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1. Representative Synthetic Procedures:

(a) General procedure:

Unless otherwise noted, all the preparations of substrates were performed in oven-dried glassware
under nitrogen atmosphere with freshly distilled solvents. The catalytic reactions were performed
under Nitrogen atmosphere. DCE, DCM and Ether were distilled from CaHz under nitrogen. THF
were distilled from Na metal under nitrogen. All other commercial reagents were used without
further purification, unless otherwise indicated. *H NMR and *C NMR spectra were recorded on
a Bruker 400, 600 MHz and Varian 700 MHz spectrometers using chloroform-d (CDClz) and
DMSO-ds as the internal standards. High-resolution mass spectral analysis (HRMS) data were
measured on JMS-T100LP4G (JEOL) mass spectrometer or a TOF mass analyzer equipped with
the ESI source and Magnetic Sector Mass Analyzer (MStation) equipped with the EI source.
Single-crystal X-ray diffraction intensity data were collected on a Bruker X8 APEX diffractometer
equipped with a CCD area detector and Mo Ka radiation (A = 0.71073 A) at 100 K; all data
calculations were performed by using the PC version of the APEX2 program package. Final R

indices were obtained using those reflections | > 25(1).

(b) Preparation of (E)-1-Phenyl-N-(2-(phenylethynyl)phenyl)methanimine (1a).

All N-(o-alkynylphenyl)imines (1a-1p) were prepared from procedure reported in the literature. 511

Ph

@ENH2+ X Pd(PPh3),Cl, Cul ©/\ _ PhCHO, Toluene _ IN(
I \© TEA, rt, 2 h 70°C, 20h, 4°’A MS \\
1a Ph

General procedure for synthesis of 2-(phenylethynylaniline (s1): To a 150 mL flask charged
with 2-iodoaniline (2 mmol, 1.0 equiv), Pd(PPhs).Cl2 (0.04 mmol, 2 mol%), and Cul (0.08 mmol,
4 mol%) in degassed EtsN (5 mL) was added ethynylbenzene (2.4 mmol, 1.2 equiv), and the
resulting solution was stirred at room temperature for 2 h. Upon completion, the solvent was
removed under reduced pressure, and the residue was extracted with EtOAc (3 x 5 mL). The
combined organic layer was dried over Na>SO4 and concentrated. The residue was purified by a
silica gel flash chromatography (petroleum ether / ethyl acetate = 10 / 1) to afford 2-
(phenylethynyl)aniline sl as yellow solid (1.81 mmol, 91%).
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To a stirred solution of 2-(phenylethynylaniline (s1) (2.6 mmol) in toluene (5.0 mL) were added
5A MS (5.0 g) and benzaldehyde (2.7 mmol) at room temperature. The resulting mixture was
heated at 70 °C in oil bath with stirring for 20 h, then this reaction mixture was filtered through a
short celite bed and the filtrate was concentrated under reduced pressure to afford (E)-1-phenyl-
N-(2-(phenylethynyl)phenyl)methanimine (1a). Crude product of 1a was used directly for further
catalytic reaction. Similarly, similar substrates 1b to 1p were synthesized following similar
synthetic procedure from their respective starting materials. which were used as such without
further purification.

(c) Preparation of a-diazo esters.

All o-diazo esters (2b-2e) were prepared from the reported procedure in the literatures.?

N
OH 1. bromoacetyl bromide 0 | 2
NaHCO3, MeCN, rt @/ 7\/
2.TsNHNHTs, DBU o
THF
2e

To a solution of phenol (0.50 g, 5.3 mmol) and NaHCO3 (1.34 g, 15.9 mmol) in acetonitrile (20
mL) was added bromoacetyl bromide (1.61 g, 7.9 mmol) dropwise at 0 °C; the resulting mixture
was stirred for 15 min at room temperature, quenched with water, and extracted with DCM. The
organic layer was washed with brine, dried with MgSQO4, and concentrated in vacuo to give a
bromoacetate product, which was used in the next step without purification. The bromoacetate
product (0.98 g, 4.9 mmol) and N,N'-ditosylhydrazine (3.35 g, 9.8 mmol) were dissolved in THF
(20 mL), and cooled to 0 °C, and to this mixture was added DBU (3.75 g, 24.6 mmol) was added
slowly over 5-10 min. After stirring for 15 min at the same temperature, the reaction solution was
quenched with saturated NaHCO3 and extracted with Et20 three times. Organic phase was washed
with brine, dried with MgSQO4 and evaporate to dryness, affording diazo crude product which was
purified on a silica column using ethyl acetate/hexane (20/80) as the eluent to give desired

diazoacetate 2e (0.78 g, 4.8 mmol, 91%) as a pale-yellow oil.

2a is commercially available from Sigma-Aldrich and other diazo esters (2b-2d) were prepared
with the above procedure.

tert-butyl 2-diazoacetate (2b): crude product which was purified on a silica column using ethyl
acetate/hexane (20/80) as the eluent to give desired diazoacetate 2b (0.68 g, 4.8 mmol, 71%) as a

pale-yellow oil.
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Isbutyl 2-diazoacetate(2c): crude product which was purified on a silica column using ethyl
acetate/hexane (20/80) as the eluent to give desired diazoacetate 2¢ (0.52 g, 366 mmol, 54%) as a
pale-yellow oil.

Benzyl 2-diazoacetate (2d): crude product which was purified on a silica column using ethyl
acetate/hexane (20/80) as the eluent to give desired diazoacetate 2d (0.65 g, 3.69 mmol, 80%) as

a pale-yellow oil.

S-phenyl 2- diazoethanethioate (2f):

LiIHMDS, THF
CF3CO,CH,CF3
then MsN3 NEt3

©/ U — CH4CN @sz

A 100-mL, three-necked, round bottomed flask was charged with 1,1,1,3,3,3-
hexamethyldisilazane (1.15 g, 7.11 mmol) and 18 mL of THF and then cooled at 0°C while n-
BuLi (2.40 M in hexane, 2.90 mL, 6.96 mmol) was added rapidly dropwise. The resulting solution

was stirred at 0 °C for 15 min, and then cooled at -78 °C while a solution of phenyl thioacetate
(2.0 g, 6.57 mmol) in 14 mL of THF was added dropwise over 15 min. The reaction mixture was
stirred at -78 °C for 30 min, and then 2,2,2-trifluoroethyl trifluoroacetate (1.61 g, 8.21 mmol) was
added rapidly in one portion. The reaction mixture was stirred at -78 °C for 10 min and then
partitioned between 40 mL of 5% HCI solution and 50 mL of diethyl ether. The aqueous phase
was separated and extracted with diethyl ether, and the combined organic phases were washed
with 45 mL of brine and concentrated to afford 2.25 g of a yellow oil which was immediately
dissolved in 25 mL of acetonitrile and transferred via cannula to a 100-mL, three necked round-
bottomed flask. Water (0.118 g, 6.55 mmol) and triethylamine (1.02 g, 10.0 mmol) were added
rapidly, and then a solution of methanesulfonyl azide (1.20 g, 9.89 mmol) in 28 mL of acetonitrile
was added over 20 min. The resulting yellow solution was stirred at 25 °C for 2.5 h and then
concentrated and residue was diluted with 50 mL of diethyl ether and washed with three 40-mL
portions of 10% NaOH solution and 40 mL of brine, dried over MgSO4, filtered, and concentrated.
The crude product was purified on a silica column using ethyl acetate/hexane (10/90) as the eluent

to give desired diazoethanethioate 2f (0.84 g, 4.7 mmol, 72%) as a yellow oil.

Spectral data of known compounds diazo esters (2b-2f) were already reported in the literatures.s?
s3
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(d) Preparation of a-diazo methyl ketone.

o o O O 9]
PO p-ABSA, Et;N )J\{Hk NaOH, Et,0/H,0 HJ\
MeCN, rt, 10h |
e s , N2 rt, 4h N2
s2 6a

The compound 6a was prepared according to literature procedure™l. In a well-dried 200-mL flask,
acetylacetone (0.5 g, 4.9 mmol) and EtsN (0.76 mL, 5.5 mmol) was dissolved in 10 mL acetonitrile,
and a solution of p-ABSA (1.2 g, 4.9 mmol) in 10 mL acetonitrile was added dropwise with
stirring. The reaction mixture was stirred at room temperature under air atmosphere overnight
(about 10 h), and the solvent was removed under reduced pressure with a rotary evaporator. The
product was purified by column chromatography (silica gel) using petro ether (PE)/ ethyl acetate
(EA) 5:1 as eluent to give (560mg, 4.4 mmol, 89%) of compound 3-diazopentane-2,4- dione (s2)
as a yellow liquid. After that, a solution of compound s2 (0.560 g, 4.4 mmol) in diethyl ether (10
mL) was added an aqueous NaOH solution (0.89 g, 22.2 mmol in 10 mL water), and the mixture
was stirred at room temperature under nitrogen atmosphere for 4 h. The phases were divided using
a separatory funnel, and the aqueous phase was extracted with dichloromethane 2 times. The
combined organic phase was dried over Na2SO4 and filtered, and the filtrate was concentrated
under reduced pressure to give the product 6a as a volatile yellow liquid (0.24 g, 2.8mmol, 64%

yield). Spectral data of this know compound reported in literature. 4
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2. Standard procedures for catalytic operations.

(a) Typical procedure for the synthesis of ethyl (2R,3R)-3-phenyl-1-(2-
(phenylethynyl)phenyl)aziridine-2-carboxylate (3a):

0,
|( Ng 10 mol %
N + | LAuCI/AgNTf,
\H/o\/
DCE, 4A MS, 25°C, 4 h
A o
Ph
1alel 2a

A suspension of LAUCI L= P(t-Bu)2(0-biphenyl (53 mg, 0.10 mmol) and AgNTf. (39 mg, 0.10
mmol) in dry DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for
5 min. To this mixture was added a dry DCE (2.0 mL) solution of 2-(phenylethynyl)benzaldehyde
la (281 mg, 1.0 mmol) and ethyl 2-diazoacetate 2a (137 mg, 1.2 mmol) at 25 °C; the resulting
mixture was stirred at 25 °C for 4 h. The solution was filtered over a short celite bed and evaporated
under reduced pressure. The residue was purified on a silica gel column using ethyl acetate/hexane
(05:95) as the eluent to give compound 3a as yellow oil (327 mg, 0.89 mmol, 89%).

(b) Typical procedure for the synthesis of ethyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-
alisoquinoline-6-carboxylate (4a):

0,
|( N, 10 mol %
N, LAUCI/AgNTf,
\"/O\/
DCE, 4A MS, rt 4h,
A 0 70°C,6h
Ph
1alel 2a

A suspension of LAUCI L= P(t-Bu)2(0-biphenyl (53 mg, 0.10 mmol) and AgNTf. (39 mg, 0.10
mmol) in dry DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for
5 min. To this mixture was added a dry DCE (2.0 mL) solution of 2-(phenylethynyl)benzaldehyde
la (281 mg, 1.0 mmol) and ethyl 2-diazoacetate 2a (137 mg, 1.2 mmol) at 25 °C. The resulting
mixture was stirred at 25 °C for 4 h, followed by heating at 70 °C (oil bath) for 4 h. The solution

was filtered over a short celite bed and evaporated under reduced pressure. The residue was

S6



purified on a silica gel column using ethyl acetate/hexane (05:95) as the eluent to give compound
4a as yellow oil (301 mg, 0.81 mmol, 82%).

(3) Typical procedure for the synthesis of 5a- 5f:

EtOZC EtO,C HO
(1) H,CO (1.5 equiv)/ 10 mol% L|AIH4/THF
_ DCEMgGSO, _ LAUCVAGNTf, _ O N O O N
(2) CH(NJCOEY) " DCE 4AMS, % 7 O
10 mol % 70°C,6h 5b (76%)
Ph LAUCI/AgNTf, 6%

Dibal-H toluene
e J 8°C,05h 5¢ (84%)

POCI,
O . /DVMF N RhCI PPhs)
’ g O

CHO 5e (85%)
5f (81%) 5d (68%); 5¢ (14%)

(a) Typical procedure for the synthesis of ethyl 1-(2- (phenylethynyl)phenyl)aziridine-2-
carboxylate (5a):

An aqueous formaldehyde solution (37%) (63mg, 0.776 mmol) was added to a mixture of dry
DCE (1 mL) and MgSOs, and to this solution was added compound s1 (100mg, 0.517mmol), and
reaction mixture was stirred for 3 h at room temperature. To this reaction mixture, a-diazo ester
(71mg, 0.620mmol ) was added and then combine mixture was treated to a stirred suspension of
LAuCI L= P(t-Bu)2(o-biphenyl (27 mg, 0.052 mmol) and AgNTf. (20 mg, 0.052 mmol) in dry
DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for 4 h. After
completion of reaction, solution was filtered over a short celite bed and evaporated under reduced
pressure. The residue was purified on a silica gel column using ethyl acetate/hexane (20:80) as
eluent to give compound 5a as brown oil (70 mg, 0.24 mmol, 46%).

(b) Typical procedure for the synthesis of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (5b):

A suspension of LAUCI L= P(t-Bu)2(o-biphenyl (18 mg, 0.034mmol) and AgNTf, (13 mg, 0.034
mmol) in dry DCE (1.0 mL) was fitted with a N2 balloon, and the mixture was stirred at 25 °C for
5 min. To this mixture was added a dry DCE (2.0 mL) solution of ethyl 1-(2-
(phenylethynyl)phenyl)aziridine-2-carboxylate 5a (100 mg, 0.34 mmol) and heated at 70 °C (oil
bath) for 6 h. The solution was filtered over a short celite bed and evaporated under reduced
pressure. The residue was purified on a silica gel column using ethyl acetate/hexane (05:95) as
eluent to give compound 5b as yellow oil (76 mg, 0.26 mmol, 76%).
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(c) Typical procedure for the synthesis of (5,6-dihydroindolo[2,1-a]isoquinolin-6-
yl)methanol (5c¢):

To a stirred solution of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate 5b (100mg,
0.34mmol) in dry THF (2mL) was added LiAlHs (30mg, 0.28 mmol ) at 0 °C. The resulting
mixture was sirred for 4 h at same temperature. The solution was quenched with a saturated
solution of ammonium chloride at 0 °C; and the solution was then extracted with ethyl acetate
three times. Organic phase was washed with brine, dried with MgSO4 and concentrated under
reduced pressure. The residue was purified on a silica column using ethyl acetate/hexane (30:70)
as the eluent to give compound 5c as Yellow oil (72 mg, 0.29 mmol, 84%).

(d) Typical procedure for the synthesis of 5,6-dihydroindolo[2,1-a]isoquinoline-6-
carbaldehyde (5d):

A THF solution (2 mL) of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate 5b (100mg,
0.34mmol) was cooled to -78 °C, and to this suspension was added 1.2 M DIBAI-H in hexane
(0.29mL, 0.34mmol) over a period of 15 min. The mixture was stirred for 30 min at -78 °C. The
resulting mixture was quenched with a saturated solution of potassium sodium tartrate; the solution
was extracted with ethyl acetate two times. Organic phase was washed with brine, dried with
MgSO. and concentrated under reduced pressure. The residue was purified on a silica gel column
using ethyl acetate/hexane (20:80) as the eluent to give compound 5d as a yellow oil (58 mg, 0.23
mmol, 68%)

(e) Typical procedure for the synthesis of 5,6-dihydroindolo[2,1-a]isoquinoline (5e)

To a solution of 5,6-dihydroindolo[2,1-a]isoquinoline-6-carbaldehyde 5d (100mg, ) in benzene (2
mL) was added RhCI(PPhs)z (374 mg, 0.40 mmol). The mixture was stirred for 8 h at 80 °C before
the solution was filtered over a short celite bed and evaporated under reduced pressure. The residue
was purified on a silica column using ethyl acetate/hexane (05:95) as the eluent to give compound
5e as white solid (75 mg, 0.34 mmol, 85%).

