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NMR Spectra 

Oct-7-ene-1,4-diol (S6d), CDCl3, 1H NMR, 400 MHz 
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Oct-7-ene-1,4-diol (S6d), CDCl3, 1H NMR, 100 MHz 
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4-Phenyloct-7-ene-1,4-diol (S6e), CDCl3, 1H NMR, 500 MHz 
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4-Phenyloct-7-ene-1,4-diol (S6e), CDCl3, 13C NMR, 126 MHz 
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4-(4-Methoxyphenyl)oct-7-ene-1,4-diol (S6a), CDCl3, 1H NMR, 500 MHz 
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4-(4-Methoxyphenyl)oct-7-ene-1,4-diol (S6a), CDCl3, 13C NMR, 126 MHz 

 

  



8 
 

Non-8-ene-1,4-diol (S6c), CDCl3, 1H NMR, 400 MHz 
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Non-8-ene-1,4-diol (S6c), CDCl3, 13C NMR, 100 MHz 
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Non-8-ene-4-d-1,4-diol (S6c-d), CDCl3, 1H NMR, 400 MHz 
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Non-8-ene-4-d-1,4-diol (S6c-d), CDCl3, 13C NMR, 100 MHz 
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-ene-1,4-diol (S6f), CDCl3, 1H NMR, 500 MHz 
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-ene-1,4-diol (S6f), CDCl3, 13C NMR, 126 MHz 
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-yne-1,4-diol (S6b), CDCl3, 1H NMR, 500 MHz 
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-yne-1,4-diol (S6b), CDCl3, 13C NMR, 126 MHz 
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2-(But-3-en-1-yl)-2-phenyltetrahydrofuran (S7e), CDCl3, 1H NMR, 500 MHz 
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2-(But-3-en-1-yl)-2-phenyltetrahydrofuran (S7e), CDCl3, 13C NMR, 126 MHz 
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2-(But-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (S7a), CDCl3, 1H NMR, 400 MHz 
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2-(But-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (S7a), CDCl3, 13C NMR, 100 MHz 
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2-(2-(2-Vinyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7f), CDCl3, 1H NMR, 500 MHz 
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2-(2-(2-Vinyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7f), CDCl3, 13C NMR, 126 MHz 
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2-(2-(2-Ethynyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7b), CDCl3, 1H NMR, 400 MHz 
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2-(2-(2-Ethynyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7b), CDCl3, 13C NMR, 100 MHz 

 

  



24 
 

1-Phenyl-3-(tetrahydrofuran-2-yl)propan-1-ol (S8b), CDCl3, 1H NMR, 500 MHz 
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1-Phenyl-3-(tetrahydrofuran-2-yl)propan-1-ol (S8b), CDCl3, 13C NMR, 126 MHz 
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5-(Tetrahydrofuran-2-yl)pent-1-en-3-ol (S8a), CDCl3, 1H NMR, 400 MHz 
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5-(Tetrahydrofuran-2-yl)pent-1-en-3-ol (S8a), CDCl3, 13C NMR, 100 MHz 
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5-(Tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8c), CDCl3, 1H NMR, 400 MHz 
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5-(Tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8c), CDCl3, 13C NMR, 100 MHz 

 

  



30 
 

1-Phenyl-3-(2-phenyltetrahydrofuran-2-yl)propan-1-ol (S8l), CDCl3, 1H NMR, 400 MHz 
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1-Phenyl-3-(2-phenyltetrahydrofuran-2-yl)propan-1-ol (S8l), CDCl3, 13C NMR, 100 MHz 

 

  



32 
 

5-(2-Phenyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8m), CDCl3, 1H NMR, 500 MHz 
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5-(2-Phenyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8m), CDCl3, 13C NMR, 126 MHz 
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5-(2-Phenyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8s), CDCl3, 1H NMR, 500 MHz 
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5-(2-Phenyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8s), CDCl3, 13C NMR, 126 MHz 

 

  



36 
 

5-(2-(4-Methoxyphenyl)tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8v), CDCl3, 1H NMR, 400 MHz 
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5-(2-(4-Methoxyphenyl)tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8v), CDCl3, 13C NMR, 100 MHz 
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1-Phenyl-4-(tetrahydrofuran-2-yl)butan-1-ol (S8f), CDCl3, 1H NMR, 400 MHz 
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1-Phenyl-4-(tetrahydrofuran-2-yl)butan-1-ol (S8f), CDCl3, 13C NMR, 100 MHz 
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6-(Tetrahydrofuran-2-yl)hex-1-en-3-ol (S8e), CDCl3, 1H NMR, 400 MHz 
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6-(Tetrahydrofuran-2-yl)hex-1-en-3-ol (S8e), CDCl3, 13C NMR, 100 MHz 
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6-(Tetrahydrofuran-2-yl)hex-1-yn-3-ol (S8g), CDCl3, 1H NMR, 400 MHz 
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6-(Tetrahydrofuran-2-yl)hex-1-yn-3-ol (S8g), CDCl3, 13C NMR, 100 MHz 
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1-Phenyl-4-(tetrahydrofuran-2-yl-2-d)butan-1-ol (S8f-d), CDCl3, 1H NMR, 500 MHz 

 

  

~95% Deuterated 
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1-Phenyl-4-(tetrahydrofuran-2-yl-2-d)butan-1-ol (S8f-d), CDCl3, 13C NMR, 126 MHz 

 

  

Protiated 

Deuterated 
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1-Phenyl-4-(tetrahydrofuran-2-yl-2-d)butan-1-ol (S8f-d), CDCl3, 2H NMR, 77 MHz 
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1-Phenyl-3-(2-vinyltetrahydrofuran-2-yl)propan-1-ol (S8n), CDCl3, 1H NMR, 500 MHz 
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1-Phenyl-3-(2-vinyltetrahydrofuran-2-yl)propan-1-ol (S8n), CDCl3, 13C NMR, 126 MHz 
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5-(2-Vinyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8k), CDCl3, 1H NMR, 500 MHz 
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5-(2-Vinyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8k), CDCl3, 13C NMR, 500 MHz 
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5-(2-Vinyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8u), CDCl3, 1H NMR, 400 MHz 
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5-(2-Vinyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8u), CDCl3, 13C NMR, 100 MHz 
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3-(2-Ethynyltetrahydrofuran-2-yl)-1-phenylpropan-1-ol (S8w), CDCl3, 1H NMR, 500 MHz 
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3-(2-Ethynyltetrahydrofuran-2-yl)-1-phenylpropan-1-ol (S8w), CDCl3, 13C NMR, 126 MHz 
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8o), CDCl3, 1H NMR, 500 MHz 
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8o), CDCl3, 13C NMR, 126 MHz 
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8t), CDCl3, 1H NMR, 500 MHz 
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8t), CDCl3, 13C NMR, 126 MHz 
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2-(3-Chloro-3-phenylpropyl)tetrahydrofuran (23b/23b’), CDCl3, 1H NMR, 500 MHz 
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2-(3-Chloro-3-phenylpropyl)tetrahydrofuran (23b/23b’), CDCl3, 13C NMR, 126 MHz 
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2-(3-Bromopent-4-en-1-yl)tetrahydrofuran (23a), CDCl3, 1H NMR, 500 MHz 
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2-(3-Bromopent-4-en-1-yl)tetrahydrofuran (23a), CDCl3, 13C NMR, 126 MHz 
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2-(3-Bromopent-4-yn-1-yl)tetrahydrofuran (23s), CDCl3, 1H NMR, 400 MHz 
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2-(3-Bromopent-4-yn-1-yl)tetrahydrofuran (23s), CDCl3, 13C NMR, 100 MHz 
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2-(3-Chloro-3-phenylpropyl)-2-phenyltetrahydrofuran (23l), CDCl3, 1H NMR, 400 MHz 

