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(A) Typical experimental procedure
(a) Preparation of Substrates 1:
Substrates 1 were prepared according to literature procedures.!)

(b) General Procedures for the [2+2+2] Annulation of 1,n-Enynes with Azobis(alkyl
nitrile)s:
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To a Schlenk tube were added 1,7-enyne 1a (0.1 mmol), AIBN 2a (5 equiv), CuBr; (10 mol%),
N-BusNOAc (20 mol%), and HoO/MeCN (v/v=3/0.4; 3.4 mL). The mixture was stirred at 65-85 °C
under argon atmosphere for 24 h until complete consumption of startingmaterial as monitored by
TLC and/or GC-MS analysis. After the reaction was finished, the reaction mixture was cooled to
room temperature, diluted with ethyl acetate, and washed with 10% (w/w) H>SO4 and saturated
NaHCOs. The aqueous phase was extracted with ethyl acetate and washed with saturated
NaHCOs3. The combined organic phases were dried over anhydrous Na;SO4 and concentrated,
then purified by column chromatography (petroleum ether/ethyl acetate, v/v=10/1) to afford the
target product 3aa.



(B) Analytical data

5,6a,8,8-Tetramethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione
(3aa)

0 White solid, mp 159.5 - 160.7 °C (uncorrected); 'H NMR (400 MHz,

O CDCIs) 6 7.26 — 7.20 (m, 4H), 7.02 — 6.99 (m, 3H), 6.68 (t, J = 7.6

‘ Hz, 1H), 6.61 (d, J=7.6 Hz, 1H), 3.44 (s, 3H), 2.89 (d, J = 14.8 Hz,

O 1H), 2.04 (d, J = 14.8 Hz, 1H), 1.33 (s, 3H), 1.32 (s, 3H), 1.24 (s,

N X0 3H); 3C NMR (100 MHz, CDCls) § 202.5, 172.5, 148.2, 139.2,

| 135.4,134.4,130.6, 130.3, 129.7, 127.9, 127.3, 123.4, 122.3, 114.2,

43.1,42.3,40.8, 30.5,27.3, 26.2, 25.8; LRMS (EI, 70 eV) m/z (%): 345 (M*, 100), 330

(34),302 (31), 289 (58), 274 (61), 260 (80); HRMS (ESI): calculated for [C23H24NO2"]
346.1802, found 346.1798.
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Chemical Formula: Cy3H,3N'%0,
Molecular Weight: 345

[MS Spectrum] # of Peaks 327

Raw Spectrum  18.525 (scan : 3006)  Base Peak m/z 344.90 (Inten : 1,174,894)

Background 18.245 (scan : 2950)

m/zAbsolute Intensity Relative Intensity

151.90 40598 3.46 16595 15798 1.34 176.95 22462 191
157.05 36145 3.08 166.95 28882  2.46 177.95 34651 2.95
158.00 48871 4.16 168.00 18766  1.60 180.95 16184 1.38
158.95 26421 2.25 172.10 45276  3.85 181.95 25869  2.20
160.00 30018  2.55 173.05 22915 1.95 182.95 17095 1.46
160.95 129716 11.04 173.90 13782 1.17 183.95 37663 3.21

164.95 66076 5.62 175.95 35228 3.00 184.95 18583  1.58
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Chemical Formula: C,3H,3NO'80

Molecular Weight: 347
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5-Benzyl-6a,8,8-trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-
dione (3ba)

o) White solid, mp 178.3 — 180.1 °C (uncorrected); 'H NMR (400
MHz, CDClI3) ¢ 7.33 (t,J = 7.6 Hz, 2H), 7.28 — 7.22(m, 6H), 7.08 —
‘ 7.04 (m, 1H), 6.98 (s, 2H), 6.91 (d, J = 8.0 Hz, 1H), 6.65 — 6.60

O (m, 2H), 5.38 (d, J = 16.0 Hz, 1H), 5.09 (d, J = 16.0 Hz, 1H), 2.97
N Yo  (d,J=14.8 Hz, 1H),2.07 (d, J = 14.8 Hz, 1H), 1.46 (s, 3H), 1.34
Bn (s, 3H), 1.27 (s, 3H); 13C NMR (100 MHz, CDCls) & 202.5, 172.7,

148.0, 138.5, 136.7, 135.4, 134.7, 130.7, 130.3, 129.7, 128.8,
128.0, 127.4, 127.3, 126.2, 123.8, 122.4, 115.2, 46.7,43.3, 42.3, 40.9, 27 .4, 26.2,
25.9; LRMS (EL, 70 eV) m/z (%): 421 (M", 68), 379 (11), 350 (15), 330 (21), 91
(100); HRMS (ESI): calculated for [C20H2sNO2"]422.2115, found 422.2111.

6a,8,8-Trimethyl-10-phenyl-5-tosyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-
dione (3ca)

White solid, mp 191.5 — 192.9 °C (uncorrected); '"H NMR (400
O Q MHz, CDCl3) 8 7.97 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 1H),
‘ 7.33 — 7.30 (m, 6H), 7.05 — 7.03 (m, 2H), 6.93 (t, J = 7.6 Hz, 1H),
6.57 (d, J = 8.0 Hz, 1H), 2.77 (d, J = 14.8 Hz, 1H), 2.40 (s, 3H),
O 1.81 (d, J = 14.8 Hz, 1H), 1.11 (s, 3H), 1.09 (s, 3H), 0.48 (s, 3H);
N "0 13C NMR (100 MHz, CDCl3) § 201.6, 171.5, 145.6, 145.5, 135.6,
135.0, 134.0, 133.9, 130.4, 129.4, 129.3, 129.1, 128.9, 128.0,
127.8, 127.7, 125.9, 123.6, 45.4, 42.3, 40.5, 27.1, 24.8, 24.7, 21.6; LRMS (EL 70 ¢V)
m/z (%): 485 (M™, 17), 421 (9), 330 (100), 302 (48); HRMS (ESI): calculated for
[C20H2sNO4S*] 486.1734, found 486.1728.

