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1. General

All other substrates and reagents were commercially available and used without
further purification. TLC analysis was performed using pre-coated glass plates.
Column chromatography was performed using silica gel (200-300 mesh). 'H spectra
were recorded in CDCl;/DMSO-ds on 600/400 MHz NMR spectrometers and
resonances (0) are given in parts per million relatives to tetramethylsilane. Data are
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m
= multiplet), coupling constants (Hz) and integration. '*C spectra were recorded in
CDCI3/DMSO-dg on 150/100 MHz NMR spectrometers and resonances (0) are given
in ppm. HRMS were obtained on a Bruker 7-tesla FT-ICR MS equipped with an
electrospray source. The X-ray crystal-structure determinations of 4b, 4r and 8d were
obtained on a Bruker SMART APEX CCD system. Melting points were determined
using XT-4 apparatus and not corrected.

2. General procedure for the synthesis of 4, 5 and 6(4a as an example)

NH, I (317.5mg, 1.25mmol) N O
NH, N TfOH (15.0mg, 0.1 mmol) O =
COOH % * // "NH
H DMSO (3ml)

120°C, 12 h O
1a 2a 3a O
4a

(151 mg, 1.0 mmol) (53.5 mg, 0.5 mmol) (58.5 mg, 0.5 mmol)

(157.2 mg, 79% yield)

A sealed tube was charged with phenylglycine (1a) (151 mg, 1.0 mmol), p-
toluidine (2a) (53.5 mg, 0.5 mmol), indole (3a) (58.5 mg, 0.5 mmol), I, (317.5mg,
1.25mmol), TfFOH (15.0mg, 0.1 mmol) and DMSO (3.0 mL, ¢ 0.17 M) at 120 °C
(heating block) for 12 h till almost completed conversion of the substrates by TLC
analysis, the mixture was quenched with saturation Na,S,0O; solution (50 mL),
extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with
brine, dried over anhydrous Na,SO,4 and concentrated under reduced pressure. The
crude product was purified by column chromatography on silica gel (eluent:
petroleum ether/EtOAc = 12:1) to afford the product 4a (157.2 mg, 79% yield).
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3. Optimization of the reaction conditions

Our study commenced with the reaction of benzaldehyde (1-1), p-toluidine (2a),
and indole (3a) in present of Lewis or Bronsted acid (Supplementary Table 1).
Unfortunately, after several varied conditions were tried, we did not obtain any aza-
seven-membered ring adducts (Supplementary Table 1, entry 1). Attempts to use in
situ generated benzaldehyde species from either phenylmethanol (1-2) or benzyl
halide (1-3) in [,-DMSO system in present of TfOH turns out to be a failure
(Supplementary Table 1, entries 2-3). Phenylglycine (1a) was then tested as a
substrate under similar conditions since it was reported by our previous workl!l that
amino acid could be converted to corresponding aldehyde by I, mediated Strecker
degradation(?]. Delightfully, desired azepino[3,4-b]indole product 4a could be formed
in 40% yield (Supplementary Table 1, entry 4). Encouraged by this result, we turn to
optimize the reaction conditions by increased the dose of iodine. A much higher yield
(75%) was detected when 2.5 equiv of I, was used (Supplementary Table 1, entries 5—
11). Changing the amount of TfOH did not increase the yield (Supplementary Table 1,
entries 12—15), and only a trace of 4a could be observed when TfOH was not present
(Supplementary Table 1, entry 16). Next, we tried a variety of different Bronsted and
Lewis acids, but none improved yield was obtained (Supplementary Table 1, entries
17-24). We also found that the yield of 4a is better when the reaction is performed at
120 °C and the amount of by-products is significantly reduced (Supplementary Table
1, entries 25-30). Upon optimizing the type and amount of acid, the temperature, and
the iodine loading, we derived the following conditions: 1, (2.5 equiv), TfOH (0.2
equiv), at 120 °C for 12 h under air. More importantly, in the whole process of
carefully screening, we did not isolate any competitive aza-[3+2] or aza-[4+2]
products under our conditions (Supplementary Table 1, 8a and 8b were not detected),
although some other unwanted by-products were found (Supplementary Table 1, 8¢
see reference 1d, 8d was unambiguously comformed by X-ray crystallographic
analysis ).

=z

(3a) "

OH Br/l

o NH,

benzaldehyde )L /L )\ /L

substitute (1): H Ph H Ph H Ph  HOOC Ph
1a

11 1-2 1-3

(ref. 1d)
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entry

5b

6b

10

11

12

13

14

15

16°

17

18

19¢

20

21

22

23

24

25

26

1
1-1

1-2

1a

la

la

1a

la

la

1a

la

la

1a

la

la

1a

la

la

1a

la

la

1a

la

la

1a

la

catalyst (equiv)

TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.2)
TfOH(0.02)
TfOH(0.1)
TfOH(0.3)

TfOH(0.4)

TsOH(0.2)
TFA(0.2)
HI(2.0)
CuCly(0.2)
FeCl3(0.2)
InBr;(0.2)
GaBr3(0.2)
Ga(OT1)3(0.2)
TFOH(0.2)

TfOH(0.2)
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I, (equiv)

1,(1.0)
1,(1.0)
1,(1.0)
1,(0.1)
1,(0.2)
1,(0.5)
I,(1.5)
1,(2.0)
1,(2.5)
1,(3.0)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)
1,(2.5)

L(2.5)

temp(°C)
100

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
r.t.

40

yield® (%)
N.D.

N.D.
N.D.
40
8
11
16
56
68
75
71
16
42
71
69
trace

66

trace
14
20
49
58
68
n.d.

n.d.



27 la TfOH(0.2) 1(2.5) 60 trace

28 1a TfOH(0.2) L(2.5) 80 52
29  1a TfOH(0.2) L(2.5) 120 79
30 la TfOH(0.2) L(2.5) 140 73

Supplementary Table 1. Optimization of Reaction Conditions*”
@Reaction conditions: 1a (1.0 mmol), 2a (0.5 mmol), 3a (0.5 mmol), I,, catalyst, and
DMSO (3.0 mL, ¢ 0.17 M) were added to a pressure vessel and stirred for 12 h. N. D.
refers to not detected. Yields refer to isolated product. ’The reaction time was
extended to 48 h. “Using HI, 50 wt % solution in H,O.

4. Mechanistic studies

4.1 Studies of Different Additives

Based on the experimental observation that benzaldehyde is not converted into 4a
under our reaction conditions while its amino acid precursor is, we speculated that the
by-products in I,-mediated Strecker degradation, i.e., ammonia and HI, would
somehow participate in and promote the whole transformation. Indeed, when p-
methoxybenzaldehyde 7h instead of an amino acid was reacted with 2a and 3a under
standard conditions, 4h was obtained in less than 5% yield (Supplementary Table 2,
entry 1). However, when ammonium iodide was added to the reaction mixture,
azepino|[3,4-b]indole 4h was generated in 62% yield (Supplementary Table 2, entry 2).
Tetramethylammonium iodide (TMAI) and tetrabutylammonium iodide (TBAI) were
also found to promote the reaction, but with a lower yield (Supplementary Table 2,
entries 3-4). We also tried other iodine anion compounds (Supplementary Table 2,
entries 5—-6), inorganic ammonium salts (Supplementary Table 2, entries 7-9),
ammonia spirit (Supplementary Table 2, entry 10) and alkyl amines (Supplementary
Table 2, entries 11-13), but other additives with different ion-pair combinations
showed much lower reactivities.

Because of the high catalytic reactivity and metal-free nature of ion-pairs,
numerous new organic ion-pair species have been reported for various
transformations, especially asymmetric catalysis.}] We speculated that when
benzaldehyde 7h was used to replace amino acid, the process of iodine-promoted
amino acid catabolism would be absent, so that a large amount of iodine anions
couldn’t be produced in the solvent. Therefore, the above ammonium source could’t
have a good effect. The above process implied that the in-situ generated endogenous
by-product ammonium iodide acted as ion-pair promoters.
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0 (
] N
+ + _— =
/ NH /
~ N
o H
O O by-product 10b-1
_0 4h

7h 2a 3a

entry additive (equiv) yield? (%)

1 - 5

2 NH4I(1.0) 62
3 (CH3)4NI(1.0) 56
4 (n-Bu)4NI(1.0) 52
5 Nal(1.0) 18
6 KI(1.0) 19
7 (Et);N(1.0) trace
8 DIPEA(1.0) trace
9 (n-Pr );N(1.0) trace
10 NH;-H,0(1.0) 15
11 NH,4CI(1.0) 13
12 NH4Br(1.0) 11
13 NH4OAc(1.0) 18

Supplementary Table 2. Optimization of additives “?
@Reaction conditions: 7h (1.0 mmol), 2a (0.5 mmol), 3a (0.5 mmol), I, (1.25 mmol),
TfOH (0.1 mmol), additives and DMSO (3.0 mL, ¢ 0.17 M) were added to a pressure
vessel and stirred at 120 °C for 12 h. Yields refer to isolated product.

x10 7 (B3I &35 (0. 442 438) Frag-175.0VLN643.d

2.6
2.44
2.24

Chemlcal Formula: C45H43I,NO
Exact Mass: 476.9087
M+H": 477.9159 Found:477.9162

3T 4370

i I _.I | |
210 415 230 235 430 43 44144 430 45 43’”45

Supplementary Figure 1. Detection for the generation of 10b-1
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After monitoring the reaction in Supplementary Table 2, we found that most of
attempts gave relative messy results. We found that in Supplementary Table 2 entry 1,
the main product is the iodinized imine 10b-1 in around 40% yield. This by-product
was also detected in other entries in Table 2. We believe that due to the lack of
ammonium iodide, the indole cation cannot be stably produced in the reaction,
resulting in the continuous formation of imines that are continuously oxidized by
iodine. It is notable that the 3,3'-(phenylmethylene)bis(1H-indole) product was also
not detected in those experiments.

4.2 Studies of intermediates 8b and 9b

1a (1.0 mmol), 2a (0.5 mmol), 3a (0.5 mmol), I, (1.25 mmol), TfOH (0.1 mmol) and
DMSO (3.0 mL, ¢ 0.17 M) reacted at 120 °C for 0.5 h, obtained the intermediates 8b
and 9b(detected by LC-MS), then could converted to 4a after 12h under standard
conditions. Obviously, 8b and 9b are possible intermediates for this protocol.

NH N ‘
2 /©/NH2 ©E\> standard conditions O =
COOH * +

N 0.5h 4 ~NH

1a

HO 4a

2a
O /: O detected by LC-MS
2a O { [ ® [M+H]* : 399.1857

H 94 H 9p
? detected by LC-MS
[M]* : 206.0968
wel Lr
7a 3a ©)\N . @N

10b
detected by LC-MS
L [M+H]*: 196.1119

The LC-MS Spectra is listed below:

<10 -1 +ESI Scan (0. 771 min) Frag=175.0V L¥{-491A. d
1.2
i 9b, [M]* : Cy5H5N* 206. 09681
0.8 Exact Mass: 206.0964
0.6 Found: 206.0968 ol
0.4 \
0.2
ol l.l h |I|| 1 Jh 1 I||| L I|| L ! il ; 1 1 i I I|| III Ll !I I|‘ I|II ‘I || o ||

194 196 198 200 202 204 206 208 210 212 214 216

Counts (%) vs. Mass—to—Charge (m/z)

Supplementary Figure 2. Detection for the generation of 9b
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10 -1 |*EST Scan (0.554 min) Frag=175.0V L¥-491A.d
G 4
21 10b, [M+H]+ c C14H14N+
4 / Exact Mass: 196.11208
& Found: 196.1119
2
14
165 170 175 180 185 190 195 200 205 210 215 220 225
Counts (%) vs. Mass—to—Charsze (m/z)
Supplementary Figure 3. Detection for the generation of 10b
+ESI Scan (0.470 min) Fras=175.0V LY-491A.d
2.5
3 i / 4a, [M+H]" : CygHa3Ny"
151 Exact Mass: 399.1856
q 0. 50865 Found: 399.1857
i ] | ] i | ! I i ] ; i
304 396 398 400 402 404 406 408 410 412 414

Counts (%) vs. Mass—to—Charse (w/z)

Supplementary Figure 4. Detection for the generation of 4a

4.2 Studies of cross-coupling reaction

We investigated the cross-coupling reaction using 1a (0.5 mmol), 7b (0.5 mmol),
2a (0.5 mmol) and 3a (0.5 mmol) under the standard conditions. All the products were
successfully identified by LC-MS analysis of the crude reaction extract, including the
crossed products 4ab and 4ba.

NH2 RZ

.y

~

COOH

NH
™ Cry
N

H

1a standard conditions

g/NH

o
S >¥o

2a 3a  (4a R'=H, R%=H

[M+H]* : 399.1858 )

4ab R'=Me, R?*=H
4ba R'=H, R2?=Me

[M+H]" : 413.2013

O U

(4b_R'=Me, R%=Me [M+H[ :427.2169) ~

The LC-MS Spectra is listed below:
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+ESI Scan (0.394 min) Frag=175. 0V L¥590.4d

4a
7 4n1. 20127
399. 18585 < TVHI" : Coobhaly*
1.5+ Exact Mass: 399.1856
Found: 399.1858
14
0.5 400, 19013
O_ A 5 2 . ' o f [N 1 I T 1 [N}

397 397.5 398 3985 399 399.5 400 400.5 401  401.5 402
Counts (%) ws. Nass—to—Charge (m/z)

Supplementary Figure 5. Detection for the generation of 4a

+ESI Scan (0.360 min) Frag=175.0V L¥590.d
5 4ab and 4ba Ha e
4. [M+H]" : CagHasN2"
Exact Mass: 413.2012
31 Found:413.2012
415, 21650
2 414, 20497
1 416, 23002
0_. ; y . " . . RO | -
410 411 412 413 41 415 416

14
Counts (%) ws. Mass—to—Charze (n/z)

Supplementary Figure 6. Detection for the generation of 4ab and 4ba

+ESI Scan (0.494 min) Frag=175. 0V L¥590.d

5 4b
. [M+H]* : CaHz7N,"

1 Exact Mass: 427.2169
3 Found: 427.2169
2_
]_ 4
O T T

479 473 424 495 476 437 478 479 430
Counts (%) ws. Mass—to—Charge (m/z)

Supplementary Figure 7. Detection for the generation of 4b

Then we investigated the cross-coupling reaction using 1a (0.5 mmol), 7h (0.5
mmol), 2a (0.5 mmol) and 3a (0.5 mmol) under the standard conditions. All the
products were successfully identified by LC-MS analysis of the crude reaction extract,
including the crossed products 4ah and 4ha.
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NH,

COOH
NH,
1a ¥ /©/ + @ standard conditions
o} N
| H
2a 3a (4a R'=H, R%=H [M+H]* : 399.1850 ) O
~N 1= 2
o 7h 4ahR =OMe, R=H  1ihp - 420 1063
4haR'=H, R?=OMe R

(4h R™=OMe, R%=0OMe [M+H]" : 459.2068 )
detected by LC-MS

The LC-MS Spectra is listed below:

+ESI Scan (0. 382 min) Frag=175. OV L¥59l.d
9 399, 13504 4a
[M+H]* : CagHasN,"

15 Exact Mass: 399.1856

Fe | Found: 399.1850

1_

400, 18766

0. 54

U - II - Il = lIIlI - II - I x III : - : ; II - II T | T — IllIlII T — II ™ T

393 394 395 396 397 398 399 400 401 402 403 404 405 406
Counts (%) vs. Nass—to-Charze (m/z)
Supplementary Figure 8. Detection for the generation of 4a
+ESI Scan (0.349 min) Frag=175. 0V L¥591.d
5] 429. 19656 4ah and 4ha
[M+H]+ N C30H25N20+
1. 54 Exact Mass: 429.1961
Found: 429.1963
1_
430, 19294
0. 5
431, 20991 433, 99551
O_ [T ' ' | i g f [N ' || 1 ' & I e 1

426 497 428 429 430 431 432 433 434 435 436 437 438
Counts (%) ws. Mass—to—Charze (n/z)

Supplementary Figure 9. Detection for the generation of 4ah and 4ha
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+ESI Scan (0.432 min) Frag=175.0V L¥591.d
2_
4h 459, 20626

1.5 454, 19034 [M"’H]+ : C31H27N202+
Exact Mass: 459.2067
Found: 459.2068

455, 19243 460. 20920

Oders Basis (¢ FHSR o] WEr R (B8 B OO i aows bow s | joil i

453 454 455 46 457 458 459 460 461 462 463
Counts (%) vs. Nass—to—Charze (w/z)

Supplementary Figure 10. Detection for the generation of 4h

Next we investigated the cross-coupling reaction using 1a (0.5 mmol), 1m (0.5
mmol), 2a (0.5 mmol) and 3a (0.5 mmol) under the standard conditions. All the
products were successfully identified by LC-MS analysis of the crude reaction extract,
including the crossed products 4am and 4ma.

NH, R2

COOH
NH,
1a + /©/ + @ standard conditions
NH, N

H
/@COOH 2a 3a  (4a R'=H, R?=H [M+H]':399.1855 )
1= 2
F 1m 4am R1‘F* RZ‘H M+H]* : 417.1763
4ma R'=H, R<‘=F

!
(ah RI=F, RP=F _[W+H]:435.1676 ) ~
detected by LC-MS

The LC-MS Spectra is listed below:
+B5] Scan (0. 415 min) Frag=175. 0V L¥589.d

2 4a 400. 90811
IMHHT - CogHgny > 399. 18550
1. 51 Exact Mass: 399.1856
Found: 399.1855
1_
0.5
O_l.ll... ||||II||I|I||I||| 3 RRTE ) ' {18 T || L ol T Il |I 1

393 394 395 396 397 398 399 400 401 4072
Counts (%) ws. Nass—to—Tharsge (m/z)

Supplementary Figure 11. Detection for the generation of 4a

S11




+ESI Scan (0. 398 min) Frag=175. OV L¥589. d
21 4am and 4ma 419. 30993
- [M#HI": CogHooPN," " q17, 17632
1.5 Exact Mass: 417.1762
1,254 Found: 417.1763
1_
0. 75 4 416. 16099  416. 36383
0. 54
0. 25 ‘
0..|.|. ....||I|.| |||| | i ali i [ | i ||

412 413 414 415 416 417 418 419 420
Counts (%) vs. Mass—to-Charze (m/z)

Supplementary Figure 12. Detection for the generation of 4am and 4ma

£1p -1 [TE3D Scan (0,665 min) Frag=175. OV L5689, d
4m
41 [M+H]* : ngH21F2N2\; 437, 20254
3.5 Exact Mass: 435.1667 435. 16761
31 Found: 435.1676
2 5] 433. 15073
24
1.5] 434. 16063
1
0.5 431. 95292 ‘
NERE 1 | BN
431 432 433 434 435 436 437 438

Counts (%) vs. Mass—to—Charze (mfz)

Supplementary Figure 13. Detection for the generation of 4m

Obviously, the above three sets of cross-coupling reactions clearly confirms our
proposed mechanism by LC-MS analysis. In the presence of iodine-mediated amino
acid catabolism, endogenous ammonium iodide can be obtained in the system, and
aldehyde can participate in the consecutive reaction. On the one hand, it shows that
amino acid is first catabolized into aldehyde and then participate in the subsequent
process. On the other hand, it proves that endogenous ammonium iodide is
indispensable to the reaction system.

5. Characterization data for compounds 4, 5 and 6.
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o) U

10-methyl-6,12-di-p-tolyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (4a)
Yield 79%; 157.2 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 113-115 °C;

H NMR (400 MHz, CDCls) 5 8.09 (s, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.76-7.70 (m,
2H), 7.52 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 6.8 Hz, 3H), 7.33 (d, J = 3.6 Hz, 2H), 7.28
(s, 1H), 7.25 (d, J= 2.8 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 7.06-6.93 (m, SH), 5.73 (s,
1H), 2.42 (s, 3H).

13C NMR (100 MHz, CDCl;) & 156.0, 143.6, 141.8, 139.2, 137.6, 136.8, 134.7,
130.4, 130.2, 129.5, 129.1, 128.5, 127.9, 127.8, 126.9, 126.8, 126.5, 126.3, 126.0,
125.0, 120.5, 119.2, 111.6, 45.2, 21.0.

HRMS (ESI) m/z calcd for CaoHasN,* (MH+H)* 399.1856, found: 399.1858.

o) U

10-methyl-6,12-di-p-tolyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (4b)
Yield 77%; 164.0 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 245-247 °C;

'H NMR (400 MHz, CDCL) & 8.11 (s, 1H), 7.89 (d,J=8.0Hz, 1H), 7.63
(d, J=8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.26-7.12 (m, 7H), 6.82 (s, 4H), 5.65 (s,
1H), 2.40 (s, 3H), 2.35 (s, 3H), 2.12 (s, 3H);

13C NMR (100 MHz, CDCLy) & 156.0, 143.6, 140.3, 138.7, 137.2, 136.6, 136.4,
135.4, 135.2, 130.2, 129.3, 129.1, 128.5, 127.7, 126.8, 126.7, 126.2, 124.7, 120.3,
119.0, 111.6, 44.9, 21.4, 20.9, 20.8;

HRMS (ESI) m/z caled for C3,HayyNy+ (M+H)" 427.2168, found 427.2169
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c) O

10-methyl-6,12-di-m-tolyl-5,12-dihydrobenzo[6,7]azepino|3,4-b]indole (4¢)
Yield 76%, 161.9 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 103-104°C;

H NMR (400 MHz, CDCly) & 8.09 (s, 1H), 7.94 (d, J= 8.0 Hz, 1H), 7.61 (s, 1H),
7.49 (t,J=7.6 Hz, 2H), 7.35-7.26 (m, 5H), 7.25 (s, 1H), 7.18 (d,J=8.0 Hz, 1H),
6.93 (t,J= 8.0 Hz, 1H), 6.82-6.75 (m, 3H), 5.68 (s, 1H), 2.42 (s, 3H), 2.39 (s, 3H),
2.10 (s, 3H).

13C NMR (100 MHz, CDCLy) & 156.2, 143.6, 141.6, 139.2, 138.4, 137.4, 137.2,
136.7, 135.1, 131.0, 130.3, 129.6, 129.4, 128.3, 127.8, 127.7, 127.5, 126.9, 126.8,
126.4, 126.3, 126.0, 124.9, 124.2, 120.4, 119.2, 111.6, 45.2, 21.45, 21.38, 21.0;
HRMS (ESI) m/z calcd for C3,HyyNy* (M+H)* 427.2168, found 427.2168

o) U

6,12-bis(4-ethylphenyl)-10-methyl-5,12-dihydrobenzo|[6,7]azepino[3,4-b]indole
(4d)
Yield 78%; 177.1 mg; yellow oil; column chromatography, silica gel (PE/EA, 12:1);

mp 141-143°C;

H NMR (400 MHz, CDCls) 3 8.10 (s, 1H), 7.90 (d, J= 8.0 Hz, 1H), 7.66 (d, J= 8.0
Hz, 2H), 7.47 (d, J= 8.0 Hz, 1H), 7.25 (dd, J = 15.6, 9.6 Hz, 6H), 7.15 (d, J = 8.0 Hz,
1H), 6.86 (s, 4H), 5.67 (s, 1H), 2.67 (q, J = 7.6 Hz, 2H), 2.43 (d, J = 7.6 Hz, 2H), 2.40
(s, 3H), 1.24 (t, J= 7.6 Hz, 3H), 1.05 (t, J= 7.6 Hz, 3H).;

13C NMR (100 MHz, CDCLy) & 156.0, 146.7, 143.6, 141.8, 139.0, 137.3, 136.7,
135.1, 130.3, 129.5, 129.3, 128.0, 127.7, 127.3, 126.9, 126.8, 126.3, 126.1, 124.8,
120.3, 119.1, 111.6, 45.0, 28.8, 28.2, 20.9, 15.4;

HRMS (ESI) m/z calcd for C33Hz Ny* (M+H)* 455.2481, found 455.2482.
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o U

6,12-bis(4-isopropylphenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino|[3,4-
blindole (4¢)
Yield 72%; 173.5 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 212-214 °C;

'H NMR (400 MHz, CDCLy) & 8.08 (s, 1H), 7.90 (d,J= 8.0 Hz, 1H), 7.68
(d, J=8.0 Hz, 2H), 7.48 (d,J= 8.0 Hz, 1H), 7.27 (d,J= 7.6 Hz, 5H), 7.22 (t, J= 4.0
Hz, 1H), 7.15 (d, J = 8.0 Hz, 1H), 6.89 (s, 4H), 5.68 (s, 1H), 2.94 (m, J = 13.6, 6.8 Hz,
1H), 2.69 (m,J=13.6, 6.8 Hz, 1H), 2.40 (s, 3H), 1.26 (d,J= 6.8 Hz, 6H), 1.07
(d, J= 6.8 Hz, 6H).