 

  



66 
 

2-(3-Chloro-3-phenylpropyl)-2-phenyltetrahydrofuran (23l), CDCl3, 13C NMR, 100 MHz 
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2-(3-Chloropent-4-en-1-yl)-2-phenyltetrahydrofuran (23m), CDCl3, 1H NMR, 400 MHz 
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2-(3-Chloropent-4-en-1-yl)-2-phenyltetrahydrofuran (23m), CDCl3, 13C NMR, 100 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-phenyltetrahydrofuran (23s), CDCl3, 1H NMR, 400 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-phenyltetrahydrofuran (23s), CDCl3, 13C NMR, 100 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23v), CDCl3, 1H NMR, 400 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23v), CDCl3, 13C NMR, 100 MHz 

 

  



73 
 

2-(4-Chloro-4-phenylbutyl)tetrahydrofuran (23f), CDCl3, 1H NMR, 400 MHz 
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2-(4-Chloro-4-phenylbutyl)tetrahydrofuran (23f), CDCl3, 13C NMR, 100 MHz 
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2-(4-Chlorohex-5-en-1-yl)tetrahydrofuran (23e), CDCl3, 1H NMR, 500 MHz 
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2-(4-Chlorohex-5-en-1-yl)tetrahydrofuran (23e), CDCl3, 13C NMR, 126 MHz 
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2-(4-Bromohex-5-yn-1-yl)tetrahydrofuran 239g), CDCl3, 1H NMR, 500 MHz 
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2-(4-Bromohex-5-yn-1-yl)tetrahydrofuran (23g), CDCl3, 13C NMR, 500 MHz 
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2-(4-Chloro-4-phenylbutyl)tetrahydrofuran-2-d (23f-d), CDCl3, 1H NMR, 500 MHz 
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2-(4-Chloro-4-phenylbutyl)tetrahydrofuran-2-d (23f-d), CDCl3, 13C NMR, 126 MHz 

 

  

Protiated 
Deuterated 
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2-(3-Chloro-3-phenylpropyl)-2-vinyltetrahydrofuran (23n), CDCl3, 1H NMR, 400 MHz 
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2-(3-Chloro-3-phenylpropyl)-2-vinyltetrahydrofuran (23n), CDCl3, 13C NMR, 100 MHz 
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2-(3-Chloropent-4-en-1-yl)-2-vinyltetrahydrofuran (23k), CDCl3, 1H NMR, 400 MHz 
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2-(3-Chloropent-4-en-1-yl)-2-vinyltetrahydrofuran (23k), CDCl3, 13C NMR, 100 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-vinyltetrahydrofuran (23u), CDCl3, 1H NMR, 400 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-vinyltetrahydrofuran (23u), CDCl3, 13C NMR, 100 MHz 
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2-(3-Bromo-3-phenylpropyl)-2-ethynyltetrahydrofuran (23w), CDCl3, 1H NMR, 400 MHz 
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2-(3-Bromo-3-phenylpropyl)-2-ethynyltetrahydrofuran (23w), CDCl3, 13C NMR, 100 MHz 
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2-(3-Bromopent-4-en-1-yl)-2-ethynyltetrahydrofuran (23o), CDCl3, 1H NMR, 400 MHz 
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2-(3-Bromopent-4-en-1-yl)-2-ethynyltetrahydrofuran (23o), CDCl3, 13C NMR, 100 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-ethynyltetrahydrofuran (23t), CDCl3, 1H NMR, 500 MHz 
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2-(3-Bromopent-4-yn-1-yl)-2-ethynyltetrahydrofuran (23t), CDCl3, 13C NMR, 126 MHz 
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(E)-2-(5-Bromopent-3-en-1-yl)tetrahydrofuran (iso-23a), CDCl3, 1H NMR, 500 MHz 
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(E)-2-(5-Bromopent-3-en-1-yl)tetrahydrofuran (iso-23a), CDCl3, 13CNMR, 126 MHz 
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Methyl 3-hydroxy-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (S8j), CDCl3, 1H NMR, 500 MHz 
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Methyl 3-hydroxy-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (S8j), CDCl3, 13C NMR, 126 MHz 
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Methyl 3-chloro-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (23j), CDCl3, 1H NMR, 500 MHz 
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Methyl 3-chloro-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (23j), CDCl3, 13C NMR, 126 MHz 
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(E)-2-(6-bromohex-4-en-1-yl)tetrahydrofuran ((E)-23e’) and (Z)-2-(6-bromohex-4-en-1-yl)tetrahydrofuran 
((Z)-23e’)), CDCl3, 1H NMR, 500 MHz 
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(E)-2-(6-bromohex-4-en-1-yl)tetrahydrofuran ((E)-23e’) and (Z)-2-(6-bromohex-4-en-1-yl)tetrahydrofuran 
((Z)-23e’), CDCl3, 13C NMR, 126 MHz 
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(E)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol and (Z)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol (S8h), 
CDCl3, 1H NMR, 400 MHz 
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(E)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol and (Z)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol (S8h), 
CDCl3, 13C NMR, 100 MHz 
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(E)-2-(3-bromohept-4-en-6-yn-1-yl)tetrahydrofuran ((E)-23h) and (Z)-2-(3-bromohept-4-en-6-yn-1-
yl)tetrahydrofuran ((Z)-23h), CDCl3, 1H NMR, 400 MHz 
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(E)-2-(3-bromohept-4-en-6-yn-1-yl)tetrahydrofuran ((E)-23h) and (Z)-2-(3-bromohept-4-en-6-yn-1-
yl)tetrahydrofuran ((Z)-23h), CDCl3, 13C NMR, 100 MHz 
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Methyl (E)-4-hydroxy-6-(tetrahydrofuran-2-yl)hex-2-enoate (S8d), CDCl3, 1H NMR, 500 MHz 
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Methyl (E)-4-hydroxy-6-(tetrahydrofuran-2-yl)hex-2-enoate (S8d), CDCl3, 13C NMR, 126 MHz 
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Methyl (E)-4-bromo-6-(tetrahydrofuran-2-yl)hex-2-enoate (23d), CDCl3, 1H NMR, 500 MHz 
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Methyl (E)-4-bromo-6-(tetrahydrofuran-2-yl)hex-2-enoate (23d), CDCl3, 13C NMR, 126 MHz 
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1-(Tetrahydrofuran-2-yl)hexa-4,5-dien-3-ol (S8x), CDCl3, 1H NMR, 400 MHz 
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1-(Tetrahydrofuran-2-yl)hexa-4,5-dien-3-ol (S8x), CDCl3, 13C NMR, 100 MHz 
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2-(3-Chlorohexa-4,5-dien-1-yl)tetrahydrofuran (23x), CDCl3, 1H NMR, 400 MHz 
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2-(3-Chlorohexa-4,5-dien-1-yl)tetrahydrofuran (23x), CDCl3, 13C NMR, 100 MHz 
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(3-Bromo-5-(tetrahydrofuran-2-yl)pent-1-yn-1-yl)trimethylsilane (23i), CDCl3, 1H NMR, 400 MHz 
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(3-Bromo-5-(tetrahydrofuran-2-yl)pent-1-yn-1-yl)trimethylsilane (23i), CDCl3, 13C NMR, 100 MHz 
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(E)-6,6-diethoxy-1-(2-phenyltetrahydrofuran-2-yl)hex-4-en-3-ol (S8q), CDCl3, 1H NMR, 500 MHz 

