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Oct-7-ene-1,4-diol (S6d), CDCLs, "H NMR, 400 MHz

NMR Spectra
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Oct-7-ene-1,4-diol (S6d), CDCl;, '"H NMR, 100 MHz
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4-Phenyloct-7-ene-1,4-diol (S6e), CDCl;, '"H NMR, 500 MHz
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4-Phenyloct-7-ene-1,4-diol (S6¢), CDCl;, *C NMR, 12
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4-(4-Methoxyphenyl)oct-7-ene-1,4-diol (S6a), CDCls;, '"H NMR, 500 MHz
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4-(4-Methoxyphenyl)oct-7-ene-1,4-diol (S6a), CDCl;, *C NMR, 126 MHz
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Non-8-ene-1,4-diol (S6c), CDCl;, '"H NMR, 400 MHz
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Non-8-ene-1,4-diol (S6c), CDCls,

3C NMR, 100 MHz
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Non-8-ene-4-d-1,4-diol (S6¢-d), CDCl;, '"H NMR, 400 MHz
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Non-8-ene-4-d-1,4-diol (S6¢-d), CDCl;, *C NMR, 100 MHz
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-ene-1,4-diol (S6f), CDCls, '"H NMR, 500 MHz
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-ene-1,4-diol (S6f), CDCls;, *C NMR, 126 MHz
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-yne-1,4-diol (S6b), CDCl;, "H NMR, 500 MHz
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4-(2-(1,3-Dioxolan-2-yl)ethyl)hex-5-yne-1,4-diol (S6b), CDCl;, *C NMR, 126 MHz
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2-(But-3-en-1-yl)-2-phenyltetrahydrofuran (S7e), CDCls;, '"H NMR, 500 MHz
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2-(But-3-en-1-yl)-2-phenyltetrahydrofuran (S7e), CDCls;, *C NMR, 126 MHz
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2-(But-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (S7a), CDCl;, '"H NMR, 400 MHz
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2-(But-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (S7a), CDCl;, *C NMR, 100 MHz
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2-(2-(2-Vinyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7f), CDCl;, "H NMR, 500 MHz
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2-(2-(2-Vinyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7f), CDCl;, *C NMR, 126 MHz
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2-(2-(2-Ethynyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7b), CDCl;, '"H NMR, 400 MHz
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2-(2-(2-Ethynyltetrahydrofuran-2-yl)ethyl)-1,3-dioxolane (S7b), CDCl;, *C NMR, 100 MHz
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1-Phenyl-3-(tetrahydrofuran-2-yl)propan-1-ol (S8b), CDCl;, '"H NMR, 500 MHz
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1-Phenyl-3-(tetrahydrofuran-2-yl)propan-1-ol (S8b), CDCl;, *C NMR, 126 MHz
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5-(Tetrahydrofuran-2-yl)pent-1-en-3-ol (S8a), CDCl;, '"H NMR, 400 MHz
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5-(Tetrahydrofuran-2-yl)pent-1-en-3-ol (S8a), CDCl;, *C NMR, 100 MHz
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5-(Tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8c), CDCl;, "H NMR, 400 MHz
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5-(Tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8¢c), CDCl;, *C NMR, 100 MHz
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1-Phenyl-3-(2-phenyltetrahydrofuran-2-yl)propan-1-ol (S8I), CDCl;, '"H NMR, 400 MHz
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1-Phenyl-3-(2-phenyltetrahydrofuran-2-yl)propan-1-ol (S81), CDCl;, *C NMR, 100 MHz
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5-(2-Phenyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8m), CDCl;, "H NMR, 500 MHz
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5-(2-Phenyltetrahydrofuran-2-yl)pent-1-en-3-o0l (S8m), CDCl;, *C NMR, 126 MHz
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5-(2-Phenyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8s), CDCls;, '"H NMR, 500 MHz
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5-(2-Phenyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8s), CDCl;, *C NMR, 126 MHz
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5-(2-(4-Methoxyphenyl)tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8v), CDCl;, "H NMR, 400 MHz
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5-(2-(4-Methoxyphenyl)tetrahydrofuran-2-yl)pent-1-yn-3-ol (S8v), CDCl;, *C NMR, 100 MHz
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1-Phenyl-4-(tetrahydrofuran-2-yl)butan-1-ol (S8f), CDCL;, '"H NMR, 400 MHz
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1-Phenyl-4-(tetrahydrofuran-2-yl)butan-1-ol (S8f), CDCls;, *C NMR, 100 MHz
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6-(Tetrahydrofuran-2-yl)hex-1-en-3-ol (S8e), CDCl;, '"H NMR, 400 MHz
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6-(Tetrahydrofuran-2-yl)hex-1-en-3-ol (S8¢), CDCls;, *C NMR, 100 MHz
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6-(Tetrahydrofuran-2-yl)hex-1-yn-3-ol (S8g), CDCl;, "H NMR, 400 MHz
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6-(Tetrahydrofuran-2-yl)hex-1-yn-3-ol (S8g), CDCl;, *C NMR, 100 MHz
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1-Phenyl-4-(tetrahydrofuran-2-yl-2-d)butan-1-ol (S8f-d), CDCl;, '"H NMR, 500 MHz
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1-Phenyl-4-(tetrahydrofuran-2-yl-2-d)butan-1-ol (S8f-d), CDCl;, *C NMR, 126 MHz
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1-Phenyl-4-(tetrahydrofuran-2-yl-2-d)butan-1-ol (S8f-d), CDCl;, ’H NMR, 77 MHz
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1-Phenyl-3-(2-vinyltetrahydrofuran-2-yl)propan-1-ol (S8n), CDCl;, '"H NMR, 500 MHz
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1-Phenyl-3-(2-vinyltetrahydrofuran-2-yl)propan-1-ol (S8n), CDCl;, *C NMR, 126 MHz

o oo
O O
odo
N~ o< NYT OO~ ~ o O o
N~ - TITONOO N~ ~ A Bl =d ~ v ONO©M~—N - <
PR IR oo & 94538 58 RI83338 »J
< T TS NN NNNN - n ~ © v @ 0 © O OWwT T n v
$¥I¥Y Sdddgd i g cHeRY 88 888833 &4
16
H,C 13
\ 1w g
5/?\<’5 , L& Hﬂ
\ / E/\/ 10/
4—3 ‘
OH
17
11,13
1113
10,14
10,14 6
3
15 | 16 s 5 37 4
15 12 16 8 5 67 4
12) )
9 | | !
‘ ] | | | |
| .l |
T T T T T T T T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

48



5-(2-Vinyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8k), CDCl;, '"H NMR, 500 MHz
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5-(2-Vinyltetrahydrofuran-2-yl)pent-1-en-3-ol (S8k), CDCls;, *C NMR, 500 MHz
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5-(2-Vinyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8u), CDCl;, '"H NMR, 400 MHz
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5-(2-Vinyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8u), CDCl;, *C NMR, 100 MHz
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3-(2-Ethynyltetrahydrofuran-2-yl)-1-phenylpropan-1-ol (S8w), CDCl;, "H NMR, 500 MHz
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3-(2-Ethynyltetrahydrofuran-2-yl)-1-phenylpropan-1-ol (S8w), CDCl;, *C NMR, 126 MHz
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-en-3-ol (S80), CDCl;, '"H NMR, 500 MHz
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-en-3-ol (S80), CDCl;, *C NMR, 126 MHz
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8t), CDCl;, "H NMR, 500 MHz
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5-(2-Ethynyltetrahydrofuran-2-yl)pent-1-yn-3-ol (S8t), CDCl;, *C NMR, 126 MHz

3 4°14
¥¥'5C >

1Tee~
c9ee
L2'GE~
62°9¢ —
80'6€ ~
er'ee "

6119~
ve'z9

1629~
0089~

95°2L
€8'2L /
€0'€L
80°€L N.