6a,8,8-Trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3da)

o White solid, mp 210.2 — 211.8 °C (uncorrected); '"H NMR (400 MHz,

O CDCIl3) 8 9.03 (s, 1H), 7.26 (s, 3H), 7.15 (t,J=7.6 Hz, 1H), 6.99 (s,

‘ 2H), 6.86 (d, J = 8.0 Hz, 1H), 6.66 — 6.62 (m, 1H), 6.57 (d, J = 8.0

Hz, 1H), 2.92 (d, J = 14.8 Hz, 1H), 2.04 (d, J = 14.8 Hz, 1H), 1.44

O N X0 (s, 3H), 1.34 (s, 3H), 1.28 (s, 3H); 3*C NMR (100 MHz, CDCls)

H 202.5,174.3,147.9,136.2, 135.5, 135.3, 130.5, 130.4, 129.9, 128.0,

127.4, 122.4, 121.7, 115.2, 42.9, 41.4, 40.7, 27.6, 26.3, 25.7, LRMS (EI, 70 eV) m/z

(%): 331 (M7, 94), 316 (15), 288 (45), 275 (100), 246 (67); HRMS (ESI): calculated
for [C22H22NO2"] 332.1645, found 332.1650.

5,6a,8,8-Tetramethyl-10-(p-tolyl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione
(3ea)



J=14.8 Hz, 1H), 1.32 (s, 6H), 1.23 (s, 3H); *C NMR (100 MHz,

CDCl) 6 202.7, 172.6, 147.7, 139.2, 137.0, 134.4, 132.3, 130.5,
130.3, 129.6, 128.7, 123.6, 122.3, 114.1, 43.1, 42.4, 40.8, 30.4, 27.2, 26.2, 25.9, 21.2;
LRMS (EI, 70 eV) m/z (%): 359 (M", 100), 344 (27), 303 (58), 288 (58), 274 (66);
HRMS (ESI): calculated for [C24H26NO2"] 360.1958, found 360.1963.

0 White solid, mp 132.5 — 134.3 °C (uncorrected); 'H NMR (400

O MHz, CDCls) 8 7.22 (t, J = 7.6 Hz, 1H), 7.05 (d, J = 7.6 Hz, 2H),

‘ 7.00 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 7.6 Hz, 2H), 6.72 — 6.65 (m,

O 2H), 3.43 (s, 3H), 2.88 (d, J = 14.8 Hz, 1H), 2.31 (s, 3H), 2.03 (d,
ITI @]

10-(4-Methoxyphenyl)-5,6a,8,8-tetramethyl-7,8-dihydrophenanthridine-
6,9(5H,6aH)-dione (3fa)

White solid, mp 126.7 — 128.1 °C (uncorrected); 'H NMR (400

- O o MHz, CDCL3) § 7.22 (t, J = 7.6 Hz, 1H), 7.01 (d, J = 8.4 Hz,
1H), 6.90 (d, J = 7.6 Hz, 2H), 6.78 (d, J = 8.0 Hz, 2H), 6.74 —
‘ 6.66 (m, 2H), 3.78 (s, 3H), 3.43 (s, 3H), 2.86 (d, J = 14.8 Hz,
O 1H), 2.03 (d, J = 14.8 Hz, 1H), 1.32 (s, 6H), 1.23 (s, 3H); 1°C
ITI @]

NMR (100 MHz, CDCls) § 202.8, 172.6, 158.8, 147.7, 139.3,

133.9, 131.9, 130.3, 129.6, 127.4, 123.6, 122.4, 114.2, 113.5,
55.1,43.1,42.4,40.8,30.4,27.1,26.2, 25.9; LRMS (EL 70 eV) m/z (%): 375 (M*, 100),
360 (17), 332 (35) 304 (54), 290 (76); HRMS (ESI): calculated for [C24H26NO3']
376.1907, found 376.1907.

10-(4-Chlorophenyl)-5,6a,8,8-tetramethyl-7,8-dihydrophenanthridine-
6,9(5H,6aH)-dione (3ga)

White solid, mp 162.7 — 164.3 °C (uncorrected); 'H NMR (400

“ O 0 MHz, CDCls) 8 7.26 — 7.21 (m, 3H), 7.02 (d, J = 8.4 Hz, 1H),
6.93 (d, J = 7.6 Hz, 2H), 6.74 (t, J = 7.6 Hz, 1H), 6.62 (d, J =
‘ 8.0 Hz, 1H), 3.44 (s, 3H), 2.87 (d, J = 14.8 Hz, 1H), 2.04 (d, J =
O 14.8 Hz, 1H), 1.33 (s, 3H), 1.31 (s, 3H), 1.23 (s, 3H); *C NMR
ITI O

(100 MHz, CDCl3) § 202.3, 172.3, 149.0, 139.3, 133.9, 133.4,

133.2,132.1,130.2, 130.0, 128.2, 123.1, 122.5, 114.3,43.2,42.3,
40.9, 30.5,27.2, 26.2, 25.9; LRMS (EL, 70 eV) m/z (%): 381 (M*+2, 36), 379 (M*, 100),
364 (32), 336 (34), 308 (64), 294 (72); HRMS (ESI): calculated for [C23H23CINO: ']
380.1412, found 380.1398.