(F) Typical procedure for the synthesis of 5,6-dihydroindolo[2,1-a]isoquinoline-12-
carbaldehyde (5f):

POCI3 (84mg, 0.55mmol) was added to dry DMF (1mL) at 0 °C and stirred for 30 min. To this
mixture was added a dry DMF (3 mL) solution of 5,6-dihydroindolo[2,1-a]isoquinoline 5e (100
mg, 0.46 mmol) at room temperatures. After stirring for 45 min at 35 °C in an oil bath, the reaction
mixture was cooled and treated with water was (1.0 mL). The solution was then treated with by
30%. NaOH aqueous solution and heated to 35 °C for 30 min. The organic phase was extracted
with diethyl ether twice. Organic phase was washed with brine, dried with MgSOs and
concentrated under reduced pressure. The residue was purified on a silica gel column using ethyl
acetate/hexane (20:80) as the eluent to give compound 5f as white solid (91 mg, 0.37 mmol, 81%)
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4. Spectral data for key compounds:

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-

carboxylate (3a):

Compound 3a was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (327 mg, 0.89 mmol, 89%); *H NMR 400 MHz, CDCls): § 7.56 (dd, J = 8.0, 1.2 Hz,
2H), 7.49 ~ 7.47 (m, 1H), 7.33 ~ 7.24 (m, 4H), 7.22 ~ 7.15 (m, 3H), 7.09 ~ 7.07 (m, 2H), 7.04 ~
7.03 (m, 2H), 3.90 ~ 3.84 (m, 2H), 3.77 (d, J = 6.8 Hz, 1H), 3.34 (d, J = 6.8 Hz, 1H), 0.86 (t, J =
7.2 Hz, 3H), 3C NMR (100 MHz, CDCls): & 167.5, 153.2, 134.6, 133.3, 131.4, 129.2, 128.1,
128.0, 127.9, 127.8, 127.7, 123.1, 123.0, 119.9, 115.6, 95.6, 86.1, 60.9, 47.9, 46.7, 13.8; HRMS
(EI-MS) m/z: [M]+ calcd. for C2sH21NO2: 367.1572; found: 367.1574.

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(p-tolylethynyl)phenyl)aziridine-2-carboxylate
(3b):

Compound 3b was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (54 mg, 0.14 mmol, 84%); *H NMR (700 MHz, CDCls): *H NMR (700 MHz, CDCls):
0 7.55(d,J=7.0Hz, 2H), 7.46 (dd, J=7.7,0.7 Hz, 1H), 7.30 (t, J = 7 Hz, 2H), 7.26 (t, J = 7.0
Hz, 1H), 7.23 ~7.21 (m, 1H), 7.02 ~ 6.95 (m, 6H), 3.89 ~3.86 (m, 2H), 3.77 (d, J = 7.0 Hz, 1H),
3.33 (d, J = 6.3 Hz, 1H), 2.28 (s, 3H), 0.86 (t, J = 7.0 Hz, 3H); *C NMR (175 MHz, CDCls): §
167.6, 153.1, 138.2, 134.6, 133.2, 131.3, 129.0, 128.7, 128.0, 127.9, 127.7, 123.1, 120.0, 119.9,
115.8, 95.9, 85.4, 60.9, 47.9, 46.7, 21.4, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH23NO>:
381.1729; found: 381.1728.
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Spectral data of ethyl (2R,3R)-1-(2-((4-chlorophenyl)ethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3c):

Compound 3c was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (51 mg, 0.13 mmol, 80%); *H NMR (700 MHz, CDCls): & 7.54 (d, J = 7.7 Hz, 2H),
7.45 (dd, J=7.0, 0.7 Hz, 1H), 7.30 ~ 7.23 (m, 4H), 7.12 (d, J = 8.4 Hz, 2H), 7.02 ~ 7.00 (m,
2H), 6.91 (d, J = 8.4 Hz, 2H), 3.91 ~ 3.86 (m, 2H), 3.76 (d, J = 6.3 Hz, 1H), 3.31 (d, J = 7.0 Hz,
1H), 0.88 (t, J = 7.7 Hz, 3H); *C NMR (175 MHz, CDCls): § 167.5, 153.3, 134.6, 134.0, 133.2,
1325, 129.4, 128.3, 128.0,127.9 127.8, 123.1, 121.5, 120.0, 115.2, 94.4, 87.1, 60.9, 47.9, 46.7,
13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH20CINO2: 401.1183; found: 401.1186.

Spectral data of ethyl (2R,3R)-1-(2-((4-bromophenyl)ethynyl)phenyl)-3-phenylaziridine-2-
carboxylate (3d):

Compound 3d was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown Solid (53 mg, 0.12 mmol, 85%); *H NMR (700 MHz, CDCls): & 7.54 (d, J = 7.0 Hz, 2H),
7.45(d,J=7.7Hz, 1H), 7.31 ~ 7.24 (m, 6H), 7.03 ~ 7.00 (m, 2H), 6.84 (d, J = 8.4 Hz, 2H), 3.91
~3.88 (m, 2H), 3.77 (d, J = 7.0 Hz, 1H), 3.32 (d, J = 7.0 Hz, 1H), 0.89 (t, J = 7.0 Hz, 3H); °C
NMR (175 MHz, CDCls): 6 167.5, 153.3, 134.6, 133.3, 132.8, 131.2, 129.4, 128.1, 127.9, 127.8,
123.2, 122.3, 122.0, 120.0, 115.2, 94.5, 87.3, 61.0, 47.9, 46.7, 13.8; HRMS (EI-MS) m/z: [M]+
calcd. for CosH20BrNO2: 445.0677; found: 445.0677.

Spectral data of ethyl (2R,3R)-1-(2-((4-methoxyphenyl)ethynyl)phenyl)-3-phenylaziridine-
2-carboxylate (3e):
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Compound 3e was purified on silica gel column using ethyl acetate/hexane: (7 : 93) as the eluent;
Brown oil (46 mg, 0.12 mmol, 72%); *H NMR (700 MHz, CDCls): § 7.55 (d, J = 7.7 Hz, 2H),
7.46 (dd, J=7.7, 0.7 Hz, 1H), 7.30 (t, J = 7.0 Hz, 2H), 7.26 (t, J = 7.0 Hz, 1H), 7.23 ~7.20 (m,
1H), 7.01 ~ 6.99 (m, 4H), 3.91 ~ 3.85 (m, 2H), 3.76 (d, J = 7.7 Hz, 1H), 3.75(s,3H) 3.32 (d, J =
7 Hz, 1H), 0.87 (t, J = 7.0 Hz, 3H); **C NMR (175 MHz, CDCls): § 167.6, 159.5, 153.0, 134.7,
133.1, 132.9, 128.8, 128.0, 127.9, 127.7, 127.1, 119.9, 115.9, 115.2, 113.6, 95.7, 85.8, 60.9, 55.2,
47.9, 46.7, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH23NOs: 397.1678; found: 397.1677.

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(o-tolylethynyl)phenyl)aziridine-2-carboxylate
(3f):

Compound 3f was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (56 mg, 0.15 mmol, 87%); *H NMR (400 MHz, CDCls): § 7.54 (d, J = 7.6 Hz, 2H),
7.48 (d, J = 8.0 Hz, 1H), 7.30 ~ 7.22 (m, 4H), 7.12 (d, J = 4.4 Hz, 2H), 7.04 ~ 6.95 (m, 3H), 6.83
(d, J=7.6 Hz, 1H), 3.85 ~ 3.80 (m, 2H), 3.76 (d, J = 6.4 Hz, 1H), 3.35 (d, J = 6.8 Hz, 1H), 2.41
(s,3H),0.85 (t, J = 6.8 Hz, 3H); *3C NMR (175 MHz, CDCl3): § 167.5, 153.0, 140.0, 134.5, 133.3,
131.6, 129.1, 128.1, 128.0 127.9, 127.7, 125.2, 123.1, 122.8, 120.0, 115.8, 94.6, 89.9, 60.9, 48.0,
46.7, 20.6, 13.8; one CH carbon merged with other peak; HRMS (EI-MS) m/z: [M]+ calcd. For
Ca6H23NO>: 381.1729; found: 381.1725.

Spectral data of ethyl (2R,3R)-3-phenyl-1-(2-(thiophen-3-ylethynyl)phenyl)aziridine-2-
carboxylate (39):
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Compound 3g was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the
eluent; Yellow oil (56 mg, 0.15 mmol, 86%); *H NMR (700 MHz, CDCls): § 7.55 (d, J = 7.0 Hz,
2H), 7.45 ~ 7.44 (m, 1H), 7.31 ~ 7.21 (m, 4H), 7.13 ~ 7.11 (m, 1H), 7.01 ~ 6.96 (m, 3H), 6.78 (d,
J=4.2 Hz, 1H), 3.90 ~ 3.86 (m, 2H), 3.77 (d, J = 7.0 Hz, 1H), 3.31 (d, J = 6.3 Hz, 1H), 0.87 (t,
J = 7.0 Hz, 3H); *C NMR (175 MHz, CDCls): § 167.6, 153.2, 134.7, 133.0, 129.7, 129.1, 128.6,
128.0, 127.9, 127.8, 124.8, 123.1, 122.1, 119.9, 115.6, 90.9, 85.5, 60.9, 47.9, 46.7, 13.8; HRMS
(EI-MS) m/z: [M]+ calcd. for C23H19NO-S: 373.1136; found: 373.1137.

Spectral data of ethyl (2R,3R)-1-(2-(cyclopropylethynyl)phenyl)-3-phenylaziridine-2-
carboxylate (3h):

EtO,C, H

N&\'-'H
Ph
A

3h

Compound 3h was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (59 mg, 0.18 mmol, 87%); *H NMR (400 MHz, CDCls): § 7.53 (t, J = 6.8 Hz, 2H), 7.34
~7.26 (m, 4H), 7.18 ~ 7.13 (m, 1H), 6.96 ~ 6.92 (m, 2H), 4.07 ~ 3.95 (m, 2H), 3.68 (d, J = 6.8
Hz, 1H), 3.25 (d, J = 6.8 Hz, 1H), 1.14 ~ 1.10 (m, 1H), 0.96 (t, J = 7.2 Hz, 3H), 0.63 ~ 0.60 (m,
2H), 0.49 ~ 0.45 (m, 2H); 3C NMR (100 MHz, CDCls): § 167.7, 153.3, 134.7, 133.1, 127.8, 122.9,
119.7,116.3,99.9, 72.6, 60.9, 47.9, 46.6, 13.9, 08.1, 0.80, 0.14; two CH carbon merged with other
peaks; HRMS (EI-MS) m/z: [M]+ calcd. For C22H21NO2: 331.1572; found: 331.1571.

Spectral data of ethyl (2R,3R)-1-(2-ethynylphenyl)-3-phenylaziridine-2-carboxylate (3i):
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3i

Compound 3i was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (30 mg, 0.10 mmol, 42%); *H NMR (700 MHz, CDCls): & 7.54 (d, J = 7.0 Hz, 2H),
7.43 (dd, J=7.7,0.7 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.29 ~ 7.25 (m, 2H), 7.00 ~ 6.98 (m, 2H),
4.08 ~ 4.03 (m, 1H), 3.99 ~ 3.95 (m, 1H), 3.73 (d, J = 7.0 Hz, 1H), 3.30 (d, J = 7.0 Hz, 1H), 3.16
(s, 1H), 0.99 (t, J = 7.0 Hz, 3H); 13C NMR (175 MHz, CDCls): § 167.7, 154.3, 134.5, 133.6, 129.7,
127.9, 127.8, 127.7, 123.0, 119.8, 114.5, 83.9, 80.4, 60.9, 47.8, 46.6, 13.9; HRMS (EI-MS) m/z:
[M]+ calcd. For C19H17NO2: 291.1259; found: 291.1255.

Spectral data of ethyl (2R,3R)-1-(2-(phenylethynyl)phenyl)-3-(p-tolyl)aziridine-2-
carboxylate (3)):

Compound 3j was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (46 mg, 0.12 mmol, 71%); 'H NMR (400 MHz, CDCls): § 7.48 ~ 7.42 (m, 3H), 7.25 ~
7.15 (m, 4H), 7.11 ~ 7.07 (m, 4H), 7.03 ~ 6.99 (m, 2H), 3.90 ~ 3.85 (m, 2H), 3.72 (d, J = 6.8 Hz,
1H), 3.31 (d, J = 6.8 Hz, 1H), 2.32 (s, 3H), 0.90 (t, J = 7.2 Hz, 3H); *C NMR (175 MHz, CDCls):
0 167.6,153.4,137.5,133.2, 131.5, 131.4, 129.2, 128.7, 128.0, 127.9, 127.8, 123.1, 123.0, 119.9,
115.6, 95.6, 86.1, 60.9, 48.0, 46.7, 21.2, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. C2sH23NOz:
381.1729; found: 381.1725.

Spectral data of ethyl (2R,3R)-3-(4-chlorophenyl)-1-(2-(phenylethynyl)phenyl)aziridine-2-
carboxylate (3k):
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Cl

Compound 3k was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (52 mg, 0.13 mmol, 82%); *H NMR (700 MHz, CDCls): & 7.46 (d, J = 8.4 Hz, 2H),
7.44 (dd, J=7.7,0.7 Hz, 1H), 7.22 ~ 7.18 (m, 4H), 7.16 (t, J = 7.7 Hz, 2H), 7.00 ~ 6.98 (m, 3H),
6.95 (d, J = 7.7 Hz, 1H), 3.86 (q, J = 7.0 Hz, 2H ), 3.67 (d, J = 7.0 Hz, 1H), 3.29 (d, J = 7.0 Hz,
1H), 0.89 (t, J = 7.0 Hz, 3H); *C NMR (175 MHz, CDCls): § 167.3, 153.0, 133.7, 133.3, 133.2,
131.3, 129.3, 129.2, 128.2, 128.1, 128.0, 123.3, 122.9, 119.8, 115.6, 95.7, 86.0, 61.1, 47.4, 46.7,
13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH20CINO2: 401.1183; found: 401.1181.

Spectral data of ethyl (2R,3R)-3-(4-bromophenyl)-1-(2-(phenylethynyl)phenyl)aziridine-2-
carboxylate (3I):

Br

Compound 31 was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow solid (49 mg, 0.11 mmol, 79%); *H NMR (700 MHz, CDCls): § 7.54 (d, J = 7.0 Hz, 2H),
7.46 (dd, J=7.0, 0.7 Hz, 1H), 7.30 ~ 7.24 (m, 6H), 7.02 ~ 7.00 (m, 2H), 6.84 (d, J = 8.4 Hz, 2H),
3.92~3.87 (m, 2H ), 3.76 (d, J = 7.0 Hz, 1H), 3.31 (d, J = 7.0 Hz, 1H), 0.89 (t, J = 7.0 Hz, 3H);
13C NMR (175 MHz, CDCls): § 167.5, 153.3, 134.6, 133.3, 132.8, 131.2, 129.4, 128.1, 127.9,
127.8, 123.1, 122.3, 122.0, 120.0, 115.2, 94.4, 87.3, 61.0, 47.9, 46.7, 13.8; HRMS (EI-MS) m/z:
[M]+ calcd. for C2sH20BrNO2: 445.0677; found: 445.0677.

Spectral data of ethyl (2R,3R)-1-(4-methyl-2-(phenylethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3m):
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Compound 3m was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (51mg, 0.13 mmol, 79%); *H NMR (700 MHz, CDCls): 8 7.55 (d, J = 7.7 Hz, 2H), 7.29
(t,J=7.0Hz, 3H), 7.26 (d, J =7.0 Hz, 1H), 7.20 (t, J = 7.0 Hz, 1H), 7.16 (t, J = 7.7 Hz, 2H), 7.07
~7.03 (m, 3H), 6.90 (d, J = 8.4 Hz, 1H), 3.89 ~ 3.84 (m, 2H), 3.72 (d, J = 7.0 Hz, 1H), 3.29 (d, J
=7.0 Hz, 1H), 2.28 (s, 3H ), 0.86 (t, J = 7.0 Hz, 3H); *C NMR (175 MHz, CDCls): 6 167.7, 151.0,
134.7,133.6, 132.6, 131.4, 130.0, 128.0, 127.9, 127.9, 127.7,123.1, 119.8, 115.3, 95.3, 86.2, 60.9,
48.1, 46.8, 20.6, 13.8; one CH carbon merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd.
for C2eH23NO2: 381.1729; found: 381.1726.

Spectral data of ethyl (2R,3R)-1-(4-chloro-2-(phenylethynyl)phenyl)-3-phenylaziridine-2-

carboxylate (3n):

Compound 3n was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (47 mg, 0.12 mmol, 74%); *H NMR (700 MHz, CDCls): § 7.53 (d, J = 7.0 Hz, 2H),
7.45(d,J=2.8Hz, 1H), 7.31 ~7.26 (m, 3H), 7.23 (t, J = 7.7 Hz, 1H), 7.20 ~ 7.17 (m, 3H), 7.05
(d,J =7.0 Hz, 2H), 6.94 (d, J = 8.4 Hz, 1H), 3.88 ~ 3.85 (m, 2H), 3.74 (d, J = 7.0 Hz, 1H), 3.31
(d, J=7.0 Hz, 1H), 0.87 (t, J = 7.7 Hz, 3H); °C NMR (175 MHz, CDCls): § 167.2, 151.9, 134.2,
132.6,131.4,129.1, 128.4,128.1, 128.1,128.0, 127.9, 127.8, 122.5, 121.2, 117.1, 96.7, 84.7, 61.0,
48.1, 46.8, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH20CINO-: 401.1183; found: 401.1177.