€1000 16'92

<+ <

€10a0 v'LL
26'8L
86'8L \‘

188
98'v8

8e'58 -7
€168 7

1 (ppm)

58



2-(3-Chloro-3-phenylpropyl)tetrahydrofuran (23b/23b’), CDCl;, '"H NMR, 500 MHz
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2-(3-Chloro-3-phenylpropyl)tetrahydrofuran (23b/23b’), CDCl;, *C NMR, 126 MHz
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2-(3-Bromopent-4-en-1-yl)tetrahydrofuran (23a), CDCl;, '"H NMR, 500 MHz

2

8’1

20C

¥0°C
S0°C

126
2G|
'S

86°G
009

20'9
€000 922

1.60

6" (m)
1.69

3"7' (m)| 6'(m)
1.98

7" (m)
2.09

2 (m)
3.80

5' (m)
3.86

10" (m)
5.06

8 (m)
4.51

10" (m)
5.22

N

e i e

1.051 2.164 2.285 1.307 1.340 1.295

el

1.198 1.184

1.349 1.046 1.210

1.074

1.000

0.0

0.5

1.0

2.0

2.5

3.0

.5

3

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

1 (ppm)

61



2-(3-Bromopent-4-en-1-yl)tetrahydrofuran (23a), CDCl;, *C NMR, 126 MHz
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2-(3-Bromopent-4-yn-1-yl)tetrahydrofuran (23s), CDCl;, '"H NMR, 400 MHz
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2-(3-Bromopent-4-yn-1-yl)tetrahydrofuran (23s), CDCl;, *C NMR, 100 MHz
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2-(3-Chloro-3-phenylpropyl)-2-phenyltetrahydrofuran (231), CDCls;, '"H NMR, 400 MHz
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2-(3-Chloro-3-phenylpropyl)-2-phenyltetrahydrofuran (231), CDCl;, *C NMR, 100 MHz
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2-(3-Chloropent-4-en-1-yl)-2-phenyltetrahydrofuran (23m), CDCl;, '"H NMR, 400 MHz
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2-(3-Chloropent-4-en-1-yl)-2-phenyltetrahydrofuran (23m), CDCl;, *C NMR, 100 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-phenyltetrahydrofuran (23s), CDCl;, '"H NMR, 400 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-phenyltetrahydrofuran (23s), CDCl;, *C NMR, 100 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23v), CDCl;, '"H NMR, 400 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23v), CDCl;, *C NMR, 100 MHz
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2-(4-Chloro-4-phenylbutyl)tetrahydrofuran (23f), CDCl;, "H NMR, 400 MHz
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2-(4-Chloro-4-phenylbutyl)tetrahydrofuran (23f), CDCls;, *C NMR, 100 MHz
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2-(4-Chlorohex-5-en-1-yl)tetrahydrofuran (23e), CDCl;, '"H NMR, 500 MHz
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2-(4-Chlorohex-5-en-1-yl)tetrahydrofuran (23¢), CDCl;, *C NMR, 126 MHz
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2-(4-Bromohex-5-yn-1-yl)tetrahydrofuran 239g), CDCl;, '"H NMR, 500 MHz
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2-(4-Bromohex-5-yn-1-yl)tetrahydrofuran (23g), CDCl;, *C NMR, 500 MHz
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2-(4-Chloro-4-phenylbutyl)tetrahydrofuran-2-d (23f-d), CDCl;, '"H NMR, 500 MHz
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2-(4-Chloro-4-phenylbutyl)tetrahydrofuran-2-d (23f-d), CDCl;, *C NMR, 126 MHz
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2-(3-Chloro-3-phenylpropyl)-2-vinyltetrahydrofuran (23n), CDCl;, '"H NMR, 400 MHz
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2-(3-Chloro-3-phenylpropyl)-2-vinyltetrahydrofuran (23n), CDCl;, *C NMR, 100 MHz
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2-(3-Chloropent-4-en-1-yl)-2-vinyltetrahydrofuran (23k), CDCl;, '"H NMR, 400 MHz
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2-(3-Chloropent-4-en-1-yl)-2-vinyltetrahydrofuran (23k), CDCl;, *C NMR, 100 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-vinyltetrahydrofuran (23u), CDCl;, '"H NMR, 400 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-vinyltetrahydrofuran (23u), CDCl;, *C NMR, 100 MHz
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2-(3-Bromo-3-phenylpropyl)-2-ethynyltetrahydrofuran (23w), CDCl;, "H NMR, 400 MHz
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2-(3-Bromo-3-phenylpropyl)-2-ethynyltetrahydrofuran (23w), CDCl;, *C NMR, 100 MHz
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2-(3-Bromopent-4-en-1-yl)-2-ethynyltetrahydrofuran (230), CDCl;, '"H NMR, 400 MHz
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2-(3-Bromopent-4-en-1-yl)-2-ethynyltetrahydrofuran (230), CDCl;, *C NMR, 100 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-ethynyltetrahydrofuran (23t), CDCl;, '"H NMR, 500 MHz
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2-(3-Bromopent-4-yn-1-yl)-2-ethynyltetrahydrofuran (23t), CDCl;, *C NMR, 126 MHz
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(E)-2-(5-Bromopent-3-en-1-yl)tetrahydrofuran (iso-23a), CDCL;, '"H NMR, 500 MHz
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(E)-2-(5-Bromopent-3-en-1-yl)tetrahydrofuran (iso-23a), CDCl;, *CNMR, 126 MHz
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Methyl 3-hydroxy-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (S8j), CDCls, '"H NMR, 500 MHz
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Methyl 3-hydroxy-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (S8j), CDCls,

3C NMR, 126 MHz
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Methyl 3-chloro-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (23j), CDCl;, "H NMR, 500 MHz
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Methyl 3-chloro-5-(tetrahydrofuran-2-yl)-2-vinylidenepentanoate (23j), CDCl;, *C 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’)), CDCls;, '"H 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)-23¢’), CDCl;, *C NMR, 126 MHz
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(E)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol and (£)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol (S8h),
CDCL;, 'H NMR, 400 MHz

[
o
)
o
CROITOANOCOLNOORVOOYTTONOODTNONOINANTCT-TOODNDXRRNNNOOTOINANNTCOO0OONNVIRNONIINNANNTC—O00ONPINRONOQ DN N0
NNNANNNNREANNERNOORORQOROANNANNNOOIRRRRRARARIRORIQARONNENNNERNEAEENQQEROQEEROQEELEOUEQEEOINYININYINIYYY
R R R R R R R R R R R R R R R R R R R R R N RN N i ittt i
e e il —————— S T S S S S S R S S S S S R R
— ——n —m —mmrm = s

6',19' (m)
1.63

23 (dddd)| | 24 (dddd) 2,5',15,18' (m) 13 (m) 417" (m)
6.03 5.51 3.86 2.87 1.89
10 (ddd)| | 11 (ddt)| 21 (m) 8 (m)| | 5",18" (m) 26 (m) 316" (m)|| 7 (m)
6.25 5.74 4.68 4.22 3.75 3.13 1.99 1.58
9,22 (m) 6",7",19",20' (m)
7 1.72
3",16" (m)
26 1.47
i
o 22
(‘)H OH 25
O, 6 =1 (o] 19, z‘ 24
5/'\2/ /B\wo/ 1\‘§ 18/”\15/ \20/ 1\23/
\ / NcH 13
=3 1 17— 16
6,19
3 . 417 7
2511518 6",7",19",20

L
e = e e R e —— e e
1.000 0.217 0.985 0.220 0213 1.041 2.569 1.364 1.092 0.250 0.944 1.255 2,406 2.434 1.400 1.056 1.299
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

101



(E)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol and (£)-1-(tetrahydrofuran-2-yl)hept-4-en-6-yn-3-ol (S8h),
CDCL, “C 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-
yDtetrahydrofuran ((Z)-23h), CDCl;, '"H 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-
yltetrahydrofuran ((Z)-23h), CDCl;, *C NMR, 100 MHz
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Methyl (E)-4-hydroxy-6-(tetrahydrofuran-2-yl)hex-2-enoate (S8d), CDCl;, '"H NMR, 500 MHz
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Methyl (E)-4-hydroxy-6-(tetrahydrofuran-2-yl)hex-2-enoate (S8d), CDCl;, *C NMR, 126 MHz
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Methyl (E)-4-bromo-6-(tetrahydrofuran-2-yl)hex-2-enoate (23d), CDCl;, '"H NMR, 500 MHz
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Methyl (E)-4-bromo-6-(tetrahydrofuran-2-yl)hex-2-enoate (23d), CDCl;, *C NMR, 126 MHz
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1-(Tetrahydrofuran-2-yl)hexa-4,5-dien-3-ol (S8x), CDCl;, "H NMR, 400 MHz
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1-(Tetrahydrofuran-2-yl)hexa-4,5-dien-3-o0l (S8x), CDCls;, 3C NMR, 100 MHz
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2-(3-Chlorohexa-4,5-dien-1-yl)tetrahydrofuran (23x), CDCl;, '"H NMR, 400 MHz
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2-(3-Chlorohexa-4,5-dien-1-yl)tetrahydrofuran (23x), CDCl;, *C NMR, 100 MHz
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3-Bromo-5-(tetrahydrofuran-2-yl)pent-1-yn-1-yl)trimethylsilane (23i), CDCls;, "H NMR, 400 MHz
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3-Bromo-5-(tetrahydrofuran-2-yl)pent-1-yn-1-yl)trimethylsilane (23i), CDCL;, *C NMR, 100 MHz
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(E)-6,6-diethoxy-1-(2-phenyltetrahydrofuran-2-yl)hex-4-en-3-ol (S8q), CDCls;, '"H NMR, 500 MHz
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(E)-6,6-diethoxy-1-(2-phenyltetrahydrofuran-2-yl)hex-4-en-3-ol (S8q), CDCl;, *C NMR,

