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1. General Methods: 'H NMR and '*C NMR spectra were recorded on a Bruker AMX-
500, or Bruker Avance-DPX 300. NMR spectra were recorded in CDCl3z or CD3:CN
solution, except otherwise stated. Chemical shifts are given in ppm relative to TMS ('H,
0.0 ppm), CDCI; ('H, 7.27 ppm; *C, 76.9 ppm) and CDsCN ('H, 1.94 ppm; *C, 118.3
ppm). Low- and high-resolution mass spectra were taken on an AGILENT 6520 Accurate
Mass QTOF LC/MS spectrometer using the electronic impact (EI) or electrospray modes

(ES) unless otherwise stated. IR spectra were recorded on a Bruker Tensor 27
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spectrometer. All commercially available compounds were used without further

purification.

2. General procedure for the preparation of compounds 3a-o and 4a-b

Cu(OAC)2 (10 mol %), sodium salt 2 (2.0 mmol) and AgNOz (2.0 mmol) were added to
asolution of allene 1 (1.0 mmol) in acetonitrile (10 mL). The reaction mixture was stirred
at 100 °C in a sealed tube until the starting material disappeared as indicated by TLC.
The reaction mixture was cooled to room temperature, was diluted with ethyl acetate
(3x5 mL), and the ethyl acetate layer was separated from the aqueous layer. The organic
extract was washed with brine, dried over anhydrous MgSO4 and concentrated under
reduced pressure. Chromatography of the residue using hexanes/ethyl acetate mixtures
gave analytically pure compounds. Spectroscopic and analytical data for pure forms of

compounds 3 and 4 follow.
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Sulfone-3a. From 53 mg (0.33 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (5:1) as eluent, gave
compound 3a (67 mg, 68%) as a yellow oil; *H NMR (500 MHz, CDsCN, 25 °C) § 7.94
(m, 2H), 7.75 (m, 1H), 7.66 (m, 2H), 7.36 (M, 3H), 7.19 (M, 2H), 5.65 (t, J = 4.7 Hz, 1H),
4.95 (ddqg, J = 11.4, 5.6, 1.9 Hz, 1H), 4.81 (ddq, J = 11.8, 4.1, 2.1 Hz, 1H), 1.85 (m, 3H);
13C NMR (125 MHz, CDsCN, 25 °C) § 152.3, 141.9, 140.6, 135.1 (2C), 133.0, 130.8
(2C), 129.8 (2C), 128.1 (2C), 128.0 (2C), 93.7, 75.6, 11.7; IR (CHCls, cm™): v 1300,
1005. HRMS (ESI-TOF) m/z: [M + H]* Calcd for Ci7H1703S 301.08929; Found
301.08885.



S3

MeO

Me

N—s0,Ph
o)

3b

Sulfone-3b. From 34.8 mg (0.18 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 3b (37 mg, 62%) as a yellow oil; *H NMR (500 MHz, CDCls, 25 °C) § 7.95
(m, 2H), 7.69 (m, 1H), 7.61 (m, 2H), 7.10 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H),
5.57 (t, J = 4.5 Hz, 1H), 4.97 (m, 1H), 4.82 (ddg, J = 9.6, 3.9, 2.1 Hz, 1H), 3.81 (s, 3H),
1.94 (m, 3H); 33C NMR (125 MHz, CDCls, 25 °C) § 160.1, 150.9, 140.8, 133.8, 132.0,
130.9, 129.5 (2C), 128.5 (2C), 127.2 (2C), 114.2 (2C), 92.8, 74.6, 55.3, 11.4; IR (CHCl3,
cmY): v 1324, 995. HRMS (ESI-TOF) m/z: [M + H]* Calcd for C1sH1904S 331.09986;
Found 331.10036.

