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1 General Information

The NMR spectra were recorded on Bruker AC — 500 spectrometer (500 MHz for *H NMR and 125 MHz
for 3C NMR) with CDCl; as the solvent and TMS as internal reference. *H NMR spectral data were
reported as follows: chemical shift (5, ppm), multiplicity, integration, and coupling constant (Hz). **C
NMR spectral data were reported in terms of the chemical shift. The following abbreviations were used to
indicate multiplicities: s = singlet; d = doublet; t = triplet; g = quartet; m = multiplet. Low-resolution mass
spectra were obtained on a Shimadzu LCMS-2010EV spectrometer in ESI mode and reported as m/z.
High-resolution mass spectra (HRMS) were recorded on a Bruker Daltonics, Inc. APEXIII 7.0 TESLA
FTMS instrument. Melting points were obtained on a X-4 digital melting point apparatus without
correction. Chemical yields referred to pure isolated product. Purification of products was accomplished
by column chromatography packed with silica gel. Unless otherwise stated, anhydrous toluene was used

upon purification with sodium metal.

2 General Procedure

Under nitrogen atmosphere, Yb(OTf); (0.2 equiv). Ag,COj3 (0.6 equiv) were added to a solution of

enynone 1 (0.5 mmol) and isocyanide 2 (1.0 mmol) in 3 mL toluene. The stirred mixture was heated at 70
°C for 12 hours and the progress was monitored using TLC detection. After completion of present
reaction, the reaction mixture was concentrated under vacuum. The residue was purified by column
chromatography on alumina [neutral alumina: 200-300; eluant: petroleum ether/ethyl acetate = 40:1] to

afford the desired product 3-5.



3 Characterization Data

0o (3a): 178 mg, 75% vyield, reddish brown solid: m.p. 135-137 °C. *H NMR

= (500 MHz, CDCls): & (ppm) = 7.23 (s, 5H), 7.12 (t, J = 7.6 Hz, 1H), 7.00 (d,

/N\ klo J =75 Hz, 2H), 6.94 (d, J = 7.5 Hz, 2H), 6.81 (t, J = 7.5 Hz, 2H), 2.65 (s,
\©/ 3H), 2.26 (s, 3H), 2.05 (s, 6H), 1.91 (s, 6H). °C NMR (125 MHz, CDCl5): &

(ppm) = 198.4, 144.8, 141.3, 140.0, 137.4, 136.5, 131.4, 128.5, 128.3, 128.2, 128.0, 127.8, 127.3, 124.0,
122.0, 118.4, 114.6, 104.9, 31.7, 19.3, 18.3, 18.1. HRMS (ESI): calcd. for C,H3oN,0, [M+H]" 475.2380,

Found: 475.2380.

(3b): 196 mg, 77% vyield, yellow solid: m.p. 185-186 °C. *H NMR (500
MHz, CDCls): § (ppm) = 7.21-7.18 (m, 2H), 7.15-7.12 (m, 3H), 7.02 (d,
J=75Hz 2H), 6.94 (d, J = 7.5 Hz, 2H), 6.81 (t, J = 6.8 Hz, 2H), 2.64

(s, 3H), 2.26 (s, 3H), 2.03 (s, 6H), 1.90 (s, 6H). *C NMR (125 MHz,

CDCly): & (ppm) = 198.2, 157.1, 144.6, 140.0, 139.9, 137.2, 136.4, 134.0, 129.9, 129.0, 128.7, 128.6,
128.1, 127.9, 127.3, 124.1, 122.0, 118.7, 114.5, 105.1, 31.8, 19.4, 18.3, 18.1. HRMS (ESI): calcd. for

CaoH2sCIN,O, [M+H]* 509.1990, Found: 509.1995.

(3c): 190 mg, 65% vield, yellow solid: m.p. 208-210 °C. *H NMR (500
MHz, CDCls): & (ppm) = 7.60 (d, J = 2.0 Hz, 1H), 7.14 (dd, J = 8.4, 2.0
Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H), 6.94 (dd, J = 9.9, 7.7 Hz, 4H), 6.86 (s,

1H), 6.80 (t, J = 7.4 Hz, 2H), 2.62 (s, 3H), 2.25 (s, 3H), 2.07 (s, 6H),

1.89 (s, 6H). *C NMR (125 MHz, CDCls): & (ppm) = 198.2, 157.1, 144.6, 139.9, 136.5, 136.4, 135.9,
134.8, 132.9, 132.1, 129.4, 128.8, 128.5, 128.1, 127.7, 127.3, 123.3, 122.5, 122.1, 118.3, 114.5, 108.3,

31.7,19.3, 18.3, 18.1.HRMS (ESI): calcd. for C5;H2sBrCIN,O, [M+H]" 587.1101, Found: 587.1095.



o) (3d): 171 mg, 62% yield, yellow solid: m.p. 209-210 °C. *H NMR (500
== MHz, CDCls): 6 (ppm) = 7.43 (d, J = 7.5 Hz, 1H), 7.36-7.34 (m, 1H),

Br.
/ \\ 0O
N \ 7.14 (t, J =7.6 Hz, 1H), 7.06-7.02 (m, 4H), 6.94 (d, J = 7.5 Hz, 2H), 6.85

N
\©/ (s, 1H), 6.81 (t, J = 7.5 Hz, 1H), 2.65 (s, 3H), 2.26 (s, 3H), 2.04 (s, 6H),
1.90 (s, 6H). *C NMR (125 MHz, CDCls): & (ppm) = 198.2, 157.2, 144.6, 139.9, 139.4, 137.1, 136.4,
133.3, 130.9, 130.8, 129.8, 128.7, 128.1, 127.9, 127.3, 126.0, 124.0, 122.4, 122.1, 118.9, 114.5, 105.4,

31.8,19.4, 18.3, 18.0. HRMS (ESI): calcd. for C3,H29BrN,O, [M+H]" 553.1485, Found: 553.1488.

(3e): 207 mg, 80% yield, yellow solid: m.p. 240-241 °C. *H NMR (500
MHz, CDCl5): & (ppm) = 8.06 (d, J = 8.9 Hz, 2H), 7.33 (d, J = 8.9 Hz,
2H), 7.17 (d, J = 7.6 Hz, 1H), 7.03 (d, J = 8.0 Hz, 3H), 6.93 (d, J =

7.5 Hz, 2H), 6.81 (t, J = 7.5 Hz, 1H), 2.64 (s, 3H), 2.27 (s, 3H), 2.02 (s,

6H), 1.88 (s, 6H). *C NMR (125 MHz, CDCls): & (ppm) = 197.9, 157.5, 146.8, 144.3, 139.6, 138.3,
137.6, 136.9, 136.3, 129.1, 128.1, 128.0, 127.9, 127.3, 124.3, 123.7,122.3, 119.9, 114.3, 106.8, 31.8, 19.5,

18.2, 17.9. HRMS (ESI): calcd. for C3pHgN304 [M+H]" 520.2231, Found: 520.2231.

