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1. General Experimental Methods:

NMR spectra were all recorded on a Bruke (400MHz ) spectrometer. Nuclear magnetic
resonance (NMR) spectra are recorded in parts per million from internal TMS on the J scale. Data
for "H NMR are reported as follows: chemical shift (5ppm), multiplicity (s = singlet, d = doublet, t
= triplet, q = quartet, m = multiplet), integration, coupling constant (Hz) and assignment. Data for
C NMR are reported in terms of chemical shift and no special nomenclature is used for
equivalent carbons. Flash column chromatography was performed using silica gel (300—400 mesh).
Analytical thin—layer chromatography was performed using glass plates pre-coated with 0.25 mm
300400 mesh silica gel impregnated with a fluorescent indicator (254 nm). Thin layer
chromatography plates were visualized by exposure to ultraviolet light. Commercial reagents and
solvents were used as received. Catalyst | was commercial from Aldrich. Enantioselectivities were
determined by high-performance liquid chromatography (HPLC) with a Jasco uv-2075 plus
intelligent uv/ivs detector (A = 254 nm orA = 214 nm) andPhenomenex Lux5u Amylose-2 column.
Optical rotations were measured in CHCl; on a Jasco P-1030 polarimeter. Dichloromethane was
fractionally distilled.

2. Optimization ofMichael/aza-Henry/hemiaminalization/dehydrationsequence”

Q N \\NOZ
1a H 1) 1 (5 mol%), p-nitrophenol (5 mol%), CH,Cl, (1M) S~
ph/\i/NOZ 2) tryptamine (4), base, temperature + \\NH ©
2a
5b
Ph N NH
~ J\ PPN
Lms ) v Y
DABCO ™G Et;N
I ] m v v Vi vi
RZ
R1
NN
l _N
IX: R'=OH, R?=OMe XI: R'=0H, R2=OMe
X: R'=0OH, R?=0H XIl: R'=OH, R%=0H
Entry Cat. Tempera Time (h) Yield of 5a:5b° ee of 5a
ture(°C) 5a(%)" (%)*

1 leqll 25 22 57 16 : 1 94
2 Leqlll 25 22 39 18:1 94
3 leqlV 25 22 45 16 : 1 94
4 leqV 25 22 42 >20:1 94
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5 leq VI 25 22 22 1:18 94

6 leq VII 25 22 33 1.1 :1 94
7 0.leq VIII 25 22 44 >20:1 94
8 0.2eq IX 25 22 34 25:1 94
9 0.2eq X 25 22 42 36:1 94
10 0.2eq XI 25 22 38 15:1 94
11 0.2eq XII 25 22 41 7:1 94
12 leq Il 0 22 12 1:4.6 94
13¢ leq Il 0 22 66 >20:1 94
14°¢ leq Il -20 22 70 >20:1 95
15°¢ leq Il -40 22 80 >20:1 95
16° leq Il -60 22 38 >20:1 95
17°¢ leq Il -40 48 68 >20:1 95
18° leq Il -60 48 46 >20:1 95
19°¢ 2eq Il -40 22 64 >20:1 95
20°¢ 0.5¢eq 11 -40 22 61 >20:1 95
21°¢ 0.5eq 11 -40 48 64 >20:1 95
22°¢ leq Il -40 22 75 >20:1 97
23° leq Il -40 22 46 >20:1 97

* The reaction was performed using 1a (0.75 mmol), 2a (0.25 mmol, 1M), p-nitrophenol (0.0125
mmol), 1 (0.0125 mmol) at rt. After 2a consumed, 4 (0.75 mmol), base and 4 A molecular sieves
(MS) (50mg) was added to the mixture. ®Yield of isolated product 5a. © Determined by "H NMR of
the crude product.  Determined by chiral HPLC analysis. ¢4 mL CH,Cl, and TMG (0.5 mmol) was
added to stir for another 12h at rt. "The first step was performed at 0 °C. & The first step was
performed at -20 C.
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General procedure for the synthesis ofindoloquinolizidine derivatives 6a-6m

R‘]
o - NO
R 1) 1 (5moi%) 2) 3equiv  3)2equiv 4)12equiv N 2
1 p-nitrophenol (5 mol%) tryptamine TMG TsOHH,O -
> "R
+ , S
CH,Cl, (1M), 0°C orrt 1 equiv DABCO rt, 12h t, 4h
X _NO 202 y I, 1
RZ/Z\/ 2 -40°C, 22h MNH R
6

A solution of nitroalkene nitroethylenes 2 (0.25 mmol), p-nitrophenol (0.125 mmol) and catalyst |
(0.0125mmol) in CH,Cl, (0.25 mL) was added with aldehyade 1 (0.75 mmol). The result mixture was stirred
at 0 °C ( 1 = propanal) or rt until all the nitroalkene was consumed, then cooled to -40 °C, added with
DABCO(0.25mmol), tryptamine 4(0.75 mmol) and 4A MS (50 mg). The mixture was kept at -40°C for 22
hours then treated with 4mL CH,Cl,and TMG (0.5 mmol) at rt for further 12h. Finally, TsOHH,O (3 mmol)
was added to the reaction mixture to stir for 4h at rt before filtered through a short pad of celite. The filtrate

was concentrated and purified on silica gel to afford the desired products.

General procedure for the synthesis ofindoloquinolizidine derivatives 6n-6q

0 R®
O NO
RULH 1) 1 (10 mol%) 2) . 3equiv  3)2equiv  4) 12 equiv N 2
1 p-nitrophenol (10 mol%) RS (3) H tryptamine TMG TsOHH,0 -~ : wpp
+ x>
CH,Cly (1M), rt 1 equiv DABCO rt, 12h rt, 4h \ 1
- NO, 2~2 q NH R
Ph™ 40°C, 22h
2 6

A solution of nitroalkene 2 (0.25 mmol), p-nitrophenol (0.025 mmol) and catalyst | (0,025 mmol) in
CH,Cl, (0.25 mL) was added with aldehyade 1 (0.30 mmol). The result mixture was stirred at room
temperature until all the nitroalkene was consumed, then cooled to -40°C, added with DABCO (0.25mmol),
aldehyade 3 (0.75 mmol), tryptamine 4 (0.75 mmol) and 4A MS (50 mg). The mixture was kept at -40°C for
22 hours then treated with 4mL CH,Clyand TMG (0.5 mmol) at rt for further 12h. Finally, TSOH'H,O (3
mmol) was added to the reaction mixture to stir for 4h at rt before filtered through a short pad of celite. The

filtrate was concentrated and purified on silica gel to afford the desired products.

Procedure for the synthesis of indoloquinolizidine derivative 7

(0]
Rt R® i
g 1 (5 mol%) tryptamine 2 equiv N NO2 12 equiv N NO,
p-nitrophenol (5 mol%) 4 ™G NBS ) )
+ CH,Cl, (1M) 1 equiv DABCO  CH.,CI N Y "R? — = YN "R?
V12 yadv) 1%
Rz NNO: 0°C -40°C, 22h rt12h \_NH R’ MeCN NH R Br
2 0°C, 1h
Ta-c
5a-c . )
single isomer

54- 58% yield

A solution of nitroalkene 2 (0.25 mmol), p-nitrophenol (0.0125 mmol) and catalyst | (0.0125 mmol) in
CH,Cl, (0.25 mL) was added with aldehyade 1 (0.75 mmol). The result mixture was stirred at 0 °C until all
the nitroalkene was consumed, then cooled to -40 °C, added with DABCO(0.25 mmol), tryptamine 4 (0.75
mmol) and 4A MS (50 mg). The mixture was kept at -40°C for 22 hours then treated with 4mL CH,Cl, and
TMG (0.5mmol) at rt for further 12h before filtered through a short pad of celite. The filtrate was
concentrated and purified on silica gel to afford products 5a-c.

A solution of 5 (0.10 mmol) in MeCN(2 mL) was cooled to 0 °C, then added with NBS (0.12 mmol).
After 1 hour, the result mixture was purified by flash chromatography on a short silica gel directly to afford
the desired product7a-c.
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6. Explanations of the determinations of compounds 5a and 6a’s absolute configurations.

The absolute configurations shown in scheme 3 and 4 in manuscript were determined as follows: First, the
absolute configuration of the bromide-containing indoloquinolizidines 7 was unambiguously determined by X-ray
crystallography of 7a (Fig. 1). Indoloquinolizidines 7 were obtained from treating products 5 with
bromosuccinimide (NBS), and have two more new-generated stereocenters. The absolute configuration of
stereocenters in product 5 should be the same as those in products 7 except these new-generated stereocenters (eq.
1). Therefore, the absolute configuration of products 5 can be assigned reasonably and scientifically according to
X-ray crystallography of 7a. On the other hand, the relative configuration of the products 6 can be surely
determined through X-ray crystallography of 6¢ (Fig. 2). After the absolute configuration of products 5 confirmed,
and with the relative configuration of the products 6 in hand, the absolute configuration of products 6 can be

assigned in a similar way without arbitrariness (eq. 2).

1.2 equiv NBS

—_—

eq.1
MeCN, 0°C, 1 h

H R?
NO,

o) R N
N N .
| TsOHH,O o "y
S m@(@ o Ny
R3 N NH R H
H o ri e

5 6
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Figure 1. X-ray crystallography of 7a

Figure 2. X-ray crystallography of 6¢
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Characterization data of indoloquinolizidine derivatives

(1R,2S,35,4S,12bR)-4-ethyl-1-methyl-3-nitro-2-phenyl-1,2,3,4,6,7,12,12b-octahydroindol
0[2,3-a]quinolizine (6a)

Purified by flash chromatography (PE:EtOAc = 20:1). 50% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
90/10);flow rate 1 mL/min; A =254 nm; Tyiner = 9.6 Min, Tigjor = 21.6 min, 97% ee.

[a]p** =-11.4 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) & 7.73 (s, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.30 — 7.27 (m, 3H), 7.23 —
7.19 (m, 3H), 7.16 (t, J = 6.8 Hz, 1H), 7.10 (t, J = 7.2 Hz, 1H), 5.38 (dd, J = 12.0, 5.2 Hz, 1H),
3.83 (d,J=10.4 Hz, 1H), 3.70 (td, J= 10.8, 4.4 Hz, 1H), 3.52 — 3.47 (m, 1H), 3.29 (t,J= 12.0 Hz,
1H), 3.11 — 3.07(m, 1H), 3.02 — 2.94 (m, 1H), 2.86 — 2.81 (m, 1H), 2.33 — 2.26 (m, 1H), 1.99 —
1.91 (m, 1H), 1.45— 1.39 (m, 1H), 0.94 —0.91 (m, 6H)."*C NMR (100 MHz, CDCl;) § 139.2, 135.8,
133.7, 128.7, 128.3, 1274, 126.6, 121.9, 119.5, 118.2, 110.7, 109.2, 87.4, 66.1, 54.3, 47.9, 47.7,
36.7,22.6,18.5,16.0, 11.0.

IR (KBr) v (cm™)3430, 2955, 3063, 3031, 2923, 2851,1540, 1467, 1366, 1347, 1163, 1086,
742, 698.

HRMS (ESI)ym/z caled for C,4H,7N30, [M+H]"390.2176, found: 390.2181

(1R,2S,35,4S,12bR)-4-ethyl-1-methyl-3-nitro-2-phenyl-1,2,3,4,6,7,12,12b-octahydroindol
o[2,3-a]quinoalizine (6b)

Purified by flash chromatography (PE:EtOAc = 20:1). 38% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux Su Amylose-2 column (hexane/i-PrOH
= 90/10);flow rate 1 mL/min; A =254 nm; Tpinor = 6.7mMin, Tiajor = 18.0 min, 95% ee.

[a]p* = - 12.6(c = 1.0, CHCL).

'"H NMR (400 MHz, CDCL3) 6 7.72 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.31 — 7.26 (m, SH), 7.23 —
7.21 (m, 1H), 7.16 (t, J = 7.2 Hz, 1H), 7.10 (t, J = 6.8 Hz, 1H), 5.37 (dd, J = 12.0, 5.6 Hz, 1H),
4.16 (d,J=10.8 Hz, 1H), 3.72 (td, J = 10.8, 4.4 Hz, 1H), 3.63 (t, J= 12.0 Hz, 1H), 3.58 — 3.54 (m,
1H), 3.11 — 3.06 (m, 1H), 3.01 — 2.93 (m, 1H), 2.85 — 2.81 (m, 1H), 2.39 — 2.33 (m, 1H), 1.99 —
1.90 (m, 1H), 1.55 — 1.48 (m, 2H), 1.31 — 1.22 (m, 4H), 1.01 (t, J = 7.6 Hz, 3H), 0.88 (t, /= 7.2 Hz,
3H).">C NMR (100 MHz, CDCl;) & 138.9, 135.9, 133.7, 128.7, 127.4, 126.7, 121.9, 119.5, 118.2,
110.6, 109.5, 87.8, 64.1,49.7, 47.6, 43 .4, 40.6, 27.5, 22.6, 20.2, 19.6, 13.7, 8.4.

IR (KBr) v (cm™)3433, 3056, 3028, 2961, 2870, 1540, 1461, 1369, 1350, 1166, 1086,
742, 701.

HRMS (ESI)ym/z caled for Cy6H3 N30, [M+H] 418.2489, found: 418.2484
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(1R,2S,35,4S,12bR)-4-butyl-3-nitro-2-phenyl-1-propyl-1,2,3,4,6,7,12,12b-octahydroindol
0[2,3-a]quinoalizine (6c)

Purified by flash chromatography (PE:EtOAc = 20:1). 42% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 90/10);flow rate 1 mL/min; A =254 nm; Tpinor = 6.1mMin, Tiajor = 13.8 min, 97% ee.

