H			2.108533			3.143810		-1.478144	
H		-2.160301			1.499592			1.066078	
H		-0.552261			3.103720			1.729718	
C		-2.253285		-0.419310		-0.618229	
H		-2.120191		-1.219499		-1.362925	
H		-2.525076		-0.886816			0.341450	
H		-3.090478			0.217392		-0.945620	
C			1.862971			3.692453			1.055377	
C			1.268890			5.068566			0.753355	
H			1.882627			3.521216			2.146275	
H			2.915964			3.675245			0.723370	
C			2.047315			6.215052			1.400017	
H			1.232949			5.219490		-0.340010	
H			0.218630			5.107998			1.091358	
C			1.461992			7.597624			1.105627	
H			2.086147			6.060669			2.494749	
H			3.098715			6.183757			1.057329	
C			2.245895			8.738940			1.752237	
H			1.421979			7.747370			0.011224	
H			0.411974			7.626254			1.449748	
H			1.800978			9.720302			1.522025	
H			2.271927			8.633305			2.850061	
H			3.291028			8.755034			1.399366	
	

Transition state 0000010002: 
C			0.017283		-0.046842			0.037394	
C			1.402819		-0.009512		-0.001150	
C			2.221594			1.119806		-0.035583	
C		-0.713127			1.391832		-1.381861	
C			0.358965			2.039353		-1.979304	
C			1.549289			2.539981		-1.417726	
C		-0.891888			1.149447			0.092467	
C		-0.534377			2.305076			0.977804	
C			0.644654			2.928931			0.952251	
C			1.828081			2.570977			0.084036	
H		-0.472422		-1.015257		-0.094846	
H			1.908515		-0.968445		-0.155694	
H			3.286538			0.955643		-0.223168	
H		-1.465755			0.952610		-2.042152	
H			0.329360			2.059704		-3.074022	
H		-1.919340			0.824444			0.298691	
H		-1.320728			2.689227			1.635589	
H			0.773561			3.808381			1.590952	
C			2.592712			3.088248		-2.363985	
H			2.289373			2.925860		-3.408438	
H			2.738397			4.173082		-2.218524	
H			3.578667			2.616749		-2.234053	
C			3.031504			3.438586			0.500666	
C			3.501884			3.185562			1.934642	
H			3.879291			3.253879		-0.175217	
H			2.763319			4.502808			0.376227	
C			4.722389			4.021528			2.321397	
H			2.683265			3.388242			2.646138	
H			3.736631			2.112839			2.053226	
C			5.205182			3.776531			3.752371	
H			5.549433			3.812337			1.616909	
H			4.487541			5.095157			2.194429	
C			6.426407			4.612602			4.132864	
H			4.377436			3.987164			4.453929	
H			5.436184			2.702808			3.876642	
H			6.749707			4.413996			5.167306	
H			7.280500			4.396543			3.468808	
H			6.212248			5.691759			4.051296	
	
Transition state 0000010020: 
C		-0.693952			0.478147		-0.370436	
C			0.473901		-0.236416		-0.178190	
C			1.737340			0.283510			0.127726	
C		-0.208781			2.197791		-1.620526	
C			1.144138			2.178333		-1.912124	
C			2.225097			1.907560		-1.050525	
C		-0.824668			1.974471		-0.262961	
C		-0.173103			2.682603			0.892283	
C			1.124422			2.590070			1.209514	
C			2.077150			1.713240			0.438133	
H		-1.570667		-0.059201		-0.742110	
H			0.438228		-1.307365		-0.403377	
H			2.583772		-0.407233			0.118415	
H		-0.904361			2.291497		-2.459176	
H			1.405881			2.279085		-2.971152	
H		-1.887114			2.247168		-0.296508	
H		-0.806379			3.361601			1.473633	
H			3.067168			1.755883			0.909012	
C			3.630131			1.886187		-1.595153	
H			4.146569			2.834567		-1.356178	
H			4.231412			1.077428		-1.150902	
H			3.646478			1.757271		-2.687992	
C			1.741243			3.431305			2.298739	
C			2.752289			4.460656			1.758384	
H			0.942831			3.955264			2.850419	
H			2.256022			2.776802			3.026533	
C			2.142476			5.453689			0.766446	
H			3.190605			5.011215			2.610050	
H			3.594398			3.928269			1.283641	
C			3.133984			6.481639			0.208796	
H			1.685858			4.898111		-0.071324	
H			1.309777			5.983035			1.264053	
C			4.212972			5.882733		-0.696379	
H			2.571825			7.241810		-0.361269	
H			3.611985			7.024548			1.045195	
H			4.869341			6.664285		-1.111727	
H			4.856201			5.169927		-0.155232	
H			3.759032			5.341381		-1.543678	
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Transition state 0000010200: 
C			0.346293			0.250242			0.635672	
C			1.704612			0.294243			0.351420	
C			2.436921			1.391816		-0.103082	
C		-0.694833			1.272388		-0.947341	
C			0.219626			1.742230		-1.879273	
C			1.438206			2.396080		-1.649853	
C		-0.606193			1.412404			0.547028	
C		-0.178523			2.745325			1.116699	
C			0.951203			3.348235			0.725175	
C			1.921759			2.795895		-0.277318	
H		-0.101352		-0.724961			0.844912	
H			2.235541		-0.663250			0.370888	
H			3.472281			1.220921		-0.408271	
H		-1.521825			0.661878		-1.319877	
H			0.016782			1.473198		-2.921696	
H		-1.567667			1.125460			0.991781	
H			1.208870			4.315695			1.170217	
H			2.766880			3.488794		-0.378191	
C			2.319889			2.774442		-2.811620	
H			3.383455			2.579260		-2.601508	
H			2.051246			2.227420		-3.728024	
H			2.233133			3.857201		-3.023083	
C		-1.075238			3.341116			2.170479	
C		-1.056040			2.557117			3.492131	
H		-0.777246			4.385541			2.363266	
H		-2.114552			3.375202			1.791008	
C		-2.005471			3.123501			4.547990	
H		-1.312275			1.499188			3.302283	
H		-0.023080			2.548617			3.882604	
C		-1.979916			2.356423			5.871581	
H		-1.753550			4.184144			4.735637	
H		-3.036935			3.127960			4.148001	
C		-2.931471			2.927366			6.922305	
H		-2.230382			1.296866			5.680346	
H		-0.947969			2.352994			6.267364	
H		-2.890775			2.354681			7.862767	
H		-2.681992			3.975680			7.158574	
H		-3.975465			2.910928			6.566052	
	
Transition state 0000012000: 
C		-0.005172			0.024360			0.078225	
C			1.377796			0.012845			0.010150	
C			2.244367			1.110823		-0.071555	
C		-0.707209			1.495669		-1.352095	
C			0.380162			2.075842		-1.979327	
C			1.591238			2.517742		-1.415012	
C		-0.897674			1.246036			0.124844	
C		-0.433073			2.340866			1.057645	
C			0.769492			2.918910			1.027035	
C			1.860822			2.559804			0.066656	
H		-0.525121		-0.933376		-0.021331	
H			1.844221		-0.968602		-0.125230	
H			3.301536			0.910924		-0.261297	
H		-1.482305			1.070093		-1.996872	
H			0.349153			2.078135		-3.074429	
H		-1.142094			2.659921			1.828036	
H			1.003382			3.691504			1.766549	
H			2.749525			3.171360			0.266358	
C			2.676655			3.059509		-2.310115	
H			3.679764			2.760049		-1.968293	
H			2.559588			2.720781		-3.350690	
H			2.657962			4.165908		-2.308499	
C		-2.353421			0.858873			0.439081	
C		-3.376850			1.970345			0.204436	
H		-2.624399		-0.014407		-0.180035	
H		-2.402323			0.517645			1.488406	
C		-4.813310			1.537562			0.501022	
H		-3.128492			2.848976			0.825038	
H		-3.306997			2.318630		-0.841132	
C		-5.847168			2.641301			0.269433	
H		-5.069125			0.661399		-0.124091	
H		-4.882056			1.186688			1.547918	
C		-7.280648			2.202637			0.565922	
H		-5.589019			3.515159			0.895169	
H		-5.774143			2.990817		-0.776653	
H		-8.000816			3.017781			0.389917	
H		-7.577195			1.351816		-0.070687	
H		-7.390345			1.880860			1.615448	
	

Transition state 0000020001: 
C			0.013977		-0.042770			0.050403	
C			1.391414			0.003856		-0.075420	
C			2.207748			1.139111		-0.126500	
C		-0.805047			1.469336		-1.272087	
C			0.233454			2.125004		-1.912495	
C			1.463996			2.592801		-1.407154	
C		-0.890369			1.152124			0.195105	
C		-0.473170			2.254369			1.122079	
C			0.700019			2.884681			1.047786	
C			1.819814			2.582563			0.078350	
H		-0.480495		-1.009125		-0.080048	
H			1.891179		-0.947260		-0.287349	
H			3.261132			0.983175		-0.375497	
H		-1.601927			1.063039		-1.901241	
H			0.124761			2.177143		-2.997285	
H		-1.904899			0.818387			0.446940	
H		-1.199225			2.575963			1.875782	
H			0.891791			3.704501			1.748246	
C			2.491982			3.178393		-2.362394	
C			2.280140			2.953279		-3.859648	
H			2.559788			4.267907		-2.176514	
H			3.489126			2.789263		-2.104310	
C			3.426431			3.514958		-4.702864	
H			2.172368			1.872383		-4.059657	
H			1.335832			3.422002		-4.186489	
C			3.233234			3.320150		-6.207966	
H			3.547030			4.593216		-4.487153	
H			4.376529			3.040554		-4.393021	
C			4.383735			3.879042		-7.044186	
H			3.109035			2.242495		-6.419956	
H			2.284697			3.796969		-6.515614	
H			4.216103			3.724484		-8.122129	
H			4.508444			4.962412		-6.877454	
H			5.339502			3.394464		-6.782021	
C			3.024031			3.447918			0.473558	
H			3.269060			3.256362			1.529776	
H			3.922789			3.232257		-0.117533	
H			2.788861			4.518610			0.366686	
	
Transition state 0000020010: 
C		-0.522146			0.201771		-0.357616	
C			0.800796		-0.218512		-0.328134	
C			1.926809			0.558546		-0.051411	
C		-0.613752			2.060456		-1.421609	
C			0.662115			2.423599		-1.827412	
C			1.855505			2.381161		-1.093153	
C		-1.005277			1.594923		-0.046204	
C		-0.417682			2.309099			1.138249	
C			0.891981			2.502712			1.338941	
C			1.933437			2.003989			0.366196	
H		-1.275038		-0.500246		-0.725708	
H			0.994347		-1.240631		-0.669916	
H			2.908839			0.101119		-0.195510	
H		-1.397334			2.026834		-2.183420	
H			0.773133			2.665362		-2.890711	
H		-2.098964			1.590186			0.041600	
H		-1.125816			2.690154			1.882064	
H			2.926794			2.264840			0.750126	
C			3.145901			2.776556		-1.778204	
C			3.332385			4.305115		-1.849894	
H			4.002090			2.334209		-1.241431	
H			3.175358			2.368576		-2.802236	
C			3.298653			5.009623		-0.493623	
H			4.290652			4.521390		-2.356339	
H			2.541307			4.729448		-2.493654	
C			3.528037			6.519350		-0.577821	
H			2.322285			4.823056		-0.013701	
H			4.058470			4.562633			0.175276	
C			3.463612			7.211521			0.783258	
H			4.508197			6.715704		-1.049755	
H			2.774448			6.961254		-1.254903	
H			3.627317			8.297777			0.698003	
H			2.480974			7.057826			1.260645	
H			4.228501			6.811587			1.470514	
C			1.420756			3.213411			2.554379	
H			0.609168			3.549286			3.217093	
H			2.089216			2.552784			3.135538	
H			2.022351			4.094359			2.268861	

	
  



 - 72 - 

 
 

Supporting Information for Angewandte Chemie International Edition S72 

Transition state 0000020100: 
C		-0.152898			0.011293		-0.172521	
C			1.226816		-0.115733		-0.227219	
C			2.172453			0.903332		-0.092402	
C		-0.705746			1.740977		-1.344694	
C			0.438525			2.328133		-1.861933	
C			1.658195			2.585003		-1.215946	
C		-0.910806			1.288692			0.075337	
C		-0.449353			2.207318			1.184450	
C			0.807273			2.666848			1.241615	
C			1.889067			2.339269			0.255358	
H		-0.756803		-0.860413		-0.438380	
H			1.613882		-1.095944		-0.524410	
H			3.218337			0.657811		-0.292178	
H		-1.508910			1.498604		-2.045865	
H			0.428258			2.524063		-2.939557	
H		-1.971701			1.052031			0.228977	
H			1.084836			3.336865			2.062734	
H			2.818598			2.832476			0.565632	
C			2.796828			3.217271		-1.982404	
C			2.932241			4.728759		-1.713055	
H			3.747256			2.727301		-1.712489	
H			2.657558			3.049772		-3.063955	
C			1.720598			5.554088		-2.145607	
H			3.116195			4.892018		-0.635288	
H			3.834671			5.099034		-2.232143	
C			1.876895			7.052412		-1.879877	
H			1.533522			5.390672		-3.223923	
H			0.819772			5.182705		-1.626460	
C			0.660214			7.871629		-2.308913	
H			2.067902			7.209438		-0.802368	
H			2.778005			7.424846		-2.401080	
H			0.797834			8.945319		-2.102805	
H			0.466145			7.760999		-3.389279	
H		-0.248394			7.542173		-1.777227	
C		-1.487269			2.578882			2.205600	
H		-1.082087			3.252572			2.975508	
H		-2.349376			3.078373			1.727819	
H		-1.885209			1.678999			2.708402	
	
Transition state 0000021000: 
C		-0.099867		-0.042543		-0.161422	
C			1.277929		-0.144816		-0.246029	
C			2.220155			0.884097		-0.127803	
C		-0.695774			1.713968		-1.292620	
C			0.435760			2.317757		-1.811975	
C			1.676447			2.557966		-1.192388	
C		-0.899540			1.210478			0.117231	
C		-0.372109			2.111515			1.211255	
C			0.870744			2.594175			1.275156	
C			1.943497			2.307095			0.270853	
H		-0.690277		-0.922761		-0.433663	
H			1.671565		-1.114615		-0.567884	
H			3.261419			0.649438		-0.360636	
H		-1.505747			1.484781		-1.992030	
H			0.404699			2.537238		-2.884634	
H		-1.082593			2.385874			1.998418	
H			1.142941			3.247866			2.110183	
H			2.875260			2.802391			0.570102	
C			2.794018			3.203599		-1.979604	
C			2.915755			4.717147		-1.716150	
H			3.754794			2.725889		-1.725319	
H			2.638052			3.031502		-3.058105	
C			1.690223			5.529256		-2.134632	
H			3.112714			4.885321		-0.641400	
H			3.807053			5.095514		-2.248444	
C			1.836773			7.030103		-1.877434	
H			1.489493			5.359682		-3.209513	
H			0.800040			5.152408		-1.601322	
C			0.606859			7.836471		-2.292834	
H			2.041488			7.193557		-0.803405	
H			2.727115			7.408176		-2.412872	
H			0.737767			8.912199		-2.093182	
H			0.398784			7.719466		-3.369908	
H		-0.291235			7.501273		-1.747100	
C		-2.370460			0.882382			0.385721	
H		-2.782610			0.232193		-0.401679	
H		-2.478604			0.362324			1.350735	
H		-2.971511			1.804971			0.417143	
	

Transition state 0000100002: 
C			0.319079		-0.503351		-0.841084	
C			1.586891		-0.109170		-0.412743	
C			1.965701			1.142941			0.056543	
C		-0.492887			0.974749		-2.080078	
C			0.407999			2.036194		-2.231549	
C			1.126282			2.642655		-1.200410	
C		-0.930368			0.329637		-0.792322	
C		-1.175420			1.214483			0.391861	
C		-0.292623			2.098295			0.860132	
C			1.080288			2.344671			0.281913	
H			0.222581		-1.483559		-1.314779	
H			2.397632		-0.823546		-0.589245	
H			3.035427			1.323306			0.198232	
H		-0.880407			0.512700		-2.992420	
H			1.896557			3.363203		-1.493338	
H		-1.808069		-0.302523		-0.974114	
H		-2.154029			1.133207			0.875641	
H		-0.580946			2.719568			1.713729	
C			0.774130			2.425800		-3.653401	
H			1.150344			3.458670		-3.704787	
H			1.563621			1.762747		-4.050846	
H		-0.091566			2.350996		-4.329419	
C			1.812239			3.431052			1.089743	
C			2.117938			3.051523			2.538986	
H			2.759029			3.672342			0.575453	
H			1.204257			4.352641			1.061486	
C			2.870129			4.143855			3.300406	
H			1.180855			2.817781			3.073698	
H			2.708434			2.118523			2.556641	
C			3.182550			3.776118			4.752267	
H			3.813845			4.376137			2.771897	
H			2.279243			5.078867			3.279753	
C			3.935703			4.870643			5.507243	
H			2.237974			3.544834			5.277706	
H			3.770852			2.840505			4.769307	
H			4.145631			4.576832			6.548230	
H			4.900772			5.097407			5.023199	
H			3.354671			5.808022			5.535505	
	
Transition state 0000100020: 
C		-0.355783			0.028544		-0.136099	
C			0.982284		-0.017726			0.240899	
C			1.826744			1.068112			0.471780	
C		-0.594285			1.469515		-1.685324	
C			0.642662			2.030814		-2.001834	
C			1.572719			2.491655		-1.064003	
C		-1.177073			1.278128		-0.310442	
C		-1.036225			2.377471			0.702596	
C			0.124431			2.943845			1.054426	
C			1.432875			2.518228			0.433652	
H		-0.843390		-0.911627		-0.407082	
H			1.453526		-1.005977			0.243464	
H			2.888519			0.863225			0.631404	
H		-1.173397			1.035878		-2.505729	
H			2.553368			2.793902		-1.442580	
H		-2.236352			1.008056		-0.403399	
H		-1.957402			2.721245			1.185797	
H			2.243877			3.125644			0.854738	
C			1.090233			1.973257		-3.451252	
H			1.747665			2.818809		-3.705977	
H			1.652953			1.043585		-3.651090	
H			0.232419			1.997005		-4.140341	
C			0.203656			4.008623			2.117536	
C			0.873036			3.521155			3.412133	
H			0.770096			4.875819			1.727140	
H		-0.810468			4.375450			2.349094	
C			1.004926			4.611411			4.475615	
H			0.289154			2.674303			3.813961	
H			1.874011			3.112265			3.184296	
C			1.654520			4.127731			5.773700	
H			1.592155			5.454237			4.064872	
H			0.004452			5.026355			4.700313	
C			1.783053			5.222115			6.832574	
H			1.066148			3.284913			6.179966	
H			2.653334			3.712588			5.545569	
H			2.253701			4.843776			7.754225	
H			2.395902			6.062747			6.465348	
H			0.795404			5.630881			7.105471	
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Transition state 0000120000: 
C			0.122417			0.381709			0.781510	
C			1.500724			0.558451			0.693005	
C			2.171735			1.591070			0.045389	
C		-0.722086			0.737291		-1.129710	
C			0.266696			1.038409		-2.073348	
C			1.335355			1.934848		-1.881400	
C		-0.920886			1.323294			0.240816	
C		-0.730668			2.801068			0.418189	
C			0.364190			3.447900			0.014901	
C			1.536237			2.773783		-0.636482	
H		-0.248316		-0.556233			1.202747	
H			2.120521		-0.262086			1.069238	
H			3.258474			1.516363		-0.043666	
H		-1.403382		-0.080426		-1.379589	
H		-1.908528			1.031428			0.618670	
H		-1.545192			3.358242			0.891927	
H			0.435932			4.530250			0.163596	
H			2.304731			3.528895		-0.843140	
C			0.242468			0.207994		-3.347124	
H		-0.679340		-0.388111		-3.406495	
H			0.286823			0.832189		-4.253327	
H			1.094987		-0.491835		-3.392537	
C			2.377984			2.148710		-2.955954	
C			2.001890			3.303089		-3.901276	
H			3.346045			2.387149		-2.483721	
H			2.550528			1.236139		-3.546231	
C			3.065063			3.575287		-4.967543	
H			1.037722			3.074616		-4.389453	
H			1.824233			4.210136		-3.298595	
C			2.695384			4.673388		-5.972077	
H			4.017530			3.840254		-4.470612	
H			3.263945			2.637747		-5.517475	
C			2.538762			6.065746		-5.357803	
H			3.471376			4.710202		-6.756636	
H			1.758812			4.390840		-6.487170	
H			2.334585			6.823315		-6.131384	
H			1.709227			6.105445		-4.633745	
H			3.456663			6.370879		-4.826512	
	
Transition state 0000200001: 
C		-0.222077			0.071118			0.097389	
C			1.163874		-0.045279			0.078131	
C			2.101283			0.986004			0.022099	
C		-0.826147			1.522699		-1.339252	
C			0.291227			2.015430		-2.013980	
C			1.489363			2.410292		-1.408650	
C		-0.995172			1.360880			0.147676	
C		-0.492753			2.453652			1.044290	
C			0.748648			2.940318			1.002565	
C			1.831431			2.470944			0.061298	
H		-0.813731		-0.842169		-0.005412	
H			1.561102		-1.059513		-0.032690	
H			3.146048			0.707434		-0.143408	
H		-1.647284			1.131987		-1.947359	
H			2.326350			2.635488		-2.076330	
H		-2.047772			1.151956			0.374995	
H		-1.201541			2.864880			1.770140	
H			1.025237			3.740158			1.697612	
C			0.259387			1.949693		-3.537466	
C			0.323340			0.519369		-4.096525	
H		-0.657976			2.439342		-3.906025	
H			1.101718			2.536143		-3.940841	
C			1.578655		-0.247855		-3.683571	
H		-0.566398		-0.042305		-3.759956	
H			0.256423			0.560668		-5.199242	
C			1.630564		-1.676945		-4.224894	
H			2.475385			0.305692		-4.021580	
H			1.639431		-0.272512		-2.583378	
C			2.878069		-2.441202		-3.782932	
H			0.727228		-2.220454		-3.891788	
H			1.577919		-1.656345		-5.329083	
H			2.890186		-3.469924		-4.177807	
H			3.797158		-1.939207		-4.129999	
H			2.934927		-2.503841		-2.682843	
C			3.112931			3.271533			0.304876	
H			3.921087			2.945389		-0.368083	
H			2.934119			4.344307			0.130278	
H			3.457104			3.138993			1.342834	
	

Transition state 0000200010: 
C		-0.898188			0.398248			0.166363	
C			0.383459		-0.115813		-0.023702	
C			1.561943			0.609345		-0.168960	
C		-1.215720			2.003553		-1.165350	
C		-0.091122			2.204602		-1.971557	
C			1.223855			2.241036		-1.505444	
C		-1.247114			1.852657			0.331937	
C		-0.360152			2.719659			1.177397	
C			0.961935			2.845661			1.010500	
C			1.696131			2.105141		-0.083019	
H		-1.739345		-0.298393			0.124011	
H			0.453495		-1.195154		-0.193101	
H			2.466199			0.062163		-0.447700	
H		-2.175379			1.868037		-1.671343	
H			2.018691			2.287454		-2.255678	
H		-2.282479			1.942785			0.682869	
H		-0.846526			3.278135			1.984368	
H			2.760703			2.367852		-0.035935	
C		-0.291748			2.223958		-3.482686	
C			0.201712			0.951294		-4.189160	
H		-1.362992			2.368913		-3.701036	
H			0.228354			3.097855		-3.910746	
C		-0.475681		-0.326721		-3.696535	
H			0.047344			1.061021		-5.278337	
H			1.293017			0.856125		-4.046374	
C			0.026486		-1.594490		-4.388218	
H		-0.320312		-0.419006		-2.609293	
H		-1.569969		-0.240124		-3.837028	
C		-0.639284		-2.866990		-3.865476	
H		-0.135659		-1.510185		-5.478670	
H			1.121297		-1.668292		-4.252783	
H		-0.256324		-3.767936		-4.371444	
H		-0.463106		-2.989847		-2.783248	
H		-1.731566		-2.836973		-4.017754	
C			1.804856			3.725870			1.889689	
H			1.203596			4.230706			2.660569	
H			2.593060			3.139427			2.395431	
H			2.322417			4.499083			1.293666	
	
Transition state 0000210000: 
C		-0.458830			0.286069			0.216302	
C			0.879328		-0.049213			0.030244	
C			1.949439			0.828990		-0.119192	
C		-0.938706			1.853189		-1.141750	
C			0.158750			2.184845		-1.943887	
C			1.474097			2.390320		-1.482215	
C		-1.002846			1.684630			0.350911	
C		-0.264170			2.665581			1.212297	
C			1.024596			2.959363			1.034307	
C			1.883776			2.330582		-0.023934	
H		-1.199391		-0.516397			0.170406	
H			1.095705		-1.109880		-0.134695	
H			2.922278			0.408575		-0.385867	
H		-1.864194			1.603131		-1.666735	
H		-2.053453			1.638712			0.663147	
H		-0.827662			3.157575			2.011433	
H			1.506564			3.690423			1.691446	
H			2.900166			2.731773			0.069940	
C		-0.100503			2.163339		-3.448436	
C			0.301674			0.851962		-4.148266	
H		-1.175629			2.336158		-3.619586	
H			0.414185			3.006217		-3.936698	
C		-0.426075		-0.389475		-3.632671	
H			0.118027			0.961273		-5.233098	
H			1.388019			0.689957		-4.039922	
C		-0.020927		-1.675111		-4.355212	
H		-0.233219		-0.501353		-2.553530	
H		-1.518884		-0.244290		-3.729564	
C		-0.732283		-2.916130		-3.817133	
H		-0.222477		-1.570287		-5.437271	
H			1.072959		-1.808673		-4.265874	
H		-0.419366		-3.830050		-4.347403	
H		-0.518838		-3.061353		-2.744501	
H		-1.826684		-2.826185		-3.923902	
C			2.605916			2.734565		-2.422324	
H			2.711274			3.834346		-2.492218	
H			3.565504			2.351434		-2.043256	
H			2.479336			2.349824		-3.441021	
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Transition state 0001020000: 
C		-0.057508		-0.072833		-0.163184	
C			1.328484		-0.183047		-0.186885	
C			2.257919			0.841219		-0.034297	
C		-0.674895			1.600430		-1.334257	
C			0.468778			2.229248		-1.832358	
C			1.679476			2.526937		-1.199163	
C		-0.845574			1.182394			0.107228	
C		-0.376254			2.120947			1.181847	
C			0.864490			2.609457			1.253381	
C			1.948191			2.283975			0.266938	
H		-0.643303		-0.950311		-0.448534	
H			1.729858		-1.158764		-0.480397	
H			3.308734			0.610003		-0.225623	
H			0.450996			2.435886		-2.908421	
H		-1.896683			0.922917			0.287967	
H		-1.112084			2.417705			1.936271	
H			1.122678			3.298063			2.064587	
H			2.870222			2.801915			0.559278	
C		-1.838312			1.324820		-2.251801	
H		-1.562164			1.436076		-3.311150	
H		-2.238924			0.307858		-2.113221	
H		-2.670310			2.023076		-2.040335	
C			2.791867			3.182736		-1.984783	
C			2.904475			4.695908		-1.714485	
H			3.755772			2.709254		-1.733638	
H			2.636154			3.015630		-3.064007	
C			1.671155			5.498893		-2.127158	
H			3.102162			4.861358		-0.639438	
H			3.791848			5.083512		-2.246704	
C			1.801974			6.999434		-1.860383	
H			1.471514			5.333989		-3.203009	
H			0.785597			5.108446		-1.595830	
C			0.563604			7.795549		-2.270485	
H			2.005138			7.158218		-0.785356	
H			2.688145			7.390434		-2.393449	
H			0.683043			8.871336		-2.063977	
H			0.356578			7.683245		-3.348283	
H		-0.330852			7.447391		-1.726824	
	