 

  



116 
 

(E)-6,6-diethoxy-1-(2-phenyltetrahydrofuran-2-yl)hex-4-en-3-ol (S8q), CDCl3, 13C NMR, 126 MHz 
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(E)-4-Chloro-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enal (23q), CDCl3, 1H NMR, 500 MHz 
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(E)-4-Chloro-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enal (23q), CDCl3, 13C NMR, 126 MHz 
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Methyl (E)-4-hydroxy-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (S8r), CDCl3, 1H NMR, 400 MHz 
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Methyl (E)-4-hydroxy-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (S8r), CDCl3, 13C NMR, 100 MHz 

 

  



121 
 

Methyl (E)-4-bromo-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (23r), CDCl3, 1H NMR, 500 MHz 
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Methyl (E)-4-bromo-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (23r), CDCl3, 13C NMR, 126 MHz 
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(E)-2-(5-Chloropent-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23p), CDCl3, 1H NMR, 500 MHz 
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(E)-2-(5-Chloropent-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23p), CDCl3, 13CNMR, 126 MHz 
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(3R*,7aS*)-3-Vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24a•SbF6, CD2Cl2, 1H 
NMR, 400 MHz 

 

  

Unidentified broad resonance 
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(3R*,7aS*)-3-Vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24a•SbF6, CD2Cl2, 13C 
NMR, 100 MHz 
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(3R*,7aS*)-3-Vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24a•SbF6, CD2Cl2, 1H-1H 

COSY NMR, 400/400 MHz 
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(3R*,7aS*)-3-Vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24a•SbF6, CD2Cl2, 1H-13C 

HSQC NMR, 400/100 MHz 
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(3R*,7aS*)-3-Vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24a•SbF6, CD2Cl2, 1H-13C 

HMBC NMR, 400/100 MHz 

 

  



131 
 

(3R*,7aS*)-3-Phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24b•Al(pftb)4, CD2Cl2, 13C NMR, 100 MHz 

  



132 
 

(3R*,7aS*)-3-Phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24b•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 400/400 MHz 
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(3R*,7aS*)-3-Phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24b•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 400/100 MHz 

  



134 
 

(3R*,7aS*)-3-Phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24b•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 400/100 MHz 
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(3R*,7aS*)-3-Ethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24c•Al(pftb)4, CD2Cl2, 1H NMR, 400 MHz 
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(3R*,7aS*)-3-Ethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24c•Al(pftb)4, CD2Cl2, 13C NMR, 400 MHz 
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(3R*,7aS*)-3-Ethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24c•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 400/400 MHz 
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(3R*,7aS*)-3-Ethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24c•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 400/100 MHz 

  



139 
 

(3R*,7aS*)-3-Ethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24c•Al(pftb)4 

, CD2Cl2, 1H-13C HMBC NMR, 400/100 MHz 
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(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24d•Al(pftb)4, CD2Cl2, 1H 
NMR, 400 MHz 
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(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24d•Al(pftb)4, CD2Cl2, 13C 
NMR, 100 MHz 

  



142 
 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24d•Al(pftb)4, CD2Cl2, 1H-1H 
COSY NMR, 400/400 MHz 

  



143 
 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24d•Al(pftb)4, CD2Cl2, 1H-
13C HSQC NMR, 400/100 MHz 

  



144 
 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24d•Al(pftb)4, CD2Cl2, 1H-
13C HMBC NMR, 400/100 MHz 

 

  



145 
 

(5S*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24e•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz 

  



146 
 

(5S*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24e•Al(pftb)4, CD2Cl2, 13C NMR, 126 MHz 

  



147 
 

(5S*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24e•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

  



148 
 

(5S*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24e•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



149 
 

(5S*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24e•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

 

  



150 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz 

  



151 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f•Al(pftb)4, CD2Cl2, 13C NMR, 126 MHz 

  



152 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

 



153 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

 

  



154 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

 

  



155 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f•Al(pftb)4, CD2Cl2, Selective 1H NOESY NMR, 500 MHz 

 

  

Irradiate 2a 

Irradiate 6a 

Irradiate 9a 

Irradiate 9b 



156 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium-8a-d tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f-d•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz 

  



157 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium-8a-d tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f-d•Al(pftb)4, CD2Cl2, 13C NMR, 126 MHz 

  



158 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium-8a-d tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f-d•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

  



159 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium-8a-d tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f-d•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



160 
 

(5S*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium-8a-d tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24f-d•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

 

  



161 
 

(5S*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24g•Al(pftb)4 and (5R*,8aR*)-5-Ethynyloctahydrofuro[1,2-
a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 
24g’•Al(pftb)4 (ca. 1:1 diastereomeric mixture), CD2Cl2, 1H NMR, 500 MHz 

 

  



162 
 

(5S*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24g•Al(pftb)4 and (5R*,8aR*)-5-Ethynyloctahydrofuro[1,2-
a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 
24g’•Al(pftb)4 (ca. 1:1 diastereomeric mixture), CD2Cl2, 13C NMR, 500 MHz 

  



163 
 

(5S*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24g•Al(pftb)4 and (5R*,8aR*)-5-Ethynyloctahydrofuro[1,2-
a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 
24g’•Al(pftb)4 (ca. 1:1 diastereomeric mixture), CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

  



164 
 

(5S*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24g•Al(pftb)4 and (5R*,8aR*)-5-Ethynyloctahydrofuro[1,2-
a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 
24g’•Al(pftb)4 (ca. 1:1 diastereomeric mixture), CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



165 
 

(5S*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24g•Al(pftb)4 and (5R*,8aR*)-5-Ethynyloctahydrofuro[1,2-
a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 
24g’•Al(pftb)4 (ca. 1:1 diastereomeric mixture), CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

  



166 
 

(5S*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24g•Al(pftb)4 and (5R*,8aR*)-5-Ethynyloctahydrofuro[1,2-
a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 
24g’•Al(pftb)4 (ca. 1:1 diastereomeric mixture), CD2Cl2, 1H-13C H2BC NMR, 500/126 MHz 

  



167 
 

(5S*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24g•Al(pftb)4 and (5R*,8aR*)-5-Ethynyloctahydrofuro[1,2-
a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 
24g’•Al(pftb)4 (ca. 1:1 diastereomeric mixture), CD2Cl2, 1H-1H NOESY NMR, 500/500 MHz 

 

  



168 
 

(3R*,7aS*)-3-((E)-But-1-en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate (E)-24h•Al(pftb)4 and (3R*,7aS*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24h•Al(pftb)4 (ca. 4:1 diastereomeric mixture), CD2Cl2, 1H 
NMR, 500 MHz 

 

 

 

 

  



169 
 

(3R*,7aS*)-3-((E)-But-1-en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate (E)-24h•Al(pftb)4 and (3R*,7aS*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24h•Al(pftb)4 (ca. 4:1 diastereomeric mixture), CD2Cl2, 13C 
NMR, 126MHz 

  