Me

Me

A\
SO,Ph
1) 2

3c

Sulfone-3c. From 48 mg (0.28 mmol) of the corresponding a -allenic alcohol, and after
chromatography of the residue using hexanes/ diethyl ether (7:3) as eluent, gave
compound 3c (52 mg, 59%) as a yellow oil; *H NMR (300 MHz, CDCls, 25 °C) & 7.95
(m, 2H), 7.69 (m, 1H), 7.61 (m, 2H), 7.16 (d, J = 7.8 Hz, 2H), 7.06 (d, J = 8.1 Hz, 2H),
5.58 (t, J = 4.4 Hz, 1H), 4.99 (ddq, J = 11.3, 5.6, 2.0 Hz, 1H), 4.84 (ddq, J = 11.6, 4.1,
2.1 Hz, 1H), 2.35 (s, 3H), 1.94 (m, 3H); 3C NMR (75 MHz, CDCls, 25 °C) § 150.9,
140.8, 138.8, 135.8, 133.8, 132.0, 129.5 (2C), 129.5 (2C), 127.2 (2C), 127.0 (2C), 93.0,
74.8,21.2,11.4; IR (CHCI3, cm™): v 1318, 996. HRMS (ESI-TOF) m/z: [M + H]* Calcd
for C18H1903S 315.10494; Found 315.10413.
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Sulfone-3d. From 51 mg (0.23 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 3d (51.5 mg, 63%) as a yellow oil; *H NMR (300 MHz, CDCls, 25 °C) § 8.03
(d, J= 8.5 Hz, 2H), 7.94 (m, 2H), 7.70 (d, J = 7.4 Hz, 1H), 7.61 (m, 2H), 7.27 (m, 2H),
5.66 (t,J=4.5 Hz, 1H), 5.03 (m, 1H), 4.89 (m, 1H), 3.93 (s, 3H), 1.94 (m, 3H); *C NMR
(75 MHz, CDCls, 25 °C) 6 166.6, 149.9, 143.7, 140.6, 134.0, 132.6, 130.7, 130.1 (2C),
129.5 (20), 127.2 (2C), 126.9 (2C), 92.5, 75.2, 52.2, 11.3; IR (CHCl3, cm): v 1315,
1008. HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C19H1gsNaOsS 381.07672; Found
381.07508.
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Sulfone-3e. From 64.6 mg (0.37 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 3e (76 mg, 66%) as a yellow oil; *H NMR (300 MHz, CDCls, 25 °C) § 7.87
(m, 2H), 7.60 (m, 1H), 7.52 (m, 2H), 7.09 (m, 3H), 6.94 (m, 1H), 5.83 (t,/=4.5 Hz, 1H),
4.82 (m, 2H), 2.18 (s, 3H), 1.87 (m, 3H); *C NMR (75 MHz, CDCls, 25 °C) § 150.8,
140.7, 136.4, 136.2, 133.8, 132.3, 131.1, 129.5 (2C), 128.8, 128.0, 127.2 (2C), 126.5,
90.5, 74.5, 18.9, 11.4; IR (CHCls, cm™): v 1310, 998. HRMS (ESI-TOF) m/z: [M + H]*
Calcd for C18H1903S 315.10494; Found 315.10476.
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Sulfone-3f. From 189 mg (0.99 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using toluene as eluent, gave compound 3f (206 mg, 63%)
as a yellow oil; "TH NMR (300 MHz, CDCls, 25 °C) & 7.95 (m, 2H), 7.68 (m, 1H), 7.60
(m, 2H), 7.27 (m, 1H), 6.87 (ddd, J = 8.3, 2.6, 0.9 Hz, 1H), 6.76 (m, 1H), 6.69 (m, 1H),
5.58 (t, J=4.3 Hz, 1H), 5.0 (ddq, J = 11.4,5.7, 1.9 Hz, 1H), 4.86 (ddq, J = 11.6, 4.1, 2.1
Hz, 1H), 3.77 (s, 3H), 1.96 (m, 3H); '3C NMR (75 MHz, CDCl;, 25 °C) § 160.0, 150.7,
140.8, 140.3,133.8, 132.1, 129.9, 129.5 (2C), 127.2 (2C), 119.3, 114.4, 112.5, 93.0, 74.9,