Transition state 0010020000: 
C		-0.018951		-0.000078			0.002690	
C			1.353516		-0.001763		-0.032268	
C			2.244150			1.103818		-0.060340	
C		-0.703407			1.551053		-1.454048	
C			0.425886			2.106627		-2.002824	
C			1.633262			2.501040		-1.366061	
C		-0.894103			1.229129			0.008115	
C		-0.530973			2.317576			0.983466	
C			0.674030			2.892822			1.032656	
C			1.816351			2.535920			0.132824	
H		-0.531256		-0.960175		-0.108359	
H			1.830992		-0.981761		-0.141004	
H		-1.482299			1.200315		-2.137185	
H			0.439932			2.178818		-3.095418	
H		-1.935901			0.928333			0.178657	
H		-1.309196			2.647632			1.679365	
H			0.858727			3.683038			1.767749	
H			2.689699			3.148121			0.387851	
C			3.723942			0.825083		-0.046637	
H			3.951882		-0.183602		-0.423576	
H			4.297901			1.546254		-0.648716	
H			4.117450			0.900379			0.984484	
C			2.696872			3.165755		-2.210481	
C			2.788298			4.689624		-1.982956	
H			3.691475			2.734186		-2.008780	
H			2.492481			2.955001		-3.272364	
C			1.471699			5.451845		-2.163837	
H			3.168724			4.877455		-0.963836	
H			3.552630			5.099095		-2.668013	
C			0.911735			5.432809		-3.588117	
H			0.714673			5.040693		-1.472344	
H			1.625129			6.502264		-1.857086	
C		-0.400544			6.204375		-3.721195	
H			1.665373			5.851740		-4.280461	
H			0.750079			4.390839		-3.911177	
H		-0.782345			6.185271		-4.754723	
H		-1.178103			5.772827		-3.068792	
H		-0.275242			7.261235		-3.430310	
	

Transition state 0010200000: 
C		-0.133842			0.045763			0.085304	
C			1.246765		-0.043145			0.030394	
C			2.187817			1.000102		-0.044422	
C		-0.805704			1.537234		-1.352796	
C			0.308205			2.023003		-2.025159	
C			1.515196			2.399114		-1.412963	
C		-0.939527			1.316425			0.133522	
C		-0.463533			2.400771			1.059635	
C			0.771877			2.905273			1.026324	
C			1.827954			2.463097			0.058258	
H		-0.703634		-0.882829		-0.007643	
H			1.655988		-1.052798		-0.084176	
H		-1.634498			1.159545		-1.959463	
H			2.351407			2.638735		-2.074255	
H		-1.984365			1.075384			0.366295	
H		-1.177958			2.777209			1.798798	
H			1.051806			3.688873			1.737658	
H			2.739070			3.053815			0.215340	
C			3.652195			0.671369		-0.182801	
H			4.168518			1.373073		-0.856262	
H			4.158050			0.741186			0.798783	
H			3.809845		-0.345385		-0.573886	
C			0.283548			1.967196		-3.548429	
C			0.438694			0.545154		-4.113134	
H		-0.662427			2.399092		-3.915701	
H			1.088014			2.607157		-3.948412	
C			1.734597		-0.146622		-3.691563	
H		-0.418217		-0.068717		-3.782901	
H			0.378419			0.586657		-5.216339	
C			1.890640		-1.561863		-4.248044	
H			2.599215			0.468563		-4.006206	
H			1.777599		-0.183799		-2.591600	
C			3.173878		-2.247954		-3.780320	
H			1.016508		-2.166527		-3.943929	
H			1.865161		-1.531709		-5.352942	
H			3.265176		-3.269057		-4.184428	
H			4.066601		-1.682069		-4.096606	
H			3.205199		-2.319436		-2.679558	
	
Transition state 0012000000: 
C			0.581715		-0.383158		-0.052808	
C			1.893973			0.016442		-0.259962	
C			2.436885			1.307097		-0.186906	
C		-0.787468			0.955453		-1.047285	
C		-0.006444			1.931022		-1.663865	
C			1.104749			2.605828		-1.158149	
C		-0.565099			0.492394			0.376115	
C		-0.308922			1.522193			1.439340	
C			0.680261			2.417495			1.383335	
C			1.648713			2.523202			0.241887	
H			0.326058		-1.418176		-0.294645	
H			2.572077		-0.757720		-0.635777	
H		-0.219218			2.106566		-2.724807	
H			1.673191			3.229473		-1.852553	
H		-1.407063		-0.137901			0.684879	
H		-0.977276			1.517068			2.306520	
H			0.802900			3.132080			2.203675	
H			2.337825			3.357737			0.423855	
C			3.888907			1.533960		-0.519602	
H			4.034789			2.435152		-1.136484	
H			4.478152			1.685811			0.404864	
H			4.323976			0.681198		-1.062474	
C		-1.911402			0.307353		-1.823612	
C		-3.220669			1.119286		-1.765527	
H		-1.621583			0.182865		-2.880259	
H		-2.099508		-0.706523		-1.430632	
C		-3.768191			1.349329		-0.356471	
H		-3.049891			2.098034		-2.248498	
H		-3.983808			0.602748		-2.376035	
C		-5.086500			2.125354		-0.335407	
H		-3.910943			0.374989			0.148474	
H		-3.020148			1.897206			0.243234	
C		-5.622413			2.365955			1.075388	
H		-4.941864			3.094145		-0.847456	
H		-5.840839			1.580238		-0.931993	
H		-6.569437			2.929057			1.061699	
H		-5.808143			1.412982			1.599408	
H		-4.901185			2.939144			1.682216	

	
  



 - 75 - 

 
 

 

 

 

 

Supporting Information for Angewandte Chemie International Edition S75 

Transition state 0020100000: 
C		-0.274253			0.390938			0.579179	
C			1.095334			0.181218			0.718662	
C			2.145098			1.049684			0.405887	
C		-0.676629			1.290310		-1.300332	
C			0.521078			1.451800		-2.000974	
C			1.701602			1.966616		-1.460623	
C		-0.946383			1.659645			0.135961	
C		-0.415294			2.957859			0.670268	
C			0.869047			3.311771			0.592586	
C			1.928929			2.472702		-0.060163	
H		-0.931945		-0.467492			0.739971	
H			1.380968		-0.838454			0.992512	
H		-1.485886			0.755147		-1.805072	
H			2.595701			1.923352		-2.088341	
H		-2.024103			1.594765			0.330221	
H		-1.130557			3.627633			1.158292	
H			1.188828			4.268717			1.017507	
H			2.883298			3.012588		-0.021832	
C			3.585011			0.580523			0.497998	
C			3.871340		-0.866242			0.073821	
H			4.212145			1.254885		-0.109250	
H			3.928981			0.725725			1.541133	
C			3.500522		-1.170256		-1.377860	
H			4.946348		-1.066610			0.229997	
H			3.344044		-1.570170			0.741422	
C			3.803710		-2.606676		-1.805200	
H			2.428390		-0.963035		-1.528725	
H			4.035055		-0.467920		-2.045030	
C			3.406783		-2.896472		-3.252414	
H			4.880601		-2.814295		-1.665754	
H			3.274382		-3.303601		-1.129667	
H			3.627999		-3.937648		-3.537315	
H			2.327639		-2.728686		-3.409073	
H			3.945516		-2.236409		-3.953231	
C			0.598456			0.857293		-3.396244	
H			1.332681			1.387894		-4.021418	
H			0.904991		-0.203443		-3.355577	
H		-0.373887			0.901991		-3.909948	
	

Transition state 0100200000: 
C		-0.246098			0.094013			0.165752	
C			1.127617		-0.117521			0.089058	
C			2.089369			0.900640			0.000973	
C		-0.822935			1.568566		-1.307614	
C			0.305448			1.980059		-2.010933	
C			1.532025			2.321482		-1.421741	
C		-0.960759			1.420493			0.185383	
C		-0.419198			2.511682			1.064879	
C			0.841665			2.943765			1.001094	
C			1.855575			2.387449			0.046455	
H		-0.892914		-0.786234			0.102920	
H			3.124182			0.597032		-0.178784	
H		-1.677217			1.215701		-1.893621	
H			2.373846			2.506548		-2.093985	
H		-2.016714			1.252132			0.430965	
H		-1.108503			2.961609			1.786552	
H			1.174619			3.743334			1.670426	
H			2.814127			2.901886			0.185475	
C			1.605398		-1.549229		-0.080644	
H			1.023045		-2.244054			0.543717	
H			1.500506		-1.880817		-1.128379	
H			2.664629		-1.658191			0.197300	
C			0.251774			1.879871		-3.530557	
C			0.392512			0.442901		-4.061910	
H		-0.703135			2.300389		-3.887211	
H			1.045376			2.509422		-3.967494	
C			1.746378		-0.202849		-3.768179	
H		-0.407577		-0.179365		-3.622744	
H			0.215625			0.444750		-5.153076	
C			1.844621		-1.659435		-4.223082	
H			2.546249			0.388187		-4.253586	
H			1.948038		-0.146564		-2.686740	
C			3.203722		-2.291593		-3.924427	
H			1.047621		-2.244253		-3.727470	
H			1.632867		-1.724438		-5.306144	
H			3.247921		-3.342238		-4.253671	
H			4.016846		-1.747068		-4.433619	
H			3.421558		-2.270175		-2.843298	
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1. General Information 
 
NMR analysis was conducted using a Bruker Advance III-HD 300, 500, 700, 500 Agilent, and 600 MHz 

Oxford spectrometer. Chemical shifts are referenced to the residual solvent resonance as the internal 

standard (CHCl3: δ = 7.26 ppm for 1H NMR and δ = 77.16 ppm for 13C NMR). Data are reported as 

follows: chemical shift, multiplicity (br s = broad singlet, s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet). The assignment of signals was assisted correlated spectroscopy (COSY), heteronuclear 

single quantum coherence (HSQC), heteronuclear multiple bond correlation (HMBC), total correlated 

spectroscopy (TOCSY), distortonless enhancement of polarization transfer (DEPT), and HSQC-

TOCSY. For VT-NMR experiments, the sample temperature was calibrated using the methanol shift 

method.1 High-resolution mass spectroscopy was recorded using an Agilent 6230 TOF LC/MS (ESI) 

for samples containing a hydroxy or an aldehyde. For the other samples the high-resolution mass 

spectrometry was recorded using a Micromass/Waters Autospec Premier spectrometer (EI). The 

samples were analysed in positive mode and most of them using magnet scan. The data were collected 

in centroid mode, scanned in 2 s with an inter-scan delay of 0.2 s. The mass spectrometer is run at 70 

eV with trap current 200 uA. Source temperature was kept at 150 degrees. Samples were introduced by 

direct insertion probe and dry-ice was used to cool the probe. PFK was used as a reference via heated 

reference inlet. Infra-red spectra were recorded using a PerkinElmer spectrum 100 FTIR spectrometer 

equipped with a zinc selenide crystal. Melting points were recorded using an Electrothermal IA9300 

capillary melting point apparatus and are uncorrected. 

 

Cyclooctatetraene was obtained as a generous gift from Dr Graham Gream (The University of 

Adelaide). The material was manufactured by BASF, most likely sometime in the 1970s. Samples were 

purified by vacuum distillation using a short vigrex column (20 mbar/ 60 C) and stored in a freezer 

under an atmosphere of argon. All other chemicals were purchased from commercial suppliers and used 

as received.  

All reactions were performed in flame-dried glassware using conventional Schlenk techniques under 

static pressure of nitrogen. Liquids and solutions were transferred with syringes. 1,2-dichloroethane, 

2,2,2-trifluoroethane, and acetone were dried over 4 Å molecular sieves.  

 
  

 
1 Amman, C. Meier P.; Merbach, A. E. J. Magn. Reson. 1982, 46, 319-321. 
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2. Experimental Procedures 
 
General procedure A: Under argon atmosphere, a 20 mL oven-dried sealed tube was charged with 

CoBr2(dppe) (10 mol%), zinc iodide (20 mol%), and zinc dust (30 mol%). The tube was flushed with 

argon and evacuated under high-vacuum three times. Afterwards, the solvent (either 1,2-dichlorethane 

or trifluoroethanol) was added and the reaction mixture stirred for 15 min at room temperature. 2 (1.00 

mmol, 1.00 eq) and the substituted acetylene (1-2 eq) were added to the solution and the reaction stirred 

for 16 - 24 h at either room temperature or 55 C. After the reaction was complete, the suspension was 

filtered through a short pad of silica gel eluting with either hexane or ethyl acetate. The solvent was 

evaporated under vacuum, and the desired product was purified by column chromatography. 

 

General procedure B: A 20 mL pyrex sealed tube charged with 36 mM of 4a-g in dry acetone. The 

solution was flushed with argon and was placed in a water bath 2.5 cm away from a 150W high-pressure 

mercury emission lamp (Osram SUPRATEC HTT 150-211). The tube was irradiated for 3 – 10h. After 

the reaction was complete, the solvent was evaporated and the desired product was purified by flash 

column chromatography on silica gel.  
 

Synthesis of bromocyclooctatetraene 
Prepared according to a reported procedure.2  Under argon atmosphere an oven dried 250 

mL two neck round bottom flask was equipped with a dropping funnel and a digital 

thermometer was charged with cyclooctatetraene (6.45 mL, 66.6 mmol, 1.00 eq) and dichloromethane 

(60 mL). The reaction mixture was cooled to -78 C in a cooling bath of dry ice and acetone. Bromine 

(2.95 mL, 5.92 mmol, 0.10 eq) and dichloromethane (40 mL) were added to a dropping funnel. The 

solution of bromine was added slowly over one hour and the reaction stirred at -78 C for another hour. 

Under argon atmosphere a solution of potassium tert-butoxide (9.00 g, 80.2 mmol, 1.20 eq) in 

tetrahydrofuran (40 mL) was prepared in an oven dried 100 mL round bottom flask. The potassium tert-

butoxide solution was transferred into a dropping funnel, which was added slowly over one hour to the 

reaction solution. During the addition the temperature was maintained between -70 and -78 C. The 

reaction was stirred for two hours at -78 C and was quenched with an aqueous ammonium chloride 

solution and extracted with dichloromethane. The organic layer was washed with distilled water, 

aqueous sodium chloride solution, dried over MgSO4 and the solvent was removed under vacuum. The 

product was obtained as a brown oil without any further purification (10.4 g, 85%). IR (ATR): v/cm-1 

= 3006, 1623, 1372, 1214, 1048, 951, 916, 853, 806, 778, 727 1H NMR (500 MHz, CDCl3) = δ 6.22 

(1H, s), 5.94 – 5.81 (5H, m), 5.66 – 5.61 (1H, m). 13C NMR (125 MHz, CDCl3) δ 133.4 (CH), 132.9 

(CH), 132.2 (CH), 131.0 (C), 121.5 (CH). 

 

 
2 Gasteiger, J.; Gream, G. E.; Huisgen, R.; Konz, W. E.; Schengg, U. Chem. Ber. 1971, 104(8), 2412-
2419  
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Table 1. Computational and experimental relative energies and ratios for bullvalene 4a  

  

 
Table 2. Computational and experimental relative energies and ratios for bullvalene 4b

 

 

Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 001 2 25.74 0.0% 0.0% 25.68 0.0% 0.0% 0.0%
000 000 002 1 42.21 0.0% 0.0% 41.20 0.0% 0.0% 0.0%
000 000 010 2 13.55 0.0% 0.1% 13.34 0.0% 0.1% 0.0%
000 000 012 0 23.38 0.0% 0.0% 23.20 0.0% 0.0% 0.0%
000 000 020 1 26.70 0.0% 0.0% 25.69 0.0% 0.0% 0.0%
000 000 021 0 21.35 0.0% 0.0% 20.97 0.0% 0.0% 0.0%
000 000 100 2 17.85 0.0% 0.0% 17.23 0.0% 0.0% 0.0%
000 000 102 0 10.35 0.1% 0.5% 9.82 0.2% 0.6% 0.0%
000 000 120 0 30.54 0.0% 0.0% 29.87 0.0% 0.0% 0.0%
000 000 200 1 31.41 0.0% 0.0% 30.53 0.0% 0.0% 0.0%
000 000 201 0 7.47 0.6% 1.6% 7.21 0.7% 1.7% 0.0%
000 000 210 0 28.61 0.0% 0.0% 28.77 0.0% 0.0% 0.0%
000 001 002 0 * 0.00 78.8% 64.6% 0.00 76.8% 62.8% 66.0%
000 001 020 0 * 2.83 16.0% 20.7% 2.59 17.8% 22.1% 34.0%
000 001 200 0 * 7.55 1.1% 3.1% 7.75 1.0% 2.8% 0.0%
000 002 010 0 * 6.45 2.1% 4.8% 6.34 2.1% 4.9% 0.0%
000 002 100 0 * 10.56 0.2% 0.9% 10.03 0.3% 1.1% 0.0%
000 010 020 0 * 7.84 0.9% 2.7% 7.78 0.9% 2.7% 0.0%
000 010 200 0 * 12.14 0.1% 0.5% 12.09 0.1% 0.5% 0.0%
000 020 100 0 * 11.82 0.1% 0.6% 11.21 0.1% 0.7% 0.0%
000 100 200 0 * 32.41 0.0% 0.0% 31.86 0.0% 0.0% 0.0%

chloroformisomer gas phase

Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mo ) pop. -60°C pop. 25°C pop. -60°C

000 000 001 2 35.20 0.0% 0.0% 33.86 0.0% 0.0% 0.0%
000 000 002 1 49.45 0.0% 0.0% 47.30 0.0% 0.0% 0.0%
000 000 010 2 23.36 0.0% 0.0% 21.70 0.0% 0.0% 0.0%
000 000 012 0 23.93 0.0% 0.0% 22.16 0.0% 0.0% 0.0%
000 000 020 1 24.46 0.0% 0.0% 23.63 0.0% 0.0% 0.0%
000 000 021 0 22.37 0.0% 0.0% 20.52 0.0% 0.0% 0.0%
000 000 100 2 27.29 0.0% 0.0% 24.50 0.0% 0.0% 0.0%
000 000 102 0 8.33 0.3% 0.9% 7.72 0.3% 1.0% 0.0%
000 000 120 0 36.97 0.0% 0.0% 35.12 0.0% 0.0% 0.0%
000 000 200 1 35.49 0.0% 0.0% 32.59 0.0% 0.0% 0.0%
000 000 201 0 10.54 0.1% 0.4% 11.01 0.1% 0.3% 0.0%
000 000 210 0 42.82 0.0% 0.0% 41.86 0.0% 0.0% 0.0%
000 001 002 0 * 1.66 24.3% 25.7% 0.73 34.7% 32.8% 76.0%
000 001 020 0 * 0.00 62.2% 50.3% 0.00 52.3% 44.0% 24.0%
000 001 200 0 * 8.51 0.5% 1.6% 8.57 0.4% 1.4% 0.0%
000 002 010 0 * 3.89 6.9% 10.5% 3.76 6.3% 9.6% 0.0%
000 002 100 0 * 11.71 0.1% 0.4% 11.61 0.1% 0.4% 0.0%
000 010 020 0 * 4.47 5.0% 8.3% 4.07 5.3% 8.5% 0.0%
000 010 200 0 * 13.60 0.0% 0.2% 13.84 0.0% 0.2% 0.0%
000 020 100 0 * 8.36 0.6% 1.7% 7.91 0.6% 1.8% 0.0%
000 100 200 0 * 33.68 0.0% 0.0% 32.00 0.0% 0.0% 0.0%

chloroformisomer gas phase
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Table 3. Computational and experimental relative energies and ratios for bullvalene 4c  

 
 
Table 4. Computational and experimental relative energies and ratios for bullvalene 4d  

 

 
Table 5. Computational and experimental relative energies and ratios for bullvalene 4e  

 

Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 001 2 40.41 0.0% 0.0% 36.49 0.0% 0.0% 0.0%
000 000 002 1 46.24 0.0% 0.0% 45.96 0.0% 0.0% 0.0%
000 000 010 2 23.61 0.0% 0.0% 20.21 0.0% 0.0% 0.0%
000 000 012 0 21.80 0.0% 0.0% 20.79 0.0% 0.0% 0.0%
000 000 020 1 28.97 0.0% 0.0% 27.10 0.0% 0.0% 0.0%
000 000 021 0 19.49 0.0% 0.0% 18.46 0.0% 0.0% 0.0%
000 000 100 2 30.42 0.0% 0.0% 26.05 0.0% 0.0% 0.0%
000 000 102 0 12.12 0.0% 0.3% 10.81 0.1% 0.4% 0.0%
000 000 120 0 34.10 0.0% 0.0% 32.91 0.0% 0.0% 0.0%
000 000 200 1 37.03 0.0% 0.0% 34.18 0.0% 0.0% 0.0%
000 000 201 0 11.87 0.1% 0.3% 8.52 0.3% 1.1% 0.0%
000 000 210 0 38.29 0.0% 0.0% 37.27 0.0% 0.0% 0.0%
000 001 002 0 * 0.00 87.3% 72.4% 0.00 81.4% 65.4% 75.0%
000 001 020 0 * 4.75 6.0% 10.7% 3.70 10.1% 14.7% 25.0%
000 001 200 0 * 13.07 0.1% 0.4% 10.98 0.2% 0.8% 0.0%
000 002 010 0 * 6.38 2.4% 5.5% 6.01 2.8% 5.8% 0.0%
000 002 100 0 * 13.16 0.1% 0.4% 11.76 0.1% 0.6% 0.0%
000 010 020 0 * 6.98 1.7% 4.3% 6.37 2.2% 5.0% 0.0%
000 010 200 0 * 13.93 0.0% 0.3% 12.20 0.1% 0.5% 0.0%
000 020 100 0 * 6.40 2.4% 5.5% 6.01 2.7% 5.8% 0.0%
000 100 200 0 * 36.81 0.0% 0.0% 34.85 0.0% 0.0% 0.0%

chloroformisomer gas phase

Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 001 2 30.65 0.0% 0.0% 28.20 0.0% 0.0% 0.0%
000 000 002 1 46.06 0.0% 0.0% 47.05 0.0% 0.0% 0.0%
000 000 010 2 17.78 0.0% 0.0% 15.08 0.0% 0.1% 0.0%
000 000 012 0 23.31 0.0% 0.0% 22.33 0.0% 0.0% 0.0%
000 000 020 1 28.04 0.0% 0.0% 25.14 0.0% 0.0% 0.0%
000 000 021 0 22.22 0.0% 0.0% 21.04 0.0% 0.0% 0.0%
000 000 100 2 22.30 0.0% 0.0% 19.05 0.0% 0.0% 0.0%
000 000 102 0 10.20 0.1% 0.6% 7.97 0.4% 1.1% 0.0%
000 000 120 0 30.45 0.0% 0.0% 31.36 0.0% 0.0% 0.0%
000 000 200 1 34.69 0.0% 0.0% 30.30 0.0% 0.0% 0.0%
000 000 201 0 8.05 0.5% 1.4% 4.48 2.7% 4.3% 0.0%
000 000 210 0 31.62 0.0% 0.0% 30.87 0.0% 0.0% 0.0%
000 001 002 0 * 0.00 88.0% 74.1% 0.00 67.1% 52.8% 76.0%
000 001 020 0 * 4.33 7.7% 12.9% 2.25 18.8% 21.3% 24.0%
000 001 200 0 * 8.36 0.8% 2.5% 4.70 4.7% 7.9% 0.0%
000 002 010 0 * 6.48 2.3% 5.4% 4.59 5.0% 8.3% 0.0%
000 002 100 0 * 15.59 0.0% 0.1% 11.41 0.1% 0.5% 0.0%
000 010 020 0 * 9.43 0.4% 1.7% 8.03 0.7% 2.1% 0.0%
000 010 200 0 * 11.67 0.1% 0.7% 9.59 0.3% 1.1% 0.0%
000 020 100 0 * 12.55 0.1% 0.5% 11.66 0.1% 0.5% 0.0%
000 100 200 0 * 32.74 0.0% 0.0% 31.45 0.0% 0.0% 0.0%

chloroformisomer gas phase

Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 001 1 0.0% 0.0% 0.0% 60.07 0.0% 0.0% 0.0%
000 000 010 1 0.0% 0.0% 0.0% 24.21 0.0% 0.0% 0.0%
000 000 011 0 0.0% 0.0% 0.0% 45.24 0.0% 0.0% 0.0%
000 000 100 1 0.0% 0.0% 0.0% 28.79 0.0% 0.0% 0.0%
000 000 101 0 2.8% 3.4% 5.2% 4.59 7.2% 6.2% 0.0%
000 000 110 0 0.0% 0.0% 0.0% 52.88 0.0% 0.0% 0.0%
000 001 001 0 59.0% 72.5% 46.1% 0.00 48.0% 39.4% 70.0%
000 001 010 0 * 34.0% 20.9% 37.9% 1.59 39.1% 41.4% 30.0%
000 001 100 0 * 2.4% 1.5% 5.7% 5.76 3.7% 7.7% 0.0%
000 010 010 0 1.0% 1.2% 2.5% 6.78 1.1% 2.6% 0.0%
000 010 100 0 * 0.8% 0.5% 2.7% 8.23 0.9% 2.9% 0.0%
000 100 100 0 0.0% 0.0% 0.0% 49.90 0.0% 0.0% 0.0%

chloroformisomer gas phase
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Table 6. Computational and experimental relative energies and ratios for bullvalene 4f  