[a]p* = - 10.0(c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) § 7.64 (s, 1H), 7.51 (d, J= 7.6 Hz, 1H), 7.31 — 7.20 (m, 6H), 7.17 (td,
J=172Hz, 1.2Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 5.37 (dd, J = 12.0, 5.6 Hz, 1H), 4.12 (d, /= 10.8
Hz, 1H), 3.73 (td, /= 11.2, 4.8 Hz, 1H), 3.62 — 3.53 (m, 2H), 3.11 — 3.07 (m, 1H), 3.02 — 2.94 (m,
1H), 2.86 — 2.82 (m, 1H), 2.36 — 2.29 (m, 1H), 1.97 — 1.87 (m, 1H), 1.48 — 1.13 (m, 9H), 0.87 —
0.80 (6H). *C NMR (100 MHz, CDCl;) & 139.0, 135.9, 133.8, 128.7, 127.4, 126.8, 121.9, 119.6,
118.2, 110.6, 109.5, 87.7, 64.4, 50.7, 47.6, 44.4, 40.6, 30.4, 28.6, 25.2, 22.6, 22.4, 17.8, 14.6, 14.0.
IR (KBr) v (cm™)3417, 3063, 3025, 2952, 2927, 2860, 1549, 1530, 1496, 1461, 1366,
1343, 1166, 1087, 751, 701, 571, 485.

HRMS (ESI)ym/z caled for Co5H3sN30, [M+H] 446.2802, found: 446.2810

CgHi7

NO,
N
% Gl
\ NH  C7His

6d

(1R,2S,35,4S,12bR)-1-heptyl-3-nitro-4-octyl-2-phenyl-1,2,3,4,6,7,12,12b-octahydroindolo
[2,3-a]quinolizine (6d)

Purified by flash chromatography (PE:EtOAc = 100:1). 34% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH

= 90/10);flow rate 1 mL/min; A =254 nm; Tminor = 7.0min, Tajor = 19.6 min, 97% ee.

[a]p** =-21.0 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) § 7.64 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.31 — 7.20 (m, 6H), 7.17 (t,
J=6.8 Hz, 1H), 7.11 (t,J = 6.8 Hz, 1H), 5.37 (dd, J = 12.0, 5.6 Hz, 1H), 4.12 (d, J= 11.2 Hz, 1H),
3.73 (td, J=11.2, 4.8 Hz, 1H), 3.62 — 3.53 (m, 2H), 3.11 — 3.07 (m, 1H), 3.02 — 2.94 (m, 1H), 2.86
—2.82 (m, 1H), 2.36 — 2.29 (m, 1H), 1.97 — 1.87 (m, 1H), 1.48 — 1.13 (m, 9H), 0.87 — 0.80 (m, 6H).
C NMR (100 MHz, CDCl;) & 139.0, 135.9, 133.8, 128.7, 127.4, 126.8, 121.9, 119.6, 118.2, 110.6,
109.5, 87.7, 64.4, 50.7, 47.6, 44.4, 40.6, 30.4, 28.6, 25.2,22.6, 22.4, 17.8, 14.6, 14.0.

IR (KBr) v (cm™)3433, 3060, 3031, 2923, 2857, 1540, 1458, 1369, 1344, 1166, 1102, 739,
698, 565.

HRMS (ESI)m/z caled for C37HssN3O, [M+H]558.4054, found: 558.4064
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(1R,2S,35,4S,12bR)-1-benzyl-3-nitro-4-phenethyl-2-phenyl-1,2,3,4,6,7,12,12b-octahydroi
ndolo[2,3-a]quinolizine (6e)

Purified by flash chromatography (PE:EtOAc = 20:1). 35% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 90/10);flow rate 1 mL/min; A =254 nm; Tminor = 10.0min, Tigjor = 22.5 min, 91% ee.
[a]p** = - 40.0 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl;) & 7.58 (s, 1H), 7.52 — 7.50 (m, 1H), 7.24 —7.15 (m, 8H), 7.13 — 7.08
(m, 8H), 6.83 — 6.81 (m, 2H), 5.34 (dd, J = 11.6, 5.2 Hz, 1H), 4.28 (d, J = 10.4 Hz, 1H), 3.76 —
3.70 (m, 1H), 3.62 (t, J = 11.6 Hz, 1H), 3.53 — 3.47 (m, 1H), 3.08 — 3.00 (m, 2H), 2.90 — 2.84 (m,
2H), 2.81 — 2.71 (m, 3H), 2.62 — 2.54 (m, 1H), 2.28 — 2.19 (m, 1H), 1.70 — 1.61 (m, 1H)."*C NMR
(100 MHz, CDCl;) 6 141.2, 138.8, 138.5, 135.9, 133.2, 128.7, 128.5, 128.5, 128.3, 127.6, 126.5,
126.3, 125.9, 121.9, 119.5, 118.1, 110.7, 109.6, 87.8, 62.8, 52.0, 47.5, 46.0, 41.7, 35.9, 31.7, 27.0,
22.6.

IR (KBr) v (cm™)3424, 3056, 3025, 2945, 2914, 2844, 1603, 1543, 1492, 1451, 1362, 1340,
1163, 1078, 745, 698.

HRMS (ESI)ym/z caled for C37H3oN;0, [M+H]542.2802, found: 542.2808

(1R,2S,35,4S,12bR)-2-(4-chlorophenyl)-4-ethyl-1-methyl-3-nitro-1,2,3,4,6,7,12,12b-octah
ydroindolo[2,3-a]quinolizine (6f)

Purified by flash chromatography (PE:EtOAc = 20:1). 45% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tpinor = 5.6mMin, Tiajor = 10.8 min, 96% ee.

[a]p** = - 6.0 (¢ = 1.0, CHCL;).

'"H NMR (400 MHz, CDCL3) 6 7.72 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.30 — 7.23 (m, 3H), 7.19 —
7.14 (m, 3H), 7.11 (t, J = 8.0 Hz, 1H), 5.31 (dd, J = 12.0, 5.6 Hz, 1H), 3.81 (d, J = 10.4 Hz, 1H),
3.67 (td, J=11.2, 4.8 Hz, 1H), 3.51 — 3.46 (m, 1H), 3.28 (t, /= 11.6 Hz, 1H), 3.10 — 3.06 (m, 1H),
3.02-2.94 (m, 1H), 2.86 — 2.81 (m, 1H), 2.28 — 2.21 (m, 1H), 1.97 — 1.89 (m, 1H), 1.43 — 1.36 (m,
1H), 0.94 — 0.90 (m, 6H)."*C NMR (100 MHz, CDCl3) § 137.7, 135.8, 133.5, 133.2, 129.6, 128.9,
126.6, 122.0, 119.5, 118.3, 110.7, 109.3, 87.2, 66.1, 54.2, 47.9, 47.2, 36.6, 22.5, 18.5, 15.9, 11.0.
IR (KBr) v (cm™)3427, 2961, 2920, 2851, 1543, 1489, 1458, 1372, 1340, 1166, 1090, 1011,
818, 742.

HRMS (ESI)m/z calcd for C,sHzoCIN;O,[M+H]424.1786, found: 424.1768
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(1R,2S,35,4S,12bR)-2-(4-bromophenyl)-4-ethyl-1-methyl-3-nitro-1,2,3,4,6,7,12,12b-octah
ydroindolo[2,3-a]quinolizine (6g)

Purified by flash chromatography (PE:EtOAc = 20:1). 40% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH

= 80/20);flow rate 1 mL/min; A =254 nm; Tpinor = 6.0 Min, Tmgjor = 11.2 min, 94% ee.

[a]p®* =-41.2 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) 8 7.74 (s, 1H), 7.59 (dd, J = 8.0, 1.2 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H),
7.31—7.27 (m, 2H), 7.20 — 7.05 (m, 4H), 5.41 (dd, J = 12.0, 5.6 Hz, 1H), 4.15 (t, J = 12.0 Hz, 1H),
3.91 (d, J=10.8 Hz, 1H), 3.69 (td, /= 10.8, 4.4 Hz, 1H), 3.58 — 3.53 (m, 1H), 3.14 — 3.10 (m, 1H),
3.03 —2.95 (m, 1H), 2.85 — 2.82 (m, 1H), 2.27 — 2.16 (m, 1H), 2.08 — 1.96 (m, 1H), 1.48 — 1.39 (m,
1H), 1.00 — 0.92 (m, 6H)."*C NMR (100 MHz, CDCl3) § 139.0, 135.8, 133.4, 133.3, 128.6, 128.2,
127.4, 126.6, 121.9, 119.5, 118.2, 110.7, 109.4, 86.7, 66.4, 54.5, 48.0, 45.0, 38.4, 22.6, 18.5, 15.0,
11.0.

IR (KBr) v (cm™)3430, 2958, 2927, 1628, 1540, 1458, 1369, 1337, 1163, 1074, 1008, 748.
HRMS (EST)m/z calcd for C24H2<,BrN3Oz[M+H]+468. 1281, found: 468.1275

NO,
N
S ""’@\
\NH o’
6h

(1R,2S,35,4S,12bR)-4-ethyl-2-(4-methoxyphenyl)-1-methyl-3-nitro-1,2,3,4,6,7,12,12b-oct
ahydroindolo[2,3-a]quinolizine (6h)

Purified by flash chromatography (PE:EtOAc = 10:1). 30% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tpinor = 7.5mMin, Tmajor = 19.3 min, 97% ee.

[a]p** =-16.2 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) 8 7.74 (s, 1H), 7.51 (d, J= 7.6 Hz, 1H), 7.29 (d, J= 7.6 Hz, 1H), 7.18
—17.08 (m, 4H), 6.82 (d, J = 8.4 Hz, 2H), 5.33 (dd, /= 12.0, 5.2 Hz, 1H), 3.82 (d, /= 10.4 Hz, 1H),
3.76 (s, 3H), 3.70 (td, J = 10.8, 4.4 Hz, 1H), 3.50 — 3.45 (m, 1H), 3.24 (t, J=12.0 Hz, 1H), 3.11 —
3.07 (m, 1H), 3.02 — 2.94 (m, 1H), 2.86 — 2.81 (m, 1H), 2.31 —2.21 (m, 1H), 2.00 — 1.89 (m, 1H),
1.45-1.37 (m, 1H), 0.95 — 0.90 (m, 6H)."*C NMR (100 MHz, CDCl;) & 158.7,135.8, 133.8, 131.1,
129.2, 126.7, 121.9, 119.48, 118.2, 114.1, 110.7, 109.2, 87.7, 66.1, 55.2, 54.4, 47.9, 46.9, 36.8,
22.6,18.5,16.0, 11.0.

IR (KBr) v (cm™)3427, 2958, 2927, 1616, 1540, 1511, 1458, 1366, 1340, 1248, 1172, 1036,
745.

HRMS (ESI)m/z caled for Co6H33N;05[M+H]'420.2282, found: 420.2285
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(1R,2S,35,4S,12bR)-2-(2-chlorophenyl)-4-ethyl-1-methyl-3-nitro-1,2,3,4,6,7,12,12b-octah
ydroindolo[2,3-a]quinolizine (6i)

Purified by flash chromatography (PE:EtOAc = 20:1). 55% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tpinor = 5.6mMin, Tiajor = 10.4 min, 96% ee.

[a]n** =-9.6(c = 1.0, CHCLy).

'"H NMR (400 MHz, CDCLy) & 7.72 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.30— 7.23 (m, 3H), 7.19 —
7.09 (m, 4H), 5.31 (dd, J=12.0, 5.2 Hz, 1H), 3.82 (d, /= 10.4 Hz, 1H), 3.68 (td, /= 10.8, 4.4 Hz,
1H), 3.59 — 3.42 (m, 1H), 3.28 (t, J = 11.6 Hz, 1H), 3.15 — 3.04 (m, 1H), 3.03 — 2.93 (m, 1H), 2.90
—2.71 (m, 1H), 2.36 — 2.15 (m, 1H), 1.99 — 1.87 (m, 1H), 1.45 — 1.35 (m, 1H), 0.94 — 0.90 (m,
6H).">C NMR (100 MHz, CDCl3) §137.7, 135.8, 133.5, 133.2, 129.6, 128.9, 126.6, 122.0, 119.5,
118.3, 110.7, 109.3, 87.2, 66.1, 54.2, 47.9,47.2, 36.6, 22.5, 18.5, 15.9, 10.1.

IR (KBr) v (cm')3424, 2920, 2847, 1543, 1489, 1461, 1372, 1337, 1163, 1087, 821, 742.
HRMS (ESI)m/z caled for CysH3oCIN;O,[M+H]'424.1786, found: 424.1763

(1R,2S,35,4S,12bR)-2-(2-bromophenyl)-4-ethyl-1-methyl-3-nitro-1,2,3,4,6,7,12,12b-octah
ydroindolo[2,3-a]quinolizine (6j)

Purified by flash chromatography (PE:EtOAc = 20:1). 37% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH

= 80/20);flow rate 1 mL/min; A =254 nm; Tminor = 19.9min, Tigjor = 21.4 min, 96% ee.