Spectral data of ethyl (2R,3R)-1-(4,5-dimethyl-2-(phenylethynyl)phenyl)-3-phenylaziridine-
2-carboxylate (30):
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Compound 30 was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (45mg, 0.11 mmol, 70%); *H NMR (400 MHz, CDCl3): § 7.57 (d, J = 7.2 Hz, 2H), 7.33
~7.26 (m, 3H), 7.21 ~ 7.15 (m, 4H), 7.07 ~ 7.05 (m, 2H), 6.90 (d, J = 0.4 Hz, 1H), 3.88 ~ 3.82
(m, 2H), 3.81 (d, J = 6.8 Hz, 1H), 3.40 (d, J = 6.8 Hz, 1H), 2.24 (s, 3H), 2.22 (s, 3H), 0.86 (t, J =
6.4 Hz, 3H); *C NMR (100 MHz, CDCls): & 167.8, 148.9, 134.7, 132.4, 132.1, 131.8, 131.3,
129.8, 128.0, 127.9, 127.7, 123.3, 114.5, 95.1, 86.9, 60.8, 49.1, 48.4, 20.4, 18.7, 13.8; two CH
carbon merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for Co7H2sNO-: 395.1885;
found: 395.1889.

Spectral data of ethyl (2R,3R)-1-(5-chloro-2-(phenylethynyl)phenyl)-3-phenylaziridine-2-
carboxylate (3p):

EtO,C H

Compound 3p was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (48 mg, 0.12 mmol, 75%); *H NMR (700 MHz, CDClz): § 7.53 (d, J = 7.0 Hz, 2H),
7.39 (d, J = 8.4 Hz, 1H), 7.31 ~ 7.26 (m, 3H), 7.22 (t, J = 7.7 Hz, 1H), 7.17 (t, J = 7.7 Hz, 2H),
7.06 (d, J =7.0 Hz, 2H), 7.00 ~ 6.99 (m, 2H), 3.86 (q, J = 7.0 Hz, 2H), 3.78 (d, J = 7.0 Hz, 1H),
3.34 (d, J = 7.0 Hz, 1H), 0.86 (t, J = 7.0 Hz, 3H); 3C NMR (175 MHz, CDCls): § 167.1, 154.2,
134.7, 134.2, 134.1, 131.4, 128.3, 128.1, 128.0, 127.9, 127.8, 123.4, 122.7, 120.3, 114.2, 96.4,
85.1, 61.0, 48.0, 46.7, 13.8; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH20CINO2: 401.1183; found:
401.1186.

Spectral data of tert-butyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-
carboxylate (39):
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Compound 3q was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (57 mg, 0.14 mmol, 81%); *H NMR (700 MHz, CDCls): § 7.57 (d, J = 7.7 Hz, 2H),
7.48 (dd, J = 6.3, 1.4 Hz, 1H), 7.30 (t, J = 7.0 Hz, 2H), 7.27 ~ 7.23 (m, 2H), 7.19 (t, J = 7.0 Hz,
1H), 7.15 (t, J = 7.7 Hz, 2H), 7.03 ~ 7.00 (m, 4H ), 3.74 (d, J = 7.0 Hz, 1H), 3.28 (d, J = 7.0 Hz,
1H), 1.09 (s, 9H); 3C NMR (175 MHz, CDCls): § 166.6, 153.4, 134.9, 133.4, 131.4, 129.1, 128.0,
127.9, 127.9, 127.8, 127.5, 123.1, 122.8, 120.2, 115.4, 95.4, 86.1, 81.6, 47.6, 47.4, 27.6; HRMS
(EI-MS) m/z: [M]+ calcd. For Co7H25sNO-: 395.1885; found: 395.1888.

Spectral data of isobutyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-
carboxylate (3r):

Compound 3r was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (58 mg, 0.15 mmol, 83%); *H NMR (700 MHz, CDCls): & 7.54 (d, J = 7.7 Hz, 2H),
7.47 (dd, J=7.7, 0.7 Hz, 1H), 7.28 (t, J = 7.0 Hz, 2H), 7.25 ~ 7.19 (m, 3H), 7.15 (t, J = 5.6 Hz,
2H), 7.05 ~7.04 (m, 2H), 7.02 ~ 6.99 (m, 2H), 3.76 (d, J = 7.0 Hz, 1H), 3.64 (q, J = 7.0 Hz, 1H),
3.51(q,J=7.0 Hz, 1H), 3.34 (d, J = 7.0 Hz, 1H), 1.56 (m, 1H) 0.63 (d, J = 7.0 Hz, 3H), 0.60 (d,
J=7.0Hz, 3H) ; 3C NMR (175 MHz, CDCls): § 167.5, 153.4, 134.7, 133.3, 131.4, 129.2, 128.1,
128.0,127.9,127.8,127.7,123.1, 123.0, 119.9, 115.6, 95.6, 86.1, 71.0, 48.0, 46.9, 27.4, 18.8, 18.7;
HRMS (EI-MS) m/z: [M]+ calcd. For C27H2sNO2: 395.1885; found: 395.1883.
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Spectral data of benzyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-
carboxylate (3s):

Compound 3s was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (64 mg, 0.15 mmol, 84%); *H NMR (700 MHz, CDCls): § 7.53 (m, 2H), 7.48 (dd, J =
7.7,1.4 Hz, 1H), 7.28 ~ 7.25 (m, 3H), 7.23 ~ 7.21 (m, 3H), 7.20 ~ 7.17 (m, 4H), 7.10 (d, J = 7.7
Hz, 2H), 7.04 ~ 7.00 (m, 2H ), 6.91 (d, J = 7.0 Hz, 2H), 4.89 (d, J = 12.6 Hz, 1H), 4.75 (d, J = 12.6
Hz, 1H), 3.78 (d, J = 7.0 Hz, 1H), 3.39 (d, J = 7.0 Hz, 1H); 13C NMR (175 MHz, CDCls): § 167.4,
153.2, 135.2, 134.4, 133.3, 131.4, 129.2, 128.3, 128.1, 128.1,128.1 128.0, 127.9, 127.8, 127.8,
123.1, 123.0, 119.9, 115.6, 95.7, 86.1, 66.6, 48.1, 46.7; HRMS (EI-MS) m/z: [M]+ calcd. For
Cz0H23NO2: 429.1729; found: 429.1733.

Spectral data of phenyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-
carboxylate (3t):

Compound 3t was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (48 mg, 0.12 mmol, 65%); *H NMR (700 MHz, CDClz): § 7.63 (d, J = 7.0 Hz, 2H),
7.51(dd, J=7.7, 1.4 Hz, 1H), 7.35 ~ 7.31 (m, 3H), 7.28 ~ 7.26 (m, 1H), 7.24 ~ 7.21 (m, 1H), 7.17
~7.12 (m, 4H), 7.11 ~7.06 (m, 5H ), 6.32 (d, J = 7.7 Hz, 2H), 3.92 (d, J = 7.0 Hz, 1H), 3.58 (d, J
= 7.0 Hz, 1H); **C NMR (175 MHz, CDCl3): & 166.3, 152.8, 150.1, 134.3, 133.4, 131.6, 129.3,
129.1,128.3,128.2,128.1, 128.0, 127.9, 125.7, 123.3, 122.9, 121.3, 120.0, 115.6, 95.8, 86.0, 48.2,
46.6; HRMS (EI-MS) m/z: [M]+ calcd. For CasH21NO2: 415.1572; found: 415.1562.
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Spectral data of S-phenyl (2R,3R)-3-phenyl-1-(2-(phenylethynyl)phenyl)aziridine-2-
carbothioate (3u):

Compound 3u was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Brown oil (44 mg, 0.10 mmol, 58%); *H NMR (700 MHz, CDCls): § 7.60 (d, J = 7.0 Hz, 2H),
752 (d,J=7.7Hz, 1H), 7.34 (t, J = 7.0 Hz, 2H), 7.32 ~ 7.24 (m, 4H), 7.20 ~ 7.16 (m, 4H), 7.14
~7.10 (m, 3H), 7.07 (t, J = 7.0 Hz, 1H), 6.79 (d, J = 7.7 Hz, 2H), 3.94 (d, J = 6.3 Hz, 1H), 3.61
(d, J = 6.3 Hz, 1H); 3C NMR (175 MHz, CDCls): § 194.4, 152.5, 134.4, 133.8, 133.6, 131.5,
129.3, 129.1, 128.9, 128.4, 128.2, 128.1, 128.0, 127.9, 127.5, 123.4, 123.1, 120.2, 115.6, 96.1,
86.1, 52.7, 49.3; HRMS (EI-MS) m/z: [M]+ calcd. For C29H2:NOS: 431.1344; found: 431.1343.

Spectral data of ethyl 1-(2-(phenylethynyl)phenyl)aziridine-2-carboxylate (5a ):

0-_0
Cr
A

5a

J

Compound 5a was purified on silica gel column using ethyl acetate/hexane: (15 : 85) as the eluent;
Brown oil (26 mg, 0.12 mmol, 46%); *H NMR (700 MHz, CDCls): § 7.55 (dd, J = 7.7, 2.1 Hz,
2H), 7.47 (dd, J =7.7,0.7 Hz, 1H), 7.37 ~ 7.34 (m, 3H), 7.27 ~ 7.24 (m, 1H), 7.03 ~ 7.00 (m, 1H),
6.94 (d, J = 8.4 Hz, 1H), 4.13 ~ 4.09 (m, 1H), 3.98 ~ 3.96 (m, 1H), 2.94 (g, J = 7.0 Hz, 1H), 2.74
(0, J = 2.8 Hz, 1H), 2.50 (dd, J = 6.3, 1.4 Hz, 1H), 1.10 (t, J = 7.0 Hz, 3H) ; *3C NMR (175 MHz,
CDCl3): 8 170.0, 153.2, 132.8, 131.6, 129.1, 128.3, 128.2, 123.3, 122.9, 119.9, 116.4, 95.6, 86.0,
61.3, 38.5, 34.2, 13.9; HRMS (ESI-TOF) m/z: [M+Na]+ calcd. for C19H17NO2Na: 314.1157,
found: 314.1157.
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Spectral data of ethyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate
(4a):

Compound 4a was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (54 mg, 0.15 mmol, 83%); *H NMR (700 MHz, CDCls): § 7.88 (d, J = 7.7 Hz, 1H),
7.64 (d,J=7.7 Hz, 1H), 7.44 ~ 7.37 (m, 5H), 7.33 (t, J = 7.7 Hz, 1H), 7.27 (d, J = 7.7 Hz, 1H),
7.19~7.11 (m, 3H), 7.04 (d, J = 7.0 Hz, 1H), 7.00 (s, 1H), 5.29 (d, J = 7.0 Hz, 1H), 4.88 (d, J =
7.0 Hz, 1H), 3.89 ~ 3.84 (m, 1H), 3.77 ~ 3.72 (m, 1H), 0.88 (t, J = 7.0 Hz, 3H); *C NMR (175
MHz, CDCls): 6 168.9, 137.0, 136.5, 135.2, 131.7, 130.2, 129.2, 128.9, 128.8, 128.1, 127.6, 127.3,
127.3, 124.0, 122.2, 121.0, 120.7, 108.8, 98.1, 61.0, 59.4, 48.2, 13.6; HRMS (EI-MS) m/z: [M]+
calcd. for C2sH21NO»: 367.1572; found: 367.1577.

Spectral data of ethyl (5S,6R)-3-methyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4b):

Compound 4b was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (52 mg, 0.14 mmol, 81%); *H NMR (400 MHz, CDCls): § 7.77 (d, J = 8.0 Hz, 1H),
7.61 (d,J=7.6 Hz, 1H), 7.43 ~ 7.36 (m, 5H), 7.25 (d, J = 7.2 Hz, 1H), 7.17 ~ 7.10 (m, 3H), 6.94
(s, 1H), 6.84 (s, 1H), 5.25 (d, J = 6.8 Hz, 1H), 4.85 (d, J = 6.8 Hz, 1H), 3.88 ~ 3.84 (m, 1H), 3.79
~3.72 (m, 1H), 2.25 (s, 3H), 0.88 (t, J = 6.8 Hz, 3H); *°C NMR (175 MHz, CDCl3): 5 168.9, 137.3,
137.2, 136.4, 135.5, 131.6, 129.3, 128.8, 128.2, 128.1, 128.0, 126.2, 124.0, 121.9, 120.8, 120.6,
108.8, 97.3, 60.9, 59.4, 48.3, 21.5, 13.7; one CH carbon merged with other peaks HRMS (EI-MS)
m/z: [M]+ calcd. for CosH23NO>: 381.1729; found: 381.1727.
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Spectral data of ethyl (5S,6R)-3-chloro-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4c):

Compound 4c was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (49 mg, 0.12 mmol, 77%); *H NMR (400 MHz, CDCls): § 7.78 (d, J = 8.4 Hz, 1H),
7.63 (d, J = 7.0 Hz, 1H), 7.45 ~ 7.41 (m, 3H), 7.36 ~ 7.34 (m, 2H), 7.30 ~ 7.25 (m, 2H), 7.21 ~
7.17 (m, 1H), 7.13 ~ 7.11 (m, 1H), 7.02 (d, J = 0.8 Hz, 1H), 6.97 (s, 1H), 5.26 (d, J = 6.8 Hz, 1H),
4.82 (d, J = 6.4 Hz, 1H), 3.91 ~ 3.80 (m, 1H), 3.78 ~ 3.74 (m, 1H), 0.89 (t, J = 7.2 Hz, 3H); °C
NMR (175 MHz, CDCls): 6 168.7, 136.5, 136.2, 134.2, 133.6, 133.0, 130.0, 129.1, 128.4, 127.7,
127.6,127.5,125.2,122.6,121.1, 120.9, 108.9, 98.5, 61.1, 59.2, 48.2, 13.7; one quaternary carbon
merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH20CINO>: 401.1183; found:
401.1182.

Spectral data of ethyl (5S,6R)-3-bromo-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4d):

Compound 4d was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
off white solid (51 mg, 0.11 mmol, 82%); *H NMR (700 MHz, CDCls): 8 7.72 (d, J = 8.4 Hz, 1H),
7.63 (d, J=7.0 Hz, 1H), 7.46 ~ 7.41 (m, 4H), 7.35 (d, J = 7.0 Hz, 2H), 7.26 (d, J = 8.4 Hz, 1H),
7.21~7.18 (m, 2H), 7.13 (d, J = 7.7 Hz, 1H), 6.98 (s, 1H), 5.26 (d, J = 7.0 Hz, 1H), 4.82 (d, J =
7.0 Hz, 1H), 3.90 ~ 3.85 (m, 1H), 3.79 ~ 3.74 (m, 1H), 0.89 (t, J = 7.0 Hz, 3H); *C NMR (175
MHz, CDCls): 6 168.7, 136.5, 136.2, 134.2, 133.9, 130.5, 130.5, 129.1, 128.4, 127.9, 125.4, 122.6,
121.1,121.0, 120.9, 108.9, 98.6, 61.1, 59.2, 48.1, 13.7; one quaternary carbon and one CH carbon
merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for CosH20BrNO2: 445.0677; found:
445.0678.
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Spectral data of ethyl (5S,6R)-3-methoxy-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4e):

Compound 4e was purified on silica gel column using ethyl acetate/hexane: (7 : 93) as the eluent;
Yellow oil (44 mg, 0.11 mmol, 69%); *H NMR (700 MHz, CDCls): § 7.79 (d, J = 8.4 Hz, 1H),
7.59 (d, J = 7.7 Hz, 1H), 7.43 ~ 7.37 (m, 5H), 7.25 ~ 7.23 (m, 1H), 7.15 ~ 7.09 (m, 2H), 6.88 ~
6.86 (m, 2H), 6.58 (d, J = 1.4 Hz, 1H), 5.25 (d, J = 7.0 Hz, 1H), 4.84 (d, J = 7.0 Hz, 1H), 3.88 ~
3.85 (m, 1H), 3.77 ~ 3.74 (m, 1H), 3.70 (s, 3H), 0.88 (t, J = 7.0 Hz, 3H); *C NMR (175 MHz,
CDCl3):6168.9,159.1,136.9, 136.3, 135.4, 133.6, 130.2, 129.4, 128.8, 128.2, 125.4, 122.0, 121.7,
120.6, 120.5, 113.8, 112.6, 108.7, 96.5, 61.0, 59.4, 55.2, 48.4, 13.7; HRMS (EI-MS) m/z: [M]+
calcd. for C26H23NO3: 397.1678; found: 397.1677.