13C NMR (100 MHz, CDCLy) & 156.0, 151.2, 146.4, 143.7, 139.2, 137.3, 137.0,
136.7, 135.0, 130.4, 129.6, 129.3, 127.8, 127.0, 126.8, 126.6, 126.3, 125.9, 124.8,
120.3, 119.2, 111.6, 45.1, 34.1, 33.5, 24.0, 23.9, 23.8, 21.0.

HRMS (ESI) m/z caled for CssHysNy* (M+H)* 483.2794, found 483.2793.

o) U

6,12-bis(4-(tert-butyl)phenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino[3,4-
blindole (4f)
Yield 65%; 165.8 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 158-160 C;

'H NMR (400 MHz, CDCLy) & 8.13 (s, 1H), 7.91 (d,J= 8.0 Hz, 1H), 7.70
(d, J=8.4 Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.45 (d, J= 8.4 Hz, 2H), 7.32 (d, J= 3.6
Hz, 2H), 7.24 (dd, J= 9.6, 6.0 Hz, 2H), 7.16 (d, J= 8.0 Hz, 1H), 7.06 (d, J= 8.4 Hz,
2H), 6.90 (d, J = 8.4 Hz, 2H), 5.70 (s, 1H), 2.41 (s, 3H), 1.34 (s, 9H), 1.14 (s, 9H);
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13C NMR (100 MHz, CDCl;) 6 156.0, 153.6, 148.7, 143.4, 138.7, 137.5, 136.8,
136.4, 134.9, 130.4, 129.6, 129.0, 127.8, 127.0, 126.5, 126.3, 125.9, 125.5, 125.0,
124.8,120.4,119.2,111.6, 45.0, 34.8, 34.1, 31.2, 21.0;

HRMS (ESI) m/z calcd for C57H39N," (M+H)" 511.3107, found 511.3111.

o) U

6,12-bis(3,5-dimethylphenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino[3,4-
blindole (4g)
Yield 73%; 165.7 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 122-124 °C;

'H NMR (400 MHz, CDCLy) & 8.07 (s, 1H), 7.90 (d,J= 8.0 Hz, 1H), 7.45
(d,J=8.0 Hz, 1H), 7.35 (s, 2H), 7.31 (d,J= 4.0 Hz, 2H), 7.26-7.20 (m, 2H), 7.14
(d, J=8.0 Hz, 1H), 7.07 (s, 1H), 6.59 (d, J = 17.6 Hz, 3H), 5.63 (s, 1H), 2.41 (s, 3H),
2.34 (s, 6H), 2.05 (s, 6H).

13C NMR (100 MHz, CDCLy) & 156.5, 143.5, 141.5, 139.2, 138.1, 137.2, 137.1,
136.7, 135.6, 131.9, 130.2, 129.2, 127.8, 127.6, 127.0, 126.9, 126.2, 125.8, 124.9,
124.7,120.3,119.2, 111.6, 45.0, 21.3, 21.2, 21.0;

HRMS (ESI) m/z calcd for C33Hz Ny* (M+H)* 455.2481, found 455.2482.

—0
6,12-bis(4-methoxyphenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino|3,4-

blindole (4h)
Yield 81%; 185.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 158-160 C;

'H NMR (400 MHz, CDCLy) & 8.17 (s, 1H), 7.94 (d,J= 8.0 Hz, 1H), 7.71
(d, J=8.8 Hz, 2H), 7.48 (d, J= 8.0 Hz, 1H), 7.32 (d, J=3.6 Hz, 2H), 7.25 (s, 2H),
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7.16 (d,J= 8.0 Hz, 1H), 6.91 (d,J=8.8 Hz, 2H), 6.85 (d, J= 8.8 Hz, 2H), 6.56
(d, J=8.8 Hz, 2H), 5.65 (s, 1H), 3.82 (s, 3H), 3.61 (s, 3H), 2.41 (s, 3H);

13C NMR (100 MHz, CDCLy) & 161.4, 157.7, 155.6, 143.4, 137.2, 136.7, 135.2,
133.9, 131.6, 130.8, 130.2, 129.2, 127.84, 127.77, 126.8, 126.6, 126.2, 124.9, 120.4,
119.1, 113.9, 113.2, 111.6, 55.4, 55.1, 4.5, 21.0;

HRMS (ESI) m/z caled for C31HyN,0,* (M+H)* 459.2067, found 459.2067.

";

- C

6,12-bis(3-methoxyphenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino|3,4-
blindole (4i)
Yield 78%; 178.6 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 228-230 C,;

'H NMR (400 MHz, CDCls) & 8.15 (s, 1H), 7.91 (d, J= 8.0 Hz, 1H), 7.49 (d, J= 7.6
Hz, 1H), 7.35-7.16 (m, 8H), 7.01-6.91 (m, 2H), 6.59-6.48 (m, 3H), 5.68 (s, 1H), 3.82
(s, 3H), 3.55 (s, 3H), 2.41 (s, 3H);

13C NMR (100 MHz, CDCLy) & 159.7, 159.1, 155.8, 143.5, 143.4, 140.6, 137.6,
136.8, 134.8, 130.3, 129.53, 129.46, 128.7, 127.8, 126.8, 126.2, 125.8, 125.0, 121.7,
120.5,119.5, 119.1, 116.2, 114.0, 113.5, 111.6, 110.9, 55.4, 55.0, 45.2, 21.0;

HRMS (ESI) m/z caled for C3;HyyN,0,* (M+H)* 459.2067, found 459.2068.

NQR®
/
—0
6,12-bis(3,4-dimethoxyphenyl)-10-methyl-5,12-dihydrobenzo|[6,7]azepino|3,4-

blindole (4j)
Yield 70%; 181.3 mg; yellow solid; column chromatography, silica gel (PE/EA, 5:1);

mp 261-263 C;
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'H NMR (400 MHz, CDCl;) & 8.60 (s, 1H), 7.94 (d,J= 8.0 Hz, 1H), 7.48
(d,J=7.2 Hz, 2H), 7.37 (dd,J=15.6, 7.6 Hz, 2H), 7.26 (d, J= 8.4 Hz, 2H), 7.23—
7.15 (m, 2H), 6.79 (d, J= 8.4 Hz, 1H), 6.53 (d, /= 7.2 Hz, 3H), 5.67 (s, 1H), 3.90 (s,
3H), 3.85 (s, 3H), 3.67 (s, 3H), 3.54 (s, 3H), 2.41 (s, 3H);

13C NMR (100 MHz, CDCl;) 6 155.7, 150.8, 148.9, 148.3, 147.3, 143.3, 137.2,
136.7, 135.4, 134.5, 131.9, 130.1, 129.2, 127.7, 126.7, 126.1, 125.8, 124.8, 122.7,
120.3,119.2,119.0, 111.7, 111.4, 110.7, 110.6, 110.2, 55.82, 55.79, 55.76, 55.7, 45.0,
20.9;

HRMS (ESI) m/z calcd for C33H31N,04" (M+H)™ 519.2278, found 519.2280.

o) U

6,12-bis(4-ethoxyphenyl)-10-methyl-5,12-dihydrobenzo|6,7]azepino[3.,4-b]indole
(4k)
Yield 74%; 179.8 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 154-156 C;

'H NMR (400 MHz, CDCl;) & 8.16 (s, 1H), 7.91 (d,J=8.0Hz, 1H), 7.68
(d, J=8.8 Hz, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.29-7.21 (m, 4H), 7.14 (d, J= 8.0 Hz,
1H), 6.85 (dd,J=17.6, 8.8 Hz, 4H), 6.54 (d,J=28.8 Hz, 2H), 5.63 (s, 1H), 4.02
(d,J=17.2 Hz, 2H), 3.80 (dd, J=7.2, 3.2 Hz, 2H), 2.39 (s, 3H), 1.40 (t,J="7.2 Hz,
3H), 1.25 (t, J = 7.2 Hz, 3H);

13C NMR (100 MHz, CDCLy) & 160.7, 157.0, 155.6, 143.6, 137.0, 136.6, 135.2,
133.8, 131.6, 130.7, 130.2, 129.2, 127.8, 127.7, 126.8, 126.4, 126.2, 124.8, 120.3,
119.0, 114.4, 113.8, 111.6, 63.6, 63.2, 44.5, 21.0, 14.8;

HRMS (ESI) m/z caled for C33H; N,O,* (M+H)* 487.2380, found 487.2376.
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o) U

6,12-bis(4-isopropoxyphenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino|3,4-
blindole (41)
Yield 65%; 167.1 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 141-143 C;

'H NMR (400 MHz, CDCLy) & 8.14 (s, 1H), 7.93 (d,J= 8.0 Hz, 1H), 7.68
(d, J=8.8 Hz, 2H), 7.46 (d, J= 8.0 Hz, 1H), 7.30 (d, J= 3.6 Hz, 2H), 7.24 (s, 2H),
7.15 (d,J=8.0 Hz, 1H), 6.89 (d,J=8.8 Hz, 2H), 6.83 (d,J=8.4 Hz, 2H), 6.55
(d, J=8.8 Hz, 2H), 5.64 (s, 1H), 4.60 (dd,J=12.0, 6.0 Hz, 1H), 4.32 (m, J = 12.0,
6.0 Hz, 1H), 2.40 (s, 3H), 1.35 (dd, J = 6.0, 3.6 Hz, 6H), 1.17 (dd, J = 6.0, 1.6 Hz, 6H);
13C NMR (100 MHz, CDCLy) & 159.8, 156.0, 155.7, 143.6, 137.1, 136.6, 135.2,
133.8, 131.5, 130.7, 130.2, 129.3, 127.9, 127.8, 126.9, 126.4, 126.2, 124.8, 120.4,
119.1, 115.6, 115.3, 111.6, 70.0, 69.7, 44.5, 22.04, 21.96, 21.0;

HRMS (ESI) m/z caled for C3sHysN,O,* (M+H)* 515.2693, found 515.2694.

F

”;

O U

6,12-bis(3-fluorophenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(4m)
Yield 77%; 167.1 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 123-125 °C;

H NMR (400 MHz, CDCls) 5 8.12 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.55-7.47 (m,
3H), 7.39 (dd, J = 14.4, 6.0 Hz, 3H), 7.29-7.21 (m, 3H), 7.15 (dd, J=12.0, 4.8 Hz,
1H), 7.00 (d, J = 6.4 Hz, 1H), 6.77-6.55 (m, 3H), 5.69 (s, 1H), 2.43 (s, 3H);

13C NMR (100 MHz, CDCl;) 8 162.9(d, J = 246.0 Hz, 'Jcr), 162.5(d, J = 244.0 Hz,
Ucr), 154.5, 144.5, 144.4(d, J = 7.0 Hz, *Jcp), 141.3(d, J= 7.0 Hz, 3Jcp), 138.1, 136.8,
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134.1, 130.3, 130.1(d, J = 8.0 Hz, 3Jcr), 129.6, 129.2(d, J = 8.0 Hz, 3Jcy), 128.2, 126.3,
126.0, 125.4, 124.8(d, J = 3.0 Hz, “Jcg), 122.5(d, J = 2.0 Hz, “Jr), 120.8, 119.0,
117.2(d, J = 22.0 Hz, %Jcg), 115.9(d, J = 23.0 Hz, 2Jcp), 114.0(d, J = 22.0 Hz, 2Jcy),
113.1(d, J=21.0 Hz, 2Jcg), 111.8, 44.8, 21.0;

1F NMR (376 MHz, CDCl5) & -112.20, -113.59.

HRMS (ESI) m/z caled for CaoHa FoN,* (M+H)* 435.1667, found 435.1668.

F
6,12-bis(4-fluorophenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(4n)
Yield 80%; 173.6 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 228-230 C;

IH NMR (400 MHz, CDCl;) & 8.14 (s, 1H), 7.94 (d,J= 8.0 Hz, 1H), 7.72
(dd, J=8.8, 5.6Hz, 2H), 749 (d,J= 8.0 Hz, 1H), 7.37-7.32 (m, 2H), 7.27
(dd, J=10.4, 4.8 Hz, 2H), 7.19 (d,J=8.0 Hz, 1H), 7.09 (t, /= 8.8 Hz, 2H), 6.87
(dd, J= 8.0, 5.6 Hz, 2H), 6.71 (t, J = 8.8 Hz, 2H), 5.66 (s, 1H), 2.42 (s, 3H);

13C NMR (100 MHz, CDCL3) & 164.2(d, J = 249.0 Hz, 'Jcr), 161.2(d, J = 243.0 Hz,
Jer), 155.0, 143.2, 137.9, 137.4, 137.3, 136.9, 135.0, 134.6, 131.2(d, J = 9.0 Hz, *Jcy),
130.2, 129.3, 128.4, 128.2(d, J = 8.0 Hz, 3Jcp), 126.9, 126.4, 126.1, 125.4, 120.8,
119.1, 115.7(d, J = 22.0 Hz, 2Jcp), 114.6(d, J = 22.0 Hz, %Jcp), 111.8, 44.5, 21.0;

19F NMR (376 MHz, CDCls) & -110.07, -117.32.

HRMS (ESI) m/z calcd for CaoHa FoN,* (M+H)* 435.1667, found 435.1667.

Cl

";

) U

6,12-bis(3-chlorophenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(40)
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Yield 69%; 161.1 mg; yellow solid; column chromatography, silica gel (PE/EA,
12:1); mp 149-151°C;

'H NMR (400 MHz, CDCl;) 6 8.13 (s, 1H), 7.93 (d,J=8.0 Hz, 1H), 7.80 (s, 1H),
7.59 (d,J=7.6 Hz, 1H), 7.50 (d,/J=8.0 Hz, 1H), 7.41 (dd,J=22.4, 9.6 Hz, 4H),
7.29 (d,J= 11.2 Hz, 2H), 7.21 (d,J=8.0 Hz, 1H), 6.98 (d,J=4.8 Hz, 2H), 6.85
(d, J=42.4 Hz, 2H), 5.67 (s, 1H), 2.44 (s, 3H);

13C NMR (100 MHz, CDCl;) 6 154.5, 143.8, 143.2, 140.8, 138.1, 136.9, 134.8,
134.2, 133.8, 130.4, 130.2, 129.8, 129.6, 129.1, 129.0, 128.2, 127.3, 127.1, 126.43,

126.36, 126.0, 125.9, 125.4, 125.2, 120.8, 119.1, 111.8, 44.8, 21.0;
HRMS (ESI) m/z caled for C,oH,CLN,™ (M+H)* 467.1076, found 467.1080.

Cl

¢

/ ~NH
Cl
6,12-bis(4-chlorophenyl)-10-methyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(4p)
Yield 62%; 144.8 mg; yellow solid; column chromatography, silica gel (PE/EA,
12:1); mp 296-298°C;

'H NMR (400 MHz, DMSO-d) & 11.44 (s, 1H), 8.04 (d, /= 8.0 Hz, 1H), 7.77
(d,J=8.4 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 10.0 Hz, 2H), 7.37-7.28 (m,
2H), 7.21-7.10 (m, 4H), 6.83 (d, J = 8.4 Hz, 2H), 5.89 (s, 1H), 2.38 (s, 3H);

13C NMR (100 MHz, DMSO-dq) & 154.9, 143.1, 141.3, 137.9, 137.4, 136.9, 135.2,
135.1, 130.8, 130.5, 130.2, 128.7, 128.6, 128.5, 127.8, 127.7, 126.3, 125.5, 124.8,
124.6,119.9, 119.2, 112.5, 43.2, 20.6;

HRMS (ESI) m/z caled for CaoH,, CLN,™ (M+H)* 467.1076, found 467.1078.

Br

”;

e R®

6,12-bis(3-bromophenyl)-10-methyl-5,12-dihydrobenzo|6,7]azepino[3.,4-b]indole
(4q)

S21



Yield 57%; 158.5 mg; yellow solid; column chromatography, silica gel (PE/EA,
12:1); mp 137-139 C;

'H NMR (400 MHz, CDCLy) & 8.11 (s, 1H), 7.96 (t,J= 1.6 Hz, 1H), 7.92
(d,J=8.0 Hz, 1H), 7.65-7.57 (m, 2H), 7.48 (d, J= 8.0 Hz, 1H), 7.37 (d, J= 4.0 Hz,
2H), 7.30-7.25 (m, 3H), 7.21 (d,J= 8.0 Hz, 1H), 7.13 (d, J= 8.0 Hz, 1H), 7.05 (s,
1H), 6.91 (t, J= 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 5.67 (s, 1H), 2.43 (s, 3H);

13C NMR (100 MHz, CDCl;) & 154.4, 144.0, 143.1, 141.0, 138.1, 136.9, 134.3,
133.3, 131.9, 130.2, 130.1, 129.9, 129.5, 129.39, 129.36, 128.2, 127.7, 126.3, 125.9,
125.8, 125.7, 125.4, 123.0, 122.2, 120.8, 119.1, 111.8, 44.7, 21.0;

HRMS (ESI) m/z calcd for CaoHy Br,N,* (M+H)* 557.0045, found 557.0048.

Br

";

o) O

6,12-bis(4-bromophenyl)-10-methyl-5,12-dihydrobenzo|6,7]azepino[3,4-b]indole

(4r)
Yield 51%; 141.8 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 320-322 C;

'H NMR (400 MHz, DMSO-d¢) 6 11.47 (s, 1H), 8.04 (d, J=8.0 Hz, 1H), 7.71 (s,
4H), 7.47-7.43 (m, 2H), 7.36 (d, J= 8.0 Hz, 1H), 7.31 (t, J= 7.6 Hz, 1H), 7.25 (d, J =
8.4 Hz, 2H), 7.20 (dd, J = 7.6, 4.4 Hz, 2H), 6.77 (d, J = 8.4 Hz, 2H), 5.89 (s, 1H), 2.38
(s, 3H);

13C NMR (100 MHz, DMSO-dg) 6 155.3, 142.8, 141.7, 138.0, 137.6, 137.1, 135.3,
131.6, 131.2, 130.7, 130.2, 129.0, 128.6, 127.9, 126.2, 125.5, 125.1, 124.8, 124.2,
120.0, 119.3, 119.1, 112.6, 43.2, 20.7;

HRMS (ESI) m/z caled for CooH,BroN,* (M+H)* 557.0045, found 557.0048.
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) O
—0
6,12-bis(3-chloro-4-methoxyphenyl)-10-methyl-5,12-

dihydrobenzo[6,7]azepino[3,4-b]indole (4s)
Yield 70%; 184.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 173-175 C,

'H NMR (400 MHz, CDCl;) § 8.44 (s, 1H), 7.94-7.85 (m, 2H), 7.58 (d, J= 8.4 Hz,
IH), 742 (d,J=8.0Hz, 1H), 7.31 (s, 2H), 7.24 (d,J=7.6Hz, 2H), 7.16
(d,J=8.0 Hz, 1H), 6.92 (s, 1H), 6.83 (d,J=8.4 Hz, 1H), 6.73 (d,J= 8.4 Hz, 1H),
6.54 (d, J = 8.8 Hz, 1H), 5.60 (s, 1H), 3.82 (s, 3H), 3.66 (s, 3H), 2.41 (s, 3H);

13C NMR (100 MHz, CDCl;) 8 156.3, 154.3, 153.0, 143.1, 137.5, 136.8, 134.80,
134.76, 132.3, 130.6, 130.0, 129.1, 128.8, 128.6, 128.0, 126.2, 126.1, 125.9, 125.1,
122.7,121.6, 120.6, 118.9, 111.8, 111.5, 111.2, 56.1, 55.9, 44.0, 20.9;

HRMS (ESI) m/z caled for C3;HysClLN,O,* (M+H)* 527.1287, found 527.1289.

10-methyl-6,12-di(naphthalen-1-yl)-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(41)
Yield 62%; 154.4 mg; yellow solid; column chromatography; silica gel (PE/EA,

12:1); mp 287-289 C;

'H NMR (400 MHz, CDCl;) 5 8.62 (d,J= 8.4 Hz, 1H), 8.30 (d,J=8.0 Hz, 1H),
7.89-7.81 (m, 2H), 7.71 (t, J = 8.0 Hz, 2H), 7.67-7.59 (m, 2H), 7.53 (s, 1H), 7.50—
7.46 (m, 1H), 7.40 (t, J=7.2 Hz, 2H), 7.36-7.31 (m, 2H), 7.27-7.18 (m, 3H), 7.13
(d, J= 6.0 Hz, 2H), 7.06 (d, J = 8.4 Hz, 1H), 6.48 (s, 3H), 2.44 (s, 3H);

13C NMR (100 MHz, CDCLy) & 156.6, 144.6, 138.6, 136.8, 136.3, 134.6, 134.2,
134.1, 133.5, 131.3, 131.0, 130.1, 129.9, 129.7, 129.0, 128.8, 127.94, 127.89, 127.4,
127.3, 126.2, 125.89, 125.86, 125.7, 125.5, 125.22, 125.16, 125.1, 124.8, 124.7, 124.3,
120.6, 119.4, 111.9, 43.7, 21.1;
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HRMS (ESI) m/z calcd for C57H,7N,* (M+H)* 499.2168, found 499.2170.

5

10-methyl-6,12-di(naphthalen-2-yl)-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(4u)
Yield 68%; 169.3 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 181-183 C;

IH NMR (400 MHz, CDCls) & 8.14 (d,J=11.2 Hz, 2H), 8.00 (d, /= 8.0 Hz, 1H),
792 (d,J=84Hz, 1H), 7.80 (t,J=7.2Hz, 3H), 7.60-7.45 (m, 6H), 7.34
(d,J=2.4 Hz, 2H), 7.29-7.18 (m, 7H), 5.88 (s, 1H), 2.44 (s, 3H);

13C NMR (100 MHz, CDCl;) & 155.9, 143.6, 138.8, 137.7, 136.8, 136.3, 134.7,
1342, 132.9, 132.8, 132.0, 130.4, 129.6, 129.4, 128.7, 128.3, 128.0, 127.8, 127.7,
127.6, 127.2, 127.1, 127.0, 126.4, 126.2, 126.0, 125.8, 125.6, 125.2, 125.0, 120.6,
119.2, 111.7, 45.5, 21.0;

HRMS (ESI) m/z calcd for C37HayN,* (M+H)* 499.2168, found 499.2166.