[a]p** =-37.0 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) 8 7.73 (s, 1H), 7.59 (dd, J = 8.4, 1.2 Hz, 1H), 7.51 (d, J = 7.6 Hz, 1H),
7.31 —7.24 (m, 2H), 7.20 — 7.05 (m, 4H), 5.41 (dd, J= 12.0, 5.2 Hz, 1H), 4.15 (t, J = 11.6 Hz, 1H),
3.91 (d, J=10.4 Hz, 1H), 3.69 (td, /= 10.8, 4.4 Hz, 1H), 3.57 — 3.52 (m, 1H), 3.13 — 3.09 (m, 1H),
3.03 — 2.95 (m, 1H), 2.86 — 2.81 (m, 1H), 2.24 —2.17 (m, 1H), 2.06 — 1.98 (m, 1H), 1.48 — 1.41 (m,
1H), 0.99 (d, J = 6.4 Hz, 3H), 0.95 (t, J = 7.2 Hz, 4H)."*C NMR (100 MHz, CDCl;) § 139.0, 135.8,
133.3, 128.6, 128.2, 127.4, 126.6, 121.9, 119.5, 118.2, 110.7, 109.3, 86.7, 66.4, 54.5, 48.0, 44.9,
38.4,22.6,18.5,15.0, 11.0.

IR (KBr) v (cm™)3430, 2965, 2927, 2876, 2844, 1546, 1461, 1366, 1340, 1163, 1084, 1017,
742.

HRMS (ESI)m/z caled for Cp4H,6BrN3Oo[M+H] 468.1281, found: 468.1270
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(1R,2S,35,4S,12bR)-4-ethyl-1-methyl-3-nitro-2-(3-nitrophenyl)-1,2,3,4,6,7,12,12b-octahy
droindolo[2,3-a]quinolizine (6k)

Purified by flash chromatography (PE:EtOAc = 10:1). 44% yield, yellow solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 98/2);flow rate 1 mL/min; A =254 nm; Tminor = 19.9min, Tigjor = 21.4 min, 98% ee.

[a]p** = - 7.8(c = 1.0, CHCL).

'H NMR (400 MHz, CDCL3) & 8.13 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.77 (s, 1H), 7.59 (d, J = 7.6
Hz, 1H), 7.53 — 7.46 (m, 2H), 7.30 (d, /= 7.6 Hz, 1H), 7.17 (t, /= 6.8 Hz, 1H), 7.12 (d, /= 7.2 Hz,
1H), 5.38 (dd, /= 11.6, 5.2 Hz, 1H), 3.86 (d, /= 10.4 Hz, 1H), 3.71 (td, /= 11.2, 4.4 Hz, 1H), 3.57
—3.52 (m, 1H), 3.47 (t, J= 11.6 Hz, 1H), 3.14 — 3.10 (m, 1H), 3.04 — 2.96 (m, 1H), 2.88 — 2.84 (m,
1H), 2.36 — 2.36 (m, 1H), 1.99 — 1.91 (m, 1H), 1.43 — 1.36 (m, 1H), 0.96 — 0.92 (m, 6H)."*C NMR
(100 MHz, CDCls) 6 148.4, 141.6, 135.9, 133.1, 129.8, 126.6, 122.7, 122.0, 119.6, 118.3, 110.7,
109.4, 86.8, 66.1, 54.1,47.9, 47.6, 36.6, 22.5, 18.4, 15.9, 10.9.

IR (KBr) v (cm-1)3429, 2963, 2927, 2873, 2844, 1616, 1542, 1530, 1461, 1350, 1166, 1087, 739,
691.

HRMS (ESI)m/z caled for C,sH3oN4O4[M+H]435.2027, found: 435.2017

(1R,2R,3S,4S,12bR)-4-ethyl-1-methyl-3-nitro-2-(thiophen-2-yl)-1,2,3,4,6,7,12,12b-octahy
droindolo[2,3-a]quinolizine (6l)

Purified by flash chromatography (PE:EtOAc = 20:1). 44% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tminor = 5.8Min, Tajor = 10.4 min, 96% ee.

[a]p** =-15.6 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) 8 7.75 (s, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.19
—7.15 (m, 2H), 7.11 (t, J= 7.2 Hz, 1H), 6.94 — 6.89 (m, 2H), 5.27 (dd, /= 11.6, 5.2 Hz, 1H), 3.82
(d, J=10.8 Hz, 1H), 3.68 — 3.62 (m, 2H), 3.49 — 3.44 (m, 1H), 3.08 — 3.04 (m, 2H), 2.86 — 2.81 (m,
1H), 2.34 -2.23 (m, 1H), 1.96 — 1.84 (m, 1H), 1.46 —1.36 (m, 1H), 1.06 (d, J= 6.8 Hz, 3H), 0.91 (t,
J =172 Hz, 3H).”C NMR (100 MHz, CDCl;) § 142.6, 135.8, 133.5, 126.8, 126.7, 126.6, 124.3,
122.0,119.5, 118.3, 110.7, 109.4, 88.5, 66.1, 54.3, 47.8, 43.3, 38.1, 22.5, 18.6, 16.2, 10.9.

IR (KBr) v (cm™)3421, 2961, 2920, 2847, 1622, 1546, 1461, 1369, 1340, 1166, 1084, 739,
701.

HRMS (ESI)m/z caled for C;,H,sN30,S[M+H]396.1740, found: 396.1739
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(1R,2R,3S,4S,12bR)-4-ethyl-2-(furan-2-yl)-1-methyl-3-nitro-1,2,3,4,6,7,12,12b-octahydroi
ndolo[2,3-a]quinoalizine (6m)

Purified by flash chromatography (PE:EtOAc = 20:1). 47% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tminor = 5.3MiN, Tmajor = 9.5 min, 96% ee.

[a]p>* = - 20.6(c = 1.0, CHCL).

'H NMR (400 MHz, CDCls) 6 7.73 (s, 1H), 7.50 (d, J = 7.6 Hz, 1H), 7.31 — 7.28 (m, 2H), 7.17 (t,
J=17.2Hz, 1H), 7.10 (t, J = 6.8 Hz, 1H), 6.27— 6.26(m, 1H), 6.19 (d, J= 2.8 Hz, 1H), 5.37 (dd, J =
12.0, 5.6 Hz, 1H), 3.78 (d, J = 10.8 Hz, 1H), 3.65 (td, J = 11.2, 4.8 Hz, 1H), 3.51 — 3.44 (m, 2H),
3.07 —2.93 (m, 2H), 2.84 — 2.79 (m, 1H), 2.45 — 2.39 (m, 1H), 1.92 — 1.81 (m, 1H), 1.42 — 1.30 (m,
1H), 1.03 (d, J= 6.4 Hz, 3H), 0.91 (t, J= 7.2 Hz, 3H)."*C NMR (100 MHz, CDCl;) & 152.0, 141.8,
135.8, 133.5, 126.7, 121.9, 119.5, 118.3, 110.7, 110.2, 109.3, 108.5, 84.9, 65.8, 54.0, 47.7, 41.6,
34.7,22.5,184,16.2,10.9.

IR (KBr) v (cm™)3446, 2968, 2930, 2901, 1628, 1540, 1461, 1369, 1340, 732.

HRMS (ESI)m/z caled for Co3HoN303[M+H]380.1969, found: 380.1944

(1R,2S,35,4S,12bR)-1-butyl-3-nitro-2-phenyl-4-propyl-1,2,3,4,6,7,12,12b-octahydroindol
o[2,3-a]quinoalizine (6n)

Purified by flash chromatography (PE:EtOAc = 20:1). 42% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tminor = 4.6mMin, Tmajor = 9.4 min, 98% ee.

[a]p* = - 14.8(c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) § 7.64 (s, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.31 — 7.20 (m, 6H), 7.16 (t,
J=72Hz, 1H), 7.10 (t, J = 6.8 Hz, 1H), 5.37 (dd, J = 12.0, 5.6 Hz, 1H), 4.11 (d, J= 11.2 Hz, 1H),
3.72 (td, J=11.2, 4.8 Hz, 1H), 3.62 — 3.54 (m, 2H), 3.10 — 3.06 (m, 1H), 3.01 — 2.93 (m, 1H), 2.86
—2.81 (m, 1H), 2.34 —2.29 (m, 1H), 1.98 — 1.88 (m, 1H), 1.52 — 1.12 (m, 9H), 0.88 (t, J = 7.2 Hz,
3H), 0.80 (t, J = 6.4 Hz, 3H).""C NMR (100 MHz, CDCl3) & 139.0, 135.9, 133.7, 128.7, 127.4,
126.7, 121.9, 119.5, 118.2, 110.6, 109.5, 87.7, 64.1, 50.8, 47.5, 44.4, 40.5, 30.4, 27.5,
22.6,19.6,17.8, 14.5, 13.7.

IR (KBr) v (cm™)3417, 3063, 3037, 2955, 2927, 2863, 1550, 1546, 1530, 1496, 1464, 1366,
1347, 1166, 1084, 748, 701, 571, 485.

HRMS (ESI)m/z caled for CosH3sN30,[M+H]432.2646, found: 432.2641
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(1R,2S,35,4S,12bR)-1-butyl-3-nitro-4-phenethyl-2-phenyl-1,2,3,4,6,7,12,12b-octahydroin
dolo[2,3-a]quinolizine (60)

Purified by flash chromatography (PE:EtOAc = 20:1). 48% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH

= 80/20);flow rate 1 mL/min; A =254 nm; Tpinor = 5.6mMin, Tigjor = 11.5 min, 94% ee.

[a]p** =-31.6 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) & 7.66 (s, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.31 — 7.10 (m, 13H), 5.34
(dd, J=12.0, 5.2 Hz, 1H), 4.12 (d, J = 11.2 Hz, 1H), 3.71 — 3.66 (m, 1H), 3.58 (t, J = 12.0 Hz, 1H),
3.51 — 3.46 (m, 1H), 3.08 — 2.96 (m, 2H), 2.87 — 2.82 (m, 1H), 2.79 — 2.73 (m, 1H), 2.62 — 2.55 (m,
1H), 2.34 — 2.24 (m, 2H), 1.70 — 1.61 (m, 1H), 1.41 — 1.38(m, 2H), 1.26 — 1.13 (m, 3H), 0.88 —
0.83 (m, 1H), 0.77 (t, J = 6.0 Hz, 3H).”*C NMR (100 MHz, CDCl;) & 141.2, 138.8, 135.9, 133.6,
128.7, 128.5, 128.3, 127.4, 126.7, 125.9, 121.9, 119.5, 118.2, 110.7, 109.4, 87.5, 62.9, 50.7, 47.2,
44.5,40.4,31.8,30.3,27.1,22.5,17.8, 14.5.

IR (KBr) v (cm™)3424, 3060, 3028, 2952, 2866, 2837, 1603, 1540, 1492, 1454, 1366, 1347,
1163, 1078, 907, 742, 704, 568.

HRMS (ESI)m/z caled for C33H3oN;0,[M+H]494.2802, found: 494.2779

(1R,2S,3S,4S,12bR)-1-butyl-3-nitro-4-octyl-2-phenyl-1,2,3,4,6,7,12,12b-octahydroindolo[
2,3-a]quinolizine (6p)

Purified by flash chromatography (PE:EtOAc = 20:1). 37% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux Su Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tminor = 4.0min, Tajor = 6.8 min, 91% ee.

[a]p** =-17.6 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) § 7.64 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.30 — 7.21 (m, 7H), 7.16 (t,
J=72Hz, 1H), 7.10 (t,J= 7.2 Hz, 1H), 5.37 (dd, J = 12.0, 5.6 Hz, 1H), 4.10 (d, J = 10.8 Hz, 1H),
3.71 (td, J=10.8, 4.4 Hz, 1H), 3.61 — 3.52 (m, 2H), 3.09 — 3.05 (m, 1H), 3.01 —2.93 (m, 1H), 2.85
—2.81 (m, 1H), 2.30 (t, J = 11.6 Hz, 1H), 1.97 — 1.88 (m, 1H), 1.42 — 1.15 (m, 18H), 0.85 (t, J =
6.8 Hz, 3H), 0.79 (t, J = 6.4 Hz, 3H).">C NMR (100 MHz, CDCl;) & 139.0, 135.9, 133.8, 128.7,
127.4, 126.7, 121.9, 119.5, 118.2, 110.6, 109.4, 87.7, 64.4, 50.7, 47.5, 44.4, 40.5, 31.8, 30.4, 29.4,
29.3,29.2,26.4,25.4,22.6,17.8, 14.5, 14.0.

IR (KBr) v (cm™)3427, 3060, 3025, 2955, 2927, 2847, 1540, 1458, 1366, 1350, 1163, 742,
698.

HRMS (ESI)ym/z caled for C33Hy7N30,[M+H]502.3428, found: 502.3402
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(1R,2S,35,4S,12bR)-1-butyl-4-(dec-9-en-1-yl)-3-nitro-2-phenyl-1,2,3,4,6,7,12,12b-octahyd
roindolo[2,3-a]quinolizine (6q)

Purified by flash chromatography (PE:EtOAc = 20:1). 48% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH
= 80/20);flow rate 1 mL/min; A =254 nm; Tminor = 4.0min, Tajor = 7.0 min, 93% ee.

[a]p** =-15.2 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl3) § 7.65 (s, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.30 — 7.19 (m, 6H), 7.16 (t,
J=7.2Hz, 1H), 7.10 (t, J= 6.8 Hz, 1H), 5.83 — 5.73 (m, 1H), 5.37 (dd, J = 12.0, 5.6 Hz, 1H), 5.00
—4.89 (m, 2H), 4.10 (d, J = 10.8 Hz, 1H), 3.71 (td, J = 10.8, 4.4 Hz, 1H), 3.61 — 3.52 (m, 2H),
3.09 — 3.05 (m, 1H), 3.01 — 2.93 (m, 1H), 2.85 - 2.81 (m, 1H), 2.31 (t, /= 11.6 Hz, 1H), 2.00 (q, J
= 6.8Hz, 2H), 1.94 — 1.88 (m, 1H), 1.42 — 1.11 (m, 18H), 0.79 (t, J = 6.4 Hz, 3H)."*C NMR (100
MHz, CDCly) 6 139.2, 139.0, 135.9, 133.8, 128.7, 127.4, 126.7, 121.9, 119.5, 118.2, 114.1, 110.6,
109.4, 87.7, 64.4, 50.8, 47.5, 44.4, 40.5, 33.7, 30.4, 29.4, 29.2, 29.0, 28.8, 26.3, 25.4, 22.6, 17.8,
14.5.