170 
 

(3R*,7aS*)-3-((E)-But-1-en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate (E)-24h•Al(pftb)4 and (3R*,7aS*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24h•Al(pftb)4 (ca. 4:1 diastereomeric mixture), CD2Cl2, 1H-
1H COSY NMR, 500/500 MHz 

 



171 
 

(3R*,7aS*)-3-((E)-But-1-en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate (E)-24h•Al(pftb)4 and (3R*,7aS*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24h•Al(pftb)4 (ca. 4:1 diastereomeric mixture), CD2Cl2, 1H-
13C HSQC NMR, 500/126 MHz 

  



172 
 

(3R*,7aS*)-3-((E)-But-1-en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate (E)-24h•Al(pftb)4 and (3R*,7aS*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24h•Al(pftb)4 (ca. 4:1 diastereomeric mixture), CD2Cl2, 1H-
13C HMBC NMR, 500/126 MHz 

  



173 
 

(3R*,7aS*)-3-((E)-But-1-en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate (E)-24h•Al(pftb)4 and (3R*,7aS*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24h•Al(pftb)4 (ca. 4:1 diastereomeric mixture), CD2Cl2, 1H-
1H NOESY NMR, 500/500 MHz 

 

  



174 
 

(3R*,7aS*)-3-((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24i•Al(pftb)4 and (3S*,7aS*)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24i’•Al(pftb)4 (ca. 1.4:1 diastereomeric mixture), CD2Cl2, 1H 
NMR, 500 MHz 

  



175 
 

(3R*,7aS*)-3-((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24i•Al(pftb)4 and (3S*,7aS*)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24i’•Al(pftb)4 (ca. 1.4:1 diastereomeric mixture), CD2Cl2, 13C 
NMR, 126 MHz 

  



176 
 

(3R*,7aS*)-3-((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24i•Al(pftb)4 and (3S*,7aS*)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24i’•Al(pftb)4 (ca. 1.4:1 diastereomeric mixture), CD2Cl2, 1H-
1H COSY NMR, 500/500 MHz 

  



177 
 

(3R*,7aS*)-3-((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24i•Al(pftb)4 and (3S*,7aS*)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24i’•Al(pftb)4 (ca. 1.4:1 diastereomeric mixture), CD2Cl2, 1H-
13C HSQC NMR, 500/126 MHz 

  



178 
 

(3R*,7aS*)-3-((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24i•Al(pftb)4 and (3S*,7aS*)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24i’•Al(pftb)4 (ca. 1.4:1 diastereomeric mixture), CD2Cl2, 1H-
13C HMBC NMR, 500/126 MHz 

 



179 
 

(3R*,7aS*)-3-((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24i•Al(pftb)4 and (3S*,7aS*)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24i’•Al(pftb)4 (ca. 1.4:1 diastereomeric mixture), CD2Cl2, 1H-
13C H2BC NMR, 500/126 MHz 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

180 

(3R*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j•Al(pftb)4 and 
(3S*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j’•Al(pftb)4 (ca. 
1.2:1 mixture of diastereomers), CD2Cl2, 1H NMR, 500 MHz 

  



 
 

181 

(3R*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j•Al(pftb)4 and 
(3S*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j’•Al(pftb)4 (ca. 
1.2:1 mixture of diastereomers), CD2Cl2, 13C NMR, 126 MHz 

  



 
 

182 

(3R*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j•Al(pftb)4 and 
(3S*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j’•Al(pftb)4 (ca. 
1.2:1 mixture of diastereomers), CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

 



 
 

183 

(3R*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j and (3S*,7aS*)-
3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j’ (ca. 1.2:1 mixture of diastereomers), 
CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



 
 

184 

(3R*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j•Al(pftb)4 and 
(3S*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j’•Al(pftb)4 (ca. 
1.2:1 mixture of diastereomers), CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

  



 
 

185 

(3R*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j•Al(pftb)4 and 
(3S*,7aS*)-3-(1-Methoxy-1-oxobuta-2,3-dien-2-yl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24j’•Al(pftb)4 (ca. 
1.2:1 mixture of diastereomers), CD2Cl2, 1H-13C H2BC NMR, 500/126 MHz 
 

 
  



 
 

186 

(3R*,7aS*)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24k•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz 

  



 
 

187 

(3R*,7aS*)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24k•Al(pftb)4, CD2Cl2, 13C NMR, 126 MHz 

  



 
 

188 

(3R*,7aS*)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24k•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 500/500 
MHz 

  



 
 

189 

(3R*,7aS*)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24k•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 500/126 
MHz 

  



 
 

190 

(3R*,7aS*)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24k•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 500/126 
MHz 

  



 
 

191 

(3R*,7aS*)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24k•Al(pftb)4, CD2Cl2, 1H-1H NOESY NMR, 500/500 
MHz 
 

 
  



 
 

192 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24l•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz 

  



 
 

193 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24l•Al(pftb)4, CD2Cl2, 13C NMR, 126 MHz 

  



 
 

194 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24l•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 500/500 
MHz 

  



 
 

195 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24l•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 
500/126 MHz 

  



 
 

196 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24l•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 
500/126 MHz 

  



 
 

197 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24l•Al(pftb)4, CD2Cl2, 1H-1H NOESY NMR, 
500/500 MHz 

 

 
 
 
  



 
 

198 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24l•SbF6, 
CD2Cl2, 1H NMR, 500 MHz 

  



 
 

199 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24l•SbF6, 
CD2Cl2, 13C NMR, 126 MHz 

 

  



 
 

200 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24l•SbF6, 
CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

  



 
 

201 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24l•SbF6, 
CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



 
 

202 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24l•SbF6, 
CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 
 

  



 
 

203 

(3R*,7aS*)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24l•SbF6, 
CD2Cl2, 1H-1H NOESY NMR, 500/500 MHz 
 

 
  



 
 

204 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24m•Al(pftb)4, CD2Cl2, 1H NMR, 500 
MHz 
 

  



 
 

205 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24m•Al(pftb)4, CD2Cl2, 13C NMR, 126 
MHz 
 

  



 
 

206 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24m•Al(pftb)4, CD2Cl2, 1H-1H COSY 
NMR, 500/500 MHz 
 

  



 
 

207 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24m•Al(pftb)4, CD2Cl2, 1H-13C HSQC 
NMR, 500/126 MHz 
 

  



 
 

208 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24m•Al(pftb)4, CD2Cl2, 1H-13C HMBC 
NMR, 500/126 MHz 
 

  



 
 

209 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24m•Al(pftb)4, CD2Cl2, 1H-1H NOESY 
NMR, 500/500 MHz 
 

 
 
 

 
  



 
 

210 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 
24m•SbF6, CD2Cl2, 1H NMR, 500 MHz 
 

  



 
 

211 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 
24m•SbF6, CD2Cl2, 13C NMR, 126 MHz 
 

  



 
 

212 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 
24m•SbF6, CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 
 

  



 
 

213 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 
24m•SbF6, CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 
 

  



 
 

214 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 
24m•SbF6, CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 
 

  



 
 

215 

(3R*,7aS*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 
24m•SbF6, CD2Cl2, 1H-1H NOESY NMR, 500/500 MHz 
 

 
  



 
 

216 

(3R*,7aS*)-3-Phenyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24n•Al(pftb)4, CD2Cl2, 1H NMR, 500 
MHz 
 

  



 
 

217 

(3R*,7aS*)-3-Phenyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24n•Al(pftb)4, CD2Cl2, 13C NMR, 126 
MHz 
 