Spectral data of ethyl (5S,6R)-1-methyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4f):

Compound 4f was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (52 mg, 0.14 mmol, 80%); *H NMR (700 MHz, CDCls): § 7.75 (d, J = 7.7 Hz, 1H),
7.62 ~7.60 (m, 1H), 7.23 ~7.21 (m, 1H), 7.11 (t, J = 2.8 Hz, 3H), 7.08 ~ 7.04 (m, 5H), 7.01 (d, J
=7.0 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 5.26 (d, J = 5.6 Hz, 1H), 4.74 (d, J = 5.6 Hz, 1H), 3.97 ~
3.93 (m, 1H), 3.76 ~ 3.72 (m, 1H), 2.18 (s, 3H), 0.85 (t, J = 7.7 Hz, 3H); 3C NMR (175 MHz,
CDCl3):8169.0, 138.1, 137.5,136.2, 136.1, 131.4, 130.0, 129.9, 129.4, 128.2, 127.6, 127.3, 122.4,
121.6, 120.6, 120.4, 111.3, 98.5, 61.4, 60.9, 45.4, 19.5, 13.5; one quaternary carbon merged with
other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH23NO>: 381.1729; found: 381.1734.
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Spectral data of ethyl (4R,5R)-4-phenyl-4,5-dihydrothieno[3',2":3,4]pyrido[1,2-a]indole-5-
carboxylate (49):

Compound 4g was purified on silica gel column using ethyl acetate/hexane: (7 : 93) as the eluent;
Yellow oil (29 mg, 0.08 mmol, 44%); *H NMR (400 MHz, CDCls): § 7.57 (d, J = 7.6 Hz, 1H),
7.41 ~7.37 (m, 5H), 7.07 ~ 7.15 (m, 4H), 6.71 (d, J = 4.8 Hz, 2H), 5.28 (d, J = 8.0 Hz, 1H), 4.87
(d, J=7.6 Hz, 1H), 3.81 ~ 3.73 (m, 1H), 3.63 ~ 3.55 (m, 1H), 0.79 (t, J = 6.8 Hz, 3H); *C NMR
(175 MHz, CDClz): 6 168.4, 137.5, 136.6, 133.1, 132.2, 129.8, 129.5, 128.7, 128.1, 127.3, 123.2,
122.4,120.9, 128.8, 128.7, 108.7, 97.7, 60.8, 60.2, 45.9, 13.5; one quaternary carbon merged with
other peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C23H10NO>S: 373.1136; found: 373.1140.

Spectral data of ethyl (5S,6R)-5-(p-tolyl)-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4j):

Compound 4j was purified on silica gel column using ethyl acetate/hexane: 5 : 95) as the eluent;
Yellow oil (44 mg, 0.12 mmol, 68%); *H NMR (700 MHz, CDCls): § 7.88 (d, J = 7.7 Hz, 1H),
7.65(d, J = 7.7 Hz, 1H), 7.33 (5, J = 7.7 Hz, 1H), 7.29 ~ 7.24 (m, 5H), 7.20 ~ 7.13 (m, 3H), 7.06
(d, J = 7.7 Hz, 1H), 7.00 (s, 1H), 5.28 (d, J = 7.0 Hz, 1H), 4.86 (d, J = 7.0 Hz, 1H), 3.91 ~ 3.89
(m, 1H), 3.79 ~ 3.77 (m, 1H), 2.42 (s, 3H), 0.90 (t, J = 7.0 Hz, 3H); C NMR (175 MHz, CDCl5):
0168.9,137.8, 136.4, 135.3, 133.9, 132.0, 130.1, 129.5, 129.2, 128.9, 127.6, 127.3, 127.2, 123.9,
122.2,120.9, 120.7, 108.9, 98.0, 61.0, 59.5, 47.9, 21.2, 13.7; HRMS (EI-MS) m/z: [M]+ calcd. for
C26H23NO2: 381.1729; found: 381.1728.

S23



Spectral data of ethyl (5S,6R)-5-(4-chlorophenyl)-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4Kk):

Compound 4k was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (50 mg, 0.12 mmol, 79%); *H NMR (400 MHz, CDCls): § 7.86 (d, J = 7.6 Hz, 1H),
7.63 (d, J = 8.0 Hz, 1H), 7.42 ~ 7.39 (m, 2H), 7.35 ~ 7.24 (m, 4H), 7.20 ~ 7.11 (m, 3H), 6.99 ~
6.97 (m, 2H), 5.25 (d, J = 6.8 Hz, 1H), 4.86 (d, J = 6.8 Hz, 1H), 3.91 ~ 3.84 (m, 1H), 3.78 ~ 3.73
(m, 1H), 0.91 (t, J = 7.6 Hz, 3H); 3C NMR (100 MHz, CDCls): § 168.7, 136.5, 135.7, 135.1,
134.1, 131.6, 131.2, 129.2, 129.0, 128.8, 127.5, 127.4, 124.1, 122.3, 121.0, 120.8, 108.8, 98.3,
61.1, 59.3, 47.6, 13.7; one CH carbon merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd.
for CasH20CINO2: 401.1183; found: 401.1181.

Spectral data of ethyl (5S,6R)-5-(4-bromophenyl)-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4l):

Compound 41 was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (47 mg, 0.11 mmol, 76%); *H NMR (700 MHz, CDCls): § 7.72 (d, J = 8.4 Hz, 1H),
7.63 (d, J=7.7 Hz, 1H), 7.44 ~ 7.43 (m, 4H), 7.34 (d, J = 5.6 Hz, 2H), 7.25 (t, J = 7.7 Hz, 1H),
7.19 ~7.11 (m, 3H), 6.98 (s, 1H), 5.24 (d, J = 6.3 Hz, 1H), 4.83 (d, J = 6.3 Hz, 1H), 3.88 ~ 3.85
(m, 1H), 3.78 ~ 3.75 (m, 1H), 0.89 (t, J = 7.0 Hz, 3H); *C NMR (175 MHz, CDCls): 5 168.7,
136.5, 136.2, 134.3, 133.9, 130.5, 130.1, 129.1, 128.5, 127.9, 125.5, 122.6, 121.1, 120.9, 108.9,
98.6, 61.2, 59.2, 48.1, 13.7; one quaternary and two CH carbon merged with other peaks; HRMS
(EI-MS) m/z: [M]+ calcd. for C2sH20BrNO2: 445.0677; found: 445.0674.
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Spectral data of ethyl (5S,6R)-10-methyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4m):

Compound 4m was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (49 mg, 0.13 mmol, 76%); *H NMR (700 MHz, CDCls): § 7.85 (d, J = 7.7 Hz, 1H),
7.42 ~7.36 (m, 6H), 7.30 (t, J = 7.7 Hz, 1H), 7.16 ~ 7.12 (m, 2H), 7.03 ~ 6.99 (m, 2H), 6.91 (s,
1H), 5.24 (d, J = 7.0 Hz, 1H), 4.87 (d, J = 7.0 Hz, 1H), 3.87 ~ 3.83 (m, 1H), 3.75 ~ 3.70 (m, 1H),
2.43 (s, 3H), 0.87 (t, J = 7.0 Hz, 3H); *3C NMR (175 MHz, CDCl3): § 168.9, 137.2, 135.3, 134.9,
131.7, 130.2, 130.0, 129.5, 129.0, 128.8, 128.1, 127.6, 127.3, 127.1, 123.9, 123.8, 120.6, 108.5,
97.6, 60.9, 59.5, 48.2, 21.4, 13.7; HRMS (EI-MS) m/z: [M]+ calcd. for C2sH23NO-: 381.1729;
found: 381.1726.

Spectral data of ethyl (5S,6R)-10-chloro-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4n):

Compound 4n was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (44 mg, 0.11 mmol, 69%); *H NMR (700 MHz, CDCls): § 7.85 (d, J = 7.7 Hz, 1H),
7.59 (s, 1H), 7.43 ~ 7.35 (m, 5H), 7.33 (t, J = 7.7 Hz, 1H), 7.18 ~ 7.16 (m, 2H), 7.12 (d, J = 8.4
Hz, 1H), 7.04 (d, J = 7.7 Hz, 1H), 6.92 (s, 1H), 5.23 (d, J = 7.0 Hz, 1H), 4.88 (d, J = 7.0 Hz, 1H),
3.89 ~ 3.84 (m, 1H), 3.76 ~ 3.72 (m, 1H), 0.87 (t, J = 7.0 Hz, 3H); *C NMR (175 MHz, CDCls):
5 168.6, 136.8, 136.6, 134.9, 131.8, 130.3, 130.2, 128.9, 128.4, 128.2, 127.8, 127.7, 127.4, 126.3,
124.1, 122.4, 120.3, 109.8, 97.6, 61.1, 59.5, 48.1, 13.7; HRMS (EI-MS) m/z: [M]+ calcd. for
C2sH20CINO2: 401.1183; found: 401.1184.
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Spectral data of ethyl (5S,6R)-9,10-dimethyl-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-
6-carboxylate (40):

Compound 40 was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (40 mg, 0.10 mmol, 62%); *H NMR (700 MHz, CDCls): & 7.85 (d, J = 7.7 Hz, 1H),
7.41 ~7.28 (m, 6H), 7.24 (d, J = 9.1 Hz, 1H), 7.11 (t, J = 7.7 Hz, 1H), 6.97 (t, J = 7.7 Hz, 1H),
6.93 (s, 1H), 6.71 (s, 1H), 5.64 (d, J = 6.3 Hz, 1H), 4.92 (d, J = 6.3 Hz, 1H), 3.89 ~ 3.84 (m, 1H),
3.71 ~ 3.67 (m, 1H), 2.63 (s, 3H), 2.36 (s, 3H), 0.85 (t, J = 7.0 Hz, 3H); *C NMR (175 MHz,
CDCl3):6169.4,137.4,136.2,134.0,131.2, 130.3,130.0, 129.4, 128.1, 127.4, 127.3, 127.2, 126.9,
123.7, 120.4, 118.6, 98.9, 61.5, 60.8, 49.1, 21.1, 19.9, 13.7; two CH carbon merged with other
peaks; HRMS (EI-MS) m/z: [M]+ calcd. for C27H2sNO>: 395.1885; found: 395.1889.

Spectral data of ethyl (5S,6R)-10-chloro-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (4p):

Compound 4p was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (46 mg, 0.11 mmol, 72%); *H NMR (500 MHz, CDCls): & 7.84 (d, J = 8.0 Hz, 1H),
7.52 (d, J =8.5Hz, 1H), 7.44 ~ 7.30 (m, 6H), 7.25 (d, J = 6.0 Hz, 1H), 7.18 ~ 7.15 (m, 1H), 7.08
~7.04 (m, 2H), 6.94 (s, 1H), 5.20 (d, J = 7.0 Hz, 1H), 4.87 (d, J = 7.0 Hz, 1H), 3.91 ~ 3.85 (m,
1H), 3.79 ~ 3.72 (m, 1H), 0.88 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls): § 168.6, 136.9,
136.8, 136.1, 131.7, 130.2, 128.8, 128.5, 128.2, 128.1, 127.8, 127.7, 127.6, 127.4, 124.0, 121.7,
121.4, 109.0, 98.0, 61.2, 59.5, 48.2, 13.6; HRMS (EI-MS) m/z: [M]+ calcd. for CasH20CINO::
401.1183; found: 401.1185.
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Spectral data of tert-butyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-
carboxylate (49):

Compound 4q was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (55 mg, 0.14 mmol, 78%); *H NMR (700 MHz, CDCls): § 7.85 (d, J = 7.7 Hz, 1H),
7.62 (d, J = 7.7 Hz, 1H), 7.44 ~ 7.39 (m, 5H), 7.31 ~ 7.28 (m, 2H), 7.18 ~ 7.09 (m, 3H), 7.04 (d, J
= 8.4 Hz, 1H), 6.98 (s, 1H), 5.16 (d, J = 7.0 Hz, 1H), 4.83 (d, J = 6.3 Hz, 1H), 1.07 (s, 9H); 1°C
NMR (175 MHz, CDCl3): 6 167.8, 137.0, 136.5, 135.3, 132.1, 130.6, 129.2, 128.9, 128.8, 128.0,
127.4, 127.2, 127.1, 123.9, 122.1, 120.9, 120.6, 109.0, 98.0, 82.2, 60.5, 48.1, 27.7; HRMS (ElI-
MS) m/z: [M]+ calcd. for Co7H2sNO,: 395.1885; found: 395.1880.

Spectral data of isobutyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4r):

Compound 4r was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (53 mg, 0.13 mmol, 75%); *H NMR (700 MHz, CDCls): & 7.87 (d, J = 7.7 Hz, 1H),
7.63(d, J=7.7 Hz, 1H), 7.43 ~ 7.35 (m, 5H), 7.32 ~ 7.28 (m, 2H), 7.19 ~ 7.11 (m, 3H), 7.03 (d, J
= 7.7 Hz, 1H), 6.99 (s, 1H), 5.30 (d, J = 7.0 Hz, 1H), 4.88 (d, J = 7.0 Hz, 1H), 3.61 (q, J = 6.3 Hz,
1H), 3.45 (g, J = 6.3 Hz, 1H), 1.54 ~ 1.49 (m, 1H), 0.53 (d, J = 7.0 Hz, 6H); 3C NMR (175 MHz,
CDCl3):6168.8,136.9, 136.5,135.2,132.0, 130.1, 129.2, 128.9, 128.9, 128.2, 127.6, 127.3, 127.2,
123.9, 122.3, 120.9, 120.7, 108.9, 98.1, 71.2, 59.8, 48.2, 27.1, 18.6; HRMS (EI-MS) m/z: [M]+
calcd. for C27H2sNO2: 395.1885; found: 395.1882.
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Spectral data of benzyl (5S,6R)-5-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-6-

carboxylate (4s):

Compound 4s was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (62 mg, 0.14 mmol, 81%); *H NMR (700 MHz, CDCls): & 7.87 (d, J = 7.7 Hz, 1H),
7.62 (d, J = 7.7 Hz, 1H), 7.34 ~ 7.32 (m, 4H), 7.26 ~ 7.19 (m, 4H), 7.16 ~ 7.09 (m, 5H), 7.00 ~
6.99 (m, 2H), 6.19 (d, J = 7.0 Hz, 2H), 5.33 (d, J = 7.0 Hz, 1H), 4.88 (t, J = 6.3 Hz, 2H), 5.66 (d,
J=12.6 Hz, 1H) ; *3C NMR (175 MHz, CDCl3): 6 168.6, 136.8, 136.5, 135.2, 134.8, 131.8, 130.1,
130.0, 129.2, 128.9, 128.3, 128.2, 128.0, 127.8, 127.7, 127.4, 124.1, 122.3, 121.0, 120.8, 109.0,
98.2, 66.6, 59.7, 48.3; one CH carbon merged with other peaks; HRMS (EI-MS) m/z: [M]+ calcd.
for C30H23NO2: 429.1729; found: 429.1726

Spectral data of ethyl 5,6-dihydroindolo[2,1-a]isoquinoline-6-carboxylate ( 5b):

Compound 5b was purified on silica gel column using ethyl acetate/hexane: (5 : 95) as the eluent;
Yellow oil (52 mg, 0.18 mmol, 76%); *H NMR (400 MHz, CDCls): § 7.77 (d, J = 7.6 Hz, 1H),
7.61 (d, J = 8.0 Hz, 1H), 7.38 ~ 7.35 (m, 3H), 7.29 ~ 7.25 (m, 1H), 7.22 ~ 7.19 (m, 1H), 7.09 (t, J
= 7.2 Hz, 1H), 6.86 (s, 1H), 4.82 (dd, J = 12.4, 4.0 Hz, 1H), 4.22 (dd, J = 12.4, 4.8 Hz, 1H), 4.10
~4.02 (m, 3H), 1.10 (t, J = 7.2 Hz, 3H); 3C NMR (175 MHz, CDCls): § 171.2, 136.9, 134.7,
129.4,129.2, 128.8, 128.7, 128.4, 127.5, 124.6, 122.0, 120.8, 120.0, 109.0, 97.1, 61.5, 45.1, 42.0,
14.0; HRMS (ESI-TOF) m/z: [M+Na]+ calcd. for C19H17NO2Na: 314.1157, found: 314.1163.

Spectral data of (5,6-dihydroindolo[2,1-a]isoquinolin-6-yl)methanol (5c¢ ):
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Compound 5c¢ was purified on silica gel column using ethyl acetate/hexane: (30 : 70) as the eluent;
Yellow oil (36 mg, 0.14 mmol, 84%); *H NMR (400 MHz, CDCls): § 7.76 (d, J = 8.0 Hz, 1H),
7.63~7.61 (m, 1H), 7.38 ~ 7.24 (m, 4H), 7.23 ~ 7.18 (m, 1H), 7.11 ~ 7.07 (m, 1H), 6.86 (s, 1H),
4.66 (dd, J=12.4, 2.0 Hz, 1H), 4.07 (dd, J = 12.4, 4.4 Hz, 1H), 3.65 (q, J = 6.4 Hz, 1H), 3.55 (q,
J=9.2 Hz, 1H), 3.35 ~ 3.32 (m, 1H), 1.24 (broad s, 1H), ; 3C NMR (175 MHz, CDCls): § 137.1,
134.8,132.3,128.9, 128.8, 128.7, 127.9, 127.6, 124.6, 121.8, 120.7, 119.9, 109.0, 96.7, 63.7, 41.8,
40.6 ; HRMS (ESI-TOF) m/z: [M+H]+ calcd. for C17H1sNO: 250.1232, found: 250.1229.

