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General Information

All reactions were carried out in oven-dried glassware under a positive pressure of
nitrogen or a mixture of gas. Reactions were monitored using thin-layer
chromatography (TLC) Visualization of the developed plates was performed under
UV light (254 nm) or KMnOy stain. 1,4-Dioxane and toluene were distilled from
sodium and benzophenone prior to use. 1.2-Dichloroethane was distilled from CaH,
prior to use. [RhCI(CO),], were purchased from Alfa Aesar. Purification of products
was accomplished by flash chromatography on silica gel. NMR spectra were recorded
on a NMR spectrometer operating at 300 MHz for 'H and 75 MHz for °C. Data for
BC-NMR are reported in terms of chemical shift (ppm) relative to residual solvent

peak (CDCl5: 77.0 ppm).
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Figure 1. X-ray structures of compounds 3bf (upper) and 3ad
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Table 1 Optimization of the rhodium-catalyzed tandem heterocyclization and

[(3+2)+2] cycloaddition.

Ph O
o 0
Fh | = conditions X * X Z 3 Ph
Ph 7 Xt C(CO,Me), (Ph)H A
(H)Ph
1 3a/3a 4
Yield (%)

Entry Conditions®

(3a/3a")° 4
1 [RhCI(CO),],, DCE, 60 °C/2 h 57 (2.0/1) 38
2 [RhCI(CO),],, dioxane, 80 °C/1 h 35 (1.4/1) 33
3 [RhCI(CO);], toluene, 80 °C/1 h 34 (1.4/1) 31
4 [RhCI(CO),]o, DCE, 80 °C/1 h 46 (1.8/1) 40
5 [RhCI(CO),],, DCE, 40 °C/20 h 53 (2.0/1) 14
6 [RhCI(CO),],, 10 mol % PPhs, DCE, 60 °C/16h 43 (2.0/1) 21
7t [RhCI(CO),]2, 10 mol % PCys, DCE, 60 °C/18 h 44 (2.2/1) 34
8 RhCI(CO)(PPhs),, DCE, 60 °C/20 h 0 0
9 [RhCI(CO),]2, 10 mol% AgOTf, DCE, 60 °C/2 h 0 87
10! [RhCI(CO),]», DCE, 60 °C/2 h 45(2.2/1)  trace
111 [RhCI(CO), ]2, DCE, 60 °C/3 h 57(2.2/1)  trace
12! [RhCI(CO),],, DCE, 60 °C/3 h 65(2.2/1)  trace
1315 [RhC1(CO),],, DCE, 60 °C/3 h 70 (2.2/1)  trace
141 [RhCI(COD)],, DCE, 60 °C/3 h 70 (1.6/1)  trace
15 [RhCI(CO),],, DCE, 60 °C/3 h 61 (2.2/1)  trace
16! [RhCI(CO),],, DCE, 60 °C/3 h 70 (2.2/1)  trace

[a] Conditions (unless otherwise noted): Rhodium (5 mol %), 1a (1.0 equiv, 0.1 M),
phenylacetylene (2.0 equiv). [b] Isolated yield. [c] The ratio of 3aa/3aa’ was
determined by 'H NMR. [d] 28% of 1a was recovered. [e] The reaction was run under
a carbon monoxide atmosphere (balloon 1 atm). [f] The reaction was run with 0.2 atm
CO + 0.8 atm Ny. [g] 3.0 equiv of phenylacetylene. [h] 5.0 equiv of phenylacetylene.
[i] 8a (0.05 M) was used.
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General Procedure for the Rh-catalyzed tandem heterocyclization and [(3+2)+2]

cycloaddition.

[Rh(CO),Cl], (5 mol % to the substrate) was charged in a base-washed, oven-dried
Schlenk flask under an atmosphere of the mixed gas (0.2 atm CO + 0.8 atm N;), and
then a solution of 1 (0.1 M) and 2 in degassed DCE was added. The reaction mixture
was stirred at 60 °C under the mixed CO/N, atmosphere until TLC indicated the
completion of the reaction. After being cooled to room temperature, the mixture was
concentrated and the residue was purified by flash column chromatography with silica

gel to afford the cycloaddition products.

1. Synthesis of fused 5,6,7-tricyclic 3aa/3aa:

Ph_ o
ph. A <
co,Me , Ph
2V1€ + 7\ coMe
CO,Me Ph
2Vie CO,Me
PH
3aa 3aa'