126 MHz
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(E)-4-Chloro-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enal (23q), CDCl;, '"H NMR, 500 MHz
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-4-Chloro-6-(2-phenyltetrahydrofuran-2-yl)hex-2-ena R 3 " z
4-Chloro-6-(2-phenyl hydrof 2-yl)hex-2 1(23q), CDCl;, *C NMR, 126 MH
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Methyl (E)-4-hydroxy-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (S8r), CDCl;, '"H NMR, 400 MHz
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Methyl (E)-4-hydroxy-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (S8r), CDCl;, *C NMR, 100 MHz
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Methyl (E)-4-bromo-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (23r), CDCl;, '"H NMR, 500 MHz
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Methyl (E)-4-bromo-6-(2-phenyltetrahydrofuran-2-yl)hex-2-enoate (23r), CDCl;, *C NMR, 126 MHz
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(E)-2-(5-Chloropent-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23p), CDCl;, '"H NMR, 500 MHz
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(E)-2-(5-Chloropent-3-en-1-yl)-2-(4-methoxyphenyl)tetrahydrofuran (23p), CDCl;, *CNMR, 126 MHz
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(BR*,7a8*%)-3-Vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24a*SbFs, CD,Cl,, 'H

NMR, 400 MHz
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(BR*,7a8*)-3-Vinylhexahydro-1H-furo[1,2-a|furan-4-ium hexafluoroantimonate 24a<SbFs; CD,Cl,, B¢
NMR, 100 MHz

NN
codoo
sade
cadaa
s @ vy Cogoo
n o™ - < [~ <~ ™ © ~ N O o
o © 6 < o K B No®e
NN o o [vd < < (5 y] <+ — O ©
o ee 3 ERY B 3588
\/ \/ YA
7
/%CHQ
5
VRN
9\ ‘1 /4
m/z\x
7
2 10
6 A 8 4 9
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

126



(3R*,7a8*)-3-Vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 24a*SbFs CD,Cl,, '"H'H
COSY NMR, 400/400 MHz
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(BR*,7a8*)-3-Vinylhexahydro-1H-furo[1,2-a|furan-4-ium hexafluoroantimonate 24a*SbhFs, CD,Cl,, "H3C
HSQC NMR, 400/100 MHz
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(BR*,7a8*)-3-Vinylhexahydro-1H-furo[1,2-a|furan-4-ium hexafluoroantimonate 24a*SbhFs, CD,Cl,, '"HBC
HMBC NMR, 400/100 MHz
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(3R*,7a8*)-3-Phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro
(trifluoromethyl)propan-2-yl)oxy)aluminate 24bsAl(pftb)s, CD,Cl,, *C NMR, 100 MHz
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(3R*,7a8*)-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 24bsAl(pftb)s, CD,Cl,, '"H-'H COSY NMR, 400/400 MHz
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(3R*,7a8*)-3-Phenylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro
(trifluoromethyl)propan-2-yl)oxy)aluminate 24bsAl(pftb)s, CD,Cl,, '"H-*C HSQC NMR, 400/100 MHz
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(3R*,7a8*)-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 24bsAl(pftb)s, CD,Cl,, '"H-*C HMBC NMR, 400/100 MHz

1210,14 5 2 8 8 3 a7 e
JU;M i |
e O M
I20
o @
7 006y =
] | |- L ob - iy | o
PR L L LY o . % a 30
3 — |- - |1 SV S Y
8 8" L B L a0
Y VO V.Y N
13/12\ '
I ! L 50
o 14\ / .
—= 10 105
/( 2 @@ 0 60
/TN
7 1 3 110 - 70
NN
6/ 4 T T T 1T _ T T T T ’é
47 46 45 44 43 ) E
8 — @ | @ o6 =
90
L 100
25 —_— o Go—u> By = D
L110
_ L 120
.
PR T Do o — C——— e —— 130
12 ] e I I P o I
o P 140
L 150
T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15
2 (ppm)

134



(3R*,7a8*)-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 24csAl(pftb)s, CD,Cl,, 'H NMR, 400 MHz
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(3R*,7a8*)-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 24csAl(pftb)s, CD,Cl,, *C NMR, 400 MHz
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(3R*,7a8*)-3-Ethynylhexahydro-1H-furo[1,2-a]furan-4-ium

tetrakis((1,1,1,3,3,3-hexafluoro

(trifluoromethyl)propan-2-yl)oxy)aluminate 24csAl(pftb)s, CD,Cl,, "H-'"H COSY NMR, 400/400 MHz
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(3R*,7a8*)-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 24csAl(pftb)s, CD,Cl,, '"H-*C HSQC NMR, 400/100 MHz
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(3R*,7a8*)-3-Ethynylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro
(trifluoromethyl)propan-2-yl)oxy)aluminate 24ceAl(pftb),

, CD,Cl,, 'H-*C HMBC NMR, 400/100 MHz
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(BR*,7a8%)-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)s, CD,CL, 'H
NMR, 400 MHz
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(BR*,7a8%)-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-(trifluocromethyl)propan-2-yl)oxy)aluminate 24deAl(pftb)s,, CD,Cl,, *C
NMR, 100 MHz
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(BR*,7a8%)-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 24dsAl(pftb)s, CD,Cl,, '"H-'H
COSY NMR, 400/400 MHz
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(BR*,7a8%)-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)s, CD,Cl,,
BC HSQC NMR, 400/100 MHz
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(BR*,7a8%)-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)s, CD,Cl,
3C HMBC NMR, 400/100 MHz
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tetrakis((1,1,1,3,3,3-hexafluoro

(trifluoromethyl)propan-2-yl)oxy)aluminate 24esAl(pftb)s, CD,Cl,, "H NMR, 500 MHz

(55*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium
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(55*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24esAl(pftb)s, CD,Cl,, *C NMR, 126 MHz
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(55*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24esAl(pftb)s, CD,Cl,, "H-'"H COSY NMR, 500/500 MHz
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(55*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium

tetrakis((1,1,1,3,3,3-hexafluoro

(trifluoromethyl)propan-2-yl)oxy)aluminate 24esAl(pftb)s, CD,Cl,, '"H-*C HSQC NMR, 500/126 MHz
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(55*,8aR*)-5-Vinyloctahydrofuro[1,2-a]pyran-4-ium
(trifluoromethyl)propan-2-yl)oxy)aluminate 24esAl(pftb)s, CD,Cl,, '"H-*C HMBC NMR, 500/126 MHz
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(55*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24fsAl(pftb)s, CD,Cl,, "H NMR, 500 MHz
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(55*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium

tetrakis((1,1,1,3,3,3-hexafluoro

trifluoromethyl)propan-2-yl)oxy)aluminate 24fsAl(pftb)s, CD,CL, *C NMR, 126 MHz
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(55*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium
(trifluoromethyl)propan-2-yl)oxy)aluminate 24fsAl(pftb)s, CD,Cl,, '"H-'H COSY NMR, 500/500 MHz

tetrakis((1,1,1,3,3,3-hexafluoro

13 2a 6a 9b 9a 7" 533 75" 4
12,14 4.8
11,15
0
J\J\vw. | L M IULH__—J\JU WA a
- /
) &
= &
4 5" j oy
[y —
R ] _ -
™ ® ,@*
H &
H ™ H
2a -]
y R_rﬂa9\\ H |2 , 15§ 1
£ 6~ O}Sb‘ "~ ﬁ P -l
° 2 5/ —~ 3/ \\\\ = m §
* j T~ 12
j .2 @ =
a 2 ==
J - -
& g a
o @
1312,1411'1= ’
T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0
2 (ppm)