55.2, 11.4; IR (CHCl3, cm™): v 1306, 996. HRMS (ESI-TOF) m/z: [M + H]" Calcd for
Ci8H1904S 331.09986; Found 331.10083.
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39
Sulfone-3g. From 91.6 mg (0.42 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (13:1) as eluent, gave
compound 3g (104 mg, 69%) as a yellow oil; 'TH NMR (300 MHz, CDCls, 25 °C) § 7.94
(m, 2H), 7.72-7.57 (m, 3H), 6.42 (t, J=2.3 Hz, 1H), 6.30 (d, J=2.2 Hz, 2H), 5.53 (t,J
=4.3 Hz, 1H), 4.99 (m, 1H), 4.86 (ddq, /=9.7, 3.8, 2.0 Hz, 1H), 3.75 (s, 6H), 1.97 (m,
3H); *C NMR (75 MHz, CDCls, 25 °C) § 161.1 (2C), 150.7, 141.1, 140.8, 133.8, 132.1,
129.5 (2C), 127.2 (2C), 104.9 (2C), 100.6, 93.1, 75.0, 55.3 (2C), 11.4; IR (CHCl3, cm ™)
v 1318, 997. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C19H210sS 361.11042; Found
361.11141.
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Sulfone-3h. From 80 mg (0.48 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (14:1) as eluent, gave
compound 3h (98 mg, 68%) as a pale brown oil; 'H NMR (300 MHz, CDCls, 25 °C) §
7.95 (m, 2H), 7.69 (m, 1H), 7.61 (m, 2H), 7.32 (m, 1H), 6.99 (m, 2H), 5.91 (t,J=4.3 Hz,
1H), 491 (ddq, /J=11.2,5.7,1.9 Hz, 1H), 4.82 (ddq, J=11.8, 4.1, 2.0 Hz, 1H), 2.03 (m,
3H); 3C NMR (75 MHz, CDCls, 25 °C) § 149.7, 142.2, 140.6, 133.9, 132.5, 129.5 (2C),
127.2 (2C), 126.9, 126.8, 126.3, 88.1, 74.1, 11.3; IR (CHCl3, cm!): v 1305, 1030. HRMS
(ESI-TOF) m/z: [M + Na]" Calcd for CisH14NaO3S, 329.02766; Found 329.02719.
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Sulfone-3i. From 138 mg (0.80 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 3i (150 mg, 61%) as a yellow oil; 'TH NMR (300 MHz, CDCls, 25 °C) § 7.95
(m, 2H), 7.69 (m, 1H), 7.61 (m, 2H), 7.32 (dd, J = 5.0, 2.9 Hz, 1H), 7.22 (m, 1H), 6.87
(dd, J =5.0, 1.3 Hz, OH), 5.73 (t, J = 4.3 Hz, 1H), 4.94 (ddq, J = 11.3, 5.7, 1.9 Hz, 1H),
4.81 (m, 1H), 2.00 (m, 3H); *C NMR (75 MHz, CDCls, 25 °C) § 150.2, 140.7, 139.8,
133.8, 132.2, 129.5 (2C), 127.2 (2C), 127.1, 125.5, 123.7, 88.4, 74.3, 11.3; IR (CHClI3,
cm™): v 1311, 998. HRMS (ESI-TOF) m/z: [M + Na]" Caled for CisHi4NaO3S»
329.02766; Found 329.02807.
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Sulfone-3j. From 44 mg (0.17 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/diethyl ether (7:3) as eluent, gave
compound 3j (47 mg, 71%) as a brown oil; 'H NMR (300 MHz, CDCl3, 25 °C) § 7.63
(m, 2H), 7.56 (m, 1H), 7.42 (m, 2H), 7.21 (m, 3H), 7.04 (d, J = 8.7 Hz, 2H), 6.93 (m,
2H), 6.78 (d, J = 8.8 Hz, 2H), 5.94 (dd, J = 6.0, 3.7 Hz, 1H), 5.31 (dd, J = 12.6, 6.0 Hz,
1H), 5.12 (dd, J = 12.6, 3.7 Hz, 1H), 3.76 (s, 3H); '3*C NMR (75 MHz, CDCls, 25 °C) §