Spectral data of 5,6-dihydroindolo[2,1-a]isoquinoline-6-carbaldehyde ( 5d ):

Compound 5d was purified on silica gel column using ethyl acetate/hexane: (20 : 80) as the eluent;
Yellow oil (29 mg, 0.12 mmol, 68%); *H NMR (700 MHz, CDCls): § 9.62 (s, 1H), 7.83 (d, J = 8.4
Hz, 1H), 7.61 (d, J = 7.7 Hz, 1H), 7.43 ~ 7.39 (m, 3H), 7.34 (t, J = 7.0 Hz, 1H), 7.24 (t, J = 6.3
Hz, 1H), 7.12 (t, J = 7.7 Hz, 1H), 6.89 (s, 1H), 4.98 (dd, J = 11.9, 2.1 Hz, 1H), 4.17 (dd, J = 12.6,
4.9 Hz, 1H), 3.86 (d, J = 4.2 Hz, 1H); *3C NMR (175 MHz, CDCls): § 198.5, 137.1, 134.1, 129.3,
129.3,128.9,128.8, 128.0, 126.8, 124.8, 122.3, 120.9, 120.3, 109.1, 97.6, 51.8, 39.3 ; HRMS (ESI-
TOF) m/z: [M+H]+ calcd. for C17H14NO: 248.1075, found: 248.1077.

Spectral data of 5,6-dihydroindolo[2,1-a]isoquinoline ( 5e ):

Compound 5e was purified on silica gel column using ethyl acetate/hexane: (05 : 95) as the eluent;
white solid (38 mg, 0.17 mmol, 85%); *H NMR (700 MHz, CDCls): & 7.78 (d, J = 7.7 Hz, 1H),

529



7.66 (d, J =7.7 Hz, 1H), 7.36 ~ 7.32 (m, 2H), 7.29 ~ 7.22 (m, 3H), 7.13 (t, J = 7.7 Hz, 1H), 6.90
(s, 1H), 4.28 (t, J = 7.0 Hz, 2H), 3.22 (t, J = 7.0 Hz, 1H); 3C NMR (175 MHz, CDCls): § 136.6,
135.6, 132.1, 129.0, 128.8, 128.3, 127.4, 127.2, 124.4, 121.6, 120.7, 119.9, 108.9, 96.4, 40.1, 29.1
; ; HRMS (ESI-TOF) m/z: [M+Na]+ calcd. for C1eH13N: 242.0946 found: 242.0945.

Spectral data of 5,6-dihydroindolo[2,1-a]isoquinoline-12-carbaldehyde ( 5f ):

Compound 5f was purified on silica gel column using ethyl acetate/hexane: (20 : 80) as the eluent;
Yellow oil (46 mg, 0.18 mmol, 81%); *H NMR (700 MHz, CDCls): § 10.50 (s, 1H), 8.44 (d, J =
7.7 Hz, 1H), 7.96 ~ 7.94 (m, 1H), 7.42 ~ 7.36 (m, 4H), 7.34 ~ 7.29 (m, 2H), 4.24 (t, J = 6.3 Hz,
2H), 3.17 (t, J = 6.3 Hz, 2H) ; 3C NMR (175 MHz, CDCl3): & 185.5, 142.9, 135.7, 134.9, 129.9,
129.0, 128.5, 127.8, 127.1, 126.7, 124.0, 123.2, 122.3, 113.4, 109.1, 40.1, 29.2 ; HRMS (ESI-
TOF) m/z: [M+Na]+ calcd. for C17H13NONa: 270.0895, found: 270.0895.
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4. X-ray crystallographic structure and data for compound 3d and 4d:

(a) X-ray crystallographic data of compound (3d).

Ellipsoid contour % probability level = 50%

Experimental: The sample was dissolved in appropriate amount of methanol followed by the
addition of pentane to furnish a saturated solution. Afterwards, the mixture was allowed to stand
at room temperature to form the crystals.

CCDC 2050058

Table 1. Crystal data and structure refinement for 201138It_Om_a.

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

Unit cell dimensions

Volume
Z

201138LT_Om a
C25 H20 Br N 02
446.33

100(2) K

0.71073 A
Triclinic

P-1
a=10.0729(4) A
b =11.4073(5) A
¢ =18.7007(7) A
2106.13(15) A3

4

o= 94.217(2)°.
B=90.628(2)°.
v = 100.546(2)°.

S31



Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1.408 Mg/m3

1.972 mm-1

912

0.10 x 0.06 x 0.01 mm?

1.092 to 26.439°.

-12<=h<=12, -14<=k<=14, -23<=I<=23
36201

8663 [R(int) = 0.0270]

100.0 %

Semi-empirical from equivalents
0.7454 and 0.6763

Full-matrix least-squares on F2
8663 /0/525

1.029

R1 = 0.0358, wR2 = 0.0885

R1 =0.0591, wR2 = 0.0986

n/a

0.386 and -0.301 e.A3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for 201138It_Om_a. U(eq) is defined as one third of the trace of the orthogonalized U'l tensor.

X y z U(eq)
Br(1) 5910(1) 8312(1) -1121(1) 65(1)
Br(2) 10863(1) 8456(1) 6483(1) 80(1)
C(1) 5963(2) 8337(2) -104(1) 49(1)
C(2) 4830(2) 8485(2) 269(1) 63(1)
C@3) 4860(3) 8474(2) 1007(1) 64(1)
C(4) 6014(2) 8316(2) 1374(1) 49(1)
C(5) 7147(2) 8185(2) 982(1) 54(1)
C(6) 7118(2) 8197(2) 245(1) 54(1)
C(7) 6007(2) 8258(2) 2140(2) 55(1)
C(8) 5939(2) 8154(2) 2771(2) 54(1)
C(9) 5786(2) 7961(2) 3515(1) 48(1)
C(10) 5318(2) 6813(2) 3729(1) 43(1)
C(11) 5174(2) 6645(2) 4455(1) 51(1)
C(12) 5500(2) 7595(2) 4965(1) 57(1)
C(13) 5961(3) 8726(2) 4760(1) 61(1)
C(14) 6093(3) 8903(2) 4048(1) 58(1)
C(15) 3908(2) 4894(2) 3228(1) 45(1)
C(16) 4050(2) 3620(2) 3150(1) 46(1)
C(17) 5278(2) 3260(2) 3038(1) 54(1)
C(18) 5337(3) 2051(3) 2979(1) 65(1)
C(19) 4175(3) 1205(2) 3023(1) 67(1)
C(20) 2970(3) 1560(2) 3133(1) 66(1)
C(21) 2900(2) 2755(2) 3199(1) 56(1)
C(22) 4124(2) 5741(2) 2636(1) 44(1)
C(23) 4581(2) 5370(2) 1913(1) 46(1)
C(24) 3985(3) 5114(3) 688(1) 70(1)
C(25) 2804(3) 5121(4) 225(2) 104(1)
C(26) 10913(2) 8377(2) 5469(1) 57(1)
C(27) 12080(3) 8232(2) 5136(1) 61(1)
C(28) 12132(3) 8196(2) 4396(1) 60(1)
C(29) 11011(2) 8305(2) 3987(1) 53(1)

S33



C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
Cc(41)
C(42)
C(43)
C(44)
C(45)
C(46)
c(47)
C(48)
C(49)
C(50)
N(L)

N(2)

o(1)

0(2)

0(3)

0(4)

9833(3)
9782(3)
11052(3)
11026(2)
10909(2)
11267(2)
11143(3)
10640(2)
10275(2)
10406(2)
8935(2)
9039(2)
7865(2)
7910(3)
9124(3)
10296(3)
10257(2)
9167(2)
9598(2)
8970(3)
7835(4)
5108(2)
10150(2)
3632(2)
5633(2)
8641(2)
10633(2)

8434(3)
8472(3)
8259(2)
8186(2)
8041(2)
9008(2)
8870(2)
7753(2)
6790(2)
6912(2)
5011(2)
3728(2)
2881(2)
1678(2)
1308(2)
2142(2)
3346(2)
5818(2)
5388(2)
5060(3)
5085(4)
5823(2)
5904(2)
5411(2)
5080(2)
5411(2)
5074(2)

4338(2)
5075(2)
3218(1)
2580(1)
1809(1)
1391(1)

658(2)

318(1)

720(1)
1461(1)
1740(1)
1691(1)
1571(1)
1529(1)
1599(1)
1712(1)
1758(1)
2425(1)
3109(1)
4290(1)
4738(2)
3219(1)
1864(1)
1424(1)
1777(1)
3584(1)
3226(1)

72(1)
74(1)
56(1)
53(1)
46(1)
57(1)
63(1)
58(1)
48(1)
40(1)
43(1)
42(1)
51(1)
59(1)
58(1)
58(1)
51(1)
43(1)
47(1)
85(1)

114(1)
43(1)
40(1)
60(1)
64(1)
67(1)
68(1)
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Table 3. Bond lengths [A] and angles [°] for 201138lt_0m_a.

Br(1)-C(1) 1.900(2)
Br(2)-C(26) 1.892(2)
C(1)-C(6) 1.368(3)
C(1)-C(2) 1.374(3)
C(2)-C(3) 1.381(3)
C(2)-H(2) 0.9500

C(3)-C(4) 1.390(3)
C(3)-H(3) 0.9500

C(4)-C(5) 1.387(3)
C(4)-C(7) 1.440(3)
C(5)-C(6) 1.379(3)
C(5)-H(5) 0.9500

C(6)-H(6) 0.9500

C(7)-C(8) 1.196(3)
C(8)-C(9) 1.430(3)
C(9)-C(10) 1.398(3)
C(9)-C(14) 1.400(3)
C(10)-C(11) 1.391(3)
C(10)-N(1) 1.408(3)
C(11)-C(12) 1.378(3)
C(11)-H(11) 0.9500

C(12)-C(13) 1.374(4)
C(12)-H(12) 0.9500

C(13)-C(14) 1.365(3)
C(13)-H(13) 0.9500

C(14)-H(14) 0.9500

C(15)-N(1) 1.455(3)
C(15)-C(16) 1.484(3)
C(15)-C(22) 1.514(3)
C(15)-H(15) 1.0000

C(16)-C(21) 1.386(3)
C(16)-C(17) 1.386(3)
C(17)-C(18) 1.387(3)
C(17)-H(17) 0.9500
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C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-H(21)
C(22)-N(1)
C(22)-C(23)
C(22)-H(22)
C(23)-0(2)
C(23)-0(1)
C(24)-0(1)
C(24)-C(25)
C(24)-H(24A)
C(24)-H(24B)
C(25)-H(25A)
C(25)-H(25B)
C(25)-H(25C)
C(26)-C(27)
C(26)-C(31)
C(27)-C(28)
C(27)-H(27)
C(28)-C(29)
C(28)-H(28)
C(29)-C(30)
C(29)-C(32)
C(30)-C(31)
C(30)-H(30)
C(31)-H(31)
C(32)-C(33)
C(33)-C(34)
C(34)-C(35)
C(34)-C(39)
C(35)-C(36)
C(35)-H(35)

1.381(4)
0.9500
1.361(4)
0.9500
1.374(4)
0.9500
0.9500
1.451(3)
1.491(3)
1.0000
1.191(3)
1.324(3)
1.456(3)
1.465(4)
0.9900
0.9900
0.9800
0.9800
0.9800
1.367(3)
1.375(4)
1.383(3)
0.9500
1.387(3)
0.9500
1.389(4)
1.436(3)
1.379(4)
0.9500
0.9500
1.190(3)
1.439(3)
1.395(3)
1.404(3)
1.371(4)
0.9500
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C(36)-C(37) 1.386(4)

C(36)-H(36) 0.9500
C(37)-C(38) 1.374(3)
C(37)-H(37) 0.9500
C(38)-C(39) 1.384(3)
C(38)-H(38) 0.9500
C(39)-N(2) 1.407(3)
C(40)-N(2) 1.446(3)
C(40)-C(41) 1.482(3)
C(40)-C(47) 1.512(3)
C(40)-H(40) 1.0000
C(41)-C(46) 1.383(3)
C(41)-C(42) 1.388(3)
C(42)-C(43) 1.377(3)
C(42)-H(42) 0.9500
C(43)-C(44) 1.373(4)
C(43)-H(43) 0.9500
C(44)-C(45) 1.377(3)
C(44)-H(44) 0.9500
C(45)-C(46) 1.378(3)
C(45)-H(45) 0.9500
C(46)-H(46) 0.9500
C(47)-N(2) 1.447(3)
C(47)-C(48) 1.491(3)
C(47)-H(47) 1.0000
C(48)-0(4) 1.185(3)
C(48)-0(3) 1.320(3)
C(49)-C(50) 1.429(4)
C(49)-0(3) 1.460(3)
C(49)-H(49A) 0.9900
C(49)-H(498B) 0.9900
C(50)-H(50A) 0.9800
C(50)-H(50B) 0.9800
C(50)-H(50C) 0.9800
C(6)-C(1)-C(2) 121.1(2)
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C(6)-C(1)-Br(1)
C(2)-C(1)-Br(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H()
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(H)-C(7)
C(3)-C(H-C(7)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(1)-C(6)-C(5)
C(1)-C(6)-H(6)
C(5)-C(6)-H(6)
C(8)-C(7)-C(4)
C(7)-C(8)-C(9)
C(10)-C(9)-C(14)
C(10)-C(9)-C(8)
C(14)-C(9)-C(8)
C(11)-C(10)-C(9)
C(11)-C(10)-N(1)
C(9)-C(10)-N(1)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(9)
C(13)-C(14)-H(14)

119.76(17)
119.17(18)
119.1(2)
120.5
120.5
121.0(2)
119.5
119.5
118.5(2)
121.4(2)
120.1(2)
120.6(2)
119.7
119.7
119.8(2)
120.1
120.1
176.1(3)
176.1(3)
118.0(2)
120.4(2)
121.6(2)
119.5(2)
120.2(2)
120.05(18)
120.8(2)
119.6
119.6
120.2(2)
119.9
119.9
119.5(2)
120.2
120.2
122.0(2)
119.0

S38



C(9)-C(14)-H(14)
N(L)-C(15)-C(16)
N(L)-C(15)-C(22)
C(16)-C(15)-C(22)
N(L)-C(15)-H(15)
C(16)-C(15)-H(15)
C(22)-C(15)-H(15)
C(21)-C(16)-C(17)
C(21)-C(16)-C(15)
C(17)-C(16)-C(15)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(20)-C(19)-C(18)
C(20)-C(19)-H(19)
C(18)-C(19)-H(19)
C(19)-C(20)-C(21)
C(19)-C(20)-H(20)
C(21)-C(20)-H(20)
C(20)-C(21)-C(16)
C(20)-C(21)-H(21)
C(16)-C(21)-H(21)
N(1)-C(22)-C(23)
N(1)-C(22)-C(15)
C(23)-C(22)-C(15)
N(1)-C(22)-H(22)
C(23)-C(22)-H(22)
C(15)-C(22)-H(22)
0(2)-C(23)-0(1)
0(2)-C(23)-C(22)
0(1)-C(23)-C(22)
O(1)-C(24)-C(25)
0(1)-C(24)-H(24A)

119.0
119.40(18)
58.46(13)
124.86(17)
114.2
114.2
114.2
118.9(2)
118.2(2)
123.0(2)
119.8(2)
120.1
120.1
120.3(2)
119.8
119.8
119.8(2)
120.1
120.1
120.5(3)
119.7
119.7
120.7(2)
119.6
119.6
115.63(18)
58.74(13)
121.97(19)
116.0
116.0
116.0
123.7(2)
126.5(2)
109.71(18)
107.9(2)
110.1
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C(25)-C(24)-H(24A)
O(1)-C(24)-H(24B)
C(25)-C(24)-H(24B)
H(24A)-C(24)-H(24B)
C(24)-C(25)-H(25A)
C(24)-C(25)-H(25B)
H(25A)-C(25)-H(25B)
C(24)-C(25)-H(25C)
H(25A)-C(25)-H(25C)
H(25B)-C(25)-H(25C)
C(27)-C(26)-C(31)
C(27)-C(26)-Br(2)
C(31)-C(26)-Br(2)
C(26)-C(27)-C(28)
C(26)-C(27)-H(27)
C(28)-C(27)-H(27)
C(27)-C(28)-C(29)
C(27)-C(28)-H(28)
C(29)-C(28)-H(28)
C(28)-C(29)-C(30)
C(28)-C(29)-C(32)
C(30)-C(29)-C(32)
C(31)-C(30)-C(29)
C(31)-C(30)-H(30)
C(29)-C(30)-H(30)
C(26)-C(31)-C(30)
C(26)-C(31)-H(31)
C(30)-C(31)-H(31)
C(33)-C(32)-C(29)
C(32)-C(33)-C(34)
C(35)-C(34)-C(39)
C(35)-C(34)-C(33)
C(39)-C(34)-C(33)
C(36)-C(35)-C(34)
C(36)-C(35)-H(35)
C(34)-C(35)-H(35)