152

~0.5

1.0

1.5

2.0

25

~3.0

~3.5

4.0

4.5

5.0

5.5

~6.0

6.5

7.0

7.5

8.0

-85

2-

1 (ppm)



(55*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium

tetrakis((1,1,1,3,3,3-hexafluoro

(trifluoromethyl)propan-2-yl)oxy)aluminate 24fsAl(pftb)s, CD,Cl,, '"H-*C HSQC NMR, 500/126 MHz

9b 9a

7" 533 75" 4

13 2 6a
12,14 s

48 3 e e
57 #* ‘hgp
s ] i AL
H
H ™ H
2a
IE— 8 S~ 54048
Y, \ N H \2 /' S
7//&\0/97 T~10 \
5/4\1\3 \\ P
11| //
12
° L
28 i + >
!'
11,15 H oas o
A
12,14 ; :
1310 e #
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0
2 (ppm)

153

20

=30

L 40

50

60

70

80

90

100

110

=120

130

L 140

150

1 (ppm)



(55*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium
(trifluoromethyl)propan-2-yl)oxy)aluminate 24fsAl(pftb)s, CD,Cl,, "H-*C HMBC NMR, 500/126 MHz

tetrakis((1,1,1,3,3,3-hexafluoro
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(55*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24fsAl(pftb)s, CD,Cl,, Selective 'H NOESY NMR, 500 MHz
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(55*,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-deAl(pftb)s, CD,Cl,, '"H NMR, 500 MHz
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(55*,8aR*)-5-Phenyloctahydrofuro[1,2-a]pyran-4-ium-8a-d

tetrakis((1,1,1,3,3,3-hexafluoro

trifluoromet ropan-2-yl)oxy)aluminate 24f-de th)4, 2Cly, , z
ifl hyl)propan-2-yl)oxy)alumi 24f-d-Al(pftb)s, CD,Cl 3C NMR, 126 MH
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(55*,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-dsAl(pftb)s, CD,Cl,, "H-'H COSY NMR, 500/500 MHz
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(55*,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)s, CD,Cl,, '"H-*C HSQC NMR, 500/126 MHz
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(55*,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-deAl(pftb)s, CD.Cl,, "H-*C HMBC NMR, 500/126 MHz
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(58*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24geAl(pftb); and (SR*,8aR*)-5-Ethynyloctahydrofuro[1,2-
alpyran-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), CD,Cl,, '"H NMR, 500 MHz
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(58*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium
(trifluoromethyl)propan-2-yl)oxy)aluminate 24geAl(pftb); and (SR*,8aR*)-5-Ethynyloctahydrofuro[1,2-
2-(trifluoromethyl)propan-2-yl)oxy)aluminate
24g’+Al(pftb), (ca. 1:1 diastereomeric mixture), CD,Cl,, *C NMR, 500 MHz
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(58*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24geAl(pftb); and (SR*,8aR*)-5-Ethynyloctahydrofuro[1,2-
alpyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate
24g’+Al(pftb)s (ca. 1:1 diastereomeric mixture), CD,Cl,, "H-'H COSY NMR, 500/500 MHz
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(58*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24geAl(pftb); and (SR*,8aR*)-5-Ethynyloctahydrofuro[1,2-

alpyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate
24g’+Al(pftb)q (ca. 1:1 diastereomeric mixture), CD,Cl,, 'H-*C HSQC NMR, 500/126 MHz
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(58*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24geAl(pftb); and (SR*,8aR*)-5-Ethynyloctahydrofuro[1,2-

alpyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate
24g’+Al(pftb)q (ca. 1:1 diastereomeric mixture), CD,Cl, '"H-°C HMBC NMR, 500/126 MHz
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(58*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24geAl(pftb); and (SR*,8aR*)-5-Ethynyloctahydrofuro[1,2-
alpyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate
24g’+Al(pftb)q (ca. 1:1 diastereomeric mixture), CD,Cl,, '"H-*C H2BC NMR, 500/126 MHz
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(58*,8aR*)-5-Ethynyloctahydrofuro[1,2-a]pyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 24geAl(pftb); and (SR*,8aR*)-5-Ethynyloctahydrofuro[1,2-
alpyran-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate
24g’+Al(pftb)s (ca. 1:1 diastereomeric mixture), CD,Cl,, '"H-'H NOESY NMR, 500/500 MHz
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(BR*,7a8%)-3-((E)-But-1-en-3-yn-1-yl)hexahydro-1H-furo[1,2-a]furan-4-ium

NMR, 500 MHz

tetrakis((1,1,1,3,3,3-hexafluoro

tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate (E)-24heAl(pftb)s and (3R*,7aS5*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a|furan-4-ium
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24heAl(pftb)4 (ca. 4:1 diastereomeric mixture), CD,CL, 'H
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(BR*,7a8%)-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)-24heAl(pftb)s and (3R*,7aS5*)-3-((Z)-But-1-
en-3-yn-1-yl)hexahydro-1H-furo[1,2-a|furan-4-ium
(trifluoromethyl)propan-2-yl)oxy)aluminate (Z)-24heAl(pftb), (ca. 4:1 diastereomeric mixture), CD,Cl,, *C

NMR, 126MHz
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(BR*,7a8%)-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)-24heAl(pftb)s and (3R*,7a8%)-3-((£)-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)-24heAl(pftb), (ca. 4:1 diastereomeric mixture), CD,Cl,, '"H-
'"H COSY NMR, 500/500 MHz
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(BR*,7a8%)-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)-24heAl(pftb)s and (3R*,7aS5*)-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)-24heAl(pftb), (ca. 4:1 diastereomeric mixture), CD,Cl,, '"H-
C HSQC NMR, 500/126 MHz
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(BR*,7a8%)-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)-24heAl(pftb)s and (3R*,7aS5*)-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)-24heAl(pftb), (ca. 4:1 diastereomeric mixture), CD,Cl,, '"H-
3C HMBC NMR, 500/126 MHz
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(BR*,7a8%)-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)-24heAl(pftb)s and (3R*,7a8%)-3-((£)-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)-24heAl(pftb), (ca. 4:1 diastereomeric mixture), CD,Cl,, '"H-
'"H NOESY NMR, 500/500 MHz
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(BR*,7a8%)-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 (35*,7a8%)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yljoxy)aluminate 24i’sAl(pftb)s (ca. 1.4:1 diastereomeric mixture), CD,ClL,, 'H

NMR, 500 MHz
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(BR*,7a8%)-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 (35*,7a8%)-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)s (ca. 1.4:1 diastereomeric mixture), CD,Cl,, *C
NMR, 126 MHz
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(BR*,7a8%)-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 (35*,7a8%)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yljoxy)aluminate 24i’*Al(pftb) (ca. 1.4:1 diastereomeric mixture), CD,Cl,, 'H-
'"H COSY NMR, 500/500 MHz
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(BR*,7a8%)-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 (35*,7a8%)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yljoxy)aluminate 24i’*Al(pftb) (ca. 1.4:1 diastereomeric mixture), CD,Cl,, 'H-
C HSQC NMR, 500/126 MHz
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(BR*,7a8%)-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 (35*,7a8%)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yljoxy)aluminate 24i’*Al(pftb) (ca. 1.4:1 diastereomeric mixture), CD,Cl,, 'H-
3C HMBC NMR, 500/126 MHz
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(BR*,7a8%)-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 (35*,7a8%)-3-
((Trimethylsilyl)ethynyl)hexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yljoxy)aluminate 24i’*Al(pftb) (ca. 1.4:1 diastereomeric mixture), CD,Cl,, 'H-
C H2BC NMR, 500/126 MHz
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(BR*,7a5%)-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 24jeAl(pftb)s and
(385*,7a8*)-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 24;j’<Al(pftb)s (ca.
1.2:1 mixture of diastereomers), CD:Cl,, "H NMR, 500 MHz
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(BR*,7a5%)-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 24jeAl(pftb)s and
(385*,7a8*)-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 24;j’Al(pftb)4

(ca.
1.2:1 mixture of diastereomers), CD:Cl;, *C NMR, 126 MHz
NN NN
SR adsR K
aoog aa
88 <8 88 acom vw- o oxcken CowTOOYN
[t) 0¥ vy MROR VKON © S N oo 10 WO hOoMn®
8N 22 228588 588 R TP RS "onal&RE
\/ \Y NCONTEE NY = 5l
H,C H;C
RN N
o) o
15 32
04/1 14 /l} 31
O — CH,
12 \mfﬂ% i 29 \27530/ 2
I~ 8 H 20+ 2= H
/ o \ / (¢] \ 252
4\ | /7 21\ “» /24
5/‘\6 /ka\zs
H H
1a 18a
23
5
22
7
6 4
21
24
I
|
2‘20 2‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘0 8‘0 7‘0 éO 5‘0 l{O C"}O 2‘0 1‘0 b

181



(BR*,7a5%)-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 24jeAl(pftb)s and

(385*,7a8*)-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 24;j’<Al(pftb)s (ca.