4-(5,6a,8,8-Tetramethyl-6,9-dioxo-5,6,6a,7,8,9-hexahydrophenanthridin-10-
ylbenzonitrile (3ha)

White solid, mp 145.0 — 146.3 °C (uncorrected); 'H NMR (400

Ne O 0 MHz, CDCl3) & 7.54 (d, J = 7.6 Hz, 2H), 7.30 — 7.26 (m, 1H),
7.12 (d, J = 6.8 Hz, 2H), 7.04 (d, J = 8.0 Hz, 1H), 6.72 (t, =
‘ 7.6 Hz, 1H), 6.51 (d, J = 7.6 Hz, 1H), 3.44 (s, 3H), 2.88 (d, J =
O 14.8 Hz, 1H), 2.06 (d, J = 14.8 Hz, 1H), 1.35 (s, 3H), 1.32 (s,
ITI @]

3H), 1.23 (s, 3H); 3C NMR (100 MHz, CDCls) § 201.7, 172.0,



150.3,140.8, 139.3, 132.7, 131.7, 131.6, 130.5, 130.0, 122.5, 122.5, 118.8, 114.5, 111.1,
43.4,42.2,40.9, 30.5,27.3, 26.2, 25.8; LRMS (EI, 70 V) m/z (%): 370 (M", 100), 355
(49), 327 (38), 314 (49), 299 (73), 285 (89); HRMS (ESI): calculated for [C24H23N205"]
371.1754, found 371.1750.

5,6a,8,8-Tetramethyl-10-(m-tolyl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione
(3ia)

White solid, mp 162.1 —163.8 °C (uncorrected); 'H NMR (400 MHz,

o CDCls) § 7.22 (t, J = 7.6 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.06 —

O 6.99 (m, 2H), 6.83 (s, 1H), 6.74 — 6.63 (m, 3H), 3.44 (s, 3H), 2.89

‘ (d,J=14.8 Hz, 1H), 2.27 (s, 3H), 2.03 (d, J = 14.8 Hz, 1H), 1.32 (s,

O 6H), 1.23 (s, 3H); '3C NMR (100 MHz, CDCls) § 202.7, 172.6, 147.9,

N X0 139.2,137.4, 135.3, 134.6, 131.2, 130.3, 129.7, 128.1, 127.8, 127.6,

| 123.5, 122.3, 114.1, 43.1, 42.4, 40.8, 30.5, 27.4, 26.2, 25.8, 21.4;

LRMS (EL 70 eV) m/z (%): 359 (M*, 100), 344 (29), 303 (52), 288 (61), 274 (66);
HRMS (ESI): calculated for [C24H26NO2"] 360.1958, found 360.1963.

5,6a,8,8-Tetramethyl-10-(o-tolyl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione

(3ja)

o) White solid, mp 155.4 — 156.8 °C (uncorrected); 'H NMR (400 MHz,

O CDCls) § 7.28 — 7.14 (m, 7H), 7.00 — 6.90 (m, 4H), 6.70 — 6.61 (m,

‘ 3H), 6.51 (d, J=8.0 Hz, 2H), 3.43 (s, 6H), 3.02 (d, J = 14.4 Hz, 1H),

O 2.88 (d, J = 14.4 Hz, 1H), 2.28 (s, 3H), 2.06 (d, J = 14.4 Hz, 1H),

1.99 (d, J = 14.4 Hz, 1H), 1.56 (s, 3H), 1.38 (s, 3H), 1.34 (s, 3H),

| 1.31 (s, 3H), 1.29 (s, 3H), 1.24 (s, 6H); >*C NMR (100 MHz, CDCl3)

§ 202.7, 201.9, 172.6, 172.5, 148.7, 148.6, 139.1, 138.6, 138.1, 136.0, 135.1, 135.0,

134.1,133.8,131.8, 130.4, 129.8, 129.8, 129.6, 129.5, 129.3, 128.9, 127.7, 127.7, 126.0,

125.2,124.0, 123.3, 122.4, 122.4, 114.2, 114.0, 43.3, 43.0, 42.5, 42.2, 41.0, 40.8, 30.5,

30.4,28.3,27.6,26.4,26.2,26.0,25.5,20.0, 18.9; LRMS (EI, 70 V) m/z (%): 359 (M*,

100), 344 (41), 303 (30), 286 (54), 260 (36); HRMS (ESI): calculated for [C24H26NO2"]
360.1958, found 360.1961.

5,6a,8,8-Tetramethyl-10-(pyridin-3-yl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-
dione (3ka)

White solid, mp 149.6 — 151.1 °C (uncorrected); 'H NMR (400 MHz,
CDCls) & 8.48 (s, 1H), 8.14 (s, 1H), 7.43 (d, J = 6.4 Hz, 1H), 7.27 -
7.24 (m, 2H), 7.03 (d, J=8.0 Hz, 1H), 6.72 (t, J=7.6 Hz, 1H), 6.55
(d, J=7.6 Hz, 1H), 3.45 (s, 3H), 2.90 (d, J = 14.8 Hz, 1H), 2.07 (d,
J=14.8 Hz, 1H), 1.35 (s, 3H), 1.33 (s, 3H), 1.24 (s, 3H); *C NMR
(100 MHz, CDCl3) 6 202.0, 172.1, 151.1, 150.4, 148.2, 139.4, 138.5,




130.8,130.4, 130.1, 122.7, 122.6, 114.5,43.4,42.2, 40.9, 30.5, 27.2, 26.2, 25.9; LRMS
(EL, 70 eV) m/z (%): 346 (M", 100), 331 (48), 303 (34), 289 (43), 261 (88); HRMS
(ESI): calculated for [C22H23N202"] 347.1754, found 347.1749.

10-Butyl-5,6a,8,8-tetramethyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione
(3la)

Yellow oil; '"H NMR (400 MHz, CDCl3) § 7.41 — 7.38 (m, 2H), 7.16
(t, J=7.6 Hz, 1H), 7.06 (d, J = 8.4 Hz, 1H), 3.38 (s, 3H), 2.81 (d, J
= 14.4 Hz, 1H), 2.53 - 2.30 (m, 2H) 1.86 (d, J = 14.4 Hz, 1H), 1.55
— 1.47 (m, 1H), 1.35 — 1.26 (m, 3H), 1.20 (s, 3H), 1.17 (s, 3H), 1.13
(s, 3H), 0.87 (t, J = 6.8 Hz, 3H); °C NMR (100 MHz, CDCL) §
204.2, 173.1, 146.1, 139.0, 134.6, 129.7, 128.3, 124.4, 122.7, 114.4,
42.9, 42.4, 40.6, 32.2, 30.4, 27.3, 27.0, 26.1, 25.6, 22.8, 13.8; LRMS (EL 70 eV) m/z
(%): 325 (M, 98), 310 (100), 282 (35), 269 (39), 254 (38); HRMS (ESI): calculated
for [C21H2sNO2] 326.2115, found 326.2122.