'H NMR (300 MHz, CDCl;) 3aa: & = 7.50 (d, J = 7.8 Hz, 2 H), 7.41-7.10 (m, 13 H),
6.19 (d, J = 8.7 Hz, 1 H), 5.96 (s, 1 H), 5.18 (d, J = 8.7 Hz, 1 H), 3.74 (s, 6 H), 3.59 (d,
J=162Hz 1 H),3.30(d,J=162Hz, 1 H),3.12 (s,2 H), 3aa: 6 =7.56 (d, J = 7.8
Hz, 2 H), 7.41-7.10 (m, 13 H), 6.35 (d, J = 7.5 Hz, 1 H), 5.83 (d, J = 7.5 Hz, 1 H),
5.64 (s, 1 H), 3.69 (s, 6 H), 3.59 (d, J = 16.2 Hz, 1 H), 3.30 (d, J = 16.2 Hz, 1 H), 3.04
(s, 2 H), ®*C NMR (75 MHz, CDCl;) (3aa + 3aa): & = 170.75, 170.16, 148.96, 148.29,
147.82, 145.11, 145.07, 143.88, 142.75, 140.74, 138.95, 130.92, 130.82, 130.07,
129.55, 128.85, 128.69, 128.54, 128.44, 128.39, 128.17, 128.05, 127.36, 127.29,
127.07, 127.00, 126.86, 126.66, 126.28, 126.24, 126.09, 125.93, 122.89, 121.23,
120.95, 120.61, 120.51, 120.06, 56.22, 56.19, 53.04, 53.00, 52.97, 45.21, 40.93, 37.92,
37.18, 29.59, 29.48 ppm. MS (70 ev) m/z (%): 516 (M", 100), HRMS calcd for
C34H2505: 516.1937, found: 516.1941.
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2. Synthesis of fused 5,6,7-tricyclic 3ba/3ba:

Me o Me
Ph / Y | ©
Cco,Me , Ph
20+ 7 CO,Me
CO,Me Ph
CO,Me
Ph
3ba 3ba

"H NMR (300 MHz, CDCl5) 3ba: & = 7.41-7.12(m, 10 H), 6.02 (d, J = 7.8 Hz, 1 H),
5.92 (s, 1 H), 4.71 (d, J=7.8 Hz, 1 H), 3.71-3.68 (m, 6 H), 3.46 (s, 1 H), 3.23 (s, 1 H),
3.01(s, 2 H), 2.07 (s, 3 H), 3ba: & = 7.41-7.12(m, 10 H), 6.31 (d, J = 7.5 Hz, 1 H),
5.80 (d, J=7.5Hz, 1 H), 5.03 (s, 1 H), 3.74 (s, 6 H), 3.40-3.38 (m, 1 H), 3.16 (d, J =
11.4 Hz, 1 H), 3.08 (s, 2 H), 2.30 (s, 3H), °C NMR (75 MHz, CDCls) (3ba + 3ba): &
= 170.92, 170.83, 170.42, 170.36, 147.43, 146.72, 146.41, 145.90, 145.76, 145.52,
144.84, 14429, 140.37, 138.34, 130.11, 129.83, 129.19, 128.52, 128.41, 128.20,
128.06, 127.32, 127.15, 126.89, 126.79, 126.73, 126.65, 126.28, 121.88, 119.68,
119.50, 119.44, 119.23, 119.02, 56.29, 53.03, 52.98, 46.23, 42.08, 37.86, 37.10, 29.67,
29.49, 29.40, 11.66, 11.55. MS (70 ev) m/z (%): 454 (M',100), HRMS calcd for
CaoH,60s: 454.1780, found: 454.1782.

3. Synthesis of fused 5,6,7-tricyclic 3ca/3ca :

PhCl-4 / o PhCla
Ph Y /
CO,Me Ph
e 7 CO,Me
Cco,Me Ph
CO,Me
PH
3ca 3ca'

'H NMR (300 MHz, CDCl;) 3ca: & = 7.51-7.07 (m, 14 H), 6.17 (d, J = 8.7 Hz, 1 H),
5.97 (s, 1 H), 5.12 (d, J = 8.7 Hz, 1 H), 3.85-3.70 (m, 6 H), 3.68-3.55 (m, 1 H), 3.29
(d,J=16.2 Hz, 1 H), 3.12 (s, 2 H), 3ca: 8 = 7.51-7.07 (m, 14 H), 6.34 (d, J = 7.5 Hz,
1 H), 5.84 (d, J = 7.5 Hz, 1 H), 5.55 (s, 1 H), 3.78-3.70 (m, 6 H), 3.68-3.55 (m, 1 H),
3.24 (d, J=16.2 Hz, 1 H), 3.04 (s, 2 H), >C NMR (75 MHz, CDCl5) (3ca +3ca): & =
170.77, 170.19, 149.31, 148.63, 146.76, 145.04, 143.69, 142.56, 140.70, 138.99,
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133.17, 133.10, 129.92, 129.42, 129.33, 128.99, 128.82, 128.72, 128.59, 128.49,
128.30, 128.12, 127.94, 127.30, 127.14, 127.11, 127.04, 126.99, 126.84, 126.70,
126.43, 126.26, 123.13, 121.35, 121.16, 121.07, 121.04, 120.29, 56.21, 53.15, 53.10,
45.36, 41.09, 37.96, 37.21, 29.63, 29.52 ppm. MS (70 ev) m/z (%): 550 (M", 14.98),
488 (100), HRMS calcd for C34H,05Cl: 550.1547, found: 550.1551.