IR (KBr) v (cm™)3421, 3059, 3028, 2923, 2854, 1639, 1549, 1534, 1458, 1366, 1340, 1166,
1087, 907, 755, 701, 571, 485.

HRMS (ESI)m/z caled for C3sHoN30,[M+H]528.3585, found: 528.3588

3-(2-((2S,3S,4R)-2-ethyl-5-methyl-3-nitro-4-phenyl-3,4-dihydropyridin-1(2H)-yl)ethyl)-1
H-indole (5a)

Purified by flash chromatography (PE:EtOAc = 20:1). 75% yield, white solid. The ee was
determined by chiralHPLC using a Phenomenex Lux Su Amylose-2 column (hexane/i-PrOH
= 98/2);flow rate 1 mL/min; A =214 nm; Tminor = 27.2MiN, Tiajor = 29.0 min, 97% ee.

'H NMR (400 MHz, CDCl;) § 8.01 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.26
—7.18 (m, 4H), 7.17 —7.13 (m, 1H), 7.08 (d, J= 7.2 Hz, 2H), 7.04 (d, J= 2.0 Hz, 1H), 5.87 (s, 1H),
4.65 (dd, J=10.4, 4.0 Hz, 1H), 3.85 (d, /= 10.8 Hz, 1H), 3.50 — 3.31 (m, 3H), 3.04 (t, /= 7.2 Hz,
2H), 1.62 — 1.52 (m, 1H), 1.32 — 1.26 (m, 4H), 0.93 (t, J = 7.6 Hz, 3H)."*C NMR (100 MHz,
CDCl3) 6 139.8, 136.3, 128.7, 128.5, 127.3, 127.1, 122.2, 121.7, 119.4, 118.6, 113.2, 111.3, 105.1,
90. 8, 60.7, 55.5, 43.7,25.2,20.2, 17.8, 11.0.

IR (KBr) v (cm™)3422, 2958, 2920, 1658, 1541, 1455, 1360, 1109, 746, 702.

HRMS (ESI)m/z caled for C,sH3 N30,[M+Na] 412.1995, found: 412.1955
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3-(2-((2S,3S,4S)-4-(2-chlorophenyl)-2-ethyl-5-methyl-3-nitro-3,4-dihydropyridin-1(2H)-y
l)ethyl)-1H-indole (5b)

'H NMR (400 MHz, CDCl;) & 8.04 (s, 1H), 7.64 (d, J= 8.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 7.24
—7.14 (m, 4H), 7.06 (d, J= 1.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 2H), 5.86 (s, 1H), 4.49 (dd, J = 10.8,
4.4 Hz, 1H), 3.81 (d, J=10.8 Hz, 1H), 3.50 — 3.44 (m, 2H), 3.40 — 3.33 (m, 1H), 3.04 (t, J= 6.8
Hz, 2H), 1.56 — 1.51 (m, 1H), 1.29 — 1.24 (s, 4H), 0.93 (t, J = 7.2 Hz, 3H).*C NMR (100 MHz,
CDCly) 6 138.4, 136.3, 132.8, 130.0, 129.0, 128.7, 127.3, 122.2, 121.7, 119.5, 118.6, 113.1, 111.3,
103.9, 90.6, 60.8, 55.5, 43.0, 25.3, 20.3, 17.7, 11.0.

IR (KBr) v (cm™)3422, 2961, 2920, 2872, 1658, 1541, 1490, 1458, 1363, 1232, 1096, 1010,
826, 743.

HRMS (ESI)m/z caled for Cp4Hy6CIN30,[M+Na] 446.1606, found: 446.1569

3-(2-((2S,3S,4R)-2-ethyl-4-(furan-2-yl)-5-methyl-3-nitro-3,4-dihydropyridin-1(2H)-yl)eth
yl)-1H-indole (5¢)

'H NMR (400 MHz, CDCl5) & 8.01 (s, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.38 — 7.33 (m, 2H), 7.24 —
7.19 (m, 1H), 7.14 (t, J = 7.2 Hz, 1H), 7.05 (s, 1H), 6.27 (s, 1H), 6.19 (d, J = 2.4 Hz, 1H), 5.84 (s,
1H), 4.89 (dd, /=10.4, 4.0 Hz, 1H), 4.05 (d, /= 10.4 Hz, 1H), 3.48 — 3.46 (m, 1H), 3.38 — 3.32 (m,
2H), 3.04 —2.99 (m, 2H), 1.62 — 1.49 (m, 2H), 1.43 (s, 3H), 0.92 (t, /= 7.2 Hz, 3H)."*C NMR (100
MHz, CDCly) 6 152.3, 142.0, 136.3, 128.7, 127.2, 122.1, 121.8, 119.4, 118.6, 113.2, 111.3, 110.2,
108.8, 102.9, 86.3, 60.3, 55.4, 37.7,25.2,20.1, 17.7, 10.9.

IR (KBr) v (cm™)3422, 2964, 2920, 2875, 1658, 1544, 1458, 1360, 1229, 1144, 1102, 1010,
743.

HRMS (ESI)m/z caled for Cp3HyoN303[M+Na] 402.1788, found: 402.1770

(1S,2S,3S,4S,12bS)-1-bromo-4-ethyl-1-methyl-3-nitro-2-phenyl-1,2,3,4,6,7,12,12b-octahy
droindolo[2,3-a]quinolizine (7a)

Purified by FC (PE:EtOAc = 5:1). 54% yield, white solid, a single isomer.

[a]p? = +28.0 (c = 1.0, CHCL;).

'H NMR (400 MHz, CDCLy) & 7.75 (s, 1H), 7.55 (d, J= 7.8 Hz, 2H), 7.34 — 7.32 (m, 5H), 7.19 (t, J
=7.0 Hz, 1H), 7.13 (t, J = 7.0 Hz, 1H), 5.75 (dd, J = 12.0, 5.4 Hz, 1H), 4.00 (s, 1H), 3.85 — 3.79(m,

Si6



1H), 3.75 — 3.75 (m, 1H), 3.49 (d, J = 12.1 Hz, 1H), 3.15 — 3.09 (m, 1H), 3.03 — 2.97 (m, 1H), 2.91
—2.85 (dt, J = 10.6, 5.1 Hz, 1H), 1.91 (s, 3H), 1.62 — 1.55 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H).°C
NMR (100 MHz, CDCLy) & 136.1, 135.0, 132.9, 130.6, 128.2, 126.4, 122.4, 119.7, 118.5, 113.2,
110.8, 85.9, 72.3, 65.5, 60.2, 52.0,50.0, 28.5, 21.8, 17.7, 12.6.

IR (KBr) v (cm™)3403, 2951, 2891, 1719, 1639, 1553, 1452, 1375, 1340, 1188, 1064, 959, 927,
848, 759, 708.

HRMS (ESI)m/z caled for CosHygBrN;O,[M+H]'468.1281, found: 468.1280

(1S,2S,3S,4S,12bS)-1-bromo-2-(2-chlorophenyl)-4-ethyl-1-methyl-3-nitro-1,2,3,4,6,7,12,1
2b-octahydroindolo[2,3-a]quinolizine (7b)

Purified by FC (PE:EtOAc = 5:1). 58% yield, white solid, a single isomer.

[a]p>* =+ 8.2 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCl;) & 7.80 (s, 1H), 7.47 (d, J= 7.6 Hz, 2H), 7.27 — 7.14 (m, 5H), 7.11 (t, J
= 7.2 Hz, 1H), 7.05 (t, J = 7.2 Hz, 2H), 5.60 (dd, J = 12.0, 5.2 Hz, 1H), 3.89 (s, 1H), 3.73 — 3.68
(m, 1H), 3.65 — 3.61 (m, 1H), 3.38 (d, J = 12.0 Hz, 1H), 3.05 — 2.99 (m, 1H), 2.94 — 2.88 (m, 1H),
2.82 — 2.76 (m, 1H), 1.80 (s, 3H), 1.49 — 1.43 (m, 1H), 0.83 (t, J = 7.6 Hz, 3H)."*C NMR (100
MHz, CDCl;) 8 136.2, 134.2, 133.6, 130.4, 128.2, 126.4, 122.4, 119.7, 118.5, 113.2, 110.9, 85.8,
72.2,65.4,60.2,51.5,50.0,28.4,21.8,17.7, 12.5.

IR (KBr) v (cm™)3431, 2967, 2929, 1620, 1544, 1490, 1455, 1369, 1331, 1140, 1090, 1010,
819, 737.

HRMS (ESI)m/z caled for Cy4H,sBrCIN;O, [M+H]"502.0891, found: 502.0889

(1S,2R,35,4S,12bS)-1-bromo-4-ethyl-2-(furan-2-yl)-1-methyl-3-nitro-1,2,3,4,6,7,12,12b-oc
tahydroindolo[2,3-a]quinolizine (7¢)

Purified by FC (PE:EtOAc = 5:1). 56% yield, white solid, a single isomer.

[a]p>* =+ 11.0 (c = 1.0, CHCL).

'H NMR (400 MHz, CDCls)  7.75 (s, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.31 — 7.26 (m, 2H), 7.12 (t, J
=17.2 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.28 (s, 2H), 5.50 (dd, J = 12.0, 5.6 Hz, 1H), 3.87 (s, 1H),
3.74 (dt, J=10.8, 5.2 Hz, 1H), 3.68 — 3.60 (m, 2H), 3.05 — 2.99 (m, 1H), 2.93 — 2.89 (m, 1H), 2.82
—2.76 (m, 1H), 1.93 (s, 3H), 1.80 — 1.73 (m, 1H), 1.45 — 1.38 (m, 1H), 0.84 (t, J = 7.6 Hz, 3H)."*C
NMR (100 MHz, CDCl;) 6 150.3, 142.0, 136.1, 130.5, 126.4, 122.4, 119.7, 118.5, 113.0, 110.9,
110.5, 109.1, 85.0, 71.6, 65.2, 59.5, 49.8, 46.7, 28.9, 21.8, 17.6, 12.4.

IR (KBr) v (cm™)3425, 2967, 2923, 1617, 1547, 1455, 1369, 1334, 1144, 1010, 737.

HRMS (ESI)m/z caled for Cy,H,4BrN;O3; [M+H]'458.1074, found: 458.1040
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9. Chiral HPLC Traces

Chromatogram (l-rac. org)

300
280
260 <N LNO.
240
220 = /\“" i
200 I.l > NI
180 I =
= 160 6a
£ |
]‘:1" 140 l
= 120 l
100 \
80 R
60 ]\
40 /
20
0 A / L
0142345 8 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 9.315 195437.734 6796518.000 49.4173
2 21.248 63000.684 6956804.000 50.5827
Total 258438.418 13753322.000 100.0000
100 Chromatogram (1. org)
90
80
701 - S e e —— et
60
- 50
E
Z 40— T — —77\ e —
=
- 30
20
10
0 = =
-10
0123 456 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 9.560 1861.781 63572.539 1.3616
2 21.622 41658.137 4605395.500 98.6384
Total 43519.917 4668968.039 100.0000

S41



Chromatogram (3-rac.org)

]
=]
5492

0 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 117 18 19 20 21 22 23 24
Timne(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 5492 137133.453 2596633.750 50.4534
2 16.965 28900.949 2549960.500 49.5466

Total 166034.402 5146594.250 100.0000

(3-r. )
1200 Chromatogram (3-r.org)

1,100
1,000
900
a00
700
600

HL i (mv)

500

400

300

200

100

=
L6740
?1?950

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 6.740 6657.645 132007.641 23524
2 17.950 62770.215 5479726.500 97.6477
Total 69427.859 5611734.141 100.0000
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Chromatogram (4-rac. org)

500
450 (
400 NO,
0T
350 \\\/\/ y \ j
300 VAR 4
: =T
E 250
= 6c
= 200
150
100
. L /
0
1] 2 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 6.090 250976.688 3339507.500 50.4583
2 13957 51720.270 3278843.000 495417
Total 302696.957 6618350.500 100.0000

150 Chromatogram (4. org)
140
130
120
110
100
a0 ll*

E a0 |

? 0 I

2 g0
A0 |I \
- JJ \
10

1] 2 4 5 il 8 9 10 11 12 13 14 15 16 17 18 19 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 6.090 6859.786 91623.227 15147
2 13.790 92994 008 5957475.000 98 4853
Total 99853.793 6049098.227 100.0000
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100,

Chromatogram (5-6-rac.org)

\_NH CrHis

6d

6.857

&
o«
104 R
0 /\
-104 P
1 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Time(nun)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 6.857 63869.441 1419488500 51.2164
2 20332 11034.188 1352062.000 48.7836
Total 74903.630 2771550.500 100.0000

100 Chromatogram (5-4-r.org)
904
80
70
604
~ 504
E
F 40
= o
2 ) &
=
204
10
(]
0 3
A an s
-104
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Time(nun)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 6.963 2318.823 54809.543 1.5027
2 19.570 29584.627 3592693.500 98.4973
Total 31903.450 3647503.043 100.0000
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i Fe(mv)