 
 

experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 012 2 43.38 0.0% 0.0% 43.31 0.0% 0.0% 0.0%
000 000 021 2 77.35 0.0% 0.0% 73.63 0.0% 0.0% 0.0%
000 000 022 1 68.51 0.0% 0.0% 66.76 0.0% 0.0% 0.0%
000 000 102 2 24.67 0.0% 0.0% 22.87 0.0% 0.0% 0.0%
000 000 120 2 47.73 0.0% 0.0% 45.80 0.0% 0.0% 0.0%
000 000 122 0 55.01 0.0% 0.0% 54.14 0.0% 0.0% 0.0%
000 000 201 2 43.36 0.0% 0.0% 37.55 0.0% 0.0% 0.0%
000 000 202 1 59.00 0.0% 0.0% 56.24 0.0% 0.0% 0.0%
000 000 210 2 48.52 0.0% 0.0% 45.38 0.0% 0.0% 0.0%
000 000 212 0 82.72 0.0% 0.0% 78.69 0.0% 0.0% 0.0%
000 000 220 1 38.83 0.0% 0.0% 35.23 0.0% 0.0% 0.0%
000 000 221 0 38.66 0.0% 0.0% 37.65 0.0% 0.0% 0.0%
000 001 002 2 * 36.00 0.0% 0.0% 34.51 0.0% 0.0% 0.0%
000 001 020 2 * 39.35 0.0% 0.0% 34.79 0.0% 0.0% 0.0%
000 001 022 0 * 21.77 0.0% 0.0% 19.87 0.0% 0.1% 0.0%
000 001 200 2 * 43.35 0.0% 0.0% 37.61 0.0% 0.0% 0.0%
000 001 202 0 * 12.71 0.2% 1.0% 9.17 1.0% 3.4% 0.0%
000 001 220 0 * 15.02 0.0% 0.4% 12.09 0.2% 1.0% 0.0%
000 002 002 1 73.13 0.0% 0.0% 74.39 0.0% 0.0% 0.0%
000 002 010 2 * 20.71 0.0% 0.0% 19.08 0.0% 0.1% 0.0%
000 002 012 0 * 22.65 0.0% 0.0% 24.46 0.0% 0.0% 0.0%
000 002 020 1 * 54.65 0.0% 0.0% 53.52 0.0% 0.0% 0.0%
000 002 021 0 * 23.57 0.0% 0.0% 22.82 0.0% 0.0% 0.0%
000 002 100 2 * 24.80 0.0% 0.0% 22.81 0.0% 0.0% 0.0%
000 002 102 0 * 11.79 0.3% 1.4% 10.61 0.5% 1.9% 0.0%
000 002 120 0 * 39.78 0.0% 0.0% 45.28 0.0% 0.0% 0.0%
000 002 200 1 * 58.94 0.0% 0.0% 56.31 0.0% 0.0% 0.0%
000 002 201 0 * 12.55 0.2% 1.0% 8.74 1.3% 4.0% 0.0%
000 002 210 0 * 37.38 0.0% 0.0% 34.74 0.0% 0.0% 0.0%
000 010 020 2 * 26.32 0.0% 0.0% 21.63 0.0% 0.0% 0.0%
000 010 022 0 * 31.62 0.0% 0.0% 28.43 0.0% 0.0% 0.0%
000 010 200 2 * 28.91 0.0% 0.0% 24.22 0.0% 0.0% 0.0%
000 010 202 0 * 17.43 0.0% 0.1% 13.55 0.1% 0.6% 0.0%
000 010 220 0 * 19.83 0.0% 0.1% 19.99 0.0% 0.0% 0.0%
000 012 020 0 * 32.12 0.0% 0.0% 28.83 0.0% 0.0% 0.0%
000 012 200 0 * 35.69 0.0% 0.0% 32.45 0.0% 0.0% 0.0%
000 020 020 1 37.17 0.0% 0.0% 31.95 0.0% 0.0% 0.0%
000 020 021 0 * 31.35 0.0% 0.0% 28.00 0.0% 0.0% 0.0%
000 020 100 2 * 29.65 0.0% 0.0% 26.83 0.0% 0.0% 0.0%
000 020 102 0 * 18.18 0.0% 0.1% 16.10 0.0% 0.2% 0.0%
000 020 120 0 * 40.12 0.0% 0.0% 39.43 0.0% 0.0% 0.0%
000 020 200 1 * 39.86 0.0% 0.0% 37.50 0.0% 0.0% 0.0%
000 020 201 0 * 15.37 0.0% 0.3% 14.01 0.1% 0.5% 0.0%
000 020 210 0 * 40.31 0.0% 0.0% 37.57 0.0% 0.0% 0.0%
000 021 200 0 * 32.57 0.0% 0.0% 32.35 0.0% 0.0% 0.0%
000 022 100 0 * 36.57 0.0% 0.0% 36.01 0.0% 0.0% 0.0%
000 100 200 2 * 51.75 0.0% 0.0% 46.06 0.0% 0.0% 0.0%
000 100 202 0 * 40.89 0.0% 0.0% 35.63 0.0% 0.0% 0.0%
000 100 220 0 * 44.37 0.0% 0.0% 41.71 0.0% 0.0% 0.0%
000 102 200 0 * 40.27 0.0% 0.0% 35.15 0.0% 0.0% 0.0%
000 120 200 0 * 75.27 0.0% 0.0% 69.41 0.0% 0.0% 0.0%
000 200 200 1 42.03 0.0% 0.0% 37.47 0.0% 0.0% 0.0%
000 200 201 0 * 17.61 0.0% 0.1% 13.86 0.1% 0.5% 0.0%
000 200 210 0 * 64.52 0.0% 0.0% 61.95 0.0% 0.0% 0.0%
001 002 002 0 0.00 96.9% 82.2% 0.00 90.1% 68.0% 71.0%
001 002 020 0 * 9.10 1.1% 4.2% 7.28 3.0% 7.2% 29.0%
001 002 200 0 * 12.99 0.1% 0.9% 9.30 0.9% 3.2% 0.0%
001 020 020 0 13.72 0.0% 0.3% 9.19 0.5% 1.7% 0.0%
001 020 200 0 * 16.62 0.0% 0.2% 14.65 0.0% 0.4% 0.0%
001 200 200 0 18.53 0.0% 0.0% 14.54 0.0% 0.2% 0.0%
002 002 010 0 8.08 1.0% 6.3% 6.97 1.8% 4.1% 0.0%
002 002 100 0 12.48 0.1% 0.5% 11.48 0.1% 0.7% 0.0%
002 010 020 0 * 15.29 0.0% 0.3% 11.39 0.3% 1.4% 0.0%
002 010 200 0 * 17.75 0.0% 0.1% 13.66 0.0% 0.5% 0.0%
002 020 100 0 * 18.52 0.0% 0.1% 15.78 0.0% 0.2% 0.0%
002 100 200 0 * 40.61 0.0% 0.0% 35.58 0.0% 0.0% 0.0%
010 020 020 0 18.61 0.0% 0.0% 14.72 0.0% 0.2% 0.0%
010 020 200 0 * 20.72 0.0% 0.0% 19.70 0.0% 0.1% 0.0%
010 200 200 0 22.09 0.0% 0.0% 18.14 0.0% 0.0% 0.0%
020 020 100 0 29.11 0.0% 0.0% 23.62 0.0% 0.0% 0.0%
020 100 200 0 * 39.62 0.0% 0.0% 38.17 0.0% 0.0% 0.0%
100 200 200 0 73.52 0.0% 0.0% 71.47 0.0% 0.0% 0.0%

chloroformgas phaseisomer
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Table 7. Computational analysis of bullvalene 4g at B3LYP-D3BJ/Def2-TZVPPD in the gas phase and CPCM 
solvent(chloroform)  Note that Isomers 001 002 030 0 and 001 003 020 0 are experimentally indistinguishable  

 
 

Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 012 3 50.61 0.0% 0.0% 47.91 0.0% 0.0% 0.0%
000 000 013 2 46.41 0.0% 0.0% 44.42 0.0% 0.0% 0.0%
000 000 021 3 75.03 0.0% 0.0% 71.84 0.0% 0.0% 0.0%
000 000 023 1 65.65 0.0% 0.0% 62.75 0.0% 0.0% 0.0%
000 000 031 2 77.19 0.0% 0.0% 73.30 0.0% 0.0% 0.0%
000 000 032 1 64.29 0.0% 0.0% 63.01 0.0% 0.0% 0.0%
000 000 102 3 33.40 0.0% 0.0% 26.89 0.0% 0.0% 0.0%
000 000 103 2 19.20 0.0% 0.0% 17.80 0.0% 0.0% 0.0%
000 000 120 3 47.11 0.0% 0.0% 46.63 0.0% 0.0% 0.0%
000 000 123 0 53.97 0.0% 0.0% 53.23 0.0% 0.0% 0.0%
000 000 130 2 46.75 0.0% 0.0% 44.52 0.0% 0.0% 0.0%
000 000 132 0 52.14 0.0% 0.0% 50.45 0.0% 0.0% 0.0%
000 000 201 3 40.30 0.0% 0.0% 35.30 0.0% 0.0% 0.0%
000 000 203 1 53.31 0.0% 0.0% 51.48 0.0% 0.0% 0.0%
000 000 210 3 41.56 0.0% 0.0% 38.78 0.0% 0.0% 0.0%
000 000 213 0 82.80 0.0% 0.0% 77.41 0.0% 0.0% 0.0%
000 000 230 1 35.39 0.0% 0.0% 32.03 0.0% 0.0% 0.0%
000 000 231 0 41.87 0.0% 0.0% 38.81 0.0% 0.0% 0.0%
000 000 301 2 37.03 0.0% 0.0% 31.73 0.0% 0.0% 0.0%
000 000 302 1 54.35 0.0% 0.0% 52.92 0.0% 0.0% 0.0%
000 000 310 2 47.02 0.0% 0.0% 44.70 0.0% 0.0% 0.0%
000 000 312 0 75.94 0.0% 0.0% 73.89 0.0% 0.0% 0.0%
000 000 320 1 48.70 0.0% 0.0% 43.54 0.0% 0.0% 0.0%
000 000 321 0 45.17 0.0% 0.0% 43.34 0.0% 0.0% 0.0%
000 001 002 3 * 39.76 0.0% 0.0% 34.63 0.0% 0.0% 0.0%
000 001 003 2 * 35.32 0.0% 0.0% 33.36 0.0% 0.0% 0.0%
000 001 020 3 * 37.17 0.0% 0.0% 35.54 0.0% 0.0% 0.0%
000 001 023 0 * 23.55 0.0% 0.0% 20.70 0.0% 0.0% 0.0%
000 001 030 2 * 30.41 0.0% 0.0% 26.17 0.0% 0.0% 0.0%
000 001 032 0 * 16.95 0.0% 0.1% 16.73 0.0% 0.0% 0.0%
000 001 200 3 * 41.65 0.0% 0.0% 33.99 0.0% 0.0% 0.0%
000 001 203 0 * 12.77 0.0% 0.3% 8.47 0.4% 1.1% 0.0%
000 001 230 0 * 8.45 0.5% 1.5% 6.18 1.4% 2.6% 0.0%
000 001 300 2 * 38.35 0.0% 0.0% 34.59 0.0% 0.0% 0.0%
000 001 302 0 * 7.68 0.8% 2.0% 6.76 1.0% 2.1% 0.0%
000 001 320 0 * 23.73 0.0% 0.0% 17.41 0.0% 0.0% 0.0%
000 002 003 1 * 69.57 0.0% 0.0% 69.08 0.0% 0.0% 0.0%
000 002 010 3 * 23.03 0.0% 0.0% 17.08 0.0% 0.0% 0.0%
000 002 013 0 * 21.42 0.0% 0.0% 19.32 0.0% 0.0% 0.0%
000 002 030 1 * 48.05 0.0% 0.0% 48.17 0.0% 0.0% 0.0%
000 002 031 0 * 16.70 0.0% 0.1% 17.88 0.0% 0.0% 0.0%
000 002 100 3 * 32.56 0.0% 0.0% 25.36 0.0% 0.0% 0.0%
000 002 103 0 * 12.86 0.0% 0.2% 9.74 0.2% 0.6% 0.0%
000 002 130 0 * 37.73 0.0% 0.0% 34.79 0.0% 0.0% 0.0%
000 002 300 1 * 54.39 0.0% 0.0% 53.61 0.0% 0.0% 0.0%
000 002 301 0 * 9.92 0.2% 0.8% 8.81 0.3% 0.9% 0.0%
000 002 310 0 * 35.58 0.0% 0.0% 32.89 0.0% 0.0% 0.0%
000 003 010 2 * 13.63 0.0% 0.2% 11.77 0.1% 0.3% 0.0%
000 003 012 0 * 20.86 0.0% 0.0% 22.73 0.0% 0.0% 0.0%
000 003 020 1 * 53.78 0.0% 0.0% 49.08 0.0% 0.0% 0.0%
000 003 021 0 * 19.12 0.0% 0.0% 18.36 0.0% 0.0% 0.0%
000 003 100 2 * 20.98 0.0% 0.0% 18.32 0.0% 0.0% 0.0%
000 003 102 0 * 9.20 0.3% 1.1% 8.72 0.3% 1.0% 0.0%
000 003 120 0 * 39.44 0.0% 0.0% 38.06 0.0% 0.0% 0.0%
000 003 200 1 * 57.67 0.0% 0.0% 51.12 0.0% 0.0% 0.0%
000 003 201 0 * 14.71 0.0% 0.1% 8.11 0.5% 1.2% 0.0%
000 003 210 0 * 31.59 0.0% 0.0% 29.12 0.0% 0.0% 0.0%
000 010 020 3 * 26.63 0.0% 0.0% 24.11 0.0% 0.0% 0.0%
000 010 023 0 * 24.84 0.0% 0.0% 20.73 0.0% 0.0% 0.0%
000 010 030 2 * 19.46 0.0% 0.0% 17.03 0.0% 0.0% 0.0%

chloroformisomer gas phase
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Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C E el (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 010 032 0 * 24.10 0.0% 0.0% 20.88 0.0% 0.0% 0.0%
000 010 200 3 * 26.64 0.0% 0.0% 23.05 0.0% 0.0% 0.0%
000 010 203 0 * 9.82 0.2% 0.8% 7.12 0.8% 1.8% 0.0%
000 010 230 0 * 13.23 0.0% 0.2% 11.60 0.1% 0.3% 0.0%
000 010 300 2 * 27.18 0.0% 0.0% 23.97 0.0% 0.0% 0.0%
000 010 302 0 * 21.07 0.0% 0.0% 17.80 0.0% 0.0% 0.0%
000 010 320 0 * 25.46 0.0% 0.0% 20.77 0.0% 0.0% 0.0%
000 012 030 0 * 19.29 0.0% 0.0% 17.68 0.0% 0.0% 0.0%
000 012 300 0 * 31.30 0.0% 0.0% 28.46 0.0% 0.0% 0.0%
000 013 020 0 * 29.97 0.0% 0.0% 26.85 0.0% 0.0% 0.0%
000 013 200 0 * 35.81 0.0% 0.0% 32.49 0.0% 0.0% 0.0%
000 020 030 1 * 30.16 0.0% 0.0% 26.80 0.0% 0.0% 0.0%
000 020 031 0 * 24.46 0.0% 0.0% 22.94 0.0% 0.0% 0.0%
000 020 100 3 * 32.85 0.0% 0.0% 29.18 0.0% 0.0% 0.0%
000 020 103 0 * 15.59 0.0% 0.1% 13.11 0.0% 0.2% 0.0%
000 020 130 0 * 36.60 0.0% 0.0% 34.84 0.0% 0.0% 0.0%
000 020 300 1 * 34.02 0.0% 0.0% 32.51 0.0% 0.0% 0.0%
000 020 301 0 * 11.86 0.1% 0.4% 9.17 0.3% 0.8% 0.0%
000 020 310 0 * 33.46 0.0% 0.0% 33.97 0.0% 0.0% 0.0%
000 021 030 0 * 24.17 0.0% 0.0% 23.32 0.0% 0.0% 0.0%
000 021 300 0 * 29.55 0.0% 0.0% 30.55 0.0% 0.0% 0.0%
000 023 100 0 * 32.19 0.0% 0.0% 30.93 0.0% 0.0% 0.0%
000 030 100 2 * 22.98 0.0% 0.0% 19.12 0.0% 0.0% 0.0%
000 030 102 0 * 10.16 0.2% 0.7% 8.61 0.4% 1.0% 0.0%
000 030 120 0 * 32.50 0.0% 0.0% 32.89 0.0% 0.0% 0.0%
000 030 200 1 * 32.00 0.0% 0.0% 30.67 0.0% 0.0% 0.0%
000 030 201 0 * 5.42 2.7% 4.9% 5.39 2.2% 3.6% 0.0%
000 030 210 0 * 36.33 0.0% 0.0% 36.09 0.0% 0.0% 0.0%
000 031 200 0 * 24.29 0.0% 0.0% 24.39 0.0% 0.0% 0.0%
000 032 100 0 * 25.59 0.0% 0.0% 21.89 0.0% 0.0% 0.0%
000 100 200 3 * 50.98 0.0% 0.0% 46.49 0.0% 0.0% 0.0%
000 100 203 0 * 39.43 0.0% 0.0% 36.15 0.0% 0.0% 0.0%
000 100 230 0 * 42.44 0.0% 0.0% 40.95 0.0% 0.0% 0.0%
000 100 300 2 * 49.66 0.0% 0.0% 46.19 0.0% 0.0% 0.0%
000 100 302 0 * 38.06 0.0% 0.0% 35.65 0.0% 0.0% 0.0%
000 100 320 0 * 48.58 0.0% 0.0% 42.19 0.0% 0.0% 0.0%
000 102 300 0 * 38.14 0.0% 0.0% 35.43 0.0% 0.0% 0.0%
000 103 200 0 * 37.87 0.0% 0.0% 32.78 0.0% 0.0% 0.0%
000 120 300 0 * 69.01 0.0% 0.0% 65.85 0.0% 0.0% 0.0%
000 130 200 0 * 67.64 0.0% 0.0% 61.75 0.0% 0.0% 0.0%
000 200 300 1 * 42.23 0.0% 0.0% 38.03 0.0% 0.0% 0.0%
000 200 301 0 * 12.06 0.1% 0.3% 9.00 0.3% 0.9% 0.0%
000 200 310 0 * 61.82 0.0% 0.0% 58.44 0.0% 0.0% 0.0%
000 201 300 0 * 16.88 0.0% 0.1% 14.28 0.0% 0.1% 0.0%
000 210 300 0 * 35.23 0.0% 0.0% 35.34 0.0% 0.0% 0.0%
001 002 003 0 * 0.00 58.3% 43.9% 0.56 32.7% 25.5% 77.0%
001 002 030 0 * 1.38 26.8% 25.2% 0.00 44.9% 31.9% 11.5%
001 002 300 0 * 10.43 0.2% 0.7% 7.98 0.5% 1.3% 0.0%
001 003 020 0 * 3.49 8.1% 10.7% 3.02 8.2% 9.4% 11.5%
001 003 200 0 * 13.44 0.0% 0.2% 6.37 1.2% 2.5% 0.0%
001 020 030 0 * 9.17 0.3% 1.1% 6.43 1.2% 2.4% 0.0%
001 020 300 0 * 10.80 0.1% 0.6% 9.95 0.2% 0.6% 0.0%
001 030 200 0 * 10.25 0.2% 0.7% 9.34 0.2% 0.7% 0.0%
001 200 300 0 * 19.63 0.0% 0.0% 16.30 0.0% 0.0% 0.0%
002 003 010 0 * 11.22 0.1% 0.5% 10.66 0.1% 0.4% 0.0%
002 003 100 0 * 15.74 0.0% 0.1% 14.72 0.0% 0.1% 0.0%
002 010 030 0 * 12.59 0.1% 0.3% 9.59 0.2% 0.7% 0.0%
002 010 300 0 * 15.53 0.0% 0.1% 12.24 0.0% 0.2% 0.0%
002 030 100 0 * 14.72 0.0% 0.1% 12.63 0.0% 0.2% 0.0%
002 100 300 0 * 37.43 0.0% 0.0% 35.27 0.0% 0.0% 0.0%
003 010 020 0 * 9.06 0.4% 1.1% 5.83 1.7% 3.0% 0.0%
003 010 200 0 * 11.31 0.1% 0.5% 7.59 0.6% 1.5% 0.0%
003 020 100 0 * 15.52 0.0% 0.1% 13.08 0.0% 0.2% 0.0%
003 100 200 0 * 38.00 0.0% 0.0% 33.17 0.0% 0.0% 0.0%
010 020 030 0 * 14.46 0.0% 0.1% 11.81 0.1% 0.3% 0.0%
010 020 300 0 * 18.03 0.0% 0.0% 14.60 0.0% 0.1% 0.0%
010 030 200 0 * 14.52 0.0% 0.1% 13.97 0.0% 0.1% 0.0%
010 200 300 0 * 21.02 0.0% 0.0% 16.22 0.0% 0.1% 0.0%
020 030 100 0 * 15.17 0.0% 0.1% 13.01 0.0% 0.2% 0.0%
020 100 300 0 * 38.76 0.0% 0.0% 37.41 0.0% 0.0% 0.0%
030 100 200 0 * 33.95 0.0% 0.0% 34.26 0.0% 0.0% 0.0%
100 200 300 0 * 65.69 0.0% 0.0% 62.84 0.0% 0.0% 0.0%

isomer gas phase chloroform
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Table 8. Computational analysis of bullvalene 4h at B3LYP-D3BJ/Def2-TZVPPD in the gas phase and CPCM 
solvent(chloroform)  

 

Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 012 2 70.85 0.0% 0.0% 70.52 0.0% 0.0% 0.0
000 000 021 2 93.69 0.0% 0.0% 100.54 0.0% 0.0% 0.0
000 000 022 1 83.11 0.0% 0.0% 87.12 0.0% 0.0% 0.0
000 000 102 2 64.91 0.0% 0.0% 66.87 0.0% 0.0% 0.0
000 000 120 2 80.20 0.0% 0.0% 82.43 0.0% 0.0% 0.0
000 000 122 0 68.93 0.0% 0.0% 72.56 0.0% 0.0% 0.0
000 000 201 2 57.46 0.0% 0.0% 64.27 0.0% 0.0% 0.0
000 000 202 1 60.57 0.0% 0.0% 62.71 0.0% 0.0% 0.0
000 000 210 2 68.45 0.0% 0.0% 73.52 0.0% 0.0% 0.0
000 000 212 0 71.84 0.0% 0.0% 78.75 0.0% 0.0% 0.0
000 000 220 1 70.55 0.0% 0.0% 73.62 0.0% 0.0% 0.0
000 000 221 0 59.93 0.0% 0.0% 61.72 0.0% 0.0% 0.0
000 001 002 2 * 72.64 0.0% 0.0% 75.66 0.0% 0.0% 0.0
000 001 020 2 * 46.46 0.0% 0.0% 51.88 0.0% 0.0% 0.0
000 001 022 0 * 40.31 0.0% 0.0% 47.19 0.0% 0.0% 0.0
000 001 200 2 * 58.45 0.0% 0.0% 65.02 0.0% 0.0% 0.0
000 001 202 0 * 19.26 0.0% 0.1% 20.95 0.0% 0.0% 0.0
000 001 220 0 * 48.18 0.0% 0.0% 50.07 0.0% 0.0% 0.0
000 002 002 1 81.44 0.0% 0.0% 79.77 0.0% 0.0% 0.0
000 002 010 2 * 61.45 0.0% 0.0% 62.56 0.0% 0.0% 0.0
000 002 012 0 * 30.67 0.0% 0.0% 29.27 0.0% 0.0% 0.0
000 002 020 1 * 49.93 0.0% 0.0% 49.61 0.0% 0.0% 0.0
000 002 021 0 * 31.51 0.0% 0.0% 31.95 0.0% 0.0% 0.0
000 002 100 2 * 65.91 0.0% 0.0% 66.86 0.0% 0.0% 0.0
000 002 102 0 * 12.51 0.2% 1.2% 10.17 0.6% 3.0% 0.0
000 002 120 0 * 37.66 0.0% 0.0% 36.48 0.0% 0.0% 0.0
000 002 200 1 * 63.67 0.0% 0.0% 65.46 0.0% 0.0% 0.0
000 002 201 0 * 20.74 0.0% 0.0% 22.58 0.0% 0.0% 0.0
000 002 210 0 * 27.90 0.0% 0.0% 31.81 0.0% 0.0% 0.0
000 010 020 2 * 57.90 0.0% 0.0% 59.91 0.0% 0.0% 0.0
000 010 022 0 * 48.21 0.0% 0.0% 53.68 0.0% 0.0% 0.0
000 010 200 2 * 50.46 0.0% 0.0% 54.85 0.0% 0.0% 0.0
000 010 202 0 * 11.94 0.2% 1.5% 12.47 0.2% 1.2% 0.0
000 010 220 0 * 51.15 0.0% 0.0% 53.53 0.0% 0.0% 0.0
000 012 020 0 * 37.41 0.0% 0.0% 36.39 0.0% 0.0% 0.0
000 012 200 0 * 31.66 0.0% 0.0% 35.47 0.0% 0.0% 0.0
000 020 020 1 52.36 0.0% 0.0% 52.22 0.0% 0.0% 0.0
000 020 021 0 * 39.12 0.0% 0.0% 40.23 0.0% 0.0% 0.0
000 020 100 2 * 62.00 0.0% 0.0% 63.57 0.0% 0.0% 0.0
000 020 102 0 * 32.39 0.0% 0.0% 30.93 0.0% 0.0% 0.0
000 020 120 0 * 57.74 0.0% 0.0% 57.37 0.0% 0.0% 0.0
000 020 200 1 * 48.81 0.0% 0.0% 51.00 0.0% 0.0% 0.0
000 020 201 0 * 25.46 0.0% 0.0% 27.19 0.0% 0.0% 0.0
000 020 210 0 * 47.39 0.0% 0.0% 50.23 0.0% 0.0% 0.0
000 021 200 0 * 37.11 0.0% 0.0% 38.52 0.0% 0.0% 0.0
000 022 100 0 * 51.02 0.0% 0.0% 58.19 0.0% 0.0% 0.0
000 100 200 2 * 75.03 0.0% 0.0% 82.65 0.0% 0.0% 0.0
000 100 202 0 * 52.91 0.0% 0.0% 50.14 0.0% 0.0% 0.0
000 100 220 0 * 75.81 0.0% 0.0% 80.66 0.0% 0.0% 0.0
000 102 200 0 * 48.20 0.0% 0.0% 53.77 0.0% 0.0% 0.0
000 120 200 0 * 74.10 0.0% 0.0% 74.53 0.0% 0.0% 0.0
000 200 200 1 69.66 0.0% 0.0% 74.09 0.0% 0.0% 0.0
000 200 201 0 * 45.12 0.0% 0.0% 49.88 0.0% 0.0% 0.0
000 200 210 0 * 67.29 0.0% 0.0% 73.09 0.0% 0.0% 0.0
001 002 002 0 0.00 99.0% 94.3% 0.00 97.3% 90.4% 64.0
001 002 020 0 * 23.81 0.0% 0.0% 21.71 0.0% 0.0% 21.0
001 002 200 0 * 21.90 0.0% 0.0% 23.80 0.0% 0.0% 4.0
001 020 020 0 30.93 0.0% 0.0% 29.56 0.0% 0.0% 0.0
001 020 200 0 * 26.59 0.0% 0.0% 28.33 0.0% 0.0% 0.0
001 200 200 0 46.57 0.0% 0.0% 51.32 0.0% 0.0% 0.0
002 002 010 0 9.20 0.6% 2.3% 7.00 1.9% 5.4% 5.0
002 002 100 0 13.00 0.1% 0.5% 34.94 0.0% 0.0% 0.0
002 010 020 0 * 30.24 0.0% 0.0% 27.59 0.0% 0.0% 2.0
002 010 200 0 * 25.84 0.0% 0.0% 27.69 0.0% 0.0% 0.0
002 020 100 0 * 33.56 0.0% 0.0% 30.88 0.0% 0.0% 0.0
002 100 200 0 * 34.04 0.0% 0.0% 40.03 0.0% 0.0% 0.0
010 020 020 0 36.46 0.0% 0.0% 35.12 0.0% 0.0% 0.0
010 020 200 0 * 29.53 0.0% 0.0% 31.70 0.0% 0.0% 0.0
010 200 200 0 47.68 0.0% 0.0% 53.34 0.0% 0.0% 0.0
020 020 100 0 39.42 0.0% 0.0% 38.20 0.0% 0.0% 0.0
020 100 200 0 * 52.91 0.0% 0.0% 58.52 0.0% 0.0% 0.0
100 200 200 0 94.48 0.0% 0.0% 98.08 0.0% 0.0% 0.0

isomer gas phase chloroform perimental (chlorofor
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Table 9. Computational analysis of bullvalene 4i at B3LYP-D3BJ/Def2-TZVPPD in the gas phase and CPCM 
solvent(chloroform)  

 

Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 000 012 3 70.35 0.0% 0.0% 73.24 0.0% 0.0% 0.0%
000 000 013 2 76.64 0.0% 0.0% 79.45 0.0% 0.0% 0.0%
000 000 021 3 86.84 0.0% 0.0% 85.99 0.0% 0.0% 0.0%
000 000 023 1 81.54 0.0% 0.0% 80.28 0.0% 0.0% 0.0%
000 000 031 2 95.87 0.0% 0.0% 97.22 0.0% 0.0% 0.0%
000 000 032 1 80.40 0.0% 0.0% 83.41 0.0% 0.0% 0.0%
000 000 102 3 49.94 0.0% 0.0% 46.11 0.0% 0.0% 0.0%
000 000 103 2 62.53 0.0% 0.0% 63.07 0.0% 0.0% 0.0%
000 000 120 3 60.93 0.0% 0.0% 61.82 0.0% 0.0% 0.0%
000 000 123 0 69.78 0.0% 0.0% 70.17 0.0% 0.0% 0.0%
000 000 130 2 80.17 0.0% 0.0% 79.66 0.0% 0.0% 0.0%
000 000 132 0 63.26 0.0% 0.0% 61.07 0.0% 0.0% 0.0%
000 000 201 3 49.11 0.0% 0.0% 49.58 0.0% 0.0% 0.0%
000 000 203 1 65.73 0.0% 0.0% 65.65 0.0% 0.0% 0.0%
000 000 210 3 49.50 0.0% 0.0% 50.63 0.0% 0.0% 0.0%
000 000 213 0 70.52 0.0% 0.0% 71.72 0.0% 0.0% 0.0%
000 000 230 1 56.24 0.0% 0.0% 56.81 0.0% 0.0% 0.0%
000 000 231 0 64.05 0.0% 0.0% 63.18 0.0% 0.0% 0.0%
000 000 301 2 62.41 0.0% 0.0% 62.11 0.0% 0.0% 0.0%
000 000 302 1 68.16 0.0% 0.0% 67.00 0.0% 0.0% 0.0%
000 000 310 2 77.80 0.0% 0.0% 80.21 0.0% 0.0% 0.0%
000 000 312 0 94.50 0.0% 0.0% 96.76 0.0% 0.0% 0.0%
000 000 320 1 63.70 0.0% 0.0% 61.66 0.0% 0.0% 0.0%
000 000 321 0 69.47 0.0% 0.0% 72.50 0.0% 0.0% 0.0%
000 001 002 3 * 56.47 0.0% 0.0% 53.58 0.0% 0.0% 0.0%
000 001 003 2 * 66.84 0.0% 0.0% 70.13 0.0% 0.0% 0.0%
000 001 020 3 * 37.64 0.0% 0.0% 35.74 0.0% 0.0% 0.0%
000 001 023 0 * 31.86 0.0% 0.0% 29.74 0.0% 0.0% 0.0%
000 001 030 2 * 53.78 0.0% 0.0% 56.38 0.0% 0.0% 0.0%
000 001 032 0 * 20.52 0.0% 0.0% 19.82 0.0% 0.0% 0.0%
000 001 200 3 * 50.55 0.0% 0.0% 50.99 0.0% 0.0% 0.0%
000 001 203 0 * 21.84 0.0% 0.0% 20.34 0.0% 0.0% 0.0%
000 001 230 0 * 29.73 0.0% 0.0% 30.74 0.0% 0.0% 0.0%
000 001 300 2 * 62.60 0.0% 0.0% 64.39 0.0% 0.0% 0.0%
000 001 302 0 * 6.01 2.1% 4.5% 5.02 2.8% 5.0% 0.0%
000 001 320 0 * 39.41 0.0% 0.0% 37.45 0.0% 0.0% 0.0%
000 002 003 1 * 76.48 0.0% 0.0% 77.09 0.0% 0.0% 0.0%
000 002 010 3 * 41.84 0.0% 0.0% 38.15 0.0% 0.0% 0.0%
000 002 013 0 * 27.79 0.0% 0.0% 27.58 0.0% 0.0% 0.0%
000 002 030 1 * 60.19 0.0% 0.0% 56.68 0.0% 0.0% 0.0%
000 002 031 0 * 18.83 0.0% 0.0% 18.59 0.0% 0.0% 0.0%
000 002 100 3 * 51.03 0.0% 0.0% 46.20 0.0% 0.0% 0.0%
000 002 103 0 * 10.30 0.2% 0.8% 7.89 0.6% 1.6% 0.0%
000 002 130 0 * 39.95 0.0% 0.0% 36.19 0.0% 0.0% 0.0%
000 002 300 1 * 67.24 0.0% 0.0% 63.54 0.0% 0.0% 0.0%
000 002 301 0 * 7.49 0.9% 2.5% 6.54 1.2% 2.7% 0.0%
000 002 310 0 * 34.66 0.0% 0.0% 33.63 0.0% 0.0% 0.0%
000 003 010 2 * 56.80 0.0% 0.0% 56.95 0.0% 0.0% 0.0%
000 003 012 0 * 31.40 0.0% 0.0% 29.41 0.0% 0.0% 0.0%
000 003 020 1 * 53.67 0.0% 0.0% 53.91 0.0% 0.0% 0.0%
000 003 021 0 * 30.02 0.0% 0.0% 30.36 0.0% 0.0% 0.0%
000 003 100 2 * 64.69 0.0% 0.0% 64.45 0.0% 0.0% 0.0%
000 003 102 0 * 23.22 0.0% 0.0% 22.70 0.0% 0.0% 0.0%
000 003 120 0 * 49.60 0.0% 0.0% 49.85 0.0% 0.0% 0.0%
000 003 200 1 * 65.00 0.0% 0.0% 66.23 0.0% 0.0% 0.0%
000 003 201 0 * 23.16 0.0% 0.0% 21.28 0.0% 0.0% 0.0%
000 003 210 0 * 37.91 0.0% 0.0% 39.12 0.0% 0.0% 0.0%
000 010 020 3 * 25.51 0.0% 0.0% 24.64 0.0% 0.0% 0.0%
000 010 023 0 * 32.19 0.0% 0.0% 30.22 0.0% 0.0% 0.0%
000 010 030 2 * 50.20 0.0% 0.0% 50.60 0.0% 0.0% 0.0%
000 010 032 0 * 29.08 0.0% 0.0% 26.47 0.0% 0.0% 0.0%
000 010 200 3 * 35.92 0.0% 0.0% 37.98 0.0% 0.0% 0.0%
000 010 203 0 * 23.25 0.0% 0.0% 23.09 0.0% 0.0% 0.0%
000 010 230 0 * 35.35 0.0% 0.0% 36.70 0.0% 0.0% 0.0%

chloroformisomer gas phase
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Experimental (chloroform)
Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C pop. -60°C

000 010 302 0 * 16.40 0.0% 0.1% 14.38 0.0% 0.1% 0.0%
000 010 320 0 * 40.22 0.0% 0.0% 46.19 0.0% 0.0% 0.0%
000 012 030 0 * 27.45 0.0% 0.0% 25.24 0.0% 0.0% 0.0%
000 012 300 0 * 36.22 0.0% 0.0% 34.16 0.0% 0.0% 0.0%
000 013 020 0 * 32.59 0.0% 0.0% 31.73 0.0% 0.0% 0.0%
000 013 200 0 * 40.17 0.0% 0.0% 40.89 0.0% 0.0% 0.0%
000 020 030 1 * 39.68 0.0% 0.0% 35.96 0.0% 0.0% 0.0%
000 020 031 0 * 27.69 0.0% 0.0% 27.15 0.0% 0.0% 0.0%
000 020 100 3 * 32.34 0.0% 0.0% 30.05 0.0% 0.0% 0.0%
000 020 103 0 * 17.50 0.0% 0.0% 16.36 0.0% 0.1% 0.0%
000 020 130 0 * 42.29 0.0% 0.0% 40.71 0.0% 0.0% 0.0%
000 020 300 1 * 53.53 0.0% 0.0% 51.38 0.0% 0.0% 0.0%
000 020 301 0 * 18.10 0.0% 0.0% 16.96 0.0% 0.0% 0.0%
000 020 310 0 * 35.95 0.0% 0.0% 38.92 0.0% 0.0% 0.0%
000 021 030 0 * 32.39 0.0% 0.0% 31.43 0.0% 0.0% 0.0%
000 021 300 0 * 34.85 0.0% 0.0% 36.17 0.0% 0.0% 0.0%
000 023 100 0 * 37.03 0.0% 0.0% 36.90 0.0% 0.0% 0.0%
000 030 100 2 * 57.08 0.0% 0.0% 56.47 0.0% 0.0% 0.0%
000 030 102 0 * 9.91 0.2% 0.9% 7.38 0.7% 1.9% 0.0%
000 030 120 0 * 48.72 0.0% 0.0% 47.20 0.0% 0.0% 0.0%
000 030 200 1 * 46.38 0.0% 0.0% 44.03 0.0% 0.0% 0.0%
000 030 201 0 * 18.63 0.0% 0.0% 18.80 0.0% 0.0% 0.0%
000 030 210 0 * 43.61 0.0% 0.0% 43.55 0.0% 0.0% 0.0%
000 031 200 0 * 39.72 0.0% 0.0% 39.60 0.0% 0.0% 0.0%
000 032 100 0 * 30.98 0.0% 0.0% 29.18 0.0% 0.0% 0.0%
000 100 200 3 * 65.96 0.0% 0.0% 64.24 0.0% 0.0% 0.0%
000 100 203 0 * 54.32 0.0% 0.0% 52.91 0.0% 0.0% 0.0%
000 100 230 0 * 62.46 0.0% 0.0% 67.42 0.0% 0.0% 0.0%
000 100 300 2 * 80.80 0.0% 0.0% 81.94 0.0% 0.0% 0.0%
000 100 302 0 * 33.42 0.0% 0.0% 30.95 0.0% 0.0% 0.0%
000 100 320 0 * 73.33 0.0% 0.0% 78.05 0.0% 0.0% 0.0%
000 102 300 0 * 37.45 0.0% 0.0% 36.28 0.0% 0.0% 0.0%
000 103 200 0 * 51.61 0.0% 0.0% 49.28 0.0% 0.0% 0.0%
000 120 300 0 * 77.73 0.0% 0.0% 76.96 0.0% 0.0% 0.0%
000 130 200 0 * 81.99 0.0% 0.0% 79.70 0.0% 0.0% 0.0%
000 200 300 1 * 64.71 0.0% 0.0% 66.90 0.0% 0.0% 0.0%
000 200 301 0 * 38.34 0.0% 0.0% 40.24 0.0% 0.0% 0.0%
000 200 310 0 * 68.45 0.0% 0.0% 67.18 0.0% 0.0% 0.0%
000 201 300 0 * 40.18 0.0% 0.0% 40.97 0.0% 0.0% 0.0%
000 210 300 0 * 59.87 0.0% 0.0% 62.17 0.0% 0.0% 0.0%
001 002 003 0 * 1.26 30.6% 30.4% 0.00 47.4% 37.7% 45.0%
001 002 030 0 * 0.00 62.4% 50.6% 0.54 34.9% 30.3% 27.0%
001 002 300 0 * 9.38 0.3% 1.2% 7.84 0.6% 1.6% 16.0%
001 003 020 0 * 11.46 0.1% 0.5% 9.45 0.2% 0.8% 0.0%
001 003 200 0 * 23.01 0.0% 0.0% 21.03 0.0% 0.0% 0.0%
001 020 030 0 * 9.38 0.3% 1.2% 8.05 0.5% 1.5% 0.0%
001 020 300 0 * 21.40 0.0% 0.0% 20.26 0.0% 0.0% 0.0%
001 030 200 0 * 22.92 0.0% 0.0% 20.49 0.0% 0.0% 0.0%
001 200 300 0 * 41.73 0.0% 0.0% 44.04 0.0% 0.0% 0.0%
002 003 010 0 * 6.04 2.1% 4.4% 2.90 9.3% 11.7% 12.0%
002 003 100 0 * 26.22 0.0% 0.0% 24.25 0.0% 0.0% 0.0%
002 010 030 0 * 8.52 0.5% 1.6% 6.23 1.4% 3.1% 1.4%
002 010 300 0 * 13.61 0.0% 0.2% 11.98 0.1% 0.3% 0.0%
002 030 100 0 * 11.52 0.1% 0.5% 9.44 0.2% 0.8% 0.0%
002 100 300 0 * 37.60 0.0% 0.0% 35.95 0.0% 0.0% 0.0%
003 010 020 0 * 11.94 0.1% 0.4% 10.64 0.1% 0.5% 0.0%
003 010 200 0 * 20.87 0.0% 0.0% 21.46 0.0% 0.0% 0.0%
003 020 100 0 * 25.42 0.0% 0.0% 22.66 0.0% 0.0% 0.0%
003 100 200 0 * 53.94 0.0% 0.0% 51.28 0.0% 0.0% 0.0%
010 020 030 0 * 15.74 0.0% 0.1% 14.87 0.0% 0.1% 0.0%
010 020 300 0 * 23.91 0.0% 0.0% 20.95 0.0% 0.0% 0.0%
010 030 200 0 * 26.15 0.0% 0.0% 26.53 0.0% 0.0% 0.0%
010 200 300 0 * 43.19 0.0% 0.0% 46.59 0.0% 0.0% 0.0%
020 030 100 0 * 17.19 0.0% 0.1% 17.61 0.0% 0.0% 0.0%
020 100 300 0 * 33.75 0.0% 0.0% 34.15 0.0% 0.0% 0.0%
030 100 200 0 * 48.56 0.0% 0.0% 46.42 0.0% 0.0% 0.0%
100 200 300 0 * 83.45 0.0% 0.0% 84.36 0.0% 0.0% 0.0%

isomer gas phase chloroform
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Computational Analysis of tetrasubstituted buyllvalne 6 
 
Table 10 Computational analysis of bullvalene 6 showing the 36 lowest energy isomers at B3LYP-D3BJ/Def2-TZVPPD in 
the gas phase and CPCM solvent(chloroform)  

 
 

Erel (kJ/mol) pop. -60°C pop. 25°C Erel (kJ/mol) pop. -60°C pop. 25°C

001 002 430 0 * 0.00 46.4% 28.8% 0.00 21.1% 15 3%
001 002 403 0 * 4.78 3.1% 4.2% 0.23 18.6% 14 0%
002 003 401 0 * 5.18 2.5% 3.6% 0.86 13.0% 10 8%
001 004 302 0 * 2.28 12.9% 11.5% 1.00 12.0% 10 2%
002 004 301 0 * 3.59 6.1% 6.8% 1.64 8.4% 7 9%
002 030 104 0 * 6.81 1.0% 1.9% 2.85 4.2% 4 9%
001 040 302 0 * 5.33 2.3% 3.4% 2.87 4.2% 4 8%
000 301 402 0 * 5.55 2.0% 3.1% 3.20 3.5% 4 2%
002 040 301 0 * 8.17 0.5% 1.1% 3.67 2.7% 3 5%
002 030 401 0 * 2.44 11.7% 10.8% 4.37 1.8% 2.6%
004 030 102 0 * 10.37 0.1% 0.4% 4.45 1.7% 2.6%
001 002 034 0 * 6.21 1.4% 2.4% 4.58 1.6% 2.4%
004 010 302 0 * 7.40 0.7% 1.5% 4.60 1.6% 2.4%
030 040 102 0 * 7.56 0.7% 1.4% 5.80 0.8% 1 5%
001 020 304 0 * 5.56 2.0% 3.1% 5.94 0.7% 1.4%
001 030 402 0 * 5.52 2.1% 3.1% 6.41 0.6% 1 2%
001 002 304 0 * 8.83 0.3% 0.8% 6.68 0.5% 1 0%
002 301 400 0 * 6.95 0.9% 1.7% 6.78 0.5% 1 0%
002 040 103 0 * 10.52 0.1% 0.4% 6.98 0.4% 0 9%
010 040 302 0 * 12.53 0.0% 0.2% 7.90 0.3% 0.6%
004 020 103 0 * 7.12 0.8% 1.6% 7.91 0.2% 0.6%
001 020 403 0 * 13.50 0.0% 0.1% 8.03 0.2% 0.6%
001 020 430 0 * 9.98 0.2% 0.5% 8.48 0.2% 0 5%
020 040 301 0 * 9.90 0.2% 0.5% 8.68 0.2% 0 5%
000 302 401 0 * 10.73 0.1% 0.4% 8.77 0.2% 0.4%
002 010 430 0 * 11.19 0.1% 0.3% 9.09 0.1% 0.4%
002 010 403 0 * 13.27 0.0% 0.1% 9.31 0.1% 0.4%
001 302 400 0 * 11.71 0.1% 0.3% 9.68 0.1% 0 3%
003 020 401 0 * 13.68 0.0% 0.1% 9.73 0.1% 0 3%
020 030 104 0 * 11.17 0.1% 0.3% 9.94 0.1% 0 3%
002 300 401 0 * 11.98 0.1% 0.2% 10.37 0.1% 0 2%
004 020 301 0 * 11.86 0.1% 0.2% 10.70 0.1% 0 2%
020 030 401 0 * 10.39 0.1% 0.4% 10.78 0.1% 0 2%
001 004 032 0 * 12.71 0.0% 0.2% 11.24 0.0% 0 2%
001 300 402 0 * 11.66 0.1% 0.3% 11.62 0.0% 0.1%
010 030 402 0 * 12.54 0.0% 0.2% 11.71 0.0% 0.1%

isomer gas phase chloroform
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Stochastic simulations were performed using the software Kinetiscope 

(http://hinsberg.net/kinetiscope/). The simulation box contained 100,000 particle. The following 

mechanism parameters where used: 

 
 
Table 11. Kinetic parameters for bullvalene 4d based on the energies from single point DFT calculations at 
B3LYP-D3BJ/Def2-TZVPPD/CPCM solvent(chloroform) at 25 C. 

reaction step Source isomer Target isomer k (298K) -k (289K) 
AA <=> AL 000 000 001 2   000 000 210 0   1101 712643 3240 817066 
AB <=> AI 000 000 002 1   000 000 120 0   3623 011512 6 42287973 
AC <=> AK 000 000 010 2   000 000 201 0   153106 2625 2121 116799 
AD <=> AF 000 000 012 0   000 000 021 0   28530 65771 16972 59121 
AE <=> AH 000 000 020 1   000 000 102 0   87517 13794 85 48391076 
AG <=> AJ 000 000 100 2   000 000 200 1   502 5521956 47132 49186 
AA <=> BD 000 000 001 2   000 200 100 0   89042 12867 330963 4302 
AA <=> BC 000 000 001 2   000 100 200 0   89042 12867 330963 4302 
AM <=> BA 000 001 002 0   000 020 100 0   4076 684344 451472 0628 
AN <=> BB 000 002 001 0   000 100 020 0   4076 684344 451472 0628 
AO <=> AU 000 001 020 0   000 002 100 0   8117 832402 327693 5297 
AP <=> AV 000 020 001 0   000 100 002 0   8117 832402 327693 5297 
AQ <=> AG 000 001 200 0   000 000 100 2   2536 812262 830762 8787 
AR <=> AG 000 200 001 0   000 000 100 2   2536 812262 830762 8787 
AB <=> BC 000 000 002 1   000 100 200 0   37603 46949 69 27485653 
AB <=> BD 000 000 002 1   000 200 100 0   37603 46949 69 27485653 
AN <=> AY 000 002 001 0   000 010 200 0   1144 59225 54971 94275 
AM <=> AZ 000 001 002 0   000 200 010 0   1144 59225 54971 94275 
AS <=> AQ 000 002 010 0   000 001 200 0   2038 442584 2133 567041 
AT <=> AR 000 010 002 0   000 200 001 0   2038 442584 2133 567041 
AU <=> AJ 000 002 100 0   000 000 200 1   18 77961214 38413 44417 
AV <=> AJ 000 100 002 0   000 000 200 1   18 77961214 38413 44417 
AC <=> AZ 000 000 010 2   000 200 010 0   7338 376037 799 5953507 
AC <=> AY 000 000 010 2   000 010 200 0   7338 376037 799 5953507 
AT <=> AX 000 010 002 0   000 020 010 0   1386 088683 5570 050325 
AS <=> AW 000 002 010 0   000 010 020 0   1386 088683 5570 050325 
AD <=> AL 000 000 012 0   000 000 210 0   3207 891503 101048 8864 
AD <=> AL 000 000 012 0   000 000 210 0   3207 891503 101048 8864 
AE <=> BB 000 000 020 1   000 100 020 0   441 1613401 1 913710528 
AE <=> BA 000 000 020 1   000 020 100 0   441 1613401 1 913710528 
AP <=> AW 000 020 001 0   000 010 020 0   8 132462361 83 94189846 
AO <=> AX 000 001 020 0   000 020 010 0   8 132462361 83 94189846 
AF <=> AI 000 000 021 0   000 000 120 0   1599 757492 103000 7281 
AF <=> AI 000 000 021 0   000 000 120 0   1599 757492 103000 7281 
AH <=> AK 000 000 102 0   000 000 201 0   5622 907166 1376 94393 
AH <=> AK 000 000 102 0   000 000 201 0   5622 907166 1376 94393 
AM <=> BD 000 001 002 0   000 200 100 0   27 02595143 8815739 048 
AN <=> BC 000 002 001 0   000 100 200 0   27 02595143 8815739 048 
AO <=> BA 000 001 020 0   000 020 100 0   62 41379736 2786 511664 
AP <=> BB 000 020 001 0   000 100 020 0   62 41379736 2786 511664 
AQ <=> AU 000 001 200 0   000 002 100 0   1567 037128 23529 38834 
AR <=> AV 000 200 001 0   000 100 002 0   1567 037128 23529 38834 
AS <=> AY 000 002 010 0   000 010 200 0   89 16660364 672 140939 
AT <=> AZ 000 010 002 0   000 200 010 0   89 16660364 672 140939 
AW <=> AX 000 010 020 0   000 020 010 0   206 1627418 206 1627418 
AX <=> AW 000 020 010 0   000 010 020 0   206 1627418 206 1627418 
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Figure 84. Kinetic simulation of 4f from an initial population of 4d:A at 25 C. 

 

 
Figure 85. Kinetic simulation of 4f from an initial population of 4d:A at 25 C. 

 
 
Table 12. Kinetic parameters for bullvalene 4f based on the energies from single point DFT calculations at 
B3LYP-D3BJ/Def2-TZVPPD/CPCM solvent(chloroform) at 25 C. 

reaction step code Source isomer Target isomer k (298K) -k (289K) 
AA <=> AL 000 000 012 2 000 000 221 0 13541 7002 1382 233818 
AB <=> AJ 000 000 021 2 000 000 212 0 2196 39108 16978 75777 
AC <=> AF 000 000 022 1 000 000 122 0 178 893936 1 09996249 
AD <=> AK 000 000 102 2 000 000 220 1 69 2049898 10184 40667 
AE <=> AH 000 000 120 2 000 000 202 1 33 046706 2235 294765 
AG <=> AI 000 000 201 2 000 000 210 2 890 040666 20972 62955 
AM <=> DF 000 001 002 2 000 220 100 0 4434 60687 80893 10148 
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AN <=> DE 000 002 001 2 000 100 220 0 4434 60687 80893 10148 
AO <=> DD 000 001 020 2 000 202 100 0 217044 607 304644 1891 
AP <=> DC 000 020 001 2 000 100 202 0 217044 607 304644 1891 
AQ <=> CY 000 001 022 0 000 022 100 0 8437 8713 5694713 191 
AR <=> CZ 000 022 001 0 000 100 022 0 8437 8713 5694713 191 
AS <=> DB 000 001 200 2 000 200 100 2 36844 7619 1118487 199 
AT <=> DA 000 200 001 2 000 100 200 2 36844 7619 1118487 199 
AU <=> CK 000 001 202 0 000 020 100 2 3052 0303 3799800 553 
AV <=> CL 000 202 001 0 000 100 020 2 3052 0303 3799800 553 
AW <=> BH 000 001 220 0 000 002 100 2 1019 64183 77046 682 
AX <=> BI 000 220 001 0 000 100 002 2 1019 64183 77046 682 
AN <=> DO 000 002 001 2 000 210 200 0 2 91038431 187782 3709 
AM <=> DN 000 001 002 2 000 200 210 0 2 91038431 187782 3709 
AY <=> DI 000 002 002 1 000 120 200 0 12 9769681 1 736536263 
AY <=> DJ 000 002 002 1 000 200 120 0 12 9769681 1 736536263 
AZ <=> DM 000 002 010 2 000 201 200 0 49882 5557 6086 29336 
BA <=> DL 000 010 002 2 000 200 201 0 49882 5557 6086 29336 
BB <=> CW 000 002 012 0 000 021 200 0 130 7465 3161 233905 
BC <=> CX 000 012 002 0 000 200 021 0 130 7465 3161 233905 
BD <=> DG 000 002 020 1 000 102 200 0 1392503 04 839 2427035 
BE <=> DH 000 020 002 1 000 200 102 0 1392503 04 839 2427035 
BF <=> CF 000 002 021 0 000 012 200 0 2074 5486 101004 0324 
BG <=> CG 000 021 002 0 000 200 012 0 2074 5486 101004 0324 
BH <=> DK 000 002 100 2 000 200 200 1 112 245856 41733 79586 
BI <=> DK 000 100 002 2 000 200 200 1 112 245856 41733 79586 
BJ <=> CQ 000 002 102 0 000 020 200 1 2 76841928 143386 5027 
BK <=> CR 000 102 002 0 000 200 020 1 2 76841928 143386 5027 
BL <=> BN 000 002 120 0 000 002 200 1 23 8089268 2043 055241 
BM <=> BO 000 120 002 0 000 200 002 1 23 8089268 2043 055241 
BN <=> DA 000 002 200 1 000 100 200 2 16777 7936 268 5826488 
BO <=> DB 000 200 002 1 000 200 100 2 16777 7936 268 5826488 
BP <=> BX 000 002 201 0 000 010 200 2 442 35597 227926 1683 
BQ <=> BY 000 201 002 0 000 200 010 2 442 35597 227926 1683 
BR <=> AS 000 002 210 0 000 001 200 2 127 943132 406 8991557 
BS <=> AT 000 210 002 0 000 200 001 2 127 943132 406 8991557 
BA <=> CC 000 010 002 2 000 220 010 0 766 942432 1107 910987 
AZ <=> CB 000 002 010 2 000 010 220 0 766 942432 1107 910987 
BT <=> CA 000 010 020 2 000 202 010 0 16529 7632 634 4447782 
BU <=> BZ 000 020 010 2 000 010 202 0 16529 7632 634 4447782 
BV <=> BW 000 010 022 0 000 022 010 0 1538 83204 1538 83204 
BW <=> BV 000 022 010 0 000 010 022 0 1538 83204 1538 83204 
BX <=> BY 000 010 200 2 000 200 010 2 3082 48508 3082 485085 
BY <=> BX 000 200 010 2 000 010 200 2 3082 48508 3082 485085 
AA <=> DN 000 000 012 2 000 200 210 0 1139 29177 2110901 287 
AA <=> DO 000 000 012 2 000 210 200 0 1139 29177 2110901 287 
BC <=> CU 000 012 002 0 000 020 210 0 728 35504 144618 6914 
BB <=> CV 000 002 012 0 000 210 020 0 728 35504 144618 6914 
CD <=> BR 000 012 020 0 000 002 210 0 7645 87145 83117 21804 
CE <=> BS 000 020 012 0 000 210 002 0 7645 87145 83117 21804 
CF <=> AI 000 012 200 0 000 000 210 2 1862 08021 344219 731 
CG <=> AI 000 200 012 0 000 000 210 2 1862 08021 344219 731 
AP <=> CV 000 020 001 2 000 210 020 0 11 7295279 36 04401262 
AO <=> CU 000 001 020 2 000 020 210 0 11 7295279 36 04401262 
BE <=> CP 000 020 002 1 000 120 020 0 53 2738642 0 180661612 
BD <=> CO 000 002 020 1 000 020 120 0 53 2738642 0 180661612 
BU <=> CT 000 020 010 2 000 201 020 0 2049 91106 94 84274614 
BT <=> CS 000 010 020 2 000 020 201 0 2049 91106 94 84274614 
CE <=> CJ 000 020 012 0 000 021 020 0 418 728387 299 7726368 
CD <=> CI 000 012 020 0 000 020 021 0 418 728387 299 7726368 
CH <=> CN 000 020 020 1 000 102 020 0 1032 43832 1 716328589 
CH <=> CM 000 020 020 1 000 020 102 0 1032 43832 1 716328589 
CK <=> CR 000 020 100 2 000 200 020 1 9 89653789 735 7417288 
CL <=> CQ 000 100 020 2 000 020 200 1 9 89653789 735 7417288 
AB <=> DJ 000 000 021 2 000 200 120 0 981 126356 178 526068 
AB <=> DI 000 000 021 2 000 120 200 0 981 126356 178 526068 
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BG <=> CO 000 021 002 0 000 020 120 0 170 724951 139043 6458 
BF <=> CP 000 002 021 0 000 120 020 0 170 724951 139043 6458 
CJ <=> BL 000 021 020 0 000 002 120 0 1604 60755 1712438 299 
CI <=> BM 000 020 021 0 000 120 002 0 1604 60755 1712438 299 
CW <=> AE 000 021 200 0 000 000 120 2 1105 45425 252003 4176 
CX <=> AE 000 200 021 0 000 000 120 2 1105 45425 252003 4176 
AC <=> DE 000 000 022 1 000 100 220 0 86136 39 3 502038929 
AC <=> DF 000 000 022 1 000 220 100 0 86136 39 3 502038929 
AR <=> CB 000 022 001 0 000 010 220 0 2966 28818 3112 113054 
AQ <=> CC 000 001 022 0 000 220 010 0 2966 28818 3112 113054 
BW <=> AW 000 022 010 0 000 001 220 0 66575 7949 91 25283423 
BV <=> AX 000 010 022 0 000 220 001 0 66575 7949 91 25283423 
CY <=> AK 000 022 100 0 000 000 220 1 1169 19945 854 7975828 
CZ <=> AK 000 100 022 0 000 000 220 1 1169 19945 854 7975828 
AD <=> DL 000 000 102 2 000 200 201 0 132544 5 3503 083571 
AD <=> DM 000 000 102 2 000 201 200 0 132544 5 3503 083571 
BK <=> CS 000 102 002 0 000 020 201 0 2937 21851 11613 35458 
BJ <=> CT 000 002 102 0 000 201 020 0 2937 21851 11613 35458 
CN <=> BP 000 102 020 0 000 002 201 0 29266 6224 1505 1084 
CM <=> BQ 000 020 102 0 000 201 002 0 29266 6224 1505 1084 
DG <=> AG 000 102 200 0 000 000 201 2 18081 4677 47714 37375 
DH <=> AG 000 200 102 0 000 000 201 2 18081 4677 47714 37375 
AF <=> AL 000 000 122 0 000 000 221 0 1242092 46 1600 403318 
AF <=> AL 000 000 122 0 000 000 221 0 1242092 46 1600 403318 
AH <=> DC 000 000 202 1 000 100 202 0 51976 9491 12 64400151 
AH <=> DD 000 000 202 1 000 202 100 0 51976 9491 12 64400151 
AV <=> BZ 000 202 001 0 000 010 202 0 47 0462237 275 7667761 
AU <=> CA 000 001 202 0 000 202 010 0 47 0462237 275 7667761 
AJ <=> AJ 000 000 212 0 000 000 212 0 162747 523 162747 5226 
AJ <=> AJ 000 000 212 0 000 000 212 0 162747 523 162747 5226 
AM <=> EP 000 001 002 2 100 200 200 0 764 65515 2303416776 
AN <=> EP 000 002 001 2 100 200 200 0 764 65515 2303416776 
DP <=> EO 001 002 002 0 020 200 100 0 3 43567604 16839115 88 
DP <=> EN 001 002 002 0 020 100 200 0 3 43567604 16839115 88 
DQ <=> EH 001 002 020 0 002 200 100 0 93 0454964 8513264 178 
DR <=> EG 001 020 002 0 002 100 200 0 93 0454964 8513264 178 
DS <=> DB 001 002 200 0 000 200 100 2 7 85279731 21868540 14 
DT <=> DA 001 200 002 0 000 100 200 2 7 85279731 21868540 14 
AO <=> EN 000 001 020 2 020 100 200 0 2293 88115 8978 992568 
AP <=> EO 000 020 001 2 020 200 100 0 2293 88115 8978 992568 
DR <=> EM 001 020 002 0 020 020 100 0 38 2689214 27987 74848 
DQ <=> EM 001 002 020 0 020 020 100 0 38 2689214 27987 74848 
DU <=> EE 001 020 020 0 002 020 100 0 149 06112 2129 265621 
DU <=> EF 001 020 020 0 002 100 020 0 149 06112 2129 265621 
DV <=> CK 001 020 200 0 000 020 100 2 160 29377 21818 82409 
DW <=> CL 001 200 020 0 000 100 020 2 160 29377 21818 82409 
AQ <=> DF 000 001 022 0 000 220 100 0 1758 1445 11832607 4 
AR <=> DE 000 022 001 0 000 100 220 0 1758 1445 11832607 4 
AS <=> EG 000 001 200 2 002 100 200 0 67812 4758 29976 77114 
AT <=> EH 000 200 001 2 002 200 100 0 67812 4758 29976 77114 
DT <=> EF 001 200 002 0 002 100 020 0 2023 11492 27701 16654 
DS <=> EE 001 002 200 0 002 020 100 0 2023 11492 27701 16654 
DW <=> DZ 001 200 020 0 002 002 100 0 14739 5482 4097 469637 
DV <=> DZ 001 020 200 0 002 002 100 0 14739 5482 4097 469637 
DX <=> BH 001 200 200 0 000 002 100 2 3855 97798 108483 8541 
DX <=> BI 001 200 200 0 000 100 002 2 3855 97798 108483 8541 
AU <=> DD 000 001 202 0 000 202 100 0 17 897485 776987 3376 
AV <=> DC 000 202 001 0 000 100 202 0 17 897485 776987 3376 
AW <=> CY 000 001 220 0 000 022 100 0 108 093156 1683381 776 
AX <=> CZ 000 220 001 0 000 100 022 0 108 093156 1683381 776 
AY <=> EP 000 002 002 1 100 200 200 0 18545 6438 5717 424063 
DP <=> EL 001 002 002 0 010 200 200 0 3 48076004 5258 722369 
DY <=> DX 002 002 010 0 001 200 200 0 438 994324 9308 904397 
DZ <=> DK 002 002 100 0 000 200 200 1 2 09970349 75473 8672 
AZ <=> EL 000 002 010 2 010 200 200 0 1620 81542 1109 477209 
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BA <=> EL 000 010 002 2 010 200 200 0 1620 81542 1109 477209 
DY <=> EK 002 002 010 0 010 200 020 0 46 5363085 7915 610819 
DY <=> EJ 002 002 010 0 010 020 200 0 46 5363085 7915 610819 
EA <=> EC 002 010 020 0 002 010 200 0 212 704978 531 9178053 
EB <=> ED 002 020 010 0 002 200 010 0 212 704978 531 9178053 
EC <=> BX 002 010 200 0 000 010 200 2 59 1970467 4185 559749 
ED <=> BY 002 200 010 0 000 200 010 2 59 1970467 4185 559749 
BB <=> DO 000 002 012 0 000 210 200 0 10 0551773 37537337 48 
BC <=> DN 000 012 002 0 000 200 210 0 10 0551773 37537337 48 
BD <=> EO 000 002 020 1 020 200 100 0 1189 47679 2 422008699 
BE <=> EN 000 020 002 1 020 100 200 0 1189 47679 2 422008699 
DQ <=> EJ 001 002 020 0 010 020 200 0 40 3110045 6056 885967 
DR <=> EK 001 020 002 0 010 200 020 0 40 3110045 6056 885967 
EB <=> DV 002 020 010 0 001 020 200 0 34 9621966 130 2776712 
EA <=> DW 002 010 020 0 001 200 020 0 34 9621966 130 2776712 
EE <=> CQ 002 020 100 0 000 020 200 1 0 349402 2244 244531 
EF <=> CR 002 100 020 0 000 200 020 1 0 349402 2244 244531 
BF <=> DI 000 002 021 0 000 120 200 0 0 42905515 62759316 68 
BG <=> DJ 000 021 002 0 000 200 120 0 0 42905515 62759316 68 
BJ <=> DM 000 002 102 0 000 201 200 0 1777 05047 6614 778138 
BK <=> DL 000 102 002 0 000 200 201 0 1777 05047 6614 778138 
BL <=> CW 000 002 120 0 000 021 200 0 286458 108 1553 936425 
BM <=> CX 000 120 002 0 000 200 021 0 286458 108 1553 936425 
BN <=> EH 000 002 200 1 002 200 100 0 22169 47 5 16795119 
BO <=> EG 000 200 002 1 002 100 200 0 22169 47 5 16795119 
DS <=> ED 001 002 200 0 002 200 010 0 727 121372 4240 997452 
DT <=> EC 001 200 002 0 002 010 200 0 727 121372 4240 997452 
BP <=> DG 000 002 201 0 000 102 200 0 14 4944852 616630 7148 
BQ <=> DH 000 201 002 0 000 200 102 0 14 4944852 616630 7148 
BR <=> CF 000 002 210 0 000 012 200 0 5585 35901 2217 770688 
BS <=> CG 000 210 002 0 000 200 012 0 5585 35901 2217 770688 
BT <=> EK 000 010 020 2 010 200 020 0 143 691304 65 94360453 
BU <=> EJ 000 020 010 2 010 020 200 0 143 691304 65 94360453 
EA <=> EI 002 010 020 0 010 020 020 0 127 237609 487 7442512 
EB <=> EI 002 020 010 0 010 020 020 0 127 237609 487 7442512 
BV <=> CC 000 010 022 0 000 220 010 0 7958 21733 264 0786472 
BW <=> CB 000 022 010 0 000 010 220 0 7958 21733 264 0786472 
BZ <=> CA 000 010 202 0 000 202 010 0 10 633714 10 633714 
CA <=> BZ 000 202 010 0 000 010 202 0 10 633714 10 633714 
CD <=> CU 000 012 020 0 000 020 210 0 2 89948015 98 68535131 
CE <=> CV 000 020 012 0 000 210 020 0 2 89948015 98 68535131 
CH <=> EM 000 020 020 1 020 020 100 0 173 489643 6 00688226 
DU <=> EI 001 020 020 0 010 020 020 0 26 8465635 250 4076235 
CI <=> CP 000 020 021 0 000 120 020 0 252 264048 25442 7693 
CJ <=> CO 000 021 020 0 000 020 120 0 252 264048 25442 7693 
CM <=> CT 000 020 102 0 000 201 020 0 295 985436 127 6851899 
CN <=> CS 000 102 020 0 000 020 201 0 295 985436 127 6851899 
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Figure 86. Kinetic simulation of 4f from an initial population of 4f:A at 25 °C   