110.1
110.1
110.1
108.4
109.5
109.5
109.5
109.5
109.5
109.5
120.6(2)
119.47(19)
119.90(19)
119.8(2)
120.1
120.1
120.8(2)
119.6
119.6
118.3(2)
121.1(2)
120.5(2)
120.9(2)
119.5
119.5
119.6(2)
120.2
120.2
176.8(3)
176.1(3)
118.4(2)
121.5(2)
120.2(2)
121.4(2)
119.3
119.3
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C(35)-C(36)-C(37)
C(35)-C(36)-H(36)
C(37)-C(36)-H(36)
C(38)-C(37)-C(36)
C(38)-C(37)-H(37)
C(36)-C(37)-H(37)
C(37)-C(38)-C(39)
C(37)-C(38)-H(38)
C(39)-C(38)-H(38)
C(38)-C(39)-C(34)
C(38)-C(39)-N(2)

C(34)-C(39)-N(2)

N(2)-C(40)-C(41)

N(2)-C(40)-C(47)

C(41)-C(40)-C(47)
N(2)-C(40)-H(40)

C(41)-C(40)-H(40)
C(47)-C(40)-H(40)
C(46)-C(41)-C(42)
C(46)-C(41)-C(40)
C(42)-C(41)-C(40)
C(43)-C(42)-C(41)
C(43)-C(42)-H(42)
C(41)-C(42)-H(42)
C(44)-C(43)-C(42)
C(44)-C(43)-H(43)
C(42)-C(43)-H(43)
C(43)-C(44)-C(45)
C(43)-C(44)-H(44)
C(45)-C(44)-H(44)
C(44)-C(45)-C(46)
C(44)-C(45)-H(45)
C(46)-C(45)-H(45)
C(45)-C(46)-C(41)
C(45)-C(46)-H(46)
C(41)-C(46)-H(46)

119.9(2)
120.0
120.0
119.6(2)
120.2
120.2
121.2(2)
119.4
119.4
119.6(2)
120.76(19)
119.47(18)
119.08(17)
58.51(12)
123.94(18)
114.6
114.6
114.6
119.0(2)
122.56(19)
118.49(19)
120.6(2)
119.7
119.7
120.0(2)
120.0
120.0
119.8(2)
120.1
120.1
120.4(2)
119.8
119.8
120.2(2)
119.9
119.9
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N(2)-C(47)-C(48) 115.72(17)

N(2)-C(47)-C(40) 58.48(12)
C(48)-C(47)-C(40) 121.80(18)
N(2)-C(47)-H(47) 116.1
C(48)-C(47)-H(47) 116.1
C(40)-C(47)-H(47) 116.1
0(4)-C(48)-0(3) 123.9(2)
O(4)-C(48)-C(47) 126.6(2)
0(3)-C(48)-C(47) 109.44(19)
C(50)-C(49)-0(3) 108.6(2)
C(50)-C(49)-H(49A) 110.0
0(3)-C(49)-H(49A) 110.0
C(50)-C(49)-H(49B) 110.0
0(3)-C(49)-H(49B) 110.0
H(49A)-C(49)-H(49B) 108.3
C(49)-C(50)-H(50A) 109.5
C(49)-C(50)-H(50B) 109.5
H(50A)-C(50)-H(50B) 109.5
C(49)-C(50)-H(50C) 109.5
H(50A)-C(50)-H(50C) 109.5
H(50B)-C(50)-H(50C) 109.5
C(10)-N(1)-C(22) 120.50(17)
C(10)-N(1)-C(15) 121.10(16)
C(22)-N(1)-C(15) 62.80(13)
C(39)-N(2)-C(40) 121.14(16)
C(39)-N(2)-C(47) 121.10(16)
C(40)-N(2)-C(47) 63.02(13)
C(23)-0(1)-C(24) 114.90(18)
C(48)-0(3)-C(49) 114.67(19)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 103) for 201138It_Om_a. The anisotropic

displacement factor exponent takes the form: -2n2[ hZ2 a*2Ull + ... + 2 hk a* b* U12]

Ull UZZ U33 U23 U13 U12
Br(1) 63(1) 81(1) 47(1) 11(1) 3(1) 4(1)
Br(2) 71(1) 113(1) 53(1) 7(1) 7(1) 8(1)
c(1) 52(1) 48(1) 44(1) 9(1) 4(1) 3(1)
c(2) 49(1) 84(2) 59(2) 19(1) 6(1) 19(1)
c@) 57(2) 85(2) 56(1) 17(1) 17(1) 24(1)
C(4) 60(1) 39(1) 48(1) 7(1) 5(1) 6(1)
C(5) 49(1) 58(2) 54(1) 10(1) -2(1) 10(1)
C(6) 45(1) 64(2) 55(1) 7(1) 7(1) 12(1)
c(7) 64(2) 46(1) 54(1) 7(1) 4(1) 4(1)
Cc(8) 60(1) 47(1) 53(1) 6(1) 4(1) 4(1)
C(9) 48(1) 51(1) 44(1) 2(1) 0(1) 9(1)
C(10) 39(1) 50(1) 41(1) 2(1) 0(1) 10(1)
C(11) 54(1) 57(1) 43(1) 8(1) 1(1) 13(1)
C(12) 60(2) 74(2) 38(1) 0(1) -3(1) 17(1)
C(13) 63(2) 64(2) 53(1) -13(1) -6(1) 9(1)
C(14) 63(2) 49(1) 58(1) -2(1) -1(1) 6(1)
C(15) 43(1) 53(1) 40(1) 3(1) 6(1) 9(1)
C(16) 51(1) 51(1) 34(1) A1) 1(1) 8(1)
c(17) 52(1) 63(2) 49(1) 10(1) 5(1) 12(1)
C(18) 77(2) 72(2) 54(1) 10(1) 7(1) 32(2)
C(19) 95(2) 52(2) 53(1) 1(1) -4(1) 17(2)
C(20) 73(2) 54(2) 66(2) 3(1) -7(1) -3(1)
c(21) 51(1) 57(2) 57(1) 2(1) -3(1) 4(1)
C(22) 44(1) 49(1) 41(1) 3(1) 1(1) 11(1)
C(23) 47(1) 48(1) 42(1) 4(1) 0(1) 6(1)
C(24) 77(2) 92(2) 43(1) -6(1) -2(1) 30(2)
C(25) 86(2) 169(4) 62(2) -17(2) -18(2) 49(2)
C(26) 55(1) 61(2) 50(1) 0(1) 4(1) 3(1)
c(27) 52(1) 74(2) 56(1) -3(1) -5(1) 8(1)
C(28) 52(1) 67(2) 59(2) -7(1) 4(1) 6(1)
C(29) 58(2) 42(1) 55(1) -6(1) -3(1) 3(1)
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C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
Cc(41)
C(42)
C(43)
C(44)
C(45)
C(46)
c(47)
C(48)
C(49)
C(50)
N(L)

N(2)

0(1)

0(2)

0(3)

0(4)

61(2)
56(2)
65(2)
55(1)
42(1)
58(1)
60(2)
56(1)
47(1)
35(1)
41(1)
45(1)
44(1)
54(1)
73(2)
58(2)
45(1)
42(1)
50(1)
91(2)
97(3)
45(1)
41(1)
55(1)
56(1)
60(1)
61(1)

93(2)
102(2)
43(1)
40(1)
44(1)
43(1)
58(2)
75(2)
52(1)
44(1)
45(1)
41(1)
49(1)
46(1)
41(1)
54(2)
51(1)
43(1)
46(1)
120(3)
184(4)
46(1)
38(1)
86(1)
88(1)
97(1)
91(1)

62(2)
64(2)
55(2)
60(2)
53(1)
70(2)
76(2)
47(1)
46(1)
45(1)
43(1)
38(1)
60(1)
71(2)
62(2)
65(2)
55(1)
43(1)
45(1)
54(2)
79(2)
38(1)
41(1)
41(1)
52(1)
50(1)
59(1)

-3(2)
-2(2)
-5(1)
-2(1)
4(1)
10(1)
29(1)
16(1)
3()
6(1)
4(1)
2(1)
2(1)
2(1)
4(1)
0(1)
0(1)
2(1)
3(1)
33(2)
53(2)
2(1)
3()
-3(2)
-1(2)
21(1)
17(1)

-9(1)
4(1)
-4(1)
-1(1)
3(1)
9(1)
13(1)
10(1)
4(1)
3(1)
-2(1)
0(1)
2(1)
4(1)
3(1)
-1(1)
-3(1)
0(1)
2(1)
15(2)
32(2)
2(1)
0(1)
-2(1)
7(1)
10(1)
-2(1)

20(2)
21(2)
1(1)
2(1)
8(1)
8(1)
12(1)
17(1)
11(1)
11(1)
6(1)
5()
(V)
-4(1)
12(1)
20(1)
6(1)
9(V)
7(1)
34(2)
57(3)
6(1)
4(1)
21(1)
26(1)
24(1)
28(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)

for 201138It Om_a.

X y z U(eq)
H(2) 4037 8594 22 75
H(3) 4080 8576 1268 77
H(5) 7949 8087 1224 64
H(6) 7898 8108 -19 65
H(11) 4848 5867 4602 61
H(12) 5405 7466 5459 68
H(13) 6186 9381 5110 73
H(14) 6404 9690 3910 69
H(15) 3228 5073 3586 55
H(17) 6077 3839 3001 65
H(18) 6180 1804 2909 78
H(19) 4217 377 2976 80
H(20) 2172 977 3165 79
H(21) 2053 2990 3280 67
H(22) 3559 6377 2653 53
H(24A) 4240 4314 645 84
H(24B) 4761 5708 545 84
H(25A) 2045 4523 368 156
H(25B) 3019 4929 -275 156
H(25C) 2558 5915 273 156
H(27) 12853 8155 5412 73
H(28) 12944 8097 4166 72
H(30) 9051 8498 4065 86
H(31) 8971 8562 5310 89
H(35) 11604 9778 1620 69
H(36) 11400 9539 383 76
H(37) 10549 7654 -190 70
H(38) 9927 6026 486 58
H(40) 8268 5222 1394 51
H(42) 7023 3132 1519 62
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H(43)
H(44)
H(45)
H(46)
H(47)
H(49A)
H(49B)
H(50A)
H(50B)
H(50C)

7101
9156
11136
11070
8627
9184
9770
7643
8037
7046

1104

479
1886
3916
6471
4245
5618
5898
4837
4536

1450
1571
1757
1837
2473
4246
4502
4788
5212
4522

71
70
69
61
51
102
102
171
171
171
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(b) X-ray crystallographic data of compound (4d).

Ellipsoid contour % probability level = 50%

Experimental: The sample was dissolved in appropriate amount of methanol followed by the
addition of pentane to furnish a saturated solution. Afterwards, the mixture was allowed to stand

at room temperature to form the crystals.

CCDC 2049423

.Table 1. Crystal data and structure refinement for 2012061t_Om.

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

Unit cell dimensions

201206LT_Om

C25 H20 Br N 02

446.33

100(2) K

0.71073 A

Monoclinic

P2i/c

a=8.1912(2) A a=90°.

b =19.0033(2) A B= 90.4360(10)°.

547




Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

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

Extinction coefficient

Largest diff. peak and hole

¢ =26.7875(6) A v = 90°.
1975.46(8) A3

4

1.501 Mg/m?

2.103 mm-?!

912

0.20 x 0.18 x 0.15 mm?

1.520 to 26.360°.

-10<=h<=10, -11<=k<=9, -32<=|<=33
17645

4041 [R(int) = 0.0235]

100.0 %

Semi-empirical from equivalents
0.7454 and 0.6495

Full-matrix least-squares on F2
4041/01/ 263

1.072

R1=0.0232, wR2 = 0.0628

R1 =0.0263, wR2 = 0.0642

n/a

0.345 and -0.407 e.A3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for 2012061t_Om. U(eq) is defined as one third of the trace of the orthogonalized U'l tensor.

X y z U(eq)
Br(1) 13177(1) 180(1) 332(1) 19(1)
o(1) 5923(1) 1332(1) 2275(1) 15(1)
0(2) 7905(1) 2692(1) 1912(1) 16(1)
N(1) 5585(2) 2562(1) 1083(1) 12(1)
C(1) 1740(2) 5500(2) 1062(1) 18(1)
C(2) 1585(2) 4270(2) 1382(1) 17()
C@3) 2819(2) 3226(2) 1424(1) 15(1)
C(4) 4199(2) 3428(2) 1128(1) 13(1)
C(5) 6002(2) 1306(2) 1397(1) 12(1)
C(6) 7168(2) 257(2) 1111(2) 12(1)
C(7) 7717(2) -1044(2) 1433(1) 13(1)
C(8) 8775(2) -865(2) 1839(1) 16(1)
C(9) 9157(2) -2056(2) 2148(1) 18(1)
C(10) 8523(2) -3453(2) 2046(1) 19(1)
C(11) 6622(2) 3204(2) 739(1) 13(1)
C(12) 5905(2) 4468(2) 556(1) 15(1)
C(13) 4368(2) 4642(2) 798(1) 14(1)
C(14) 3100(2) 5700(2) 773(1) 17(1)
C(15) 8189(2) 2493(2) 640(1) 12(1)
C(16) 8522(2) 1086(2) 846(1) 12(1)
C(17) 7518(2) -3658(2) 1633(1) 19(1)
C(18) 7111(2) -2457(2) 1332(1) 16(1)
C(19) 6739(2) 1872(2) 1888(1) 12(1)
C(20) 6579(2) 1665(2) 2772(1) 18(1)
C(21) 6234(2) 3246(2) 2923(1) 24(1)
C(22) 10013(2) 412(2) 753(1) 14(1)
C(23) 11138(2) 1126(2) 451(1) 16(1)
C(24) 10825(2) 2488(2) 237(1) 17(1)
C(25) 9343(2) 3174(2) 337(1) 16(1)
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Table 3. Bond lengths [A] and angles [°] for 2012061t_Om.

Br(1)-C(23) 1.9038(15)
0(1)-C(19) 1.3310(19)
0(1)-C(20) 1.4626(19)
0(2)-C(19) 1.2086(19)
N(L)-C(4) 1.383(2)
N(1)-C(11) 1.385(2)
N(1)-C(5) 1.4475(19)
C(1)-C(14) 1.373(2)
C(1)-C(2) 1.406(2)
C(1)-H(1) 0.9500
C(2)-C(3) 1.384(2)
C(2)-H(20) 0.9500
C(3)-C(4) 1.398(2)
C(3)-H(3) 0.9500
C(4)-C(13) 1.414(2)
C(5)-C(19) 1.530(2)
C(5)-C(6) 1.550(2)
C(5)-H(16) 1.0000
C(6)-C(16) 1.517(2)
C(6)-C(7) 1.521(2)
C(6)-H(6) 1.0000
C(7)-C(18) 1.391(2)
C(7)-C(8) 1.395(2)
C(8)-C(9) 1.388(2)
C(8)-H(10) 0.9500
C(9)-C(10) 1.387(2)
C(9)-H(9) 0.9500
C(10)-C(17) 1.386(2)
C(10)-H(2) 0.9500
C(11)-C(12) 1.370(2)
C(11)-C(15) 1.461(2)
C(12)-C(13) 1.430(2)
C(12)-H(5) 0.9500
C(13)-C(14) 1.410(2)
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C(14)-H(4)
C(15)-C(25)
C(15)-C(16)
C(16)-C(22)
C(17)-C(18)
C(17)-H(8)

C(18)-H(7)

C(20)-C(21)
C(20)-H(12)
C(20)-H(11)
C(21)-H(15)
C(21)-H(13)
C(21)-H(14)
C(22)-C(23)
C(22)-H(19)
C(23)-C(24)
C(24)-C(25)
C(24)-H(18)
C(25)-H(17)

C(19)-0(1)-C(20)
C(4)-N(1)-C(11)
C(4)-N(1)-C(5)
C(11)-N(1)-C(5)
C(14)-C(1)-C(2)
C(14)-C(1)-H(1)
C(2)-C(1)-H(L)
C(3)-C(2)-C(1)
C(3)-C(2)-H(20)
C(1)-C(2)-H(20)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
N(1)-C(4)-C(3)
N(1)-C(4)-C(13)
C(3)-C(4)-C(13)

0.9500
1.393(2)
1.408(2)
1.388(2)
1.388(2)
0.9500
0.9500
1.507(2)
0.9900
0.9900
0.9800
0.9800
0.9800
1.388(2)
0.9500
1.377(2)
1.390(2)
0.9500
0.9500