Chromatogram (2-1-rac.org)

a5 Bn
0,

75 N
70|

65| e "
60| \ Bn

5| NH

N
6e

10.680

?24 520

01 2 3 45 6 7 &8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 10.680 41882.863 1592529.500 50.9090
2 24.520 9319.682 1535656.125 49.0910
Total 51202.545 3128185.625 100.0000
200 Chromatogram (2-1-r.org)
1904
1804
1704
1601
150
140
1304
1204
= 110f
E 100 o
£ % @
= 80 &
70
604
50
40
30 o
20| p
104
o N
01 2 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 9.982 10308.383 553892.500 4.5947
2 22532 73669.250 11501081.000 954053
Total 83977.633 12054973.500 100.0000
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Chromatogram (7T-rac.org)

300,
280/
260
240} NO,
220 B N
200 w3 ~ ,©\
180 \ _NH cl
E 160
_r 1404 of
2 120 ‘
1004 oS
w
80| S
GO
40
20
0 ™
0 1 4 5 g T 8 9 10 1 12 13 14 15
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 5.663 190413953 3642722.000 492693
2 10.752 63406.887 3750771.250 50.7307
Total 253820.840 7393493.250 100.0000

500 Chromatogram (7—2-r.org)

450

400

350

3004
=
E 250
B
= 200

1504

1004 ;:i

50| 8 =
© /\
uwy
e b
1] 1 2 5 6 7 8 9 10 11 12 13 14 15
Time(rmin)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 5.658 2837.276 55694.375 2.2102
2 10.798 43436.688 2464194.500 97.7898
Total 46273.964 2519888.875 100.0000
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Chromatogram (8-rac.org)

1,500
1,400
1,300

NO,
1,200 N
1,100 o
ESH
1,000 \ NH ( )\Br

900
800
700
600
500 ‘
400
300 ‘
200
100

6g

i Fe(mv)

————— 5063

10.848

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 5963 863316.375 15961526.000 50.6801
2 10.348 227710328 15533145.000 493199

Total 1091026.703 31494671.000 100.0000

Chromatogram (8-r, org)

Time{min)

Results
Peak No. Peak 1D Ret Time Height Area Conc.

| 6.053 3049.134 55684.348 3.1082
2 11.262 22540.713 1735851.375 96.8918

Total 25589847 1791535.723 100.0000

S47



H Fe(mv)

Peak No.

Chromatogram (6-rac.org)

95

851

75
04
65

55

451
40
35

254
204
15
104

S
\ NH
6h

7.530

It
(13:7? 3

6 7 8 9 10 11

Time{min)

Results

Peak ID Ret Time Height

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Area Conc.

7.530
19.877

44304.313
9930.500

1117800.250
1140606.500

49.4951
50.5049

Total

1 Fe(mv)

Peak No.

54234813

Chromatogram (6-r.org)

2258406.750 100.0000

100

80
70
60
507
40
30
20y

=)
L?ﬂ?

19.297

2 3 4 5 6 7 8 9

Time(min)

Results

Peak ID Ret Time Height

10 11 12 13 14 15 16 17 18 19

20 21 22 23 24 25 26 27 28

Area Conc.

1
2

7.547
19.297

2631.492
38409422

66187.750
4258162.000

1.5306
98.4694

Total

41040914
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Chromatogram (1l-rac. org)

300
280
260
240 NO,
220, N
o«
1804 o \
_ o NH "¢
E 1601 -
_I' 140 6i
& 120
100
80 -
60, =
40
204
[
0 1 2 3 4 5 6 T 8 9 10 1 12 13 14 15
Time(nun)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 5.623 151192.172 2612889.500 493019
2 10.598 49949.570 2686882.500 50.6981
Total 201141.742 5299772.000 100.0000

1300 Chromatogram (11-r.org)
1,200
1,100
1,000
900
200
Z 700
pref
;-‘ G600
500
400
300
b
200 S
uw —
100 g N
uw
D ——
0 1 2 3 4 5 6 T 8 9 10 1 12 13 14 15
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 5.625 7004274 131641438 2.0892
2 10.453 118640.875 6169362.500 97.9108
Total 125645.149 6301003.938 100.0000
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Peak No.

L Ha(mv)

Chromatogram (12-rac.org)

5.898

oA

NO,
N
' o
\
NH Bf

6]

10.567

Peak ID

4 5 6 T 8 9

Time(min)

Results

Ret Time Height

Area

13

Conc.

(3]

761007.125
206638.625

5.898
10.567

12700940.000
12827363.000

49.7524
50.2476

Total

HL H(mv)

Peak No.

967645.750

Chromatogram (12-r.org)

25528303.000

100.0000

6.053

11,268

Peak ID

5 [3 7 [ [
Time(min)
Results

Ret Time Height

Area

Conc.

3427.636
39772.281

6.053
11.268

59496.547
3072679.750

1.8995
98.1005

Total

43199.918
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Chromatogram (10-5-rac. org)

L Fa(mv)
8 8 85 &5 8

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 20228 14582.641 1309304.750 47.6610
2 22818 13959 867 1437817.750 52.3390
Total 28542.508 2747122.500 100.0000

Chromatogram (10-2-r. org)

1 Hs(mv)
o
2

21.432

_—

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 19.938 5264.724 342719.250 1.0431
21.432 317947.031 32514244.000 98.9569

(=]

Total 323211755 32856963.250 100.0000
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il He(mv)

Peak No.

1,000

Chromatogram (13-rac, org)

900
850
800
750
700
650
600

500
450
400
350
300
250
200
150
100

5.750

0,

éN

N

S iy 2

Ak
61

[

10.162

1 2 3 4 5 6 7 8 9
Time(min)

Results

Peak ID Ret Time Height

Area Conc.

5.750
10.162

677332125
239888.500

50.8635
49.1365

11835445.000
11433610.000

Total

Peak No.

917220.625

Chromatogram (13-r.org)

23269055.000 100.0000

5822

1 2 3 4 5 6 7 8 9
Time{mun)

Results

Peak ID Ret Time Height

Area Conc.

1
2

5.822
10.390

4729.024
75349.828

1.9571
98.0429

75380.047
3776189.000

Total

80078.853
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Chromatogram (9-rac.org)

500
4501
NO,
400| N
350 ~ @
2 \-NH o
o
3004 o 6m
E 250
= 200]
1504 §
100] *»
50
0 4 5 6 7 8 [ 10 11 12 13
Time(min)
Results
Peak No. Ret Time Height Area Conc.

1 5.258 286134906 3649790.000 49.6636
2 9.580 82760.602 3699237.500 50.3364
Total 368895.508 7349027.500 100.0000

1500 Chromatogram (9-r.org)
1,400
1,300
1,200
1,100
1,000
900
Z 800
£ 700
=
600
500
400
300 0
<
200 3 ai
" : AN
w
G P —
0 4 5 6 7 8 9 10 " 12 13
Time(mun)
Results
Peak No. Ret Time Height Area Conc.
1 5.280 10473.578 127499.531 1.9914
2 9.475 143229 469 6275135.000 98.0086
Total 153703.047 6402634.531 100.0000
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500 Chromatogram (17-rac. org)

450
CaHy

400] g N NO,
N ‘o,
%Wy O
\ NH
3004
6n

9122

5 6 7 8 9 10 1 12
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 4.633 357931.563 3345966.750 49.7023
2 9.122 92393.180 3386052.250 50.2977

Total 450324.742 6732019.000 100.0000

a0 Chromatogram (17-r.org)

75
0y
65
60
55
50
45
40
35
30
25
20
15
10

HiF(mv)

9.412

5 (] T 8 9 10 1" 12
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 4.645 902.938 8280.750 1.1487
2 9.412 18132.932 712604.063 98.8513

Total 19035870 720884.813 100.0000
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Peak No.

HL i (mv)

Chromatogram

(16-rac. org)

T ———=—5 547

60

11.270

7 8

Time(min)

Res

Peak ID Ret Time

ults
Height

Area

Conc.

5.547
11.270

218308.500
63200.637

2945389.250
2916253.000

50.2485
49.7515

Total

i Fs(mv)

Peak No.

400 Chromatogram

281509.137

(16-r. org)

5861642.250

100.0000

11477

7 8 9

Time(min)

Results

Peak ID Ret Time

Height

Area

Conc.

1

-

5.623
11.477

7454.828
91077.336

127117.148
4611744.000

2.6824
97.3176

Total

98532.164
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1 Fe(mv)

Peak No.

1,300

Chromatogram (14-rac. org)

1,200
1,100
1,000
900
a00
700
600
500
400
300
200
100

3.975

6.712

1 2 3 4 5 G
Time(min)

Results

Peak ID Ret Time Height

Area

Conc.

(]

1052811.875
314577.219

3.975
6.712

8029675.500
7599441.500

51.3764
48.6236

Total

1 (mv)

Peak No.

1,300

1367389.094

Chromatogram (14-r.org)

15629117.000

100.0000

1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

B5.750

IS F>39m

5 6
Time(min)

Results

Peak ID Ret Time Height

Area

10

Cone.

1
2

70511.430
456168.688

3.987
6.750

551150.750
12109508.000

4.3533
95.6467

Total

526680.117
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1,300

Chromatogram (15-rac.org)

1,200
1,100
1,000

900

&
S
N (CHp)g-CH=CH,

n NO,
N
| vy O
\NH
| )

.
=
400 P
300
200 ‘
0
0 1 3 4 L] g 7 g 9 10
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 4.022 1065608.625 7995031.500 50.4292
2 6.787 32451584 7858929.000 49.5708
Total 1390124469 15853960.500 100.0000
3000 Chromatogram (15-r.org)
1,900
1,800
1,700
1,600
1,500
1,400
1,300
_ 1,200
= 1,100
£ 1,000
= 900
800
700
600
500
400 0
300 ]
w
200 3
100 - /\
0 .
0 1 3 4 5 6 7 8 9 10
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 4.047 23626.779 184095359 33175
2 6.975 198322906 5365181.000 96.6825
Total 221949.686 5549276.359 100.0000
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Chromatogram (rac—1.org)

2,400
2,200
2,000
1,800
1,600
— 1,400
g
= 1,200 5a
=
= 1,000
800 -
o ©
o~
600 ] &
€2
400
200
0 ril:\_M/\J\l\
012345678 910111213141516171810202122232425262728293031323334353637
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 26.263 476215.500 30669642.000 47.5966
2 28.683 397463.281 33767008.000 524034
Total 873678.781 64436650.000 100.0000
500, Chromatogram (585. org)
4504
400/
3501
3004
3 3
E
F 2501 ]
£ 200f
1504
100
50 8
hE
I o N il
0
012345678 9111213141516 17181920212223 2425262728 29303132 33343536237
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 27.190 3834935 235334.266 1.3266
2 28.990 216363.797 17503946.000 98.6734
Total 220198.731 17739280.266 100.0000
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9. X-ray Crystallography Data of 6¢
Crystals of 6¢ were grown from PE:EA=5:1 to give white crystals that were submitted to X-Ray
crystallography

Table 1. Crystal data and structure refinement for a30711a.

Identification code a30711a
Empirical formula C56 H70 N6 04
Formula weight 891.18
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P21
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Unit cell dimensions a=9.784(5) A alpha =90 deg.
b=8.872(4) A beta = 90.000(7) deg.
c=14.497(7) A gamma =90 deg.

Volume 1258.4(10) A”3

Z, Calculated density 1, 1.176 Mg/m”"3
Absorption coefficient 0.074 mm~-1

F(000) 480

Crystal size 0.220 x 0.060 x 0.020 mm

Theta range for data collection  1.405 to 25.994 deg.

Limiting indices -10<=h<=12, -10<=k<=10, -17<=I<=15

Reflections collected / unique 5689 / 4523 [R(int) = 0.0770]

Completeness to theta = 25.242 99.4 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.000 and 0.223
Refinement method Full-matrix least-squares on FA2

Data / restraints / parameters 4523 /16 /304

Goodness-of-fit on FA2 0.854

Final R indices [I>2sigma(l)] R1=0.0629, wR2 =0.1604

R indices (all data) R1=0.1097, wR2 =0.1794
Absolute structure parameter 0.5(10)

Extinction coefficient 0.017(5)

Largest diff. peak and hole 0.323 and -0.180 e.A"-3
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Table 2.

Atomic coordinates ( x 1074) and equivalent isotropic

displacement parameters (A*2 x 1073) for a30711a.

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

Uij tensor.
X y z U(eq)
N(1) 4260(5) 8487(6) 4906(3) 66(1)
N(2) 4091(4) 10215(5) 2623(3) 60(1)
N(3) 3767(6) 8459(7) 257(3) 77(2)
0(1) 3302(5) 9347(7) -295(3) 113(2)
0(2) 4532(5) 7446(6) 62(3) 96(2)
C(1) 3843(6) 9253(7) 5690(3) 67(2)
C(2) 3936(6) 8841(8) 6612(3) 78(2)
C(3) 3388(7) 9835(10) 7238(4) 93(2)
C(4) 2743(7) 11141(10) 6977(4) 91(2)
C(5) 2647(6) 11541(7) 6069(4) 75(2)
C(6) 3198(5) 10587(6) 5406(3) 60(1)
C(7) 3234(5) 10582(6) 4403(3) 60(1)
C(8) 2754(6) 11740(7) 3729(3) 68(2)
C(9) 2880(6) 11134(7) 2756(4) 71(2)
C(10) 4413(6) 9908(7) 1648(3) 63(2)
C(11) 3410(6) 8738(7) 1263(3) 66(2)
C(12) 3356(5) 7261(6) 1797(3) 60(1)
C(13) 3016(6) 7669(7) 2825(3) 61(1)
C(14) 4064(6) 8805(6) 3171(3) 58(1)
C(15) 3874(5) 9311(6) 4144(3) 56(1)
C(16) 5893(6) 9513(8) 1515(3) 73(2)
C(17) 6851(7) 10589(11) 1976(5) 106(2)
C(18) 8292(9) 10443(15) 1766(7) 153(4)
C(19) 9161(10) 11460(20) 2376(9) 231(7)
C(20) 2330(6) 6175(7) 1391(3) 68(2)
C(21) 2768(7) 4782(8) 1072(3) 79(2)
C(22) 1825(10) 3788(8) 706(4) 98(2)
C(23) 473(10) 4165(13) 647(5) 110(3)
C(24) 51(8) 5509(13) 968(5) 105(2)
C(25) 958(7) 6524(9) 1337(4) 83(2)
C(26) 2848(7) 6300(7) 3438(4) 85(2)
C(27) 1598(10) 6504(10) 4103(5) 148(4)
C(28) 1320(18) 5291(15) 4746(10) 262(8)
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Table 3. Bond lengths [A] and angles [deg] for a30711a.