4. Synthesis of fused 5,6, 7-tricyclic 3da/3da:

Ph

o) Ph
phcia 2
) CO,M PhCl-4
2VIe 4 7\ coMe
CcO,M Ph
2Vie CO,Me
Ph
3da 3da’

'H NMR (300 MHz, CDCl;) 3da: & = 7.48 (d, J = 8.1 Hz, 2 H), 7.38-7.10 (m, 12 H),
6.15 (d, J = 8.7 Hz, 1 H), 5.96 (s, 1 H), 5.15 (d, J = 8.7 Hz, 1 H), 3.82-3.75 (m, 6 H),
3.64 (d,J=17.1Hz, 1 H),3.31 (d, J=17.1 Hz, 1 H), 3.12 (s, 2 H), 3da: § = 7.53 (d,
J=7.8Hz, 2 H), 7.38-7.10 (m, 12 H), 6.35 (d, J=7.5 Hz, 1 H), 5.83 (d, J= 7.5 Hz, 1
H), 5.58 (s, 1 H), 3.72-3.70 (m, 6 H), 3.62-3.55 (m, 1 H), 3.59 (d, J = 15 Hz, 1 H),
3.26 (d, J = 15 Hz, 2 H), 3.04 (s, 2 H), *C NMR (75 MHz, CDCl;) (3da + 3da): & =
170.71, 170.13, 149.19, 148.53, 147.91, 144.86, 142.31, 141.27, 140.32, 139.44,
132.08, 132.01, 130.73, 130.67, 130.28, 129.73, 128.78, 128.63, 128.55, 128.49,
128.36, 128.29, 128.12, 127.53, 127.48, 127.06, 127.00, 126.60, 126.42, 126.10,
125.93, 122.84, 121.07, 120.77, 120.21, 120.07, 119.98, 56.20, 53.10, 53.04, 44.68,
40.24, 37.87, 37.15, 29.59 ppm. MS (70 ev) m/z (%): 550 (M", 6.84), 488 (100),
HRMS calcd for C54H,705Cl: 550.1547, found: 550.1544.
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5. Synthesis of fused 5,6,7-tricyclic 3ea/3ea:

Ph Ph
B »
Ph Ph
7\ coMe * 7\ co,Me
Ph
COzMe COzMe
Ph n-C4Hg n-C4H9
3ea 3ea’

'H NMR (300 MHz, CDCl3) 3ea: & = 7.49 (d, J = 7.5 Hz, 2 H), 7.40-7.10 (m, 13 H),
6.31 (d, J=9.6 Hz, 1 H), 5.09 (d, J = 9.6 Hz, 1 H), 3.79 (s, 6 H), 3.74-3.62 (m, 1 H),
3.44 (d, J =13.8 Hz, 1 H), 3.26 (d, J = 17.1 Hz, 1 H), 2.70 (d, J = 13.8 Hz, 1 H),
2.33-2.20 (m, 1 H), 1.78-1.65 (m, 1 H), 0.95-0.45 (m, 7 H), 3ea: 8 =7.54 (d, J = 7.5
Hz, 2 H), 7.40-7.10 (m, 13 H), 6.24 (s, 1 H), 5.55 (s, 1 H), 3.72-3.65 (m, 6 H),
3.75-3.62 (m, 6 H), 3.74-3.62 (m, 1 H), 3.56 (d, J = 17.1 Hz, 1 H), 3.27 (d, J=17.1
Hz, 1 H), 2.83 (d, J = 15 Hz, 1 H), 2.55-2.42 (m, 1 H), 2.12-2.00 (m, 1 H), 0.95-0.45
(m, 7 H), °C NMR (75 MHz, CDCl;) (3ea + 3ea): & = 171.36, 171.04, 170.43,
147.74, 147.41, 147.22, 144.96, 144.55, 144.28, 142.42, 142.31, 141.37, 135.11,
132.37, 131.62, 131.12, 128.70, 128.59, 128.47, 128.22, 128.13, 127.84, 127.79,
127.28, 127.17, 127.06, 127.04, 126.95, 126.61, 126.58, 126.10, 126.06, 125.90,
125.74, 125.62, 123.69, 123.21, 121.87, 121.62, 121.49, 56.19, 55.97, 53.11, 52.93,
52.87, 43.83, 39.02, 33.56, 33.30, 31.74, 31.32, 30.81, 29.76, 21.76, 13.94 ppm, MS
(70 ev) miz (%): 572 (M", 2.37), 205 (100), HRMS calcd for C3sH360s: 572.2563,
found: 572.2568.

6. Synthesis of fused 5,6,7-tricyclic 3fa:

Ph
(0]
en. I,
NTs
Ph  3fa

'"H NMR (300 MHz, CDCl3): § = 7.72 (d, J = 8.1 Hz, 2 H), 7.47 (d, J = 7.5 Hz, 2 H),
7.41-7.12 (m, 15 H), 6.19 (d, J = 8.4 Hz, 1 H), 6.03 (s, 1 H), 5.15 (d, J = 8.4 Hz, 1 H),
4.84 (d, J = 16.8 Hz, 1H), 4.47 (d, J = 14.1 Hz, 1 H), 4.34 (d, J = 16.8 Hz,1 H), 3.86
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(d,J=13.8 Hz, 1 H), 2.38 (s, 3 H), (d, J = 8.1 Hz, 1 H), >C NMR (75 MHz, CDCls):
5 = 148.23, 145.98, 144.74, 143.74 (2 C), 138.34, 134.12, 130.41, 129.95, 129.54,
128.68, 128.62, 128,24, 128.05, 127.71, 127.49, 127.10, 127.04, 126.93, 126.46,
125.98, 122.23, 120.62, 120.33, 50.02, 43.84, 41.31, 21.50 ppm. MS (70 ev) m/z (%):
555 (M", 6.87), 105 (100), HRMS calcd for C3sHzNO;S: 555.1868, found: 555.1867.