2-Chloro-5,6a,8,8-tetramethyl-10-phenyl-7,8-dihydrophenanthridine-
6,9(5H,6aH)-dione (3ma)

o White solid, mp 150.3 — 152.0 °C (uncorrected); 'H NMR (400

O MHz, CDCl3) § 7.29 — 7.28 (m, 3H), 7.17 (d, J = 8.4 Hz, 1H),

‘ 6.97 — 6.92 (m, 3H), 6.53 (s, 1H), 3.42 (s, 3H), 2.90 (d, J = 14.8

cl O Hz, 1H), 2.03 (d, J = 14.8 Hz, 1H), 1.33 (s, 3H), 1.31 (s, 3H),

Yo 1:23(s, 3H); BCNMR (100 MHz, CDCl3) § 202.2, 172.2, 146.5,

| 137.8, 135.3, 134.7, 130.3, 130.0, 129.5, 128.1, 127.7, 127.7,

124.8, 115.4,42.9, 42.3, 40.8, 30.6, 27.3, 26.1, 25.7; LRMS (EI, 70 V) m/z (%): 381

(M*+2, 33), 379 (M", 100), 364 (31), 336 (34), 308 (62), 294 (82); HRMS (ESI):
calculated for [C23H23CINO2"] 380.1412, found 380.1390.

5,8,8-Trimethyl-6a,10-diphenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione
(3na)

o) White solid, mp 209.1 —210.4 °C (uncorrected); 'H NMR (400 MHz,

O CDCls) § 7.30 — 7.24 (m, 5H), 7.17 — 7.02 (m, 6H), 6.78 (d, J = 8.0

‘ Hz, 1H), 6.71 (d, J = 7.6 Hz, 1H), 6.59 (t, J = 7.6 Hz, 1H), 3.43 (s,

O o 3H),3.13(d, J = 14.4Hz, 1H), 2.37 (d, J = 14.4 Hz, 1H), 1.26 (s,

N o 3H),0.98(s,3H); C NMR (100 MHz, CDCl3) §202.3, 170.0, 145.9,

| 141.7,138.8, 137.6, 135.2, 130.8, 130.6, 129.6, 128.4, 128.0, 127.6,

127.1,127.1, 124.7, 122.3, 114.6, 52.3, 46.0, 41.2, 30.8, 26.6, 24.9; LRMS (EI, 70 ¢V)

m/z (%): 407 (M, 100), 379 (20), 351 (20), 336 (99), 323 (31), 260 (74); HRMS (ESI):
calculated for [C2sH26NO2"] 408.1958, found 408.1956.

5,8,8-Trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (30a)



White solid, mp 181.7 — 183.6 °C (uncorrected); 'H NMR (400
MHz, CDCl3) 6 7.31 — 7.26(m, 4H), 7.00 — 6.98 (m, J = 8.2 Hz,
3H), 6.74 (t,J=7.6 Hz, 1H), 6.59 (d, J="7.6 Hz, 1H), 3.51 (s, 3H),
3.16 (d, J=14.4 Hz, 1H), 1.89 (d, J = 14.4 Hz, 1H), 1.36 (s, 3H),
1.25 (s, 3H),1.23 (s, 3H), 1.22 (s, 3H); '*C NMR (100 MHz,
CDCl3) 6 201.5, 168.4, 143.1, 140.5, 138.5, 134.3, 130.6, 129.7,
129.3, 128.1, 127.5, 123.0, 122.3, 122.1, 114.3, 50.5, 41.2, 39.6, 37.0, 30.9, 25.3, 24.3,
23.9, 23.3; LRMS (EI, 70 eV) m/z (%): 331 (71), 316 (15), 288 (100), 260 (24), 245
(10); HRMS (ESI): calculated for [C26H27N202"] 399.2067, found 399.2063.

Methyl 7,7-dimethyl-6-oxo-5-phenyl-6,7,8,9-tetrahydro-8aH-fluorene-8a-
carboxylate (3ga)

- 0 White solid, mp 142.4 — 144.3 °C (uncorrected); 'H NMR (400

MHz, CDCl3) & 7.45 — 7.37(m, 3H), 7.22 — 7.19 (m, 4H), 6.94 —

O 6.90 (m, 1H), 6.45 (d, J = 7.6 Hz, 1H), 3.65 (s, 3H), 3.49 (d, J =

O’ 16.0 Hz, 1H), 3.16 (d, J = 16.0 Hz, 1H), 2.81 (d, J = 13.6 Hz, 1H),

COOMe 5 30 (d, J = 13.6 Hz, 1H), 1.23 (s, 3H), 1.18 (s, 3H); 3C NMR

(100 MHz, CDCl3) 8 202.1, 176.2, 156.5, 144.9, 138.6, 135.2, 133.0, 130.5, 129.6,

128.6, 127.7, 127.0, 126.4, 124.8, 53.6, 52.8, 46.2, 45.3, 40.8, 29.0, 24.8; LRMS (EI,

70 eV) miz (%): 346 (24), 290 (100), 258 (85), 231 (41), 202 (60); HRMS (ESI):
calculated for [C23H2303"] 347.1642, found 347.1644.