  



 
 

218 

(3R*,7aS*)-3-Phenyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24n•Al(pftb)4, CD2Cl2, 1H-1H COSY 
NMR, 500 MHz 
 

  



 
 

219 

(3R*,7aS*)-3-Phenyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24n•Al(pftb)4, CD2Cl2, 1H-13C HSQC 
NMR, 500/126 MHz 
 

  



 
 

220 

(3R*,7aS*)-3-Phenyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24n•Al(pftb)4, CD2Cl2, 1H-13C HMBC 
NMR, 500/126 MHz 
 

  



 
 

221 

(3R*,7aS*)-3-Phenyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24n•Al(pftb)4, CD2Cl2, 1H-1H NOESY 
NMR, 500/126 MHz 
 

 
  



 
 

222 

(3R*,7aS*)-7a-Ethynyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24o•Al(pftb)4, CD2Cl2, 1H NMR, 500 
MHz 
 
*Generated as a ca. 2.4:1 mixture of 24o•Al(pftb)4 and 39•Al(pftb)4 (for characterization of 39•Al(pftb)4, 
see below). 

  



 
 

223 

(3R*,7aS*)-7a-Ethynyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24o•Al(pftb)4, CD2Cl2, 13C NMR, 126 
MHz 
 

  



 
 

224 

(3R*,7aS*)-7a-Ethynyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24o•Al(pftb)4, CD2Cl2, 1H-1H COSY 
NMR, 500/500 MHz 
 

 



 
 

225 

(3R*,7aS*)-7a-Ethynyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24o•Al(pftb)4, CD2Cl2, 1H-13C HSQC 
NMR, 500/126 MHz 
 

  



 
 

226 

(3R*,7aS*)-7a-Ethynyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24o•Al(pftb)4, CD2Cl2, 1H-13C HMBC 
NMR, 500/126 MHz 
 
 

 
  



 
 

227 

(3R*,7aS*)-7a-(4-Methoxyphenyl)-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24p•Al(pftb)4, 
CD2Cl2, 1H NMR, 500 MHz 
 

  



 
 

228 

(3R*,7aS*)-7a-(4-Methoxyphenyl)-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24p•Al(pftb)4, 
CD2Cl2, 13C NMR, 126 MHz 
 

  



 
 

229 

(3R*,7aS*)-7a-(4-Methoxyphenyl)-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24p•Al(pftb)4, 
CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 
 

 



 
 

230 

(3R*,7aS*)-7a-(4-Methoxyphenyl)-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24p•Al(pftb)4, 
CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 
 

  



 
 

231 

(3R*,7aS*)-7a-(4-Methoxyphenyl)-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24p•Al(pftb)4, 
CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 
 

  



 
 

232 

(3R*,7aS*)-7a-(4-Methoxyphenyl)-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24p•Al(pftb)4, 
CD2Cl2, 1H-1H NOESY NMR, 500/500 MHz 
 
 

 

 
  



 
 

233 

(3R*,7aS*)-3-((E)-3-Oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24q•Al(pftb)4, 
CD2Cl2, 1H NMR, 500 MHz 

  



 
 

234 

(3R*,7aS*)-3-((E)-3-Oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24q•Al(pftb)4, 
CD2Cl2, 13C NMR, 126 MHz 

  



 
 

235 

(3R*,7aS*)-3-((E)-3-Oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24q•Al(pftb)4, 
CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

 



 
 

236 

(3R*,7aS*)-3-((E)-3-Oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24q•Al(pftb)4, 
CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



 
 

237 

(3R*,7aS*)-3-((E)-3-Oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24q•Al(pftb)4, 
CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

  



 
 

238 

(3R*,7aS*)-3-((E)-3-Oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24q•Al(pftb)4, 
CD2Cl2, 1H-1H NOESY NMR, 500/500 MHz 

 

 
  



 
 

239 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-
ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24r•Al(pftb)4, 
CD2Cl2, 1H NMR, 500 MHz 

  



 
 

240 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-
ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24r•Al(pftb)4, 
CD2Cl2, 13C NMR, 500 MHz 

  



 
 

241 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-
ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24r•Al(pftb)4, 
CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

 



 
 

242 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-
ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24r•Al(pftb)4, 
CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



 
 

243 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-
ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24r•Al(pftb)4, 
CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

  



 
 

244 

(3R*,7aS*)-3-((E)-3-Methoxy-3-oxoprop-1-en-1-yl)-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-
ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24r•Al(pftb)4, 
CD2Cl2, 1H-1H NOESY NMR, 500/500 MHz 

 

 
  



 
 

245 

(3R*,7aS*)-3-Ethynyl-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24s•Al(pftb)4 and (3S*,7aS*)-3-Ethynyl-
7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24s’•Al(pftb)4 (24s:24s’ = 1.3:1), CD2Cl2, 1H NMR, 
500 MHz 

  



 
 

246 

(3R*,7aS*)-3-Ethynyl-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24s•Al(pftb)4 and (3S*,7aS*)-3-Ethynyl-
7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24s’•Al(pftb)4 (24s:24s’ = 1.3:1), CD2Cl2, 13C NMR, 
126 MHz 

  



 
 

247 

(3R*,7aS*)-3-Ethynyl-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24s•Al(pftb)4 and (3S*,7aS*)-3-Ethynyl-
7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24s’•Al(pftb)4 (24s:24s’ = 1.3:1), CD2Cl2, 1H-1H COSY 
NMR, 500/500 MHz 

 



 
 

248 

(3R*,7aS*)-3-Ethynyl-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24s•Al(pftb)4 and (3S*,7aS*)-3-Ethynyl-
7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24s’•Al(pftb)4 (24s:24s’ = 1.3:1), CD2Cl2, 1H-13C 
HSQC NMR, 500/126 MHz 

  



 
 

249 

(3R*,7aS*)-3-Ethynyl-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24s•Al(pftb)4 and (3S*,7aS*)-3-Ethynyl-
7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24s’•Al(pftb)4 (24s:24s’ = 1.3:1), CD2Cl2, 1H-13C 
HMBC NMR, 500/126 MHz 

  



 
 

250 

(3R*,7aS*)-3-Ethynyl-7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24s•Al(pftb)4 and (3S*,7aS*)-3-Ethynyl-
7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24s’•Al(pftb)4 (24s:24s’ = 1.3:1), CD2Cl2, 1H-1H 
NOESY NMR, 500/500 MHz 
 

 
  



 
 

251 

(3R*,7aS*)-3,7a-Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24t•Al(pftb)4 and (3S*,7aS*)-3,7a-
Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24t’•Al(pftb)4 (24t:24t’ = 1:1.1), CD2Cl2, 1H NMR, 400 
MHz 

  



 
 

252 

(3R*,7aS*)-3,7a-Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24t•Al(pftb)4 and (3S*,7aS*)-3,7a-
Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24t’•Al(pftb)4 (24t:24t’ = 1:1.1), CD2Cl2, 13C NMR, 
100 MHz 

  



 
 

253 

(3R*,7aS*)-3,7a-Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24t•Al(pftb)4 and (3S*,7aS*)-3,7a-
Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24t’•Al(pftb)4 (24t:24t’ = 1:1.1), CD2Cl2, 1H-1H COSY 
NMR, 400/400 MHz 

 



 
 