7. Synthesis of fused 5,6,7-tricyclic 3ab/3ab:

Ph

Ph
ph. 3 2
CO,M Ph
Ve + 7\ coMe
CO,Me PhMe-4
2\ie © CO,Me
PhMel4
3ab 3ab’

'H NMR (300 MHz, CDCl3) 3ab: § = 7.50 (d, J = 7.8 Hz, 2 H), 7.40-7.07 (m, 12 H),
6.17 (d, J=28.7 Hz, 1 H), 5.95 (s, 1H), 5.17 (d, J = 8.7 Hz, 1 H), 3.80-3.72 (m, 6 H),
3.64 (d,J=17.1 Hz, 1 H), 3.30 (d, J=17.1 Hz, 1 H), 3.11 (s, 2 H), 2.32 (s, 3 H), 3ab:
6 ="17.56 (d, J="7.8 Hz, 2 H), 7.40-7.07 (m, 12 H), 6.34 (d,J=7.5Hz, 1 H), 5.82 (d, J
=7.5Hz, 1 H), 5.62 (s, 1 H), 3.70 (s, 6 H), 3.59 (d, J=16.5 Hz, 1 H), 3.30-3.20 (m, 1
H), 3.03 (s, 2 H), 2.32 (s, 3 H), *C NMR (75 MHz, CDCl3) (3ab + 3ab’): 5 = 170.83,
170.22, 148.91, 148.17, 147.80, 143.97, 142.83, 142.27, 140.64, 138.81, 136.53,
130.90, 129.90, 129.12, 128.76, 128.71, 128.56, 128.44, 128.27, 128.16, 127.29,
127.04, 126.98, 126.92, 126.57, 126.22, 126.13, 125.96, 125.57, 123.10, 121.29,
121.01, 120.74, 120.55, 120.20, 56.26, 53.08, 53.04, 45.12, 40.90, 37.96, 37.20, 29.63,
21.00 ppm. MS (70 ev) m/z (%): 530 (M, 51.57), 468 (100), HRMS calcd for
C35H300s: 530.2093, found: 530.2096.

8. Synthesis of fused 5,6, 7-tricyclic 3ac:
Ph

; 0
Ph % CO,Me

CO,Me
PhMeO-4 3ac

S9



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

'H NMR (300 MHz, CDCLy): § = 7.51 (d, J = 8.1 Hz, 2 H), 7.38-7.29 (m, 2 H),
7.27-7.10 (m, 8 H), 6.82 (d, J = 8.1 Hz, 2 H), 6.15 (d, J = 8.7 Hz, 1 H), 5.95 (s, | H),
517 (d, J=8.7 Hz, 1 H), 3.75 (s, 9 H), 3.65 (d, J = 17.1 Hz, 1 H), 3.30 (d, J = 17.1
Hz, 1 H), 3.11 (s, 2 H), °C NMR (75 MHz, CDCLs): § = 170.76, 170.16, 158.67,
148.86, 147.72, 143.92, 138.40, 137.62, 130.83, 129.89, 128.52, 128.39, 128.13,
127.68, 127.25, 126.97, 126.18, 125.89, 123.14, 120.97, 120.76, 113.40, 56.21, 55.15,
53.04, 53.00, 40.76, 37.91, 29.56 ppm. MS (70 ev) m/z (%): 546 (M", 1.85), 484 (100),
HRMS caled for C3sHsoOs: 546.2042, found: 546.2047.

9. Synthesis of fused 5,6,7-tricyclic 3ad:
Ph

Ph //

o)

H5;CO
3ad

'H NMR (300 MHz, CDCls): & = 7.51 (d, J = 7.5 Hz, 2 H), & = 7.39-7.31 (m, 2 H),
7.30-7.21 (m, 5 H), 7.20-7.12 (m, 1 H), 6.90-6.77 (m, 3 H), 6.17 (d, J = 9.0 Hz, 1H),
5.96 (s, 1 H), 5.18 (d, J=9.0 Hz, 1 H), 3.91-3.85 (m, 6 H), 3.77 (s, 3 H), 3.74 (s, 3 H),
3.64 (d,J=17.1 Hz, 1 H), 3.32 (d, J = 17.1 Hz, 1 H), 3.12 (s, 1 H), °C NMR (75
MHz, CDCls): & = 170.83, 170.21, 148.92, 148.48, 148.23, 147.80, 143.89, 138.85,
138.19, 130.88, 129.97, 128.58, 128.45, 127.87, 127.33, 127.05, 126.25, 125.98,
123.17, 120.98, 120.80, 119.38, 110.79, 56.29, 55.89, 53.12, 53.00, 40.81, 37.98,
29.60 ppm. MS (70 ev) m/z (%): 576 (M", 100), HRMS calcd for C3¢H3,07. 576.2148,
found: 576.2150.
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10. Synthesis of fused 5,6,7-tricyclic 3ae”:
Ph