8-Ethyl-5,6a,8-trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-
dione (3ab)

0 Yellow oil; d.r. = 1.1:1, as determined by the crude H NMR

O spectroscopy
‘ "H NMR (400 MHz, CDCl3) § 7.26 — 7.19 (m, 8H), 7.01 — 6.96
O (m, 6H), 6.69 — 6.59 (m, 4H), 3.44 (s, 3H), 3.43 (s, 3H), 3.06 (d, J
N Yo = 14.8 Hz, 1H), 2.74 (d, J = 14.8 Hz, 1H), 2.14 (d, J = 14.8 Hz,

| 1H), 1.94 (d, J = 14.8 Hz, 1H), 1.80 — 1.57 (m, 4H), 1.35 (s, 3H),
1.29 (s, 3H), 1.23 (s, 3H), 1.18 (s, 3H), 1.00 (t, J = 7.6 Hz, 3H), 0.77 (t, = 7.6 Hz, 3H);
13C NMR (100 MHz, CDCls) § 202.5, 202.2, 172.7, 172.6, 147.9, 147.7, 139.2, 139.2,
135.7,135.2, 134.8, 134.5,130.7, 130.5, 130.3, 130.2, 129.7, 129.6, 127.9, 127.2, 123.3,
123.3,122.2,114.1,114.1, 44.1,44.1,43.0, 42.9, 40.5, 39.0, 31.7, 30.5, 30.4, 28.0, 26.9,
22.9,22.4, 8.7, 8.2; LRMS (EL 70 V) m/z (%): 359 (M, 75), 330 (54), 316 (44), 289
(60), 260 (100); HRMS (ESI): calculated for [C24H26NO:"] 360.1958, found 360.1964.

5',6a'-Dimethyl-10'-phenyl-6a',7'-dihydro-6'H-spiro[cyclohexane-1,8'-
phenanthridine]-6",9'(5'H)-dione (3ac)



White solid, mp 201.8 — 203.1 °C (uncorrected); 'H NMR (400
MHz, CDCI3) 6 7.26 — 7.19 (m, 4H), 7.00 — 6.98 (m, 3H), 6.67 (t,
J=7.6 Hz, 1H), 6.60 (d, J=7.6 Hz, 1H), 3.43 (s, 3H), 2.94 (d, J
= 14.8 Hz, 1H), 2.05 (d, J = 14.8 Hz, 1H), 1.98 — 1.92 (m, 1H),
1.87 — 1.82 (m, 1H), 1.69 — 1.40 (m, 8H), 1.31 (s, 3H); *C NMR
(100 MHz, CDCIl3) 6 203.4, 172.6, 146.7, 139.2, 135.6, 134.8,
130.5,130.2, 129.6, 128.0, 127.3, 123.3, 122.3, 114.1, 44.1,43.2,39.2, 34.4, 33.9, 30.5,
27.5,26.0,22.1, 21.9; LRMS (EI, 70 eV) m/z (%): 385 (M", 20), 370 (100), 314 (23),
260 (20); HRMS (ESI): calculated for [C26H2sNO2"] 386.2115, found 386.2123.

Methyl 3'-0x0-4'-phenyl-3,9'-dihydrospiro[cyclohexane-1,2'-fluorene]-9a’(1'H)-
carboxylate (3qc)

White solid, mp 119.4 — 121.0 °C (uncorrected); "H NMR (400
MHz, CDCIl3) 6 7.44 — 7.37 (m, 3H), 7.25 — 7.19 (m, 4H), 6.92
(t, J=7.2 Hz, 1H), 6.45 (d, J = 7.6 Hz, 1H), 3.62 (s, 3H), 3.53
(d,J=16.4 Hz, 1H), 3.25(d, J=13.6 Hz, 1H), 3.18 (d,J=16.4
Hz, 1H), 2.00 (d, J = 13.6 Hz, 1H), 1.93 (td, J = 12.4, 3.2 Hz,
1H), 1.71 — 1.34 (m, 9H); '3C NMR (100 MHz, CDCl3) § 202.2,
176.2, 155.3, 144.9, 138.5, 135.4, 133.5, 130.5, 129.6, 128.5,
127.7, 127.0, 126.3, 124.8, 53.2, 52.6, 45.3, 44.5, 40.1, 37.5, 31.0, 25.5, 21.1; LRMS
(EL, 70 eV) m/z (%): 386 (M", 44), 331 (32), 290 (100), 262 (41), 258 (80); HRMS
(ESI): calculated for [C26H2703"] 387.1955, found 387.1963.




(C) References
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5,6a,8,8-Tetramethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3aa)

(D) Spectra
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5-Benzyl-6a,8,8-trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ba)
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6a,8,8-Trimethyl-10-phenyl-5-tosyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ca)
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6a,8,8-Trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3da)
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5,6a,8,8-Tetramethyl-10-(p-tolyl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ea)
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10-(4-Methoxyphenyl)-5,6a,8,8-tetramethyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3fa)
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10-(4-Chlorophenyl)-5,6a,8,8-tetramethyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ga)
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4-(5,6a,8,8-Tetramethyl-6,9-dioxo-5,6,6a,7,8,9-hexahydrophenanthridin-10-yl)benzonitrile (3ha)
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5,6a,8,8-Tetramethyl-10-(m-tolyl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ia)
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5,6a,8,8-Tetramethyl-10-(0-tolyl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ja)
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5,6a,8,8-Tetramethyl-10-(pyridin-3-yl)-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ka)
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10-Butyl-5,6a,8,8-tetramethyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3la)

0000
55870
280
BEB0
geLl
ELLL
Lozl
8521

j AN
LOE'L
ZLEL
LEE'L
0SE’L
A
£8r'L W
00G°L
9151 _n
1251
BYSL
£59°1
gee'Lff
vigL
#0E°Z
zLET
LEE
ZUET
£LET
S5t —
g9t ¢
£8r' ¢
96121
2152
9252
96.°2
[AR A
glee”