(3f): 149 mg, 61% vield, yellow solid: m.p. 197-199 °C. *H NMR (500

MHz, CDCl): & (ppm) = 7.15-7.12 (m, 3H), 7.03 (g, J = 6.9 Hz, 4H),

\ 6.96 (d, J = 7.5 Hz, 2H), 6.82 (q, J = 6.5 Hz, 2H), 2.66 (s, 3H), 2.31 (s,

\©/ 3H), 2.27 (s, 3H), 2.07 (s, 6H), 1.93 (s, 6H). *C NMR (125 MHz,
CDCls): & (ppm) = 198.4, 156.9, 144.9, 1415, 140.1, 137.9, 137.5, 136.5, 129.1, 128.6, 128.5, 128.2,
127.8, 127.7, 127.3, 124.0, 121.9, 118.2, 114.6, 104.5, 31.8, 21.2, 19.3, 18.3, 18.1. HRMS (ESI): calcd.

for Ca3H3,N,0, [M+H]" 489.2537, Found: 489.2545.



(3g): 210 mg, 86% vield, yellow solid: m.p. 176-177 °C. *H NMR (500 MHz,
CDCl3): 6 (ppm) = 7.24 (d, J = 7.7 Hz, 1H), 7.16-7.12 (m, 1H), 7.03 (t, J =
7.5 Hz, 1H), 6.94 (t, J = 6.8 Hz, 5H), 6.89 (t, J = 3.9 Hz, 1H),6.81 (t,J=7.5

Hz, 1H), 6.65 (s, 1H), 2.63 (s, 3H), 2.47 (s, 3H), 2.26 (s, 3H), 2.06 (s, 6H),

1.92 (s, 6H). *C NMR (125 MHz, CDCls): & (ppm) = 198.4, 156.9, 144.8, 140.1, 139.7, 137.0, 136.9,
136.4, 130.7, 130.7, 130.3, 129.8, 128.2, 128.1, 127.5, 127.3, 125.1, 123.3, 121.9, 117.7, 114.6, 106.9,

31.7,21.0, 19.2, 18.3, 18.2. HRMS (ESI): calcd. for CasHgoN20, [M+H]" 489.2537, Found: 489.2549.

o (3h): 170 mg, 64% yield, yellow solid: m.p. 199-201 °C. *H NMR (500
== MHz, CDCI3): 6 (ppm) = 7.25-7.23 (m, 2H), 7.17-7.12 (m, 3H) , 7.02

/I \__ 9
N \ (d, J=7.5Hz, 2H), 6.94 (d, J = 7.5 Hz, 2H), 6.80 (g, J = 5.0 Hz, 2H),

N
\©/ 2.64 (s, 3H), 2.24 (s, 3H), 2.05 (s, 6H), 1.90 (s, 6H), 1.28 (s, 9H). *C

NMR (125 MHz, CDCls): § (ppm) = 198.4, 156.9, 150.9, 144.9, 141.2, 140.0, 137.6, 136.6, 128.5, 128.4,
128.2, 127.8, 127.2, 125.3, 124.0, 121.0,118.2, 114.6, 104.6, 34.6, 31.7, 31.2, 19.3, 18.3, 18.1. HRMS

(ESI): calcd. for C3sH3gN20, [M+H]* 531.3006, Found: 531.3015.

(3i): 133 mg, 53% yield, yellow solid: m.p. 167-168 °C. *H NMR
(500 MHz, CDCl3): 8 (ppm) = 7.15-7.10 (m, 3H), 7.00 (d, J = 7.6 Hz,
HiCO 2H), 6.93 (d, J = 7.6 Hz, 2H), 6.80 (t, J = 5.0 Hz, 1H), 6.76-6.73 (m,
3H), 3.76 (s, 3H), 2.64 (s, 3H), 2.24 (s, 3H), 2.04 (s, 6H), 1.90 (s, 6H).

3C NMR (125 MHz, CDCly): § (ppm) = 198.5, 159.3, 156.9, 144.9, 141.2, 140.1, 137.5, 136.5, 129.1,
128.4, 128.2, 127.7, 127.2, 124.0, 123.9, 121.8, 117.9, 114.6, 113.8, 104.1, 55.2, 31.7, 19.3, 18.3, 18.1.

HRMS (ESI): calcd. for Ca3H3oN,03 [M+H]* 505.2486, Found: 505.2473.



(3j): 121 mg, 48% yield, yellow solid: m.p. 139-141 °C. *H NMR (500
MHz, CDCls): & (ppm) = 7.18-7.11 (m, 2H), 7.02 (d, J = 7.5 Hz, 2H),
6.95-6.91 (m, 3H), 6.84-6.78 (m, 3H), 6.68 (t, J = 1.3 Hz, 1H), 3.59 (s,

3H), 2.65 (s, 3H), 2.26 (s, 3H), 2.06 (s, 6H), 1.91 (s, 6H). *C NMR

(125 MHz, CDCls): 8 (ppm) = 198.4, 159.3, 156.9, 144.8, 140.9, 140.0, 137.6, 136.5, 132.6, 129.4, 128.6,
128.2, 127.8, 127.3, 124.0, 122.0, 120.4, 118.5, 114.6, 114.3, 112.4, 104.9, 55.1, 31.8, 19.3, 18.3, 18.1.

HRMS (ESI): calcd. for Cs3sHzoN,03 [M+H]" 505.2486, Found: 505.2471.

(3k): 184 mg, 67% yield, yellow solid: m.p. 128-129 °C. 'H NMR
(500 MHz, CDCls): & (ppm) = 7.55 (d, J = 7.2 Hz, 2H), 7.46 (d, J =
8.4 Hz, 2H), 7.42 (t, J = 7.6 Hz, 2H), 7.34 (d, J = 6.8 Hz, 1H), 7.28

(d, J = 8.4 Hz, 2H), 7.14 (t, J = 7.5 Hz, 1H), 7.03 (d, J = 7.6 Hz, 2H),

6.94 (d, J = 7.4 Hz, 2H), 6.87 (5, 1H), 6.81 (t, J = 7.5 Hz, 1H), 2.66 (s, 3H), 2.56 (s, 3H), 2.07 (s, 6H),
1.91 (s, 6H). *C NMR (125 MHz, CDCls): & (ppm) = 198.4, 157.0, 144.8, 140.8, 140.4, 140.2, 140.0,
137.5, 136.5, 130.3, 128.8, 128.6, 128.3, 128.2, 128.0, 127.8, 127.5, 127.3, 127.0, 126.9, 124.1, 121.9,
118.5, 114.6, 104.9, 31.8, 19.3, 18.3, 18.1. HRMS (ESI): calcd. for CagHasN,O, [M+H]* 551.2693,

Found: 551.2698.

(31): 141 mg, 54% yield, yellow solid: m.p. 176-177 °C. *H NMR (500
MHz, CDCls): & (ppm) = 8.31-8.29 (m, 1H), 7.86-7.84 (m, 1H), 7.75 (d, J
= 8.3 Hz, 1H), 7.55-7.49 (m, 2H), 7.25 (dd, J = 8.1, 7.3 Hz, 1H), 7.13 (dd,

N
\©/ J=7.2,1.1Hz, 1H), 6.99-6.94 (m, 3H), 6.88 (d, J = 7.4 Hz, 2H), 6.84 (s,

1H), 6.81 (t, J = 7.5 Hz, 1H), 2.64 (s, 3H), 2.29 (s, 3H), 2.05 (s, 6H), 1.93 (s, 6H). **C NMR (125 MHz,

CDCls): & (ppm) = 198.5, 157.0, 144.8, 140.1, 138.8, 137.0, 136.5, 133.8, 132.3, 128.8, 128.5, 128.3,
128.2,128.1, 127.8, 127.6, 127.3, 126.5, 125.9, 125.7, 124.6, 123.5, 122.0, 118.2, 114.6, 107.9, 31.7, 19.3,

18.4, 18.3. HRMS (ESI): calcd. for C3sH3N20, [M+H]* 525.2537, Found: 525.2536.