159.9, 151.4, 140.3, 135.3, 133.6 (2C), 130.6, 129.0, 128.9 (2C), 128.5 (4C), 127.9 (2C),
127.6 (2C), 114.0 (2C), 93.1, 75.6, 55.2; IR (CHCls, cm™): v 1306, 998. HRMS (ESI-
TOF) m/z: [M + Na]" Calcd for C23H20NaO4S 415.09745; Found 415.09904.
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Sulfone-3k. From 78 mg (0.33 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 3k (62 mg, 50%) as a yellow oil; 'H NMR (300 MHz, CDCl3, 25 °C) § 7.63
(m, 2H), 7.56 (m, 1H), 7.41 (m, 2H), 7.22 (m, 3H), 7.07-6.92 (m, 6H), 5.95 (dd, J = 6.0,
3.7Hz, 1H), 5.33 (dd, J = 12.6, 6.0 Hz, 1H), 5.14 (dd, J = 12.6, 3.7 Hz, 1H), 2.29 (s, 3H);
3C NMR (75 MHz, CDCls, 25 °C) § 151.4, 140.3, 138.5, 135.5, 135.3, 133.6, 130.0,
129.3 (2C), 129.0, 128.9 (2C), 128.5 (2C), 127.9 (2C), 127.6 (2C), 127.0 (2C), 93.4, 75.8,
21.2; IR (CHCl3, cm™): v 1307, 1018. HRMS (ESI-TOF) m/z: [M + H]" Calcd for
C23H2103S 377.12059; Found 377.12068.
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Sulfone-31. From 113 mg (0.37 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 31 (111 mg, 68%) as a yellow oil; 'TH NMR (300 MHz, CDCls, 25 °C) § 7.61
(m, 2H), 7.55 (m, 1H), 7.47-7.34 (m, 4H), 7.32-7.18 (m, 3H), 6.97 (d, J = 8.3 Hz, 2H),
6.92 (m, 2H), 5.95 (dd, J=6.1, 3.9 Hz, 1H), 5.34 (dd, J=12.7, 6.1 Hz, 1H), 5.15 (dd, J
=12.7, 3.8 Hz, 1H); *C NMR (75 MHz, CDCls, 25 °C) & 150.7, 140.1, 137.6, 135.8,
133.7, 131.7 (2C), 129.6, 129.2, 129.0 (2C), 128.6 (2C), 128.4 (2C), 128.0 (2C), 127.6
(20), 122.7,92.8, 76.1; IR (CHCl3, cm™'): v 1308, 998. HRMS (ESI-TOF) m/z: [M + H]*
Calcd for C22Hi1sBrOsS 441.01545; Found 441.01574.
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Sulfone-3m. From 63 mg (0.33 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 3m (67 mg, 59%) as a yellow oil; 'H NMR (300 MHz, CDCls, 25 °C) § 7.82
(d, J = 8.3 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.9
Hz, 2H), 5.55 (t, J = 4.4 Hz, 1H), 4.96 (m, 1H), 4.80 (ddq, J = 11.6, 4.1, 2.0 Hz, 1H),
3.81 (s, 3H), 2.48 (s, 3H), 1.92 (m, 3H); *C NMR (75 MHz, CDCls, 25 °C) § 160.1,
150.2, 144.9, 137.9, 132.3, 130.9, 130.1 (2C), 128.5 (2C), 127.3 (2C), 114.2 (2C), 92.7,
74.6,55.3,21.7, 11.4; IR (CHCl3, cm™): v 1312, 996. HRMS (ESI-TOF) m/z: [M + Na]*
Calcd for C19H20NaO4S 367.09745; Found 367.09654.
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Sulfone-3n. From 105 mg (0.44 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 3n (102 mg, 59%) as a pale green oil; *H NMR (300 MHz, CDCls, 25 °C) §
7.81(d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.06 (d, J =
8.4 Hz, 2H), 5.55 (t, J = 4.4 Hz, 1H), 4.98 (ddq, J = 11.5, 5.7, 1.9 Hz, 1H), 4.84 (ddg, J