10-methyl-6,12-di(thiophen-2-yl)-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(4v)
Yield 72%; 147.6 mg; yellow solid; column chromatography, silica gel (PE/EA,

10:1); mp 168-170 C;

'H NMR (400 MHz, CDCL) & 8.36 (s, 1H), 7.87 (d,J=8.0Hz, 1H), 7.49
(dd, J=16.0, 4.0 Hz, 2H), 7.40 (d,J=8.0 Hz, 1H), 7.32 (d,J= 5.6 Hz, 2H), 7.24
(d, J=11.2 Hz, 2H), 7.16-7.08 (m, 2H), 6.89 (d, J = 4.8 Hz, 1H), 6.68-6.62 (m, 1H),
6.48 (s, 1H), 5.81 (s, 1H), 2.39 (s, 3H);
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13C NMR (100 MHz, CDCLy) & 149.5, 146.2, 145.2, 142.9, 137.6, 136.5, 134.8,
129.7, 129.40, 129.36, 128.2, 127.8, 126.4, 126.2, 125.3, 125.1, 124.8, 124.3, 123.7,
120.6, 119.0, 111.7, 41.7, 21.0;

HRMS (ESI) m/z calcd for CasH oN,S," (M+H)* 411.0984, found 411.0986.

B O
S
10-methyl-6,12-di(thiophen-3-yl)-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(4w)
Yield 73%; 149.7 mg; yellow solid; column chromatography, silica gel (PE/EA,

10:1); mp 152-154 °C;

'H NMR (400 MHz, CDCl;) 6 8.17 (s, 1H), 7.88 (d,J=8.0 Hz, 1H), 7.70 (s, 1H),
7.59 (d,J=4.8Hz, 1H), 7.41 (d,J= 8.0 Hz, 1H), 7.34-7.20 (m, 5H), 7.14
(d, /=8.0 Hz, 1H), 7.01-6.96 (m, 1H), 6.66 (d, J=4.8 Hz, 1H), 6.54 (s, 1H), 5.61 (s,
1H), 2.39 (s, 3H);

13C NMR (100 MHz, CDCl;3) 6 150.8, 143.3, 142.3, 142.2, 137.5, 136.5, 134.8,
129.63, 129.57, 128.1, 127.9, 127.6, 127.2, 126.9, 126.1, 125.5, 125.4, 125.1, 124.9,
120.5, 119.0, 111.6, 42.0, 21.0;

HRMS (ESI) m/z calcd for C,5H 9N,S,* (M+H)™ 411.0984, found 411.0990.

e

// ~NH

Ph
6,12-di([1,1'-biphenyl]-4-yl)-10-methyl-5,12-dihydrobenzo[6,7]azepino[3,4-

blindole (4x)
Yield 63%; 173.3 mg; yellow solid; column chromatography, silica gel (PE/EA,

Ph

12:1); mp 208-210 C;

'H NMR (400 MHz, CDCls) 3 8.14 (s, 1H), 7.94 (d, J= 7.6 Hz, 1H), 7.81 (d, J= 8.0
Hz, 2H), 7.58 (t, J = 7.6 Hz, 4H), 7.51 (d, J = 8.0 Hz, 1H), 7.45-7.33 (m, SH), 7.33—
7.14 (m, 10H), 7.03 (d, J = 6.8 Hz, 2H), 5.74 (s, 1H);
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13C NMR (100 MHz, CDCl;) 6 155.7, 143.6, 143.0, 140.9, 140.3, 138.9, 137.9,
137.6, 136.8, 134.8, 130.3, 129.6, 129.5, 128.8, 128.5, 128.0, 127.7, 127.3, 127.2,
127.1,126.9, 126.8, 126.6, 126.2, 125.0, 120.5, 119.1, 111.7, 44.9, 21.0;

HRMS (ESI) m/z calcd for C41H3; N, (M+H)" 551.2481, found 551.2484.

—S
10-methyl-6,12-bis(4-(methylthio)phenyl)-5,12-dihydrobenzo|[6,7]azepino|3,4-
blindole (4y)

Yield 69%; 169.1 mg; yellow solid; column chromatography, silica gel (PE/EA,
10:1); mp 142-144 °C;

'H NMR (400 MHz, CDCL) & 8.13 (s, 1H), 7.92 (d,J=8.0 Hz, 1H), 7.66
(d, J=8.4 Hz, 2H), 7.46 (d, J= 8.0 Hz, 1H), 7.33-7.28 (m, 2H), 7.27-7.23 (m, 4H),
7.17 (d, J= 8.0 Hz, 1H), 6.89 (dd, J = 30.8, 8.4 Hz, 4H), 5.65 (s, 1H), 2.49 (s, 3H),
2.41 (s, 3H), 2.29 (s, 3H);

13C NMR (100 MHz, CDCLy) & 155.4, 143.5, 141.8, 138.9, 137.5, 136.7, 135.6,
135.5, 134.7, 130.3, 129.5, 129.4, 128.0, 127.4, 126.6, 126.5, 126.2, 126.1, 125.8,
125.0, 120.5, 119.1, 111.7, 4.7, 21.0, 16.0, 15.3;

HRMS (ESI) m/z caled for C31Hy;N»S,* (M+H)* 491.1610, found 491.1610.

";
o) U

F2CO

10-methyl-6,12-bis(4-(trifluoromethoxy)phenyl)-5,12-
dihydrobenzo[6,7]azepino[3,4-b]indole (4z)
Yield 61%; 172.6 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 119-120 C;

S26



'H NMR (400 MHz, CDCLy) & 8.07 (s, 1H), 7.94 (d,J= 8.0 Hz, 1H), 7.75
(d, J=8.4 Hz, 2H), 7.50 (d, J = 8.0 Hz, 1H), 7.35 (s, 2H), 7.24 (dd, J = 18.4, 8.8 Hz,
5H), 6.91 (dd, J=21.6, 8.8 Hz, 4H), 5.69 (s, 1H), 2.43 (s, 3H);

13C NMR (100 MHz, CDCLy) & 154.6, 150.7, 147.5, 143.3, 140.4, 138.2, 137.5,
136.9, 134.1, 130.6, 130.3, 129.6, 128.3, 128.1, 126.5, 126.3, 126.0, 125.5, 120.93,
120.89, 120.4(q, J = 256.0 Hz, 'Jcr), 120.34, 120.32(q, J = 255.0 Hz, 'Jcr), 111.8,
44.6,21.0;

1F NMR (376 MHz, CDCL;) § -57.64, -57.97.

HRMS (ESI) m/z caled for C31Hy FeN,O," (M+H)* 567.1501, found 567.1508.

o) U

12-(4-methoxyphenyl)-10-methyl-6-phenyl-5,12-dihydrobenzo[6,7]azepino[3,4-
blindole (4ah)
Yield 29%; 62.2 mg; yellow solid; column chromatography, silica gel (PE/EA, 10:1);

mp 203-205 C;

H NMR (400 MHz, CDCl;) 5 8.12 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.75-7.69 (m,
2H), 7.51 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 6.4 Hz, 3H), 7.31 (s, 2H), 7.25 (d, ] = 8.4
Hz, 2H), 7.18 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 6.57 (d, ] = 8.8 Hz, 2H),
5.67 (s, 1H), 3.60 (s, 3H), 2.41 (s, 3H).

13C NMR (100 MHz, CDCLy) & 157.7, 156.1, 143.4, 139.1, 137.6, 136.8, 135.1,
133.9, 130.2, 129.5, 129.2, 128.6, 127.9, 127.8, 126.8, 126.7, 126.2, 125.0, 120.5,
119.1, 113.2, 111.7, 55.1, 4.5, 21.0.

HRMS (ESI) m/z caled for C30HasN,O* (M+H)* 429.1961, found 429.1963.

C) U

9-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|[3,4-b]indole (5a)
Yield 61%; 121.4 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 146-148 C;
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H NMR (400 MHz, CDCl5) & 8.03 (s, 1H), 7.93 (d, J= 8.0 Hz, 1H), 7.72 (d, J= 7.2
Hz, 2H), 7.42 (t,J = 6.0 Hz, 4H), 7.37-7.28 (m, 3H), 7.24 (d, J= 8.8 Hz, 1H), 7.15
(d, J=17.6 Hz, 1H), 7.06-6.92 (m, 5H), 5.74 (s, 1H), 2.40 (s, 3H).

13C NMR (100 MHz, CDCLy) & 156.6, 145.7, 141.8, 139.2, 136.8, 132.4, 130.3,
129.8, 129.7, 129.2, 128.5, 128.3, 127.8, 126.9, 126.7, 126.2, 126.0, 125.0, 120.5,
119.2, 111.6, 44.8, 20.9.

HRMS (ESI) m/z caled for CoHasNy* (M+H)* 399.1855, found 399.1858.

10-ethyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5b)
Yield 75%; 154.5 mg; white solid; column chromatography, silica gel (PE/EA, 12:1);

mp 131-133 C;

H NMR (600 MHz, CDCls) 3 8.11 (s, 1H), 7.97 (d, J= 7.8 Hz, 1H), 7.72 (d, J= 6.0
Hz, 2H), 7.56 (s, 1H), 7.42 (d,J= 7.2 Hz, 3H), 7.35-7.22 (m, 4H), 7.10-6.94 (m,
4H), 5.75 (s, 1H), 2.73 (d, J= 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H).

13C NMR (150 MHz, CDCLy) & 156.1, 143.9, 143.6, 141.8, 139.1, 136.8, 134.7,
130.2, 129.5, 129.2, 128.5, 127.8, 126.84, 126.78, 126.6, 126.2, 126.0, 125.0, 120.5,
119.2, 111.7, 45.3, 28.4, 15.6.

HRMS (ESI) m/z calcd for C3oHasNy* (M+H)* 413.2012, found 413.2014.

CJ

o) U

10-isopropyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|3,4-b]indole (5¢)
Yield 72%; 153.4 mg; yellow solid; column chromatography, silica gel (PE/EA,
12:1); mp 105-107 C;

'H NMR (600 MHz, CDCls) & 8.14 (s, 1H), 7.97 (d, J= 7.8 Hz, 1H), 7.72 (d, J= 7.2
Hz, 2H), 7.56 (d,J=7.8 Hz, 1H), 7.42 (t, J= 7.2 Hz, 3H), 7.30 (m, J=33.0, 14.4,
7.8 Hz, 4H), 7.00 (m, J=37.8, 22.8, 7.2 Hz, 4H), 5.75 (s, 1H), 1.42-1.25 (m, 6H),
1.20 (d, J=7.2 Hz, 1H).
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13C NMR (150 MHz, CDCl;) & 156.0, 148.5, 143.7, 141.8, 139.2, 136.8, 134.6,
130.2, 129.6, 129.2, 128.5, 127.8, 127.1, 126.8, 126.5, 126.3, 126.0, 125.1, 125.0,
120.4,119.2, 115.2, 111.7, 45.4, 33.7, 24.1.

HRMS (ESI) m/z caled for C3;HyNy™ (M+H)™ 427.2168, found 427.2170.

10-(tert-butyl)-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5d)
Yield 62%; 136.4 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 125-127 °C;

H NMR (600 MHz, CDCLy) & 8.15 (s, 1H), 7.99 (d,J=7.8 Hz, 1H), 7.72
(d, J= 6.6 Hz, 2H), 7.59 (s, 1H), 7.52-7.24 (m, 9H), 7.07-6.91 (m, 4H), 5.77 (s, 1H),
1.38 (s, 9H).

13C NMR (150 MHz, CDCl;) & 156.2, 151.0, 143.6, 143.2, 141.8, 139.0, 136.9,
134.2, 130.9, 130.3, 129.2, 128.5, 127.8, 126.8, 126.6, 126.3, 126.0, 125.1, 124.3,
120.5,119.3, 114.9, 111.7, 45.6, 34.6, 31.4.

HRMS (ESI) m/z calcd for C3,HaoNy* (M+H)* 441.2325, found 441.2328.

";

C) U

9,11-dimethyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (Se)
Yield 58 %; 119.5 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 119-121 C;

'H NMR (600 MHz, CDCl;) 6 8.04 (s, 1H), 7.92 (d,J= 7.8 Hz, 1H), 7.71
(d,J=6.6 Hz, 2H), 7.40 (d,J=7.2 Hz, 3H), 7.36-7.18 (m, 4H), 6.98 (m, J=48.6,
36.6, 16.2 Hz, 6H), 6.18 (s, 1H), 2.64 (s, 3H), 2.35 (s, 3H);

13C NMR (150 MHz, CDCl;) 6 156.0, 146.2, 141.4, 138.9, 136.7, 135.8, 135.0,
132.1, 130.2, 130.1, 129.1, 128.5, 127.7, 127.5, 127.1, 126.7, 126.4, 125.9, 124.9,
120.5,119.1, 111.7, 38.0, 20.8, 20.6;

HRMS (ESI) m/z calcd for C30H,sN,* (M+H)*" 413.2012, found 413.2013.
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9,10-dimethyl-6,12-diphenyl-5,12-dihydrobenzo|[6,7]azepino[3,4-b]indole (5f)
Yield 67%; 138.0 mg; yellow solid; column chromatography, silica gel (PE/EA,

12:1); mp 282-284 C;

TH NMR (400 MHz, CDCl;) & 8.00 (s, 1H), 7.93 (d, /= 8.0 Hz, 1H), 7.74-7.69 (m,
2H), 7.40 (d, J= 4.8 Hz, 4H), 7.31-7.21 (m, 4H), 7.04-6.94 (m, 5H), 5.70 (s, 1H),
2.31(d, J=7.2 Hz, 6H).

13C NMR 100 MHz, CDCLy) & 156.0, 143.7, 142.0, 139.3, 136.7, 136.3, 135.3, 132.4,
130.9, 130.5, 130.1, 129.1, 128.5, 127.8, 126.84, 126.75, 126.5, 126.2, 125.9, 124.9,
120.4, 119.1, 111.6, 44.7, 19.27, 19.25.

HRMS (ESI) m/z calcd for C3HasNy* (M+H)* 413.2012, found 413.2014.

9,10,11-trimethyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5g)
Yield 52%; 111.8 mg; white solid; column chromatography, silica gel (PE/EA, 12:1);
mp 267-269 C;

H NMR (400 MHz, CDCl;) & 8.04 (s, 1H), 7.95 (d, J= 8.0 Hz, 1H), 7.72 (d, J= 8.0
Hz, 2H), 7.41 (d,J= 6.4 Hz, 3H), 7.33 (d, J= 4.8 Hz, 2H), 7.29 (s, 1H), 7.08-6.88
(m, 6H), 6.32 (s, 1H), 2.61 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H).

13C NMR (100 MHz, CDCLy) § 155.3, 143.9, 141.7, 139.0, 136.7, 134.8, 134.5,
133.3, 132.7, 130.1, 129.1, 128.5, 127.9, 127.7, 127.3, 126.8, 126.6, 125.9, 124.8,
120.4, 119.1, 111.7, 38.7,20.9, 16.7, 16.4.

HRMS (ESI) m/z calcd for C3,HyyNy* (M+H)* 427.2168, found 427.2171.

C
o //~NH

o) U

S30



10-methoxy-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5h)
Yield 73%; 151.1 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 269-271 C;

H NMR (400 MHz, CDCls) & 8.07 (s, 1H), 7.94 (d, J= 8.0 Hz, 1H), 7.71 (d, J= 5.6
Hz, 2H), 7.56 (d, J= 8.4 Hz, 1H), 7.39 (d, J = 6.0 Hz, 3H), 7.27 (dd, /= 19.2, 9.2 Hz,
3H), 6.97 (m, J = 16.8, 12.8, 4.8 Hz, 7H), 5.70 (s, 1H), 3.86 (s, 3H).

13C NMR (100 MHz, CDCLy) & 159.4, 154.9, 141.6, 139.7, 139.2, 136.7, 135.9,
131.3, 130.0, 129.0, 128.5, 127.8, 126.9, 126.8, 126.2, 126.1, 125.5, 124.9, 120.5,
119.0, 114.5, 112.7, 111.6, 55.5, 45.4.

HRMS (ESI) m/z calcd for CaoHo3N,O* (M+H)* 415.1804, found 415.1805.

10-ethoxy-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5i)
Yield 71%; 151.9 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);
mp 207-209 C;

'H NMR (400 MHz, CDCls) 5 8.09 (s, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.74-7.70 (m,
2H), 7.57 (d,J=84Hz, 1H), 7.41 (d,J=64Hz, 3H), 7.32 (s, 2H), 7.25
(d,J=7.2 Hz, 1H), 7.05-6.92 (m, 7H), 5.70 (s, 1H), 4.10 (q, J= 7.2 Hz, 2H), 1.44
(t,J=7.2 Hz, 3H).

13C NMR (100 MHz, CDCLy) & 158.9, 154.8, 141.6, 139.3, 136.7, 135.9, 131.3,
130.1, 129.1, 128.5, 127.8, 126.9, 126.8, 126.3, 126.1, 125.0, 120.5, 119.0, 115.2,
113.1, 111.6, 63.7, 45.4, 14.9.

HRMS (ESI) m/z caled for C30HasN,O* (M+H)* 429.1961, found 429.1963.

&O%?
C) U

10-isopropoxy-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5j))
Yield 66%; 145.9 mg; yellow solid; column chromatography; silica gel (PE/EA, 8:1);

mp 132-134 C,
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'H NMR (400 MHz, CDCl;) § 8.11 (s, 1H), 7.93 (d, J= 8.0 Hz, 1H), 7.72 (d, J= 5.2
Hz, 2H), 7.59 (s, 1H), 7.41 (d, J = 5.6 Hz, 3H), 7.34 (d, J= 3.6 Hz, 2H), 7.25 (d, J =
6.0 Hz, 1H), 7.07-6.91 (m, 7H), 5.69 (s, 1H), 4.63 (m,J=12.0, 6.0 Hz, 1H), 1.37
(dd, J = 8.4, 6.4 Hz, 6H);

13C NMR (100 MHz, CDCLy) & 157.9, 141.7, 136.1, 131.2, 130.1, 129.35, 129.29,
129.1, 128.7, 128.5, 128.2, 127.8, 127.0, 126.8, 126.3, 126.1, 125.0, 120.5, 119.1,
116.7, 114.0, 111.6, 70.1, 45.4,22.2, 22.1.

HRMS (ESI) m/z caled for C3,HyyN,O* (M+H)* 443.2117, found 443.2121.

10-methoxy-9-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(5k)
Yield 75%; 160.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 285-287 C;

'H NMR (400 MHz, CDCl;) & 10.85 (s, 1H), 7.90 (d,J=8.0Hz, 1H), 7.79
(dd, J= 6.4, 2.8 Hz, 2H), 7.43 (dd, J = 9.6, 6.4 Hz, 4H), 7.32 (s, 1H), 7.26 (t, J= 7.2
Hz, 1H), 7.18 (d, J = 7.2 Hz, 1H), 7.05-7.00 (m, 2H), 6.95 (d, J = 8.8 Hz, 4H), 5.70 (s,
1H), 3.92 (s, 3H), 2.24 (s, 3H);

13C NMR (100 MHz, CDCLy) & 156.1, 154.0, 141.2, 138.7, 137.7, 136.4, 132.4,
130.4, 128.6, 128.1, 127.1, 126.5, 125.8, 125.7, 124.73, 124.65, 123.6, 123.3, 123.0,
118.6, 117.4, 111.4, 109.5, 54.5, 43.8, 14.7;

HRMS (ESI) m/z calcd for C3oH,sN>O* (M+H)* 429.1961, found 429.1964.

9-methoxy-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(3D
Yield 76%; 162.6 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 300-302 C;
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H NMR (400 MHz, CDCl;) § 7.99 (s, 1H), 7.93 (d, J= 8.0 Hz, 1H), 7.73-7.69 (m,
2H), 7.42-7.37 (m, 3H), 7.29-7.20 (m, 4H), 7.09 (s, 1H), 7.04-6.99 (m, 2H), 6.95
(d, J=17.6 Hz, 3H), 5.68 (s, 1H), 3.87 (s, 3H), 2.28 (s, 3H);

13C NMR (100 MHz, CDCLy) & 156.5, 156.2, 144.7, 1422, 139.3, 136.7, 131.7,
130.1, 129.1, 128.5, 127.7, 127.0, 126.9, 126.8, 126.7, 126.3, 126.1, 125.9, 125.0,
120.4,119.2, 111.6, 110.8, 55.5, 44.3, 15.9;

HRMS (ESI) m/z caled for C30HasN,O* (M+H)* 429.1961, found 429.1963.

9,10-dimethoxy-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (Sm)
Yield 73%; 162.1 mg; yellow solid; column chromatography, silica gel (PE/EA, 5:1);

mp 280-282 C;

'H NMR (400 MHz, CDCL) & 8.10 (s, 1H), 7.98 (d,J=8.0Hz, 1H), 7.72
(d,J=4.4Hz, 2H), 741 (d,J= 4.8 Hz, 3H), 7.35 (d,J= 3.6 Hz, 2H), 7.27
(dd, J=8.0, 4.0 Hz, 1H), 7.19 (s, 1H), 7.06-6.94 (m, 6H), 5.70 (s, 1H), 3.96 (d,J =
6.0 Hz, 6H);

13C NMR (100 MHz, CDCLy) & 155.4, 148.8, 147.6, 142.0, 139.6, 139.3, 136.8,
130.1, 129.0, 128.6, 127.9, 126.9, 126.83, 126.78, 126.2, 126.1, 125.1, 120.5, 119.1,
112.8, 112.1, 111.7, 56.1, 56.0, 44.9;

HRMS (ESI) m/z caled for C3oHysN>O,* (M+H)* 445.1910, found 445.1910.

o
o // ~NH

o) U

9,10-diethoxy-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5n)
Yield 73%; 172.3 mg; yellow solid; column chromatography, silica gel (PE/EA, 5:1);
mp 263-265 C;

'H NMR (400 MHz, CDCL) & 8.17 (s, 1H), 7.94 (d,J=7.6Hz, 1H), 7.67
(d, J=3.6 Hz, 2H), 7.33 (d, J = 4.4 Hz, 3H), 7.27-7.16 (m, 4H), 7.01 (d,J=7.2 Hz,
2H), 6.97-6.91 (m, 4H), 5.65 (s, 1H), 4.12 (dd, J=9.6, 4.8 Hz, 4H), 1.45-1.40 (m,
6H);
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13C NMR (100 MHz, CDCls) & 155.2, 148.3, 147.2, 142.1, 139.4, 139.2, 136.7,
129.9, 128.9, 128.4, 127.7, 127.0, 126.8, 126.7, 126.0, 125.9, 124.8, 120.3, 118.9,
114.5,114.0, 111.7, 64.6, 64.4, 44.7, 14.8, 14.7;

HRMS (ESI) m/z caled for C3,HyoN,0,* (M+H)* 473.2223, found 473.2222.

C) U

6,12-diphenyl-7,12-dihydro-[1,3]dioxolo[4',5':4',5'|benzo[1',2':6,7]azepino[3,4-
blindole (50)
Yield 72%; 154.1 mg; yellow solid; column chromatography, silica gel (PE/EA, 5:1);

mp 191-193 C;

'H NMR (400 MHz, CDCLy) & 8.05 (s, 1H), 7.92 (d,J= 8.0 Hz, 1H), 7.69
(d, J= 6.4 Hz, 2H), 7.40 (d, J= 6.4 Hz, 3H), 7.35-7.29 (m, 2H), 7.24 (d, J= 4.4 Hz,
1H), 7.01 (ddd, J = 24.4, 18.4, 10.8 Hz, 7H), 6.04 (s, 1H), 5.95 (s, 1H), 5.64 (s, 1H);
13C NMR (100 MHz, CDCLy) & 155.3, 147.6, 146.7, 141.6, 140.7, 139.1, 136.8,
130.2, 129.1, 128.5, 128.4, 127.8, 126.84, 126.75, 126.09, 126.06, 125.1, 120.5, 119.1,
111.7, 109.5, 109.0, 101.6, 44.9;

HRMS (ESI) m/z caled for CooHa N2O,* (M+H)* 429.1597, found 429.1599.