(3m): 191 mg, 76% vyield, yellow solid: m.p. 191-192 °C. *H NMR (500
MHz, CDCls): & (ppm) = 7.11 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 7.6 Hz, 2H),
6.94 (d, J = 7.5 Hz, 2H), 6.87 (s, 1H), 6.81 (q, J = 5.5 Hz, 4H), 2.66 (s, 3H),

2.25 (s, 3H), 2.19 (s, 6H), 2.05 (s, 6H), 1.91 (s, 6H). *C NMR (125 MHz,

CDCls): 6 (ppm) = 198.5, 156.9, 144.9, 141.6, 140.1, 137.7, 137.6, 136.5, 131.2, 129.6, 128.4, 128.2,
127.8, 127.6, 127.3, 125.6, 123.9, 121.9, 118.2, 114.6, 104.7, 31.8, 21.3, 19.3, 18.3, 18.1. HRMS (ESI):

calcd. for Ca4H34N,0, [M+H]" 503.2693, Found: 503.2691.

(3n): 127 mg, 53% yield, yellow oil. *H NMR (500 MHz, CDCl3): & (ppm)
=7.22-7.19 (m, 2H), 7.11-7.08 (m, 3H), 6.93 (d, J = 7.5 Hz, 2H), 6.87 (s,

1H), 6.80 (t, J = 7.5 Hz, 1H), 6.58 (dd, J = 3.0, 1.5 Hz, 1H), 2.65 (s, 3H),

2.25 (s, 3H), 2.03 (s, 6H), 1.91 (s, 6H). °C NMR (125 MHz, CDCI3): &

(ppm) = 198.4, 157.1, 144.8, 140.0, 137.8, 136.7, 136.2, 131.7, 128.9, 128.3, 128.1, 127.3, 127.1, 125.4,
124.0, 122.0, 121.0, 117.9, 114.6, 104.1, 31.8, 19.4, 18.3, 17.9. HRMS (ESI): calcd. for C3oH29N20,S

[M+H]" 481.1950, Found: 481.1958.

o) (3a): 185 mg, 78% yield, yellow solid: m.p. 178-180 °C. *H NMR (500

=
“ O\j;j MHz, CDClg): 6 (ppm) = 7.41 (s, 1H), 7.23-7.18 (m, 3H), 7.16-7.10 (m,

= N

NH 5H), 6.97 (t, J = 7.5 Hz, 1H), 6.86-6.84 (m, 2H), 2.53 (s, 3H), 2.38 (s, 6H),
\©/ 2.20 (s, 6H), 2.01 (s, 3H). **C NMR (125 MHz, CDCls): & (ppm) = 201.3,
146.0, 144.3, 143.9, 137.0, 136.4, 132.4, 131.4, 128.4, 128.1, 128.0, 127.8, 127.7, 126.7, 123.3, 122.7,
119.9, 100.7, 92.6, 83.5, 31.6, 18.9, 18.4, 17.2. HRMS (ESI): calcd. for C3,H3;N,0O, [M+H]" 475.2380,

Found: 475.2381.



(4a): 157 mg, 64% vyield, yellow solid: m.p. 131-133 °C. *H NMR (500 MHz,
CDCl3): & (ppm) = 7.27-7.23 (m, 5H), 7.13 (t, J = 7.5 Hz, 1H), 7.05 (d, J =
1.1 Hz, 1H), 7.02 (d, J = 7.6 Hz, 2H), 6.96 (d, J = 7.5 Hz, 2H), 6.82 (t, J =

7.5 Hz, 1H), 3.98 (s, 3H), 2.41 (s, 3H), 2.07 (s, 6H), 1.93 (s, 6H). *C NMR

(125 MHz, CDCls): 6 (ppm) = 166.6, 160.7, 144.8, 141.2, 140.0, 137.5, 136.6, 131.6, 128.5, 128.3, 128.2,
127.9, 127.8, 127.7, 124.3, 122.0, 118.1, 106.1, 105.1, 51.7, 19.5, 18.3, 18.1. HRMS (ESI): calcd. for

CzH3N,03 [M+H]+ 491.2329, Found: 491.2337.

(4b): 127 mg, 45% yield, yellow solid: m.p. 111-113 °C. *H NMR (500 MHz,
CDCl3): 8 (ppm) = 7.51 (d, J = 7.0 Hz, 2H), 7.43-7.40 (m, 2H), 7.39-7.35 (m,
1H), 7.20-7.15 (m, 5H), 7.11 (t, J = 7.6 Hz, 1H), 7.00 (t, J = 7.4 Hz, 3H),

6.93 (d, J = 7.5 Hz, 2H), 6.80 (t, J = 7.5 Hz, 1H), 5.41 (s, 2H), 2.38 (s, 3H),

2.02 (s, 6H), 1.88 (s, 6H). **C NMR (125 MHz, CDCls): § (ppm) = 165.9,
160.8, 144.8, 141.0, 139.9, 137.5, 136.5, 135.9, 131.6, 128.7, 128.5, 128.4, 128.3, 128.2, 128.1, 127.7,
127.6, 127.2, 124.3, 121.9, 118.1, 106.2, 105.0, 66.7, 19.5, 18.2, 18.0. HRMS (ESI): calcd. for

C3gH3aN,03 ['\/H‘H]Jr 567.2642, Found: 567.2656.

(4c): 181 mg, 72% yield, yellow solid: m.p. 155-156 °C. *H NMR (500 MHz,
CDCl3): 8 (ppm) = 7.28-7.24 (m, 5H), 7.14 (t, J = 7.6 Hz, 1H), 7.09 (s, 1H),
7.03 (d, J = 7.5 Hz, 2H), 6.97 (d, J = 7.5 Hz, 2H), 6.84 (t, J = 7.5 Hz, 1H),

4.47 (4, J = 7.2 Hz, 2H), 2.42 (s, 3H), 2.08 (s, 6H), 1.94 (s, 6H), 1.50 (t, J =

7.2 Hz, 3H). *C NMR (125 MHz, CDCl3): & (ppm) = 166.2, 160.4, 144.7, 141.1, 140.1, 137.5, 136.6,
131.7, 128.5, 128.3, 128.2, 127.9, 127.8, 127.3, 124.5, 122.0, 118.2, 106.2, 105.3, 60.8, 19.5, 18.3, 18.1,

14.5. HRMS (ESI): calcd. for C33H3,N,03 [M+H]" 505.2486, Found: 505.2479.



(4d): 168 mg, 67% yield, yellow solid: m.p. 123-125 °C. *H NMR (500 MHz,
CDCl3): 6 (ppm) = 7.23 (s, 5H), 7.12 (t, J = 7.6 Hz, 1H), 7.01 (d, J = 7.5 Hz,
2H), 6.95 (d, J =7.2 Hz, 2H), 6.81 (t, J = 7.6 Hz, 1H), 6.68 (s, 1H), 2.96 (q,

N
\©/ J=7.3Hz, 2H), 251 (q, J = 7.5 Hz, 2H), 2.07 (s, 6H), 1.93 (s, 6H), 1.29 (t, J

= 7.3 Hz, 3H), 1.02 (t, J = 7.4 Hz, 3H). *C NMR (125 MHz, CDCls): § (ppm) = 202.7, 158.9, 145.2,

141.3, 140.5, 137.4, 136.5, 131.4, 128.5, 128.3, 128.0, 127.9, 127.8, 127.7, 127.2, 124.0, 121.8, 118.4,
113.9, 104.4, 36.9, 25.3, 18.2, 18.1, 12.0, 8.7. HRMS (ESI): calcd. for C34H34N,0, [M+H]" 503.2693,

Found: 503.2696.