0
Ph / Y
FsC Q. CO,Me
O CO,Me
FsC |
3ae

'H NMR (300 MHz, CDCl3): & = 7.87 (s, 2 H), 7.80 (s,1 H), 7.59 (d, J = 7.5 Hz, 2 H),
7.48-7.39 (m, 2 H), 7.38-7.30 (m, 1 H), 7.29-7.19 (m, 3 H), 7.18-7.10 (m, 2 H), 6.48
(d,J=72Hz 1H),593(d,J=7.2Hz, 1 H),557 (s, 1 H),3.78 (s, 6 H), 3.67 (d, J =
17.1 Hz, 1 H), 3.33 (d, J=17.1 Hz, 1 H), 3.12 (s, 2 H), °C NMR (75 MHz, CDCl;): &
=170.63, 170.08, 149.18, 148.26, 147.17, 142.02, 137.83, 131.94, 131.78 (q, J = 22
Hz), 130.53, 129.01, 128.84, 128.54, 127.85, 126.83, 126.68, 126.25, 123.29 (q, J =
272 Hz), 120.89, 120.47, 119.90, 119.29, 56.23, 53.09, 45.25, 37.23, 29.47 ppm. MS
(70 ev) m/z (%): 652 (M", 5.82), 105 (100), HRMS calcd for C3sHcO5Fs: 652.1684,
found: 652.1682.

11. Synthesis of fused 5,6,7-tricyclic 3af :

Ph
/ o
Ph
o
O,N O CO,Me
3af’

'H NMR (300 MHz, CDCl3): & = 8.17 (d, J = 8.7 Hz, 2 H), 7.59- 7.49 (m, 4 H),
7.45-7.28 (m, 3 H), 7.22-7.15 (m, 3 H), 7.12-7.05 (m, 2 H), 6.48 (d, J = 7.5 Hz, 1 H),
5.89(d,J=7.5Hz, 1 H), 5.57 (s, 1 H), 3.74 (s, 6 H), 3.62 (d, J = 17.1 Hz, 1 H), 3.28
(d, J=17.1 Hz, 1 H), 3.08 (s, 2 H), *C NMR (75 MHz, CDCl5): & = 170.53, 170.04,
151.50, 149.12, 148.13, 146.41, 142.02, 138.49, 131.87, 130.52, 129.22, 128.79,
128.43, 127.68, 127.21, 126.67, 126.62, 126.12, 123.79, 120.93, 119.84, 119.42,
56.12, 53.06, 45.01, 37.15, 29.40 ppm. MS (70 ev) m/z (%): 561 (M", 3.46), 469 (100),
HRMS caled for C34H7NO7: 561.1788, found: 561.1785.
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12. Synthesis of fused 5,6,7-tricyclic 3bg:

Me , o
Ph Q CO,Me
OzN O 002Me
3bg’

'H NMR (300 MHz, CDCl;): & = 8.12 (d, J = 8.4 Hz, 2 H), 7.47 (d, J = 8.4 Hz, 2 H),
7.25-7.15 (m, 4 H), 6.42 (d, J=7.8 Hz, 1 H), 5.84 (d, J = 7.8 Hz, 1H), 4.98 (s, 1 H),
3.72 (s, 6 H), 3.45 (d, J=16.8 Hz, 1 H), 3.13 (d, J = 16.8 Hz, 1 H), 3.04 (s, 2 H), 2.31
(s, 3 H), “C NMR (75 MHz, CDCls): & = 170.71, 170.21, 151.95, 147.74, 146.40,
146.36, 143.61, 138.25, 132.17, 129.14, 128.71, 127.92, 127.25, 126.70, 123.64,
119.29, 119.17, 118.39, 56.28, 53.06, 46.08, 37.14, 29.37, 11.70 ppm. MS (70 ev) m/z
(%): 499 (M", 9.91), 105 (100), HRMS calcd for CaoH,sNO7: 499.1631, found:
499.1633.

13. Synthesis of fused 5,6, 7-tricyclic 3ag/3ag :

Ph
0]

o CO,Me Ph o
coMe Ph CO,Me
O MeO,C O CO,Me
MeO,C 3ag 3ag

'H NMR (300 MHz, CDCl3) 3ag: & = 8.00 (d, J = 8.1 Hz, 2 H), 7.62-7.11 (m, 12 H),
6.29 (d, J = 8.7 Hz, 1 H), 5.97 (s, 1 H), 5.24 (d, J = 8.7 Hz, 1 H), 3.92 (s, 3 H),
3.82-3.75 (m, 6 H), 3.70-3.60 (m, 1 H),3.36 (d, J = 17.1 Hz, 2 H), 3.18 (s, 2 H), 3ag:
8=28.00 (d, J=8.1 Hz, 2 H), 7.62-7.11 (m, 12 H), 6.47 (d, J = 7.5 Hz, 1 H), 5.89 (d, J
=7.5 Hz, 1 H), 5.66 (s, 1 H), 3.92 (s, 3 H), 3.75 (s, 6 H), 3.64 (d, J = 17.1 Hz, 1 H),
3.31(d, J=17.1 Hz, 1 H), 3.09 (s, 2H); >C NMR (75 MHz, CDCl5) (3ag + 3ag): & =
170.64, 170.09, 166.78, 149.60, 149.55, 149.19, 148.69, 148.00, 143.56, 142.39,