1.2:1 mixture of diastereomers), CD:Cl,, '"H-'H COSY NMR, 500/500 MHz
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(BR*,7a5%)-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 (35*,7a85%)-
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),
CD:Cl,, 'H-3C HSQC NMR, 500/126 MHz
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(BR*,7a5%)-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 24jeAl(pftb)s and
(385*,7a8*)-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 24;j’<Al(pftb)s (ca.
1.2:1 mixture of diastereomers), CD:Cl;, 'H-*C HMBC NMR, 500/126 MHz
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(BR*,7a5%)-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 24jeAl(pftb)s and
(385*,7a8*)-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 24;j’<Al(pftb)s (ca.
1.2:1 mixture of diastereomers), CD:Cl;, 'H-*C H2BC NMR, 500/126 MHz
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(BR*,7a8%)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-

-2-yl)oxy)aluminate 24keAl(pftb)s, CD,Cl,, '"H NMR, 500 MHz
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(BR*,7a8%)-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 24keAl(pftb)s, CD>Cl,, 13C NMR, 126 MHz
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(BR*,7a8%)-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 24keAl(pftb)s, CD>ClL, 'H-'H COSY NMR, 500/500
MHz
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(BR*,7a8%)-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 24keAl(pftb)s, CD>Cl, 'H-3C HSQC NMR, 500/126
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(BR*,7a8%)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-

(trifluoromethyl)propan-2-ylj)oxy)aluminate 24keAl(pftb)s, CD>Cl, TH-3C HMBC NMR, 500/126
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(BR*,7a8%)-3,7a-Divinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-ylj)oxy)aluminate 24keAl(pftb)s, CD>Cl,, 'H-'H NOESY NMR, 500/500
MHz
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(BR*,7a8%)-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 241*Al(pftb)s, CD>Cl, 'TH NMR, 500 MHz
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(BR*,7a8%)-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 241*Al(pftb)s, CD,Cl,, *C NMR, 126 MHz
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(BR*,7a8%)-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 241*Al(pftb)s, CD,Cl, "TH-'H COSY NMR, 500/500
MHz
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(BR*,7a8%)-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 241 Al(pftb)s, CD,Cl,, '"H-13C HSQC NMR,
500/126 MHz
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(BR*,7a8%)-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 241*Al(pftb)s, CD,Cl,, '"H-'3C HMBC NMR,
500/126 MHz
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(BR*,7a8%)-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 241*Al(pftb)s, CD>ClL,, "TH-'H NOESY NMR,
500/500 MHz
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(BR*,7a8%)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 241°SbFs,

CD:ClL, 'H NMR, 500 MHz
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(BR*,7a8%)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 241°SbFs,
CD:Clz, ¥C NMR, 126 MHz
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(BR*,7a8%)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 241°SbFs,

CD:Clz, 'H-'H COSY NMR, 500/500 MHz
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(BR*,7a8%)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 241°SbFs,

CD,Cl,, 'H-3C HSQC NMR, 500/126 MHz
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(BR*,7a8%)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 241°SbFs,
CD,Cl,, 'H-3C HMBC NMR, 500/126 MHz
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(BR*,7a8%)-3,7a-Diphenylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate 241°SbFs,
CD:Clz, '"H-'"H NOESY NMR, 500/500 MHz
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(BR*,7a8*)-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 24meAl(pftb)s, CD,Cl,, 'H NMR, 500
MHz
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(BR*,7a8*)-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 24meAl(pftb)s, CD:Cl,, 3C NMR, 126
MHz

ool
cofloo
Safla s
caflloa
o Ot © ['e] © oo 00
S) N-OT N @ re} ~ o o il o~ o - ~ o
© SS w0 o ) © @ SO e © © ©w
B 233d& & 2 3 @ << fll e R o ~
e 223 & = 2 @ So#lS o R B &
7
= CM
B 5 H
/ O1 \ s
9\ | /4
2
10/‘\3
>
wz/ 16
T3 15
\14/
7
14
13,15
12,16
6 10
9
8 3 4
5
11 2 ‘
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

205



(BR*,7a8*)-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 24meAl(pftb)s, CD:CL, 'H-'H COSY
NMR, 500/500 MHz
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(BR*,7a8*)-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 24meAl(pftb)s, CD>ClL, 'H-13C HSQC
NMR, 500/126 MHz
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(BR*,7a8*)-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 24meAl(pftb)s, CD:2Cl,, 'H-1*C HMBC
NMR, 500/126 MHz
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(BR*,7a8*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yljoxy)aluminate 24meAl(pftb)s, CD>ClL;, 'H-'H NOESY
NMR, 500/500 MHz
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hexafluoroantimonate

(BR*,7a8*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium

24meSbFs, CD:Clz, 'H NMR, 500 MHz
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(BR*,7a8*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate
24meSbFg, CD,Cl,, 3C NMR, 126 MHz
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(BR*,7a8*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate
24me+SbFs, CD,Cl,, "TH-'H COSY NMR, 500/500 MHz
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(BR*,7a8*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate
24meSbFg, CD,Cl,, 'H-3C HSQC NMR, 500/126 MHz
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(BR*,7a8*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate
24meSbFg, CD,Cl,, 'H-3C HMBC NMR, 500/126 MHz
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(BR*,7a8*)-7a-Phenyl-3-vinylhexahydro-1H-furo[1,2-a]furan-4-ium hexafluoroantimonate
24meSbFg, CD,Cl,, '"H-'H NOESY NMR, 500/500 MHz
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(B3R *,7a8*)-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 24neAl(pftb)s, CD:Cl,, 'H NMR, 500
MHz
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(BR*,7a85*)-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 24neAl(pftb)s, CD>CL, 3C NMR, 126
MHz
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(B3R *,7a8*)-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 24neAl(pftb)s, CD>ClL, 'H-'H COSY
NMR, 500 MHz

%
T
n
(4,
1 (ppm)

~5.0

~5.5
~6.0
;6.5
7.0

~7.5

~8.0

-85

- - - - —_— - - - - - -
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0
2 (ppm)

218



(BR*,7a85*)-3-Phenyl-7a-vinylhexahydro-1H-furo[1,2-a]furan-4-ium
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24neAl(pftb)s, CD,Cl,, 'H-3C HSQC

NMR, 500/126 MHz
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(B3R *,7a8*)-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 24neAl(pftb)s, CD>ClL, 'H-3C HMBC
NMR, 500/126 MHz
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(B3R *,7a8*)-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)s, CD>Cl, 'H-'H NOESY
NMR, 500/126 MHz
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(BR*,7a8*)-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 24o0°Al(pftb)s, CD2CL, 'H NMR, 500

MHz

*Generated as a ca. 2.4:1 mixture of 240°Al(pftb)s and 39+Al(pftb)s (for characterization of 39+ Al(pftb)4,

see below).
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(BR*,7a8*)-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 240°Al(pftb)s, CD2CL, 3C NMR, 126
MHz
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(BR*,7a8*)-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 24o0°Al(pfth)s, CD,Cl,, 'H-'H COSY
NMR, 500/500 MHz
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(BR*,7a8*)-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 240°Al(pftb)s, CD,Cl,, 'H-3C HSQC
NMR, 500/126 MHz
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(BR*,7a8*)-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 240°Al(pftb)s, CD>Cl,, 'H-3C HMBC
NMR, 500/126 MHz
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(BR*,7a8*)-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),
CD:ClL;, 'H NMR, 500 MHz
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(BR*,7a8*)-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),
CD:Cl,, 3C NMR, 126 MHz
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(BR*,7a8*)-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