(4e): 141 mg, 50% vyield, yellow solid: m.p. 149-151 °C. *H NMR (500
MHz, CDCl3): & (ppm) = 7.36-7.31 (m, 1H), 7.29 (d, J = 4.4 Hz, 4H), 7.27-
7.23 (m, 5H), 7.14 (t, J = 7.5 Hz, 1H), 7.03 (d, J = 7.5 Hz, 2H), 6.98 (s, 1H),

6.92 (d, J = 7.5 Hz, 2H), 6.77 (t, J = 7.5 Hz, 1H), 4.25 (g, J = 7.2 Hz, 2H),

2.09 (s, 6H), 1.94 (s, 6H), 1.15 (t, J = 7.2 Hz, 3H). **C NMR (125 MHz,
CDCls): & (ppm) = 166.6, 155.7, 144.9, 141.6, 140.1, 137.4, 136.5, 133.3, 131.5, 129.6, 128.6, 128.3,
128.0, 127.9, 127.8, 127.7, 127.3, 124.8, 121.9, 118.7, 106.5, 105.2, 61.1, 18.3, 18.1, 13.8. HRMS (ESI):

calcd. for C3sH34N»05 [l\/H‘H]Jr 567.2642, Found: 567.2630.

(4f): 135 mg, 52% vyield, yellow solid: m.p. 96-97 °C. *H NMR (500 MHz,
CDCls): & (ppm) = 7.25-7.21 (m, 5H), 7.12 (t, J = 7.5 Hz, 1H), 7.04 (s, 1H),
7.00 (d, J = 7.5 Hz, 2H), 6.94 (d, J = 7.5 Hz, 2H), 6.80 (t, J = 7.5 Hz, 1H),

N
\©/ 4.44 (g, I = 7.1 Hz, 2H), 2.74 (t, J = 7.5 Hz, 2H), 2.06 (s, 6H), 1.91 (s, 6H),

1.47 (t, 3 = 7.1 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H). *C NMR (125 MHz, CDCl5): & (ppm) = 166.1, 163.5,

1452, 141.1, 140.3, 137.5, 136.5, 131.7, 128.5, 128.3, 127.9, 127.8, 127.7, 127.2, 1245, 121.8, 118.1,
106.1, 105.2, 60.8, 33.9, 20.8, 18.2, 18.1, 14.5, 13.7. HRMS (ESI): calcd. for CasHguN,O5 [M+H]*

519.2642, Found: 519.2647.



o) (5a): 125 mg, 56% yield, white solid: m.p. 177-178 °C. *H NMR (500 MHz,
= CDCls): & (ppm) = 7.23-7.18 (m, 5H), 7.12 (q, J = 9.4 Hz, 4H), 7.02 (d, J =
\ 7.8 Hz, 2H), 6.91 (d, J = 8.0 Hz, 2H), 6.64 (s, 1H), 2.62 (s, 3H), 2.41 (s,
©Me 3H), 2.37 (s, 3H), 2.28 (s, 3H). *C NMR (125 MHz, CDCls): § (ppm) =
Me 198.3, 156.6, 142.8, 142.6, 140.6, 137.6, 135.7, 132.7, 131.7, 129.0, 128.9,
128.5, 128.1, 127.7, 124.0, 123.5, 120.0, 114.7, 105.1, 31.7, 21.3, 21.0, 19.0. HRMS (ESI): calcd. for

CaoH2sN20, [M+H]" 447.2067, Found: 447.2067.

0 (5b): 145 mg, 65% vyield, yellow solid: m.p. 158-160 °C. *H NMR (500 MHz,
= CDCls): & (ppm) = 7.23-7.11 (m, 10H), 7.10-7.05 (m, 2H), 6.89 (t, J = 7.1 Hz,
1H), 6.74 (s, 1H), 2.64 (s, 3H), 2.36 (s, 3H), 2.06 (s, 3H), 1.70 (s, 3H). *C NMR

N
@ (125 MHz, CDCly): & (ppm) = 198.3, 156.8, 144.5, 142.3, 140.6, 138.1, 136.8,

<
o
~I
-
—
<
o

131.9, 131.5, 130.2, 129.2, 128.5, 128.2, 127.9, 126.1, 125.5, 124.0, 122.8, 121.3, 119.9, 114.7, 105.0,

31.8,19.0, 18.0, 17.9. HRMS (ESI): calcd. for CsoH26N,0, [M+H]* 447.2067, Found: 447.2068.

0 (5c): 118 mg, 47% vyield, red oil. *"H NMR (500 MHz, CDCls): & (ppm) =

= 7.23 (s, 5H), 6.78 (d, J = 5.6 Hz, 5H), 2.64 (s, 3H), 2.26 (s, 3H), 2.23 (s,

Ph /N\ ’\:JMe 6H), 1.98 (s, 6H), 1.87 (s ,6H). **C NMR (125 MHz, CDCls): & (ppm) =
Me@“ﬂ;pme 198.5, 156.9, 142.2, 141.3, 139.9, 137.9, 135.9, 134.8, 131.6, 131.1, 128.5,
Me 128.3, 128.1, 128.0, 127.8, 123.7, 118.6, 114.5, 104.7, 31.7, 21.1, 20.7,

19.3, 18.2, 18.0. HRMS (ESI): calcd. for CssHasN,0, [M+H]* 503.2693, Found: 503.2699.
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O (5d): 200 mg, 70% vield, yellow solid: m.p. 150-152 °C. *H NMR (500

= MHz, CDCls): & (ppm) = 7.26-7.24 (m, 3H), 7.20-7.18 (m, 2H), 7.16 (s, 2H),

Ph™ N \ 7.08 (s, 2H), 6.79 (s, 1H), 2.63 (s, 3H), 2.25 (s, 3H), 1.99 (s, 6H), 1.86 (s,
@Br 6H). **C NMR (125 MHz, CDCls): & (ppm) = 198.2, 156.9, 143.7, 141.8,

Br 140.6, 138.6, 136.5, 130.9, 130.6, 130.4, 130.0, 128.5, 128.3, 127.8, 124.6,

122.2, 118.1, 114.7, 105.2, 31.7, 19.2, 18.1, 17.9. HRMS (ESI): calcd. for CsHzBr:N,0; [M+H]*

631.0596, Found: 631.0590.