 
Figure 87. Kinetic simulation of 4f from an initial population of 4f:D at 25 °C   
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2.1. Experimental section for addition section of chapter 3 
 

This project was not included in the publication and was abandoned, therefore most of the 

compounds are missing data such as IR, MS, 1H– and 13C–NMR. 

General procedure A: Under argon atmosphere, a 20 mL oven–dried sealed tube was charged 

with CoBr2(dppe) (10 mol%), zinc iodide (20 mol%), and zinc dust (30 mol%). The tube was 

flushed with argon and evacuated under high–vacuum three times. Afterwards, the solvent 

(either 1,2–dichlorethane or trifluoroethanol) was added and the reaction mixture stirred for 15 

min at room temperature. COT–Me (1.00 mmol, 1.00 eq) and the substituted acetylene (1–2 

eq) were added to the solution and the reaction stirred for 16 – 24 h at either room temperature 

or 55 °C. After the reaction was complete, the suspension was filtered through a short pad of 

silica gel eluting with either hexane or ethyl acetate. The solvent was evaporated under vacuum, 

and the desired product was purified by column chromatography. 

 

General procedure B: A 20 mL pyrex sealed tube charged with 36 mM of 8a–e in dry acetone. 

The solution was flushed with argon and was placed in a water bath 2.5 cm away from a 150W 

high–pressure mercury emission lamp (Osram SUPRATEC HTT 150–211). The tube was 

irradiated for 3 – 10h. After the reaction was complete, the solvent was evaporated and the 

desired product was purified by flash column chromatography on silica gel.  

 

Synthesis of methyl–cyclooctatetraene (5) 

 

Under nitrogen atmosphere, an oven dried 250 mL round bottom flask was 

charged with bromocyclooctatetraene (8.00 g, 43.7 mmol, 1.00 eq) and 

anhydrous tetrahydrofuran (70 mL). The reaction mixture was cooled to –78 

°C in a cooling bath containing dry ice and acetone. N–butyllithium (17.5 mL, 2.50 M in 

cyclohexane, 43.7 mmol, 1.00 eq) was added slowly over 20 min to the solution. The colour 

of the solution changed from brown to light dark brown. After 5 min, methyliodode (2.72 mL, 

43.7 mmol, 1.00 eq) was added and the reaction stirred for 2 hours at –78 °C. The reaction was 

quenched with an aqueous ammonium chloride solution and extracted with dichloromethane. 

The organic layer was washed with distilled water, aqueous sodium chloride solution, dried 

over MgSO4 and the solvent was removed under vacuum. The crude product was purified by 

column chromatography using hexane as eluent (Rf = 0.55). The desired product was obtained 

Me
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3. Experimental section for chapter 4 
 

NMR analysis was conducted using a Bruker UltraShield Avance III–HD 600 MHz, and an 

Agilent 500 MHz DD2 console. Chemical shifts are referenced to the residual solvent 

resonance as the internal standard (CDCl3: δ = 7.26 ppm for 1H NMR and δ = 77.16 ppm for 
13C NMR, TMS: δ = 0.00 ppm for 1H NMR).1 Data are reported as follows: chemical shift, 

multiplicity (ap. = apparent, brs = broad singlet, s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet). The assignment of signals was assisted using correlated spectroscopy (COSY). 

High–resolution mass spectroscopy was recorded using an Agilent 6230 TOF LC/MS (ESI). 

Infra–red spectra were recorded using ATR on a PerkinElmer spectrum 100 FTIR spectrometer 

equipped with a zinc selenide crystal. 

 

Cyclooctatetraene was obtained as a generous gift from Dr Graham Gream (The University of 

Adelaide). The material was manufactured by BASF, most likely sometime in the 1970s. 

Samples were purified by vacuum distillation using a short vigreux column (20 mbar/ 60 °C) 

and stored in a freezer under an atmosphere of nitrogen. All other chemicals were purchased 

from commercial suppliers and used as received.  

All reactions were performed in oven–dried glassware using conventional Schlenk techniques 

under positive pressure of nitrogen. Liquids and solutions were transferred with syringes. 
Dimethyl sulfoxide was dried following the rapid purification procedure outlined in 

Purification of Laboratory Chemicals (5th Edition, by Amarego and Chai), and stored over 4 Å 

molecular sieves under an atmosphere of nitrogen. Tetrahydrofuran and dichloromethane were 

purified by a Pure SolvTM Micro solvent purification system; tetrahydrofuran was then stored 

over 4 Å molecular sieves under an atmosphere of nitrogen. 

Compounds TMS–alcohol–bullvalene 31[84] and diol–bullvalene 33[27] were synthesized 

according to procedures developed in our laboratory. 

Synthesis of 2–methylmalonic acid 46 

 

Synthesised starting from diethyl malonate according to the procedure by Lu, 

2016, using MeI in place of CD3I.[109] 

 

 

HO

O O

OH



































 - 197 - 

Table containing the configuration of the central stereocentre  

 
Table 2: Configuration of the central stereocentre for isomer 1 

helicity isomer 1 chirality isomer 1 – 30 helicity ranking 

P 000 200 100 0 meso 000 200 100 0 P 30 

P 000 200 100 0 R 000 100 200 0 M 29 

P 000 200 100 0 R 000 000 210 0 achiral 28 

P 000 200 100 0 R 000 000 001 2 achiral 27 

P 000 200 100 0 R 000 000 120 0 achiral 26 

P 000 200 100 0 R 000 000 002 1 achiral 25 

P 000 200 100 0 R 000 000 021 0 achiral 24 

P 000 200 100 0 R 000 000 012 0 achiral 23 

P 000 200 100 0 R 000 200 010 0 P 22 

P 000 200 100 0 R 000 010 200 0 M 21 

P 000 200 100 0 R 000 000 201 0 achiral 20 

P 000 200 100 0 R 000 000 010 1 achiral 19 

P 000 200 100 0 R 000 020 100 0 P 18 

P 000 200 100 0 R 000 100 020 0 M 17 

P 000 200 100 0 R 000 000 102 0 achiral 16 

P 000 200 100 0 R 000 002 001 0 P 15 

P 000 200 100 0 R 000 001 002 0 M 14 

P 000 200 100 0 R 000 000 020 1 achiral 13 

P 000 200 100 0 R 000 200 001 0 P 12 

P 000 200 100 0 R 000 001 200 0 M 11 

P 000 200 100 0 R 000 000 200 1 achiral 10 

P 000 200 100 0 R 000 000 100 2 achiral 9 

P 000 200 100 0 R 000 020 010 0 P 8 

P 000 200 100 0 R 000 010 020 0 M 7 

P 000 200 100 0 R 000 010 002 0 P 6 

P 000 200 100 0 R 000 002 010 0 M 5 

P 000 200 100 0 R 000 100 002 0 P 4 

P 000 200 100 0 R 000 002 100 0 M 3 

P 000 200 100 0 R 000 020 001 0 P 2 

P 000 200 100 0 R 000 001 020 0 M 1 



 - 198 - 

 

Table 3: Configuration of the central stereocentre for isomer 2 

helicity isomer 2 chirality isomer 1 – 30 helicity ranking 

M 000 100 200 0 S 000 200 100 0 P 30 

M 000 100 200 0 meso 000 100 200 0 M 29 

M 000 100 200 0 R 000 000 210 0 achiral 28 

M 000 100 200 0 R 000 000 001 2 achiral 27 

M 000 100 200 0 R 000 000 120 0 achiral 26 

M 000 100 200 0 R 000 000 002 1 achiral 25 

M 000 100 200 0 R 000 000 021 0 achiral 24 

M 000 100 200 0 R 000 000 012 0 achiral 23 

M 000 100 200 0 R 000 200 010 0 P 22 

M 000 100 200 0 R 000 010 200 0 M 21 

M 000 100 200 0 R 000 000 201 0 achiral 20 

M 000 100 200 0 R 000 000 010 1 achiral 19 

M 000 100 200 0 R 000 020 100 0 P 18 

M 000 100 200 0 R 000 100 020 0 M 17 

M 000 100 200 0 R 000 000 102 0 achiral 16 

M 000 100 200 0 R 000 002 001 0 P 15 

M 000 100 200 0 R 000 001 002 0 M 14 

M 000 100 200 0 R 000 000 020 1 achiral 13 

M 000 100 200 0 R 000 200 001 0 P 12 

M 000 100 200 0 R 000 001 200 0 M 11 

M 000 100 200 0 R 000 000 200 1 achiral 10 

M 000 100 200 0 R 000 000 100 2 achiral 9 

M 000 100 200 0 R 000 020 010 0 P 8 

M 000 100 200 0 R 000 010 020 0 M 7 

M 000 100 200 0 R 000 010 002 0 P 6 

M 000 100 200 0 R 000 002 010 0 M 5 

M 000 100 200 0 R 000 100 002 0 P 4 

M 000 100 200 0 R 000 002 100 0 M 3 

M 000 100 200 0 R 000 020 001 0 P 2 

M 000 100 200 0 R 000 001 020 0 M 1 
 

Table 4: Configuration of the central stereocentre for isomer 3 
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helicity isomer 3 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 210 0 S 000 200 100 0 P 30 

achiral 000 000 210 0 S 000 100 200 0 M 29 

achiral 000 000 210 0 meso 000 000 210 0 achiral 28 

achiral 000 000 210 0 R 000 000 001 2 achiral 27 

achiral 000 000 210 0 R 000 000 120 0 achiral 26 

achiral 000 000 210 0 R 000 000 002 1 achiral 25 

achiral 000 000 210 0 R 000 000 021 0 achiral 24 

achiral 000 000 210 0 R 000 000 012 0 achiral 23 

achiral 000 000 210 0 R 000 200 010 0 P 22 

achiral 000 000 210 0 R 000 010 200 0 M 21 

achiral 000 000 210 0 R 000 000 201 0 achiral 20 

achiral 000 000 210 0 R 000 000 010 1 achiral 19 

achiral 000 000 210 0 R 000 020 100 0 P 18 

achiral 000 000 210 0 R 000 100 020 0 M 17 

achiral 000 000 210 0 R 000 000 102 0 achiral 16 

achiral 000 000 210 0 R 000 002 001 0 P 15 

achiral 000 000 210 0 R 000 001 002 0 M 14 

achiral 000 000 210 0 R 000 000 020 1 achiral 13 

achiral 000 000 210 0 R 000 200 001 0 P 12 

achiral 000 000 210 0 R 000 001 200 0 M 11 

achiral 000 000 210 0 R 000 000 200 1 achiral 10 

achiral 000 000 210 0 R 000 000 100 2 achiral 9 

achiral 000 000 210 0 R 000 020 010 0 P 8 

achiral 000 000 210 0 R 000 010 020 0 M 7 

achiral 000 000 210 0 R 000 010 002 0 P 6 

achiral 000 000 210 0 R 000 002 010 0 M 5 

achiral 000 000 210 0 R 000 100 002 0 P 4 

achiral 000 000 210 0 R 000 002 100 0 M 3 

achiral 000 000 210 0 R 000 020 001 0 P 2 

achiral 000 000 210 0 R 000 001 020 0 M 1 

 
Table 5: Configuration of the central stereocentre for isomer 4 

helicity isomer 4 chirality isomer 1 – 30 helicity ranking 
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achiral 000 000 001 2 S 000 200 100 0 P 30 

achiral 000 000 001 2 S 000 100 200 0 M 29 

achiral 000 000 001 2 S 000 000 210 0 achiral 28 

achiral 000 000 001 2 meso 000 000 001 2 achiral 27 

achiral 000 000 001 2 R 000 000 120 0 achiral 26 

achiral 000 000 001 2 R 000 000 002 1 achiral 25 

achiral 000 000 001 2 R 000 000 021 0 achiral 24 

achiral 000 000 001 2 R 000 000 012 0 achiral 23 

achiral 000 000 001 2 R 000 200 010 0 P 22 

achiral 000 000 001 2 R 000 010 200 0 M 21 

achiral 000 000 001 2 R 000 000 201 0 achiral 20 

achiral 000 000 001 2 R 000 000 010 1 achiral 19 

achiral 000 000 001 2 R 000 020 100 0 P 18 

achiral 000 000 001 2 R 000 100 020 0 M 17 

achiral 000 000 001 2 R 000 000 102 0 achiral 16 

achiral 000 000 001 2 R 000 002 001 0 P 15 

achiral 000 000 001 2 R 000 001 002 0 M 14 

achiral 000 000 001 2 R 000 000 020 1 achiral 13 

achiral 000 000 001 2 R 000 200 001 0 P 12 

achiral 000 000 001 2 R 000 001 200 0 M 11 

achiral 000 000 001 2 R 000 000 200 1 achiral 10 

achiral 000 000 001 2 R 000 000 100 2 achiral 9 

achiral 000 000 001 2 R 000 020 010 0 P 8 

achiral 000 000 001 2 R 000 010 020 0 M 7 

achiral 000 000 001 2 R 000 010 002 0 P 6 

achiral 000 000 001 2 R 000 002 010 0 M 5 

achiral 000 000 001 2 R 000 100 002 0 P 4 

achiral 000 000 001 2 R 000 002 100 0 M 3 

achiral 000 000 001 2 R 000 020 001 0 P 2 

achiral 000 000 001 2 R 000 001 020 0 M 1 

 
Table 6: Configuration of the central stereocentre for isomer 5 

helicity isomer 5 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 120 0 S 000 200 100 0 P 30 
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achiral 000 000 120 0 S 000 100 200 0 M 29 

achiral 000 000 120 0 S 000 000 210 0 achiral 28 

achiral 000 000 120 0 S 000 000 001 2 achiral 27 

achiral 000 000 120 0 meso 000 000 120 0 achiral 26 

achiral 000 000 120 0 R 000 000 002 1 achiral 25 

achiral 000 000 120 0 R 000 000 021 0 achiral 24 

achiral 000 000 120 0 R 000 000 012 0 achiral 23 

achiral 000 000 120 0 R 000 200 010 0 P 22 

achiral 000 000 120 0 R 000 010 200 0 M 21 

achiral 000 000 120 0 R 000 000 201 0 achiral 20 

achiral 000 000 120 0 R 000 000 010 1 achiral 19 

achiral 000 000 120 0 R 000 020 100 0 P 18 

achiral 000 000 120 0 R 000 100 020 0 M 17 

achiral 000 000 120 0 R 000 000 102 0 achiral 16 

achiral 000 000 120 0 R 000 002 001 0 P 15 

achiral 000 000 120 0 R 000 001 002 0 M 14 

achiral 000 000 120 0 R 000 000 020 1 achiral 13 

achiral 000 000 120 0 R 000 200 001 0 P 12 

achiral 000 000 120 0 R 000 001 200 0 M 11 

achiral 000 000 120 0 R 000 000 200 1 achiral 10 

achiral 000 000 120 0 R 000 000 100 2 achiral 9 

achiral 000 000 120 0 R 000 020 010 0 P 8 

achiral 000 000 120 0 R 000 010 020 0 M 7 

achiral 000 000 120 0 R 000 010 002 0 P 6 

achiral 000 000 120 0 R 000 002 010 0 M 5 

achiral 000 000 120 0 R 000 100 002 0 P 4 

achiral 000 000 120 0 R 000 002 100 0 M 3 

achiral 000 000 120 0 R 000 020 001 0 P 2 

achiral 000 000 120 0 R 000 001 020 0 M 1 

 
Table 7: Configuration of the central stereocentre for isomer 6 

helicity isomer 6 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 002 1 S 000 200 100 0 P 30 

achiral 000 000 002 1 S 000 100 200 0 M 29 
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achiral 000 000 002 1 S 000 000 210 0 achiral 28 

achiral 000 000 002 1 S 000 000 001 2 achiral 27 

achiral 000 000 002 1 S 000 000 120 0 achiral 26 

achiral 000 000 002 1 meso 000 000 002 1 achiral 25 

achiral 000 000 002 1 R 000 000 021 0 achiral 24 

achiral 000 000 002 1 R 000 000 012 0 achiral 23 

achiral 000 000 002 1 R 000 200 010 0 P 22 

achiral 000 000 002 1 R 000 010 200 0 M 21 

achiral 000 000 002 1 R 000 000 201 0 achiral 20 

achiral 000 000 002 1 R 000 000 010 1 achiral 19 

achiral 000 000 002 1 R 000 020 100 0 P 18 

achiral 000 000 002 1 R 000 100 020 0 M 17 

achiral 000 000 002 1 R 000 000 102 0 achiral 16 

achiral 000 000 002 1 R 000 002 001 0 P 15 

achiral 000 000 002 1 R 000 001 002 0 M 14 

achiral 000 000 002 1 R 000 000 020 1 achiral 13 

achiral 000 000 002 1 R 000 200 001 0 P 12 

achiral 000 000 002 1 R 000 001 200 0 M 11 

achiral 000 000 002 1 R 000 000 200 1 achiral 10 

achiral 000 000 002 1 R 000 000 100 2 achiral 9 

achiral 000 000 002 1 R 000 020 010 0 P 8 

achiral 000 000 002 1 R 000 010 020 0 M 7 

achiral 000 000 002 1 R 000 010 002 0 P 6 

achiral 000 000 002 1 R 000 002 010 0 M 5 

achiral 000 000 002 1 R 000 100 002 0 P 4 

achiral 000 000 002 1 R 000 002 100 0 M 3 

achiral 000 000 002 1 R 000 020 001 0 P 2 

achiral 000 000 002 1 R 000 001 020 0 M 1 

 
Table 8: Configuration of the central stereocentre for isomer 7 

helicity isomer 7 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 021 0 S 000 200 100 0 P 30 

achiral 000 000 021 0 S 000 100 200 0 M 29 

achiral 000 000 021 0 S 000 000 210 0 achiral 28 
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achiral 000 000 021 0 S 000 000 001 2 achiral 27 

achiral 000 000 021 0 S 000 000 120 0 achiral 26 

achiral 000 000 021 0 S 000 000 002 1 achiral 25 

achiral 000 000 021 0 meso 000 000 021 0 achiral 24 

achiral 000 000 021 0 R 000 000 012 0 achiral 23 

achiral 000 000 021 0 R 000 200 010 0 P 22 

achiral 000 000 021 0 R 000 010 200 0 M 21 

achiral 000 000 021 0 R 000 000 201 0 achiral 20 

achiral 000 000 021 0 R 000 000 010 1 achiral 19 

achiral 000 000 021 0 R 000 020 100 0 P 18 

achiral 000 000 021 0 R 000 100 020 0 M 17 

achiral 000 000 021 0 R 000 000 102 0 achiral 16 

achiral 000 000 021 0 R 000 002 001 0 P 15 

achiral 000 000 021 0 R 000 001 002 0 M 14 

achiral 000 000 021 0 R 000 000 020 1 achiral 13 

achiral 000 000 021 0 R 000 200 001 0 P 12 

achiral 000 000 021 0 R 000 001 200 0 M 11 

achiral 000 000 021 0 R 000 000 200 1 achiral 10 

achiral 000 000 021 0 R 000 000 100 2 achiral 9 

achiral 000 000 021 0 R 000 020 010 0 P 8 

achiral 000 000 021 0 R 000 010 020 0 M 7 

achiral 000 000 021 0 R 000 010 002 0 P 6 

achiral 000 000 021 0 R 000 002 010 0 M 5 

achiral 000 000 021 0 R 000 100 002 0 P 4 

achiral 000 000 021 0 R 000 002 100 0 M 3 

achiral 000 000 021 0 R 000 020 001 0 P 2 

achiral 000 000 021 0 R 000 001 020 0 M 1 

 
Table 9: Configuration of the central stereocentre for isomer 8 

helicity isomer 8 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 012 0 S 000 200 100 0 P 30 

achiral 000 000 012 0 S 000 100 200 0 M 29 

achiral 000 000 012 0 S 000 000 210 0 achiral 28 

achiral 000 000 012 0 S 000 000 001 2 achiral 27 
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achiral 000 000 012 0 S 000 000 120 0 achiral 26 

achiral 000 000 012 0 S 000 000 002 1 achiral 25 

achiral 000 000 012 0 S 000 000 021 0 achiral 24 

achiral 000 000 012 0 meso 000 000 012 0 achiral 23 

achiral 000 000 012 0 R 000 200 010 0 P 22 

achiral 000 000 012 0 R 000 010 200 0 M 21 

achiral 000 000 012 0 R 000 000 201 0 achiral 20 

achiral 000 000 012 0 R 000 000 010 1 achiral 19 

achiral 000 000 012 0 R 000 020 100 0 P 18 

achiral 000 000 012 0 R 000 100 020 0 M 17 

achiral 000 000 012 0 R 000 000 102 0 achiral 16 

achiral 000 000 012 0 R 000 002 001 0 P 15 

achiral 000 000 012 0 R 000 001 002 0 M 14 

achiral 000 000 012 0 R 000 000 020 1 achiral 13 

achiral 000 000 012 0 R 000 200 001 0 P 12 

achiral 000 000 012 0 R 000 001 200 0 M 11 

achiral 000 000 012 0 R 000 000 200 1 achiral 10 

achiral 000 000 012 0 R 000 000 100 2 achiral 9 

achiral 000 000 012 0 R 000 020 010 0 P 8 

achiral 000 000 012 0 R 000 010 020 0 M 7 

achiral 000 000 012 0 R 000 010 002 0 P 6 

achiral 000 000 012 0 R 000 002 010 0 M 5 

achiral 000 000 012 0 R 000 100 002 0 P 4 

achiral 000 000 012 0 R 000 002 100 0 M 3 

achiral 000 000 012 0 R 000 020 001 0 P 2 

achiral 000 000 012 0 R 000 001 020 0 M 1 

 
Table 10: Configuration of the central stereocentre for isomer 9 

helicity isomer 9 chirality isomer 1 – 30 helicity ranking 

P 000 200 010 0 S 000 200 100 0 P 30 

P 000 200 010 0 S 000 100 200 0 M 29 

P 000 200 010 0 S 000 000 210 0 achiral 28 

P 000 200 010 0 S 000 000 001 2 achiral 27 

P 000 200 010 0 S 000 000 120 0 achiral 26 
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P 000 200 010 0 S 000 000 002 1 achiral 25 