N(1)-C(15) 1.378(6)
N(1)-C(1) 1.386(7)
N(1)-H(1) 0.88(5)
N(2)-C(9) 1.451(7)
N(2)-C(10) 1.474(6)
N(2)-C(14) 1.482(7)
N(3)-0(2) 1.204(7)
N(3)-0(1) 1.212(7)
N(3)-C(11) 1.519(7)
C(1)-C(2) 1.388(7)
C(1)-C(6) 1.404(8)
C(2)-C(3) 1.374(9)
C(2)-H(2) 0.9300
C(3)-C(4) 1.372(10)
C(3)-H(3) 0.9300
C(4)-C(5) 1.367(8)
C(4)-H(4) 0.9300
C(5)-C(6) 1.390(8)
C(5)-H(5) 0.9300
C(6)-C(7) 1.454(7)
C(7)-C(15) 1.344(8)
C(7)-C(8) 1.493(8)
C(8)-C(9) 1.515(7)
C(8)-H(8A) 0.9700
C(8)-H(8B) 0.9700
C(9)-H(9A) 0.9700
C(9)-H(9B) 0.9700
C(10)-C(16) 1.502(7)
C(10)-C(11) 1.533(8)
C(10)-H(10) 0.9800
C(11)-C(12) 1.523(8)
C(11)-H(11) 0.9800
C(12)-C(20) 1.511(8)
C(12)-C(13) 1.570(6)
C(12)-H(12) 0.9800
C(13)-C(26) 1.514(8)
C(13)-C(14) 1.522(8)
C(13)-H(13) 0.9800
C(14)-C(15) 1.492(7)
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C(14)-H(14)
C(16)-C(17)
C(16)-H(16A)
C(16)-H(16B)
C(17)-C(18)
C(17)-H(17A)
C(17)-H(178)
C(18)-C(19)
C(18)-H(18A)
C(18)-H(18B)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-C(25)
C(20)-C(21)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(22)-H(22)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-H(24)
C(25)-H(25)
C(26)-C(27)
C(26)-H(26A)
C(26)-H(26B)
C(27)-C(28)
C(27)-H(27A)
C(27)-H(27B)
C(28)-H(28A)
C(28)-H(28B)
C(28)-H(28C)

C(15)-N(1)-C(1)
C(15)-N(1)-H(1)
C(1)-N(1)-H(1)
C(9)-N(2)-C(10)
C(9)-N(2)-C(14)
C(10)-N(2)-C(14)
0(2)-N(3)-0(1)
0(2)-N(3)-C(11)
0(1)-N(3)-C(11)
N(1)-C(1)-C(2)

0.9800
1.495(9)
0.9700
0.9700
1.449(10)
0.9700
0.9700
1.521(17)
0.9700
0.9700
0.9600
0.9600
0.9600
1.379(8)
1.387(9)
1.382(9)
0.9300
1.367(10)
0.9300
1.345(13)
0.9300
1.372(10)
0.9300
0.9300
1.568(8)
0.9700
0.9700
1.450(10)
0.9700
0.9700
0.9600
0.9600
0.9600

108.5(5)
123(4)

128(4)

114.0(4)
112.9(4)
111.2(4)
124.3(5)
119.3(5)
116.2(6)
129.9(6)
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N(1)-C(1)-C(6)
C(2)-C(1)-C(6)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-C(7)
C(1)-C(6)-C(7)
C(15)-C(7)-C(6)
C(15)-C(7)-C(8)
C(6)-C(7)-C(8)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8A)
C(9)-C(8)-H(8A)
C(7)-C(8)-H(8B)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
N(2)-C(9)-C(8)
N(2)-C(9)-H(9A)
C(8)-C(9)-H(9A)
N(2)-C(9)-H(9B)
C(8)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
N(2)-C(10)-C(16)
N(2)-C(10)-C(11)
C(16)-C(10)-C(11)
N(2)-C(10)-H(10)
C(16)-C(10)-H(10)
C(11)-C(10)-H(10)
N(3)-C(11)-C(12)
N(3)-C(11)-C(10)
C(12)-C(11)-C(10)
N(3)-C(11)-H(11)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)

107.8(4)
122.3(6)
116.2(6)
121.9
121.9
122.6(6)
118.7
118.7
121.1(6)
119.5
119.5
118.8(6)
120.6
120.6
119.0(5)
134.7(6)
106.3(5)
107.0(5)
122.8(4)
130.1(5)
109.9(5)
109.7
109.7
109.7
109.7
108.2
113.0(4)
109.0
109.0
109.0
109.0
107.8
111.8(4)
109.7(4)
114.4(5)
106.8
106.8
106.8
110.8(5)
108.2(4)
114.8(4)
107.6
107.6
107.6
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C(20)-C(12)-C(11)
C(20)-C(12)-C(13)
C(11)-C(12)-C(13)
C(20)-C(12)-H(12)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(26)-C(13)-C(14)
C(26)-C(13)-C(12)
C(14)-C(13)-C(12)
C(26)-C(13)-H(13)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
N(2)-C(14)-C(15)
N(2)-C(14)-C(13)
C(15)-C(14)-C(13)
N(2)-C(14)-H(14)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(7)-C(15)-N(1)
C(7)-C(15)-C(14)
N(1)-C(15)-C(14)
C(17)-C(16)-C(10)
C(17)-C(16)-H(16A)
C(10)-C(16)-H(16A)
C(17)-C(16)-H(16B)
C(10)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17A)
C(16)-C(17)-H(17A)
C(18)-C(17)-H(17B)
C(16)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(17)-C(18)-C(19)
C(17)-C(18)-H(18A)
C(19)-C(18)-H(18A)
C(17)-C(18)-H(18B)
C(19)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
C(18)-C(19)-H(19A)
C(18)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(18)-C(19)-H(19C)
H(19A)-C(19)-H(19C)

112.0(4)
112.1(4)
106.9(4)
108.6
108.6
108.6
114.3(4)
113.3(5)
108.8(4)
106.6
106.6
106.6
104.8(4)
113.2(4)
115.2(4)
107.8
107.8
107.8
110.4(4)
125.1(5)
124.4(5)
113.5(5)
108.9
108.9
108.9
108.9
107.7
117.3(7)
108.0
108.0
108.0
108.0
107.2
111.6(9)
109.3
109.3
109.3
109.3
108.0
109.5
109.5
109.5
109.5
109.5
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H(19B)-C(19)-H(19C) 109.5

C(25)-C(20)-C(21) 118.8(6)
C(25)-C(20)-C(12) 121.7(6)
C(21)-C(20)-C(12) 119.5(6)
C(22)-C(21)-C(20) 119.4(7)
C(22)-C(21)-H(21) 120.3
C(20)-C(21)-H(21) 120.3
C(23)-C(22)-C(21) 120.9(8)
C(23)-C(22)-H(22) 119.6
C(21)-C(22)-H(22) 119.6
C(24)-C(23)-C(22) 119.5(8)
C(24)-C(23)-H(23) 120.3
C(22)-C(23)-H(23) 120.3
C(23)-C(24)-C(25) 121.2(8)
C(23)-C(24)-H(24) 119.4
C(25)-C(24)-H(24) 119.4
C(24)-C(25)-C(20) 120.2(7)
C(24)-C(25)-H(25) 119.9
C(20)-C(25)-H(25) 119.9
C(13)-C(26)-C(27) 110.6(6)
C(13)-C(26)-H(26A) 109.5
C(27)-C(26)-H(26A) 109.5
C(13)-C(26)-H(26B) 109.5
C(27)-C(26)-H(26B) 109.5
H(26A)-C(26)-H(26B) 108.1
C(28)-C(27)-C(26) 117.1(9)
C(28)-C(27)-H(27A) 108.0
C(26)-C(27)-H(27A) 108.0
C(28)-C(27)-H(27B) 108.0
C(26)-C(27)-H(27B) 108.0
H(27A)-C(27)-H(278B) 107.3
C(27)-C(28)-H(28A) 109.5
C(27)-C(28)-H(28B) 109.5
H(28A)-C(28)-H(28B) 109.5
C(27)-C(28)-H(28C) 109.5
H(28A)-C(28)-H(28C) 109.5
H(28B)-C(28)-H(28C) 109.5

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A*2 x 1073) for a30711a.
The anisotropic displacement factor exponent takes the form:
-2 pif2[hAr2a*r2Ull1+...+2hka*b*Ul12]

u11 u22 u33 u23 u13 u12

N(1) 92(3) 65(3) 41(2) -1(2) 4(2) 6(3)
N(2) 78(3) 67(3) 34(2) 7(2) 5(2) 14(3)
N(3)  101(4) 95(4) 36(3) 0(3) 3(2) -11(3)
o(1)  155(4) 145(5) 41(2) 21(3) -7(2) 5(4)
0(2)  127(4) 102(4) 58(3) -18(3) 26(2) 3(3)
(1) 81(4) 78(5) 43(3) 0(3) 6(2) -15(3)
C(2)  108(4) 93(5) 33(3) 5(3) 2(3) -1(4)
c(3)  122(6) 120(7) 36(3) 3(4) 9(3) -21(5)
C(4)  113(5) 111(6) 48(4) -7(4) 22(3) -11(5)
C(5) 92(4) 79(5) 53(3) -9(3) 16(3) -6(4)
C(6) 68(3) 64(4) 47(3) -3(3) 3(2) -12(3)
C(7) 72(3) 62(4) 45(3) -3(3) 11(2) 0(3)
C(8) 82(4) 68(4) 55(3) -1(3) 7(3) 8(3)
C(9) 95(4) 68(4) 51(3) 4(3) 4(3) 18(3)
c(10)  81(4) 66(4) 40(3) 8(3) 6(2) 2(3)
c(11)  78(4) 84(4) 35(3) 6(3) 5(2) 2(3)
c(12)  73(3) 66(4) 41(3) -5(3) 5(2) -2(3)
c(13)  78(4) 66(4) 38(3) 0(3) 8(2) -1(3)
c(14)  78(3) 59(3) 36(2) 0(3) 4(2) 5(3)
C(15)  68(3) 65(4) 37(3) 1(3) 0(2) 2(3)
C(16)  84(4) 86(4) 50(3) -1(3) 14(3) -2(4)
c(17)  82(5) 142(7) 93(5) -14(5) 5(4) -12(5)
c(18)  113(7) 193(11)  154(8) -35(8) 26(6) -43(7)
C(19)  105(7) 320(20)  267(15) 10(14)  -39(8) -72(11)
C(20)  93(5) 80(4) 31(3) 4(3) 7(3) -10(4)
c(21)  112(5) 83(5) 42(3) 3(3) 8(3) -4(4)
C(22) 163(8) 75(5) 57(4) -8(4) -6(4) -23(6)
C(23)  122(7) 145(9) 64(4) 3(5) -3(4) -50(7)
C(24)  102(5) 138(7) 76(5) -7(5) -7(4) -20(6)
c(25)  75(4) 104(6) 69(4) -2(4) 4(3) -1(4)
C(26)  140(5) 69(4) 45(3) -2(3) 5(3) -17(4)
C(27) 241(10)  126(7) 76(5) 15(5) 72(6) -40(7)
C(28) 360(19)  165(12)  260(15) 13(13)  184(14) -1(14)

S67



Table 5.

Hydrogen coordinates ( x 10*4) and isotropic

displacement parameters (A*2 x 1073) for a30711a.

X y z U(eq)

H(1) 4680(60) 7620(70) 4870(50) 99

H(2) 4345 7944 6795 94
H(3) 3458 9614 7863 111
H(4) 2366 11763 7426 109
H(5) 2221 12436 5898 90
H(8A) 3298 12648 3792 82
H(8B) 1808 11995 3856 82
H(9A) 2077 10537 2614 85
H(9B) 2907 11975 2328 85
H(10) 4251 10847 1309 75
H(11) 2494 9184 1281 79
H(12) 4262 6792 1776 72
H(13) 2132 8188 2819 73
H(14) 4969 8337 3125 69
H(16A) 6053 8509 1757 88
H(16B) 6092 9493 860 88
H(17A) 6570 11604 1816 127
H(17B) 6739 10481 2637 127
H(18A) 8445 10704 1124 184
H(18B) 8570 9403 1852 184
H(19A) 8953 12492 2247 347
H(19B) 10111 11271 2254 347
H(19C) 8968 11244 3012 347
H(21) 3687 4519 1105 95
H(22) 2115 2851 496 118
H(23) -151 3497 388 132
H(24) -872 5756 940 127
H(25) 647 7450 1551 99
H(26A) 3673 6151 3798 102
H(26B) 2710 5412 3059 102
H(27A) 1740 7420 4456 177
H(27B) 788 6656 3728 177
H(28A) 805 4517 4441 392
H(28B) 804 5674 5258 392
H(28C) 2168 4879 4965 392
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Table 6. Torsion angles [deg] for a30711a.