/ \
Ph/&( 7.22-7.13 (m, 7H), 7.07-7.04 (m, 1H), 6.93-6.90 (m, 1H), 6.74-6.73 (m, 2H),

O
O
\
t-Bu N
2.63 (s, 3H), 2.25 (s, 3H), 1.02 (s, 9H), 1.01 (s, 9H). °C NMR (125 MHz,

t-Bu

(5e): 135 mg, 51% yield, reddish brown solid: m.p. 83-85 °C. *H NMR (500

MHz, CDCl3): & (ppm) = 7.41 (dd, J = 8.1, 1.0 Hz, 1H), 7.27-7.24 (m, 2H),

CDCl3): & (ppm) = 198.4, 157.3, 146.6, 145.7, 143.3, 141.5, 141.4, 135.6, 132.2, 131.9, 129.9, 128.7,
128.6, 128.2, 127.7, 126.1, 125.9, 125.8, 124.3, 122.9, 122.4, 121.3, 114.4, 104.9, 36.3, 34.8, 31.7, 31.4,

29.7, 18.9. HRMS (ESI): calcd. for CasHagN20, [M+H]* 531.3006, Found: 531.3004.

O (5f): 110 mg, 44% yield, yellow solid: m.p. 145-146 °C. *"H NMR (500

= MHz, CDCls): & (ppm) = 7.23-7.20 (m, 5H), 7.18 (s, 4H), 7.06 (d, J = 8.5

Ph /N\ &O Hz, 2H), 6.96 (d, J = 8.5 Hz, 2H), 6.64 (s, 1H), 2.97-2.91 (m, 1H), 2.86-
©”’r 2.81 (m, 1H), 2.63 (s, 3H), 2.44 (s, 3H), 1.27 (d, J = 7.0 Hz, 6H), 1.21 (d, J

' Pr = 6.9 Hz, 6H). *C NMR (125 MHz, CDCls): § (ppm) = 198.3, 156.6,

146.6, 143.9, 142.7, 142.5, 140.3, 136.1, 131.6, 129.1, 128.9, 128.1, 127.6, 126.2, 125.8, 124.0, 123.8,
120.2, 114.7, 104.9, 33.8, 33.6, 31.7, 24.1, 24.0, 19.0. HRMS (ESI): calcd. for CasHssN,O, [M+H]*

503.2693, Found: 503.2696.
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5'H NMR and *C NMR Spectra of All Compounds
Compound 3a
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Compound 3c

168 L —
990c—
0§¢'c—

¢c9c—

G829
¢08'9
S18'9
2989
226’9
L€6°9
L¥6'9
156'9
0L
960°L
L20°L
9L
0€L’L
124 WA
VAW
¥09'L
809/

=)

0 ppm

1]

.J.M.J..‘,JL l A

Cl
Br

y~—

|

c1'gl
628>
g6l

cL e —

2’80}
a4y
LE8LL
80'¢cl
€6'cel
LE'ECH
0og'Lel
€L°/21
€l'sel
6v'8¢l
18'821
gv'6ct
60cel
96cEl
9LvElL
v6'SEL
LEOEL
617°9€}
c6'6EL
85yl
€146

TTSe——\\\e—

8186} —

0 ppm

10

20

30

60 50 40

70

80

100 90
14

110

120

(0]
180 170 160 150 140 130

Br
T
190

200




Compound 3d

c06”
6€0°

66¢"

L¥9"

LeL:
AR
928"
9v8°
9€6°
056"
120"
9€0”
Zs0-”
660"
6S0°
790°
0€ET”
SPT”
091"
9€e”
(45
£ve”
Lye:
zse”
pse”
8se”
0€E7”
[4%4

ppm

0.5

1.0

1.5

2

!

-
©

2.0

-

g

~
(=)
[

E W 3

3

25

™

60 55 50 45 40 35 3.0

6.5
-

S
Q<
-

b’j
]
o

7.0
=)

|

-
<

8.0

(o e e S e i el ol ol ol ol ol ol il R R C- IR TR V)

WW

9.0

S0°8T

LZ 81
»m.ma\\\
08" 1€ —
07°G0T

6V PTIT
88°8TT
80°221
6€°2CT
(AR A AN
66°GCT

Te LaT
T6°L2T
217821
LL"8CT—~
08°62T
€8°0€T
G8°0ET
FETEET
9€°9€T
80°LET

PP 6ET

98

Z9
ST

0c’

"6ET
PRI
TLST

86T —

ppm

T

10

T
20

T

30

s

T

ey
T
50 40

T

60

T

70

80

T T
15

T

T

T T
140 130 120 110 100 90

T

170 160 150

o

T

Br

T

200 190 180

|




Compound 3e

€88°
€20°

692"

6€9°

86L"
€18°
88’
626°
440
S10°
1€0°
Lv0"
I6T”
991"
I8T"
Lee:
Sre”
zs0”
0L0"

L

ppm

1.0 05

1.5

35 3.0

45 4.0

5.0

5.5

6.0

6.5
83|38
MIN|~

7.0
‘OF T
Q|9
of—

75

8.5

86°LT
£2°8T>
6761
€8 TE—
¥8°90T
9€°PIT
S6°6TT
8z 221
pL €T
9z 2T
gerizx
S6°LZT
86°LZT
91 82T
mo.mmﬂ\\
62 9T/
06°9€T
6S°LET
GE8ET
¥9'6ET
SET Py
m».wvﬂ\\\
L7°LST
¥6'L6T—

o}

5@3@

Z 0

0N

T T T T
200 190 180 170 160 150

T

ppm

70 60 50 40 30 2 10

80

110 100 90

140 130 120

16



Compound 3f

L26° T—

L

L90°z—
S9Z° 7~
90ez—"

(0]

HsC

G6L"9
S08°9
0z8°9
G€E8"9
056°9
G96°9
€10°L
820°L
8€0°L
pS0°L
021°L
P21 L
PET L
0pPT"L
6FT L

e

JL__J ULL_L,_A o

ppm

0
o
Qe
0
o /209
«~ <909
D, 90°€
n \00'€
N e
=10'¢
Qe
(]
0
o
o
<
0
<
]
n
0
n
=]
©
0
©o
/€02
o 7¢02
~ 807
60°€
n
~
e
©
n
©

IL*

62

0z*
oL

£G"
29°
8T"
€6°
vo-"
6C°
oL®
SL”®
e
L®
LS
BT
14N
GG*
68°
Lo
8% "
98°
6

8T
81
61—
12

Te—

A
FIT
81T
T2k
[&AN
LZT
LeT
LZT
8¢t
821
8¢t
62T
9¢€T
LET
LET
0vT
vT
144"
96T

NSeSsshNe===

HsC

T T T T T T T T T T T

200 190 180 170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20 10

80

17



Compound 3g

2T6°
v90°
€92°
SLy”
8¢9°

£69°
Z6L"
L08"
TC8”
£€88°
968°
668"
vee:
8€6”
166"
910°
T€0°
9¥0°"
gqT”
LT
0%T"
448
A
LST*
(43544
8vc”

ppm

1.0 05

1.5

3

'

20

©

"

o
©

N
o
«

2]

3

JUJL._JL; Lo

25

;

(=)

:

45 40 35 3.0

5.0

5.5

6.0

6.5
ﬁmoo
|2e||e

MmN
glele

o
(o]

7.0

75

8.0

8.5

€e’
A%
se-
L6"

Tl

G8°*
L9
89"
26"
57
oT"
8¢Z”
A%
{75798
(44
€8°
SE”
EL:"
8€"
L8"
L6
QL
oT*

88"

£V

8T

8T
61—

02
BE~—

ppm

T

10

20

30

T T
50 40

60

70

T
80

T

18

200 190 180 170 160 150 140 130 120 110 100 90

T

T

T

o

T




Compound 3h

6LT”