6,12-diphenyl-2,3,7,12-tetrahydrobenzofuro[6',5':6,7]azepino[3,4-b]indole (5p)
Yield 73%; 155.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 184-186 C;

'H NMR (400 MHz, CDCl;) 6 10.83 (s, 1H), 7.80 (dd, J = 64.4, 25.2 Hz, 3H), 7.54—
7.11 (m, 7H), 7.07-6.79 (m, 6H), 5.68 (s, 1H), 4.71-4.48 (m, 2H), 3.26 (dd, J = 37.6,
7.6 Hz, 2H);

13C NMR (100 MHz, CDCLy) & 159.1, 154.1, 140.8, 137.6, 137.3, 136.9, 134.4,
129.0, 128.2, 127.2, 126.5, 125.6, 125.5, 125.1, 124.8, 124.5, 1243, 123.9, 123.5,
118.8, 117.5, 111.5, 108.3, 70.8, 28.0;

HRMS (ESI) m/z caled for C3H3N,O* (M+H)* 427.1804, found 427.1806.
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10-fluoro-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5q)
Yield 66%; 132.7 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 291-293 C;

H NMR (400 MHz, CDCl;) & 8.13 (s, 1H), 7.94 (d, J= 8.0 Hz, 1H), 7.72 (d, J = 6.4
Hz, 2H), 7.58 (dd, J = 8.4, 6.0 Hz, 1H), 7.49-7.41 (m, 3H), 7.36 (d, J=3.6 Hz, 2H),
7.28 (dd, J = 8.4, 4.0 Hz, 1H), 7.20 (dd, J = 8.8, 2.8 Hz, 1H), 7.06 (m, J=21.6, 11.2,
4.8 Hz, 4H), 6.94 (d, J = 7.6 Hz, 2H), 5.71 (s, 1H).

13C NMR (100 MHz, CDCl;) & 162.2(d, J = 246.0 Hz, 'Jcg), 156.3, 142.3, 140.9,
138.9, 136.8, 136.5(d, J = 7.0 Hz, 3Jcg), 131.2(d, J = 9.0 Hz, 3Jcp), 130.4, 129.1, 128.6,
127.9, 126.8, 126.6, 126.3, 126.1, 125.7, 125.3, 120.7, 119.1, 116.0(d, J = 22.0 Hz,
2Jcr), 114.0(d, J = 22.0 Hz, 2Jcr), 111.7, 45.0;

1F NMR (376 MHz, CDCls) & -116.29.

HRMS (ESI) m/z calcd for CagHaoFN,* (M+H)* 403.1605, found 403.1604.

10-chloro-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5r)
Yield 59%; 123.6 mg; white solid; column chromatography, silica gel (PE/EA, 12:1);

mp 166-168 C;

'H NMR (600 MHz, CDCL) & 8.16 (s, 1H), 7.94 (d,J=7.2Hz, 1H), 7.72
(d, J=5.4 Hz, 2H), 7.49 (dd, J = 46.2, 19.2 Hz, 6H), 7.35 (s, 3H), 7.05 (t, J = 20.4 Hz,
3H), 6.94 (s, 2H), 5.71 (s, 1H);

13C NMR (150 MHz, CDCLy) & 157.0, 144.5, 140.8, 138.8, 136.8, 136.3, 132.8,
130.7, 130.5, 129.7, 129.3, 129.2, 128.6, 127.9, 127.1, 126.8, 126.3, 126.1, 125.8,
125.3,120.8, 119.1, 111.8, 44.9;

HRMS (ESI) m/z calcd for CogHaoCIN,* (M+H)* 419.1309, found 419.1312.

S35



10-bromo-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|[3,4-b]indole (5s)
Yield 49%; 113.4 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 124-126 C;

'H NMR (600 MHz, CDCLy) & 8.17 (s, 1H), 7.95 (d,J= 7.8 Hz, 1H), 7.72
(d, J= 6.6 Hz, 2H), 7.63 (s, 1H), 7.45 (dd, J = 19.8, 9.6 Hz, SH), 7.37 (s, 2H), 7.28 (s,
1H), 7.03 (dd, J = 22.2, 6.6 Hz, 3H), 6.94 (d, J = 6.6 Hz, 2H), 5.72 (s, 1H).

13C NMR (150 MHz, CDCLy) & 157.2, 144.9, 140.8, 138.8, 136.8, 136.7, 132.2,
130.9, 130.6, 130.1, 129.2, 128.6, 127.9, 126.8, 126.6, 126.3, 126.2, 126.0, 125.4,
120.9, 120.8, 119.2, 111.8, 44.8.

HRMS (ESI) m/z caled for CasHaoBrN,* (M+H)* 463.0804, found 463.0807.

10-fluoro-9-methoxy-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5t)
Yield 72%; 155.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1); mp
259-261 C;

'H NMR (400 MHz, CDCl;) 6 8.03 (s, 1H), 7.89 (d,J=8.0 Hz, 1H), 7.70-7.65 (m, 2H),
7.37 (d,J= 6.4 Hz, 3H), 7.21 (m, J= 29.6, 16.8, 10.4 Hz, 5H), 7.03-6.91 (m, 5H), 5.61 (s,
1H), 3.88 (s, 3H);

13C NMR (100 MHz, CDCl;) 6 156.6, 151.5(d, J = 246.0 Hz, 'Jcr), 146.0(d, J = 21.0 Hz,
2Jcr), 142.4, 141.4, 138.9, 136.7, 130.3, 129.0, 128.5, 127.8, 127.6(d, J = 5.0 Hz, 3Jcf), 126.7,
126.5, 126.2, 126.1, 125.9, 125.2, 120.6, 119.1, 116.7(d, J= 20.0 Hz, 2Jf), 114.2, 111.7, 56.2,
44.1;

1F NMR (376 MHz, CDCl;) 6 -137.28.

HRMS (EST) m/z calcd for CyH,,FN,O* (M+H)" 433.1710, found 433.1713.
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10-chloro-9-methoxy-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|3,4-b]indole
(Su)
Yield 62 %; 139.2 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 248-250 C;

'H NMR (400 MHz, CDCl;) & 8.11 (s, 1H), 7.93 (d,J=8.0Hz, 1H), 7.71
(d, /=6.8 Hz, 2H), 7.43 (dd,J=15.6, 8.8 Hz, 4H), 7.34 (d,J=5.2 Hz, 2H), 7.27
(d, J=7.2 Hz, 1H), 7.18 (s, 1H), 7.08-6.97 (m, 3H), 6.94 (d, /= 7.6 Hz, 2H), 5.67 (s,
1H), 3.94 (s, 3H);

13C NMR (100 MHz, CDCl;3) 6 157.4, 153.6, 145.5, 141.3, 138.8, 136.8, 130.7,
130.5, 129.1, 128.6, 128.3, 127.9, 126.8, 126.6, 126.2, 126.0, 125.4, 121.1, 120.8,
119.2, 112.6, 111.7, 56.3, 44.0;

HRMS (ESI) m/z calcd for C,9H,,CIN,O" (M+H)* 449.1415, found 449.1418.

9-bromo-10-methoxy-6,12-diphenyl-5,12-dihydrobenzo|6,7]azepino[3.,4-b]indole
(3v)
Yield 57%; 140.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 291-293 C;

IH NMR (400 MHz, CDCLy) & 7.97 (d,J= 8.4 Hz, 2H), 7.72 (d, J= 2.4 Hz, 4H),
7.43 (dd, J= 17.6, 10.0 Hz, SH), 7.09-6.92 (m, 6H), 5.74 (s, 1H), 3.9 (s, 3H).

13C NMR (100 MHz, CDCLy) & 155.9, 153.9, 140.4, 138.9, 138.0, 136.9, 134.8,
132.3, 129.3, 129.1, 128.4, 127.4, 126.8, 125.8, 125.2, 124.7, 123.7, 119.1, 117.7,
111.7, 111.5, 108.0, 55.6, 43.9.

HRMS (ESI) m/z caled for CaoH,»BrN,O (M+H)* 493.0910, found 493.0911.
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9-iodo-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (S5w)
Yield 33%; 86.5 mg; white solid; column chromatography, silica gel (PE/EA, 12:1);

mp 318-320 C;

TH NMR (400 MHz, CDCL) & 8.10 (d, /= 11.2 Hz, 2H), 7.94 (d, J= 8.0 Hz, 1H),
7.73 (d, J= 6.4 Hz, 2H), 7.45 (t, J= 7.6 Hz, 3H), 7.39-7.33 (m, 3H), 7.29 (d, J= 3.2
Hz, 1H), 7.04 (m, J = 14.0, 6.8 Hz, 3H), 6.94 (d, J = 7.2 Hz, 2H), 5.70 (s, 1H), 2.49 (s,
3H).

13C NMR (100 MHz, CDCl;) & 157.1, 145.0, 141.1, 140.4, 139.5, 139.2, 138.9,
136.8, 135.0, 130.5, 130.4, 129.2, 128.6, 127.9, 126.8, 126.7, 126.2, 126.1, 125.3,
120.7, 119.2, 111.7, 98.2, 44.8, 27.3.

HRMS (ESI) m/z calcd for CooHanIN,* (M+H)* 525.0822, found 525.0824.

6,10,12-triphenyl-5,12-dihydrobenzo[6,7]azepino|3,4-b]indole (5x)
Yield 65%; 149.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 274-276 C;

'H NMR (600 MHz, CDCL)) & 8.15 (s, 1H), 7.95 (d,J=7.8 Hz, 1H), 7.73
(d,J=17.2 Hz, 2H), 7.70 (s, 1H), 7.69-7.65 (m, 3H), 7.61 (d, J= 8.4 Hz, 1H), 7.46-
7.39 (m, 5H), 7.35-7.21 (m, 5H), 7.05-7.02 (m, 2H), 6.98 (d, J = 7.8 Hz, 2H), 5.84 (s,
1H).

13C NMR (150 MHz, CDCLy) & 156.7, 145.1, 141.5, 140.3, 140.2, 139.0, 136.8,
135.4, 130.3, 130.0, 129.2, 128.8, 128.5, 128.3, 127.8, 127.3, 127.0, 126.9, 126.8,
126.4, 126.13, 126.11, 125.7, 125.1, 120.5, 119.2, 111.7, 45.4.

HRMS (ESI) m/z calcd for C34HasNy* (M+H)* 461.2012, found 461.2010.
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10-phenoxy-6,12-diphenyl-5,12-dihydrobenzo|6,7]azepino[3,4-b]indole (5y)
Yield 60%; 142.8 mg; yellow solid; column chromatography, silica gel (PE/EA, 10:1);

mp 150-152 C;

H NMR (400 MHz, CDCls) 5 8.15 (s, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.76-7.72 (m,
2H), 7.61 (d,J= 8.4 Hz, 1H), 7.44 (t,J = 6.0 Hz, 3H), 7.36 (t, J = 8.0 Hz, 4H), 7.29—
7.26 (m, 1H), 7.13 (s, 2H), 7.09-7.00 (m, 6H), 6.95 (d, J = 7.6 Hz, 2H), 5.68 (s, 1H).
13C NMR (100 MHz, CDCLy) & 157.0, 156.9, 155.8, 141.3, 136.8, 136.3, 131.2,
130.3, 129.8, 129.2, 128.6, 127.9, 126.8, 126.2, 125.2, 123.5, 120.6, 119.24, 119.22,
119.17, 117.2, 111.7, 45.2.

HRMS (ESI) m/z caled for C34HsN,O* (M+H)* 477.1961, found 477.1962.

10-(benzyloxy)-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|3,4-b]indole (5z)
Yield 61%; 149.5 mg; yellow solid; column chromatography; silica gel (PE/EA, 10:1);

mp 149-151 C;

'H NMR (400 MHz, CDCls) 5 8.12 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.74-7.70 (m,
2H), 7.58 (d, J = 8.0 Hz, 1H), 7.42 (m, J = 12.0, 7.6 Hz, 9H), 7.34 (d, J = 4.0 Hz, 3H),
7.29-7.25 (m, 1H), 7.11 (d,J=2.4Hz, 1H), 7.02 (m,J=6.0, 5.2 Hz, 4H), 6.95
(d, J=17.6 Hz, 2H), 5.71 (s, 1H), 5.12 (s, 2H);

13C NMR (100 MHz, CDCLy) & 158.7, 155.0, 141.5, 136.7, 136.0, 131.2, 130.1,
129.1, 128.6, 128.5, 128.0, 127.9, 127.6, 126.9, 126.8, 126.2, 126.1, 125.0, 120.5,
119.1, 115.6, 113.4, 111.7, 70.3, 45.4;

HRMS (ESI) m/z caled for C35HyyN,O* (M+H)* 491.2117, found 491.2118.
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10-(methylthio)-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (5aa)
Yield 68%; 146.2 mg; yellow solid; column chromatography, silica gel (PE/EA, 10:1);

mp 190-192 C;

'H NMR (400 MHz, CDCL) & 8.15 (s, 1H), 7.94 (d,J=8.0Hz 1H), 7.71
(dd, J=17.6, 1.6 Hz, 2H), 7.53 (d, J = 8.4 Hz, 1H), 7.41 (dd, J = 8.8, 4.8 Hz, 3H), 7.33
(dd, J = 8.4, 4.4 Hz, 3H), 7.27-7.23 (m, 2H), 7.06-6.93 (m, 5H), 5.72 (s, 1H), 2.53 (s,
3H);

13C NMR (100 MHz, CDCl;) & 156.3, 143.3, 141.3, 139.0, 137.8, 136.8, 135.3,
130.3, 130.1, 129.1, 128.5, 127.8, 127.3, 126.8, 126.2, 126.1, 125.1, 125.0, 120.6,
119.1, 111.7, 45.2, 15.9;

HRMS (ESI) m/z caled for CooH3N,S* (M+H)* 431.1576, found 431.1579.

6,12-diphenyl-10-(trifluoromethoxy)-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(S5ab)
Yield 59%; 138.1 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 153-155 C;

'H NMR (400 MHz, CDCLy) & 8.15 (s, 1H), 7.96 (d,J= 8.0 Hz, 1H), 7.73
(d, J=6.8 Hz, 2H), 7.62 (d, J= 8.8 Hz, 1H), 7.48-7.41 (m, 3H), 7.38 (d, J=3.6 Hz,
2H), 7.34 (s, 1H), 7.30 (dd, J = 8.0, 4.0 Hz, 1H), 7.23 (s, 1H), 7.09-6.99 (m, 3H), 6.92
(d, J=17.6 Hz, 2H), 5.74 (s, 1H);

13C NMR (100 MHz, CDCLy) & 157.2, 148.3, 144.5, 140.7, 138.8, 136.8, 136.3,
130.8, 130.6, 129.2, 128.6, 128.0, 126.8, 126.6, 126.4, 126.1, 125.4, 120.8, 120.5(q, J
=239.0 Hz, 'Jcp), 119.2, 111.8, 45.0;

1F NMR (376 MHz, CDCl) § -57.65.

HRMS (ESI) m/z caled for CagHaF3N,O* (M+H)* 469.1522, found 469.1523.
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XO%?
O O

2,2-difluoro-6,12-diphenyl-7,12-dihydro-
[1,3]dioxolo[4",5'":4',5']|benzo[1',2':6,7]azepino[3,4-b]indole (5ac)
Yield 52%; 120.6 mg; yellow solid; column chromatography, silica gel (PE/EA, 5:1);

mp 319-321 C,;

H NMR (400 MHz, CDCl;) & 8.06 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.68 (d, J=7.2
Hz, 2H), 7.45-7.37 (m, 3H), 7.35-7.30 (m, 1H), 7.25 (t, J = 6.8 Hz, 3H), 7.14 (s, 1H),
7.01 (dq, J= 13.6, 6.8 Hz, 3H), 6.89 (d, J = 7.6 Hz, 2H), 5.68 (s, 1H);

13C NMR (100 MHz, CDCLy) & 156.8, 143.1, 142.7, 142.3, 140.7, 138.5, 136.9,
130.6, 130.5, 129.2, 128.6, 128.1(dd, J = 252.0 Hz, Jc), 127.9, 126.7, 126.4, 126.2,
125.8, 125.4, 120.8, 119.0, 111.8, 110.0, 109.7, 44.9;

1F NMR (376 MHz, CDCL;) § -49.43, -49.69, -49.97, -50.22.

HRMS (ESI) m/z caled for CaoHyoFaN,0," (M+H)* 465.1409, found 465.1412.

o0

1,10-dimethyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (6a)
Yield 41%; 76.8 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 185-187 C;

H NMR (400 MHz, CDCls) & 8.03 (s, 1H), 7.65 (d, J= 6.8 Hz, 2H), 7.48 (d, J= 8.0
Hz, 1H), 7.39 (t, J= 6.8 Hz, 3H), 7.25 (s, 1H), 7.17 (dd, J = 14.4, 6.8 Hz, 3H), 7.06—
6.92 (m, 6H), 6.13 (s, 1H), 2.93 (s, 3H), 2.43 (s, 3H).

13C NMR (100 MHz, CDCLy) & 156.3, 143.6, 1422, 139.3, 137.2, 136.9, 135.5,
131.8, 130.3, 130.1, 129.1, 129.0, 128.4, 127.9, 127.64, 127.56, 126.9, 126.8, 125.9,
124.7,122.3,109.7, 46.5, 21.0.

HRMS (ESI) m/z calcd for C30HasNy* (M+H)* 413.2012, found 413.2013.
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2,10-dimethyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (6b)
Yield 75%; 88.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 211-213 C;

TH NMR (400 MHz, CDCl;) & 7.89 (s, 1H), 7.69 (s, 3H), 7.46 (d,J= 8.0 Hz, 1H),
7.37 (d,J = 6.4 Hz, 3H), 7.22-7.05 (m, 4H), 7.03-6.92 (m, SH), 5.67 (s, 1H), 2.49 (s,
3H), 2.40 (s, 3H).

13C NMR (100 MHz, CDCLy) & 156.1, 143.6, 141.8, 139.3, 137.4, 135.1, 134.8,
130.3, 130.1, 129.8, 129.4, 129.1, 128.4, 127.8, 126.9, 126.83, 126.77, 126.4, 125.9,
118.4, 111.3,45.1, 21.6, 21.0.

HRMS (ESI) m/z calcd for C3oHasNy* (M+H)* 413.2012, found 413.2017.

o) O

3,10-dimethyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (6¢)
Yield 73%; 91.2 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 170-172 C,

'H NMR (400 MHz, CDCly) & 7.90 (s, 1H), 7.81 (d,J=8.4Hz, 1H), 7.70
(d,J= 6.4 Hz, 2H), 7.50 (d, J= 8.0 Hz, 1H), 7.39 (d,J= 6.8 Hz, 3H), 7.26 (s, 1H),
7.17 (d, J= 8.0 Hz, 1H), 7.07 (d,J = 6.4 Hz, 2H), 7.03-6.92 (m, 5H), 5.68 (s, 1H),
2.46 (s, 3H), 2.41 (s, 3H).

13C NMR (100 MHz, CDCL3) & 156.0, 143.6, 141.8, 139.3, 137.4, 137.2, 135.3,
134.7, 130.3, 130.1, 129.4, 129.1, 128.5, 127.81, 127.76, 126.8, 126.5, 126.3, 126.0,
124.2,122.5, 118.8, 111.4, 45.3, 22.0, 21.0.

HRMS (ESI) m/z calcd for C30HasNy* (M+H)* 413.2012, found 413.2014.
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4,10-dimethyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|[3,4-b]indole (6d)
Yield 52%; 91.0 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 264-266 C;

'H NMR (600 MHz, CDCl;) 8 7.99 (s, 1H), 7.79 (dd,J=30.6, 7.2 Hz, 3H), 7.52
(d,J=7.8 Hz, 1H), 7.44 (t,J="7.2 Hz, 3H), 7.27 (s, 1H), 7.22-7.12 (m, 3H), 7.07—
6.93 (m, 5H), 5.71 (s, 1H), 2.41 (d, J = 8.4 Hz, 6H).

13C NMR (150 MHz, CDCLy) & 156.1, 143.5, 141.7, 139.2, 137.5, 136.5, 134.8,
130.3, 130.2, 129.3, 129.2, 128.6, 127.8, 127.2, 126.8, 126.5, 126.0, 125.8, 125.4,
120.9, 120.8, 116.8, 115.3, 45.3, 21.0, 16.6.

HRMS (ESI) m/z calcd for C3oHasNy* (M+H)* 413.2012, found 413.2019.

0
2-methoxy-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(6e)
Yield 76%; 70.5 mg; white solid; column chromatography, silica gel (PE/EA, 8:1);

mp 291-293 C;

H NMR (600 MHz, CDCls) 5 8.00 (s, 1H), 7.72 (s, 2H), 7.51 (s, 1H), 7.42 (s, 3H),
7.31 (s, 2H), 7.25-7.18 (m, 2H), 7.09-6.94 (m, 6H), 5.66 (s, 1H), 3.93 (s, 3H), 2.44 (s,
3H).

13C NMR (150 MHz, CDCLy) & 156.0, 154.7, 143.6, 141.8, 139.3, 137.4, 134.8,
132.1, 130.3, 130.1, 129.5, 129.1, 128.5, 127.9, 127.8, 127.6, 126.8, 126.5, 126.0,
125.9, 116.1, 112.6, 99.6, 55.8, 45.3, 21.0.

HRMS (ESI) m/z caled for C30HasN,O* (M+H)* 429.1961, found 429.1965.
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3-methoxy-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(6)
Yield 75%; 83.9 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 136-138 C

'H NMR (400 MHz, CDCLy) & 7.83 (d,J= 8.8 Hz, 1H), 7.73 (s, 2H), 7.46
(t,J=19.6 Hz, SH), 7.21 (d, J = 8.0 Hz, 1H), 7.09-6.90 (m, 7H), 6.81 (s, 1H), 5.68 (s,
1H), 3.86 (s, 3H), 2.43 (s, 3H).

13C NMR (100 MHz, CDCLy) & 158.7, 155.8, 143.8, 141.8, 139.4, 137.8, 1374,
134.6, 130.4, 130.1, 129.6, 129.2, 128.5, 127.9, 127.8, 126.8, 126.7, 126.02, 126.00,
120.8, 120.1, 111.4, 94.0, 55.6, 45.4, 21.0.

HRMS (ESI) m/z caled for C30HasN,O* (M+H)* 429.1961, found 429.1963.

”;

s3oa

4-methoxy-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(62)
Yield 34%; 82.6 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 234-236 C;

'H NMR (400 MHz, CDCLy) & 828 (s, 1H), 7.73 (d,J=6.4 Hz, 2H), 7.53
(t,J=8.4 Hz, 2H), 7.40 (d,J= 6.4 Hz, 3H), 7.27 (s, 1H), 7.17 (dd, J= 14.8, 7.2 Hz,
2H), 7.05-7.01 (m, 2H), 6.96 (t,J=9.2 Hz, 3H), 6.75 (d,J=7.6 Hz, 1H), 5.69 (s,
1H), 3.89 (s, 3H), 2.41 (s, 3H).

13C NMR (100 MHz, CDCLy) & 156.0, 146.4, 143.6, 141.8, 139.2, 137.4, 134.7,
130.4, 130.1, 129.4, 129.1, 128.5, 127.84, 127.77, 127.4, 126.9, 126.7, 126.5, 126.0,
120.9, 111.6, 104.2, 55.3, 45.5, 21.0.