= 9.6, 3.9, 2.1 Hz, 1H), 2.48 (s, 3H), 1.92 (s, 3H); 3C NMR (75 MHz, CDCl3, 25 °C) §
149.3, 145.0, 138.0, 137.7, 132.9, 132.0 (2C), 130.1 (2C), 128.7 (2C), 127.3 (2C), 122.9,
92.4, 75.0, 21.7, 11.2.; IR (CHCls, cm™): v 1308, 998. HRMS (ESI-TOF) m/z: [M +
NH4]" Calcd for C1gH21BrNO3S 410.04200; Found 410.03970.
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Sulfone-30. From 74 mg (0.29 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 30 (76 mg, 65%) as a brown oil; *H NMR (300 MHz, CDCls, 25 °C) § 7.52
(d, J=8.3Hz, 2H), 7.27-7.15 (m, 5H), 7.05 (d, J = 8.5 Hz, 2H), 6.95 (m, 2H), 6.78 (d, J
= 8.8 Hz, 2H), 5.93 (dd, J = 5.9, 3.7 Hz, 1H), 5.29 (dd, J = 12.6, 6.0 Hz, 1H), 5.10 (dd, J
= 12.6, 3.7 Hz, 1H), 3.76 (s, 3H), 2.41 (s, 3H); 1*C NMR (75 MHz, CDCls, 25 °C) §
159.8,150.8, 144.7, 135.5, 130.7, 130.4, 130.1, 129.6 (2C), 128.9, 128.5(2C), 128.4 (2C),
127.8 (2C), 127.6 (2C), 113.9 (2C), 93.1, 75.6, 55.2, 21.6; IR (CHCl3, cm™): v 1310,
996. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C24H2304S 407.13116; Found
407.13201.
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Sulfone-3p. From 65 mg (0.40 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (8:1) as eluent, gave
compound 3p (95 mg, 74%) as a yellow oil; '"H NMR (500 MHz, CDsCN, 25 °C) § 7.81
(d, J=8.3Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 7.39 (dd, J = 5.0, 3.0 Hz, 1H), 7.32 (dd, J =
2.8, 1.0 Hz, 1H), 6.86 (dd, J = 5.0, 1.2 Hz, 1H), 5.76 (t, J = 4.3 Hz, 1H), 4.87 (ddq, J =
11.4,5.6, 1.9 Hz, 1H), 4.74 (ddq, J = 11.7, 4.1, 2.0 Hz, 1H), 2.46 (s, 3H), 1.88 (m, 3H);
3C NMR (125 MHz, CDsCN, 25 °C) § 151.3, 146.4, 141.6, 139.0, 133.3, 131.3 (20),
128.2, 128.1 (20C), 126.8, 124.9, 89.1, 75.0, 21.7, 11.6; IR (CHCl3, cm™'): v 1306, 997.
HRMS (ESI-TOF) m/z: [M + H]" Calcd for Ci16H17Na0O3S2 321.06191; Found 321.06201.
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Sulfone-4a. From 47 mg (0.18 mmol) of the corresponding a-allenic alcohol, and after
chromatography of the residue using hexanes/ethyl acetate (7:1) as eluent, gave
compound 4a (42 mg, 60%) as a yellow oil; *H NMR (300 MHz, CDCls, 25 °C) § 8.19
(s, 1H), 7.49-7.25 (m, 8H), 7.23 (d, J = 9.1 Hz, 2H), 7.10 (m, 2H), 6.74 (d, J = 9.1 Hz,
2H), 3.75 (s, 3H); *C NMR (75 MHz, CDCls, 25 °C) § 159.6, 152.0, 144.9, 140.7, 133.0,
130.8 (2C), 130.0, 128.6 (2C), 128.5 (2C), 128.2 (2C), 127.8 (2C), 127.3 (2C), 122.0,
117.6, 113.9 (2C), 55.2; IR (CHCl3, em™"): v 1324, 992. HRMS (ESI-TOF) m/z: [M +
Ha]* Calcd for C23H1904S 391.09986; Found 391.10038.
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3. NMR Spectra