P 000 200 010 0 S 000 000 021 0 achiral 24 

P 000 200 010 0 S 000 000 012 0 achiral 23 

P 000 200 010 0 meso 000 200 010 0 P 22 

P 000 200 010 0 R 000 010 200 0 M 21 

P 000 200 010 0 R 000 000 201 0 achiral 20 

P 000 200 010 0 R 000 000 010 1 achiral 19 

P 000 200 010 0 R 000 020 100 0 P 18 

P 000 200 010 0 R 000 100 020 0 M 17 

P 000 200 010 0 R 000 000 102 0 achiral 16 

P 000 200 010 0 R 000 002 001 0 P 15 

P 000 200 010 0 R 000 001 002 0 M 14 

P 000 200 010 0 R 000 000 020 1 achiral 13 

P 000 200 010 0 R 000 200 001 0 P 12 

P 000 200 010 0 R 000 001 200 0 M 11 

P 000 200 010 0 R 000 000 200 1 achiral 10 

P 000 200 010 0 R 000 000 100 2 achiral 9 

P 000 200 010 0 R 000 020 010 0 P 8 

P 000 200 010 0 R 000 010 020 0 M 7 

P 000 200 010 0 R 000 010 002 0 P 6 

P 000 200 010 0 R 000 002 010 0 M 5 

P 000 200 010 0 R 000 100 002 0 P 4 

P 000 200 010 0 R 000 002 100 0 M 3 

P 000 200 010 0 R 000 020 001 0 P 2 

P 000 200 010 0 R 000 001 020 0 M 1 

 

 
Table 11: Configuration of the central stereocentre for isomer 10 

helicity isomer 10 chirality isomer 1 – 30 helicity ranking 

M 000 010 200 0 S 000 200 100 0 P 30 

M 000 010 200 0 S 000 100 200 0 M 29 

M 000 010 200 0 S 000 000 210 0 achiral 28 

M 000 010 200 0 S 000 000 001 2 achiral 27 

M 000 010 200 0 S 000 000 120 0 achiral 26 
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M 000 010 200 0 S 000 000 002 1 achiral 25 

M 000 010 200 0 S 000 000 021 0 achiral 24 

M 000 010 200 0 S 000 000 012 0 achiral 23 

M 000 010 200 0 S 000 200 010 0 P 22 

M 000 010 200 0 meso 000 010 200 0 M 21 

M 000 010 200 0 R 000 000 201 0 achiral 20 

M 000 010 200 0 R 000 000 010 1 achiral 19 

M 000 010 200 0 R 000 020 100 0 P 18 

M 000 010 200 0 R 000 100 020 0 M 17 

M 000 010 200 0 R 000 000 102 0 achiral 16 

M 000 010 200 0 R 000 002 001 0 P 15 

M 000 010 200 0 R 000 001 002 0 M 14 

M 000 010 200 0 R 000 000 020 1 achiral 13 

M 000 010 200 0 R 000 200 001 0 P 12 

M 000 010 200 0 R 000 001 200 0 M 11 

M 000 010 200 0 R 000 000 200 1 achiral 10 

M 000 010 200 0 R 000 000 100 2 achiral 9 

M 000 010 200 0 R 000 020 010 0 P 8 

M 000 010 200 0 R 000 010 020 0 M 7 

M 000 010 200 0 R 000 010 002 0 P 6 

M 000 010 200 0 R 000 002 010 0 M 5 

M 000 010 200 0 R 000 100 002 0 P 4 

M 000 010 200 0 R 000 002 100 0 M 3 

M 000 010 200 0 R 000 020 001 0 P 2 

M 000 010 200 0 R 000 001 020 0 M 1 

 
Table 12: Configuration of the central stereocentre for isomer 11 

helicity isomer 11 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 201 0 S 000 200 100 0 P 30 

achiral 000 000 201 0 S 000 100 200 0 M 29 

achiral 000 000 201 0 S 000 000 210 0 achiral 28 

achiral 000 000 201 0 S 000 000 001 2 achiral 27 

achiral 000 000 201 0 S 000 000 120 0 achiral 26 

achiral 000 000 201 0 S 000 000 002 1 achiral 25 
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achiral 000 000 201 0 S 000 000 021 0 achiral 24 

achiral 000 000 201 0 S 000 000 012 0 achiral 23 

achiral 000 000 201 0 S 000 200 010 0 P 22 

achiral 000 000 201 0 S 000 010 200 0 M 21 

achiral 000 000 201 0 meso 000 000 201 0 achiral 20 

achiral 000 000 201 0 R 000 000 010 1 achiral 19 

achiral 000 000 201 0 R 000 020 100 0 P 18 

achiral 000 000 201 0 R 000 100 020 0 M 17 

achiral 000 000 201 0 R 000 000 102 0 achiral 16 

achiral 000 000 201 0 R 000 002 001 0 P 15 

achiral 000 000 201 0 R 000 001 002 0 M 14 

achiral 000 000 201 0 R 000 000 020 1 achiral 13 

achiral 000 000 201 0 R 000 200 001 0 P 12 

achiral 000 000 201 0 R 000 001 200 0 M 11 

achiral 000 000 201 0 R 000 000 200 1 achiral 10 

achiral 000 000 201 0 R 000 000 100 2 achiral 9 

achiral 000 000 201 0 R 000 020 010 0 P 8 

achiral 000 000 201 0 R 000 010 020 0 M 7 

achiral 000 000 201 0 R 000 010 002 0 P 6 

achiral 000 000 201 0 R 000 002 010 0 M 5 

achiral 000 000 201 0 R 000 100 002 0 P 4 

achiral 000 000 201 0 R 000 002 100 0 M 3 

achiral 000 000 201 0 R 000 020 001 0 P 2 

achiral 000 000 201 0 R 000 001 020 0 M 1 

 
Table 13: Configuration of the central stereocentre for isomer 12 

helicity isomer 12 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 010 1 S 000 200 100 0 P 30 

achiral 000 000 010 1 S 000 100 200 0 M 29 

achiral 000 000 010 1 S 000 000 210 0 achiral 28 

achiral 000 000 010 1 S 000 000 001 2 achiral 27 

achiral 000 000 010 1 S 000 000 120 0 achiral 26 

achiral 000 000 010 1 S 000 000 002 1 achiral 25 

achiral 000 000 010 1 S 000 000 021 0 achiral 24 
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achiral 000 000 010 1 S 000 000 012 0 achiral 23 

achiral 000 000 010 1 S 000 200 010 0 P 22 

achiral 000 000 010 1 S 000 010 200 0 M 21 

achiral 000 000 010 1 S 000 000 201 0 achiral 20 

achiral 000 000 010 1 meso 000 000 010 1 achiral 19 

achiral 000 000 010 1 R 000 020 100 0 P 18 

achiral 000 000 010 1 R 000 100 020 0 M 17 

achiral 000 000 010 1 R 000 000 102 0 achiral 16 

achiral 000 000 010 1 R 000 002 001 0 P 15 

achiral 000 000 010 1 R 000 001 002 0 M 14 

achiral 000 000 010 1 R 000 000 020 1 achiral 13 

achiral 000 000 010 1 R 000 200 001 0 P 12 

achiral 000 000 010 1 R 000 001 200 0 M 11 

achiral 000 000 010 1 R 000 000 200 1 achiral 10 

achiral 000 000 010 1 R 000 000 100 2 achiral 9 

achiral 000 000 010 1 R 000 020 010 0 P 8 

achiral 000 000 010 1 R 000 010 020 0 M 7 

achiral 000 000 010 1 R 000 010 002 0 P 6 

achiral 000 000 010 1 R 000 002 010 0 M 5 

achiral 000 000 010 1 R 000 100 002 0 P 4 

achiral 000 000 010 1 R 000 002 100 0 M 3 

achiral 000 000 010 1 R 000 020 001 0 P 2 

achiral 000 000 010 1 R 000 001 020 0 M 1 

 
Table 14: Configuration of the central stereocentre for isomer 13 

helicity isomer 13 chirality isomer 1 – 30 helicity ranking 

P 000 020 100 0 S 000 200 100 0 P 30 

P 000 020 100 0 S 000 100 200 0 M 29 

P 000 020 100 0 S 000 000 210 0 achiral 28 

P 000 020 100 0 S 000 000 001 2 achiral 27 

P 000 020 100 0 S 000 000 120 0 achiral 26 

P 000 020 100 0 S 000 000 002 1 achiral 25 

P 000 020 100 0 S 000 000 021 0 achiral 24 

P 000 020 100 0 S 000 000 012 0 achiral 23 
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P 000 020 100 0 S 000 200 010 0 P 22 

P 000 020 100 0 S 000 010 200 0 M 21 

P 000 020 100 0 S 000 000 201 0 achiral 20 

P 000 020 100 0 S 000 000 010 1 achiral 19 

P 000 020 100 0 meso 000 020 100 0 P 18 

P 000 020 100 0 R 000 100 020 0 M 17 

P 000 020 100 0 R 000 000 102 0 achiral 16 

P 000 020 100 0 R 000 002 001 0 P 15 

P 000 020 100 0 R 000 001 002 0 M 14 

P 000 020 100 0 R 000 000 020 1 achiral 13 

P 000 020 100 0 R 000 200 001 0 P 12 

P 000 020 100 0 R 000 001 200 0 M 11 

P 000 020 100 0 R 000 000 200 1 achiral 10 

P 000 020 100 0 R 000 000 100 2 achiral 9 

P 000 020 100 0 R 000 020 010 0 P 8 

P 000 020 100 0 R 000 010 020 0 M 7 

P 000 020 100 0 R 000 010 002 0 P 6 

P 000 020 100 0 R 000 002 010 0 M 5 

P 000 020 100 0 R 000 100 002 0 P 4 

P 000 020 100 0 R 000 002 100 0 M 3 

P 000 020 100 0 R 000 020 001 0 P 2 

P 000 020 100 0 R 000 001 020 0 M 1 

 

 
Table 15: Configuration of the central stereocentre for isomer 14 

helicity isomer 14 chirality isomer 1 – 30 helicity ranking 

M 000 100 020 0 S 000 200 100 0 P 30 

M 000 100 020 0 S 000 100 200 0 M 29 

M 000 100 020 0 S 000 000 210 0 achiral 28 

M 000 100 020 0 S 000 000 001 2 achiral 27 

M 000 100 020 0 S 000 000 120 0 achiral 26 

M 000 100 020 0 S 000 000 002 1 achiral 25 

M 000 100 020 0 S 000 000 021 0 achiral 24 

M 000 100 020 0 S 000 000 012 0 achiral 23 
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M 000 100 020 0 S 000 200 010 0 P 22 

M 000 100 020 0 S 000 010 200 0 M 21 

M 000 100 020 0 S 000 000 201 0 achiral 20 

M 000 100 020 0 S 000 000 010 1 achiral 19 

M 000 100 020 0 S 000 020 100 0 P 18 

M 000 100 020 0 meso 000 100 020 0 M 17 

M 000 100 020 0 R 000 000 102 0 achiral 16 

M 000 100 020 0 R 000 002 001 0 P 15 

M 000 100 020 0 R 000 001 002 0 M 14 

M 000 100 020 0 R 000 000 020 1 achiral 13 

M 000 100 020 0 R 000 200 001 0 P 12 

M 000 100 020 0 R 000 001 200 0 M 11 

M 000 100 020 0 R 000 000 200 1 achiral 10 

M 000 100 020 0 R 000 000 100 2 achiral 9 

M 000 100 020 0 R 000 020 010 0 P 8 

M 000 100 020 0 R 000 010 020 0 M 7 

M 000 100 020 0 R 000 010 002 0 P 6 

M 000 100 020 0 R 000 002 010 0 M 5 

M 000 100 020 0 R 000 100 002 0 P 4 

M 000 100 020 0 R 000 002 100 0 M 3 

M 000 100 020 0 R 000 020 001 0 P 2 

M 000 100 020 0 R 000 001 020 0 M 1 

 
 

Table 16: Configuration of the central stereocentre for isomer 15 

helicity isomer 15 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 102 0 S 000 200 100 0 P 30 

achiral 000 000 102 0 S 000 100 200 0 M 29 

achiral 000 000 102 0 S 000 000 210 0 achiral 28 

achiral 000 000 102 0 S 000 000 001 2 achiral 27 

achiral 000 000 102 0 S 000 000 120 0 achiral 26 

achiral 000 000 102 0 S 000 000 002 1 achiral 25 

achiral 000 000 102 0 S 000 000 021 0 achiral 24 

achiral 000 000 102 0 S 000 000 012 0 achiral 23 
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achiral 000 000 102 0 S 000 200 010 0 P 22 

achiral 000 000 102 0 S 000 010 200 0 M 21 

achiral 000 000 102 0 S 000 000 201 0 achiral 20 

achiral 000 000 102 0 S 000 000 010 1 achiral 19 

achiral 000 000 102 0 S 000 020 100 0 P 18 

achiral 000 000 102 0 S 000 100 020 0 M 17 

achiral 000 000 102 0 meso 000 000 102 0 achiral 16 

achiral 000 000 102 0 R 000 002 001 0 P 15 

achiral 000 000 102 0 R 000 001 002 0 M 14 

achiral 000 000 102 0 R 000 000 020 1 achiral 13 

achiral 000 000 102 0 R 000 200 001 0 P 12 

achiral 000 000 102 0 R 000 001 200 0 M 11 

achiral 000 000 102 0 R 000 000 200 1 achiral 10 

achiral 000 000 102 0 R 000 000 100 2 achiral 9 

achiral 000 000 102 0 R 000 020 010 0 P 8 

achiral 000 000 102 0 R 000 010 020 0 M 7 

achiral 000 000 102 0 R 000 010 002 0 P 6 

achiral 000 000 102 0 R 000 002 010 0 M 5 

achiral 000 000 102 0 R 000 100 002 0 P 4 

achiral 000 000 102 0 R 000 002 100 0 M 3 

achiral 000 000 102 0 R 000 020 001 0 P 2 

achiral 000 000 102 0 R 000 001 020 0 M 1 

 
Table 17: Configuration of the central stereocentre for isomer 16 

helicity isomer 16 chirality isomer 1 – 30 helicity ranking 

P 000 002 001 0 S 000 200 100 0 P 30 

P 000 002 001 0 S 000 100 200 0 M 29 

P 000 002 001 0 S 000 000 210 0 achiral 28 

P 000 002 001 0 S 000 000 001 2 achiral 27 

P 000 002 001 0 S 000 000 120 0 achiral 26 

P 000 002 001 0 S 000 000 002 1 achiral 25 

P 000 002 001 0 S 000 000 021 0 achiral 24 

P 000 002 001 0 S 000 000 012 0 achiral 23 

P 000 002 001 0 S 000 200 010 0 P 22 
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P 000 002 001 0 S 000 010 200 0 M 21 

P 000 002 001 0 S 000 000 201 0 achiral 20 

P 000 002 001 0 S 000 000 010 1 achiral 19 

P 000 002 001 0 S 000 020 100 0 P 18 

P 000 002 001 0 S 000 100 020 0 M 17 

P 000 002 001 0 S 000 000 102 0 achiral 16 

P 000 002 001 0 meso 000 002 001 0 P 15 

P 000 002 001 0 R 000 001 002 0 M 14 

P 000 002 001 0 R 000 000 020 1 achiral 13 

P 000 002 001 0 R 000 200 001 0 P 12 

P 000 002 001 0 R 000 001 200 0 M 11 

P 000 002 001 0 R 000 000 200 1 achiral 10 

P 000 002 001 0 R 000 000 100 2 achiral 9 

P 000 002 001 0 R 000 020 010 0 P 8 

P 000 002 001 0 R 000 010 020 0 M 7 

P 000 002 001 0 R 000 010 002 0 P 6 

P 000 002 001 0 R 000 002 010 0 M 5 

P 000 002 001 0 R 000 100 002 0 P 4 

P 000 002 001 0 R 000 002 100 0 M 3 

P 000 002 001 0 R 000 020 001 0 P 2 

P 000 002 001 0 R 000 001 020 0 M 1 

 

 
Table 18: Configuration of the central stereocentre for isomer 17 

helicity isomer 17 chirality isomer 1 – 30 helicity ranking 

M 000 001 002 0 S 000 200 100 0 P 30 

M 000 001 002 0 S 000 100 200 0 M 29 

M 000 001 002 0 S 000 000 210 0 achiral 28 

M 000 001 002 0 S 000 000 001 2 achiral 27 

M 000 001 002 0 S 000 000 120 0 achiral 26 

M 000 001 002 0 S 000 000 002 1 achiral 25 

M 000 001 002 0 S 000 000 021 0 achiral 24 

M 000 001 002 0 S 000 000 012 0 achiral 23 

M 000 001 002 0 S 000 200 010 0 P 22 
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M 000 001 002 0 S 000 010 200 0 M 21 

M 000 001 002 0 S 000 000 201 0 achiral 20 

M 000 001 002 0 S 000 000 010 1 achiral 19 

M 000 001 002 0 S 000 020 100 0 P 18 

M 000 001 002 0 S 000 100 020 0 M 17 

M 000 001 002 0 S 000 000 102 0 achiral 16 

M 000 001 002 0 S 000 002 001 0 P 15 

M 000 001 002 0 meso 000 001 002 0 M 14 

M 000 001 002 0 R 000 000 020 1 achiral 13 

M 000 001 002 0 R 000 200 001 0 P 12 

M 000 001 002 0 R 000 001 200 0 M 11 

M 000 001 002 0 R 000 000 200 1 achiral 10 

M 000 001 002 0 R 000 000 100 2 achiral 9 

M 000 001 002 0 R 000 020 010 0 P 8 

M 000 001 002 0 R 000 010 020 0 M 7 

M 000 001 002 0 R 000 010 002 0 P 6 

M 000 001 002 0 R 000 002 010 0 M 5 

M 000 001 002 0 R 000 100 002 0 P 4 

M 000 001 002 0 R 000 002 100 0 M 3 

M 000 001 002 0 R 000 020 001 0 P 2 

M 000 001 002 0 R 000 001 020 0 M 1 

 

 
Table 19: Configuration of the central stereocentre for isomer 18 

helicity isomer 18 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 020 1 S 000 200 100 0 P 30 

achiral 000 000 020 1 S 000 100 200 0 M 29 

achiral 000 000 020 1 S 000 000 210 0 achiral 28 

achiral 000 000 020 1 S 000 000 001 2 achiral 27 

achiral 000 000 020 1 S 000 000 120 0 achiral 26 

achiral 000 000 020 1 S 000 000 002 1 achiral 25 

achiral 000 000 020 1 S 000 000 021 0 achiral 24 

achiral 000 000 020 1 S 000 000 012 0 achiral 23 

achiral 000 000 020 1 S 000 200 010 0 P 22 
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achiral 000 000 020 1 S 000 010 200 0 M 21 

achiral 000 000 020 1 S 000 000 201 0 achiral 20 

achiral 000 000 020 1 S 000 000 010 1 achiral 19 

achiral 000 000 020 1 S 000 020 100 0 P 18 

achiral 000 000 020 1 S 000 100 020 0 M 17 

achiral 000 000 020 1 S 000 000 102 0 achiral 16 

achiral 000 000 020 1 S 000 002 001 0 P 15 

achiral 000 000 020 1 S 000 001 002 0 M 14 

achiral 000 000 020 1 meso 000 000 020 1 achiral 13 

achiral 000 000 020 1 R 000 200 001 0 P 12 

achiral 000 000 020 1 R 000 001 200 0 M 11 

achiral 000 000 020 1 R 000 000 200 1 achiral 10 

achiral 000 000 020 1 R 000 000 100 2 achiral 9 

achiral 000 000 020 1 R 000 020 010 0 P 8 

achiral 000 000 020 1 R 000 010 020 0 M 7 

achiral 000 000 020 1 R 000 010 002 0 P 6 

achiral 000 000 020 1 R 000 002 010 0 M 5 

achiral 000 000 020 1 R 000 100 002 0 P 4 

achiral 000 000 020 1 R 000 002 100 0 M 3 

achiral 000 000 020 1 R 000 020 001 0 P 2 

achiral 000 000 020 1 R 000 001 020 0 M 1 

 
Table 20: Configuration of the central stereocentre for isomer 19 

helicity isomer 19 chirality isomer 1 – 30 helicity ranking 

P 000 200 001 0 S 000 200 100 0 P 30 

P 000 200 001 0 S 000 100 200 0 M 29 

P 000 200 001 0 S 000 000 210 0 achiral 28 

P 000 200 001 0 S 000 000 001 2 achiral 27 

P 000 200 001 0 S 000 000 120 0 achiral 26 

P 000 200 001 0 S 000 000 002 1 achiral 25 

P 000 200 001 0 S 000 000 021 0 achiral 24 

P 000 200 001 0 S 000 000 012 0 achiral 23 

P 000 200 001 0 S 000 200 010 0 P 22 

P 000 200 001 0 S 000 010 200 0 M 21 



 - 215 - 

P 000 200 001 0 S 000 000 201 0 achiral 20 

P 000 200 001 0 S 000 000 010 1 achiral 19 

P 000 200 001 0 S 000 020 100 0 P 18 

P 000 200 001 0 S 000 100 020 0 M 17 

P 000 200 001 0 S 000 000 102 0 achiral 16 

P 000 200 001 0 S 000 002 001 0 P 15 

P 000 200 001 0 S 000 001 002 0 M 14 

P 000 200 001 0 S 000 000 020 1 achiral 13 

P 000 200 001 0 meso 000 200 001 0 P 12 

P 000 200 001 0 R 000 001 200 0 M 11 

P 000 200 001 0 R 000 000 200 1 achiral 10 

P 000 200 001 0 R 000 000 100 2 achiral 9 

P 000 200 001 0 R 000 020 010 0 P 8 

P 000 200 001 0 R 000 010 020 0 M 7 

P 000 200 001 0 R 000 010 002 0 P 6 

P 000 200 001 0 R 000 002 010 0 M 5 

P 000 200 001 0 R 000 100 002 0 P 4 

P 000 200 001 0 R 000 002 100 0 M 3 

P 000 200 001 0 R 000 020 001 0 P 2 

P 000 200 001 0 R 000 001 020 0 M 1 

 
Table 21: Configuration of the central stereocentre for isomer 20 

helicity isomer 20 chirality isomer 1 – 30 helicity ranking 

M 000 001 200 0 S 000 200 100 0 P 30 

M 000 001 200 0 S 000 100 200 0 M 29 

M 000 001 200 0 S 000 000 210 0 achiral 28 

M 000 001 200 0 S 000 000 001 2 achiral 27 

M 000 001 200 0 S 000 000 120 0 achiral 26 

M 000 001 200 0 S 000 000 002 1 achiral 25 

M 000 001 200 0 S 000 000 021 0 achiral 24 

M 000 001 200 0 S 000 000 012 0 achiral 23 

M 000 001 200 0 S 000 200 010 0 P 22 

M 000 001 200 0 S 000 010 200 0 M 21 

M 000 001 200 0 S 000 000 201 0 achiral 20 
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M 000 001 200 0 S 000 000 010 1 achiral 19 

M 000 001 200 0 S 000 020 100 0 P 18 

M 000 001 200 0 S 000 100 020 0 M 17 

M 000 001 200 0 S 000 000 102 0 achiral 16 

M 000 001 200 0 S 000 002 001 0 P 15 

M 000 001 200 0 S 000 001 002 0 M 14 

M 000 001 200 0 S 000 000 020 1 achiral 13 

M 000 001 200 0 S 000 200 001 0 P 12 

M 000 001 200 0 meso 000 001 200 0 M 11 

M 000 001 200 0 R 000 000 200 1 achiral 10 

M 000 001 200 0 R 000 000 100 2 achiral 9 

M 000 001 200 0 R 000 020 010 0 P 8 

M 000 001 200 0 R 000 010 020 0 M 7 

M 000 001 200 0 R 000 010 002 0 P 6 

M 000 001 200 0 R 000 002 010 0 M 5 

M 000 001 200 0 R 000 100 002 0 P 4 

M 000 001 200 0 R 000 002 100 0 M 3 

M 000 001 200 0 R 000 020 001 0 P 2 

M 000 001 200 0 R 000 001 020 0 M 1 

 
Table 22: Configuration of the central stereocentre for isomer 21 

helicity isomer 21 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 200 1 S 000 200 100 0 P 30 

achiral 000 000 200 1 S 000 100 200 0 M 29 

achiral 000 000 200 1 S 000 000 210 0 achiral 28 

achiral 000 000 200 1 S 000 000 001 2 achiral 27 

achiral 000 000 200 1 S 000 000 120 0 achiral 26 

achiral 000 000 200 1 S 000 000 002 1 achiral 25 

achiral 000 000 200 1 S 000 000 021 0 achiral 24 

achiral 000 000 200 1 S 000 000 012 0 achiral 23 

achiral 000 000 200 1 S 000 200 010 0 P 22 

achiral 000 000 200 1 S 000 010 200 0 M 21 

achiral 000 000 200 1 S 000 000 201 0 achiral 20 

achiral 000 000 200 1 S 000 000 010 1 achiral 19 
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achiral 000 000 200 1 S 000 020 100 0 P 18 

achiral 000 000 200 1 S 000 100 020 0 M 17 

achiral 000 000 200 1 S 000 000 102 0 achiral 16 

achiral 000 000 200 1 S 000 002 001 0 P 15 

achiral 000 000 200 1 S 000 001 002 0 M 14 

achiral 000 000 200 1 S 000 000 020 1 achiral 13 

achiral 000 000 200 1 S 000 200 001 0 P 12 

achiral 000 000 200 1 S 000 001 200 0 M 11 

achiral 000 000 200 1 meso 000 000 200 1 achiral 10 

achiral 000 000 200 1 R 000 000 100 2 achiral 9 

achiral 000 000 200 1 R 000 020 010 0 P 8 

achiral 000 000 200 1 R 000 010 020 0 M 7 

achiral 000 000 200 1 R 000 010 002 0 P 6 

achiral 000 000 200 1 R 000 002 010 0 M 5 

achiral 000 000 200 1 R 000 100 002 0 P 4 

achiral 000 000 200 1 R 000 002 100 0 M 3 

achiral 000 000 200 1 R 000 020 001 0 P 2 

achiral 000 000 200 1 R 000 001 020 0 M 1 

 
Table 23: Configuration of the central stereocentre for isomer 22 

helicity isomer 22 chirality isomer 1 – 30 helicity ranking 

achiral 000 000 100 2 S 000 200 100 0 P 30 

achiral 000 000 100 2 S 000 100 200 0 M 29 

achiral 000 000 100 2 S 000 000 210 0 achiral 28 

achiral 000 000 100 2 S 000 000 001 2 achiral 27 

achiral 000 000 100 2 S 000 000 120 0 achiral 26 

achiral 000 000 100 2 S 000 000 002 1 achiral 25 

achiral 000 000 100 2 S 000 000 021 0 achiral 24 

achiral 000 000 100 2 S 000 000 012 0 achiral 23 

achiral 000 000 100 2 S 000 200 010 0 P 22 

achiral 000 000 100 2 S 000 010 200 0 M 21 

achiral 000 000 100 2 S 000 000 201 0 achiral 20 

achiral 000 000 100 2 S 000 000 010 1 achiral 19 

achiral 000 000 100 2 S 000 020 100 0 P 18 
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achiral 000 000 100 2 S 000 100 020 0 M 17 

achiral 000 000 100 2 S 000 000 102 0 achiral 16 

achiral 000 000 100 2 S 000 002 001 0 P 15 

achiral 000 000 100 2 S 000 001 002 0 M 14 

achiral 000 000 100 2 S 000 000 020 1 achiral 13 

achiral 000 000 100 2 S 000 200 001 0 P 12 

achiral 000 000 100 2 S 000 001 200 0 M 11 

achiral 000 000 100 2 S 000 000 200 1 achiral 10 

achiral 000 000 100 2 meso 000 000 100 2 achiral 9 

achiral 000 000 100 2 R 000 020 010 0 P 8 

achiral 000 000 100 2 R 000 010 020 0 M 7 

achiral 000 000 100 2 R 000 010 002 0 P 6 

achiral 000 000 100 2 R 000 002 010 0 M 5 

achiral 000 000 100 2 R 000 100 002 0 P 4 

achiral 000 000 100 2 R 000 002 100 0 M 3 

achiral 000 000 100 2 R 000 020 001 0 P 2 

achiral 000 000 100 2 R 000 001 020 0 M 1 

 
Table 24: Configuration of the central stereocentre for isomer 23 

helicity isomer 23 chirality isomer 1 – 30 helicity ranking 

P 000 020 010 0 S 000 200 100 0 P 30 

P 000 020 010 0 S 000 100 200 0 M 29 

P 000 020 010 0 S 000 000 210 0 achiral 28 

P 000 020 010 0 S 000 000 001 2 achiral 27 

P 000 020 010 0 S 000 000 120 0 achiral 26 

P 000 020 010 0 S 000 000 002 1 achiral 25 

P 000 020 010 0 S 000 000 021 0 achiral 24 

P 000 020 010 0 S 000 000 012 0 achiral 23 

P 000 020 010 0 S 000 200 010 0 P 22 

P 000 020 010 0 S 000 010 200 0 M 21 

P 000 020 010 0 S 000 000 201 0 achiral 20 

P 000 020 010 0 S 000 000 010 1 achiral 19 

P 000 020 010 0 S 000 020 100 0 P 18 

P 000 020 010 0 S 000 100 020 0 M 17 
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P 000 020 010 0 S 000 000 102 0 achiral 16 