HRMS (ESI) m/z caled for C30HasN,O* (M+H)* 429.1961, found 429.1966.
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O L,

2,3-dimethoxy-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|3,4-
blindole (6h)
Yield 41%; 91.3 mg; yellow solid; column chromatography, silica gel (PE/EA, 5:1);

mp 126-128 C;

'H NMR (400 MHz, CDCls) & 7.94 (s, 1H), 7.73 (d, J= 7.6 Hz, 2H), 7.52 (d, J= 7.6
Hz, 1H), 7.42 (d, J= 6.4 Hz, 3H), 7.29 (d, J= 6.4 Hz, 2H), 7.20 (d, J= 8.0 Hz, 1H),
7.07-6.99 (m, 3H), 6.95 (d, J= 7.6 Hz, 2H), 6.82 (s, 1H), 5.64 (s, 1H), 4.02 (s, 3H),
3.92 (s, 3H), 2.44 (s, 3H).

13C NMR (100 MHz, CDCLy) & 155.7, 149.8, 146.1, 141.9, 139.6, 137.3, 134.6,
131.9, 130.4, 130.1, 129.6, 129.3, 128.6, 128.5, 128.1, 127.9, 126.8, 126.0, 119.2,
99.7, 94.0, 56.4, 56.1, 45.5,29.7, 21.0.

HRMS (ESI) m/z caled for C31HyN,0,* (M+H)* 459.2067, found 459.2067.

O Q.

10-methyl-6,12-diphenyl-5,12-dihydrobenzo|6,7]azepino[3.,4-b][1,3]dioxolo[4,5-
flindole (6i)
Yield 39%; 86.9 mg; yellow solid; column chromatography, silica gel (PE/EA, 5:1);

mp 157-159 C,;

H NMR (400 MHz, CDCls) & 7.93 (s, 1H), 7.71 (d, J= 5.6 Hz, 2H), 7.50 (d, J = 8.0
Hz, 1H), 7.42 (d, J= 6.4 Hz, 3H), 7.19 (d, J = 8.0 Hz, 1H), 7.05 (t, /= 7.2 Hz, 2H),
7.00 (d, J= 6.8 Hz, 1H), 6.94 (d,J="7.6 Hz, 2H), 6.76 (s, 1H), 6.00 (d, J= 8.4 Hz,
2H), 5.56 (s, 1H), 2.43 (s, 3H).

13C NMR (100 MHz, CDCLy) & 155.6, 147.6, 143.9, 143.8, 141.8, 139.5, 137.3,
134.5, 132.6, 130.4, 130.1, 129.6, 129.2, 128.5, 127.8, 126.8, 126.6, 126.3, 126.0,
120.4, 101.1, 97.1, 92.0, 45.6, 21.0.

HRMS (ESI) m/z caled for C30H3N,0,* (M+H)* 443.1754, found 443.1756.
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)0

1-fluoro-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (6j)
Yield 43%; 72.2 mg; white solid; column chromatography, silica gel (PE/EA, 12:1);

mp 135-137 C;

H NMR (400 MHz, CDCls) 3 8.11 (s, 1H), 7.69 (d, J= 7.2 Hz, 2H), 7.50 (d, J = 8.0
Hz, 1H), 7.42 (q, J = 6.0 Hz, 3H), 7.31 (s, 1H), 7.20 (d, J = 6.4 Hz, 2H), 7.08-7.03 (m,
3H), 6.98 (d,J=7.6 Hz, 3H), 6.87 (dd, J=11.2, 8.0 Hz, 1H), 6.04 (s, 1H), 2.43 (s,
3H).

13C NMR (100 MHz, CDCly) 8 157.8(d, J = 247.0 Hz, 'Jcg), 155.5, 143.5, 141.9,
139.1, 138.8(d, J = 11.0 Hz, 2Jcp), 137.8, 135.0, 130.6, 130.3, 129.4, 129.0, 128.6,
128.0, 127.8, 127.0, 126.8, 126.0, 125.2(d, J = 8.0 Hz, 3Jc), 124.4, 115.4(d, J = 19.0
Hz, 2Jcr), 107.7, 105.5(d, J = 19.0 Hz, 2Jcr), 46.3, 21.0.

1F NMR (376 MHz, CDCls) & -122.37.

HRMS (ESI) m/z calcd for CooH2FN,* (M+H)* 417.1761, found 417.1762.

o) O

2-fluoro-10-methyl-6,12-diphenyl-5,12-dihydrobenzo|6,7]azepino[3,4-b]indole
(6k)
Yield 68%; 77.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 147-149 C;

H NMR (400 MHz, CDCls) & 8.05 (s, 1H), 7.71 (d, J= 6.4 Hz, 2H), 7.56 (d, J=9.2
Hz, 1H), 7.49 (d, J= 8.0 Hz, 1H), 7.41 (q, J = 6.0 Hz, 3H), 7.25-7.19 (m, 3H), 7.09—
6.98 (m, 4H), 6.93 (d, J = 7.6 Hz, 2H), 5.60 (s, 1H), 2.43 (s, 3H).

13C NMR (100 MHz, CDCl;) 8 158.2(d, J = 236.0 Hz, 'Jcp), 155.8, 143.4, 141.5,
139.0, 137.8, 134.6, 133.2, 130.4, 130.3, 129.6, 129.1, 128.6, 128.4, 128.0, 127.9,
126.8, 126.5(d, J = 10.0 Hz, 3Jcr), 126.2, 113.8(d, J = 26.0 Hz, 2Jc¢), 112.5 (d, J= 9.0
Hz, 3Jc), 103.7(d, J = 23.0 Hz, 3Jcr), 45.3, 21.0.

19F NMR (376 MHz, CDCls) & -122.68.

HRMS (ESI) m/z calcd for CaoH2FN,* (M+H)* 417.1761, found 417.1765.
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O Q,

3-fluoro-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole (61)
Yield 63%; 72.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 252-254 C,

'H NMR (400 MHz, CDCl;) & 8.04 (s, 1H), 7.86 (dd, J=8.4, 5.6 Hz, 1H), 7.71
(d, J= 6.4 Hz, 2H), 7.46 (dd, J = 30.0, 7.2 Hz, 4H), 7.27 (s, 1H), 7.20 (d, J= 8.0 Hz,
1H), 7.02 (m,J=21.6, 7.6 Hz, 5H), 6.93 (d,J= 7.6 Hz, 2H), 5.66 (s, 1H), 2.43 (s,
3H).

13C NMR (100 MHz, CDCl;) & 161.6(d, J = 240.0 Hz, 'Jcg), 155.6, 143.6, 141.5,
139.1, 137.7, 136.7(d, J = 13.0 Hz, 3Jcp), 134.5, 130.34, 130.26, 129.6, 129.1, 128.6,
128.0, 127.9, 127.3, 126.8, 126.3, 126.1, 123.0, 120.3(d, J = 10.0 Hz, 3Jcr), 109.8(d, J
=25.0 Hz, 2Jcr), 97.8(d, J = 26.0 Hz, 2Jcy), 45.2, 21.0.

1F NMR (376 MHz, CDCl3) 5 -116.00.

HRMS (ESI) m/z calcd for CooH2FN,* (M+H)* 417.1761, found 417.1765.

Cl
2-chloro-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(6m)
Yield 56%; 92.4 mg; yellow solid; column chromatography; silica gel (PE/EA, 12:1);

mp 152-154 C,

H NMR (400 MHz, CDCly) & 8.15 (s, 1H), 7.91 (s, 1H), 7.70 (d, J= 6.4 Hz, 2H),
750 (d,J=8.0Hz, 1H), 7.42 (d,J=6.8Hz 3H), 7.29-7.25 (m, 3H), 7.20
(d, J=8.0 Hz, 1H), 7.07-6.98 (m, 3H), 6.92 (d, J= 7.2 Hz, 2H), 5.63 (s, 1H), 2.43 (s,
3H).

13C NMR (100 MHz, CDCLy) & 155.6, 143.4, 141.4, 139.0, 137.9, 134.9, 134.5,
130.4, 130.3, 129.6, 129.1, 128.6, 128.0, 127.9, 127.2, 126.8, 126.3, 126.2, 125.6,
125.3, 118.5, 112.8, 45.2, 21.0.

HRMS (ESI) m/z calcd for CaoHCINy* (M+H)* 433.1466, found 433.1467.
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O Q

3-chloro-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole
(6n)
Yield 48%; 90.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 153-155 C;

'H NMR (400 MHz, CDCL) & 8.08 (s, 1H), 7.84 (d,J=8.4Hz 1H), 7.69
(d, J=6.4 Hz, 2H), 7.50 (d, J=7.2 Hz, 1H), 7.41 (d,J= 6.4 Hz, 3H), 7.30 (s, 1H),
7.23 (dd, J=16.0, 2.8 Hz, 3H), 7.01 (dd, J= 14.4, 6.0 Hz, 3H), 6.90 (d,J=7.2 Hz,
2H), 5.65 (s, 1H), 2.43 (s, 3H).

13C NMR (100 MHz, CDCLy) § 155.7, 143.4, 141.4, 138.8, 137.8, 136.9, 134.5,
130.9, 130.4, 129.5, 129.1, 128.6, 128.1, 127.9, 127.3, 126.8, 126.3, 126.2, 124.8,
121.5,120.1, 111.5, 45.1, 21.0.

HRMS (ESI) m/z calcd for CaoHCINy* (M+H)* 433.1466, found 433.1468.

Br
2-bromo-10-methyl-6,12-diphenyl-5,12-dihydrobenzo|[6,7]azepino[3,4-b]indole

(60)
Yield 51%; 72.0 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 188-190 °C

H NMR (400 MHz, CDCly) & 8.10 (s, 1H), 8.06 (s, 1H), 7.69 (d,J= 7.2 Hz, 2H),
748 (d,J= 8.0 Hz, 1H), 7.40 (dd,J=12.0, 8.0 Hz, 4H), 7.28 (s, 1H), 7.18
(t, J=10.0 Hz, 2H), 7.07-6.99 (m, 3H), 6.92 (d, J = 7.6 Hz, 2H), 5.62 (s, 1H), 2.43 (s,
3H).

13C NMR (100 MHz, CDCLy) & 155.6, 143.4, 141.3, 138.9, 137.9, 135.1, 134.5,
130.4, 130.3, 129.6, 129.0, 128.6, 128.1, 127.89, 127.86, 127.8, 126.8, 126.2, 125.4,
121.7, 113.7, 113.2, 45.1, 21.0.

HRMS (ESI) m/z caled for CaoHy,BrN,* (M+H)* 477.0960, found 477.0968.
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O Q,

3-bromo-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-b]indole

(6p)
Yield 43%; 61.9 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 109-111 C;

'H NMR (600 MHz, CDCLy) & 8.12 (s, 1H), 7.80 (d,J=8.4Hz, 1H), 7.69
(d, J=17.8 Hz, 2H), 7.50 (d, J= 6.0 Hz, 2H), 7.44-7.42 (m, 2H), 7.35 (d, J= 8.4 Hz,
1H), 7.27 (d,J=10.2 Hz, 2H), 7.21 (d,J=7.8 Hz, 1H), 7.05-7.02 (m, 2H), 6.99
(d,J=6.0 Hz, 1H), 6.91 (d, J= 7.8 Hz, 2H), 5.66 (s, 1H), 2.43 (s, 3H).

13C NMR (150 MHz, CDCLy) & 155.6, 143.4, 141.4, 138.9, 137.8, 137.2, 134.5,
130.4, 129.7, 129.6, 129.1, 128.6, 128.1, 127.9, 127.2, 126.8, 126.2, 125.1, 124.0,
120.4, 118.5, 115.3, 114.6, 45.1, 21.0.

HRMS (ESI) m/z caled for CaoHy,BrN,* (M+H)* 477.0960, found 477.0965.

O O

2-iodo-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino|3.,4-b]indole (6q)
Yield 73%; 91.2 mg; yellow solid; column chromatography, silica gel (PE/EA, 12:1);

mp 255-257 C,

H NMR (400 MHz, CDCL3) 5 8.28 (s, 1H), 8.12 (s, 1H), 7.70 (d, J = 6.8 Hz, 2H),
7.56 (d,J=28.8 Hz, 1H), 7.49 (d,J=8.0 Hz, 1H), 7.42 (d,J= 6.4 Hz, 3H), 7.29 (s,
1H), 7.20 (d,J= 8.0 Hz, 1H), 7.11 (d,J=8.8 Hz, 1H), 7.07-6.98 (m, 3H), 6.92
(d, J=17.2 Hz, 2H), 5.62 (s, 1H), 2.44 (s, 3H).

13C NMR (100 MHz, CDCLy) & 155.5, 143.4, 141.3, 139.0, 137.9, 135.6, 134.5,
133.2, 130.4, 130.3, 129.6, 129.1, 128.7, 128.6, 128.0, 127.9, 127.4, 126.8, 126.2,
125.1, 113.6, 83.7, 45.1, 21.0.

HRMS (ESI) m/z caled for CaoHoINy* (M+H)* 525.0822, found 525.0826.
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BnO
2-(benzyloxy)-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-

blindole (6r)
Yield 53%; 76.8 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 88-90 C;

H NMR (400 MHz, CDCl;) & 7.96 (s, 1H), 7.73-7.69 (m, 2H), 7.50 (d, J=7.2 Hz,
3H), 7.44-7.32 (m, 7H), 7.20 (dd,J=16.4, 8.0 Hz, 3H), 7.09-6.97 (m, 4H), 6.94
(d, J=17.6 Hz, 2H), 5.64 (s, 1H), 5.17 (s, 2H), 2.43 (s, 3H).

13C NMR (100 MHz, CDCl;) & 156.0, 153.8, 143.6, 141.8, 139.2, 137.5, 137.2,
134.7, 132.3, 130.4, 130.2, 129.5, 129.2, 128.6, 128.5, 127.92, 127.88, 127.8, 127.7,
127.6, 126.8, 126.5, 126.0, 116.7, 112.6, 101.4, 70.8, 45.3, 21.0.

HRMS (ESI) m/z caled for C36HaoN,O* (M+H)* 505.2274, found 505.2276.

";

O Q,

3-(benzyloxy)-10-methyl-6,12-diphenyl-5,12-dihydrobenzo[6,7]azepino[3,4-
blindole (65)
Yield 49%; 88.5 mg; yellow solid; column chromatography, silica gel (PE/EA, 8:1);

mp 128-130 C;

H NMR (400 MHz, CDCl;) & 7.92 (s, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.71 (d, J= 6.8
Hz, 2H), 7.50 (d, J = 8.0 Hz, 1H), 7.41 (m, J= 15.6, 7.6 Hz, 7TH), 7.32 (d, J= 7.2 Hz,
1H), 7.18 (d, J= 8.0 Hz, 1H), 7.06-6.97 (m, 4H), 6.94 (d, J= 7.6 Hz, 2H), 6.82 (s,
1H), 5.65 (s, 1H), 5.11 (s, 2H), 2.42 (s, 3H).

13C NMR (100 MHz, CDCLy) & 157.8, 155.7, 143.8, 141.8, 139.4, 137.7, 1374,
137.0, 134.5, 130.4, 130.1, 129.6, 129.2, 128.6, 128.5, 128.0, 127.9, 127.8, 127.4,
126.8, 126.6, 126.1, 126.0, 121.0, 120.1, 112.0, 95.5, 70.4, 45.4, 26.9, 21.0.

HRMS (ESI) m/z caled for C36HaoN,O* (M+H)* 505.2274, found 505.2275.

S50



6. Crystallographic data and molecular structure of 4b, 4r and 8d

4b

Figure S1. X-ray crystal structure of 4b, thermal ellipsoids shown at 50% probability
level. Sample preparation: 35 mg of 4b was dissolved in 6 ml CH,Cl, and 1 ml
CH;0H at room temperature for slow evaporation about a week. The crystals were
mounted on a glass fiber for diffraction experiments. Intensity data were collected on
a Bruker SMART APEX CCD diffractometer with Mo Ko radiation (0.71073 A) at
room temperature. Crystal Data for Compound 4b: CCDC 2131536 contains the
supplementary crystallographic data for this paper. These data could be obtained free
of charge from The Cambridge Crystallographic.
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Bond precision: C-C = 0.0028 A Wavelength=1.34139

Cell: a=28.4438(13) b=28.4438(13) c=15.374(1)
alpha=80 beta=9%0 gamma=120
Temperature: 200 K
Calculated Reported
Volume 10771.9(12) 10771.9(12)
Space group R -3 R =3
Hall group -R. 3 -R 3
Moiety formula C31 HZe N2 [+ solvent] C31 H26 N2
Sum formula C31 HZ26 N2 [+ solvent] C31 H26 N2
Mr 426.54 426,54
Dx,g cm—3 1.1384 1.184
z 18 18
Ma {mm-1) 0.335 0.335
FOO00 4068.0 4068.0
FOo0’ 4075.85
h,k, lmax 35,35,19 35,35,19
Nref 4932 45926
Tmin, Tmax 0.961,0.967 0.697,0.751
Tmin’ 0.961
Correction method= # Reported T Limits: Tmin=0.697 Tmax=0.751

AbsCorr = NONE

Data completeness= 0.99%

Ri{reflections)= 0.0551( 4024)

5 =1.082

Npar= 301

Theta (max)= 57.061

wR2 (reflections) =
0.1712( 4926)

N
~
// ~NH
Br
4r

Br

Figure S2. X-ray crystal structure of 4r, thermal ellipsoids shown at 50% probability
level. Sample preparation: 20 mg of 4r was dissolved in 4 ml CH,Cl, and 1 ml
CH;0H at room temperature for slow evaporation about a week. The crystals were
mounted on a glass fiber for diffraction experiments. Intensity data were collected on
a Bruker SMART APEX CCD diffractometer with Mo Ko radiation (0.71073 A) at
room temperature. Crystal Data for Compound 4r: CCDC 2143004 contains the
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supplementary crystallographic data for this paper. These data could be obtained free
of charge from The Cambridge Crystallographic.

Bond precision: C-C = 0.0058 A Wavelength=0.71073
Celils a=28.250(5) b=28.250(5) c=15.849(3)
alpha=80 beta=90 gamma=120
Temperature: 296 K
Calculated Reported
Volume 10954 (4) 10953 (5)
Space group R =3 R =3
Hall group -R 3 -R 3
Moiety formula C29 HZ20 Br2 N2 [4 scolvent] C29 H20 BrZ N2
Sum formula Cc29 H20 Br2 N2 [+ sclvent] C29 H20 Br2 N2
Mr 558627 556.29
Dx,g cm-3 1.518 1:518
z 18 18
Mu (mm-1) 3.350 3.350
FOO0O 5004.0 5004.0
Foo0O0’ 4995.43
h,k, lmax 35::35; 19 35.35::19
Nref 5026 5018
Tmin, Tmax 0:.6 23,10, 741:5 0.481,0.745
Tmin’ 0507

Correction method= # Reported T Limits: Tmin=0.481 Tmax=0.745
AbsCorr = MULTI-SCAN

Data completeness= 0.998 Theta (max)= 26.434

wR2 (reflections)=

R(reflections)= 0.0440( 3046) 0.1004( 5018)

S = L 001 Npar= 299

A
L=

8d

Figure S2. X-ray crystal structure of 8d, thermal ellipsoids shown at 30% probability
level. Sample preparation: 20 mg of 8d was dissolved in 4 ml CH,Cl, and 1 ml

CH3OH at room temperature for slow evaporation about a week. The crystals were
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mounted on a glass fiber for diffraction experiments. Intensity data were collected on
a Bruker SMART APEX CCD diffractometer with Mo Ko radiation (0.71073 A) at
room temperature. Crystal Data for Compound 8d: CCDC 2173150 contains the
supplementary crystallographic data for this paper. These data could be obtained free
of charge from The Cambridge Crystallographic.

Bond precisicn: C-C = 0.0041 A Wavelength=0.71073

Cell: a=12.108 (2) b=12.563(2) c=12.924(2)
alpha=95.671(3) beta=91.801(3) gamnma=90.084 (3)
Temperature: 296 K
Calculated Reported
Volume 1955:3(5) 1955.2 (6)
Space group P = P,
Hall group ey 0 ] -P 1
Moiety formula <C30 H20 N2 [+ solvent] 3(C1l5 H1C N)
Sum formula C30 H20 N2 [+ solvent] C45 H30 N3
Mr 408.48 61:2. 712
Dx,g cm-3 T.041 1.041
Z 3 2
Mu (mm-1) 0.061 0.061
FO0O0 642 .0 642.0
FO0O0’ 642 .23
h, k, lmax 141415 14,1415
Nref 6915 6856
Tmin, Tmax 0.985,0.988 0::632,,.0::746
Tmin’ 0.982

Correction method= # Reported T Limits:

AbsCorr = MULTI-SCAN

Data completeness= 0.991

R(reflections)= 0.0705( 4724)

S 1= 1035

Npar= 433

Tmin=0.632 Tmax=0.746

Theta (max)= 25.025

wR2 (reflections)= 0.2472( 6856)

The fellowing ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.
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7. 'H and 3C NMR spectra of compounds 4, 5 and 6

0000— =

vzrz— - g5z |

s ——-660 |
1969

786'9 -
666'9 Ll
1Z0°2 660 |
ov0'2 == 1660
P14 —
v0Z 2 = 3 10e
et e |
Bmi = :
6.TL _%.w
0ge,

62821

L.

8z /

0152 5 g z,

0562 I

] Q 7 8

81. 8o zz <

zelt

st N

1962

6808

6.5 55 45 35 25 1.5 0.5
S55

7.5

e |

95 8.5

10.5

15



66'0C—

lesr—

899/

002+ ~=

ppd
veFIE
91611
150Z)
£0°szl
£0'9C)
99z} {
£8'9Z}H
i:yat |
V81T
et |
PS8z
i.mmrw
6V'62L
6101/

mn.om%

eL¥El
9/°9¢cl
Gyl

PO'9SL—

100MHz
cocl,

190

80 70 60 50 40 30 20 10

90

110

130

150

170

000'0-—

912~
GGET,
8687

0S9'G—
789,

IZVid
0521
1oL 27
(X108 3
£61 744
161727
ziz'2]
LEZ L]
8rT L
992/ 1
o]
ogr'L

819,
8£9°L
ze8'L
L06'L
5018

ey it

400MHz
CDCly

4b

— 460

" v0P
0L
ey’ 660
e 70T
ot 00" |
——7 460

!