139.68, 138.17, 130.79, 130.73, 130.70, 130.66, 130.21, 130.16, 129.76, 129.46,
128.73, 128.53, 128.39, 128.27, 127.74, 127.51, 127.38, 127.00, 126.97, 126.74,
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126.55, 126.44, 126.38, 126.09, 125.93, 121.93, 121.10, 120.80, 120.25, 120.15,
119.75, 56.16, 53.08, 53.00, 51.93, 44.99, 41.00, 37.88, 37.16, 29.56, 29.44 ppm. MS
(70 ev) m/z (%): 574 (M', 100), HRMS caled for C3sH3007: 574.1992, found:
574.1990.

14. Synthesis of fused 5,6,7-tricyclic 3ah/3ah :

Al 3ah 3ah’

'H NMR (300 MHz, CDCl3) 3ah: & = 7.90 (d, J = 7.8 Hz, 2 H), 7.58-7.05 (m, 12 H),
6.26 (d, J =8.7 Hz, 1 H), 5.93 (s, 1 H), 5.20 (d, J = 8.7 Hz, 1 H), 3.82-3.75 (m, 6 H),
3.66 (d,J=17.1 Hz, 1 H), 3.33 (d, J=17.1 Hz, 1 H), 3.14 (s, 2 H), 2.58 (s, 3 H), 3ah:
8=17.90 (d, J=7.8 Hz, 2 H), 7.58-7.05 (m, 12 H), 6.44 (d, J = 7.5 Hz, 1 H), 5.86 (d, J
=7.5Hz, 1 H), 5.62 (s, 1 H), 3.72 (s, 6 H), 3.60 (d, J = 17.1 Hz, 1 H), 3.27 (d, J =
17.1 Hz, 1 H), 3.06 (s, 2 H), 2.58 (s, 3 H), °C NMR (75 MHz, CDCl;) (3ah + 3ah): &
= 197.48, 170.68, 170.14, 149.72, 148.76, 148.05, 142.40, 139.64, 135.46, 130.91,
130.74, 128.78, 128.64, 128,58, 128.32, 127.94, 127.57, 127.23, 127.01, 126.76,
126.74, 126.51, 126.14, 125.98, 121.12, 120.15, 119.76, 56.20, 53.06, 44.96, 37.02,
29.47, 26.50 ppm. MS (70 ev) m/z (%): 558 (M", 2.31), 105 (100), HRMS calcd for
C36H3006: 558.2042, found: 558.2065.

15. Synthesis of fused 5,6,7-tricyclic 3ai:
Ph

/ o)

Ph

OS5
CO,Me

3ai
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'H NMR (300 MHz, CDCly): & = 7.85-7.76 (m, 1 H), 7.71 (d, J = 8.1 Hz, 1 H),
7.60-7.46 (m, 2 H), 7.43-7.26 (m, 9 H), 7.25-7.15 (m, 4 H), 6.09 (d, J = 7.8 Hz, 1 H),
579 (s, 1 H), 5.17 (d, J = 7.8 Hz, 1 H), 3.80-3.62 (m, 7 H), 3.37-3.20 (m,1 H),
3.19-3.08 (m, 1 H), 3.00 (d, J = 14.7 Hz,1 H), 170.79, 170.20, 149.09, 148.71, 147.87,
144.42, 143.40, 137.73, 133.54, 131.41, 130.94, 130.80, 128.74, 128.60, 128.53,
128.16, 128.03, 127.31, 127.10, 127.03, 126.32, 125.97, 125.71, 125.58, 125.33,
124.27, 121.08, 120.69, 56.06, 53.01, 41.53, 37.71, 29.62 ppm. MS (70 ev) m/z (%):
566 (M", 88.48), 504 (100), HRMS caled for C35Hz00s: 566.2093, found: 566.2095.

16. Synthesis of fused 5,6,7-tricyclic 3aj/3aj :
Ph
0
Ph

Ph / Y 'e)
COzMe + Ph /

COZMe COzMe

COzMe
3aj 3a)