106"
160°
rve®

A4

98L”
z6L”
108"
S18°
0€6°
Spe”
pP10°
620"
121"
9E I
4 A%
L1
TST*
091"
¥oT”
891"
sce”
oee”
veEe”
€ve”
Lvz:

T—
72—
7—

[l el el ol o o o S St Sl sl ol ol ol X BV BV IRV IV I Vo]

ppm

0.5

1.0

25

3.0

60 55 50 45 40 35

6.5

T
7.0
o

:

N

t

o
N

(=]
L]

7.5

8.0

8.5

0T
Lz
9"

61"
EL”
98~

09"
95"
LT”
88"
TO°
GE"
€C”
§e’
LES
(kA
A4
Ly®

cor
€0°
8T°T
L8"
76"
16°

ppm

10

20

30

T T
50 40

60

70

T
80

19

T

T

o

200 190 180 170 160 150 140 130 120 110 100 90




Compound 3i

668"
6€0°
424

440

LSL”

82L"
ThL”
ShL*®
PGL"
8GL"
Z8L”
LeL:
18"
LZ6"
Zv6°
S66°
010"
00T"
SIT"
0€ET"
GET”
PRI
8vT-

T—

z—

Z—

=W

N0 W WYY

.

o]

H;CO

£
S
o
]
o
o
0
nwmnod
o Humod
=<00'¢
0
N _/&as
=<60'¢
Q
o
]
©
=<€0°€
o
<
0
<
Q
n
0
n
<
©
)
o /10°€
=/S0°}
o <20
™~ \20C
80°¢
)
~
nu
©
0
©

80"
Le:

Le

PiL*

el e
18"
09°
76"
88"
4
(4
sc’
FL”
ce”
A
A
zs”
IS
S0
vee
L8"
88"
re”

9% "

8T

8T
61"

5 —

86T—

o]

H3CO

L MJ

T T T T T T

190 180 170 160 150 140

T

200

ppm

70 60 50 40 30 20 10

80

100 90

120 110

130

20



Compound 3j

TT6°
290"
86¢"

£€69°

168"

LLS”
289°
G89°
ILL:
I8L"
€6L°
96L"
T18°
928"
42
A
€16°
ST6°
826"
626°
T€6°
6£6°
7S6°
810"
€€0°
PIT"
621"
AA%
0ST"
99T*
281"

N 00 WY WIWIWYIWYIWLWIWYIWL WYY

e bl

ppm

0.5

1.5 1.0

3.0

o <10

50 45 4.0
Ej

5.5

6.0

6.5
S]ﬁ
-
e

7.0
o o] B
oililes

85 80 75

9.0

80°

8¢
0€

9EMD

90°

76"
6€"
TES
96~
Ly
€h°
86"
66"
6C°
28’
81"
95
0F*
9G°
e
Ls*
00"
S6°
9L
66"
62°

8e”

81
.mﬁw
61

g8 —

o

NVVUGV| SHSIVINPRUETY SIWPMUPIRTDRIN FURISIGR | o FPRVCRFYOY

T

vy

|

HsCO

200 190

4 30 20 10 ppm

50

80 70 60

100 90

120 110

180 170 160 150 140 130

21



Compound 3k

ppm

10

20

30

60 50 40

70

NN "

FE
o
(=%
[ ©
o
z1°81
J 5 mN.wHW
i ZE 6T
[ w 8L TE—
-
016" T— — o <109
€LO"T— & <209
] e
652" c— =60°¢
[«
299 z— N e
L2
Lyl
[ @
o«
) 06°%0T
i < 96°HTT
€6°8TT
) 96° 12T
< 0°%2T
06°92T
I o L6°9ZT
n LeLet
S6L°9 ¥STLZT
018°9 [ © 68°L2ZT
5z8°9 uy v0°821T
L98°9 617821
. L e 927821
mmm.w @ 85821
220" L oL 187821
LE0 L Fe [o0t O 051
STT°L €0'c Mwwm
mﬁ.p% L o FE0 86°6€T
mmww ~ 7oL LT°0bT
i UJNo.u by 0pT
RE G8°0%T
vZEL N :
iy 5 702 6L 75T
TeEL ) o V02 00°LST
£0p°L o (P02
6Th L
PEV L o 1
95h L <
ELV L
8hS "L ) 8€°86T—
€96°L &)

T
110 100 90 80
22

T

T T T T

180 170 160 150 140 130 120

T
190

T

200




Compound 3l

LET®
1se”
€SC”
L9T"
98% "
687"
667"
€08°
01s”
816"
(44"
CES”®
9€6”
ThL”
LSL”
ov8”
Sp8”
L78"
678"
GG8”
688"
4y
v6Z”
962"
(e
90¢€”
Log"
A

ppm

8%

©

g

ol

L

o
-

©
@
e

hﬂhg
R
||

11 10

[ oo e Ol o o =T ol ol ol ot ol o ol o o oot o ol o ol o e ol i (o X< IV R Ve RV VR e R U V)

7e
9€
9¢

PL”

26"

0
0

1
L6"
Sv-
E9%
L
06"
(A
62"
LS
6L"
60°
T¢°
ve”"
4

<t
L

cE”
s8°
€6°

€8"
0T*
18"
zo*

9%

"8¢T

"81
.QHW
"6T

e—

LOT

RIT

8TT
TCT
€21
vZl
SZ1l
YA
921
LZT
LZ1
LZT
82T
82T
82T
82T

(A
€ET
9€T

\v/

“9ET

8€T
0%t
144"
LST

86T —

ppm

T

10

20

T

30

T

T T
50 40

60

T

70

T
80

T

T T T T T T T T T
150 140 130 120 110 100 90
23

T

T

200 190 180 170 160




Compound 3m

016" T~
850" 2 —
€6T 2—
gegiee”

LS9 ¢—

88L°9
908°9
12879
€89
0L8"9
SE€6°9~T
056°9

\l
mgﬁ\
TI10°L
L60°L
ZIT L

LZT L

—

1L

L._WUUUL 1 1h

a

ppm

5.5

6.0

75 70 6.5
© Nﬁﬁm
323|538
ool el

8.0

8.5

ot~
62"

Le

8¢’

LL”

g9
09-°
€c’
06°
€6°

9z
r9-
(44

I7 82T

p9°
61"
67"
€9°
oL
G0
Ls
g8”
88"

8y "

"6l

8T

8T
‘61—

12/

Te—

70T
71T
8TT
121
€21

Lzt
Let1

o3}
o~
—

AN

o
o~
—

TET
9€T
LET
LET
oFT
7T
A A
98T

o

T T T T T T T T T T T T T T T T T
80 70 60 50 40 30 2 10

T

200 190 180 170 160 150 140 130 120 110 100 90

ppm

24



Compound 3n

L06"
820"
6ve”

Sv9-

LLS”
086"
€867
985"
68L"
v08"
618°
L8’
876"
£V6°
Z80°
860°
I0T"
601"
TLE"
T6T°
z0e”
802"
A A
81¢”
Tee”

T—

z—

7—

S\ =

S 000000 WYY

(o}

NI

i

ppm

0
o
o
0
o <019
« <209
<20t
0
N oo
o
o«
0
o«
o
<
n
o
o
n
0
n
o
0
0 /10F
T
00'L
2 50
ore
o 802
~
o
[}
0
(-]