5.0

9.0

10.0

0.0

1.0

20

3.0

4.0

6.0

7.0

8.0

1.0

S56



6L02~
mm.omﬂ
9¢€'le

9BYr—

899
0024
iy
L0611
1T0ZL
YLVZL]
L1921
£297L
raazLl
89'/Z11
98z 1
z EN:W
IR
vzoeL”
5L'GEL-
Leaeldf
RS

66'G5L—

100MHz
CDCly
AN
ab

90 80 70 60 50 40 30 20

0

10

190 170 150 130 110

210

000'0-—

960°¢~
GBET
(YA A

£89'G—
99/°9-
98/°91
5089
8069
8269
8r6'9-
1914
81y
8 1
mmm.h%
9z L]
Loz
el
0zgs
1854
SPEL
gar's
98y s
9054
P19/
8z6's
Y6/ |
0608

400MHz
cDCl,

— s YA
” [A0
%mvo.m

20

4.0

6.0

70

105

0.0

1.0

3.0

5.0

8.0

9.0

S57



000—

ao'le
8e'le
Sr'ie

LSy —

029/
0Ll
s
12611
A gvAs
51T
BEFELT
829211
6921
¥8'9C1 1|
s |
Enﬁﬁ

LLIZ
Se8ZL ¢
#@ﬁﬁ
85621 |-
Leoeh]
86'0c
zz el
£2°951 —

30 20

60 50

90 80 70

0

10

40

110

130

150

170

190

0000—

Qq;
750"
1201
vez'L
n&;w
zoz'1!
00r' 2,
oEN#
SevZ )
pere
£59Z
299/
189°Z
00.¢

Li9G—
1989
£88'91
8€l /1
e |
Z61 24
80z /-4
oz
9¢z /]
15z
8.z 1]
86z 2]
N
Liv1
¥59'2
vi91
¥6eL
P62
1608

400MHz
cDCl,
N s

g
-

4d

~16T
~50°¢

c0e

\z0T
0T

E—— O

0.0

2.0

4.0

5.0

8.0

10.0

1.0

3.0

6.0

7.0

9.0

11.0

S58



PGl
G602~
12821

9187+

10'Sr—

899Ly
00247
£t
0L6LL
Ze0Z)
Z8+T1
6Z'9Z1
08921
69211
o rAR |
IFATAR
00'8Z1 |
GZ'6Z )
idTAR
leogL—
L0°GEL~
89'9€L-}
62 LCL7r
£0'6E1 \
Z8'1vl

10951 —

T T———

80 70 60 S50 40 30 20 10

90

110

130

150

170

190

9000~
0000

850°1
5i01~
gzl
ziz1
00+Z
mmmi
z19T
mmm.L,
1002
ver e
806C
56T
Zv6T
656
9.6C

089°G—
988'01

CANA
65121
Z61°41
861 24
A w
12z 2]
Nnm.ﬁ
09z 24
8171
0l
01¥' ]
06% £
699/
689/
¥68'2
€16 ]
£80'8

400MHz
cocl,

U

L

'

il

de

<09
<09

c0e
66'0
o'l

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

11.0

S59



000—

mm.oﬁ
0862
mm.nmw
16T

8ree~,
60'FC"

605y —

0L94
No.hhw,.
velL

15 1
9161
PE0Z 1
e AR
om.mmé
02'9Z 11

99T
629214
20221+
911z
szezlf
Z96ZL
ool
Lo'ge L]
L99e1d
coeLy
[SOTR
616211
0LErl

chapL]
¥Z 151
86'551

cocl

D)

100MHz

N

3

<

N
H

de

90 80 70O @60

0

10

50 40 30 20

170 150 130 110

190

0000—

329 5
eve L

L0ve—

969'G—
188'91
80694
8+0'/ |
690°2
IR
SLbit
0z
gez 4
9ez' 2]
Stz
vz L]
0LE 21
0ze'L
S dh
SOt/
=
1£G 2
¥69°2
vLL 2]
¥06'2
2621
0cL'8

400MHz
cDCl,

4f

WA

=206
erQw

00°L

(16')
86')
101

==00C

6L
002
Z0'l
vz
too'l
lzo'1

0.0

4.0 3.0 2.0

5.0

10.0

1.0

8.0 7.0 6.0

9.0

11.0

S60



86'0C—

FATa
PLbE~
eave’

S0'Sy—

65 i
12611
LT
8L VL
SEHTL]
15ZL]
76521
le9zif
05921
169z
E.Ri
zo6zL
rOETh]
62081
B HEL
Zroel]
12°9€1 ]
05/€ 1
£r8el]
Srerl ]
co'stL ]
15€51
00951

T

100MHz
CDCl,

4f

90 80 70 60 50 40 30 20

0

10

110

130

150

170

190

0000—

0~
FARAN
Lz

629G—
9959
0199
PLO LY
8zl'z
arl's
912 4
¥ee 1
vee 2
el
85z 4]
905/ ]
9lgs
LGEL
LE¥ ]
95F 2
1682
LIB'L
§i0'8

109
3,900

400MHz
CDCly
N

8.0 7.0 6.0 5.0 4.0

10.5 9.0

12.0

0.0

1.0

2.0

3.0

S61



000~ - r S 0000- =
=]
20'le L
012 N
og'1z/ |J |
d I w
L O
o ) T eorz— loe
-3
3
019e—~ 86
L ————
| o Siee 0
L9y
2oLl &
b [ oo
A
ZZ6LL =
0e0zh >
vyl [
1gtel . 65 —d 0
= o i
o
e | = OEL
e9cL| 2989
18221 mmm.wv
1621y B
E.%L o 0sbif
; LR AYA |
98'lEL— = e o]
SGSEL— . m&.ﬁ
90'E} !
L08g1) LvT L]
¥ 1y | g oL
e szel
95— = L o9t
2g95) | &g
6692 4
Lo el .
1o 5 Sl o)
w Q = =) : o 0 P =
=R zT < [ 1218 gu =T 3
S
n O F® O
L —~d

9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5
S62

10.5



96'0€—

Iwyr—

80°GS
ww.mmv

89°9.
oo.tw
mm.{}
LVELL]
68°ElL]
01611
10z
064211
6192
clozh
LLIT)
PeYTAn ;
£z 6Clof
IR
L0081
06'€EL]
gLgel

100MHz

CDCly

RO

40 30

70 60

90 80

10

20

50

110

130

150

170

190

0000—

oLre—

6¥SE—
Yege—

089'G—
9159
Sm.&
£¥g9
9869
0969
669
8512
LiVE
9¢z 2
04T4
96221
0082
eveL
) )
2052
206,
26t
1518

i ——r—t

400MHz
cDcl,

¢

66'C

=86'C
MMS.M

=00}

4.0 3.0

5.0

7.0

8.0

10.5

12.0

1.0 0.0

2.0

6.0

9.0

S63



ro
000°0-— -—
L ©
9602 — — P& lM
-8
E
Seni R | s EWe — 152
. o
964G, — |
6E'G5
F3 ! :
| SPEY )16
Lo boEN —-86C
8994+ I 058 e =$0'C
00'LL o o6’ {tioe
o [ o
Bt ,
¥9'LLL | o
LSl [ @
SovLL
oLl [ ]
60611 | o B3E§T
€561 11 pE—— F T ey
SH0Z 1 e i 0089
vL1ZIE = H mqm.h/
1621 e | 0£Z L4
GgJZL~ == L @ 8gel
zr8zl Al -71>7]
96z | — [ P61 L
£G'6Z1 —— [ 450N
¢eocl’ o TS6L
F w0
GGG I ] = )
€651~ P 1098~
zLegL
(=]
o’ = O [
[ O
o . = L re <
EQ L& m o] P _
m o L — 5 — = (8] ZT -
av - SYEe
O 5 i
PN

8.0 70 6.0 5.0 4.0 3.0 2.0 1.0 0.0
S64

9.0

105



S6°0c—

66 ¥P—
0.°G5
9/°G5
6/°GS
8’55

0022
TeLL
V2Ol

650LL
690
e din
8911
Z06H Y
NN.mE,A

mm.mhw
/

PE0ZL |
€221t
AR
za'sel
8092}
WRErAR
T INTAR
6L6ZLY
zroct
Z6' 151
om.x::
9g'sEl
$2°9€1
LZIEL
zeerl
zeivl
£e'8rl
z6'8rl
627051
G955l

90 80 70 60 50 40 30 20

0

10

110

130

150

170

190

0000—

mmm._
Nmm. _Wr
0T}
18617
Sov' 1|
zzv)

c6ec—

LBLE
66.1°C
wom.nw
918
omm.&\
PATIR
00t

0£9'5—
L£5'9
Nmm.&
0289 R
:“m.mw
£98'9
889’
T4 ﬁ
gvli]
zies
SZZ i
zee ]
£5C4
19Z'2
£9TL
08z .1
€T
SH /1
G99'/
1892
$06' 21
€264
zol'g”

400MHz

4k

- =66'C
i G6'C

0.0

20

5.0

70

8.0

10.0

1.0

3.0

4.0

6.0

9.0

1.0

S65



000-—

SLvl—
60—

Ly —

8L€9~,
85€97

Y]
S.RW
il
GIELL
9e b
SO6L) |
FAN AR
RS
619211
Nm.mm_;
zrieh
vaizlf
NN.@N:W
gL ogk}
0L 0EL—
LgEEL
LZ'GEl
09°9E}]
z0iEl

09'SG1~.
¥0' LG
69091

100MHz

4k

80 70 60 50 40 30 20 10

90

110

130

150

170

190

000'0—
(1IN}
¥91'1
YANE
611
95z’ 1~
¥EEL
el
arel
2se1”
6657

982t
Loc
LI
zee
et
z95°t
LISt
65T
809't
£Z9'
859'G—
8859
ommi
Nmm.m:#
P89
£88'9~
c06'9”,
P2
£91 /]
807/ |
81z
8z /|
L
6341
687L
0052
6051
ParL
Piv LT
1992
689/
G162
Ge6/

445 %

41

~90'9
=¢0'9

0.0

4.0 3.0 20

5.0

9.0 8.0

10.0

1.0

6.0

7.0

11.0

S66



000— - o
000'0-— —
[ ©
1602 -
mm.—m/ ||M ™
vo'ze [
1 -
Fg
€5 Fh— — ! YErZ— — Sz
L
w
L O
O
z1'69 |
96'69 —_— Le
1292 |
2042 = — Lo
o ,
8z'sll | o
6S'GLL &
ZI6LL
9e'0z1 i G— ——9510
€8l - WWW.WJ
¥Z'9z1 LS o9
18921 " TEes
514zl i a3
8821 G
8z6Z1 g enf
€201 7 P o =
vL0EL \% wmwm
sgect I ooz 1A
L1geL] | a/z /]
201! -
99551 o | T gog
mm.mm_v J\ o | viEL
56617 i S6E 2 N
O - Q o S8vL
N = gerL
T L ? i
¥ ) M e S ¢
_..m 8] ZT 3 L F4 R W s A
O lesL 28 P £
o Sg6L =+ ZzLT
V/o O © gL w O
0zL'8 O

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0
S67

9.0

10.5



loe—

a8y

89°9/
00'2L
o
P06
8202}
9tzzh
8y'ZZH
Chadh
98'6ZH1
$0'9Zhy
6182}

W

pRezlt S

LG6ZL
1zocL!

g0'8gl-

6FPGLA,

82191+

SO L9k~
Nh.mm&ﬂ

LL'¥9L

w.\..:_
mw.ﬂ:/ -
0LblLL
6161
No.m::,P
ab 2Ly
TR
POBLLY
82'021-
AR
vzl

_m.vﬁ
xw.vﬁw
mm.mmtm
P0'9Z1

6L'8Z1— -
¥Z6ZL— -
1562
fraio)!

116

122

128

EL¥PEL—

€8°921—
80'8E1—

oA

0g _.v—v.
[ 4 BN
mﬂ.vw—v.

6¥ ¥S1—

WN. _.m—/
GO 191~
Nh.nm—./
P9~

134

140

146

152

158

164

100MHz

cDCl,

180 160 140 120 100

200

20

40

60

80

885°CHL -~
LOZ'ZhL-

-140 -160 -180 -200

-120

-80

-100

-40 -60

-20

S68



. 000 -
i (=]
0000— = o
t2 oole- —
. K
(=]
ey
0THZ— -85 | S br— —_—
o
f o
Lo
¥ Lo
201l 3
F g d
| dFuy
LS b
L9 89FLLy
L 956
mmm”mw ———-860 |  8/GLI
: LS OLBLL
mmm.w | C 110zl
e | om.mwi
od LGz
s | o ezeZii
8889/ ~ geeeh|
i | peeTlY
607 gzoel ]
oll'L Lo gk
0721 ® paly =
ShT'L L e
£9¢'. [ 864G
pee's = 20091 ]
8ye’s F orTala w o
£8yL - zszeL i} Q =
s Y B P
8LrL w a = c | m a o c
9zLL gv zr ¢ [ o zr 9
I § "
& ‘ &
ze6'L " . r

50 40 30 20 10

150 130 110 9 80 70 60
S69

170

190



81e /L1 -—
990°0LL-—

376MHz
cDCl,
N\

-160

-100

-200

-180

-140

-120

-40 -60 -80

-20

0000—

9eyre—

699°G—
¥6.°9
006'9
L26'9
£86'0
€0Z 2
zzT I
8522
L1z
6622
Ve
coc /]
€65/
szvs
S adn
L6tL
0151
0852
665/
0082
0Z6'2
0621

8z1L'8

400MHz
cDel,

——

—
—

-

96'C

960

S6°L
00'¢
S6°0
1Ze

660
0L
60
too'L
960

0oy |

105

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

9.0

1.5

S70



loe—

08'vy—

89'0L

0

10

0000

18T\
€052
1052

—68
ot
L0611
58°0z1
S1'6Z)
LSTh
£rOT1 |
Clyeas |
1712
£z8zh|
£0°6Z11
80°6Z1

90 80 70 B0 50 40 30 20

110

95'6¢C1
v8'6C1
ceoel
9e’0gl
zgeel”

LYPSE—

100MHz
170 150 130

cbel,
190

TIC T

Ev8g,
089y
BE%
CrANE
Gl
6127
S0z L)
Log L
e 2]
¥9€°L
€TV L1
st
86 /1
0252
85
62411
5208
G081
LIE8

i T

6EVLL—

400MHz
DMSO-dg

-y

ZT

y N

cl

ap

~P0'E

€0'¢

T)/66°€

MS.N
=c02
ooz

20T
Loo'L

860

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0
S71

10.5 9.0

12.0



¥90C—

1688
8l'6e
6E°6¢
=g

18'6¢
<00y
€T 0v |
9Ler

5Tl
g16LL
166LL
95+C1
z8vel
et
cz'ozl
zrzL
€821
z58zl
958211
coszy
2105H
£5°081 1
cg'0gl |
LSEL
ZZSE I

06961t
187261

og'/cl %
e Ll
zier!
P6FGL—

100MHz
DMSO-dg

40 30 20 10

50

150 130 110 9 80 70 60

170

190

0000—

cevye—

1689
0169
670" L
ra |
05z 2
viT i
082 2
9872
mmm.ﬁﬁ
612

89¢°2

1IE}

69F L1
68F 2

€291
gt

GOB'Z
GZ6'L
ISB'L
096°1
$96°2
gLg

2ade,
|

400MHz
cDbely

r L0

—660

660
£0'L
6610
—===1060
=70l
==-$0'¢
=6
=660
—izoz
o'l
00'L
960

0.0

20

8.0 7.0 6.0

9.0

10.5

11.5

1.0

4.0 3.0

5.0

S72



000-—

€0'le—

LLvr—

0r9.
E.RW
S
90°6LL
£8°0Z1
or'SZl
89671
19T
PL LTI
zzazLf
9E6Z11
et |
AR

8861
olL’oct
9l’oct
88 _.m:
om.nm—\
66'ePl

6EVGL—

100MHz
cbely

30

40

60 50

10

20

150 130 110 90 80 7O

170

190

0000—

28ee~
Slosrad

58E°E

G88'G—
1929
1829
z9L'2
1812
L6L 2
6612
We'Z
£ve L]
oz .1
€621
AL
bee'L
€681
€I82
0k L1
LSF L
Lov /]
60221
620'8
6¥0'g-

el —

—

400MHz
DMSO-dg

JLU

0o’

—e0'l

194
104
10¢

=10l

too'L

To.w

==\zov

-—

‘00l

=€0'L

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

10.5 9.0

12.0

S73



1
L
O
0000-—
3 =
[ ©
1902— — &
86'8¢ ) &
Q.m?b @
6£°6E t
186 E— 80vZ— . - 10°€
200v} 4 =
2z 0| ]
A 3 [l
| © ogge~ s 862
65ZLL i o olgt- = - 0'e
ZI6LL 3 Le
8z'6lL1 i |
£0'0Z1 3 g
(¥ A} H
6L¥21 -
8051 : F &
A | o
19z : I mmm.w,
68'L2H 3 | ey
85821 3 g
96'8Z14 T o
€201 , t&.b
19°0E 1 L Em.hwz_f
s | Sy
9g'1E 1A -
0e'el g o
eLeln
667251 pibg—
mm.hmt\
el vl =
yaerl! ; =
82'6G1— — ~
& 3 l i |
Wee . o
1Y) g .. = 0
w W - “_| W w“a =
.Ol w =T = 1 I* m Q # ZT A..»..

190
cl

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0
S74

105 9.0

20



| © 0000 =
[ ©
i Lo
5607 — a
-
- o
L ] |
p— ] | L Z— ——— 57
[ ©
06'G5 =
plog” | o
w
) PR
890/ |
00224 o
£ [
il .
ZG L1 | o J
Z8' 1l ]
16811
850z} F
98'szl -
109Z1 ) =] 9
66421 N = mmm.maf
/ FAAWR
09'8C1 — I lop s+
£9'8Z 1 — i3]
FANTA} == [ .
et = | & ez
86621 = ® el
N@.om&ﬁ — ‘ 1607
9L Vel = | =
ot = |
— 3 gee/d
\ i [ .
YA e = . covs
peocl” I mmmm O
o
J | o 689
= P os0ls N O =
N O z, , 8zL . S0
Z0 L 918/ =] » -
= m . 4 £V8L g° 0 zr 9
T s g g9s.
O O 2 ge6Ts O
Gle8
L I

50 40 30 20 10 00

S75

80 70 60

9.0

10.5

12.0



L6 LhL— L | o
L | o 0000~ -
) | [ ©
I T @ — ~ u
or6LL— I F 8
copEL
eazl) N FSg
69°CP— goszlL oy =] L erre— —10¢
o1'szh L L g
A=A}
89521~ e o
93521 - -8
63521 |
8L'9cl %\ Lo
g 63121 o
%.wmw ¥612L) [ 5
g s , '3
Ov6LL .
4 Z5eel~ <+ =
mm.wﬂ mwmﬂ L - 0885 ———660
S %.31\ I A
2etl segel : H
9Ll agel @ s gl
pasz] ST v =) [ ]
89°GZ1 | T L
99'GZ11 i . €971
68'GZ 1A N ) L1z
g1zl Fie m [ o 2822
i) == F® mmm.x
: L = | T oL
Seie] esmwi- -A i 3 | ove]
L8'8Z1 | § BSY'L
89621 - ) | o VL
Z6'621 L L3 oes
|~ zesL
£9°951L— ' g Q — 895,
< O I 6.GL
z | L8Ll N
T O 3 LR 9esL =
+ 238 y = 182 ]
rn 8o ‘ zr % Z16°2]
O r 1862
: LeL'g
€095 — - O o
£ 8

0.0

1.0

3.0 20

4.0

50

6.0
S76

9.0 8.0 7.0

0.

20



Yo' Le—

LySy—

89'9/

S.RW
o4t
9161}
950Z1
00'SZ1
61SZ1
19'6Z1
08'SZ1
so9z1
Cr oz
z1zLy
zTIZLA
85 /71
99771
10121
L0zl
28821 ]
0,821
orogh!

€6'SSL—

VOV —

916~

B5°8EL,
61521
19'GZ L
08'GZ 11
S0'9Z1
A AR
e ozZL—
00°2Z1%
NENIW
i
I

T

rard}
85 /21 ]
9921
yINrAR |
oezLf
88T
0,821
8e'62L
95'6Z 1
or'oclk
86'LeLr
6/°CCL \

06¢cel
c8'8el

P9Erl—

€6'651—

124

16 112

120

136 132 128

140

<t
<t
-

50 40 30 20

60

80

0

1

70

90

110

130

150

170

190

0000

06ecC—

9£9'9
Lh99
5000 1
688°9-

0069 ;
zoL' 2
Zil
ockzf
151 2]

8 |
6YZL

6082
€28
98¢/ |
902
09¥ L1
YL
2061
6062
6582
618'L1

2058,
/

£9¢'8

400MHz

———p

—

66'¢

0.0

20

30

9.0

105

1.0

4.0

0 5.0

6

70

8.0

1.5

S77



F o
L 0000 -
=)
=
86102 — ~ u
(-]
E o)
[ ©
0L M — -
© ossgT— ————————10%
L ©
w
L ©
[{s]
&
9902\ |
002z } o
il @
69 L1 ,
G6'8LL -8
€90z}
LIET) | i .
] o e 660
Szl o qmmi
10621 —— T 9999,
9z'sz1 | 269
129z} = - ceeoy
8e'ozl = . ose9
97 /21 = ‘ N3y
ovazt | = | en
Ov'6Z) - F oz
6962} fp— o YL
6E1 — -8 elzs
8tocl | ~ ezt
L9LE} L ot
veThl L1VEL
sLghl = o 20VL
zzorl, L F= zzvid =
61611 = LT zest x
L peg L]
o o
= 0022 S
o 081
T2 o684
TR

7.0 6.0 5.0 4.0 3.0 20 1.0 0.0
S78

8.0

9.0

105



T e

TS o000— E
Fe
9602 — — &
-8
L © o — =
86" Ly— s § e
-3
Lo
[{e]
Fe
8904y
zeLl F®
£9'LLL | o
1061 7 ke -
oozt :
| e
AR} ‘ ;
. o €0T1q
9esTH| - r= zzly
LG'Gel , £ET 2
oLzl = =
— | 9cT' L
06'9Z} : ] :
05z’ 2
€T 121 =} | & 022
06221 - LT eogs
FARCTAR = aces]
15621 ol r :
€962} | iy
. o €l
e = [ EeEl <
2gocl ] =
it . Q=
: | 195, N
eeeyl = o 085/1 5 - %
mn.mv—_ w T~ o092 S a ZT A
08051 = | v08'2 g° O
= L ¥28L A_v
| 1262
o opELl £
Ly

0.0

2.0 1.0

3.0

85889 % 3 2
o
6.0 5.0 4.0
S79

855695

N0 —
7.0

8.0

10.5 9.0

12.0



0L 1L~ — Lo
| o 0000
w | b veal
-
00’1z — — ~
[ ©
90'6L— - s ] )
05°0Z1L— u B |
¢ o iz
‘bp—  GL'9ZL S | - =
B g | o 6erz/ o6z
81°9Z1 % =
06924 Y
L2 - -3
zzizh ]
Ay Lo 1
0oz 9622V '3
omﬂ“ﬂ 25821 -~ IS
) z8'8zH
906+  9F6ZL &
05°0c) 29621 r o
c1ozkl  1eog) GPoG— —00}
0992k o08FcL— L@ | L¥8'9q
819z} - z989
06°9Ch{ 2r9E1~ o 6169,
bzzk|  8ssel~ ) = 6269
A4S I | mmE.w
Zrev) eseel” o T L 9lL
0Liek| szovi~ g — sezsf
9621y 90vL" o Wit
z5'821] L 8 g5z
zgszl  e6TPL~ ¥ RN.%
oreEl] 95 EhL— 96T,
zgeeh | © T 00
LEoeL | - o BLEL
19011 | 8 6tF2
] |~ e9rid
¥1 GG — ez GO/ ﬂwu
= FGl9)
‘m z . | B [ 806'L o O £ O
i 3\©\ N | © sz Z3 P
M m P - P ~ 0g1'8” m Q ZT =
oy | o O
w -
E W £ w
pLG5L— < | = -8

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
S80

8.0

9.0

10.5



‘O— - =)
000 — )
e
BT S~ — .
vooL” | o
66702 = &
L ©
o
F S
o .
Bkl ) 0gre 10°E
P B
[ O
[{e]
PR
LLOLy
Ty - s
gBiit =
90611 -
vg0el F o
Q0 £69'G— —— 10
L85zl L :
: 1897
€19z | .
i 968'91
VA4 AN [=} i
g ) L € lgzeo
$9'9Z1 1 - = .
: | < loseor
IS1Z11 .
s | | |sozz
egrAR .
i 9Tz L\
956211 L
; 05Z'/
LGBTIE o Lt
49 L@ [z
9z0c} & It
L 96Z'L
zivEl el
: | losgl
y9'Gel o
geb L6t L
0521 e
£6°8¢1 8 e
—— e val'l =
6551 g [ B &
o b O - O
.’ O z O o [108 25 N
- - =
=9 — S0 P
g3 Per F g° - =
0 | 20
I’S {l % n_li—lnud