LsoL
[10p
LELL
§GL°L
PLLL
69Z° L
BLE'L
LBEL
S6E°L
RN

HC

i

FB6'E

2160
680
661

b

3.0 25 20 156 1.0 05 0.0 -0.5

3.5

4.0
20160226-ljh-1b.16.fid — c4h9

6.5 6.0 55 5.0 4.5

7.0

75

gEl
w.NN/.
QGE
L9z
0LZ
£LZ
FoE-—
zee!
90~
e
6zv

L9l
c.hhv
£LL

ekl —

rzen—-
vzL
g8zl
L1621

o.vm&”
0'6EL

LOFl~

0ell—

aviz—

HyC

CHy
o

z—

CHy

10

20

180 170 160 150 140 130 120 110 100 80 80 70 60 50 40
20160226-jh-1b.17 fid — c4h9

190

210 200



2-Chloro-5,6a,8,8-tetramethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ma)
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5,8,8-Trimethyl-6a,10-diphenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3na)
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5,8,8-Trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (30a)
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Methyl 7,7-dimethyl-6-0x0-5-phenyl-6,7,8,9-tetrahydro-8aH-fluorene-8a-carboxylate (3qa)
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8-Ethyl-5,6a,8-trimethyl-10-phenyl-7,8-dihydrophenanthridine-6,9(5H,6aH)-dione (3ab)
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5',6a'-Dimethyl-10'-phenyl-6a',7'-dihydro-6'H-spiro[cyclohexane-1,8'-phenanthridine]-6',9'(5'H)-

dione (3ac)
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Methyl 3'-0x0-4'-phenyl-3',9'-dihydrospiro[cyclohexane-1,2'-fluorene]-9a'(1'H)-carboxylate (3qC)
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(E) The X-ray single-crystal diffraction analysis of 3aa

Table 1. Crystal data and structure refinement for 1jh039 Om.

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

1jh039 Om

C23 H23 N O2

345.42

296(2) K

0.71073 A

Monoclinic, P2(1)/c

a=10.9689(7) A  alpha =90 deg.
b=11.2631(8) A beta = 104.2180(10) deg.
c=15.5168(10) A gamma = 90 deg.
1858.3(2) A3

4,1.235 Mg/m"3

0.078 mm”-1

736

0.23x0.21 x 0.20 mm



Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta =27.53
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

2.63 to 27.53 deg.

-14<=h<=14, -14<=k<=14, -20<=1<=20
22432 /4272 [R(int) = 0.0307]
99.6 %

Semi-empirical from equivalents
0.9845 and 0.9822

Full-matrix least-squares on F*2
4272/0/236

1.048

R1=0.0466, wR2 = 0.1250
R1=0.0664, wR2 =0.1379
0.0044(12)

0.319 and -0.264 e.A"-3

Table 2. Atomic coordinates ( x 10"4) and equivalent isotropic

displacement parameters (A2 x 10"3) for jh039 Om.

U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

X y z U(eq)

N(1) 3783(1) 8188(1) 8419(1) 41(1)
c(1) 3248(1) 7901(1) 9101(1) 37(1)
o(1) 3667(1) 7108(1) 9626(1) 51(1)
0(2) 1634(1) 11419(1) 10719(1) 61(1)
C(2) 2052(1) 8585(1) 9138(1) 34(1)
CQ3) 1769(1) 8477(1) 10050(1) 38(1)
C(4) 2375(1) 9419(1) 10728(1) 38(1)
C(5) 1967(1) 10616(1) 10308(1) 37(1)
C(6) 2067(1) 10796(1) 9374(1) 34(1)



C(7)
C(8)

C)

C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)

2175(1)
2460(1)
1955(2)
2226(2)
3015(2)
3531(2)
3258(1)
4864(2)

969(2)
1926(2)
3816(2)
2162(1)
1117(2)
1231(2)
2386(2)
3427(2)
3320(2)

9862(1)
9935(1)
10775(2)
10759(2)
9896(2)
9052(2)
9055(1)
7476(2)
7960(2)
9275(2)
9373(2)
12072(1)
12802(2)
13997(2)
14483(2)
13776(2)
12578(2)

8857(1)
7975(1)
7329(1)
6504(1)
6319(1)
6944(1)
7775(1)
8327(1)
8452(1)
11580(1)
10954(1)
9133(1)
8948(1)
8794(1)
8832(1)
9025(1)
9175(1)

33(1)
37(1)
46(1)
58(1)
61(1)
53(1)
39(1)
56(1)
45(1)
55(1)
46(1)
35(1)
52(1)
61(1)
57(1)
61(1)
49(1)

Table 3. Selected bond lengths [A] and angles [deg] for [jh039 Om.

Symmetry transformations used to generate equivalent atoms:

Table 4. Bond lengths [A] and angles [deg] for 1jh039 Om.

N(1)-C(1)
N(1)-C(13)
N(1)-C(14)
C(1)-0(1)
C(1)-C(2)
0(2)-C(5)

1.369(2)
1.414(2)
1.468(2)

1.2196(18)

1.535(2)

1.2138(18)



C(2)-C(7)
C(2)-C(3)
C(2)-C(15)
C(3)-C(4)
C(3)-H(3A)
C(3)-H(3B)
C(4)-C(5)
C(4)-C(16)
C(4)-C(17)
C(5)-C(6)
C(6)-C(7)
C(6)-C(18)
C(7)-C(8)
C(8)-C(9)
C(8)-C(13)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-H(10)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)
C(16)-H(16A)

1.519(2)
1.527(2)
1.555(2)
1.527(2)
0.9700
0.9700
1.516(2)
1.529(2)
1.534(2)
1.495(2)
1.346(2)
1.494(2)
1.479(2)
1.390(2)
1.407(2)
1.384(2)
0.9300
1.378(3)
0.9300
1.377(3)
0.9300
1.393(2)
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600