254 

(3R*,7aS*)-3,7a-Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24t•Al(pftb)4 and (3S*,7aS*)-3,7a-
Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24t’•Al(pftb)4 (24t:24t’ = 1:1.1), CD2Cl2, 1H-13C 
HSQC NMR, 400/100 MHz 

  



 
 

255 

(3R*,7aS*)-3,7a-Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24t•Al(pftb)4 and (3S*,7aS*)-3,7a-
Diethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24t’•Al(pftb)4 (24t:24t’ = 1:1.1), CD2Cl2, 1H-13C 
HMBC NMR, 400/100 MHz 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

256 

 
(3R*,7aS*)-3-Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24u•Al(pftb)4 and (3S*,7aS*)-3-
Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24u’•Al(pftb)4 (24u:24u’ = 1.2:1), CD2Cl2, 1H NMR, 
500 MHz 
 

  



 
 

257 

(3R*,7aS*)-3-Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24u•Al(pftb)4 and (3S*,7aS*)-3-
Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24u’•Al(pftb)4 (24u:24u’ = 1.2:1), CD2Cl2, 13C NMR, 
126 MHz 
 

  



 
 

258 

(3R*,7aS*)-3-Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24u•Al(pftb)4 and (3S*,7aS*)-3-
Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24u’•Al(pftb)4 (24u:24u’ = 1.2:1), CD2Cl2, 1H-1H 
COSY NMR, 500/500 MHz 
 

 



 
 

259 

(3R*,7aS*)-3-Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24u•Al(pftb)4 and (3S*,7aS*)-3-
Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24u’•Al(pftb)4 (24u:24u’ = 1.2:1), CD2Cl2, 1H-13C 
HSQC NMR, 500/126 MHz 
 

  



 
 

260 

(3R*,7aS*)-3-Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24u•Al(pftb)4 and (3S*,7aS*)-3-
Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24u’•Al(pftb)4 (24u:24u’ = 1.2:1), CD2Cl2, 1H-13C 
HMBC NMR, 500/126 MHz 
 

  



 
 

261 

(3R*,7aS*)-3-Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24u•Al(pftb)4 and (3S*,7aS*)-3-
Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24u’•Al(pftb)4 (24u:24u’ = 1.2:1), CD2Cl2, 1H-1H 
NOESY NMR, 500/500 MHz 
 

 
  



 
 

262 

(3R*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v•Al(pftb)4 and 
(3S*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v’•Al(pftb)4 
(24v:24v’ = ca. 1.7-1.8:1), CD2Cl2, 1H NMR, 500 MHz 

  



 
 

263 

(3R*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v•Al(pftb)4 and 
(3S*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v’•Al(pftb)4 
(24v:24v’ = ca. 1.7-1.8:1), CD2Cl2, 13C NMR, 126 MHz 

  



 
 

264 

(3R*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v•Al(pftb)4 and 
(3S*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v’•Al(pftb)4 
(24v:24v’ = ca. 1.7-1.8:1), CD2Cl2, 1H-1H COSY NMR, 500/500 MHz 

 



 
 

265 

(3R*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v•Al(pftb)4 and 
(3S*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v’•Al(pftb)4 
(24v:24v’ = ca. 1.7-1.8:1), CD2Cl2, 1H-13C HSQC NMR, 500/126 MHz 

  



 
 

266 

(3R*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v•Al(pftb)4 and 
(3S*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v’•Al(pftb)4 
(24v:24v’ = ca. 1.7-1.8:1), CD2Cl2, 1H-13C HMBC NMR, 500/126 MHz 

  



 
 

267 

(3R*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v•Al(pftb)4 and 
(3S*,7aS*)-3-Ethynyl-7a-(4-methoxyphenyl)hexahydro-1H-furo[1,2-a]furan-4-ium 
tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24v’•Al(pftb)4 
(24v:24v’ = ca. 1.7-1.8:1), CD2Cl2, 1H-1H NOESY NMR, 500/500 MHz 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

268 

5-(4-Phenylbutyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35•Al(pftb)4, CD2Cl2, 1H NMR, 400 MHz 

 
  



 

 
 

269 

5-(4-Phenylbutyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35•Al(pftb)45, CD2Cl2, 13C NMR, 100 MHz 

 
  



 

 
 

270 

5-(4-Phenylbutyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 400/100 
MHz 

 
  



 

 
 

271 

5-(4-Phenylbutyl-4-d)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35-d•Al(pftb)4, CD2Cl2, 1H NMR, 400 MHz 

 
  



 

 
 

272 

5-(4-Phenylbutyl-4-d)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35-d•Al(pftb)4, CD2Cl2, 13C NMR, 400 MHz 

 
  



 

 
 

273 

5-(4-Phenylbutyl-4-d)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35-d•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 400/100 
MHz 

 
  



 

 
 

274 

(3-(4-Vinyl-3,4-dihydronaphthalen-1-yl)propyl)oxonium hexafluoroantimonate 52•SbF6, CD2Cl2, 
1H NMR, 500 MHz 

 
  



 

 
 

275 

(3-(4-Vinyl-3,4-dihydronaphthalen-1-yl)propyl)oxonium hexafluoroantimonate 52•SbF6, CD2Cl2, 
13C NMR, 125 MHz 
 

 
  



 

 
 

276 

5-(3,3-Diphenylpropyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 59•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz, 263K 

 
  



 

 
 

277 

5-(3,3-Diphenylpropyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 59•Al(pftb)4, CD2Cl2, 13C NMR, 125 MHz, 263K 

 
  



 

 
 

278 

5-(3,3-Diphenylpropyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 59•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 500/125 
MHz, 263K 

 
  



 

 
 

279 

5-(3-Vinylcyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 39•Al(pftb)4 
 
See NMR spectra of oxonium ion 24o•Al(pftb)4. 
 
  



 

 
 

280 

(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 40•Al(pftb)4, CD2Cl2, 1H NMR, 400 
MHz 

 
  



 

 
 

281 

(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 40•Al(pftb)4, CD2Cl2, 13C NMR, 100 
MHz 

 
  



 

 
 

282 

(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 40•Al(pftb)4, CD2Cl2, 1H-13C HMBC 
NMR, 400/100 MHz 

 
  



 

 
 

283 

(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 40•Al(pftb)4, CD2Cl2, 1H-1H NOESY 
NMR, 400/400 MHz 

 
  



 

 
 

284 

5-(3-Phenylcyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 42•Al(pftb)4, CD2Cl2, 1H NMR, 400 MHz 

 
  



 

 
 

285 

5-(3-Phenylcyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 42•Al(pftb)4, CD2Cl2, 13C NMR, 100 MHz 

 
  



 

 
 

286 

5-(3-Phenylcyclopent-1-en-1-yl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 42•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 400/100 
MHz 

 
  



 

 
 

287 

5-(3-Phenylcyclopentyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 46•Al(pftb)4 (d.r. ca. 1:1), CD2Cl2, 1H NMR, 500 MHz, 
263K 

 
  



 

 
 

288 

5-(3-Phenylcyclopentyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 46•Al(pftb)4 (d.r. ca. 1:1), CD2Cl2, 13C NMR, 125 
MHz, 263K 

 
  



 

 
 

289 

5-(3-Phenylcyclopentyl)-3,4-dihydro-2H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 46•Al(pftb)4 (d.r. ca. 1:1), CD2Cl2, 1H-13C HMBC 
NMR, 500/125 MHz, 263K 

 
  



 

 
 

290 

5-Methylene-2,3,5,8,9,9a-hexahydro-1H-furo[1,2-a]oxepin-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 62•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz 