Z6
BE

7"

v8”

79
S6
70"
(4
86"
(3
0T"
eE>

gz
76"
99°
ix4
L9
v8-
S0°
18"
otT*

Sy-

‘8CT

29T

ST
Reiom, S
61

Te—

‘v0T
.wﬁH)/K
LT

12T
[4A"
€21
GCT
Lzt
LZT

82T
82T
TET

9€T
LET
0FT
PPt
LST

NS

T
10

20

T T T T T T T T T T T T T T T
80 70 60 50 40 30

T

200 190 180 170 160 150 140 130

ppm

120 110 100 90

25



Compound 3a’

pI0°
voc”
8LE"
9EG”

978"
058"
¥S8°
€98°
G98°
€L6”
886"
€00°
LOT"
TZT”
621"
8ET"
LyT®
LST®
981"
161"
v6T”

0z
90¢”
81¢"
vee”
8ce”
eee”
vee”
Piv”

Z—
—
72—
7—

[ ol e ol ol o S S Sl ol ol ol ol ol R C R - R TRV VR Ee)

e

1

Ul

ppm

1.5 1.0 05

0

25
ﬁ)n
1G]
oo

3.0

3.5

i 65 60 55 50 45 4.0
jﬁ

212

o

7.0
,ifm
o|le
0|~

o4

8.0

8.5

9.0

vTLT
ﬁq.mﬁmww
98°8T
09" TE—
87 €8—
£9°26—
€L° 00T~
96°6TT
197221
62°€21
90921
6L°LTT
§8°LZT
10°82T
pT° 821
17°82T
»m.HMH“\m
SpUZET
9€°9€T
86°9€T
26°€bT
Lz vpT
00°9%T
82°10Z—

70 60 50 40 30 20 10 ppm

80

100 90

110

140 130 120

150

190 180 170 160

200

26



Compound 4a

926°T—
990" C—

€18"°
828"
€98°
LG6"
L6”
Z10°
LZ0"
SS0°
LGO"
6TT"
PET"
6pT"
o€z’
ez
8€C”
vve”
6%2C°
€6¢C°
G§6¢°
09z"
L9z-
692"
vLe”

[ ool ol ol ol ol ol o ol o e oo ol el i T U R V- BT B

MW

my

ppm

0
o
o
0
209
o
~ <809
0 <50°¢
N
o
[}
T2}
o
2 <e0E
w0
<
o
wn
0
wn
o
(I}
]
S 201
£0C
o /%02
™~ 00t
o \E0T
~ LS
o
[~}
[Ts}
o

0 ppm

10

40 30 20

50

60

70

100 90 80
27

110

120

130

150 140

160

170




Compound 4b

288 T—
LT0°C2—

SLE'CT—

Piv”
i8L”
96L"
118"
(440
LEG"®
£€86°
866"
€10°
€60°
801"
£ZT°
PeT"
881"
981"
Z6T"
L6T"
102°
LSE”
e
9LE”
€8¢€°
98¢€"
88¢”

07"
81V
1844
SEV”
87"
S0S°
61G"

0 ppm

L

"

L

A

$0°8T
2 81>
vs 61"

€L7LTT
61°82T
92821
07821

97821
7S°8CT
TL°8CT
96°TET

G6°SET
PG 9€T
0G°LET
€6°6€ET
86°0%T
9L PRI
€8°091
€6°69T—"

66°V0T
8T°90T
Nd.maa)/f
€6° 12T
TE"W2T
G2 LTI
99°LZT

0 ppm

10

50 40 30 20

60

70

T T
110 100 90 80
28

120

130

T T
150 140

160

170




Compound 4c

ppm

0 ppm

10

29

[ v
o
€S 7T~
=) Z178T
R Hm.mﬁw
~ 97761
z8%7°1T
mmw.ﬁv -2 <90°¢
016°1 _
: <119
9€6° T— — Lo
LLO"T— @ N <809
8Tv z— — [ w<0E
~N
o
o
5809 —
]
(3]
M
L N
<
TS z '/~
8SV° ¥ - [ © <602 o Ya P
mZ.vW < =2 § )2 T
L8%° % A
-2 ° ) N\/\
e Z.moa/ & N/
zz8°9 1 ST°90T
LEB 9 [ © ez aTT Y
16879 0 86° 12T
L96°9 = Ly vet
286°9 O =) ZE°LZ1
120°L \ /% © 8L°LEZT
9€0°L B 78°LZT
¥60°L — - L8-LeT
ter-L o] © [0k bz 8zT
ZriiL M 10T 2RE T
stz m R oL 7
9€Z"L ™~ 00t E.Hma\
6eC L 301 09°9€T
£PT L Lo W es bSLET
Lyz L ~ 015051
bseoL P THT
85z L Lo 98791
09Z°L < ol
g9z L €7°09T
e3g k [ w0 81°99T—
TLe L ©
€LZ°L
9Lz L




Compound 4d

900°
120"
9€0°
pLZ”
682"
roe”

€€6°
Lo
S8%”
006"
SIs°
0€S”
440
866"
€L6”
886"

189°
6L’
L08"
(440
4498
LG6"
S00°
020"
60T"
ZAN
6ET"
62¢C°

/A

Ll el el el R (e Rt Ve Ve TR V)

ppm

1.5

60 55 50 45 40 35 30 25
S [ [=S
o N o

6.5
0\ S

Ejo.c.
il =

N

7.0
r‘)‘
=]
|

-
o|e
-

80 75

8.5

P8~
P0°CT—

<1°8T
mm.mav.

€€ GCT—

96" G

TP 70T
S8 ETT
Zv°811
iAch
10°%2T
geoLel
FLTLZT
Z8°LZT
76°LTT
86°LCT
gE€"82T
AN
€7°
06" 9€T
Tv°LET
7S 0PT
8T TIPI

—
o
—

s\

~
~
0
<«
—

G6°86T

TL 20—

T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10

200 190 180

ppm

30



Compound 4e

CET”
9%1"
TS

8€6°
€60°

T€T”
o] XA
092"
vLe”
8GL”"
ELL"
88L”
Zl6°
LZ6"
086"
020"
SE0”
€2T°
8ET"
bSeT"
9ze°
622"
GET*
0%z*
S%Z°
6%C"
962"
09z*
§9¢°
oLz*
682"
€62°
€1€”
zze”
62€"
6€E"
8hE"
96€"

L

>

N\ g

Lol o ol ol o el ol ol ol o o o ol o ol ol o ol ol ol R Ve R C= R e RV TR GRS T

0 ppm

- ™

—

gl
‘i:'
oo

08" €T—
vT°8T
6281
P 19—
02°50T
67°90T
ww.wﬂﬁ)//
86° 12T
08" 72T
82" LZT
6L°LZT
¥ LTl
z6°LTT
96°L2T
0£°82T
€€°821T
65°82T
857621
Lp TET
62°€€T
65" 9€T
9€"LET
0T"0¥T
86" THT
96" 7T
§9°GST
69" 99T—

L

EtO

0 ppm

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

31



Compound 4f

€8
or8”
198°

9¢¥v "
oLy ”
r8b”

016"
090~

LeL”
aRL>
LSL”

STv”
(o}
A4
8S¥ "