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
S81

9.0

10.5

11.5



10

66'0€— =

65—

89'97
oo.tw
zes! i

08’1 i

VOB L

0L 6L

PE0Z I

68011 y r

€602} i

Coghat | L

99'1Z}1 —

tﬂ.mmrw :

009241

SE9ZL

1592

rLagh

1z9el

GG'6Z

620E} |

coockf
sovel]

L
16'9E L] [ 2
pSIEL] O - O r
g1'8cl i t
601 =
9z'ehl g
gt bl O [
69051 O F

SSvSi

80

90

110

TL6'1G,
69 /G-

130

=Fr

-

150

N s
170

190

-100 -120 -140 -160 -180 -200

S82

-80

-40 -60

-20




0000-—

vive—

S09'¢—

999°G—
5559
9/59
Lpe'9
z99'9
.BE.M
18V L
\ee Lt
Lz 2
Loz 24
6052
S0¥ 2
LZy L]
l6v2
LG
zell
9zi't
ovs'2
LE6'2
1S6'Z
9Ll'g

400MHz
CDCl,

el

I|LT 10°¢

—_—— 957

8.5 75 6.5 5.5 4.5 35 2.5 15 0.5

9.5

110

000—

00'le—

6r¥P—

6066 —

0292
Z0'LL
it
1€l
pL6LL]
oV 0z 11
205z H
81'9cH
219z
e89z1{
€8 Z1
og2zi
558zl
_N.mmrw
Y 6T 1
gzogk”,
zeeelf

I

cl'sel
629¢gl
0921~

60'9S1~
L8

QN B

100MHz
CDCl,

el

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S83



000°0-—

covyc—

2E6G,
1S6'9
1169
18691
6002
920°2
£¥0' 2]
Shl'2
vol2]
¥z L]
96z 2]
9052
0ze2
6EEZ]
85e'/
L0t 2]
vey's
lE¥L
Y
Lel2
ze621
Zve2
620°8-

400MHz
cncl,

—=16¢

——960

0.0

1.0

2.0

3.0

4.0

5.0

6.0

10.0 9.0 8.0 70

11.0

80—

LLvr—

89'9/
oo.tw
&t
0z 6k
05021
$0GC| |
B6'SZH]
vZ'9Z 1
eLozH
98'9Z 11
62221
€281
FAeyTAR
816z
E.mN;
zg6zhl
mN.DmQ
grogL)
z8'LpL

19951 —

100MHz
cncl,

20

60 50 40 30

70

80

0

10

90

110

130

150

170

190

S84



0000—

L1C}
mmm.vv
coe’}

9¢le
wnh.wv

6t 'G—
0697
756'91
9869
86691
620°L
0L
6 &.ﬁw
zeT Ly
wwm.h;
(e
26T L1
8zeL
IR
GZy' L
2954
VMR
BZLL
296
vi6L
(AN

600MHz
cDCly

-10€

ooz

660

120'F
16
962
Ee0'L
r00e
860
00'L

=

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

9.0

10.5

959'S1—

1£8E—

LCS¥—

6L°9L

002¢
oitt
6161
61021
506z}
209eH
V9T
£9°9Z1 1
8.9z
g9z
08'2ZH
£5'8Z 1
LL6ZE
vS6zLY
_N.on&m
ZL el
5l :lm
SE'EYl

=

T p—

L0961 —

10

50 40 30 20

70 60

90 80
S8&5

150 130 110

170

150MHz
CDCly

190




0000—

IR
502}
vmm.%
G0g 1
vle L’

69,
et
5869
1669
9z0°2
6E0°L
1502
ozl
65241
0422
zoe' L]
80g/
Y
6281
el
[0t ]
0ztL
L.
Ga5' .
Wit

€¢L'L]
1862
¥rlg-

600MHz=
cDCl,

€0'L
00’9

8.0 70 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

10.5

80vE—
99'€e—

16—

649
00°LL-
Le'LL

S9'LLLY
ZTSLH
61611
prOzh

00'SZH
AR=rAR |
66571
5Z'9zLy
PGz

89z}~
01221
8121
0582}
GL'BZL]
VTR
srocky
Z9tEH
grgeL]
8L '6eL]
Nm.:i
LLEDL

Sapi]
v0'951-

150MHz
cocl,

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S86



0000-—

04T~
64€1

194°6—
€260
mmm.&
G86'9
166'0
9z0° L
8c0°Z
050°2"
192 24
£iz
1622 ]
¥0S'2
9Ig,
82 L1
Lov'2
EIPL]
L L
165 £
(W] ¥
0zl
z86°L
¥66'L
€618

600MHz
cDCl,

-
-

NN
N
H

C
»

5d

7960

w160
00’}

rc68 |

=160 |

o0 |
168 |

Floe |

10.5

0.0

1.0

2.0

3.0

4.0

50

6.0

7.0

8.0

9.0

vre~
95¥e—

c9'Sy—

6197
DD.RW
V'Ll

69 Lhbe
P L
[T6LL
670211
AR
FARTAR
Z0'9Z 1
L2924
659241
L AR
18421
z58zH
zz 6z
9z'0%} 1
68°0E1
YT rEL
899 H
coseH]
Z8' bl
E.ﬂi
6SEYL
960511
bZ'951"

e i e T L e

150MHz
cDCl,

20

90 80 70 60 50 40 30

0

10

110

130

150

170

190

S87



000°0-—

csec—
8e9¢Cc—

8/19—
968'9
806'9
996'9
160]
Noo.hﬁ
102
Gzo' /]
9902
2522
8¥zL
897 L1
vogL
Ity
€65,
sov'L
60.L
0zLL
5162
86,
Pr08

600MHz
cocl,

105

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

¥9'02
ow.owv.

66'/8—

691

0022
o¥ist
LIBLL
8v0gl
18121
26'SZH
1911
72921
602214
TR
YTAR |
sezl |
AR
50087

ycoel
mm.me_M\

—_—

£8'6el
o L¥L-

€0'951—

150MHz

cDCl,

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S88



000°0-—

6622,
lee’

869'G—
PIE'9
£96'9
1169
€00
0202
vee L~
z¥e 2
zoT2
922
€622
86c'2 ]
oLr 2]
L0242
904’2
0zi'2
1162
15672
9662

400MHz
CDCl,

-

J

L6

—e0'}

10.5

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

1.5

SCBL
hN.mvv.

Livr—

89'97
oo.tv
il
LBl
ge0eh
63T 11
E6'5TH
61921
G192
reoz L
L1ITH
ovezl}
:.mN:W
600
IPOELf
06°0Sk
IETEL %ﬂ
0E'GEL
86'LbL

66'S51—

100MHz
CDCl,

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S8&9



0000—

400MHz
cDCly
N
H

z0e
‘10'¢
0°¢

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

9.0

105

1.5

000-—

Srol
E.m:v
880z

99'8E—

0491
No.t.w
Jlhas
oL6LL
eF 0zl
6221
98'GZ1
0992} 1
€8'9Z11
WYNTAR |
884211
058zI§
B.mN:W
60°0E L
89°ZE L
on.nn%
18¥EL
¥L9E) \
6oLl

Pe'SGL -

100MHz
CDCly

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S90



0000—

198'€—

$0L'6—
916'9

2z69|
0¥6'91
6569
1169}
£66'9
GLOL
¥E0' L
1502
GZZ 1
e L
19z,
98z,
Hes
98¢/
LOb' L
1¥5
695/
1022
VN
926',
ob8' .
990°8

400MHz
CDCl,

O/

Q)

N

N
N
H

5h

—10'¢

—860

8.5 75 6.5 55 4.5 3.5 25 15 0.5

9.5

11.0

erSr—

6155~

899/
0022~
w@nmr
192111
ZS Pl
1061
8t 0z 1
AR
80°9Z 11
vZ'9Z 11
89T 1
Z6°9211
b8'1Z1A
15ggL ¢
vO'6ZL
£00EL;
1ZEL]
06'E L’
85 Ll

T e

6851 —
L7651 —

100MHz
CDCl,

O/

Q)

N

N

N
H

5h

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S91



000°0-—

9yl
niu._.W
Lor'L

L40%A
¥B0,
N:iﬁ
621

004G~
1169
mNmL
G769
#9691
9869
z00°2
¥e0'2
zro2]
6502
zez
9z L]
€9T2
Vig]
vee's
$Ot' 21
6lt2
955/
9/G1
6042
PLL2]
8zs't
5262
vh6 2

8808

400MHz
cDel,
N
H

o

—86'C

———07

€0’

10.5

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.5

68'¥L—

erSy—

69'€9—

89'9/
B.RW
nm{}
90°€L 1
SLGLH
YOBLL
60|
1692}
8092 11
mm.mmi
Z8'92 )
eE9ZLf
pg 2L
AR
B.mm:\\

S00Ek
mm.rmé
PE'SEL
£9'LbL

c8vsl—
/8851 —

30

150 130 110 90 80 70 60 50 40 20 10

170

190

S92



0000—

PSely
0.€°L
Si¢L
16271

0097
Gl9¥
onm.vv
GF9 ¥
099/

PR e
mnm.%

8169

196'9

G869

€00'4-
¥20'L
cv0'L
650/
AN
29z 2
TLT L]
G6T 'L
e
zeel
1e'L
ovL
alvL
G85°/
oLl
621
£T6'L
cH6L
9018

J20C |

N

o}

400MHz
cocl,

0.5

Fe0'0 |

Fes0 |

Fie0 |

66'9 |
oo’k +

~voe

2660 |
100 |
i

660 |
‘o'l

10.5 9.5 8.5 7.5 6.5 55 4.5 3.5 25 15

11.5

90°¢e
oN.NNv

erSy—

L0,
89'9/1
002/

&n&r

207k

9991 |

80'61 11

15021

00'5Z 11

6092} 1

1£9Z ]

£8'9z L]

o691

VAR

AR

04°8CLF
E.mﬁw.ﬁw
800k &ﬁ
YT LEL \
9098} \
69 L)L

68'4S1—

60 50 40 30 20 10

70

90 80

S93

110

130

150

170

190




. | o
0000 R S
J copL— —
Lo
4 ~ e
L £i8e ]
£9°8¢
| o ey
[aV] | e
56Tz B— wm.mm -
bege - L e ]
| o t8ep
LLLE— J © e =
516 — e |l o
- 899
| DD._“._“M e ————
o vEB0t
Fe W
L el
L zosLL
8065 L4
856'9 2 stz
o —
b 0% [ ezl i
E0"L -|I...ﬂu§.m ° E.mmrr —
TN /460 [~ oozl
SaLLE -IMMOO.F L wms
09z Lf 1460 [ soseLf
Ch WMJ 0% | & pogzi
:&..ﬁ ﬂ___fmm._. [ oo proct! 3
0cv'L 001 T gpzel) T
82t/ L )
i 12 Lrl
st L |
mﬁi L2 e0tsi |
MM.M t 80'9G1~ ]
2 0O | Segss
1651 " D K= . N
£68°L S =) =
ZI6L mm = | mm =
S r -
088°0L— O O —00L | © O O

90 80 70 60 50 40 30 20 10

594

110

130

150

170

190



0000-—

LieC—

ci8e—

8/9G—
zr6'9
196'9
8669
9102
ge0'z
8802
€022
ez
8ez 2]
66z /]
692/ |
99z'2
Gecs
0021
zov'L
€692
6692
A
726,
A IA
0662

= 20¢

fR"
oo

— 0L

400MHz
cDCly

105

8.0 70 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.5

186l

SC¥P—

G685 —

899/
oo.hhv

R
9" LLi
916k

VP 0ZH
S6 T
68°GZ1
LTI
LT
08'9Z1 |
£6'9Z1 1
66'9Z

|
]

AR
6¥'9Ch
506z}

LLogL

2 =
99 _.n_.\

o0cerl

vN.mva

61951

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S95



| 000— -.
q (=]
0000— e Fe
I = .
o
(o]
| S8 ¥r— —
[ o :
L2 loes
[ Vhee”
8re'e [ P
co6's” T
i €0l 7
YLl
Lo
w
1911
ARAT!
969'5— e e
8£6°9, ['© Eh6L]
9969 |
mwm.w [ 905Th
< o 80°92H
6204~ N slach |
mg.ﬁw PoBL9zh
Ly Foes9zlg
06}'L M
WeLE e 98uCH e
= = s =
: L poeel
Lo | o 6O0ELf —
gsz'L FS 6L9El
el L oszeely -]
05t — L ogeel] —
80Y . Q | cozpid Q
ira g o X = Q [ B o X = Q
pLLL 3o S | oren 3o N
ks g8 v ; Lo erssh £8 2 §
& - ® £ -
2 v s | s

90 80 70 60 50 40 30 20 10

S96

170 150 130 110

190



0000-—

4543
eer'l
62yl
oyl
Syl

mo—..v
N:..vv
vel'v
ZrLy

z59°6—
6169
SE6'9
¥56'9
1669
5102
LIV~
91z 2
9T
A
692 2]
878/
6552
1997
1492
1261
L1611
ziLe

p———rn

400MHz
cocl,

——660

OEt

OEt

10.5

8.5 75 6.5 55 45 35 2.5 1.5 0.5

9.5

1.5

clyl
hh.vvv.

cLl b

6E19

259’
89'9/
0022+
cwis!

GO L
I6ELL
Rads
€681
02021
E.vﬁ?
ossgl
S0'9ZH

89'921}
64921
007221
L2 igL
9£'8Z 1
69'8Z1
19621
2L9gL
£TBEL
SFBEL
L0ZpL]
LV ibL
vegr]
£Z'g5 1

S

100MHz
cocl,

|

OEt

OEt

80 70 60 50 40 30 20 10

90

110

130

160

170

190

S97



0000~ - i |
|2 .
. ]
L9 ]
o 8hh— _
| 0
o
L@ 899y _
¥ 00y =
zelL 3
09'101 :
— L v zosol| i
e —— 660 | © ¢ga0L
b u“mmm.o L G 1L 1
i 0oL | L0611 A
A e qm.owé
sl | © oGzl e —
bege | o09el —
omo.tﬂ 60'9CH|
Doy [ GLOZH
o ~ PRzl
e [ 08LThf
i vv.mm%
L4 o PSETH
bed [ B.mNLT
B | eLoeL
Rl RS i =
D . o BOEEL]
4 o vLopL =
8941 M RGN - i
299, 2o O % i N, © 2 O
869'/ =8 0 [ el 23 ) :
606°L 20 y 3 [ BeTs £ 8
; = ZT I g ¢ °
2 C E T O |
8 | s |

9 80 70 60 50 40 30 20 10

S98

110

130

150

170

190



0000—

828 01—

400MHz
cDCl,
N
N
H
5p

~96'9

(el

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

17110

¥0'8e-
86'2€-
61'8¢
or'ae
19'8¢
z88e
£0'6E
(A
Goep

904~

89'9/

0024

oF st
8 I
0521 H
18811
LGEZH
ads
VST
28Tl
sz
€55
BS S

!
|
|

8v'9cl /w

81'8cl

9E el
9.°0v1

E.RFM
86921

SO¥SL—

[A%:=1

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S99



0000—

062'S—

Bee ST
8¥5'91

¥00°2
12021
8e0'z
160°2
6202
1802
18121
88127
0z L]
1522
9iT.
GGE' 1
€9€'/
Zey
0¥
85k,
W2l
12l
0£6°1
0562
gzL'g’

i

0.0

1.0

2.0

3.0

4.0

50

6.0

7.0

8.0

9.0

CDCl;

400MHz

10.5

66—

899/~

60 50 40 30 20 10

70

CC.FF
ot
8e'cLL
oLPLL
16'GLL
€191
LEBLLT
FANAR
TR
10°9C1T
62'9Z 1
12°9Z 1A
A rAR
09'8Z)
L6z
0¥0EL ],
SZ'LEL)
601’

T pap—

1€'9G1~
¢6'09)~
8e'e€9l—~

80

160 130 110 90
S100

170

190




06C9LL—

376MHz

CDCl;

i
(]

F
N

N
N
H
5q

-140 -160 -180 -200

-120

-80

-100

-40 -60

-20

000°0-—

yee'l—

600MHz

0.0

2.0

3.0

7.0

8.0

9.0

CDCly
10.5

1.0

4.0

5.0

6.0

S101



88—

6492

Do.hh.\
ot
.v_‘.m_‘:
mh.DN:
.vn.mN:
60°9C1
0€921{
129211
0lL221
Om.hN—L_”
09°8C1
SlL621

ey
6962}
z508

S90E}
mh@nrx
6L0FL
PO'2GL—

90 8 70 60 50 40 30 20

Cl

150MHz
CDCl,
NN
Br

N
H

Ci
C

0

10

110

130

150

170

190

000°0-—

¥GT'l—
9651 —

912G~
1£6'97
Zr69
L00°21
8102
P02
950°2
86z'2)
z8T L
Lig2]
0ct'2
Red
8ov /|
8it'2
€€9°2
8L
62421
6E6'2
26621
zile

2.0

3.0

5.0

7.0 6.0

8.0

9.0

10.5

0.0

1.0

4.0

1.5

S102



6962

08'¥P—

6L9.
00'LL)
LAt
LVBLLY
L102H
LEGCL]
zz9eh
Z89TH
159211
829211
061211
R ;
hrdmr%
90'0e ¢
9508}

Fmdnrw
v2zel

£195H]
BL9EL

—

GL'G1—

150MHz
cocl,

Br

80 70 60 50 40 30 20 10

90

110

130

150

170

190

0000—

¥e8'e—

LoG—
LI6'9

0£6'9

z56'9

6969
7669

Loz
6cl2]
8912
0612
€1z
97z
1€T2
ore s
0422
GoE'2
18/
zi92

G491
169°L
8181
868'L
cens

— A

— 10

0.5

25

6.5

8.5

10.5

15

45 3.5

55

7:5

9.5

115

S103



Clvp—

12'96—

89'9/
oo.tw
ze'lL

19'11

'l

959l
G291
L06GLH
0902}
LVSEH
om.mmi
ELOZH
¥2'92 1A

z59z1L-4
69921
¥SITh
65/T}1

08'22H

05921
668211
62°0cH]
129gH]
568t} |
oF Lbh
rAgad)
66'Gkl
019kl
0£054
92254
$9'951

S

m

L]

-—

il

-3

I

80 70 60 50 40 30 20 10

Q0

110

130

150

170

190

6427281

-180 -200

-160

-140

-120

-80

-20

-100

-60

-40

S104



0000—

PPEC-
2107

999'G—
9Z6'9
169
¥86'9
1002
1202
6€0°2
95024
1812
152711
G211
8ze'L
el
£0V'L
(Fa s
LEVL
POV L1
8692
GlLLL
GLE'L
GE6'L
g

T

400MHz

cocl,

+oo'e

860 |

6L
960

10e

T —

6T |
o'l |
le6e |
661 |
660 |
‘00'L

105

12.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

1295~

8997
DD.RW
ceLL

2L W
voZLL
€T 6LL
610z}
ANEA!
6E'GEL
96'GZ1
1Z'9zL
95°9Z1
61921
987/ 1
Ge'8z L
85'8Z 1
v162H
1S0E
190511
z9'9c
pe'agt]
ee bl
€551
63'EG)
0¥ 254

S

-

100MHz

CDCl;

20

150 130 110 9 80 70 60 50 40 30 10

170

190

S105



0000—

c66'e—

ThiG—
626'9
1¥69
1169
L1027
€07,
omo.hw
890°2f
867/
Z6T L
g6e /]
Fragx
ShPL
cov's
V2L
120l
€95/
867,

-

= l0¢

—00°1L

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

9.0

10.5

11.5

12'8€7
1#'8E
€9'8¢e
£8'8¢
£0'6E
¥ '6e

18°¢cr
09's6—

89'9L

U

mc.\I\I

Ciaa
L W
2L LbH
806l

#2121
CEReAR
LVGZH
arazid
62921
9€' LT 4
BeaCh|
B60°6Z4E
176217
pezel’
06951
seovh’

P6'ESE~
16'651"

J\,

80 70 60 50 40 30 20 10

90

110

130

160

170

190

S106



0000-—

By’ c—

662G
569'G—
3669
£66'9
Z00'L
8101
950,
5502
z.0L
65CL
€87 L]
16221
gee's]
9957
€2
pIy L]
0sy'L
ary L]
aoy'/
0zLL
58l
£6'L
£66'L
8808
911’8

00

660

(€02
€0
00’
S0

L1oe
6]
00t

'g6'L

10.5

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.5

8c'ie—

6L ¥

89'9.

v v

celL

w455

oVeLL f
mm.om;,
gzgzi "
vm.mm;
08'9zZ1
16221
198z}t
0z'6zh ]
8e gt \
8yogh

oo.mm:\
zzeeL’

8025}

100MHz

Wi

M

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S107



0000—

ik
mmm.&
920°2
8c0'z
8ce s
EN.NV
S6CL
90€'2
€88/
1ov'Z]
L]
Yrads
6EFL
LSh .
092
€592
¥99°2
9/9°/
00421
62L2
0¥ L]
6562
0518

Ph

600MHz
cDCl,

100" L

c0'¢
[1e)4
86't
10'S
160
o€

166°0

96°L
160
00'L

10.5

8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

9.0

LE°Gr—

6291
0022
bt
SLGLL
¥50Z1
LSl
19'SZ)
4%
€19Z1
189zL
98'9Z 11
66924 1)
LEIZ 1
A WTAR
egszlf
z58z1L
11821
LVBZL
866211
LgogH

99'9G}—

0L b~

GL'6L—

TgeeL
19'5Z)
Lozl
£19zL
LE9Z |
9897 1|
66921
LE LTl
A gTAR
££8z)
zeezl
118Z)
LVBZL
86'6Z1
LE0E L
6£°GE L~

08'9¢cl—
PO'6E L~
czovrly

8z orL’
e did

0L'Srl—

99'95 | —

150 146 142 138 134 130 126 122 118 114

154

50

150MHz
CDCl; py,

150 130 110 90 80 70 60 40 30 20 10

170

190

S108



000°0-—

{926,
Nmm.ma
noo.L
FALIA
6104
L0 2
902
980° 2
vel
Nm_.h%
152 /]
862/
6922
6EE L
1581
8/€.
Levs
BEV L
(rey i
vell
oVl
G06'L
GZ6'L

400MHz
cocl,
N

10.5

0.0

10

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

91°Gk-

899/

ot
BLLLL
LVBLL
TTHLL
VT BLL
Y9021
LSETH
0Tz}
6292}
06/2}1
BSBTHy
LLBTLA

|
W
s

€861
i

mnon:

m_.._..m_.g\j
s

0£'9gl
8z LbL’

28951

_m.@mﬁ

00251

100MHz
cocl,
N
H

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S109



0000-—

vers—

HéE,
096'0
L66'9
6660
9002
8202
LY 2]
vOL LY
bz
S¥e L]
zees
Zres ]
GEL
¥652
SO’z
ozv'L
Zove
Live
AV
L
LeL L
8262
8v62

400MHz
CDCl,

]

10.0

8.0 7.0 6.0 5.0 4.0 3.0 20 10 0.0

9.0

11.0

66—

8204
899/,
o) /

s
LEELL
L9GLE
L06L)
£50Z1
z19zk
Y2921
189711
7912
984211
P08z
bS8z
Ay
6O'6Z}

zz el

z0'9El

2981

L e

€0'S51—
£9'851—

—

80

150 130 110 90 70 60 50 40 30 20 10

170

190

S110



0000—

0esT—

Peés,
£¥6'9
102
GEO'L1
¥eT L
e¥TL
6¥2' L]
g5z 2]
v92'2
0lg L
9ze L]
98/ 1
L2
GBEL
SL¥iT
zTsL
£FG.]
9692
102
9L
6LLL
826, ]
8v6.