CD:Clz, 'H-'H COSY NMR, 500/500 MHz
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(BR*,7a8*)-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),
CD:Cl,, 'H-3C HSQC NMR, 500/126 MHz
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(BR*,7a8*)-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),
CD:Cl,, 'H-3C HMBC NMR, 500/126 MHz
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(BR*,7a8*)-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),
CD:ClL, 'H-'"H NOESY NMR, 500/500 MHz
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(BR*,7a85%)-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),
CD:ClL, 'H NMR, 500 MHz
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(BR*,7a85%)-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
CD:ClL, 3C NMR, 126 MHz

2-(trifluoromethyl)propan-2-yl)oxy)aluminate
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(BR*,7a85%)-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),
CD:ClL, 'H-'"H COSY NMR, 500/500 MHz
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(BR*,7a85%)-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),
CD:ClL,, 'H-3C HSQC NMR, 500/126 MH
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(BR*,7a85%)-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

CD:Cl,, '"H-3C HMBC
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(BR*,7a85%)-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),
CD:ClL, 'H-'"H NOESY NMR, 500/500 MHz
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(BR*,7a8%)-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 24reAl(pftb),
CD:ClL;, 'H NMR, 500 MHz
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(BR*,7a8%)-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 24reAl(pftb),
CD:ClL,, 3C NMR, 500 MHz
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(BR*,7a8%)-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 24reAl(pftb),
CD:ClL, 'H-'"H COSY NMR, 500/500 MHz
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(BR*,7a8%)-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 24reAl(pftb),
CD:Cl,, 'H-3C HSQC NMR, 500/126 MHz
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(BR*,7a8%)-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 24reAl(pftb),
CD:Cl, 'H-3C HMBC NMR 500/126 MHz
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(BR*,7a8%)-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 24reAl(pftb),
CD:ClL,, 'H-'"H NOESY NMR, 500/500 MHz
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(B3R *,7a8*)-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 (38*,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)s (24s:24s’ = 1.3:1), CD,Cl,, 'H NMR,
500 MHz
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(B3R *,7a8*)-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 (38*,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)s (24s:24s’ = 1.3:1), CD,Cl,, 3C NMR,
126 MHz
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(B3R *,7a8*)-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 (38*,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)s (24s:24s’ = 1.3:1), CD:2Cl,, 'H-'H COSY
NMR, 500/500 MHz
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(B3R *,7a8*)-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 (38*,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)s (24s:24s’ = 1.3:1), CD:CL, 'H-13C
HSQC NMR, 500/126 MHz
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(B3R *,7a8*)-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 (38*,7aS*)-3-Ethynyl-

7a-phenylhexahydro-1H-furo[1,2-a]furan-4-ium

(trifluoromethyl)propan-2-yl)oxy)aluminate 24s’Al(pftb)s (24s:24s’ = 1.3:1), CD:CL, 'H-13C

HMBC NMR, 500/126 MHz
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(B3R *,7a8*)-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 (38*,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)s (24s:24s’ = 1.3:1), CD,Cl, 'H-'H
NOESY NMR, 500/500 MHz
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(BR*,7a8%)-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 (3S5*,7a8%)-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 s Al(pftb)s (24t:24t’=1:1.1), CD,Cl,, 'TH NMR, 400
MHz
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(BR*,7a8%)-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 (3S5*,7a8%)-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’sAl(pftb)s (24t:24t> = 1:1.1), CD2ClL,, *C NMR,
100 MHz
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(BR*,7a8%)-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 (3S5*,7a8%)-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), CD,Cl,, '"H-'H COSY
NMR, 400/400 MHz
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(BR*,7a8%)-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 (3S5*,7a8%)-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)s (24t:24t> = 1:1.1), CD,ClL, 'H-13C
HSQC NMR, 400/100 MHz
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(BR*,7a8%)-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 (3S5*,7a8%)-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)s (24t:24t> = 1:1.1), CD,ClL, 'H-13C
HMBC NMR, 400/100 MHz
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tetrakis((1,1,1,3,3,3-

(B3R *,7a8*)-3-Ethynyl-7a-vinylhexahydro-1H-furo[1,2-a|furan-4-ium
and (35%7a8%)-3-

hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 24u-Al(pftb)4

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)s (24u:24u’ = 1.2:1), CD2CL,, 'H NMR,

500 MHz
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(B3R *,7a8*)-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)s and (35%,7a8%)-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)s (24u:24u’ = 1.2:1), CD2ClL;, *C NMR,
126 MHz
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(B3R *,7a8*)-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)s and (35%,7a8%)-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)s (24u:24uw’ = 1.2:1), CD,Cl,, 'H-'H
COSY NMR, 500/500 MHz
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(B3R *,7a8*)-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)s and (35%,7a8%)-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’sAl(pftb)s (24u:24u’ = 1.2:1), CD:CL, 'H-13C
HSQC NMR, 500/126 MHz
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(B3R *,7a8*)-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)s and (35%,7a8%)-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’sAl(pftb)s (24u:24u’ = 1.2:1), CD:CL, 'H-13C
HMBC NMR, 500/126 MHz

1 17a24f 12" 5a 8" 20" 8 19 7 4,16 L 3 22
23 of 20" 3",4"[{21'16" 10
. WT'ZZH .
LA
+20
219 — — e i = a0 : : : :% g L 30
3102216432 . T E——
40
+50
S ] b
60
=70
618 < — IR - ] L L + + BB 2
g
20 — - 1 ol ot 8o =
7 — b T L - L 1 g T
81917 — j— 3 T L * ¥ Sa—"s S8 % :‘:.‘:
5 — Il & Il 1 . o L oo
7 19
CH CH
100
i i
d 8 L
N T G
9/\0:/\ /°\of: \«W +110
| |- °
N N
2412 s —t by oy o———— + + S =0T + — et =120
214 — e ot o 4 CH, : £He - -
\
[ ] 130
1123 bo-56 VAP PPN
o8 S-S
o 140
T T T T T T T T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0

2 (ppm)

260



(B3R *,7a8*)-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)s and (35%,7a8%)-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)s (24u:24uw’ = 1.2:1), CD,Cl,, 'H-'H
NOESY NMR, 500/500 MHz
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(BR*,7a8%)-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 24veAl(pftb)s and
(35*,7a8*)-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), CD:CL, '"H NMR, 500 MHz
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(B3R *,7a8*)-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 24veAl(pftb)s and
(35*,7a8*)-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), CD,Cl,, *C NMR, 126 MHz
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(BR*,7a8%)-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 24veAl(pftb)s and
(35*,7a8*)-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), CD:Clz, 'H-'H COSY NMR, 500/500 MHz
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(BR*,7a8%)-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 24veAl(pftb)s and
(35*,7a8*)-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), CD:Cl,, 'H-'*C HSQC NMR, 500/126 MHz
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(BR*,7a8%)-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 24veAl(pftb)s and
(35*,7a8*)-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), CD2Cl,, 'H-3C HMBC NMR, 500/126 MHz
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(BR*,7a8%)-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 24veAl(pftb)s and
(35*,7a8*)-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), CD:CL;, '"H-'H NOESY NMR, 500/500 MHz
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5-(4-Phenylbutyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35°Al(pftb)s, CD,Cl,, 'H NMR, 400 MHz
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5-(4-Phenylbutyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35¢Al(pftb)s5, CD>Cl2, 3C NMR, 100 MHz
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5-(4-Phenylbutyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-ylj)oxy)aluminate 35°Al(pftb)s, CD:2Cl,, 'H-1*C HMBC NMR, 400/100
MHz
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2-

tetrakis((1,1,1,3,3,3-hexafluoro

(trifluoromethyl)propan-2-yl)oxy)aluminate 35-d*Al(pftb)s, CD,Cl,, '"H NMR, 400 MHz

5-(4-Phenylbutyl-4-d)-3,4-dihydro-2 H-furan-1-ium
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5-(4-Phenylbutyl-4-d)-3,4-dihydro-2 H-furan-1-ium

(trifluoromethyl)propan-2-yl)oxy)aluminate 35-d*Al(pftb)s, CD>Cl, 1*C NMR,

tetrakis((1,1,1,3,3,3-hexafluoro

400 MHz
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5-(4-Phenylbutyl-4-d)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 35-d*Al(pftb)s, CD:Cl,, 'H-3*C HMBC NMR, 400/100
MHz
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(3-(4-Vinyl-3,4-dihydronaphthalen-1-yl)propyl)oxonium hexafluoroantimonate 52¢SbFs, CD:Cl.,