P 000 020 010 0 S 000 002 001 0 P 15 

P 000 020 010 0 S 000 001 002 0 M 14 

P 000 020 010 0 S 000 000 020 1 achiral 13 

P 000 020 010 0 S 000 200 001 0 P 12 

P 000 020 010 0 S 000 001 200 0 M 11 

P 000 020 010 0 S 000 000 200 1 achiral 10 

P 000 020 010 0 S 000 000 100 2 achiral 9 

P 000 020 010 0 meso 000 020 010 0 P 8 

P 000 020 010 0 R 000 010 020 0 M 7 

P 000 020 010 0 R 000 010 002 0 P 6 

P 000 020 010 0 R 000 002 010 0 M 5 

P 000 020 010 0 R 000 100 002 0 P 4 

P 000 020 010 0 R 000 002 100 0 M 3 

P 000 020 010 0 R 000 020 001 0 P 2 

P 000 020 010 0 R 000 001 020 0 M 1 

 
Table 25: Configuration of the central stereocentre for isomer 24 

helicity isomer 24 chirality isomer 1 – 30 helicity ranking 

M 000 010 020 0 S 000 200 100 0 P 30 

M 000 010 020 0 S 000 100 200 0 M 29 

M 000 010 020 0 S 000 000 210 0 achiral 28 

M 000 010 020 0 S 000 000 001 2 achiral 27 

M 000 010 020 0 S 000 000 120 0 achiral 26 

M 000 010 020 0 S 000 000 002 1 achiral 25 

M 000 010 020 0 S 000 000 021 0 achiral 24 

M 000 010 020 0 S 000 000 012 0 achiral 23 

M 000 010 020 0 S 000 200 010 0 P 22 

M 000 010 020 0 S 000 010 200 0 M 21 

M 000 010 020 0 S 000 000 201 0 achiral 20 

M 000 010 020 0 S 000 000 010 1 achiral 19 

M 000 010 020 0 S 000 020 100 0 P 18 

M 000 010 020 0 S 000 100 020 0 M 17 

M 000 010 020 0 S 000 000 102 0 achiral 16 
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M 000 010 020 0 S 000 002 001 0 P 15 

M 000 010 020 0 S 000 001 002 0 M 14 

M 000 010 020 0 S 000 000 020 1 achiral 13 

M 000 010 020 0 S 000 200 001 0 P 12 

M 000 010 020 0 S 000 001 200 0 M 11 

M 000 010 020 0 S 000 000 200 1 achiral 10 

M 000 010 020 0 S 000 000 100 2 achiral 9 

M 000 010 020 0 S 000 020 010 0 P 8 

M 000 010 020 0 meso 000 010 020 0 M 7 

M 000 010 020 0 R 000 010 002 0 P 6 

M 000 010 020 0 R 000 002 010 0 M 5 

M 000 010 020 0 R 000 100 002 0 P 4 

M 000 010 020 0 R 000 002 100 0 M 3 

M 000 010 020 0 R 000 020 001 0 P 2 

M 000 010 020 0 R 000 001 020 0 M 1 

 
Table 26: Configuration of the central stereocentre for isomer 25 

helicity isomer 25 chirality isomer 1 – 30 helicity ranking 

P 000 010 002 0 S 000 200 100 0 P 30 

P 000 010 002 0 S 000 100 200 0 M 29 

P 000 010 002 0 S 000 000 210 0 achiral 28 

P 000 010 002 0 S 000 000 001 2 achiral 27 

P 000 010 002 0 S 000 000 120 0 achiral 26 

P 000 010 002 0 S 000 000 002 1 achiral 25 

P 000 010 002 0 S 000 000 021 0 achiral 24 

P 000 010 002 0 S 000 000 012 0 achiral 23 

P 000 010 002 0 S 000 200 010 0 P 22 

P 000 010 002 0 S 000 010 200 0 M 21 

P 000 010 002 0 S 000 000 201 0 achiral 20 

P 000 010 002 0 S 000 000 010 1 achiral 19 

P 000 010 002 0 S 000 020 100 0 P 18 

P 000 010 002 0 S 000 100 020 0 M 17 

P 000 010 002 0 S 000 000 102 0 achiral 16 

P 000 010 002 0 S 000 002 001 0 P 15 
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P 000 010 002 0 S 000 001 002 0 M 14 

P 000 010 002 0 S 000 000 020 1 achiral 13 

P 000 010 002 0 S 000 200 001 0 P 12 

P 000 010 002 0 S 000 001 200 0 M 11 

P 000 010 002 0 S 000 000 200 1 achiral 10 

P 000 010 002 0 S 000 000 100 2 achiral 9 

P 000 010 002 0 S 000 020 010 0 P 8 

P 000 010 002 0 S 000 010 020 0 M 7 

P 000 010 002 0 meso 000 010 002 0 P 6 

P 000 010 002 0 R 000 002 010 0 M 5 

P 000 010 002 0 R 000 100 002 0 P 4 

P 000 010 002 0 R 000 002 100 0 M 3 

P 000 010 002 0 R 000 020 001 0 P 2 

P 000 010 002 0 R 000 001 020 0 M 1 

 

 
Table 27: Configuration of the central stereocentre for isomer 26 

helicity isomer 26 chirality isomer 1 – 30 helicity ranking 

M 000 002 010 0 S 000 200 100 0 P 30 

M 000 002 010 0 S 000 100 200 0 M 29 

M 000 002 010 0 S 000 000 210 0 achiral 28 

M 000 002 010 0 S 000 000 001 2 achiral 27 

M 000 002 010 0 S 000 000 120 0 achiral 26 

M 000 002 010 0 S 000 000 002 1 achiral 25 

M 000 002 010 0 S 000 000 021 0 achiral 24 

M 000 002 010 0 S 000 000 012 0 achiral 23 

M 000 002 010 0 S 000 200 010 0 P 22 

M 000 002 010 0 S 000 010 200 0 M 21 

M 000 002 010 0 S 000 000 201 0 achiral 20 

M 000 002 010 0 S 000 000 010 1 achiral 19 

M 000 002 010 0 S 000 020 100 0 P 18 

M 000 002 010 0 S 000 100 020 0 M 17 

M 000 002 010 0 S 000 000 102 0 achiral 16 

M 000 002 010 0 S 000 002 001 0 P 15 
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M 000 002 010 0 S 000 001 002 0 M 14 

M 000 002 010 0 S 000 000 020 1 achiral 13 

M 000 002 010 0 S 000 200 001 0 P 12 

M 000 002 010 0 S 000 001 200 0 M 11 

M 000 002 010 0 S 000 000 200 1 achiral 10 

M 000 002 010 0 S 000 000 100 2 achiral 9 

M 000 002 010 0 S 000 020 010 0 P 8 

M 000 002 010 0 S 000 010 020 0 M 7 

M 000 002 010 0 S 000 010 002 0 P 6 

M 000 002 010 0 meso 000 002 010 0 M 5 

M 000 002 010 0 R 000 100 002 0 P 4 

M 000 002 010 0 R 000 002 100 0 M 3 

M 000 002 010 0 R 000 020 001 0 P 2 

M 000 002 010 0 R 000 001 020 0 M 1 

 
Table 28: Configuration of the central stereocentre for isomer 27 

helicity isomer 27 chirality isomer 1 – 30 helicity ranking 

P 000 100 002 0 S 000 200 100 0 P 30 

P 000 100 002 0 S 000 100 200 0 M 29 

P 000 100 002 0 S 000 000 210 0 achiral 28 

P 000 100 002 0 S 000 000 001 2 achiral 27 

P 000 100 002 0 S 000 000 120 0 achiral 26 

P 000 100 002 0 S 000 000 002 1 achiral 25 

P 000 100 002 0 S 000 000 021 0 achiral 24 

P 000 100 002 0 S 000 000 012 0 achiral 23 

P 000 100 002 0 S 000 200 010 0 P 22 

P 000 100 002 0 S 000 010 200 0 M 21 

P 000 100 002 0 S 000 000 201 0 achiral 20 

P 000 100 002 0 S 000 000 010 1 achiral 19 

P 000 100 002 0 S 000 020 100 0 P 18 

P 000 100 002 0 S 000 100 020 0 M 17 

P 000 100 002 0 S 000 000 102 0 achiral 16 

P 000 100 002 0 S 000 002 001 0 P 15 

P 000 100 002 0 S 000 001 002 0 M 14 
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P 000 100 002 0 S 000 000 020 1 achiral 13 

P 000 100 002 0 S 000 200 001 0 P 12 

P 000 100 002 0 S 000 001 200 0 M 11 

P 000 100 002 0 S 000 000 200 1 achiral 10 

P 000 100 002 0 S 000 000 100 2 achiral 9 

P 000 100 002 0 S 000 020 010 0 P 8 

P 000 100 002 0 S 000 010 020 0 M 7 

P 000 100 002 0 S 000 010 002 0 P 6 

P 000 100 002 0 S 000 002 010 0 M 5 

P 000 100 002 0 meso 000 100 002 0 P 4 

P 000 100 002 0 R 000 002 100 0 M 3 

P 000 100 002 0 R 000 020 001 0 P 2 

P 000 100 002 0 R 000 001 020 0 M 1 

 
Table 29: Configuration of the central stereocentre for isomer 27 

helicity isomer 28 chirality isomer 1 – 30 helicity ranking 

M 000 002 100 0 S 000 200 100 0 P 30 

M 000 002 100 0 S 000 100 200 0 M 29 

M 000 002 100 0 S 000 000 210 0 achiral 28 

M 000 002 100 0 S 000 000 001 2 achiral 27 

M 000 002 100 0 S 000 000 120 0 achiral 26 

M 000 002 100 0 S 000 000 002 1 achiral 25 

M 000 002 100 0 S 000 000 021 0 achiral 24 

M 000 002 100 0 S 000 000 012 0 achiral 23 

M 000 002 100 0 S 000 200 010 0 P 22 

M 000 002 100 0 S 000 010 200 0 M 21 

M 000 002 100 0 S 000 000 201 0 achiral 20 

M 000 002 100 0 S 000 000 010 1 achiral 19 

M 000 002 100 0 S 000 020 100 0 P 18 

M 000 002 100 0 S 000 100 020 0 M 17 

M 000 002 100 0 S 000 000 102 0 achiral 16 

M 000 002 100 0 S 000 002 001 0 P 15 

M 000 002 100 0 S 000 001 002 0 M 14 

M 000 002 100 0 S 000 000 020 1 achiral 13 
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M 000 002 100 0 S 000 200 001 0 P 12 

M 000 002 100 0 S 000 001 200 0 M 11 

M 000 002 100 0 S 000 000 200 1 achiral 10 

M 000 002 100 0 S 000 000 100 2 achiral 9 

M 000 002 100 0 S 000 020 010 0 P 8 

M 000 002 100 0 S 000 010 020 0 M 7 

M 000 002 100 0 S 000 010 002 0 P 6 

M 000 002 100 0 S 000 002 010 0 M 5 

M 000 002 100 0 meso 000 100 002 0 P 4 

M 000 002 100 0 R 000 002 100 0 M 3 

M 000 002 100 0 R 000 020 001 0 P 2 

M 000 002 100 0 R 000 001 020 0 M 1 

 
Table 30: Configuration of the central stereocentre for isomer 28 

helicity isomer 28 chirality isomer 1 – 30 helicity ranking 

M 000 002 100 0 S 000 200 100 0 P 30 

M 000 002 100 0 S 000 100 200 0 M 29 

M 000 002 100 0 S 000 000 210 0 achiral 28 

M 000 002 100 0 S 000 000 001 2 achiral 27 

M 000 002 100 0 S 000 000 120 0 achiral 26 

M 000 002 100 0 S 000 000 002 1 achiral 25 

M 000 002 100 0 S 000 000 021 0 achiral 24 

M 000 002 100 0 S 000 000 012 0 achiral 23 

M 000 002 100 0 S 000 200 010 0 P 22 

M 000 002 100 0 S 000 010 200 0 M 21 

M 000 002 100 0 S 000 000 201 0 achiral 20 

M 000 002 100 0 S 000 000 010 1 achiral 19 

M 000 002 100 0 S 000 020 100 0 P 18 

M 000 002 100 0 S 000 100 020 0 M 17 

M 000 002 100 0 S 000 000 102 0 achiral 16 

M 000 002 100 0 S 000 002 001 0 P 15 

M 000 002 100 0 S 000 001 002 0 M 14 

M 000 002 100 0 S 000 000 020 1 achiral 13 

M 000 002 100 0 S 000 200 001 0 P 12 
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M 000 002 100 0 S 000 001 200 0 M 11 

M 000 002 100 0 S 000 000 200 1 achiral 10 

M 000 002 100 0 S 000 000 100 2 achiral 9 

M 000 002 100 0 S 000 020 010 0 P 8 

M 000 002 100 0 S 000 010 020 0 M 7 

M 000 002 100 0 S 000 010 002 0 P 6 

M 000 002 100 0 S 000 002 010 0 M 5 

M 000 002 100 0 S 000 100 002 0 P 4 

M 000 002 100 0 meso 000 002 100 0 M 3 

M 000 002 100 0 R 000 020 001 0 P 2 

M 000 002 100 0 R 000 001 020 0 M 1 

 

 
Table 31: Configuration of the central stereocentre for isomer 29 

helicity isomer 29 chirality isomer 1 – 30 helicity ranking 

P 000 020 001 0 S 000 200 100 0 P 30 

P 000 020 001 0 S 000 100 200 0 M 29 

P 000 020 001 0 S 000 000 210 0 achiral 28 

P 000 020 001 0 S 000 000 001 2 achiral 27 

P 000 020 001 0 S 000 000 120 0 achiral 26 

P 000 020 001 0 S 000 000 002 1 achiral 25 

P 000 020 001 0 S 000 000 021 0 achiral 24 

P 000 020 001 0 S 000 000 012 0 achiral 23 

P 000 020 001 0 S 000 200 010 0 P 22 

P 000 020 001 0 S 000 010 200 0 M 21 

P 000 020 001 0 S 000 000 201 0 achiral 20 

P 000 020 001 0 S 000 000 010 1 achiral 19 

P 000 020 001 0 S 000 020 100 0 P 18 

P 000 020 001 0 S 000 100 020 0 M 17 

P 000 020 001 0 S 000 000 102 0 achiral 16 

P 000 020 001 0 S 000 002 001 0 P 15 

P 000 020 001 0 S 000 001 002 0 M 14 

P 000 020 001 0 S 000 000 020 1 achiral 13 

P 000 020 001 0 S 000 200 001 0 P 12 
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P 000 020 001 0 S 000 001 200 0 M 11 

P 000 020 001 0 S 000 000 200 1 achiral 10 

P 000 020 001 0 S 000 000 100 2 achiral 9 

P 000 020 001 0 S 000 020 010 0 P 8 

P 000 020 001 0 S 000 010 020 0 M 7 

P 000 020 001 0 S 000 010 002 0 P 6 

P 000 020 001 0 S 000 002 010 0 M 5 

P 000 020 001 0 S 000 100 002 0 P 4 

P 000 020 001 0 S 000 002 100 0 M 3 

P 000 020 001 0 meso 000 020 001 0 P 2 

P 000 020 001 0 R 000 001 020 0 M 1 

 

 
Table 32: Configuration of the central stereocentre for isomer 30  

helicity isomer 30 chirality isomer 1 – 30 helicity ranking 

achiral 000 001 020 0 S 000 200 100 0 P 30 

achiral 000 001 020 0 S 000 100 200 0 M 29 

achiral 000 001 020 0 S 000 000 210 0 achiral 28 

achiral 000 001 020 0 S 000 000 001 2 achiral 27 

achiral 000 001 020 0 S 000 000 120 0 achiral 26 

achiral 000 001 020 0 S 000 000 002 1 achiral 25 

achiral 000 001 020 0 S 000 000 021 0 achiral 24 

achiral 000 001 020 0 S 000 000 012 0 achiral 23 

achiral 000 001 020 0 S 000 200 010 0 P 22 

achiral 000 001 020 0 S 000 010 200 0 M 21 

achiral 000 001 020 0 S 000 000 201 0 achiral 20 

achiral 000 001 020 0 S 000 000 010 1 achiral 19 

achiral 000 001 020 0 S 000 020 100 0 P 18 

achiral 000 001 020 0 S 000 100 020 0 M 17 

achiral 000 001 020 0 S 000 000 102 0 achiral 16 

achiral 000 001 020 0 S 000 002 001 0 P 15 

achiral 000 001 020 0 S 000 001 002 0 M 14 

achiral 000 001 020 0 S 000 000 020 1 achiral 13 

achiral 000 001 020 0 S 000 200 001 0 P 12 
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achiral 000 001 020 0 S 000 001 200 0 M 11 

achiral 000 001 020 0 S 000 000 200 1 achiral 10 

achiral 000 001 020 0 S 000 000 100 2 achiral 9 

achiral 000 001 020 0 S 000 020 010 0 P 8 

achiral 000 001 020 0 S 000 010 020 0 M 7 

achiral 000 001 020 0 S 000 010 002 0 P 6 

achiral 000 001 020 0 S 000 002 010 0 M 5 

achiral 000 001 020 0 S 000 100 002 0 P 4 

achiral 000 001 020 0 S 000 002 100 0 M 3 

achiral 000 001 020 0 S 000 020 001 0 P 2 

achiral 000 001 020 0 meso 000 001 020 0 M 1 
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General Procedures 

NMR analysis was conducted using either an Agilent 600 MHz DD2 console with an Oxford 600 MHz magnet 

and Agilent cryoprobe, a Bruker Advance III-HD 600 MHz, and an Agilent 500 MHz. Chemical shifts are 

referenced to the residual solvent resonance as the internal standard (CDCl3: δ = 7.26 ppm for 1H NMR 

and δ = 77.16 ppm for 13C NMR). Data are reported as follows: chemical shift, multiplicity (brs = broad 

singlet, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet). The assignment of signals was 

assisted correlated spectroscopy (COSY), heteronuclear single quantum coherence (HSQC). High-

resolution mass spectroscopy was recorded using an Agilent 6230 TOF LC/MS (ESI). Infra-red spectra 

were recorded using a PerkinElmer spectrum 100 FTIR spectrometer equipped with a zinc selenide 

crystal. Cyclooctatetraene was obtained as a generous gift from Dr Graham Gream (The University of 

Adelaide). The material was manufactured by BASF, most likely sometime in the 1970s. Samples were 

purified by vacuum distillation using a short vigrex column (20 mbar/ 60 °C), and stored in a freezer 

under an atmosphere of argon. All other chemicals were purchased from commercial suppliers and used 

as received. All reactions were performed in flame-dried glassware using conventional Schlenk 

techniques under static pressure of nitrogen. Liquids and solutions were transferred with syringes.  

Diethyl ether (Et2O) and tetrahydrofuran (THF) were purified by a Pure SolvTM Micro solvent purification 

system and stored over 4 Å molecular sieves under an atmosphere of nitrogen. 1,2-dichloroethane was 

dried through storage over 4 Å molecular sieves under an atmosphere of nitrogen. Toluene was dried 

following the rapid purification procedures outlined in Purification of Laboratory Chemicals (5th Edition, 

by Amarego and Chai), and stored over 4 Å molecular sieves under an atmosphere of nitrogen. 
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13C NMR of Endiandric acid J 
Assignement Synthetic Natural 

C=O 180.3 180.1 

H-C 132.1 131.9 
H-C 131.4 131.3 
H-C 49.1 48.9 

H-C 42.0 41.8 
H-C 40.4 40.1 
H-C 40.3 39.4 
H-C 39.8 39.6 
H-C 39.6 38.5 

H-C 38.7 38.2 

CH2 36.5 36.3 
H-C 35.2 35.0 
CH2 32.1 31.9 
CH2 29.9 29.4 – 29.7 
CH2 29.9 29.4 – 29.7 
CH2 29.9 29.4 – 29.7 
CH2 29.8 29.4 – 29.7 
CH2 29.8 29.4 – 29.7 
CH2 29.8 29.4 – 29.7 
CH2 29.5 29.4 – 29.7 
CH2 27.4 27.3 
CH2 22.9 22.7 
CH3 14.3 14.1 
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13C NMR of Beilcyclone A 

Assignement Synthetic Natural 

C=O 209.3 209.2 

H-C 132.4 132.3 

H-C 130.5 130.3 

H-C 57.9 57.8 

H-C 42.4 42.2 

H-C 40.4 40.3 

H-C 40.1 40.2 

H-C 40.1 39.9 

H-C 39.8 39.6 

H-C 38.5 38.3 

H-C 37.0 36.9 

H-C 36.5 36.3 

H-C 35.6 35.5 

H-C 32.1 31.9 

CH2 29.9 – 29.5 29.4 − 29.8 

COCH3 28.5 28.3 

CH2 27.5 27.3 

CH2 22.8 22.7 

CH3 14.3 14.1 
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 C                 -0.25385900   -1.32855500    0.25080700 
 H                 -0.50036300   -1.52012400   -0.79217000 
 C                 -4.33950400   -0.12253000   -0.94398400 
 H                 -4.64088200   -0.28732900   -1.97747100 
 C                 -5.35256000    0.48378700   -0.09428300 
 H                 -5.11013800    0.67499000    0.94957800 
 C                  0.96493700   -1.66473800    0.69255500 
 H                  1.22408500   -1.46925300    1.73407200 
 C                 -6.57058500    0.81733900   -0.54100900 
 H                 -6.81164400    0.62506400   -1.58719400 
 C                 -7.64542900    1.44254200    0.29161600 
 H                 -7.31077400    1.59515900    1.32123400 
 H                 -8.54358300    0.81460700    0.31232300 
 H                 -7.94732800    2.41319500   -0.11838600 
 C                  2.03248300   -2.29592200   -0.14896500 
 H                  1.63824400   -2.52785800   -1.14788300 
 H                  2.32631500   -3.26303200    0.28383800 
 C                  3.27579200   -1.46336300   -0.30533100 
 H                  4.14412300   -1.94708800   -0.75111200 
 C                  3.39769800   -0.18374200    0.04793100 
 H                  2.58470200    0.38514800    0.48773700 
 C                  4.68495200    0.51618200   -0.17263800 
 O                  5.68280700    0.02919400   -0.65138300 
 O                  4.61438900    1.79710200    0.23452100 
 C                  5.81363100    2.54532100    0.05498200 
 H                  5.59905000    3.54598400    0.42695600 
 H                  6.08850000    2.57750600   -1.00175500 
 H                  6.63362500    2.09250400    0.61700200 
 

 
tetraene 10 8pi-TS 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.55896 
Gibbs free energy (393K) = -694.34883 
imaginary frequency: -348.05 
 C                 -3.16987200    0.95789500   -1.56686200 
 H                 -3.43018300    1.20959200   -2.59333800 
 C                 -2.91322400    2.06190500   -0.76199500 
 H                 -3.18169200    2.99624100   -1.25450900 
 C                 -2.43170100    2.30370700    0.55228700 
 H                 -2.64911600    3.32537200    0.86322500 
 C                 -1.72520400    1.60432200    1.52393600 
 H                 -1.65147700    2.12129300    2.47877600 
 C                 -3.16997700   -0.41722400   -1.27493300 
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 H                 -3.20195700   -1.10301500   -2.12187000 
 C                 -3.06020100   -0.95077400   -0.00781300 
 H                 -3.30750700   -0.29615600    0.82023600 
 C                 -1.07601200    0.35818600    1.46909900 
 H                 -0.76024600   -0.07979200    2.41655500 
 C                 -0.88356200   -0.37322700    0.31613900 
 H                 -0.91993100    0.16724300   -0.62339300 
 C                 -3.18055500   -2.42523900    0.25204700 
 H                 -2.58410200   -2.73296100    1.11651700 
 H                 -2.86280400   -3.01170300   -0.61567900 
 H                 -4.22258900   -2.68789900    0.47054900 
 C                 -0.08105000   -1.64420000    0.30948700 
 H                 -0.21405900   -2.18209300    1.25937300 
 H                 -0.45126700   -2.32319900   -0.47031800 
 C                  1.39409400   -1.44048500    0.08774800 
 H                  1.99351200   -2.33609800   -0.07312000 
 C                  2.02819300   -0.26784900    0.07680900 
 H                  1.52201300    0.67903900    0.23504800 
 C                  3.49244200   -0.23594500   -0.15060700 
 O                  4.20127400   -1.19760300   -0.33829200 
 O                  3.95842200    1.02622800   -0.12333700 
 C                  5.36224600    1.14675800   -0.33468500 
 H                  5.63689400    0.74344300   -1.31203900 
 H                  5.91234900    0.60246300    0.43634300 
 H                  5.58089800    2.21225500   -0.28326600 
 

 
cyclooctatriene 11 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.597663 
Gibbs free energy (393K) = -694.383209 
C                  3.52806600    0.16455800   -0.78005100 
 H                  4.53899000   -0.12860800   -1.06826900 
 C                  3.29169600    1.48414500   -0.83483300 
 H                  4.13635500    2.07436900   -1.19229200 
 C                  2.12851800    2.34055800   -0.55342500 
 H                  2.07394300    3.21019000   -1.20766400 
 C                  1.24728600    2.30950900    0.46134800 
 H                  0.56871400    3.15666200    0.55445600 
 C                  1.12424700    1.27631600    1.48843900 
 H                  0.96574700    1.61987400    2.50940000 
 C                  1.11443700   -0.03792100    1.24144600 
 H                  0.99102100   -0.72353300    2.08047500 
 C                  1.20631400   -0.66977300   -0.12231500 
 H                  0.86969300    0.05835000   -0.87136000 
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 C                  2.66090500   -1.02866700   -0.47939100 
 H                  2.63421100   -1.61772200   -1.41132300 
 C                  0.29445600   -1.89966500   -0.21037600 
 H                  0.52226500   -2.60055500    0.60566300 
 H                  0.51113100   -2.45512000   -1.13455200 
 C                 -1.17805600   -1.61826100   -0.18058300 
 H                 -1.83928900   -2.48441900   -0.20465500 
 C                  3.33732400   -1.90654500    0.58373200 
 H                  2.78075400   -2.83373700    0.75275600 
 H                  3.41471700   -1.36682000    1.53223000 
 H                  4.34965400   -2.18049200    0.27079400 
 C                 -1.76029300   -0.41843000   -0.14272300 
 H                 -1.20859700    0.51510400   -0.10595800 
 C                 -3.23952200   -0.33126800   -0.13942100 
 O                 -4.00645700   -1.26607300   -0.16134200 
 O                 -3.64788100    0.95170900   -0.10872000 
 C                 -5.06178200    1.12517200   -0.10487400 
 H                 -5.50294200    0.68586000   -1.00252100 
 H                 -5.23027800    2.20079400   -0.08089200 
 H                 -5.50295200    0.64636100    0.77236100 
 