'H NMR (300 MHz, CDCl3) 3aj: & = 7.50 (d, J = 7.8 Hz, 2 H), 7.45-7.00 (m, 8 H),
6.07 (d, J =9 Hz, 1 H), 5.80 (s, 1 H), 5.72-5.68 (m, 1 H), 5.07 (d, J = 9 Hz, 1 H),
3.85-3.67 (m, 6 H), 3.62 (d, J = 17.1Hz, 1 H), 3.24 (d, J = 17.1 Hz, 1 H), 3.04 (s, 2 H),
2.35-1.98 (m, 4 H), 1.80-1.48 (m, 4 H); 3aj: & = 7.59 (d, J = 7.8 Hz, 2 H), 7.45-7.00
(m, 8 H), 6.16 (d, J = 7.5 Hz, 1H), 5.75-5.65 (m, 1 H), 5.61-5.45 (m, 2 H), 3.85-3.67
(m, 6 H), 3.55-3.35 (m, 1 H), 3.14 (d, J = 7.5 Hz, 1 H), 3.00 (m, 2 H), 2.35-1.98 (m, 4
H), 1.80-1.48 (m, 4 H), *C NMR (75 MHz, CDCls) (3aj+ 3aj): & = 170.89, 170.17,
148.43, 147.51, 143.85, 140.61, 140.41, 131.00, 128.92, 128.67, 128.52, 128.24,
127.89, 127.77, 127.24, 127.14, 126.99, 126.85, 126.21, 126.03, 125.84, 125.55,
125.04, 124.73, 124.17, 122.27, 121.79, 121.25, 121.09, 56.28, 53.03, 52.94, 40.30,
37.95, 29.57, 27.95, 25.62, 23.05, 22.06 ppm. MS (70 ev) m/z (%): 520 (M", 100),
HRMS caled for C54H3,05: 520.2250, found: 520.2251.
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17. Synthesis of fused 5,6,7-tricyclic 3ak/3ak :

Ph Ph

0
Ph / Y

\_O

CO,Me Ph /

*TSHN CO,Me

COZMe
CO,Me
TsHN

3ak 3ak

'H NMR (300 MHz, CDCl3) 3ak: & = 7.64 (d, J = 7.8 Hz, 2 H), 7.54 (d, J= 7.8 Hz, 2
H), 7.42-7.08 (m, 10 H), 5.79 (d, J = 8.7 Hz, 1 H), 5.53 (s, 1 H), 4.84 (d, J=8.7 Hz, 1
H), 4.65-4.55 (m, 1 H), 3.90 (d, J = 3.6 Hz, 2 H), 3.75-3.65 (m, 6 H), 3.58-3.50 (m, 1
H), 3.26 (d, J = 14.1 Hz, 1 H), 3.07-3.00 (m, 2 H), 2.32 (s, 3 H), 3ak : 5 = 7.64 (d, J =
7.8 Hz, 2 H), 7.54 (d, J = 7.8 Hz, 2 H), 7.42-7.08 (m, 10 H), 5.87 (d, J = 7.5 Hz, 1H),
5.62 (d, J=7.2Hz, 1 H), 5.03 (s, 1 H), 4.80-4.72 (m, 1 H), 3.77 (d, J = 3.6 Hz, 2 H),
3.75-3.65 (m, 6 H), 3.58-3.50 (m, 1 H), 3.20 (d, J = 17.1 Hz,1 H), 3.07-3.00 (m, 2 H),
2.37 (s, 3 H), >C NMR (75 MHz, CDCls) (3ak + 3ak)): 8 = 170.70, 170.19, 148.78,
147.86, 143.62, 143.26, 136.99, 136.17, 130.58, 129.59, 129.54, 128.58, 128.47,
127.45, 126.99, 126.88, 126.58, 126.26, 125.88, 125.58, 120.79, 119.83, 118.49,
55.91, 53.07, 53.04, 51.47, 42.81, 37.32, 29.44, 21.39 ppm. MS (70 ev) m/z (%): 623
(M", 2.63), 392 (100), HRMS calcd for C3sH33NO;S: 623.1978, found: 623.1979.

18. Synthesis of fused 5,6,7-tricyclic 3al/3al :

Ph
Ph
O

CO,Me ph.
. 7\ coMe

CO,Me n-C4Hg

o]
Ph //

n-CHy CO,Me

3al 3al
'H NMR (300 MHz, CDCls) 3al: & = 7.48 (d, J = 7.8 Hz, 2 H), 7.42-7.09 (m, 8 H),
5.81(d, J=7.8 Hz, 1 H), 5.59 (s, 1 H), 4.94 (d, J = 7.8 Hz, 1 H), 3.80-3.65 (m, 6 H),
3.61(d,J=17.4 Hz, 1 H), 3.28-3.22 (m, 1 H), 3.10-3.00 (m, 2 H), 2.40-2.16 (m, 4 H),
1.48-1.16 (m, 3 H), 0.85 (t, J = 7.2 Hz, 3 H), 3al: & = 7.56 (d, J = 7.8 Hz, 2 H),

7.42-7.09 (m, 8 H), 5.81 (d, J = 7.8 Hz, 1 H), 5.67 (d, J = 7.8 Hz, 1 H), 4.89 (s, 1 H),
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3.80-3.65 (m, 6 H), 3.55 (d, J = 18 Hz, 1 H), 3.20-3.15 (m, 1 H), 3.10-3.00 (m, 2 H),
2.40-2.16 (m, 4 H), 1.48-1.16 (m, 3 H), 0.85 (t, J = 7.2 Hz, 3 H), *C NMR (75 MHz,
CDCL) (3al + 3al’): & = 170.90, 170.33, 170.18, 148.45, 147.95, 147.46, 147.32,
144.74, 143.97, 142.81, 137.58, 131.13, 131.00, 128.75, 128.56, 128.47, 128.34,
128.24, 127.68, 127.23, 127.12, 126.96, 126.26, 126.20, 126.02, 125.90, 123.58,
121.96, 121.09, 120.92, 120.77, 119.97, 56.14, 56.05, 53.02, 52.98, 52.93, 52.90,
45.89, 40.95, 40.72, 40.56, 37.87, 37.27, 31.90, 30.60, 29.57, 29.53, 22.38, 22.01,
13.90 ppm. MS (70 ev) miz (%): 496 (M', 57.41), 439 (100), HRMS calced for
C3,H3,0s: 496.2250, found: 496.2249.