C(16)-H(16B)
C(16)-H(16C)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-C(23)
C(18)-C(19)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(22)-H(22)
C(23)-H(23)

C(1)-N(1)-C(13)
C(1)-N(1)-C(14)

C(13)-N(1)-C(14)

O(1)-C(1)-N(1)
O(1)-C(1)-C(2)
N(1)-C(1)-C(2)
C(7)-C(2)-C(3)
C(7)-C(2)-C(1)
C(3)-C(2)-C(1)
C(7)-C(2)-C(15)
C(3)-C(2)-C(15)
C(1)-C(2)-C(15)
C(4)-C(3)-C(2)

0.9600
0.9600
0.9600
0.9600
0.9600
1.380(2)
1.383(2)
1.377(3)
0.9300
1.368(3)
0.9300
1.364(3)
0.9300
1.379(3)
0.9300
0.9300

122.15(13)
117.13(14)
120.46(14)
121.74(14)
121.89(14)
116.29(13)
113.21(12)
109.10(12)
111.38(12)
109.83(12)
107.67(12)
105.34(12)
115.46(12)



C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3B)
C(2)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(5)-C(4)-C(3)
C(5)-C(4)-C(16)
C(3)-C(4)-C(16)
C(5)-C(4)-C(17)
C(3)-C(4)-C(17)
C(16)-C(4)-C(17)
0(2)-C(5)-C(6)
0(2)-C(5)-C(4)
C(6)-C(5)-C(4)
C(7)-C(6)-C(18)
C(7)-C(6)-C(5)
C(18)-C(6)-C(5)
C(6)-C(7)-C(8)
C(6)-C(7)-C(2)
C(8)-C(7)-C(2)
C(9)-C(8)-C(13)
C(9)-C(8)-C(7)
C(13)-C(8)-C(7)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(12)-C(11)-C(10)

108.4
108.4
108.4
108.4

107.5

106.82(12)

110.01(13)

110.09(13)

107.93(13)

112.59(13)

109.34(14)

120.75(14)

122.19(14)

116.95(12)

125.52(13)

120.66(13)

113.55(12)

125.28(13)

122.87(13)

111.83(12)

118.68(14)

124.56(14)

116.71(13)

121.34(16)
119.3
119.3

119.36(17)

120.3
120.3

120.71(17)



C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(12)-C(13)-C(8)
C(12)-C(13)-N(1)
C(8)-C(13)-N(1)
N(1)-C(14)-H(14A)
N(1)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
N(1)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
C(2)-C(15)-H(15A)
C(2)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(2)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
C(4)-C(16)-H(16A)
C(4)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(4)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
C(4)-C(17)-H(17A)
C(4)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(4)-C(17)-H(17C)

119.6
119.6
120.39(17)
119.8
119.8
119.52(15)
120.64(15)
119.84(14)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5



H(17A)-C(17)-H(17C) 109.5
H(17B)-C(17)-H(17C) 109.5
C(23)-C(18)-C(19) 118.07(15)
C(23)-C(18)-C(6) 120.35(14)
C(19)-C(18)-C(6) 121.28(14)
C(20)-C(19)-C(18) 120.75(17)
C(20)-C(19)-H(19) 119.6
C(18)-C(19)-H(19) 119.6
C(21)-C(20)-C(19) 120.42(18)
C(21)-C(20)-H(20) 119.8
C(19)-C(20)-H(20) 119.8
C(22)-C(21)-C(20) 119.45(17)
C(22)-C(21)-H(21) 120.3
C(20)-C(21)-H(21) 120.3
C(21)-C(22)-C(23) 120.49(18)
C(21)-C(22)-H(22) 119.8
C(23)-C(22)-H(22) 119.8
C(22)-C(23)-C(18) 120.80(17)
C(22)-C(23)-H(23) 119.6
C(18)-C(23)-H(23) 119.6

Symmetry transformations used to generate equivalent atoms:

Table 5. Anisotropic displacement parameters (A2 x 10"3) for jh039 Om.
The anisotropic displacement factor exponent takes the form:-2 pi*2 [ h"2 a**2 Ul1

+..+2hka*b*Ul2]

Ull U22 U33 U23 U13 Ul12
N(1) 43(1) 35(1) 47(1) -3(1) 12(1) 6(1)
C(1) 40(1) 25(1) 43(1) -4(1) 4(1) 0(1)

o(1) 55(1) 35(1) 60(1) 7(1) 9(1) 9(1)



0(2) 93(1) 44(1) 55(1) -6(1) 34(1) 12(1)
C(2) 35(1) 27(1) 37(1) 2(1) 5(1) -1(1)
C3)  40(1) 31(1) 42(1) 3(1) 10(1) -4(1)
c@4 42 34(1) 36(1) 1(1) 10(1) -1(1)
C(5) 38(1) 34(1) 40(1) 3(1) 10(1) -1(1)
C(6) 34(1) 29(1) 37(1) 0(1) 7(1) 2(1)
C(7) 32(1) 30(1) 35(1) 1(1) 4(1) 1(1)
c®) 431 31(1) 35(1) 3(1) 8(1) 2(1)
C(9) 60(1) 35(1) 41(1) 2(1) 7(1) 1(1)
C(10)  84(1) 48(1) 41(1) 8(1) 11(1) -7(1)
c(1l)  89(2) 56(1) 44(1) 3(1) 28(1) -12(1)
c(12)  65(1) 48(1) 52(1) -10(1) 26(1) -5(1)
c(13)  42(1) 34(1) 41(1) -6(1) 10(1) -4(1)
c(14)  51(1) 53(1) 65(1) 9(1) 17(1) 14(1)
c(15)  41(1) 40(1) 50(1) “7(1) 4(1) -6(1)
c(e6)  71(1) 52(1) 45(1) 4(1) 22(1) -4(1)
c7) 441 44(1) 46(1) 1(1) 2(1) -1(1)
c(18)  41(1) 28(1) 35(1) 2(1) 8(1) 2(1)
c(19)  42(1) 37(1) 71(1) 3(1) 5(1) 5(1)
C(0)  71(1) 35(1) 70(1) 5(1) 4(1) 16(1)
cRl)  91Q2) 30(1) 51(1) 1(1) 17(1) -6(1)
Cc22)  66(1) 47(1) 73(1) -1(1) 25(1) -18(1)
C(23)  44(1) 42(1) 63(1) 0(1) 16(1) 0(1)
Table 6. Hydrogen coordinates ( x 10°4) and isotropic
displacement parameters (A2 x 10°3) for 1jh039_Om.
X y z U(eq)
H(3A) 865 8512 9972 45
H(3B) 2047 7701 10293 45