 

 
cyclooctatriene 11 6pi-exo-TS 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.559128 
Gibbs free energy (393K) = -694.345014 
imaginary frequency: -578.11 
 C                 -1.33497900    0.20928700    1.25217300 
 H                 -1.28733000   -0.26186300    2.23635700 
 C                 -0.84582000    1.51281100    1.13515100 
 H                 -0.33712400    1.98292400    1.97487100 
 C                 -1.12957200    2.27993100    0.01257900 
 H                 -0.58041300    3.20325200   -0.15533600 
 C                 -2.31858600    2.11333000   -0.71987700 
 H                 -2.55288800    2.89968400   -1.43404300 
 C                 -3.37901300    1.30447200   -0.31043400 
 H                 -4.36399300    1.74392600   -0.47920800 
 C                 -3.34837700    0.13544900    0.47415700 
 H                 -4.26745500   -0.01825800    1.04781600 
 C                 -2.69934700   -1.17322900    0.02069800 
 H                 -2.88771400   -1.91604600    0.80910500 
 C                 -1.23962900   -0.77767500    0.09319700 
 H                 -0.96561200   -0.23101400   -0.81780800 
 C                 -0.27329300   -1.93656000    0.31683600 
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 H                 -0.47556400   -2.71777900   -0.43237200 
 H                 -0.49538700   -2.40948100    1.28542900 
 C                  1.19138600   -1.62266900    0.26550800 
 H                  1.87261300   -2.44247600    0.49338400 
 C                 -3.21947600   -1.70633700   -1.30859500 
 H                 -2.73453800   -2.65269300   -1.57315200 
 H                 -3.02427200   -0.97989200   -2.10437300 
 H                 -4.29955100   -1.88200000   -1.26860300 
 C                  1.74468500   -0.44974500   -0.04657900 
 H                  1.16917000    0.43940700   -0.28155900 
 C                  3.22132600   -0.32946300   -0.06842500 
 O                  3.59990200    0.91702900   -0.41115800 
 O                  4.01053400   -1.21104900    0.18204500 
 C                  5.00926600    1.11779100   -0.45814500 
 H                  5.46653600    0.44740600   -1.18952000 
 H                  5.45554300    0.92499500    0.52019400 
 H                  5.15306100    2.15771600   -0.74773900 
 

 
cyclooctatriene 11 6pi-endo-TS 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.559041 
Gibbs free energy (393K) = -694.346533 
imaginary frequency: -572.51 
 C                 -3.15335400    0.50354900    0.96537600 
 H                 -3.15249100    1.02827300    1.92310400 
 C                 -4.27867600   -0.25760400    0.64033500 
 H                 -5.16097200   -0.23266900    1.27741900 
 C                 -4.23461500   -1.18190200   -0.39601300 
 H                 -5.16185100   -1.61576500   -0.76263500 
 C                 -3.04840500   -1.84826000   -0.75106200 
 H                 -3.16317400   -2.70929200   -1.40585900 
 C                 -1.86332600   -1.77469700   -0.01678200 
 H                 -1.34445700   -2.72978900    0.08779100 
 C                 -1.38251700   -0.71683900    0.77849700 
 H                 -0.74059200   -1.05311800    1.59774100 
 C                 -0.98560600    0.65015200    0.21803500 
 H                 -0.56595100    1.23735400    1.04684000 
 C                 -2.35140900    1.20297400   -0.12556400 
 H                 -2.66961400    0.80097700   -1.09485100 
 C                  0.04134500    0.60627800   -0.92357300 
 H                  0.23511700    1.62553900   -1.28009000 
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 H                 -0.40942600    0.03856500   -1.74960100 
 C                 -2.49539700    2.71910700   -0.12341300 
 H                 -3.53031300    3.01588600   -0.31929500 
 H                 -1.86129400    3.17588700   -0.89105700 
 H                 -2.20090100    3.13328000    0.84776900 
 C                  1.32165700   -0.04903400   -0.51529700 
 H                  1.27589800   -1.09782200   -0.22030900 
 C                  2.50996600    0.55422800   -0.46067000 
 H                  2.65241200    1.59495400   -0.73654600 
 C                  3.70346800   -0.20097400   -0.01510000 
 O                  4.80420300    0.57448400   -0.03842800 
 O                  3.71959500   -1.35973000    0.33015000 
 C                  6.00030000   -0.07880500    0.37690500 
 H                  6.21466000   -0.93107700   -0.27196400 
 H                  5.90281600   -0.43651600    1.40447500 
 H                  6.78915500    0.66826800    0.30325400 
 
 

 
bicyclo[4.2.0]octadiene 12-endo 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.603461 
Gibbs free energy (393K) = -694.388117 
 C                  1.20197000   -1.51340800    0.48293300 
 H                  0.23909800   -1.75207600    0.93231600 
 C                  2.30937300   -2.15894200    0.86945500 
 H                  2.25193500   -2.91792700    1.64490500 
 C                  3.61466300   -1.91617200    0.23625200 
 H                  4.44150200   -2.56881300    0.50150300 
 C                  3.77830100   -0.93596600   -0.65941400 
 H                  4.73998100   -0.77567700   -1.14057000 
 C                  1.21119200   -0.47408400   -0.60170600 
 H                  0.57671100   -0.80919600   -1.43248500 
 C                  2.64735700   -0.00661200   -0.97742200 
 H                  2.68591200    0.32978800   -2.02004000 
 C                  0.92355100    0.97642200   -0.10640700 
 H                  0.48785500    1.56389200   -0.92609600 
 C                  2.45002500    1.22082000   -0.04344700 
 H                  2.81432000    0.95872000    0.95850700 
 C                  2.99254300    2.56966600   -0.47521300 
 H                  2.64490400    2.81944400   -1.48405800 
 H                  4.08742700    2.57307800   -0.48445700 
 H                  2.66162000    3.36558900    0.20108100 
 C                  0.13465100    1.19820600    1.17205400 
 H                  0.22928700    2.24946700    1.48219500 
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 H                  0.59249200    0.61346100    1.98395700 
 C                 -1.32080400    0.85035300    1.10963800 
 H                 -1.90685200    1.00047100    2.01627200 
 C                 -1.96581900    0.36670000    0.04591900 
 H                 -1.48297800    0.17884800   -0.90761500 
 C                 -3.41344400    0.06571000    0.14085100 
 O                 -4.10483000    0.21258100    1.12177300 
 O                 -3.88637200   -0.40572000   -1.02828300 
 C                 -5.27579100   -0.72185900   -1.02342500 
 H                 -5.48988900   -1.48894200   -0.27577100 
 H                 -5.50198300   -1.08666100   -2.02418500 
 H                 -5.86834900    0.16663700   -0.79379000 
 
 

 
bicyclo[4.2.0]octadiene 12-exo 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.602865 
Gibbs free energy (393K) = -694.387143 
C                  0.75940200    1.49822100   -0.96373500 
 H                 -0.16627300    1.64788000   -1.51372600 
 C                  1.24480100    2.45354800   -0.16182600 
 H                  0.71874200    3.39620600   -0.04123300 
 C                  2.51998100    2.27389000    0.54741900 
 H                  2.82669300    3.04348400    1.25042000 
 C                  3.32276800    1.23016500    0.30461500 
 H                  4.28877800    1.15852200    0.80130000 
 C                  1.46664000    0.18199400   -1.08234700 
 C                  2.96929900    0.14642400   -0.67393000 
 C                  1.19750800   -0.90403200    0.00197500 
 H                  0.95297700   -0.41284800    0.95324000 
 C                  2.70589900   -1.24328500   -0.02309400 
 H                  2.88456900   -2.02226600   -0.77646700 
 C                  3.38147900   -1.61558400    1.28383500 
 H                  3.20448500   -0.84601300    2.04263100 
 H                  4.46400100   -1.72751500    1.16038600 
 H                  2.98942300   -2.56461200    1.66523700 
 C                  0.22528600   -2.03187800   -0.29036100 
 H                  0.39150100   -2.85250400    0.42516000 
 H                  0.45778200   -2.46290000   -1.27569700 
 C                 -1.23114700   -1.67870600   -0.26105200 
 H                 -1.93282000   -2.46086700   -0.55060000 
 C                 -1.75165800   -0.50291800    0.09499100 
 H                 -1.15203400    0.34831900    0.40147100 
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 C                 -3.22235300   -0.32280600    0.07458200 
 O                 -4.03648800   -1.16077900   -0.23736400 
 O                 -3.56128300    0.92429500    0.45368100 
 C                 -4.96230100    1.18236200    0.46340600 
 H                 -5.38306300    1.04447000   -0.53527800 
 H                 -5.07292900    2.21602300    0.78776600 
 H                 -5.47032200    0.50529200    1.15394900 
 H                  1.32382600   -0.25826700   -2.07607000 
 H                  3.70321500    0.13509000   -1.48989200 
 

 
bicyclo[4.2.0]octadiene 12-endo IMDA TS 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.567091 
Gibbs free energy (393K) = -694.343315 
imaginary frequency: -478.95 
 C                  0.77474600    1.88408400   -0.38261800 
 H                  0.99826900    2.84041000    0.08813300 
 C                 -0.27266600    1.81211800   -1.28706700 
 H                 -0.93195800    2.66274800   -1.42966300 
 C                 -0.66344500    0.55284600   -1.77883500 
 H                 -1.62095700    0.45356000   -2.28254600 
 C                 -0.00036100   -0.56802100   -1.31807800 
 H                 -0.40256600   -1.55754600   -1.52881600 
 C                  1.92040100    0.91218200   -0.51095600 
 H                  2.73414700    1.36951500   -1.08259500 
 C                  1.48817200   -0.46738000   -1.07236900 
 H                  1.97459300   -0.72470300   -2.02314800 
 C                  2.38139400    0.23137800    0.80627800 
 H                  3.41860800    0.41186600    1.11022200 
 C                  2.17655300   -1.16016200    0.13522900 
 H                  1.55402900   -1.86051900    0.70073900 
 C                  3.48819100   -1.83700200   -0.23782800 
 H                  4.13178100   -1.14995100   -0.80031700 
 H                  3.31498900   -2.71957600   -0.86236000 
 H                  4.03642900   -2.15164200    0.65616700 
 C                  1.40754400    0.60785900    1.92553300 
 H                  1.73307400    1.54856700    2.38191100 
 H                  1.41567100   -0.15373300    2.71560400 
 C                  0.01966300    0.78069200    1.35183200 
 H                 -0.57097500    1.64502500    1.63702000 
 C                 -0.68513500   -0.31727300    0.88082300 
 H                 -0.35249000   -1.33555700    1.03465700 
 C                 -2.10360800   -0.12744000    0.56372100 
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 O                 -2.66275500    0.94724100    0.50285600 
 O                 -2.72910300   -1.29374700    0.28489100 
 C                 -4.09532000   -1.15604700   -0.08727900 
 H                 -4.46129900   -2.16685500   -0.26358500 
 H                 -4.18709400   -0.55194900   -0.99390000 
 H                 -4.66614900   -0.67462200    0.71019400 
 

 
IMDA product 13 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -694.646924 
Gibbs free energy (393K) = -694.417819 
 C                  1.91165300   -0.73632000    0.69906500 
 H                  2.64950300   -1.05897900    1.43580000 
 C                  1.43854300    0.73777000    0.82872000 
 H                  1.77978300    1.26889600    1.72372400 
 C                  2.41270700   -0.42475400   -0.74206400 
 H                  3.43469700   -0.71462800   -1.00510100 
 C                  2.22563900    1.08927700   -0.46210600 
 H                  1.66297800    1.64146000   -1.22557100 
 C                  3.53713200    1.80540500   -0.17338400 
 H                  4.11521000    1.25944600    0.58174800 
 H                  3.35999800    2.81642600    0.20813000 
 H                  4.15320500    1.88160000   -1.07535100 
 C                  1.35913900   -1.07172800   -1.65030100 
 H                  1.69631200   -2.07319600   -1.94210100 
 H                  1.17960500   -0.50354000   -2.57041900 
 C                 -2.10691700    0.01305000   -0.56070900 
 O                 -2.73062500   -0.96472500   -0.89089100 
 O                 -2.70262900    1.15106400   -0.15461900 
 C                 -4.12717200    1.10166900   -0.12511500 
 H                 -4.45225600    2.08263600    0.21851200 
 H                 -4.46578700    0.32119800    0.55996600 
 H                 -4.52328500    0.89152300   -1.12107200 
 C                  0.10071400   -1.20239900   -0.77716400 
 H                 -0.61732400   -1.91769500   -1.18289500 
 C                 -0.59522700    0.15747300   -0.56806000 
 H                 -0.36590500    0.83464000   -1.40085200 
 C                 -0.10648900    0.79058300    0.76818600 
 H                 -0.47352600    1.81517400    0.85573600 
 C                  0.68116200   -1.66827300    0.59515100 
 H                  0.97955200   -2.71938900    0.54009800 
 C                 -0.24408800   -1.38476300    1.74823900 
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 H                 -0.54468000   -2.16693000    2.43837600 
 C                 -0.62495700   -0.10921000    1.86510900 
 H                 -1.27309000    0.26396300    2.65195900 
 
 
 
 
 
 
 

 
tetraene 14 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.648737 
Gibbs free energy (393K) = -502.492141 
 C                  0.59773100   -0.83334900   -0.42156600 
 H                  0.90186600   -1.85632200   -0.63617200 
 C                 -0.71987800   -0.58236100   -0.27353800 
 H                 -1.39800000   -1.42495600   -0.37868700 
 C                 -1.31606700    0.70976500    0.01298600 
 H                 -0.64055400    1.55453500    0.11744800 
 C                  1.68460800    0.12861600   -0.32351300 
 H                  1.43844800    1.16487500   -0.09727900 
 C                 -2.63493100    0.95479500    0.16119300 
 H                 -2.93989200    1.97815200    0.37538100 
 C                 -3.72201400   -0.00715900    0.06711300 
 H                 -3.47955600   -1.04693000   -0.14521500 
 C                  2.96893800   -0.20590300   -0.49777900 
 H                  3.23254500   -1.24099000   -0.70771100 
 C                 -5.00787100    0.33069600    0.23074100 
 H                 -5.24898900    1.37286100    0.44381300 
 C                 -6.15979400   -0.62074900    0.14459800 
 H                 -5.81913300   -1.63666900   -0.07280600 
 H                 -6.86272600   -0.31930100   -0.64054900 
 H                 -6.72460100   -0.64219000    1.08373800 
 C                  4.10725100    0.76083300   -0.41452800 
 H                  3.78896900    1.72976100   -0.00887100 
 H                  4.52008900    0.98139400   -1.41288500 
 C                  5.26986500    0.24928800    0.41021400 
 H                  6.09584700    0.97658500    0.55859500 
 O                  5.34108300   -0.86220500    0.86821000 
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tetraene 14 8pi-TS 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.626711 
Gibbs free energy (393K) = -502.461417 
imaginary frequency: -348.05 
 C                 -3.16987200    0.95789500   -1.56686200 
 H                 -3.43018300    1.20959200   -2.59333800 
 C                 -2.91322400    2.06190500   -0.76199500 
 H                 -3.18169200    2.99624100   -1.25450900 
 C                 -2.43170100    2.30370700    0.55228700 
 H                 -2.64911600    3.32537200    0.86322500 
 C                 -1.72520400    1.60432200    1.52393600 
 H                 -1.65147700    2.12129300    2.47877600 
 C                 -3.16997700   -0.41722400   -1.27493300 
 H                 -3.20195700   -1.10301500   -2.12187000 
 C                 -3.06020100   -0.95077400   -0.00781300 
 H                 -3.30750700   -0.29615600    0.82023600 
 C                 -1.07601200    0.35818600    1.46909900 
 H                 -0.76024600   -0.07979200    2.41655500 
 C                 -0.88356200   -0.37322700    0.31613900 
 H                 -0.91993100    0.16724300   -0.62339300 
 C                 -3.18055500   -2.42523900    0.25204700 
 H                 -2.58410200   -2.73296100    1.11651700 
 H                 -2.86280400   -3.01170300   -0.61567900 
 H                 -4.22258900   -2.68789900    0.47054900 
 C                 -0.08105000   -1.64420000    0.30948700 
 H                 -0.21405900   -2.18209300    1.25937300 
 H                 -0.45126700   -2.32319900   -0.47031800 
 C                  1.39409400   -1.44048500    0.08774800 
 H                  1.99351200   -2.33609800   -0.07312000 
 C                  2.02819300   -0.26784900    0.07680900 
 H                  1.52201300    0.67903900    0.23504800 
 C                  3.49244200   -0.23594500   -0.15060700 
 O                  4.20127400   -1.19760300   -0.33829200 
 O                  3.95842200    1.02622800   -0.12333700 
 C                  5.36224600    1.14675800   -0.33468500 
 H                  5.63689400    0.74344300   -1.31203900 
 H                  5.91234900    0.60246300    0.43634300 
 H                  5.58089800    2.21225500   -0.28326600 
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cyclooctatriene 15  
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.664644 
Gibbs free energy (393K) = -502.495162 
C       -0.8102020000      1.7048200000     -0.4296120000                  
H       -0.7845080000      2.7937720000     -0.4957570000                  
C       -1.8948000000      1.1384700000     -0.9802260000                  
H       -2.5797850000      1.8481690000     -1.4455320000                  
C       -2.3732800000     -0.2430470000     -1.1477430000                  
H       -2.9346820000     -0.3840910000     -2.0709350000                  
C       -2.3687730000     -1.2867170000     -0.3005530000                  
H       -2.9355230000     -2.1674490000     -0.5997660000                  
C       -1.7208160000     -1.3606050000      1.0078330000                  
H       -2.2915570000     -1.8317940000      1.8068280000                  
C       -0.4740470000     -0.9500420000      1.2627690000                  
H       -0.0894790000     -1.0562080000      2.2778870000                  
C        0.4760510000     -0.3891580000      0.2404460000                  
H        0.1733330000     -0.7352910000     -0.7542890000                  
C        0.4338940000      1.1513060000      0.2106760000                  
H        1.2689230000      1.4932900000     -0.4178450000                  
C        1.8901270000     -0.9183570000      0.4985790000                  
H        1.8656050000     -2.0015620000      0.6892280000                  
H        2.3405520000     -0.4819100000      1.4014950000                  
C        2.8484810000     -0.7096710000     -0.6483970000                  
H        3.8857010000     -1.0629750000     -0.4651060000                  
O        2.5525000000     -0.2191960000     -1.7097510000                  
C        0.6107190000      1.7797760000      1.6013060000                  
H        1.5418980000      1.4574060000      2.0791340000                  
H       -0.2254240000      1.5101850000      2.2533320000                  
H        0.6408210000      2.8713780000      1.5288700000                  
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bicyclo[4.2.0]octadiene 15-endo 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.627819 
Gibbs free energy (393K) = -502.45891 
imaginary frequency: -574.49 
 C                 -1.42753200    0.69328700    0.85223600 
 H                 -1.39313600    1.26718900    1.78069400 
 C                 -2.63010100    0.06652300    0.51708800 
 H                 -3.52448700    0.23933500    1.11313100 
 C                 -2.66807400   -0.91264700   -0.46780200 
 H                 -3.62932000   -1.24597000   -0.85172900 
 C                 -1.56475300   -1.74289600   -0.73465400 
 H                 -1.76646700   -2.61959200   -1.34663300 
 C                 -0.40634000   -1.77735300    0.04409900 
 H                 -0.01962100   -2.78309500    0.22085000 
 C                  0.18052200   -0.74831400    0.80481800 
 H                  0.75146700   -1.11079600    1.66156900 
 C                  0.76738400    0.52600200    0.19513500 
 H                  1.22798900    1.09589700    1.01259900 
 C                 -0.50302400    1.22360200   -0.23734900 
 H                 -0.83658800    0.81140800   -1.19710700 
 C                  1.81671900    0.28524800   -0.88266900 
 H                  2.11996700    1.23038300   -1.35919400 
 H                  1.40199600   -0.34000700   -1.68660500 
 C                 -0.45252400    2.74368000   -0.31978300 
 H                 -1.43245600    3.15642000   -0.57835000 
 H                  0.26436900    3.07425800   -1.07981100 
 H                 -0.14562200    3.17201000    0.64128100 
 C                  3.06629700   -0.38078000   -0.36540000 
 H                  3.83584000   -0.62010600   -1.12964700 
 O                  3.25932900   -0.64818100    0.79557900 
 



 - 263 - 

 

SUPPORTING INFORMATION          

36 
 

 
bicyclo[4.2.0]octadiene 15-exo 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.625871 
Gibbs free energy (393K) = -502.456922 
imaginary frequency: -574.83 
 C                 -0.73602200   -0.93321800   -1.02551200 
 H                 -0.54019200   -1.19626100   -2.06747300 
 C                 -1.70409000   -1.66960500   -0.33863500 
 H                 -2.16644000   -2.53878300   -0.80326100 
 C                 -2.21858300   -1.20594800    0.86572400 
 H                 -2.81870300   -1.87107200    1.48197600 
 C                 -2.29890100    0.16599600    1.15923500 
 H                 -2.91290900    0.43537400    2.01572700 
 C                 -2.03320300    1.18145200    0.23892900 
 H                 -2.73008400    2.02005100    0.29300400 
 C                 -1.16295200    1.17465700   -0.86776300 
 H                 -1.48859100    1.84535000   -1.66919500 
 C                  0.35994700    1.06955500   -0.76232100 
 H                  0.75253200    1.11688000   -1.78888600 
 C                  0.47065000   -0.36679800   -0.28940400 
 H                  0.28725200   -0.41159800    0.78913700 
 C                  1.76127200   -1.11374100   -0.60150100 
 H                  2.08981400   -0.93437900   -1.63614400 
 H                  1.60518200   -2.20109000   -0.52945700 
 C                  2.90630600   -0.78066300    0.32342000 
 H                  3.87564800   -1.26045400    0.06951200 
 O                  2.81696300   -0.06707600    1.29162600 
 C                  0.99736800    2.17363400    0.07256700 
 H                  2.08893400    2.11653700    0.04706100 
 H                  0.67772000    2.08556800    1.11542300 
 H                  0.69338400    3.15855800   -0.29887100 
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bicyclo[4.2.0]octadiene 16-endo 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.671214 
Gibbs free energy (393K) = -502.499491 
 C                 -0.79194300    1.19641500   -1.07019400 
 H                 -1.65209400    1.09971600   -1.72665100 
 C                 -0.64034300    2.27193800   -0.28826500 
 H                 -1.37147000    3.07535600   -0.30726900 
 C                  0.52141500    2.41265200    0.60428500 
 H                  0.54983300    3.26540500    1.27718600 
 C                  1.53546300    1.53939200    0.58323300 
 H                  2.39687600    1.67997300    1.23417500 
 C                  1.56061400    0.35281100   -0.33672300 
 H                  2.42985500    0.42484700   -1.00501000 
 C                  0.19858200    0.07147000   -1.03501600 
 H                  0.34464300   -0.33000400   -2.04193600 
 C                  1.45130800   -1.02378200    0.38062600 
 H                  1.60818400   -0.97601300    1.46639200 
 C                 -0.04349100   -1.10903100   -0.03586900 
 H                 -0.32746200   -2.04757400   -0.52378700 
 C                  2.32377400   -2.10760900   -0.23257800 
 H                  3.38564200   -1.91232300   -0.05072000 
 H                  2.17304300   -2.15547400   -1.31762700 
 H                  2.08064500   -3.09129000    0.18231900 
 C                 -1.01931100   -0.81921600    1.09014400 
 H                 -0.81661600    0.15146800    1.56326500 
 H                 -0.91806900   -1.56798500    1.89052500 
 C                 -2.45743700   -0.82967900    0.63997100 
 H                 -3.20701600   -0.58203900    1.42121100 
 O                 -2.81347300   -1.09577900   -0.48247000 
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bicyclo[4.2.0]octadiene 16-exo 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.670072 
Gibbs free energy (393K) = -502.499858 
 C                  2.37393300   -0.03532000   -0.02076400 
 H                  3.22039500    0.62365400   -0.20601100 
 C                  2.33432700   -1.25206900   -0.57663600 
 H                  3.14399200   -1.57906700   -1.22362200 
 C                  1.24083500   -2.19724400   -0.30726800 
 H                  1.33069700   -3.20817800   -0.69392800 
 C                  0.16601500   -1.83269200    0.39984100 
 H                 -0.64257400   -2.53042000    0.59304900 
 C                  1.30178900    0.46404200    0.90530300 
 H                  1.73755200    0.66332800    1.89266500 
 C                  0.01944200   -0.42115600    0.88262200 
 H                 -0.49699700   -0.38377900    1.84971600 
 C                  0.44790100    1.63732700    0.33813900 
 H                  0.05985900    2.23023500    1.17730700 
 C                 -0.62113500    0.60564000   -0.09357700 
 H                 -0.43974100    0.27739400   -1.12430600 
 C                  1.02756800    2.55500800   -0.72291600 
 H                  1.84476100    3.16593500   -0.32471200 
 H                  0.26002100    3.23488300   -1.10875300 
 H                  1.41915100    1.97204300   -1.56313200 
 C                 -2.07591900    0.98820700    0.08946700 
 H                 -2.26269000    1.33026600    1.11956900 
 H                 -2.35259200    1.83810900   -0.55248600 
 C                 -3.04404200   -0.13414900   -0.18938100 
 H                 -4.11928400    0.12635100   -0.08849900 
 O                 -2.71585400   -1.25329000   -0.49698000 
 
 

 
vinyl ether 17 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.625837 
Gibbs free energy (393K) = -502.453576 
 C                  1.52431300    1.50811600   -0.21502400 
 H                  2.19448300    2.36044900   -0.33299800 
 C                  0.30637100    1.80204300    0.24055200 
 H                  0.09559000    2.85198400    0.43004100 
 C                 -0.86223700    0.87317500    0.49368600 
 H                 -1.61856600    1.44250900    1.05207200 
 O                 -1.43107700    0.55582400   -0.77547300 
 C                 -2.68646700    0.05246600   -0.78346900 
 H                 -3.02220000   -0.06668900   -1.80986400 
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 C                 -3.46793300   -0.26414700    0.24848900 
 H                 -4.46504900   -0.63668400    0.05143400 
 H                 -3.15587100   -0.18754900    1.28271100 
 C                 -0.52200800   -0.34665400    1.32463300 
 H                 -0.77893200   -0.27693800    2.38030700 
 C                  0.00771700   -1.47987300    0.85998200 
 H                  0.10828900   -2.32446100    1.54136400 
 C                  0.44696100   -1.67507800   -0.52840400 
 H                 -0.00159700   -2.50514600   -1.07313900 
 C                  1.34303600   -0.90994200   -1.15597900 
 H                  1.54296900   -1.13354400   -2.20209900 
 C                  2.19759400    0.19363100   -0.56172000 
 H                  2.92317700    0.45162500   -1.34280600 
 C                  3.03060500   -0.28812500    0.64415400 
 H                  3.72372400    0.49611700    0.96493900 
 H                  3.61152000   -1.17441600    0.37345300 
 H                  2.38337300   -0.53753300    1.48696700 
 

 
vinyl ether 17 Claisen rearrangement TS 
M06-2X/6-311+G(d,p) smd toluene 
Energy (0K, vacuum) = -502.572019 
Gibbs free energy (393K) = -502.400323 
imaginary frequency: -537.48 
 C                  0.10432900   -1.40846000   -0.63085500 
 H                  0.06231400   -2.46279900   -0.90431100 
 C                 -0.63239800   -0.59922300   -1.47302600 
 H                 -1.29840800   -1.13100600   -2.14900300 
 C                 -1.03667000    0.73027500   -1.21859200 
 H                 -1.77353900    1.08692100   -1.93273300 
 O                 -2.27906900    0.42445000    0.10486800 
 C                 -1.74831700   -0.24785800    1.06685300 
 H                 -1.33429100    0.31136500    1.91237800 
 C                 -1.48740100   -1.60058600    0.95545900 
 H                 -1.03001700   -2.12911200    1.78879400 
 H                 -2.06316000   -2.19588200    0.25722900 
 C                 -0.20492000    1.86308400   -0.74735000 
 H                 -0.37449500    2.75787700   -1.34380200 
 C                  0.66325300    2.02577100    0.26497300 
 H                  1.05977600    3.03587700    0.36464000 
 C                  1.11075400    1.12598100    1.32927000 
 H                  1.24043200    1.62151400    2.29130200 
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 C                  1.39907900   -0.17795400    1.28567300 
 H                  1.68960000   -0.64050000    2.22739700 
 C                  1.41918700   -1.09705900    0.09285600 
 H                  1.76796200   -2.06388100    0.47180300 
 C                  2.44580600   -0.62484700   -0.95504700 
 H                  2.50283000   -1.33605900   -1.78460300 
 H                  3.43716800   -0.53185800   -0.50206200 
 H                  2.15016600    0.34719300   -1.35725100 
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