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.5

11.5

16'S1—
0C'S¥P—

89'9/
oo.tw
ks
LLBLL
15021
00'SZ)
716zl
A4S
G1'9ZL
08'9Z14.
rA%
vz
eRTAR
Q.mN:W
10081
szosL.
zeself
8L9ELr
L0181
8z 11

9¢'951—

60 50 40 30 20 10

70

80

90

S111

130 110

l
170 150

100MH=z
cDCl,

190



0000—

€v8,
£€6'9

zIoL

620°L

¥h0'L

£90°/

€52
0822
062°L
So&
gee s
£1€ 1
zael
0Ev' L
B
Liv's
109
629/
1111
veLl
9r8'L
996°/
8rl'8

coel,
OCF,
N N
N
H

C
O

400MHz

5ab

10.5

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

1.5

08 LLL—

ZZ6L~
pe6LL,
ve0zh—

oo'sr—eL gk

¥ STl
mo.mm:_ﬂr
1592 h:

9492
89'9/ 464
oo.twwm.mﬁ_
omn.\ﬂ.m\mr.mwr
Nm.m_rz om.on%
e 9/,°0¢)
$8'0C)
€L1EH
rrSe L Y-
mo.oﬁ:xu.oﬂ
8’9zl {¥89el
15921 82881
mh.mﬁ:?m.oix
46221
w@.wﬁw”
61621 &
09°0¢kr_ .
E.Dn%mm i
v el
69'0F)

. Sz 8rl—
6L2GL—

617251~

122 118 114

126

142

146

134

138

150

154

100MHz
CDCly

OCF,
N\ N

5ab

=L

40 30 20

60

10

170 150 130 110 90 80 7O 50

190

S112



or9'/G—

coel,
OCF;
N N
N
H

C
O

376MHz

-140 -160 -180 -200

-120

-80

O

5ab

-100

-40 -60

-20

0000-—

5886,
p069)|
z869
6669
€102
L€0'2
602
Seb' 2
91Z2]
IETL
€52
Lz ]
91£2
vee's
£5E°Z2
64€2]
1682
SIt2]
L2
1192
6892
1882
1062
1508

5ac

0’}

0.5

7.5 6.5 55 45

8.5

10.5

11.5

1.5

2.5

3.5

9.5

S113



98" —

89'97
S.RW
vFobh
S04
Z8 1L
€061 1
080711
P'STi
61'GC)1
8cozL 4
99'9Z 11
062Z1y
Z9'8Z 1A
516214
mm.omrvw
zooch
Z6'9EL—
0/ 0pL—
vierL |
gLept

S8'9SL—

5ac

o

|

190

80 70 60 50 40 30 20 10

90

110

130

150

170

52Z'05-
69661~

8896y~
Zerer-

-150 -170

-130

-80

5ac

-90 -110

0 -10 -20 -30 -40 -50 -60 -70

10

S114



0000-—

eere—

GE6C—

1£6'9
£56'9
1969
#86'9
L0
6201
1902
FrdWE
ehLL
5614
viLL
G612
68T
78T 1
ziSL
06€'2
90¥ L
Zivi
z6¥ L
192
1892
6208

fr69,
\

g
O

CDCIy
YW N

G
»

400MHz
N
H

Ba

- 10e

co'l

[56G
e
-00')
20¢
1660
£ 10T
00}

0.5

25

4.5

6.5

5

85

10.5

1:5

35

5.5

9.5

115

00'Lc—

5 oP—

89'0L \
oo.hhﬂ
(45053

¥ 801
mm.me__
68'GZ )
¥89zl
¥9'i21
98'/21
8Tl
00'6Z1
LL'6ZL
¥£0SL

1€9G1—

100MHz
CDCl,

30 20

40

70 80

80

10

50

90

10

130

150

170

190

S115



0000 E I

0
(=]
| 96'0C-,
R4
LOPZ~ wise | in
= ; Z|lw
S6¥'Z 662 [ o oy
[ ©
o
[ 8992
T
| fie
8Ll
L2 e
LG~ —o L ez
mwm.wg L esozl
| L pE9zi
8969 Lw grz
rea.9 © vreziy
m%.m | oLezLy
: LFBZLY
- F 3
wmﬁ% | SL6Ch
N R
lovLf Fe0e)s
Z6L Ly I .
= 9/ ¥EL
Ly | preel
so¢ 24 L9 eueld
185°L Vg Ll
6P L
6% L1 r ——
; | 90951
1692 z Q [Te]
£68'L N A Mo
=0 o [
S5 e B 3
-+
w
() 2

90 80 70 60 5.0 40 30 20 10

S116

150 130 110

100MHz
170

cDCl,

190



000°0-—

AN
sore”

089G
12697
06’9
8560
G607
1669
9102
££0'2
9902
80 L ¥
IV
181/ ]
§lZ'2
652 11
1882
cov L
6oy s
G0G'2
G69'/ 1
Wt
LogL
zzgl

868,

400MHz
cDCl,

e

—="660

(S0'G
102
=% 10}
=701
—==-86¢
-—00'}
=icoz
€0}
log't

8.5 745 6.5 5.5 4.5 3.5 25 1.5 0.5

9.5

11.0

8602~
00ge”

LSy

89'9,
B.RW
At
0881l
Rasd!
BLYTI
G6'GZ I
8Z'9z!
Z8'9z 1
CYNTAS |
18211
razid
L6z
Zr6ziy

600EL
Ge0el”
%SQ
£ LEL),
LrIEL
08 Lyl

c0'9SI—

LA

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S117



0000— —~ F
w0
| o
_ F rooL— —
i — .
o B
oor'e -Lr e |
pive) 109 [ 19
. lEGh— —
w
F e
[Ty i
L 6291
Y oo =
T obott
o GL0ZL
. _ [w o060z
HE§, T Y@L [ vz
096'9 r L8'GZL
vi6'9 o 86GTL
986'9 i To vt
8102 AR
LE02 F LT
o2 o S58CLY
051’2 F i~ GLBZH
g1 I E.mmrw
om_.& [ eLoely
181L o E0EL
€612 b LLYEL
8612 . z59¢l Lﬁ_\
€47 2 . LG /€L
sevl P 69 1L
lev ] FEE peo e B
. 80°951 —
82 I
1151 = b O Z Q
085, Yo O ¥ Q , ze )
¥8i'l =0 - . = 7 -]
992/ R Iz © bas 20 zr. ®
¥08'2 ] = -
1182 O 2 O ;
O - O

90 80 70 60 50 40 30 20 10

S118

170 150 130 110

190



0000—

1651 —

geye—

Le6'C—

£99'G—

£96'9

€00'L
610' Ly
mm—.hd/

€2TL
LETL
vz L]
PIEL]
szy Ly
9052
SzLlL
0008

|

4.0

600MHz
cocl,

B6'C

20t

—< 660 |

=

€0’k
J_:wm._.
001

20 1.0 0.0

3.0

5.0

6.0

S6'G |
.Lﬁmm.r
SP0T |
('B6T

10.0 9.0 8.0 7.0

11.0

o'Le—

SC'Sh—

865 —

61921
oo.kw
\ZLL

£9°66—

8G¢CLL—
g
vw.mmr%
_.w.hN_..v
98'/cCl

6¥'8C1

._l.mNJ

LG'6C1
reoct

0LPGL~
L0951

60 50 40 30 20 10

70

80

90

S119

130 110

150

150MHz
cDCl;
170

190



000°0-— \|J_ L 000-—

w
Fe
00'Le—
)
ceFz— ——piE |9
6E Gy —
[ 6595
o
858'C— —tzoe |
o orel
[ <« NO.RV
| €cll
w
¥89°G— 2w | e
908'9 I
£26'9
v¥6'9 o
96697 .l p—
oL .MWM.M L ww&_;
S0 | =160 | cgoni|
80021 ) ‘Ws.m 2 Zeuzil
86141 S
it 00l | .
81z4 15'8ZL
Jdo o [ db6sld
eTF L] I GG6ZL
8er s L 500Sk
075/ Foozgoeld
zelt .
6182 Q Lo orgsl~
Lba s 5o O z, | @ gregl—
S0 - r
3 w & ZE 2 0
<+ O =]
s =

60 50 40 30 20 10

70

90 80

150 130 110
S120

100MHz
170

190



0000

elwre—

288'c—

183§,
€102
1£0°L
2z L
042 11
£6€ 2
mow.L,
0€5 2~
TrLL~

1128—

400MHz
cDCl,

0.5

—coe |

25

35

16T |

6.5 55 4.5

7.5

10.5

15

85

9.5

1.5

86'0C—

GGy —

1E°65—

89'0L
oo.th
[A50 N

LIp0L—
S 0TL
16521
98'9Z1.
LI1ZL
¥8'1zL
05'8ZL
£1'6ZL
S¥6zL

LLoEl
g ogt

L0951~

100MHz
cDCl,

70 50 30

0

10

20

40

60

80

110

130

150

170

190

S121



000°0-—

ovvre—

616°C~
21007

9€9'G—
5189
L¥6'9
096'9
PE6'9
o2
9¢0'2
550'2
zi0°2]
1812
9022
mmNL
e
L0g'2
1621
PI¥ L
el
2052
9252
LVl
Geil

Mﬁmo.r
€0'¢

400MHz
cocl,

cve'L

—86'C

; €0'e
\HHHHM%an

00°L

(o'l
(10T

S l0E

1ol

=t
#oow

€0'e

'g6°0

0.5

15

25

3.5

000—

co'le—

LL6Z—

¢SSP —

€195
mm.mmv

0£91

20 10

30

40

9.5 8.5 7.5 6.5 5.5 4.5

10.5

e sl

ve'Ll”

Y0 ¥6—
¥/ °66—
6L 6L
S0'9Z 4
G992}
98 /24
#18Zh
05824
09'82 |
SZT6ZL]
65621
S00gl]
8e0g} |
¥61E 1
FOTEL
62 LE1
GGBE
69 L}
LO'9P
61671
12651

B e

——

80 70 60 50

90
S122

o

ds

110

130

150

1
3
3

170

190



0000—

9zre—

€956~
986'S
Bo.mw
19.'9
:”m.my
0569
1969+
500}
0€0°2]
8ro'2
990/
62121
661L]
65T.
L
1Tri]
€612
152
00.'2
w12
0£6'2

zoe
660
20T

660

400MHz
cDCl,

66'C

7860
e0'e
[€0°L

£0'C
lzort

€0
‘oo'L

0.5

1.5

25

35

4.5

000-— -]

00'1e— =

8G'Gp— -

0497

10.5 95 8.5 75 6.5 55

1.5

YO 2L —

€L

86’16 7
80 /6~ -—

fB a0t ]
L8zl

5842l

158zl

0z 621

09'6Z 11

9005t ==
9808} ==
LEYEL~ -
pEIEL— -
58 1pL— -]
zeepL”

65651 — &

g
O

100MHz
CDCl,
Y

9

0
4
o]

80 70 60 50 40 30 20 10

150 130 110 90
123

170

190



0000~

geye—

z9g'9
L2189
0689
0.6'9
6869
LE0 2
0502
950°/ |
8902
810/
Y612
0lz'z
LGZ'L
Lgz
60% /1
S TA A
i 1]
06¥ £
0152
GB9'/
€042

£
%

9018~

400MHz
cDCl,

——20¢

35 25

45

0.5

1.5

-5

5

85 75 6.5

9.5

11.0

66'0C—

Leor—

wm.mh/
oo.hhwn
[A50 0

ereoly
L9501
zr 1017
ZeSHy
gathy
YA
00821
65821
YO'6ZL
er 6zl
$o0CL

ZGGGL,
Zg'95L—
668517

TS0l
1oL’
21201

ZEG LA
LGGLL
A eAl
g1'szl
925z 1
86'5Z1
689z
G6'9Z 1
8l'1Z)
00821
65821~
v0'62 1L
6zl %ﬁ
9z'0c )
vo'0El
€0'5eL—
£8 el
LLSELY
88'8E L)
S0'6E L
76—
BYErL—

75551~
zgogL”
66851~

110

118

e

126

134

142

150

158

100MHz
GDGl,

JL

40 20

60

70

0

10

30

50

80

110

130

150

170

190

S124



LLETCL—

-30 -50 -70 -90 -110 -130 -150 -170 -190

-10

0000

oere—

BY8§,
8E6'9

6869

9002

9202

Sh0'L Y
9902
zl0°2]
IR
202
e
¥EZ L
SHZ'L
LIZT)
rOv L
LZb 4
9er'L
8L¥11
86t'L
GG
895/ 1
669'L
Gl
Z50'8

—_—l gz

—= 160

10T
e
o L0E

— 0

00'L
Ycoe
001

8.5 7.5 6.5 55 4.5 3:5 25 1.5 0.5

9.5

11.0

S125



10

20

66'0C— T3

40

8c'Gr— =

60

J

00'LL

wm.mhv . 8.9°CCI—
[A50 73

Z9EOL
i
e
£oeLl
S19Zhy 3
8L°9TI,
88Tl
00'8Z1
159zL
60'6CL
856CL
lgoeL!

Y= o] |
€051~ O z = |
6651~ X

]

130

150

N

H

6k
170

190

-150 -170 -190

-130

-30 -50 -70 -90 -110
S126

-10




— a [ 916 -
0000 [ om.hm\
| 0
o
r 00'1Z—
Lo
89601~ _
r £6'601
"7 — = AR wy
62T —66C | 2 ey
L w0
iy 9z 02}
F svozt |
s S5 prect, i
<+ : 82921
[ thhw \nqws% =
| 0 09" -
¥99'G— —860 | ¥ Y9 L6, wm.wm: ‘
11697 L 06'/6
Ge69 L G B
N...umum | w0 wm.mo_.vn Dm..v.m—
166'9 g0z | @ £5:80} G9°9EL-,
600°2 0G| o) sLeeLy
9202 660 8L9ZH|  Bgict v
oL ; 660 | 1 L8LZM| 90BEL
Z90°L Loy [~ 0082t gy -
18124 ooz | om.mm_.\ GG'Chl -
mom.i =t | 60621}
8te s 0L | L5962
1122 [ g 9z 0gl
9lirs t ¥20g)
2er L P osTEL
mwm.w Lo 19551~
: z © Ge09l-.
20.'4 z O % t o
8L . T
= B e s
< L
599/ L=
6,874 O O L S€°091—
R 0 GLZ9L—
w Fe

116 106
50 40 30 20 10

60

70

126
80

20
S127

136
110

146
130

150

170

190



T 0000— -
| ©
L ©
o
[ ©
e
- I
F©  gerz— 2 =€0¢
| ©
L =
[ o
LN
666GLL— L
| @
| =]
| & 1e95— -——==/60 |
[ v16'9
[ z€6'9
o £669
[ %@ o102 1202
[ 0£0'2 e
r 810'L -=< 00’1
o G902 == 8T |
FB 06LL wﬁoo.n
, HE L oot |
F9ETL ez
| zsz 1 Yeot |
L Q 19z ‘001
Y= )
L AVE
| 6TV L
- Q Lo esvs i O = O
i % P gosy . p "
=3 . 69, = .
Sa Fror B Toowl 86 “
w %) I i <t
5 1062
O e g¢sig
i Q

4.0 3.0 20 1.0 0.0

5.0
S128

6.0

8.0 7.0

10.0 9.0

11.0



IS o000 L
Fe
k- I
: ] =
66'02— — | ez E
r e
A [ ©
< otk -‘L&mm
ol'sr— — |
Lo
3 wn
] =]
E [(e]
] rR
89°92 .
007> : 3
X 4
Z58l
zeszh ] r S
0962l , z89'5— —=160
81'9zk L 7689,
9z'9zt | 1169
089211 1 o 0869
Ayt | . T 5669
68411 1 . 9102
vzl Il 1E0L
09'8Z}1 102 44
90'6C 1 o 0124
65627 Fe KL
LE'0EL — ! 6¥Z L
mn.om% = . 6921
Zg el o= | 667 L1
e6¥EL | o LOFL
1811 3 T ]
GG — O B | LT 2ev O
€965l O = I B0G'2 O =
Yoo N £89'/ ¥ A
%) I 6692 %)
=8 oz & 'R 9zsl 8 -
2© £ A1 8©
O ; | 5808
3] -5 o

95 85 7.5 6.5 55 45 35 25 15 0.5
S129

10.5

1.5



00'Lc—

¥l Gr—

89'97
S.Rw
ze12!

TRdtly
WENL
219zl
9/9Z1L
68 /7L
L0821
198l
60'6Z1
PG 6ZL
geocl

69'GGL—

100MHz
cDCl,
N
H

80 70 860 50 40 30 20 10

90

110

130

150

170

190

0000-—

cer'e—

zzos—
9069
5269
8869
S00'Z 1
$20 L
'L
1902/
ysi 2
LIV
nom.h;
t&i
08z,
Lig2]
€682
£0F L1
ozr L
99t/
98t/
¥89'2
Z04'2
190'8
1608

Br

|||Lvoo.n

00}

0.5

25

3.5

8.5 7.5 6.5 55

9.5

1.5

4.5

11.0

S130



000—

lo'le—

clsh—

0492
NQ.RW
€C4L

LUELLA
,&..mﬁ
08921
98421
68421
SO'8zZ1
29821
rO'6Z1
65621
170gL-

L9651 —

100MHz

CDCl;

Br

80 70 60 50 40 30 20 10

90

110

130

150

170

190

0000—

vevye—

668,
z E.%
8669

9z0'L

LE0 I
6102

002 L
€122
lsz 1]
viz
pie 2
85e'/ |
81t L]
i
GEY 11
Redi
z6vL
Z0G
9152
889/
1022
Z6LL
908'L

10'e

—Y 660

(00T
1oL
20z

7160

10T
1ol
00Z
10z
0z

1860
00’

3.0

5.0

7.0

10.0

4.0 20 1.0 0.0

6.0

8.0

9.0

11.0

S131



10'ke—

80°GP—

mm.mh/

cc.nlkl
okt
6£0Z1
66°€Z1
z1szl
L1921
GL9TH
vT LZL
184211
90'8Z11
L9'8Z LA
50621

|

GS'6C1A

1621

mn.oi

6F'¥CL
€8¢
FASN 34

£9'GGL—

150MHz
CDCl,

Br

80 70 60 50 40 30 20 10

90

110

130

150

170

190

0000

9erec—

¥29G—
8069
RQL
€669
01021
080'Z-
8v0'2 -]
902
160°2
61121
z61'2
e |
veT'L
88z /1
o
oSh'L
£arL]
£05'2
6¥521
0/52
069'2
2002
8118
0sz'g

400MHz

CDCl;

=B86'C

161
10'e
J101

=0l
=0t
€0’}
dHeoy
66l
10')
lg60

0.0

8.0 7.0 6.0 5.0 4.0 3.0

9.0

10.5

1.0

2.0

115

S132



000—

o'Le—

90'Gr—

09z
20 L2
ecsl

12eg’

%.mw:
08'9Z1A
mw.\.ﬁ%
Y08zl
€982l
SO'6ZL
656CL
£E0EL
zroct!

€565 —

100MHz

CDCl;

190

80 70 60 50 40 30 2.0 10

90

110

130

150

170

0000—

8Zr'T—

191'6—

oRE,
m&.mg
7860
L00'L
FOPR
or0'L
8c0° L ¢
9.0'2
1802
Gl
0612
rAYA
9cT'/
08’/
ovE L
85’/
¥6<°L
oLy
azy 'L
G6Y L]
¥IGL
669" L
€0L°L
8LLL

FiBcC

Floe |

=001 |

0.5

35 25

45

9.5 85 745 6.5

105

1.5

515

15

S133



00'le—

8T'sh—

g0/,
899/
00°22-
ze11’

6¢'101—

85Zh—
SgeL
89 /¢TI
€8Tl
884zl
Z6'4TL
61821
95821
ez

G8'CSl~
€0'9G1L-"

100MHz

80 70 60 5-0 40 30 20 10

90

110

130

150

170

190

0000—

gev'l—

6l¥C—

201G~

428§,
Z£69
1S6'9
9169
L66'9
G102

ce01/;
£61°L]
(AN
vLEL
zee
B5E'/ ]
81€)
8682
aL¥.
Ley ]
05+ 2
€611
€152
6692
9L,
e
££8°/1
9162

JY0

———=766¢C

—20')

0.5

1.5

25

35

55

9:5 8.5 Ti5

105

11.5

4.5

6.5

S134



O NN
BnO H

o <t P~ I~ OO DD D

= = —OnRH MO M0O © el =R o} =]

M~ aEsnNNNes b M Or- Lo [ =] b=
0w NN Ts} Ny =] [T} o = )
— —_r T T T a3 P~~~ <t NN (=]
N e | | S~ I [ I

100MHz
CDCl,

Ve
O

6s

190

130 110 90 80 70O 60 50 40 30 20 10 0

7. References

(M

(a) J. C. Xiang, M. Wang, Y. Cheng and A. X. Wu, Molecular lodine-Mediated Chemoselective Synthesis
of Multisubstituted Pyridines Through Catabolism and Reconstruction Behavior of Natural Amino Acids.
Org. Lett., 2015, 18, 24-27; (b) J. C. Xiang, Y. Cheng, Z. X. Wang, J. T. Ma, M. Wang, B. C. Tang, Y. D.
Wu and A. X. Wu, Oxidative Trimerization of Amino Acids: Selective Synthesis of 2,3,5-Trisubstituted
Pyridines. Org. Lett., 2017, 19, 2997-3000; (c) J. C. Xiang, Z. X. Wang, Y. Cheng, S. Q. Xia, M. Wang, B.
C. Tang, Y. D. Wu and A. X. Wu, Divergent Synthesis of Functionalized Quinolines from Aniline and
Two Distinct Amino Acids. J. Org. Chem., 2017, 82, 9210-9216. (d) J. C. Xiang, J]. G. Wang, M. Wang, X.
G. Meng and A. X. Wu, One-pot Total Synthesis of Streptindole, Arsindoline B and Their Congeners

S135



@

©)

Through Tandem Decarboxylative Deaminative Dual-coupling Reaction of Amino Acids with Indoles.
Org. Biomol. Chem., 2015, 13, 4240-4247.

A. Schonberg and R. Moubacher, The Strecker Degradation of a-Amino Acids. Chem. Rev., 1952, 50, 261-
277.

(a) Li, W.; Lu, Z.; Hammond, G. B.; Xu, B. Unbalanced-lon-Pair-Catalyzed Nucleophilic Fluorination
Using Potassium Fluoride. Org. Lett. 2021, 23, 9640-9644. (b) Z. Shen, X. Pan, Y. Lai, J. Hu, X. Wan, X.
Li, H. Zhang and W. Xie, Chiral Ion-pair Organocatalyst Promotes Highly Enantioselective 3-exo Iodo-
cycloetherification of Allyl Alcohols. Chem. Sci., 2015, 6, 6986-6990. (c) J. Han, Z. Lu, W. Wang, G. B.
Hammond and B. Xu, Potassium Tris(triflyl)methide (KCTf3): a Broadly Applicable Promoter for
Cationic Metal Catalysis. Chem. Commun., 2015, 51, 13740-13743. (d) Wang, X.; Zhou, L.; Zhang, H.;
Ren, X.; Gao, G.; Wang, T. Enantioselective y-Addition-Driven Cascade of B,y-Unsaturated Ketones by
Ion-Pair Catalysis: Access to Chiral 1,3-Dioxolochroman Scaffolds. Org. Lett., 2021, 24, 38-42. (e) Zhang,
Z.; Liu, X.; Ji, L.; Zhang, T.; Jia, Z.; Loh, T. P. Metal-Free Access to (Spirocyclic)Tetrahydro-p-carbolines
in Water Using an lon-Pair as a Superacidic Precatalyst. ACS Catal., 2022, 12, 2052-2057.

S136