C(15)-N(1)-C(1)-C(2) 176.3(6)
C(15)-N(1)-C(1)-C(6) -0.6(6)
N(1)-C(1)-C(2)-C(3) -178.2(6)
C(6)-C(1)-C(2)-C(3) -1.6(8)
C(1)-C(2)-C(3)-C(4) 2.1(10)
C(2)-C(3)-C(4)-C(5) -1.9(11)
C(3)-C(4)-C(5)-C(6) 1.0(10)
C(4)-C(5)-C(6)-C(1) -0.5(8)
C(4)-C(5)-C(6)-C(7) 176.2(6)
N(1)-C(1)-C(6)-C(5) 178.1(5)
C(2)-C(1)-C(6)-C(5) 0.9(8)
N(1)-C(1)-C(6)-C(7) 0.5(6)
C(2)-C(1)-C(6)-C(7) -176.7(5)
C(5)-C(6)-C(7)-C(15) -177.3(6)
C(1)-C(6)-C(7)-C(15) -0.3(6)
C(5)-C(6)-C(7)-C(8) 5.9(10)
C(1)-C(6)-C(7)-C(8) -177.2(5)
C(15)-C(7)-C(8)-C(9) 9.5(8)
C(6)-C(7)-C(8)-C(9) -174.0(5)
C(10)-N(2)-C(9)-C(8) -166.5(5)
C(14)-N(2)-C(9)-C(8) 65.4(6)
C(7)-C(8)-C(9)-N(2) -37.3(7)
C(9)-N(2)-C(10)-C(16) 157.5(5)
C(14)-N(2)-C(10)-C(16) -73.5(6)
C(9)-N(2)-C(10)-C(11) -74.5(6)
C(14)-N(2)-C(10)-C(11) 54.5(5)
0(2)-N(3)-C(11)-C(12) -34.0(7)
0(1)-N(3)-C(11)-C(12) 149.9(5)
0(2)-N(3)-C(11)-C(10) 92.7(6)
0(1)-N(3)-C(11)-C(10) -83.4(6)
N(2)-C(10)-C(11)-N(3) 179.6(5)
C(16)-C(10)-C(11)-N(3) -53.8(6)
N(2)-C(10)-C(11)-C(12) -56.0(6)
C(16)-C(10)-C(11)-C(12) 70.6(5)
N(3)-C(11)-C(12)-C(20) -58.1(6)
C(10)-C(11)-C(12)-C(20) 178.9(5)
N(3)-C(11)-C(12)-C(13) 178.7(4)
C(10)-C(11)-C(12)-C(13) 55.7(6)
C(20)-C(12)-C(13)-C(26) 53.7(6)
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C(11)-C(12)-C(13)-C(26)
C(20)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(14)
C(9)-N(2)-C(14)-C(15)
C(10)-N(2)-C(14)-C(15)
C(9)-N(2)-C(14)-C(13)
C(10)-N(2)-C(14)-C(13)
C(26)-C(13)-C(14)-N(2)
C(12)-C(13)-C(14)-N(2)
C(26)-C(13)-C(14)-C(15)
C(12)-C(13)-C(14)-C(15)
C(6)-C(7)-C(15)-N(1)
C(8)-C(7)-C(15)-N(1)
C(6)-C(7)-C(15)-C(14)
C(8)-C(7)-C(15)-C(14)
C(1)-N(1)-C(15)-C(7)
C(1)-N(1)-C(15)-C(14)
N(2)-C(14)-C(15)-C(7)
C(13)-C(14)-C(15)-C(7)
N(2)-C(14)-C(15)-N(1)
C(13)-C(14)-C(15)-N(1)
N(2)-C(10)-C(16)-C(17)
C(11)-C(10)-C(16)-C(17)
C(10)-C(16)-C(17)-C(18)
C(16)-C(17)-C(18)-C(19)
C(11)-C(12)-C(20)-C(25)
C(13)-C(12)-C(20)-C(25)
C(11)-C(12)-C(20)-C(21)
C(13)-C(12)-C(20)-C(21)
C(25)-C(20)-C(21)-C(22)
C(12)-C(20)-C(21)-C(22)
C(20)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(20)
C(21)-C(20)-C(25)-C(24)
C(12)-C(20)-C(25)-C(24)
C(14)-C(13)-C(26)-C(27)
C(12)-C(13)-C(26)-C(27)
C(13)-C(26)-C(27)-C(28)

176.7(5)

-178.0(5)

-55.0(5)
-56.2(5)
174.3(4)
70.2(5)
-59.3(5)

-173.1(4)

59.2(6)
-52.5(7)
179.8(5)

-0.1(6)
177.1(5)
176.2(5)

-6.6(8)

0.4(6)

-175.9(5)

28.2(7)
-96.9(7)

-156.0(5)

78.9(7)
-48.8(7)

-174.3(5)
-170.4(8)
-172.2(10)

-60.8(6)
59.4(6)
119.9(5)

-119.9(5)

0.4(8)
179.7(5)
0.5(9)
-1.3(11)
1.3(12)
-0.4(10)
-0.4(8)

-179.7(5)

96.8(7)

-137.8(6)
-179.0(11)

Symmetry transformations used to generate equivalent atoms:

S70



10. X-ray Crystallography Data of 7a

Crystals of 7a were grown from PE:EA:THF=10:2:1 to give white crystals that were submitted to

X-Ray crystallography

Table 1. Crystal data and structure refinement for a30916b.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

a30916b

C24 H26 Br N3 02

468.39

293(2) K

0.71073 A

Orthorhombic

P212121

a=10.780(4) A o= 90°.
b=13.453(6) A B=190°.
c=15.304(6) A v =90°.
2219.6(16) A3
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V4 4

Density (calculated) 1.402 Mg/m3

Absorption coefficient 1.877 mm'!

F(000) 968

Crystal size 0.160 x 0.160 x 0.140 mm3
Theta range for data collection 2.016 to 25.592°.

Index ranges -12<=h<=13, -16<=k<=16, -11<=1<=18
Reflections collected 9621

Independent reflections 4143 [R(int) = 0.0444]
Completeness to theta = 25.242° 99.9 %

Absorption correction Semi-empirical from equivalents
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4143/16/281

Goodness-of-fit on F2 1.000

Final R indices [[>2sigma(])] R1=0.0335, wR2 =0.0429

R indices (all data) R1=0.0465, wR2 =0.0439
Absolute structure parameter 0.004(5)

Extinction coefficient n/a

Largest diff. peak and hole 0.639 and -0.416 e.A-3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for a30916b. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z U(eq)
(1) 3228(3) 7575(3) 10453(2) 38(1)
CQ) 3712(3) 6659(3) 10370(2) 38(1)
CQ3) 3868(4) 5224(3) 11513(3) 62(1)
C(4) 3563(5) 4992(3) 12357(3) 83(2)
C(5) 2935(5) 5663(4) 12879(3) 84(2)
C(6) 2581(4) 6573(3) 12583(3) 66(1)
C(7) 2905(4) 6819(3) 11731(3) 46(1)
C(8) 3533(3) 6156(3) 11181(2) 44(1)
C(9) 4223(4) 6297(3) 9527(2) 51(1)
C(10) 3540(20) 6815(12) 8790(10) 43(6)
C(9") 4223(4) 6297(3) 9527(2) 51(1)
C(10" 4317(10) 7108(5) 8864(4) 54(3)
(1) 3168(3) 8347(2) 9757(2) 35(1)
C(12) 3942(3) 9302(2) 9935(2) 38(1)
C(13) 3843(3) 10005(3) 9135(2) 36(1)
C(14) 4135(4) 9435(2) 8301(2) 42(1)
C(15) 3297(3) 8515(2) 8172(2) 43(1)
C(16) 3541(4) 9833(3) 10758(2) 52(1)
c(17) 4561(4) 10975(3) 9218(2) 47(1)
C(18) 3939(4) 11815(3) 9463(3) 61(1)
C(19) 4544(5) 12726(3) 9534(3) 83(2)
C(20) 5780(7) 12773(4) 9359(3) 97(2)
C@21) 6412(5) 11948(4) 9114(3) 86(2)
C(22) 5813(4) 11053(3) 9031(2) 62(1)
C(23) 1942(3) 8779(3) 7967(3) 55(1)
C(24) 1181(4) 7895(3) 7700(3) 73(1)
N(1) 2724(3) 7680(2) 11277(2) 44(1)
NQ) 3432(3) 7875(2) 8921(2) 47(1)
N@3) 4009(4) 10084(3) 7509(2) 57(1)
o(1) 3324(3) 10802(2) 7542(2) 74(1)
0(2) 4542(3) 9815(2) 6853(2) 84(1)
Br(1) 5687(1) 8906(1) 10125(1) 54(1)
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Table 3.  Bond lengths [A] and angles [°] for a30916b.

C(1)-CQ2) 1.343(4)
C(1)-N(1) 1.380(4)
C(1)-C(11) 1.490(4)
C(2)-C(8) 1.427(4)
C(2)-C(9) 1.485(5)
C(3)-C4) 1.369(5)
C(3)-C(8) 1.400(5)
C(3)-H(3A) 0.9300
C(4)-C(5) 1.382(6)
C(4)-H(4A) 0.9300
C(5)-C(6) 1.360(5)
C(5)-H(5A) 0.9300
C(6)-C(7) 1.390(5)
C(6)-H(6A) 0.9300
C(7)-N(1) 1.365(5)
C(7)-C(8) 1.401(5)
C(9)-C(10) 1.516(16)
C(9)-H(9A) 0.9700
C(9)-H(9B) 0.9700
C(10)-N(2) 1.444(16)
C(10)-H(10A) 0.9700
C(10)-H(10B) 0.9700
C(10")-N(2) 1.408(6)
C(10")-H(10C) 0.9700
C(10')-H(10D) 0.9700
C(11)-N(2) 1.457(4)
C(11)-C(12) 1.556(4)
C(11)-H(11A) 0.9800
C(12)-C(16) 1.512(4)
C(12)-C(13) 1.551(4)
C(12)-Br(1) 1.977(3)
C(13)-C(17) 1.522(5)
C(13)-C(14) 1.522(4)
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C(13)-H(13A)
C(14)-N(3)
C(14)-C(15)
C(14)-H(14A)
C(15)-N(2)
C(15)-C(23)
C(15)-H(15A)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(17)-C(18)
C(17)-C(22)
C(18)-C(19)
C(18)-H(18A)
C(19)-C(20)
C(19)-H(19A)
C(20)-C(21)
C(20)-H(20A)
C(21)-C(22)
C(21)-H(21A)
C(22)-H(22A)
C(23)-C(24)
C(23)-H(23A)
C(23)-H(23B)
C(24)-H(24A)
C(24)-H(24B)
C(24)-H(24C)
N(1)-H(1A)
N(3)-0(2)
N(3)-0(1)

C(2)-C(1)-N(1)

C(2)-C(1)-C(11)
N(1)-C(1)-C(11)

C(1)-C2)-C®)
C(1)-C2)-CO)
C(8)-C(2)-C(9)
C(4)-C(3)-C(®)

0.9800
1.500(4)
1.544(4)
0.9800
1.442(4)
1.536(4)
0.9800
0.9600
0.9600
0.9600
1.366(5)
1.384(5)
1.393(5)
0.9300
1.361(7)
0.9300
1.355(6)
0.9300
1.373(5)
0.9300
0.9300
1.502(5)
0.9700
0.9700
0.9600
0.9600
0.9600
0.8600
1.212(4)
1.217(4)

109.5(3)
126.1(4)
124.3(3)
107.5(3)
121.8(3)
130.5(3)
118.9(4)
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C(4)-C(3)-HBA)
C(8)-C(3)-H(BA)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)
N(1)-C(7)-C(6)
N(1)-C(7)-C(8)
C(6)-C(7)-C(8)
C(3)-C(8)-C(7)
C(3)-C(8)-C(2)
C(N-C(3)-C(2)
C(2)-C(9)-C(10)
C(2)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(2)-C(9)-H(9B)
C(10)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
N(2)-C(10)-C(9)
N(2)-C(10)-H(10A)
C(9)-C(10)-H(10A)
N(2)-C(10)-H(10B)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
N(2)-C(10)-H(10C)
N(2)-C(10")-H(10D)
H(10C)-C(10')-H(10D)
N(2)-C(11)-C(1)
N(2)-C(11)-C(12)
C(1)-C(11)-C(12)
N()-C(11)-H(11A)
C(1)-C(11)-H(11A)
C(12)-C(11)-H(11A)