'H NMR, 500 MHz
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(3-(4-Vinyl-3,4-dihydronaphthalen-1-yl)propyl)oxonium hexafluoroantimonate 52¢SbFs, CD:Cl.,
13C NMR, 125 MHz
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5-(3,3-Diphenylpropyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 59+Al(pftb)s, CD:Cl,, 'H NMR, 500 MHz, 263K
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5-(3,3-Diphenylpropyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 59+Al(pftb)s, CD>Cl,, 1*C NMR, 125 MHz, 263K
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5-(3,3-Diphenylpropyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 59Al(pftb)s, CD,Cl, 'H-13C HMBC NMR, 500/125
MHz, 263K
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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 240°Al(pftb)s.
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(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-ylj)oxy)aluminate 40-Al(pftb)s, CD.Cl,, 'H NMR, 400
MHz
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(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 40¢Al(pftb)s, CD,Cl,, 3C NMR, 100
MHz
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(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 40¢Al(pftb)s, CD,Cl,, 'H-3C HMBC
NMR, 400/100 MHz
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(E)-5-(3-Ethylidenecyclopent-1-en-1-yl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-
hexafluoro 2-(trifluoromethyl)propan-2-yl)oxy)aluminate 40<Al(pftb)s, CD,Cl,, 'H-'H NOESY
NMR, 400/400 MHz
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5-(3-Phenylcyclopent-1-en-1-yl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 42¢Al(pftb)s, CD,Cl,, 'H NMR, 400 MHz
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5-(3-Phenylcyclopent-1-en-1-yl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 42¢Al(pftb)s, CD:Cl, 13C NMR, 100 MHz
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5-(3-Phenylcyclopent-1-en-1-yl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 42¢Al(pftb)s, CD,Cl, 'H-3C HMBC NMR, 400/100
MHz
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5-(3-Phenylcyclopentyl)-3,4-dihydro-2 H-furan-1-ium
(trifluoromethyl)propan-2-yl)oxy)aluminate 46 Al(pftb)4 (d.r. ca. 1:1), CD,Cl,, 'H NMR, 500 MHz,

263K
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5-(3-Phenylcyclopentyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 46°Al(pftb)s (d.r. ca. 1:1), CD2ClLz, 3C NMR, 125
MHz, 263K
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5-(3-Phenylcyclopentyl)-3,4-dihydro-2 H-furan-1-ium tetrakis((1,1,1,3,3,3-hexafluoro 2-
(trifluoromethyl)propan-2-yl)oxy)aluminate 46¢Al(pftb)s (d.r. ca. 1:1), CD>ClL,, '"H-3C HMBC
NMR, 500/125 MHz, 263K
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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)alum

inate 62+Al(pftb)s, CD2CL, 'H NMR, 500 MHz

~
360
g
oo
900
PO DOOLOITITOOANNNCTRORONANODVDRNOODDENG FTOOANNCTC-—ONDONDNIITOONNCTOCOPDNOOID T TONNCC
ST ERNEENNENEREERRNOOSTIOQOMOOQ@OROANNNNE 000000 QQOUNHVLVLHLVVBVVVIINOOOMOONNNNNG
COUOOULUVLULLLOLOLLLLLOLLLWLWOL O T NANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNO
i e e e e OO P R RS S A S et NN Ny Sl S
3" (da)
2.38
11a (d) 5' (td) 3',10" (m)
5.56 4.88 2.59
7.8 (m)|| 2a (ddt) 5" (dt) 9' (m)|| 10" (m)
6.18 5.73 4.78 2.62 2.22
11b (q) 4' (tt)
H 5.46| 2.52
He /1
11a ‘\1\
b—
e
o
4\ ‘W 8
3//K /9/ o
o 3,10
H
2a
8,7
T — A —d — e
1.595 0.805 0.953 0.941  1.000 1.019 2.073 1.763 1.771 1.446 1.148
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
1 (ppm)

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)s, CD2Cl,, 1*C NMR, 125 MHz

»

AUt | AT
OOWOO
Sl Qs
oodloo
~ © ~ o 3 OO
N ™ (=} © < © o N 0 N © v« O N
P © @ < o ~ safis e obwo
I} > < - 3 ~ < < 5 o ©© ¥ T
< ° - - < ) 5o Hlls s AR
Lo AR
H
He /11
11a ‘\1\
s &
-
4\ | 1 /s
3//Km/g
H
2a 10
2 3 9
7 4
8
11 5
6
T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

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)s, CD,Cl>, 'H-'H COSY NMR, 500/500
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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)s, CD,Cl,, 'H-13C HSQC NMR, 500/125
MHz
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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)s, CD,Cl>, 'H-1*C HMBC NMR, 500/125

MHz
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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)s, CD,Cl>, 'H-'TH NOESY NMR, 500/500
MHz
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(2R*,55*)-2-Ethynyl-5-(4-methoxyphenyl)oxocane 28 and (25%,55%)-2-ethynyl-5-(4-methoxy
phenyl)oxocane 28’, CDCl3;, *C NMR, 125 MHz
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(2R*,55*)-2-Ethynyl-5-(4-methoxyphenyl)oxocane 28 and (25%,55%)-2-ethynyl-5-(4-methoxy
phenyl)oxocane 28°, CDCl;, 'TH-'THNOESY NMR, 500/500 MHz
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Methyl 2-((2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29, CDCls,

'H NMR, 500 MHz
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Methyl 2-((2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29, CDCls,
13C NMR, 125 MHz
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Methyl 2-((2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 20, CDCls,
TH-'H NOESY NMR, 500/500 MHz
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Methyl 2-((2S5*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29°, CDCls,
2a (ddd)

'H NMR, 500 MHz
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Methyl 2-((2S5*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29°, CDCls,
13C NMR, 125 MHz
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Methyl 2-((2S5*,5R*)-2-ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-2-methylpropanoate 29°, CDCls,

'H-'"H NOESY NMR, 500/500 MHz
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(2R *,55 *)-2-Ethynyl-5-(4-methoxyphenyl)-5-(2-methylallyl)oxocane 20 and (25 *,55 *)-2-ethynyl-5-
(4-methoxyphenyl)-5-(2-methylallyl)oxocane 30°, CDCl3;, 'H NMR, 500 MHz
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(2R *,55 *)-2-Ethynyl-5-(4-methoxyphenyl)-5-(2-methylallyl)oxocane 30 and (25 *,55 *)-2-ethynyl-5-
(4-methoxyphenyl)-5-(2-methylallyl)oxocane 30°, CDCl3;, *C NMR, 125 MHz
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(2R *,58*)-2-Ethynyl-5-(4-methoxyphenyl)-5-(2-methylallyl)oxocane 0 and (25*,55%*)-2-ethynyl-5-
4- methoxyphenyl) 5 (2- methylallyl)oxocane 30’ CDCl;, 'H-'H NOESY NMR, 500/500 MHz
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(2R*,5R*)-2-Ethynyl-5-(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31 and (25*,5R*)-2-ethynyl-5-
(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31°, CDClz, 'H NMR, 500 MHz
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(2R*,5R*)-2-Ethynyl-5-(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31 and (25*,5R*)-2-ethynyl-5-
(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31°, CDCls, 3C NMR, 125 MHz
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(2R*,5R*)-2-Ethynyl-5-(furan-2-yl)-5-(4-methoxyphenyl)oxocane 31 and (25*,5R*)-2-ethynyl-5-
(furan-2-yl)-5- (4-methoxyphenyl)oxocane 31, CDCl3, 'H-1H NOESY NMR, 500/500 MHz
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(2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32 and (25*,5R*)-2-
ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32°, CDCl;, 'TH NMR, 500 MHz
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(2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32 and (25*,5R*)-2-
ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32°, CDCls, 13C NMR, 125 MHz

e
000
aaa
< 0 © ~ ~ © - o o oM 000
- © © (=] © < o © 2} ©oN~© Tt T O Tt OO o - O MO — N ~
FoN O 3o @~ 6 ~NOw6 RN L R0RO0OM @ o 0 S N® 0 Q ~
385 3 3 I ° 583838 BB IS GO NGO DN 0 <o Ge =0 8w o
- - -~ - - Tsvv- WO NNNNKNOOO® 0 << R RCRE I -
NIe N/ v NS NS NG N N/ SVC OV
H
Hy =12a
126 i— QO ?gH
s N a2
13 10,
\ | “H
14 g 10a
16
17N \7/
A S E
24 0/13\ = =H 8a
23 19420/&0&7
\ 1
=/
\
CH,
6
H
Ha %62 o
36b ~3g— A
aos\ w47 48
37
\ | ™ H
o 38 33 34a
RN N\ /
Hy /I N iy
AC\ = = 32a
8 0/42 A % H
47 a3 27/\03Zb
\ . 17,19,41,43
28—129
\
CH, 24,48
30
16,20 | 6
40,44 28 30
5,29 4 10 8 a7
18,42 22 31 3233 3
| 27/ w6 3 7 9
26 E 45 12
> 39 3 21 14,38 [
15 ‘\ 136 ! |
i I l | | ﬂ
i ! I I g J J
T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