 
  



 

 
 

291 

5-Methylene-2,3,5,8,9,9a-hexahydro-1H-furo[1,2-a]oxepin-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 62•Al(pftb)4, CD2Cl2, 13C NMR, 125 MHz 

 
  



 

 
 

292 

5-Methylene-2,3,5,8,9,9a-hexahydro-1H-furo[1,2-a]oxepin-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 62•Al(pftb)4, CD2Cl2, 1H-1H COSY NMR, 500/500 
MHz 

 
  



 

 
 

293 

5-Methylene-2,3,5,8,9,9a-hexahydro-1H-furo[1,2-a]oxepin-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 62•Al(pftb)4, CD2Cl2, 1H-13C HSQC NMR, 500/125 
MHz 

 
  



 

 
 

294 

5-Methylene-2,3,5,8,9,9a-hexahydro-1H-furo[1,2-a]oxepin-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 62•Al(pftb)4, CD2Cl2, 1H-13C HMBC NMR, 500/125 
MHz 

 
  



 

 
 

295 

5-Methylene-2,3,5,8,9,9a-hexahydro-1H-furo[1,2-a]oxepin-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 
2-(trifluoromethyl)propan-2-yl)oxy)aluminate 62•Al(pftb)4, CD2Cl2, 1H-1H NOESY NMR, 500/500 
MHz 

 
  



 

 
 

296 

(2R*,5S*)-2-Ethynyl-5-(4-methoxyphenyl)oxocane 28 and (2S*,5S*)-2-ethynyl-5-(4-methoxy 
phenyl)oxocane 28’, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

297 

(2R*,5S*)-2-Ethynyl-5-(4-methoxyphenyl)oxocane 28 and (2S*,5S*)-2-ethynyl-5-(4-methoxy 
phenyl)oxocane 28’, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

298 

(2R*,5S*)-2-Ethynyl-5-(4-methoxyphenyl)oxocane 28 and (2S*,5S*)-2-ethynyl-5-(4-methoxy 
phenyl)oxocane 28’, CDCl3, 1H-1H NOESY NMR, 500/500 MHz 
 

 

  



 

 
 

299 

Methyl 2-((2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29, CDCl3, 
1H NMR, 500 MHz 

 
  



 

 
 

300 

Methyl 2-((2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29, CDCl3, 
13C NMR, 125 MHz 

 
  



 

 
 

301 

Methyl 2-((2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 20, CDCl3, 
1H-1H NOESY NMR, 500/500 MHz 

 

  



 

 
 

302 

Methyl 2-((2S*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29’, CDCl3, 
1H NMR, 500 MHz 

 
  



 

 
 

303 

Methyl 2-((2S*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29’, CDCl3, 
13C NMR, 125 MHz 

 
  



 

 
 

304 

Methyl 2-((2S*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29’, CDCl3, 
1H-1H NOESY NMR, 500/500 MHz 

 

 
  



 

 
 

305 

(2R*,5S*)-2-Ethynyl-5-(4-methoxyphenyl)-5-(2-methylallyl)oxocane 20 and (2S*,5S*)-2-ethynyl-5-
(4-methoxyphenyl)-5-(2-methylallyl)oxocane 30’, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

306 

(2R*,5S*)-2-Ethynyl-5-(4-methoxyphenyl)-5-(2-methylallyl)oxocane 30 and (2S*,5S*)-2-ethynyl-5-
(4-methoxyphenyl)-5-(2-methylallyl)oxocane 30’, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

307 

(2R*,5S*)-2-Ethynyl-5-(4-methoxyphenyl)-5-(2-methylallyl)oxocane 0 and (2S*,5S*)-2-ethynyl-5-
(4-methoxyphenyl)-5-(2-methylallyl)oxocane 30’, CDCl3, 1H-1H NOESY NMR, 500/500 MHz 

 

 
  



 

 
 

308 

(2R*,5R*)-2-Ethynyl-5-(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31 and (2S*,5R*)-2-ethynyl-5-
(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31’, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

309 

(2R*,5R*)-2-Ethynyl-5-(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31 and (2S*,5R*)-2-ethynyl-5-
(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31’, CDCl3, 13C NMR, 125 MHz 
 

 
  



 

 
 

310 

(2R*,5R*)-2-Ethynyl-5-(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31 and (2S*,5R*)-2-ethynyl-5-
(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31’, CDCl3, 1H-1H NOESY NMR, 500/500 MHz 

 

 
  



 

 
 

311 

(2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32 and (2S*,5R*)-2-
ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32’, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

312 

(2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32 and (2S*,5R*)-2-
ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32’, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

313 

(2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32 and (2S*,5R*)-2-
ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32’, CDCl3, 1H-1H NOESY NMR, 
500/500 MHz 

 

 
  



 

 
 

314 

3-((2R*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33 and 3-
((2S*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33’, CDCl3, 1H 
NMR, 500 MHz 

 
  



 

 
 

315 

3-((2R*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33e and 3-
((2S*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33e’, CDCl3, 13C 
NMR, 125 MHz 
 

 
  



 

 
 

316 

3-((2R*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33 and 3-
((2S*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33’, CDCl3, 1H-1H 
NOESY NMR, 500/500 MHz 

 

 
  



 

 
 

317 

1-Bromo-8-phenyloctan-4-one 36, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

318 

1-Bromo-8-phenyloctan-4-one 36, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

319 

1-Bromo-8-phenyloctan-4-one-8-d 36-d, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

320 

1-Bromo-8-phenyloctan-4-one-8-d 36-d, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

321 

2-(4-Phenylbutyl)tetrahydrofuran 37, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

322 

2-(4-Phenylbutyl)tetrahydrofuran 37, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

323 

2-(4-Phenylbutyl-4-d)tetrahydrofuran 37-d, CDCl3, 1H NMR, 400 MHz 

 
  



 

 
 

324 

2-(4-Phenylbutyl-4-d)tetrahydrofuran 37-d, CDCl3, 13C NMR, 100 MHz 

 
  



 

 
 

325 

3-(4-Vinyl-3,4-dihydronaphthalen-1-yl)propan-1-ol 54, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

326 

3-(4-Vinyl-3,4-dihydronaphthalen-1-yl)propan-1-ol 54, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

327 

3-(4-Phenyl-3,4-dihydronaphthalen-1-yl)propan-1-ol 55, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

328 

3-(4-Phenyl-3,4-dihydronaphthalen-1-yl)propan-1-ol 55, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

329 

7-Bromo-1,1-diphenylheptan-4-one 60, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

330 

7-Bromo-1,1-diphenylheptan-4-one 60, CDCl3, 13CNMR, 125 MHz 

 
  



 

 
 

331 

(2R*,4'S*)-4'-Phenyl-3',4,4',5-tetrahydro-2'H,3H-spiro[furan-2,1'-naphthalene] 61 and 
(2R*,4'R*)-4'-Phenyl-3',4,4',5-tetrahydro-2'H,3H-spiro[furan-2,1'-naphthalene] 61’, CDCl3, 1H 
NMR, 500 MHz 

 
  



 

 
 

332 

(2R*,4'S*)-4'-Phenyl-3',4,4',5-tetrahydro-2'H,3H-spiro[furan-2,1'-naphthalene] 61 and 
(2R*,4'R*)-4'-Phenyl-3',4,4',5-tetrahydro-2'H,3H-spiro[furan-2,1'-naphthalene] 61’, CDCl3, 13C 
NMR, 125 MHz 