120.5
120.5
121.0(4)
119.5
119.5
122.1(5)
118.9
118.9
117.2(5)
121.4
121.4
130.1(4)
107.7(4)
122.2(4)
118.5(4)
134.9(4)
106.6(3)
108.4(7)
110.0
110.0
110.0
110.0
108.4
112.9(13)
109.0
109.0
109.0
109.0
107.8
108.2
108.2
107.3
108.3(3)
114.1(3)
115.3(3)
106.1
106.1
106.1
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C(16)-C(12)-C(13)
C(16)-C(12)-C(11)
C(13)-C(12)-C(11)
C(16)-C(12)-Br(1)
C(13)-C(12)-Br(1)
C(11)-C(12)-Br(1)
C(17)-C(13)-C(14)
C(17)-C(13)-C(12)
C(14)-C(13)-C(12)
C(17)-C(13)-H(13A)
C(14)-C(13)-H(13A)
C(12)-C(13)-H(13A)
N(3)-C(14)-C(13)
N(3)-C(14)-C(15)
C(13)-C(14)-C(15)
N(3)-C(14)-H(14A)
C(13)-C(14)-H(14A)
C(15)-C(14)-H(14A)
N(2)-C(15)-C(23)
N(2)-C(15)-C(14)
C(23)-C(15)-C(14)
N(2)-C(15)-H(15A)
C(23)-C(15)-H(15A)
C(14)-C(15)-H(15A)
C(12)-C(16)-H(16A)
C(12)-C(16)-H(16B)

H(16A)-C(16)-H(16B)

C(12)-C(16)-H(16C)

H(16A)-C(16)-H(16C)

H(16B)-C(16)-H(16C)
C(18)-C(17)-C(22)
C(18)-C(17)-C(13)
C(22)-C(17)-C(13)
C(17)-C(18)-C(19)
C(17)-C(18)-H(18A)
C(19)-C(18)-H(18A)
C(20)-C(19)-C(18)
C(20)-C(19)-H(19A)

110.5(2)
112.5(3)
109.2(3)
106.1(2)
110.32)
108.28(19)
113.4(3)
115.0(3)
109.9(3)
106.0
106.0
106.0
111.5(3)
108.0(3)
113.0(3)
108.1
108.1
108.1
113.4(3)
108.5(3)
113.4(3)
107.0
107.0
107.0
109.5
109.5
109.5
109.5
109.5
109.5
118.2(4)
118.8(4)
123.0(4)
121.3(4)
119.4
119.4
119.0(5)
120.5
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C(18)-C(19)-H(19A) 120.5

C(21)-C(20)-C(19) 120.6(5)
C(21)-C(20)-H(20A) 119.7
C(19)-C(20)-H(20A) 119.7
C(20)-C(21)-C(22) 120.5(5)
C(20)-C(21)-H(21A) 119.7
C(22)-C(21)-H(21A) 119.7
C(21)-C(22)-C(17) 120.4(5)
C(21)-C(22)-H(22A) 119.8
C(17)-C(22)-H(22A) 119.8
C(24)-C(23)-C(15) 113.13)
C(24)-C(23)-H(23A) 109.0
C(15)-C(23)-H(23A) 109.0
C(24)-C(23)-H(23B) 109.0
C(15)-C(23)-H(23B) 109.0
H(23A)-C(23)-H(23B) 107.8
C(23)-C(24)-H(24A) 109.5
C(23)-C(24)-H(24B) 109.5
H(24A)-C(24)-H(24B) 109.5
C(23)-C(24)-H(24C) 109.5
H(24A)-C(24)-H(24C) 109.5
H(24B)-C(24)-H(24C) 109.5
C(7)-N(1)-C(1) 108.7(3)
C(7)-N(1)-H(1A) 125.6
C(1)-N(1)-H(1A) 125.6
C(10)-N(2)-C(15) 117.2(4)
C(15)-N(2)-C(10) 119.1(7)
C(10)-N(2)-C(11) 120.5(4)
C(15)-N(2)-C(11) 114.7(3)
C(10)-N(2)-C(11) 124.7(7)
0(2)-N(3)-0(1) 124.0(4)
0(2)-N(3)-C(14) 116.9(4)
O(1)-N(3)-C(14) 118.9(4)

Symmetry transformations used to generate equivalent atoms:
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Table 4.  Anisotropic displacement parameters (A2x 103) for a30916b. The anisotropic

displacement factor exponent takes the form: -2m2[ h2a*2U!l + ... +2hka*b* Ul2]

Ull U22 U33 U23 U13 U12
c(1) 36(2) 40(2) 39(2) 3(2) 702) 4(2)
CQ) 41(2) 33(2) 41(3) 3(2) -1(2) 12)
c@3) 75(3) 45(3) 66(3) 4(3) -16(3) -5(2)
C(4) 123(5) 47(3) 78(4) 32(3) -23(3) -11(3)
c(5) 115(5) 82(4) 56(4) 29(3) 2(3) -25(4)
C(6) 84(4) 60(3) 53(3) 16(3) 73) 3(3)
c(7) 50(3) 42(3) 47(3) 9(2) -1Q2) -6(2)
C(®) 46(2) 37(2) 49(2) 73) 112) -4(2)
C) 54(2) 47(3) 52(2) 2(2) -1Q2) 13(2)
c(10)  33(11) 56(12) 42(10) -4(9) 20(9) -13(9)
c) 54(2) 47(3) 52(2) 2(2) -1(2) 13(2)
Cc(10)  66(6) 51(4) 43(4) 3(3) 11(4) 15(4)
c1) 32(2) 41(2) 32(2) -1Q2) 3(2) 3(2)
C(12) 34(2) 40(2) 39(2) 2(2) 2(2) 2(1)
C(13) 36(2) 37(2) 36(2) 2(2) 2(2) -1Q2)
C(14) 47(2) 43(2) 36(2) 9(2) 12) 3(2)
c(15) 55(3) 40(2) 34(2) -1Q2) 0(2) 2(2)
C(16) 74(3) 38(3) 45(2) 9(2) 15(2) -12(2)
c(17) 59(3) 47(3) 36(2) 702) -1Q2) -102)
c(18) 75(3) 46(3) 61(3) 3(2) 3(2) -5(2)
c(19)  117(4) 49(3) 82(4) 3(3) -20(4) -8(3)
C(20)  133(6) 71(4) 86(4) 22(3) -35(4) -48(4)
c@21) 78(4) 91(4) 89(4) 19(4) 7(3) -38(4)
C(22) 61(3) 67(3) 60(3) 123) 0(2) -16(3)
C(23) 55(3) 58(3) 51(3) 9(3) -14(2) -4(2)
C(24) 56(3) 72(3) 91(4) -16(3) 33) 9(2)
N(1) 50(2) 40(2) 41(2) 4(2) 8(2) 6(2)
NQ) 65(2) 38(2) 39(2) -4(2) 0(2) 11(2)
NQ3) 68(3) 59(3) 43(2) 9(2) 3(2) -17(2)
o(1) 98(3) 59(2) 66(2) 20(2) -26(2) 2(2)
0Q) 113(3) 98(2) 42(2) 9(2) 19(2) -15(2)
Br(1) 42(1) 64(1) 55(1) 5(1) -8(1) -1(1)
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Table 5.  Hydrogen coordinates ( x 10%) and isotropic ~ displacement parameters (A2x 103)

for a30916b.

X y z U(eq)
H(A) 4290 4769 11165 75
H(4A) 3781 4375 12582 99
H(5A) 2748 5485 13451 101
H(6A) 2142 7012 12936 79
H(9A) 4113 5584 9481 61
H(9B) 5103 6443 9493 61
H(10A) 3978 6694 8246 52
H(10B) 2717 6532 8736 52
H(9'1) 3693 5774 9301 61
H(9'2) 5039 6017 9626 61
H(10C) 5136 7403 8910 64
H(10D) 4255 6810 8288 64
H(11A) 2300 8561 9730 42
H(13A) 2967 10193 9094 44
H(14A) 4997 9207 8335 50
H(15A) 3621 8151 7666 51
H(16A) 2695 10046 10698 78
H(16B) 4063 10401 10852 78
H(16C) 3610 9389 11247 78
H(18A) 3095 11777 9584 73
H(19A) 4110 13293 9699 99
H(20A) 6195 13377 9409 116
H(21A) 7258 11989 9000 103
H(22A) 6252 10495 8848 75
H(23A) 1569 9080 8479 66
H(23B) 1924 9266 7500 66
H(24A) 343 8101 7589 110
H(24B) 1188 7411 8161 110
H(24C) 1525 7607 7179 110
H(1A) 2356 8203 11472 52
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Table 6. Torsion angles [°] for a30916b.

N(1)-C(1)-C(2)-C(3)
C(11)-C(1)-C(2)-C(8)
N(1)-C(1)-C(2)-C(®)
C(11)-C(1)-C(2)-C(9)
C(8)-CR3)-C(4)-CO)
C3)-C(4)-C(5)-C(6)
C(#)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-N(1)
C(5)-C(6)-C(7)-C(8)
C(#)-CB)-C(®)-C(7)
C(#)-CB)-C(®)-C2)
N(1)-C(7)-C(3)-C(3)
C(6)-C(7)-C(8)-C(3)
N(D)-C(7)-C(3)-C(2)
C(6)-C(7)-C(8)-C(2)
C()-C2)-C(8)-CB)
C(9)-C2)-C(8)-CB)
C(D)-C2)-C(8)-C(7)
C(9)-C2)-C(®)-C(7)
C(1)-C(2)-C(9)-C(10)
C(8)-C(2)-C(9)-C(10)
C(2)-C(9)-C(10)-N(2)
C(2)-C(1)-C(11)-N(2)
N(1)-C(1)-C(11)-N(2)
C(2)-C(1)-C(11)-C(12)
N(1)-C(1)-C(11)-C(12)
N(2)-C(11)-C(12)-C(16)
C(1)-C(11)-C(12)-C(16)
N(2)-C(11)-C(12)-C(13)
C(1)-C(11)-C(12)-C(13)
N(2)-C(11)-C(12)-Br(1)
C(1)-C(11)-C(12)-Br(1)
C(16)-C(12)-C(13)-C(17)
C(11)-C(12)-C(13)-C(17)
Br(1)-C(12)-C(13)-C(17)
C(16)-C(12)-C(13)-C(14)
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-1.1(4)
-177.8(3)
174.5(3)
2.1(6)
0.0(7)
0.6(8)
-1.5(7)
-177.0(4)
2.0(6)
0.5(6)
178.0(4)
177.7(3)
-1.5(6)
-0.5(4)
-179.7(4)
-176.8(4)
8.1(7)
1.0(4)
-174.2(4)
-29.0(11)
145.6(10)
46.8(16)
13.9(5)
-162.3(3)
-115.4(4)
68.4(4)
173.5(3)
-60.0(4)
50.5(3)
177.0(3)
-69.6(3)
56.9(3)
55.9(4)
-179.9(3)
-61.0(3)
-174.8(3)



C(11)-C(12)-C(13)-C(14)
Br(1)-C(12)-C(13)-C(14)
C(17)-C(13)-C(14)-N(3)
C(12)-C(13)-C(14)-N(3)
C(17)-C(13)-C(14)-C(15)
C(12)-C(13)-C(14)-C(15)
N(3)-C(14)-C(15)-N(2)
C(13)-C(14)-C(15)-N(2)
N(3)-C(14)-C(15)-C(23)
C(13)-C(14)-C(15)-C(23)
C(14)-C(13)-C(17)-C(18)
C(12)-C(13)-C(17)-C(18)
C(14)-C(13)-C(17)-C(22)
C(12)-C(13)-C(17)-C(22)
C(22)-C(17)-C(18)-C(19)
C(13)-C(17)-C(18)-C(19)
C(17)-C(18)-C(19)-C(20)
C(18)-C(19)-C(20)-C(21)
C(19)-C(20)-C(21)-C(22)
C(20)-C(21)-C(22)-C(17)
C(18)-C(17)-C(22)-C(21)
C(13)-C(17)-C(22)-C(21)
N(2)-C(15)-C(23)-C(24)
C(14)-C(15)-C(23)-C(24)
C(6)-C(7)-N(1)-C(1)
C(8)-C(7)-N(1)-C(1)
C(2)-C(1)-N(1)-C(7)
C(11)-C(1)-N(1)-C(7)
C(23)-C(15)-N(2)-C(10")
C(14)-C(15)-N(2)-C(10")
C(23)-C(15)-N(2)-C(10)
C(14)-C(15)-N(2)-C(10)
C(23)-C(15)-N(2)-C(11)
C(14)-C(15)-N(2)-C(11)
C(9)-C(10)-N(2)-C(10")
C(9)-C(10)-N(2)-C(15)
C(9)-C(10)-N(2)-C(11)
C(1)-C(11)-N(2)-C(10")
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-50.6(3)
68.3(3)
-51.6(4)
178.2(3)

-173.5(3)

56.3(4)
178.7(3)
-57.5(4)
-54.4(4)
69.4(4)

133.8(4)
-98.6(4)
-44.2(5)
83.4(4)

-0.8(6)

-178.9(4)

0.3(7)
0.4(8)
0.5(8)
-1.6(7)
1.7(6)

179.7(4)

-64.9(4)

170.7(3)

178.9(4)
0.2(4)
0.8(4)

177.6(3)

139.4(6)

-93.7(6)

96.0(11)

-137.0(11)

-70.9(4)
56.1(4)
56.7(13)
154.5(9)

-40.1(19)

-36.7(6)



C(12)-C(11)-N(2)-C(10" 93.3(6)
C(1)-C(11)-N(2)-C(15) 174.6(3)
C(12)-C(11)-N(2)-C(15) -55.4(4)
C(1)-C(11)-N(2)-C(10) 8.6(12)
C(12)-C(11)-N(2)-C(10) 138.6(12)
C(13)-C(14)-N(3)-0(2) 159.5(4)
C(15)-C(14)-N(3)-0(2) -75.8(4)
C(13)-C(14)-N(3)-O(1) -25.2(5)
C(15)-C(14)-N(3)-O(1) 99.5(4)
Symmetry transformations used to generate equivalent atoms:

Table 7. Hydrogen bonds for a30916b [A and °].
D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

S83