H(9) 1426 11359 7455 55

H(10) 1878 11325 6078 70
H(11) 3201 9883 5765 73

H(12) 4065 8477 6811 64

H(14A) 5157 7759 7830 84
H(14B) 4616 6659 8232 84
H(14C) 5528 7542 8859 84
H(15A) 893 7154 8633 68
H(15B) 1151 7967 7877 68
H(15C) 194 8373 8421 68
H(16A) 2186 8514 11840 82
H(16B) 1025 9329 11442 82
H(16C) 2285 9891 11992 82
H(17A) 4098 8620 11221 70
H(17B) 4152 9999 11363 70
H(17C) 4100 9469 10420 70
H(19) 328 12484 8928 62
H(20) 518 14475 8663 73
H(21) 2460 15290 8727 69
H(22) 4215 14104 9056 73
H(23) 4038 12106 9307 59

Table 7. Selected torsion angles [deg] for [jh039 Om.

Symmetry transformations used to generate equivalent atoms:

Table 8. Torsion angles [deg] for jh039 Om.

C(13)-N(1)-C(1)-0(1) 175.93(14)
C(14)-N(1)-C(1)-0(1) 1.8(2)



C(13)-N(1)-C(1)-C(2)
C(14)-N(1)-C(1)-C(2)
0(1)-C(1)-C(2)-C(7)
N(1)-C(1)-C(2)-C(7)
0(1)-C(1)-C(2)-C(3)
N(1)-C(1)-C(2)-C(3)
O(1)-C(1)-C(2)-C(15)
N(1)-C(1)-C(2)-C(15)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(15)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(16)
C(2)-C(3)-C(4)-C(17)
C(3)-C(4)-C(5)-0(2)
C(16)-C(4)-C(5)-0(2)
C(17)-C(4)-C(5)-0(2)
C(3)-C(4)-C(5)-C(6)
C(16)-C(4)-C(5)-C(6)
C(17)-C(4)-C(5)-C(6)
0(2)-C(5)-C(6)-C(7)
C(4)-C(5)-C(6)-C(7)
0(2)-C(5)-C(6)-C(18)
C(4)-C(5)-C(6)-C(18)
C(18)-C(6)-C(7)-C(8)
C(5)-C(6)-C(7)-C(8)
C(18)-C(6)-C(7)-C(2)
C(5)-C(6)-C(7)-C(2)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)

-0.8(2)

~174.90(13)

146.19(14)
-37.12(17)
20.49(19)

-162.82(13)

-95.96(17)
80.73(16)
-34.38(17)
89.01(15)

-155.98(13)

55.64(16)
175.05(13)
-62.67(17)
136.75(16)

17.3(2)

-101.95(18)

~47.06(17)

-166.54(13)

74.24(16)

-165.97(15)

17.8(2)
19.7(2)

~156.56(13)

2.8(2)

-170.86(13)
-179.16(13)

72(2)
1.2(2)

-123.45(15)



C(15)-C(2)-C(7)-C(6)
C(3)-C(2)-C(7)-C(8)
C(1)-C(2)-C(7)-C(8)
C(15)-C(2)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(2)-C(7)-C(8)-C(9)
C(6)-C(7)-C(8)-C(13)
C(2)-C(7)-C(8)-C(13)
C(13)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(8)
C(11)-C(12)-C(13)-N(1)
C(9)-C(8)-C(13)-C(12)
C(7)-C(8)-C(13)-C(12)
C(9)-C(8)-C(13)-N(1)
C(7)-C(8)-C(13)-N(1)
C(1)-N(1)-C(13)-C(12)
C(14)-N(1)-C(13)-C(12)
C(1)-N(1)-C(13)-C(8)
C(14)-N(1)-C(13)-C(8)
C(7)-C(6)-C(18)-C(23)
C(5)-C(6)-C(18)-C(23)
C(7)-C(6)-C(18)-C(19)
C(5)-C(6)-C(18)-C(19)
C(23)-C(18)-C(19)-C(20)
C(6)-C(18)-C(19)-C(20)
C(18)-C(19)-C(20)-C(21)

121.57(15)
179.49(12)
54.86(15)
-60.13(16)
-40.9(2)
140.84(15)
141.83(16)
-36.42(17)
-0.1(2)

~177.33(16)

-0.3(3)
0.23)
0.3(3)

-0.7(3)

179.84(16)
0.6(2)
178.01(14)

_179.94(14)

2.52)

_157.73(15)

16.2(2)
22.8(2)

-163.26(15)

-77.2(2)
96.85(17)
109.29(19)
-76.68(19)
1.3(3)
174.97(17)
-0.8(3)



C(19)-C(20)-C(21)-C(22) 0.103)

C(20)-C(21)-C(22)-C(23) 0.4(3)
C(21)-C(22)-C(23)-C(18) 0.1(3)
C(19)-C(18)-C(23)-C(22) -0.9(3)
C(6)-C(18)-C(23)-C(22) -174.67(17)

Symmetry transformations used to generate equivalent atoms:

Table 9. Hydrogen bonds for 1jh039 Om [A and deg.].

D-H..

A

d(D-H) d(H..A)  d(D..A) <(DHA)