 
  



 

 
 

333 

(Z)-2-(3-phenylcyclopenta-2,4-dien-1-ylidene)tetrahydrofuran (Z)-43 and (E)-2-(3-
phenylcyclopenta-2,4-dien-1-ylidene)tetrahydrofuran (E)-43, CDCl3, 1H NMR, 400 MHz 

 
  



 

 
 

334 

(Z)-2-(3-phenylcyclopenta-2,4-dien-1-ylidene)tetrahydrofuran (Z)-43 and (E)-2-(3-
phenylcyclopenta-2,4-dien-1-ylidene)tetrahydrofuran (E)-43, CDCl3, 13C NMR, 100 MHz 

 
  



 

 
 

335 

4-Bromo-1-(3-phenylcyclopentyl)butan-1-one 47, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

336 

4-Bromo-1-(3-phenylcyclopentyl)butan-1-one 47, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

337 

(S*)-2-((S*)-3-chloro-3-phenylpropyl)tetrahydrofuran 23b, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

338 

(S*)-2-((S*)-3-chloro-3-phenylpropyl)tetrahydrofuran 23b, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

339 

(S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl acetate S13a, CDCl3, 1H NMR, 400 MHz 

 
  



 

 
 

340 

(S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl acetate S13a, CDCl3, 13C NMR, 100 MHz 

 
  



 

 
 

341 

(2R*,5R*)-2-phenyloxocan-5-yl acetate S13bb, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

342 

(2R*,5R*)-2-phenyloxocan-5-yl acetate S13b, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

343 

(2R*,5R*)-2-phenyloxocan-5-yl acetate S13b, CDCl3, 1H-1H NOESY NMR, 500/500 MHz 

 
  



 

 
 

344 

(S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propan-1-ol and (R*)-1-phenyl-3-((S)-
tetrahydrofuran-2-yl)propan-1-ol S8b/S8b’, CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

345 

(S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propan-1-ol and (R*)-1-phenyl-3-((S)-
tetrahydrofuran-2-yl)propan-1-ol S8b/S8b’, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

346 

(R*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl acetate S13a and (S*)-1-phenyl-3-((S*)-
tetrahydrofuran-2-yl)propyl acetate S13a’, CDCl3, 1H NMR, 400 MHz 

 
  



 

 
 

347 

(R*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl acetate S13a’ and (S*)-1-phenyl-3-((S*)-
tetrahydrofuran-2-yl)propyl acetate S13a, CDCl3, 13C NMR, 100 MHz 

 
  



 

 
 

348 

Dimethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S14•Al(pftb)4, CD2Cl2, 1H NMR, 500 
MHz, 253K 

 
  



 

 
 

349 

Dimethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S14•Al(pftb)4, CD2Cl2, 13C NMR, 125 
MHz, 253K 

 
  



 

 
 

350 

Dimethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S14•Al(pftb)4 and Dimethyl((R*)-1-
phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S14’•Al(pftb)4, CD2Cl2, 1H NMR, 500 MHz, 298K 

 
  



 

 
 

351 

Dimethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S14•Al(pftb)4 and Dimethyl((R*)-1-
phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S14’•Al(pftb)4, CD2Cl2, 13C NMR, 125 MHz, 298K 

 
  



 

 
 

352 

Diethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15•Al(pftb)4, CD2Cl2, 1H NMR, 500 
MHz, 253K  

 
  



 

 
 

353 

Diethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15’•Al(pftb)4, CD2Cl2, 13C NMR, 125 
MHz, 253K  

 
  



 

 
 

354 

Diethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15•Al(pftb)4 and Diethyl((R*)-1-
phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S15’•Al(pftb)4, CD2Cl2, 1H NMR, 400 MHz, 298K 

 
  



 

 
 

355 

Diethyl((S*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15•Al(pftb)4 and Diethyl((R*)-1-
phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S15’•Al(pftb)4, CD2Cl2, 13C NMR, 100 MHz, 298K 

 
  



 

 
 

356 

Methyl (S*)-2,2-dimethyl-3-phenyl-5-((R*)-tetrahydrofuran-2-yl)pentanoate S16, CDCl3, 1H NMR, 
500 MHz 

 
  



 

 
 

357 

Methyl (S*)-2,2-dimethyl-3-phenyl-5-((R*)-tetrahydrofuran-2-yl)pentanoate S16, CDCl3, 13C 
NMR, 125 MHz 

 
  



 

 
 

358 

Methyl 2,2-dimethyl-3-phenyl-5-(tetrahydrofuran-2-yl)pentanoate S16/S16’ (d.r. = 1:1), CDCl3, 1H 
NMR, 500 MHz 

 
  



 

 
 

359 

Methyl 2,2-dimethyl-3-phenyl-5-(tetrahydrofuran-2-yl)pentanoate S16/S16’ (d.r. = 1:1), CDCl3, 
13C NMR, 125 MHz 

 
  



 

 
 

360 

(R*)-2-((R*)-5-methyl-3-phenylhex-5-en-1-yl)tetrahydrofuran S17 and (R*)-2-((S*)-5-methyl-3-
phenylhex-5-en-1-yl)tetrahydrofuran S17’ (S17:S17’ = ca. 3:1), CDCl3, 1H NMR, 400 MHz 

 
  



 

 
 

361 

(R*)-2-((R*)-5-methyl-3-phenylhex-5-en-1-yl)tetrahydrofuran S17 and (R*)-2-((S*)-5-methyl-3-
phenylhex-5-en-1-yl)tetrahydrofuran S17’ (S17:S17’ = ca. 3:1), CDCl3, 13C NMR, 100 MHz 

 
  



 

 
 

362 

(R*)-2-((R*)-3,5,5-triphenylpent-4-en-1-yl)tetrahydrofuran S18 and (R*)-2-((R*)-3,5,5-
triphenylpent-4-en-1-yl)tetrahydrofuran S18’ (S18:S18’ = ca. 3:1), CDCl3, 1H NMR, 500 MHz 

 
  



 

 
 

363 

(R*)-2-((R*)-3,5,5-triphenylpent-4-en-1-yl)tetrahydrofuran 18 and (R*)-2-((R*)-3,5,5-
triphenylpent-4-en-1-yl)tetrahydrofuran S18’ (S18:S18’ = ca. 3:1),, CDCl3, 13C NMR, 125 MHz 

 
  



 

 
 

364 

1-Methyl-2-((S*)-1-phenyl-3-((R*)-tetrahydrofuran-2-yl)propyl)-1H-pyrrole S19a, CDCl3, 1H 
NMR, 500 MHz 

 
  



 

 
 

365 

1-Methyl-2-((S*)-1-phenyl-3-((R*)-tetrahydrofuran-2-yl)propyl)-1H-pyrrole S19a, CDCl3, 13C 
NMR, 125 MHz 

 
  



 

 
 

366 

1-Methyl-3-((S*)-1-phenyl-3-((R*)-tetrahydrofuran-2-yl)propyl)-1H-pyrrole S19b, CDCl3, 1H 
NMR, 500 MHz 

 
  



 

 
 

367 

1-Methyl-3-((S*)-1-phenyl-3-((R*)-tetrahydrofuran-2-yl)propyl)-1H-pyrrole S19b, CDCl3, 13C 
NMR, 125 MHz 

 