'H NMR spectrum of 3a in CDsCN at 500 MHz

QO9FHBE7

Me

Sl

SO,Ph

o

Foz
Fese
W.Hm

61'1

ez

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

10,5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.0

13C NMR spectrum of 3a in CD3CN at 125 MHz
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'H NMR spectrum of 3b in CDCl; at 500 MHz
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DEPT NMR spectrum of 3b in CDClz at 75 MHz
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Two-dimensional HMQC NMR spectrum *H-!C of 3b in CDCls
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'H NMR spectrum of 3¢ in CDCls at 300 MHz

Faddors
END.NJ/I
WUkTLT
LELT h\\
BLGL
B4 L
6485 £
ALBS L
09
E09 L
28094
LETOL
BzoL
TIESL
09ED L
99 L
S0LTL
1549
ZLRYL
1569
SE0LL
15TLL
WrLL
SETLL
SBTEL
SEER'L
HbE'L
£156°4
9564
60964

28964

Me

Me

SO,Ph

3c

T_Hmm

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

8.5

10.5  10.0 9.5

11.0

13C NMR spectrum of 3¢ in CDCls at 75 MHz

BETT—

SLPL—
=

g
ar izt
ShETT
B @W
86'1ET
6EET
E.HC\\
E.mﬁ\

67 0BT

T6' 06T —

20

30

40

210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

220



S16

'H NMR spectrum of 3d in CDCl; at 300 MHz
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'H NMR spectrum of 3e in CDCls at 300 MHz
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'H NMR spectrum of 3f in CDCI; at 300 MHz
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'H NMR spectrum of 3g in CDCl3 at 300 MHz
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'H NMR spectrum of 3h in CDCl; at 300 MHz

LEE0E
£920°E
E6Z0°T
Pratal iy
BRED'E
EBED'E
OB ¥
FBL Y
ZHEL Y
864
BS08'F
Fras: ey
BOTE
L928'F
SEER'E
ERER'F
I5EEE
BISE't
B
088 F
BOBE'F
BEEE'F
BLEE'F
P06t
0116t
SBI6'
1926k
TIEE b

ZLER'F

LEPE'E

2056k

LhEE'S
ﬂmow.mw.\
CETH'S
ZL96'0
BBLE'D
686

SLTEE

vmﬂm.h/
faltacira
S055° 4~
£555° LT

el

SO,Ph

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

EETT—

B80kL—

5.0 4.5 4.0

1 (ppm)

.

_;J

7.90  7.85
f1{ppm)

7.95

8.00

10,5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.0

13C NMR spectrum of 3h in CDClz at 75 MHz

B0'8E—

e
vm.umﬁw
|
e nmﬁ\\\‘
[a3 m.mﬁ\‘
ST
BEET
Ok~
STEkT—

bLERT—

— 1 —

30 20 10

40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

220




S21

'H NMR spectrum of 3i in CDCls at 300 MHz
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'H NMR spectrum of 3j in CDCIs at 300 MHz
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'H NMR spectrum of 3k in CDCl; at 300 MHz
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'H NMR spectrum of 31 in CDCls at 300 MHz
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'H NMR spectrum of 3m in CDCI; at 300 MHz
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'H NMR spectrum of 3n in CDCl; at 300 MHz

grease

Br

Me
A\

Me

S0,

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

10,5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.0

13C NMR spectrum of 3n in CDClz at 75 MHz

L S

69 1E—

bi0'5L—

BT
zaiy
SUET~C
B2
g

HSHT—
eI —

B 1 -

70 60 50 40 30 20 10

80

210 200 190 180 170 160 150 140 130 120 110 100
8 (ppm)

220



S27

'H NMR spectrum of 30 in CDCl3 at 300 MHz

J grease
|
\J

|orT— |1/J

W

i

ST9LE— /

890G
0180'G:

WIS ﬁ

E2I'S ~ -

16525~ Y .
8.7 M =
60055

BZE'S

6216 |
1526'S L
[ mW.

5b5'S

GE9LS
£p6L'S
9626’
BRES' uw

8Ib6'9
6156'9~% —

T£56°9-F N ~— "ﬁl\
——

I

£196'9
BZE0 L

1902 —
HIIL
ELIL
BBLIL
WBI'L

Me

0
0681'L
SEEI'L
ZETL
0T L
Wiz
EITL
1L
Iz
nezs N
wez s (@)
1662 L
EPbT L 0
BT L
HE05 L <

6625L [ z

MeO

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 0.5 6.0 3 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

11.0

13C NMR spectrum of 30 in CDCls at 75 MHz

19'1E—

05—

1mee—

SEI—

ol
2L
9T
[

LU= R

et
PICED
9::.\

B9ET
=
B9 T —

B0SI—

B BRI

70 60 50 40 30 20 10

80

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

220



S28

'H NMR spectrum of 3p in CD3CN at 500 MHz
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'H NMR spectrum of 4a in CDCl3 at 300 MHz
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