116.85(12)
109.30(13)
125.45(13)
124.68(13)
121.61(15)
119.2
119.2
121.03(15)
119.5
119.5
117.29(15)
121.4
121.4
130.09(14)
107.30(13)
122.60(14)
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N(1)-C(5)-C(19)
N(1)-C(5)-C(6)
C(19)-C(5)-C(6)
N(1)-C(5)-H(16)
C(19)-C(5)-H(16)
C(6)-C(5)-H(16)
C(16)-C(6)-C(7)
C(16)-C(6)-C(5)
C(7)-C(6)-C(5)
C(16)-C(6)-H(6)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(18)-C(7)-C(8)
C(18)-C(7)-C(6)
C(8)-C(7)-C(6)
C(9)-C(8)-C(7)
C(9)-C(8)-H(10)
C(7)-C(8)-H(10)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(17)-C(10)-C(9)
C(17)-C(10)-H(2)
C(9)-C(10)-H(2)
C(12)-C(11)-N(1)
C(12)-C(11)-C(15)
N(1)-C(11)-C(15)
C(11)-C(12)-C(13)
C(11)-C(12)-H(5)
C(13)-C(12)-H(5)
C(14)-C(13)-C(4)
C(14)-C(13)-C(12)
C(4)-C(13)-C(12)
C(1)-C(14)-C(13)
C(1)-C(14)-H(4)
C(13)-C(14)-H(4)

109.14(12)
109.45(12)
112.73(12)
108.5
108.5
108.5
115.48(13)
112.76(12)
111.69(13)
105.3
105.3
105.3
118.41(15)
119.39(14)
122.17(14)
120.71(15)
119.6
119.6
120.10(16)
120.0
120.0
119.77(15)
120.1
120.1
108.81(14)
132.32(15)
118.87(14)
107.73(14)
126.1
126.1
118.46(15)
134.69(16)
106.85(14)
118.98(16)
120.5
120.5

S52



C(25)-C(15)-C(16)
C(25)-C(15)-C(11)
C(16)-C(15)-C(11)
C(22)-C(16)-C(15)
C(22)-C(16)-C(6)
C(15)-C(16)-C(6)
C(10)-C(17)-C(18)
C(10)-C(17)-H(8)
C(18)-C(17)-H(8)
C(17)-C(18)-C(7)
C(17)-C(18)-H(7)
C(7)-C(18)-H(7)
0(2)-C(19)-0(1)
0(2)-C(19)-C(5)
0(1)-C(19)-C(5)
0(1)-C(20)-C(21)
0(1)-C(20)-H(12)
C(21)-C(20)-H(12)
0(1)-C(20)-H(11)
C(21)-C(20)-H(11)
H(12)-C(20)-H(11)
C(20)-C(21)-H(15)
C(20)-C(21)-H(13)
H(15)-C(21)-H(13)
C(20)-C(21)-H(14)
H(15)-C(21)-H(14)
H(13)-C(21)-H(14)
C(23)-C(22)-C(16)
C(23)-C(22)-H(19)
C(16)-C(22)-H(19)
C(24)-C(23)-C(22)
C(24)-C(23)-Br(1)
C(22)-C(23)-Br(1)
C(23)-C(24)-C(25)
C(23)-C(24)-H(18)
C(25)-C(24)-H(18)

119.63(14)
120.97(14)
119.39(14)
119.37(14)
121.11(14)
119.07(13)
119.89(15)
120.1
120.1
121.06(15)
119.5
119.5
125.56(15)
123.90(14)
110.54(13)
111.69(13)
109.3
109.3
109.3
109.3
107.9
109.5
109.5
109.5
109.5
109.5
109.5
119.45(15)
120.3
120.3
122.19(15)
119.31(12)
118.51(12)
118.37(15)
120.8
120.8
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C(24)-C(25)-C(15) 120.97(15)
C(24)-C(25)-H(17) 119.5
C(15)-C(25)-H(17) 119.5

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 103) for 2012061t_Om. The anisotropic

displacement factor exponent takes the form: -2n2[ hZ2 a*2Ull + ... + 2 hk a* b* U12]

Ull UZZ U33 U23 U13 U12
Br(1) 12(1) 25(1) 19(1) -5(1) 1(1) 2(1)
o(1) 16(1) 16(1) 13(1) 2(1) 1(1) -1(1)
0(2) 16(1) 16(1) 16(1) 0(1) 0(1) -4(1)
N(L) 11(1) 12(1) 13(1) 2(1) 1(1) 0(1)
c(1) 17(1) 17(1) 20(1) -5(1) -4(1) 5(1)
c(2) 14(1) 21(1) 17(1) -5(1) 0(1) 1(1)
C(3) 16(1) 16(1) 15(1) -1(1) -1(1) -2(1)
C(4) 12(1) 13(1) 13(1) -2(1) -4(1) 1(1)
C(5) 11(1) 11(1) 14(1) 3(1) -1(1) 0(1)
C(6) 12(1) 12(1) 13(1) -1(1) -1(1) 0(1)
c(7) 11(1) 14(1) 13(1) 1(1) 3(1) 1(1)
C(8) 16(1) 13(1) 19(1) -2(1) -1(1) 1(1)
C(9) 18(1) 21(1) 17(1) 0(1) -2(1) 5(1)
C(10) 19(1) 17(1) 21(1) 7(1) 4(1) 7(0)
C(11) 12(1) 14(1) 12(1) 0(1) -1(1) -4(1)
C(12) 17(1) 13(1) 14(1) 2(1) -1(1) -1(1)
C(13) 15(1) 13(1) 14(1) -2(1) -4(1) -2(1)
C(14) 19(1) 12(1) 18(1) -1(1) -5(1) 2(1)
C(15) 12(1) 14(1) 11(1) -1(1) -2(1) -2(1)
C(16) 12(1) 14(1) 10(1) -2(1) -1(1) -2(1)
C(17) 19(1) 13(1) 26(1) 1(1) 3(1) 1(1)
C(18) 14(1) 16(1) 17(1) -1(1) 1(1) 0(1)
C(19) 12(1) 10(1) 13(1) 2(1) 1(1) 4(1)
C(20) 21(1) 21(1) 11(1) 2(1) 1(1) 1(1)
c(21) 32(1) 22(1) 18(1) -4(1) 7(1) 1(1)
C(22) 14(1) 14(1) 14(1) -2(1) -2(1) 1(1)
C(23) 10(1) 21(1) 16(1) -6(1) -2(1) 2(1)
C(24) 13(1) 21(1) 16(1) -1(1) 3(1) -5(1)
C(25) 17(1) 15(1) 17(1) 1(1) 0(1) -3(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)

for 2012061t_Om.

X y z U(eq)
H(1) 884 6210 1046 22
H(20) 619 4154 1572 21
H(3) 2730 2406 1645 19
H(16) 4978 749 1473 14
H(6) 6487 -191 839 15
H(10) 9240 83 1905 19
H(9) 9854 -1914 2429 22
H(2) 8777 -4267 2259 23
H(5) 6349 5112 311 18
H(4) 3184 6538 559 20
H(8) 7107 -4619 1557 23
H(7) 6407 -2602 1053 19
H(12) 7773 1496 2774 21
H(11) 6086 981 3018 21
H(15) 6850 3924 2709 36
H(13) 6565 3394 3272 36
H(14) 5064 3448 2886 36
H(19) 10261 -530 894 17
H(18) 11603 2947 26 20
H(17) 9114 4121 197 19
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6. 'H and *C spectra of key compounds:

Solvent: CDCl;
SFO1- 400 MHz
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Solvent: CDCl;
SFOI1: 400 MHz
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Solvent: CDCl3
SFO1: 700 MHz
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Solvent: CDCl;

SFO1: 175 MHz
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Solvent: CDCl;
SFO1: 700 MHz
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Solvent: CDCl;
SFO1: 175 MHz

Current Data Paramednrs
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Solvent: CDCly
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Solvent: CDCl;
SFO1: 175 MHz
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Solvent: CDCl;

SFO1: 700 MHz
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Solvent: CDCl;
SFO1: 175 MHz
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gormngpnnaes ||| SN\ |\ Y |
SF 1759505302 MHz

wow

ORI

PG 1.00

e ‘H

e o B R A e e s L e L e At
190 180 170 160 150 140 130 12 110 100 90 80 70 60 50 40 30 20 ppm

S66



Solvent: CDCl;
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Sohkvent: CDClg
SFO1: 175 MHz
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Solvent: CDCls

SFO1: 700 MHz
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Solvent: CDCl;
SFO1: 175 MHz
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Solvent: CDCl;
SFOI1: 400 MHz

AKS-02-122-P

Current Data Pasameiers
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Solvent: CDCl;
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Solvent: CDCls
SFO1: 700 MHz
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Current Data Parameters
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F2 - Processing parameters
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Solvent: CDCl3
SFO1: 175 MHz
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Solvent: CDCl;
SEFO1: 400 MHz

AKS-02-102-P

Current Duis Parsmeters
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Solvent: CDCl;
SFO1- 175 MHz
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Solvent: CDCl;

SFO1:
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Current Data Parameters
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Solvent: CDCl;
SFOIL: 175 MHz
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Solvent: CDCl3
SFO1: 700 MHz
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Solvent: CDCl3
SFO1: 175 MHz
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Solvent CDClg

SFO1: 700 MHz
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Current Data Parameters
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1

HAME
EXPNO
PROCHO

E99, 7431016 MHz
]
0.30 Hz
L]
1.00

B350

F2 - Processing paramators
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Solvent: CDCl;

SFO1: 175 MHz
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Solvent: CDCl;
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F2 - Processing parameters

SF
WDwW
sse
LB
GB
PC

ppm

~

) (8

~
o
-

|

‘{
<
o~

3[s(=
o™

S83



Solvent: CDCl;
SFO1: 175 MHz

Current Data Parameters 2 8 889338383889—’: - < oog g ~ ©
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Solvent: CDCly
SFOI1: 400 MHz
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Solvent: CDCl;
SFOI1: 100 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Solvent: CDCl4
SFOI1: 175 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Solvent: CDCl;
SFO1: 175 MHz

Currem Data Paraméhers E 5 $§§g§§§§E§E=§ 3 mﬂ%sm B 5 a
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Solvent: CDCl;

SFO1: 700 MHz
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Solvent: CDClg

SFO1: 175 MHz
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Sobvent CDClg
SFO1: 700 MHz
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Solvent: CDCl;5

SFO1: 175 MHz
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Solvent: CDCl;
SFO1: 700 MHz
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Solvent: CDCl3

SFOI1: 175 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Current Data Parameters
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Solvent: CDCl;
SFO1: 175 MHz
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Solvent: CDCl;
SFO1: 700 MHz
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Current Data Parameters

HAME

MS—'M]—?E-IH

EXPHNO
PROCNO

F2 - Processing parameters
S 131072
BF G50, 7430808 MHZ
EM
L]
0.30 Hz
0
1.00

ppm

= =

B
=CIE

EEE

o 0| o
==
|

b

o

S99



Solvent: CDCl;
SFO1: 175 MHz

Current Data Parameters
HAME AKS-03-T2

—169.99
——153.16
132
131
129
128
128
123
122
119
116
—— 95,59
—85.98
77.19
77.01
76.82

EXPNO 3
PROCHND 1
Pracessing paramebers k\\\'\'\v W/ \L/
S 13100
SF 1752505302 MHZ
EM
558 (1]
LB 0.3 He
ae 0
PC 1.00

13.89

—61.30
——38.49

—34.16

S ||

I I I I
190 180 170 160 150 140 130 120 110 100 90 80 70

$100
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Current Data Parametors

Solvent: CDCls

|

n o
S =[a|]
™ M|

onoo
Qe
™ v~

5101



Solvent: CDCl;
SFO1: 175 MHz

6v9°EL —

188'89) ——

Current Data Paramoters
AKS-02-69
3
1

NAME

PROCNO

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100

210 200

T

ppm
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Solvent: CDCl;

5103

NMOWUELONORNOMNEDS o0 AN NG A MUy NN DIDoNer NS SN u uy = o
FONOMMNAASorROYOTROTONOo@M T S WTO~WWNMNO0EY ST M =- - = oD
FrroYTTE MMM A A AO®0 NN OO0 EO@MEEr~~~~e~ ™ n & m
I T R R e ) L N - . B
alplalolaloalal ol ol nl ol allnl ol ol ol ol nl ol ol ol R ) I Ry R R R N N Ny Rl R W ] o - (=N =N =]
AKS-02-086
Current [98a Parammesen
NAME AKS-07-086
TP 5
PROCNCH 1
F2 = Acquisithon Paramcicrs
D 2020111
Time 22010
INSTRUM spect
PROBHD 5 s UL 13C-1
PULPROC g0
T 3IT6R
SOLVENT CRes
NS
(. 1]
SWH G4 0256 He
FIDRES 0, 195625 Nz
AL} T3S50540 5o
Ri3 4
[ TEOD0 asec
D 600 e
i 3000 K
ol 2 DOOOCY sec
o L
e C1IANNEL (1 ————
BUCL j
Fl D00 o
FLL -2.40 dB.
EHOL NN, ] 3280 (0 M Hiz
F2 = Processing paramesers
5l L6354
& <, 1 500 68 MHx
WDW (BN}
S5B ]
LE 000 e
8] 1] 4]
P .00
| | | | I I I I
9 8 7 6 5 4 3 1 ppm
uwd oy o3| b= 3] - =t
- o%ril c-Tq - g 8 8|8 5 =
||l =0~ - - =]y L] 3



Solvent: CDCl;

-

SFO1: 175 MHz
§ BRRBINERIISYSRSS.

Current Data Parameters @ GEnIond8-"S8C3aRaRY

NAME ~ AKS-02-96 ] EE88rgsssssinsss

EXPNO 3 o OO ONNNNNNNNN o~

PROCNO 1 - Rl S R i S )

£ Pocesingpusmetr | V==

S| 131072

SF 1759505418 MHz

wow EM

558 0

L8 0,20 Mz

GB 0

PC 1.00

77.182
77.000
76.818

—60.950

T59.459

~——48.281

——21.520

—13.678

"l

il |

T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100

5104

T
90

T

80

T

70

ppm



Solvent CDCl;
SFO1: 400 MHz

AKS-02-083-P

Carnent Data Parameers.
NAME AES-2-EE
EXFNG 3
FROC N 1

2 = Aoquisition Pemaneiers
D Aottt
21.59

Tirme 21

PNSTRLM spat
FROBIN 5 mm DU, 130-1
FULPROG g 30

D Ixee
SOHLYENT D

K8 %

s o

SWH B4 256 He
FIDRES 0. 193675 Ha
AQ 23359380 s

R 4

[+ TEAKK) wmer

DE 600 usec

TE 3000 K

L] 7 COOOON s
T 1

wmnmnns C1IANNEL. [ sesssme
ML m

Pl 10000 asec:

FLI ~2.aD0dR

EFH A0 1 S2R010 M 12

F2 = Frocessing parmneters

&1 16 364

aF ey | SOLES MH:
Ll

WDW

S5R L]
LB A He
g o

C 1.0

—1.540

8
s

5105



Solvent: CDCl;

SFO1: 125 MHz
Gurrent Data Parameters
HAME  AKS-02-83
EXPND 2
PROCHG 1
F2 = Acquisithon Parameters
Date_ 20201224
Time 223h
INSTRUI

— 168,693

——61.135
——-59.236

——48,158

—13.667

PU

TD 3IT6H

SOLVENT COCI3

N5 4098

o5 0

SWH 20761904 Hz

FIDRES 0000261 He

A 05305034 ses

AG 19101

W 16.800 usas

oE 650 useC

TE 298,56 K .

=

D11 003000000 soc

TOG 1

SFO 125. 7785374 MHz

HUCY 13C

P 1000 LEee

PLYW 5. 00000000

SFO2 500, 1520006 MHz
uc2 H

CPOPRG[Z bi_walz6s_I56

;'E-leuli rameders
sF 125, 7651068 MHE
WoW EM

558 0

LB 3,00 Hz

GB a

PC 1.00

.