19. Synthesis of fused 5,6,7-tricyclic 3am/3am:

Ph Ph
B B
Ph Y Ph
COzMe+ 7 COzMe
M Ph
€ CO,Me CO,Me
Ph Me
3am 3am

'H NMR (300 MHz, CDCls) 3am: 7.49 (d, J = 7.8 Hz, 2 H), 7.41-7.08 (m, 13 H),
5.73 (s, 1 H), 5.26 (s, 1 H), 3.81-3.58 (m, 7 H), 3.27 (s, 1 H), 3.00 (s, 2 H), 1.75 (s, 3
H), 3am: § = 7.59 (d, J = 7.8 Hz, 2 H), 7.41-7.08 (m, 13 H), 5.63 (s, 1 H), 5.03 (s, 1
H), 3.81-3.58 (m, 7 H), 3.21 (s, 1 H), 2.95 (s, 2 H), 1.97 (s, 3 H), >C NMR (75 MHz,
CDCly) (3am + 3am’): § = 170.87, 170.35, 148.09, 147.79, 147.34, 146.33, 145.36,
142.79, 142.69, 136.59, 135.65, 134.57, 131.03, 130.67, 128.72, 128.65, 128.25,
128.16, 127.98, 127.79, 127.28, 127.22, 127.13, 126.85, 126.59, 126.22, 126.08,
126.00, 125.74, 125,59, 125.02, 121.64, 121.02, 120.80, 56.48, 56.39, 53.04, 52.95,
52.91, 47.94, 47.08, 37.43, 29.60, 26.36, 24.24 ppm. MS (70 ev) m/z (%): 530 (M,
15.83), 105 (100), HRMS caled for C3sH300s 530.2093, found: 530.2092.
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26. Synthesis of fused 5, 6, 7-tricyclic 3an:

H,CO
'"H NMR (300 MHz, CDCl3): & = 7.93 (d, J = 8.1 Hz, 2 H), 7.44 (d, J = 7.8 Hz, 2 H),

7.36-7.17 (m, 10 H), 6.93 (d, J = 8.1 Hz, 2 H), 6.67 (d, J = 8.1 Hz, 2 H), 5.86 (5,1 H),
5.46 (s, 1 H), 3.78 (s, 3 H), 3.74 (s, 6 H), 3.68 (d, J = 17.1 Hz, 1 H), 3.31(d, J = 17.1
Hz, 1 H), 3.00 (q, J = 14.1 Hz, 2 H), *C NMR (75 MHz, CDCls): § = 170.66, 170.18,
158.47, 152.67, 149.01, 148.18, 145.56, 141.66, 140.19, 136.18, 134.37, 131.17,
130.62, 128.83, 128.33, 127.60, 126.92, 126.64, 125.73, 125.40, 123.10, 120.73,
113.45, 56.58, 55.13, 53.14, 53.08, 47.15, 37.37, 29.54 ppm. MS (70 ev) m/z (%): 667
(M", 18.10), 81 (100), HRMS caled for C4H33NOs: 667.2206, found: 667.2191.

27. Synthesis of fused 5, 6, 7-tricyclic 3ao:

Ph

3ao
'H NMR (400 MHz, CDCl;): & = 7.48 (d, J = 7.6 Hz, 2 H), 7.40-7.10 (m, 8 H), 6.79
(d,J=9.2Hz,2H),5.71 (d,J=8.4Hz, 1 H),548 (s, 1 H),5.01 (d, J=8.4 Hz, 1 H),
3.80(s,3H),3.73(d,J=17.2Hz, 1 H),3.67 (s, 3 H),3.22 (d,J=17.2 Hz, 1 H), 3.14
(d,J=14.4Hz 1H),3.00(d,J=14.4Hz, 1 H), 2.24 (s, 3 H), 2.07 (s, 3 H), 1.79 (s, 3
H), °C NMR (75 MHz, CDCl3): § = 170.93, 170.17, 148.90, 147.73, 144.40, 141.36,
136.61, 135.94, 135.63, 135.59, 130.79, 129.87, 129.36, 128.00, 127.72, 127.22,
126.97, 126.16, 125.87, 123.22, 121.14, 120.47, 55.96, 53.09, 52.95, 41.77, 37.70,
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29.59, 20.89, 19.72, 19.50 ppm. MS (70 ev) m/z (%): 558 (M, 13.06), 43 (100),
HRMS caled for C37H34NOs: 558.2406, found: 558.2410.
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