L8L"
208"
LTI8"
veE6”
676"
L66"
Z10°
6€0°
TOT”
911"
eET”
LA
912"
9ce”
0ez”
TET”
9€T”
vve”
8vc”

ppm

0.5

EtO
60 55 50 45 40 35 3.0 25

6.5

Mo|N
S|3|5
NN~

7.0

L
ﬁ
5

75

[l ol o o i ol el ol e o R e VRV R E )

B

8.5

38
i

oL”

oT"

8T
08

98"

€8°

= HEY
LL:
e
8-
9% "
0z”
5538
6L"
€8°
26"
oe”
6% "
Lo
9g"
60"
TE
60"
k4
6% "
otT*

€1

"I~
81—
"81

0z

Bhe—

08—

81T

— © o~
[ R] SRS RS R
— A

20 10 ppm

30

80 70 60 50 40
32

100 90

120 110

EtO

140 130

200 190 180 170 160 150




Compound 5a

vec”
99¢-

PR

0tv
29"

I%9°
706"
0z6"
LTO"
€€0°
960"
It
9€T"
¢ST”
LLL>
€8T
T6T"
961"
voz"
§t¢°
122"
8cC”

ppm

0.5

1.0

15

2.0

<
o
™

5

e

™

25

F
b
©

3.0

50 45 40 35

5.5

6.0

6.5
3

o
-

o

H

o
N

7.0
H
(2
0|

75

Lo el o el e o e S il S R R =}
8.0

T\

8.5

86"
96"

ELL

8z

“G0T

o
o
—

ass\\===

"€t
"€CT
»LET
"8¢C1l

"62T
“TET
TCET
TGET
MLET
‘0T
“ChT
"erT
99T

ppm

60 50 40 30 20 10

70

80

100 90
33

140 130 120 110

160 150

170

190 180

200




Compound 5b

L69"

T90°
roe”
440

LEL®
€L8°
L88"
206"
160°
990°
cL0”
880°
901"
cetr”
LETLS
4%
€9T°
681"
¥eT”
Loz"
A%
8z’

Zi—
Z—

z—

ol ol ol o ol o ol o i o ol ol - - SV~ (Y]

o

ppm

0.5

25 20 15 10

3.0

60 55 50 45 40 35

6.5

80 75

8.5

98°LT
mo.wﬁmww
z0°6T
SLTE—
=90°¢
=s0°¢
=vo'e
e
=10'e
86° 70T
0L BTT
S8°6TT
62°12T
£8°221
0°v21T
06°62T
0°921
S8°LZT
127821
16°821T
Z58TT
1 .mNH\\\
26621
£2°0€T
Ly TET
S8°TET
—00'k 8L 9ET
0L €1°8€T
Umo.w S9°0FT
S0k ZETTHT
R 67 bHT
08°9ST
9z°86T—

ppm

70 60 50 40 30 20 10

80

130 120 110 100 90

160 150 140

190 180 170

200

34



Compound 5c¢

918" T—
£€86°T—
VET T~
652°2

ve9°C—

9LL"9
e e

L__JLJU

9¢¢° L—

L

ppm

el
o 453
; <09
N
Uoo.o
0 L0'€
N _ =
=60'¢
e
o
0
o™
o
<
n
<
]
n
0
n
Q
©o
L
©o
=<90°S
0.
S
<20°S

86"
0c*

LT
8T

61—

89
7T

pL”

LA
€S°

)
0

gL’
[4:h
1%
L6"
LO"
oe”
67"
90°
LG
08"
76"
v6"
c6°
(450

6"

8¥v°

“81T

L°2ChT

e
i

TeE—

70T
PIT

€21
LZT
Lel
LZT
8¢T
8¢l
82T

\\e——r

==

T€T
PET
GET
LET
6€ET
TPT

NS

96T

o

Z 70

Rl

N M

200 190 180 170

70 60 50 40 30 20 10 ppm

110 100 90 80

140 130 120

160 150

35



Compound 5d

LS8"
166°

6vZ”

629°

98L"
080°
651"
LLETS
€8T°
G8T”
981"
061"
€6T"
L6T"
6€C"
Lye:
zse”
8G6¢C"
09z
192"

T
T

4

Ll vl vl ol ol p ol ool ool ol ol ool ool ol RV

‘AJLA_l__UL___J_______——~[—————

ppm

20 15 10 05
7&1
2O
©

N~ [o
cqﬁi
milo

60 55 50 45 40 35 3.0

6.5

=
‘q
-

7.0
oloilailod

80 75
o [N|N|
§|55|S

8.5

16°LT
607 8T
1261
ZlTE—
€2°50T
TI9°FPTT
69°F1T
11811
9T zeT
29" 2T
€8 12T
0€- 821
S 82T
86 62T —
v 05T
29° 05T
wm.OMHk\w
267 9€T
£9°8ET
85°0vT
8L°THT
qp.mqﬁ\\\
06°95T
9T 86T—

T T T T T T T T
170 160 150 140 130 120 110

T

T

200 190 180

ppm

70 60 50 40 30 20 10

80

100 90

36



Compound 5e

L0O"
020"

9%

829"

szL”
L2l
SpL”
206"
S06°
616"
430
S€6°
9€0°
6€0°
280°
€60°
990"
690°
0ET”
6ET”
9%T"
6VT"
091"
991"
SLT"®
98T
681"
L6T"
00z
[ArA
ST¢*®
sve”
TLe™
SLe”
So%”
LO®"
14
gen”

Lo o ol o e e e s o o ol o ol ol ol ol ol ol ol S o Ve R Co RV R Co RV R o)

ppm

€6°

LY
(04
7L
78
8¢

ve-
A
e’
LE™
06"
05"
08’
g8”
ot
SL”
91"
9
GiL "
88"
98"

29
9g"
AN
Le:
€L
69"
6Z°

GE

“CET

8T—

‘6
gy
e

vE—,
.mm\

70T
PIT
21
AA
rAA
vet
SCT
SqT
9¢T
LeT
82T
82T
82T
62T
TET

GET
7T
7T
€VT
A
971
LST

TsSSSNN\\e—

200 190 180 170 160 150 140

ppm

70 60 50 40 30 2 10

110 100 90 80

120

130

37



Compound 5f

STZ”
k44
6LZ"
€6C"°

€S °
GE9”
0ce”
€€8°
Lp8"
198°
aL8”
LZ6"
0%6°
7S6”
896°
286"

€69°
296"
6L6"
L90"
780°
8LT"
44
0te”
[asA
8cet

B\ — sl Ve

o

3.
:
2

ppm

0.5

o
T /09
5U8w
o
o~

QT
o
o

25
"ﬁ

A
©

Qﬁ/
=]
e

50 45 40 35 0

6.0 55

70 65
é;jwcﬁ
S|olg
NN~

7.5
S(8
i<

8.0

8.5

S0°
70"

0T

SL”
g9

S8

66
7L
9¢
L8"
€0°
Gg8°
8¢
o
e
L6"
ot
99"
80"
> X
0s”
L2
66"
140
09"

s

"POT
.w.:/
A

6T —
vz

SR
TE~R

€€
.mmw

€CT
vet
Sy A
9Ct
LZ1T
82T—=
82T
621
T€T
9€T
ovT
(4"
[4a%
€71
8%1
9s1

=

RSN

86T —

T T T T T T T T T T T T T T T T T T
80 70 60 50 40 30 20 10

190 180 170 160 150 140 130 120 110 100 90

200

ppm

38