312



(2R*,5R*)-2-ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32 and (25*,5R*)-2-
ethynyl-5-(4-methoxyphenyl)-5-(5-methylfuran-2-yl)oxocane 32°, CDCl;, 'H-'H NOESY NMR,
500/500 MHz
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3-((2R*,5R *)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33 and 3-
((25*,5R *)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33°, CDCl;, 'H
NMR, 500 MHz
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3-((2R*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33e and
((25*,5R*)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33e¢’, CDCls,
NMR, 125 MHz
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3-((2R*,5R *)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33 and 3-
((25*,5R *)-2-Ethynyl-5-(4-methoxyphenyl)oxocan-5-yl)-1-methyl-1H-pyrrole 33°, CDCl3;, 'H-'H
NOESY NMR, 500/500 MHz
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1-Bromo-8-phenyloctan-4-one 36, CDCl3, 'H NMR, 500 MHz
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1-Bromo-8-phenyloctan-4-one-8-d 36-d, CDClz, '"H NMR, 500 MHz
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1-Bromo-8-phenyloctan-4-one-8-d 36-d, CDCl3;, 3C NMR, 125 MHz
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2-(4-Phenylbutyl-4-d)tetrahydrofuran 37-d, CDCl;, "H NMR, 400 MHz
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3-(4-Vinyl-3,4-dihydronaphthalen-1-yl)propan-1-ol 54, CDCl3;, "H NMR, 500 MHz
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3-(4-Phenyl-3,4-dihydronaphthalen-1-yl)propan-1-ol 55, CDCls,
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3-(4-Phenyl-3,4-dihydronaphthalen-1-yl)propan-1-ol 55, CDCls, 13C NMR, 125 MHz
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7-Bromo-1,1-diphenylheptan-4-one 60, CDClz;, 'TH NMR, 500 MHz
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7-Bromo-1,1-diphenylheptan-4-one 60, CDCl3, *CNMR, 125 MHz
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(2R*4'S*)-4'-Phenyl-3',4,4',5-tetrahydro-2'H,3 H-spiro|furan-2,1'-naphthalene] 61 and
(ZR *,4'R*)-4'-Phenyl-3',4,4',5'tetrahydr0-2 'H,3H-spir0 [furan-Z,l '_naphthalene] 61 ’, CDC13, H

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

NMR, 125 MHz
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(£)-2-(3-phenylcyclopenta-2,4-dien-1-ylidene)tetrahydrofuran £)-43 and (E)-2-(3-

phenylcyclopenta-2,4-dien-1-ylidene)tetrahydrofuran (£)-43, CDCl3, *C NMR, 100 MHz
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4-Bromo-1-(3-phenylcyclopentyl)butan-1-one 47, CDCls, 'H NMR, 500 MHz
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(5%)-2-((S*)-3-chloro-3-phenylpropyl)tetrahydrofuran 23b, CDCl;3, 'H NMR, 500 MHz
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(5%)-2-((S*)-3-chloro-3-phenylpropyl)tetrahydrofuran 23b, CDCl;, *C NMR, 125 MHz
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(5*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl acetate S13a, CDCl;, 'TH NMR, 400 MHz
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(5*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl acetate S13a, CDCl3;, *C NMR, 100 MHz
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5R*)-2-phenyloxocan-5-yl acetate S13bb, CDCl;, 'H NMR, 500 MHz
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(2R*,5R*)-2-phenyloxocan-5-yl acetate S13b, CDClz, 'H-'H NOESY NMR, 500/500 MHz
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(8*)-1-phenyl-3-((S *)-tetrahydrofuran-2-yl)propan-1-ol and (R*)-1-phenyl-3-((S)-

tetrahydrofuran-2-yl)propan-1-ol S8b/S8b’, CDCl;, 'TH NMR, 500 MHz
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(8*)-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, 3C NMR, 125 MHz
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(R*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl acetate S13a and (S5*)-1-phenyl-3-(($¥)-
tetrahydrofuran-2-yl)propyl acetate S13a’, CDCl3, '"H NMR, 400 MHz
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(R*)-1-phenyl-3-((S$*)-tetrahydrofuran-2-yl)propyl

acetate S13a’

and

tetrahydrofuran-2-yl)propyl acetate S13a, CDCls, 1*C NMR, 100 MHz
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tetrakis((1,1,1,3,3,3-

Dimethyl(($*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium

hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S14sAl(pftb)s, CD.Cl,, 'H NMR, 500

MHz, 253K
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Dimethyl(($*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S14¢Al(pftb)s, CD:Cl,, 13C NMR, 125
MHz, 253K
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Dimethyl(($*)-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)s and Dimethyl((R*)-1-
phenyl-3-(($*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S14°Al(pftb)s, CD2Cl,, 'H NMR, 500 MHz, 298K
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Dimethyl(($*)-1-phenyl-3-((S*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S14Al(pftb)s and Dimethyl((R*)-1-
phenyl-3-(($*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S14’«Al(pftb)s, CD:Cl,, *C NMR, 125 MHz, 298K
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Diethyl((S*)-1-phenyl-3-((S$*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15¢Al(pftb)s, CD.Cl,, 'H NMR, 500

MHz, 253K
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Diethyl((S*)-1-phenyl-3-((S$*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15°«Al(pftb)s, CD>Cl, 3C NMR, 125
MHz, 253K
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Diethyl((S*)-1-phenyl-3-((S$*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15-Al(pftb)s and Diethyl((R*)-1-
phenyl-3-(($*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S15°Al(pftb)s, CD2Cl,, 'H NMR, 400 MHz, 298K
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Diethyl((S*)-1-phenyl-3-((S$*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-
hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)aluminate S15-Al(pftb)s and Diethyl((R*)-1-
phenyl-3-(($*)-tetrahydrofuran-2-yl)propyl)sulfonium tetrakis((1,1,1,3,3,3-hexafluoro-2-
(trifluoromethyl)propan-2-yl)oxy)aluminate S15°Al(pftb)s, CD:Clz, *'C NMR, 100 MHz, 298K
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Methyl (S *¥)-2,2-dimethyl-3-phenyl-5-((R *)-tetrahydrofuran-2-yl)pentanoate S16, CDCl3, '"H NMR,

500 MHz
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Methyl (S*)-2,2-dimethyl-3-phenyl-5-((R *)-tetrahydrofuran-2-yl)pentanoate S16, CDCls, 3C
NMR, 125 MHz
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1), CDCL, 'H

Methyl 2,2-dimethyl-3-phenyl-5-(tetrahydrofuran-2-yl)pentanoate S16/S16’ (d.r. = 1

NMR, 500 MHz
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1), CDCl;,

Methyl 2,2-dimethyl-3-phenyl-5-(tetrahydrofuran-2-yl)pentanoate S16/S16’ (d.r. = 1

13C NMR, 125 MHz
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1), CDCl3, '"H NMR, 400 MHz
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(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), CDCl;, *C NMR, 100 MHz
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(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;, 'H NMR, 500 MHz
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(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’ (S18:518’ = ca. 3:1),, CDCls, 1*C NMR, 125 MHz
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'H

CDCls,

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

NMR, 500 MHz
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1-Methyl-2-((S *)-1-phenyl-3-((R *)-tetrahydrofuran-2-yl)propyl)-1H-pyrrole S19a, CDCl;, C
NMR, 125 MHz
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1-Methyl-3-((S*)-1-phenyl-3-((R*)-tetrahydrofuran-2-yl)propyl)-1H-pyrrole S19b,

NMR, 500 MHz
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1-Methyl-3-((S*)-1-phenyl-3-((R*)-tetrahydrofuran-2-yl)propyl)-1H-pyrrole S19b, CDCl;, 3C
NMR, 125 MHz
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