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100

5106

20

70

ppm



AKS-02-68

Current Data Paramoters

NAME
EXPHO

PROCND

Solvent: CDCl;

5107
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S
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DO
(=11 =

s

7
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= | w0

od [y
aqqr
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Solvent: CDCl3

SFO1: 175 MHz
—— §  £53gp38IsuEELIss sgr sy g
Eie, 5, 8 S8I88ERENNNNREE, ERE 58 ¢ E
- S g | s\ | N\ VA
SF 1759505458 MHz
wow EM
558 0
LB 0.30 Hz
be 100
T
! | | o | Lty | exr T | isisaaist H | T T T T T il |
210 200 190 180 170 160 150 130 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent: CDCls
SFO1: 700 MHz

|

I_

5109



Solvent: CDCl;
SFO1: 175 MHz

L89°EL —

0596 —
698l

LP9ELL /.
LSLELL /

C650ZL
LOS'0ZL
BLOLEL
LLE'LEL

BLV'SZL~
Z6L'8TL ~—
8Y8'8EL —F
Eu.mwrﬁ
Ep.aﬂ\
185°SEL
0Zr'SEL
592'9€E1L
188°9EL
990'651 —
006'89L —
-
£ Iz
B -2
H - B ] =
£ mmm °g=%
“.ﬂ Tos (-] -
] game
S 98-
mwmm __w.,. ma
SZLE CmbEyudE

50 40 30 20 ppm

70 60

80

180 170 180 150 140 130 120 110 100 90

190

$110



Solvent: CDCl;
SFO1- 700 MHz

£
3 oagEtenes
R
fygl <
= . m
mmﬂm nﬂ.wmmumm

HERRE
b Bl L T2 ol ol

g
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Solvent: CDCl;
SFO1: 175 MHz

Curren Data Parametars

ELEEL—
SETEL—

LSprer—

|E6"'09
188'19—"

ELE9L

28L°LL

cLFee—

LIELLL
LY OZL /
809021

ZEYLEL
09€2T1

STELEL
£85°LZ1 H/.
8le'ggl ~

BSE'BEL —=

LIGBTL \.
S00'0E1

L2069 —

i

AKS-02-0T
3
Fracessing parameters
131072
175.9505458 MHz
EM
0
0.30 He
L
1.00

EXPNO
PROCHG
F2-

sl

5F

558

LB

GE

PC

Ll

|

170

ppm

20

30

60 50

70

150 140 130 120 110 100 90

160

190 180
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Solvent: CDCl;

NMYYWFANOMNMMNMOTFRNETFOCOOMOMed PO AN TFOOO0OFDONDe AT oo
WU H DO FTAAR N TOOASHEAO NGO 0 DN T oS 0@ o~ =
ML TLTONANNN el SO0 NO@@ES DWW e @~ ~
il el il el o el el il el il B el el el el i - B e e s I I L I e B B e B I I B B ] oo

1.518
—1.239

AKS-02-100

Current Data Parumeners
NAME ARS-02-100

F2 — Acquisition Parameners
Date_ 2210222

Ti Xial
INSTRLUM oL
PROBHD 5 I==n‘|lq:|- 131
PLILPROCG R

T 31763
SOLVENT C

N5 4

(B L]

SWH E4I0255 He

FIDRES OLLIS6TS He
A 25559540 sec
REG ]

W TE.D00 e
DE .00 e

M. =240 48

RO 400, | STR010 MEHx

;E—hm:izianumn

sF A0 LS00 T2 MHz

WIW M

H5H 1

LB 0 Hx

N (1]

24 (i)
JJ - A .

9 8 7 6 5 4 3 2 1 ppm

afae (2 2 (@ 9 2
~lw| |=r ol - - ] ] ]
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Solvent: CDCl;

SFO1: 175 MHz
cmonpnars 3 FEIEIOBNCNEERN 3
£2-Prcesingprameers | N/ |
SF 1759505414 MHz
o
z!s 0.%0Hz
PC 1.00

777
76.995
76.814
_—60.843
T~60.167

— 45,955
—13.553

,h“, “ J

I 1 1 I I

T T
190 180 170 160 150 140 130 120 110 100

S114



Solvent: CDCls

S

0
38
~K~

659°L

o
~
«©
~

488°L

1
1

EM
0
0.30 Hz
0

1.00

65536

6997430879 MHz

AKS-02-103-P1-H.fid

Current Data Parameters
F2 - Processi

NAME
EXPNO
PROCNO
SI

SF

wow
SSB

LB

GB

PC

el

3
[}

e

LI

I
S
-

S0’

o™
‘q
v

|
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Solvent: CDCl;
SFO1: 175 MHz

e B 8383833038%5%3888 zsz  sE 2 « g
Y S 888988 ENNNRIREE S KRe g8 o = o
PROCNO 1 A e EETrTETETFETFEETFEETE- O kkh 8|n < ~N -
o iasigponini | N NN |
SF 175.9505422 MHz
SSB OEM
L8 0.30 Hz
GB 0
PC 1.00
| H'
r T
I 1 I T I I 1 I I 1 1 1 I I 1 1 I I I 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent: CDCl;
SFO1: 400 MHz

AKS-02-108

Current Duts Parssnsters
NAME ARS-02-108-1
EXPNO 4
PROCRO 1

- ks tion Parameters
lhl:_j’ml A2 10220
Time 1740

INETRUM 9
PROBID S e UL 1361
PLILPRONG g0

SOLVENT T
xE 14

ns (1]

SWH B4L0.256 e
IIDRES A LPSETS He
A 2 5550540 wec
RCi 454

W TR0 e
DE 00 psee
TE oo K

Il 2000000 soc
DO I
1H

D000 s
rLl -1.40 4B
el A00 | 523000 MHz

12 = Processing paraseters

3l 1635

sF 4001 500168 M
Wiw 2

=50 Ll

L& 000 bz

(4 2] L4

e 1.00

818Ra%

==l o= | D

212~

5
8 |2

5117

3.02



8 58583 ® -

Soleat: CDCL 3 RRSNNINNNEY  Ppe  ga &
wew | SN2 VO
Current Data Parsmelors
umpﬂiﬂ- l“’-ﬁ;—‘bﬂ-‘l
PAGCNG 1
£z ez ey
BWH m:?mH.l
Ries T H \ l
G Fai-
Br S
O 200000000 sec
‘d"?ﬂ “‘W"‘m ’
e —
e
RET S l
FLIT 110 B

4000, 1516070 Wiz

Lt |

SF PO0GTTEROGT Mk
e

T | T | T T T T T T | T T T T T | 1

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 ppm
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Solvent: CDCls
SFO1: 700 MHz

618'0
888'0 W
868'0

Szs' L —

1

AKS-02-114
1

EXPNO
PROCNO

Current Data Parameters
NAME

0
0.30 Hz
0

1.00

wnmm

699.7431025 MMz
EM

F2 - Processi

si

SF
wow
SSB
LB
GB
PC

5119



Solvent: CDCl;
SFO1: 175 MHz

Curront Daa Parameters B 3853885358288 ¢ gy en e 2
e A 8833388588588 KRe zg g B
Ega%o 3‘ - Lol ol B B R R 3 kkh o wn 8 -
£ rocssgpuomens | ~\lzz'Z /| oo

Sl 131072
SF 1759505407 MHz
wow EM

0
0.30 Hz

0
1.00

1 T T T T T T 1 T T T I T T T 1 T 1

T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent: CDCls
SFO1: 700 MHz

[}
oj
-

|

o™
rq
-

i

.1

~N

EM
0
0.30 Hz
0
1.00

11
n&g&nmm

65!
699.7431005 MHz

Current Data Parameters
NAME AKS-02-126
EXPNO

PROCNO

F2 - Processi

Si

SF
wow
SSB
LB
GB
PC

D~
Qe
-

i

N
rO
-~

5121



Solvent: CDCl3
SFO1: 175 MHz
Current Data Parameters
NAME -

£99°E} —

(448 Y

LyT 8y ——

£26°66 —_
S16'09—

AKS-02-126
3
1
g.nmum
1759505412 MHz
EM
0
030 Hz
0
1.00

Sl

SF
wDwW
sse
Le
GB
PC

120

T

T T T
160 150 140

170

T

180

ppm

100

110

130

190
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Solvent: CDCl3

SFO1: 700

5980
wE.oW.
9880

LS —

j

|

5123

EM
0
0.30 Hz
0
1.00

Inganmm

65!
6997431028 MMz

F2 - Processi

Si

SF
wow
SS8B
LB
GB
PC

4

0] %
cle
-

©

9

o
o~

i

-
—




Solvent: CDCl3
SFO1: 175 MHz

Gurront Data Parameters 8 SE5RERBBRREITLSE8 o °gy 3 ~ 0
NAME  AKS-02-128 @ wgg—ogoocuhhovﬂggz neK ] o ©
oo 3, ¢ 223pBAIINIAINTASS ¢ KEE 53 ¢ o
R =1 v T |
SF 175.9505440 MHz
wow EM
S5 0
LB 0.30 Mz
GB [
PC 1.00
. ‘MH wocs ot 1 SIS
\ |
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent: CDCls
SFO1: 700 MHz

825’ L —

29eC
L29C /
899°¢ ./
8.9°¢
€89t
889°¢
£69°¢
869°¢
voLe
viLe

€58'¢
6S8'¢
£98'¢
898°¢
€L8°C
6.8°¢

688°¢
33\
£26'0
8€9's

SLL'9
£€€6'9
£96'9
vi6'9

00L°L
oLLL
ers
8eT’L

LS2'L
2°8T°L
€62°L
82¢e’L
6L8°L

L68°L

~
=
~

i

Current Data Parameters
AKS-02-118

NAME

1

EXPNO

1

PROCNO

F2 - Processing rnmmn

Sl

EM
0
0.30 Hz
0
1.00

699.7431013 MHz

SF
wow
Sse
LB
GB
PC

1A

A,

1.

|

|

o
—
©

|

- ™

°ﬁ
e
=

T
7
Ofr=|v=|v|v|v

J

™
o
-

|

— 0
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Solvent: CDCl;

SFO1: 175 MHz
oo 3 §E2R38IERARSERT o 582 §§ 8 g5 3
EXPNO 3 a 5835333888888 8R2 o I~ o - o > o
PROCNO 1 - R R R IR M R R (-3 kpl\ ‘98 - |\ ES A
G- | SS\== | N2V \/ ]
i%wns.os?zooum
LB 0.30 Hz
GB 0
PC 1.00
| IHIIIM II \ “ L ” .
= aatll 2
] | 1] 1 ] | 1 ] ] g; ] ] 1 T T | 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 20 ppm
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Solvent: CDCl;
SFO1: 500 MHz

P = &
¥EE
[ A

W\/

Current Data Para
NAME aks-02-1 1ﬁllnuz1031:|m1
EXPHO

PROCHO 1

7.414

i

7.527
7.510

F2 - Acquisition Parameters
Date_ 20210315

Time 11.55h
IHSTRUM spect
PROBHD Z119470 0224 (
1P1LJ.ILPHOG zg30

SOLVENT
NS

coCiz

o

10026.738 Hz

0.305992 Hz
AQ 1.6340209 sec
RG 154.01
oW 49,867 usec
DE 7.71 usec
TE 2991 K
o 200000000 sec
TDO

1
SFO S00,1620010 MHz
HUC1 1H

P1 10,00 usec
PLW1 25.20000076 W

F2 - Processi rameters
si 16384

=1 = [ T ] B T P = = - w0 =3 -1 N =
SRR RI B SRR Ee 3582838585885 88
|l T o o o i o o O o e e e S o o e - T I T - o o e O e e o

3.847

§

3.787

3.773

3.765

3.759

3.751

3.744

3.737
3.723

—1.543

0.903

0.875

SF 500.1600209 MHz
wow EM
S5B 0
LB 0,30 Hz
GB ]
PC 1.00
lL L
| 1 ! I I 1 I I
9 8 7 5 4 3 2 1 ppm
3/5|=(a/8le|a 3 |3 8|3 5
=il — | Ir™= | ™

5127




Solvent: CDCl;
SFO1: 125 MHz

Current Data Parameters & G858 -dRASRREI5KIS 3 823 58 & &
EXPNO 2 B SR nANNNNNNANANES @ EES e 3 o
PROCHD 1 - Ll il il i sl i sl i sl i sl ol ol ol P~ w -
F2 - Acquisition Paramaters | h%kafﬂ | \l/ \l( | |
Date 20210315

Tima 249N

INSTRUM s

PROBHD Z119470_0234 {

PULPRDG  Zgpg3d

1D T
SOLVENT COCIE
1500

o
29761.904 H
0906261 Hz
0.5505024 se
191.09

.
g - i Y i ok b
T T T

T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Solvent: CDCls
SFO1: 700 MHz

L0 —

25’ —

T8y

2
22

1
1
EM
0
0.30 Hz
o

699.7431013 MHz
1.00

AKS-02-123
65536

SF
wow
L8

Current Data Parameters
NAME

EXPNO

F2 - Processing parameters

PROCNO

GB
PC

SS8

B}

ppm

-~ _/ThR
=106
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Solvent: CDCls
SFOI1: 175 MHz

2 bR e B Rl cno® @ o
FROCNG 1 - —rrrrerrrcrrErrFErrEEEE T & WP:RI‘- w0 ﬁ 3]
g S\ ==1 W1
E\l;n!w 175«.95?3“51"&
LB 030 Hz
[<]:] (1]
PC 100
A |1 | |
| "lldﬂj'l | ‘ l \
T T T T T T T T T T | T T T T T T
120 180 170 180 150 140 130 120 110 100 a0 80 T0 60 50 30 20 ppm
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Solvent CDClg
SFO1: 700 MHz

L
6LE°L
BZL'L
SElL
e’
arLL
IS
851°L
99L’L
L91°L
8LL°L
881’L
681L°L

N G———— 2= \|fz==T N N

08zT’L
6T L
€0E°L
ELEL
ree L
LSEL
L9gL
ale s
98e"L
LBE'L
EMrL
rer s
vEYL
9L

AKS-02-136

EXPHNO
PROCNG

Current Data Parameters

NAME

0.30 Hz
o
1.00

85536
EM
]

699.7431005 MHz

3l

SF
WDw
S5B
LE
GB
PC

-

l

ol
qwml
~lo

F

—
(=]

-
—

o
rﬂ
-
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Solvent: CDClg
SFOI1: 175 MH:z

Current Data Paramators

K 243822358 5 ©g g o + @

NAME AKS-02-136 & - LR L - -k T “‘ﬁ 3 o "~ n
Mo 3, N S e ENaN AN NSNaNEC R ERER & 3 N o2
£ mocessing s ==\ V| | |
SF 175.9505414 MHz
WO EM
558 []
LB 0.30 Hz
GE 0
PC 1.00

T T T T T T T T T T T T T T T T T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 ppm
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Sotvent: CDCls
02

SFO1: 7

cLs’L—

AKS-02-149

Current Data Parameters
NAME

1

bt

ppm

!

s

| |

3

|
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Solvent: CDCl;
SFOI1: 175 MHz

Eumrani Eleix Parmalam B RSI-5ar-82a3n=-8RaeR8AGRS -1 228 Z 0B 2
e, %" 8 8883-88NSNSRNLLANSEER  Lfe g g g
e B e VN B
SF 1753505407 MHz
Wow EM
558
LB 0.30 Hz
GE
P 1.00
- =
ul“ ] B
T T T T T T T T T T | T T T T T T I T 1
10 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Sobvent: CDCly
SFO1: 400 MHz

AKS-03-073

- e
= -]
o™ -

7.783
7.764
7.619
7.59%
7.384
T.365
7.346
7.285
7.267
7.224
7.2086
7.107
7.089
7.069
6.862
4.840
4.830
4.809
4.800
4.239
4.227
4.208
4.197
4.096
4.084
4.074
4.066
4.048
4.040
4.032
4.022
1.536
1.116
1.098
1.080

- =

I Y

‘.:Uﬂ'vll!. Dhara Paruncters

NAME
KNGO

I
FROCNG I

2 = Acguisiton Farmmeters

Dtz
Time

AKS-3-073
4

Y
1708

INSTREIM

PROBID 5 mm UL 13C-1
PULFROGG

T

SOLVENT

™5

ns
SWH

FIDRES

ALy

] g}
_lTJIS-!l8
(lk Wk

17

[
G102 56 e
0. 195628 He
25559840 s
a8
TE D00 e
£ D00 e
00K

=== CHANKEL (| =======
1H

N
Ly 100 e
L1 =140 4B
SPOIL 4001 523010 MHz
2 - Proceising parasnelers
=l 163
sF ADOL LS00 68 MHz
WDW (5]
X5H o
|5 ARy Mz
(617
(o™ .00
x _J\_JJ..J.—-.._._.._._,
9 8 7 6 5 4 3 2 1 ppm
ﬁrssﬁslai‘]s g (g8 5
=M === - L L] [3]
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Solvent: CDCl;
SFOIL: 175 MHz

Curran Dala Paramelers
HAME AKS-03-TE
EXPHO 3
PROCHO 1

—17T1.22

F2 - Processing parameters
131072

Eid

sF 1759505396 MHz
WDW EM

558 ]
LE 0.3;]'] Hz

1.00

N/

13.98

—§1.45

136
124
129
129
128
128
128
127
124
122
120
120
108
—97.14
77.18
77.00
76.82
——45.05
—42.03

I I I
190 180 170

I ] I 1 1 I | I I 1

I I I I I I I
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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AXS-03-073
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il
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AKS-03-073

R —

5138



AK5-03-073

A

Irradiated [

0O
o H.be —Affected
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Solvent: CDCl;
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Solvent: CDCl3
SFO1: 175 MHz
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Solvent: CDCl3
SFO1: 700 MHz
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Solvent: CDCl3

SFO1: 175 MHz
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Solvent: CDCls
SFO1: 700 MHz
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Solvent: CDCl3

SFO1: 175 MHz
Current Data Parameters
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Solvent: CDCl;
SFO1: 700 MHz
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Solvent: CDCl;

SFO1: 175 MHz
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