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1. General Information

All reagents were purchased from TCI, J&K, STREM, Sigma-Aldrich, Adamas-beta, and Energy
Chemical of the highest purity grade, and used directly without further purification. 'H and *C
NMR spectra were recorded on Bruker AVANCE III 400, 500, 600 and 800 instruments. '°F NMR
spectra were recorded on Bruker AVANCE III 500 instrument and are reported relative to the
CFCl; as the internal standard. Chemical shifts are reported in parts per million (ppm, o scale)
downfield from TMS at 0.00 ppm and referenced to the CDCl; at 7.26 ppm (for 'H NMR) or 77.0
ppm (for 13C NMR). The following abbreviations were used to explain multiplicities: s = singlet, d
= doublet, t = triplet, q = quartet, p = quintet, h = sextet, m = multiplet, dd = double of doublets, td
= triple doublet, dt = double triplet, tt = triple triplet, ddd = double double doublet, ddt = double
double triplet. EI-double focus magnetic-sector high resolution MS(EI-DFS-HRMS) was recorded
on a DFS-Thermofischer instrument employing an ultra-high precision toroidal electrostatic
analyzer (ESA) and a carefully refined magnetic analyzer at the Center for Mass Spectrometry,
Shanghai Institute of Material Medica. ESI with TOF analyzer was carried out at the Center for
Mass Spectrometry, Shanghai Institute of Material Medica. Solvents were purified prior to use
according to conventional procedures. Column chromatography was performed on silica gel (200—
300 mesh) using a mixture of petroleum ether-ethyl acetate as the eluent. Solvents were purified
prior to use according to conventional procedures. The aryl ketones were commercially available or
readily prepared according to the known method!-.
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2. Experimental Procedures

Scheme S1. Ketoxime ethers/esters used in this work

LOAI
N~ OAmo2
/@)I\/\
R

LOAr
N NO2

oy

OArN02

G/©M

O~

Q—<\N /\@/K/\ MeO

1w, from Ataluren

I W

veds

1aa, from Evodiamine

~OAryo2 OAfNoz
1a,R=H 1,R=F Nl OArN02
1b, R = Me 19,R=Cl R Me Me
1¢,R = Ph 1h,R = CF,
1d, R = OMe 1i, R = SiMeg A F
1e, R = SMe 1i. R = Me
1k, R = OMe 1m
LOA
N-OAMo2 OAfNoz NI fNo2 OAI'Noz
|
C@’“
N
Ac
10 1q
OArN02 OAfNoz
JOAI
N No2
| MeO,C OAc
m 7 AcO
‘1 AcO
Ac
1t from Dehydroabletn: Acid 1v, from Androsin
N,OArNOZ
OAer NrOArNOQ |

OArNoz

o™

1x, from Cyhalofop

OArNOZ AcO

1ab, from 3-Deoxyoestrone

OAr
N NO2

|
7@\ Q leoArNoz m /@)\/\
Me:
e o) MeO (o}
Me

BnO

1ae, from Homosalate

N
|

MeOOC

Cl

Cl

JOAryo2

1af, from Fenoprofen

OArN02

I

¥

1aj, from Nateglinide

1ai, from fenclofenac

JOAI
N No2
[o] |
/U\NH NI,OArNoz o .
_O EtO L
e} g
9 0

1am, from 2-OMePh-Gly

1an, from L-Homo-Phe

S2

VA N

EtO.
o

o

1y, from Clofibrate

OArN02

Z N
)

1ac, from Pyriproxyfen

1ad, from Praziquantel
N-OA™NO2 n-CAMNo2

T BT

AcHN

1ag, from Milnacipran 1ah, from Nimesulide

OArNOZ

sJsae

1al, Phenylalanine

JOArNo2

1ak, from Pyrethrin

~OArNo2

(o}

N ~
H

Oﬁ/NH o

1ao, from Ac-Val-Phe-OMe



LOA
N| NO2

1a-1

191

from Dehydroabietic Acid

1a-2

~OArNo2

19-2

QA2

OMe NI’OArNoz O NfOArNOZ ZN N,OArNoz
{ I
S
4
(5/K O N\
X
1b-1 1c1 X=0,1d-1 1641
X = NMe,1e-1
OArNo2 |
N-OANO2 0 _0
I J\
Me 0PN n-OAMNO?
MeO,C H I
m 7 OMe
"y
1h-1 1i-1
from Dehydroabietic Acid o
Me NI,
[e]
Me Me N’O npr
| MeO,C,
! O O 1y O N
|
o
72 "Pr
% 1d-2 1e-2
1b-2, X = NMe from Dehydroabietic Acid
1e2,X=0 Me [T ohrey
H N
O. H
. ; : ©)L
JOAI o) H
PR N Aoz )LNH "pr ;
O. :
I - i s1,R' = Me s4,R'=t-Bu
— o) ! s2, R'=Et s5,R'=Ph
1h-2 1-2 ! $3,R'=n-Amyl s6, R' = CH,CH,Ph

Aroz = 2,4-di-NO,-CgH.
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2.1 Preparation of Ketoxime Ethers and Ketoxime Esters’

0

@)LR, . ozN:©/N02 HCI (cat.) @)LR.

R ————>» R
HaN<, EtOH, r.t
A

To a mixture of ketone A (2.0 mmol), O-(2,4-dinitrophenyl)hydroxylamine (2.0 mmol), and EtOH
(20 mL) was added conc. HCI (3 drops), and the mixture was stirred at r.t. for overnight. The
reaction mixture was filtered and washed with EtOH and hexane to give oxime ethers 1 without

further purification or purified by column chromatography on silica gel (eluent: petroleum
ether/ethyl acetate).

o Nl,OH LOCOAr
NH,0H-HCI idi l
R‘©)LR, 2 o O R' ArCOCI, Pyridine o X R
—_— .l —e e —
NaOAc Z DCM, 0°C A
A EtOH, rt or reflux B 1a2-2 ~ 12

A mixture of hydroxylamine hydrochloride (4 mmol), NaOAc (8 mmol), and aryl ketone A (2 mmol)
in EtOH (10 mL) was stirred at r.t. for overnight or at 90 °C for 2 h. After the reaction completion,

the solvent was removed under reduced pressure. The resulting mixture was extracted with EtOAc.

The organic layer was then washed with brine and dried over Na;SOs. The solvent was removed

under vacuum to give oxime B without further purification.

To a solution of oxime B (2 mmol), pyridine (2.8 mmol) in CH>Cl, (10 mL) was slowly added 4-

methylbenzoyl chloride (2.4 mmol) at 0 °C. After completion, aq. HC1 (1.0 M) was added, and the

organic portion was washed with brine and dried over Na,SO4. The solvent was removed under

reduced pressure to give the crude product, which was further purified by column chromatography

to give desired products.

2.2 General Procedure for Acylation of Drug Molecules and Natural Products.

0 AICl3 ,
R + R
R1JLC| DCM, r.t R

To a solution of the AICl; (5.0 eq, 25.0 mmol) in dry DCM (30.0 mL) was added acyl chloride B
(25.0 eq, 25.0 mmol). After stirring for 5 minutes, drug molecules and natural products A (1.0 eq,

5.0 mmol) was added in one portion. The reaction was monitored by TLC. After completion, the
reaction was diluent quenched with HCI. The resulting mixture was washed with diluent HCI (30
mL x 2). The organic layers were washed with brine, dried over Na>SOs, filtered and evaporated to
give the crude product. Subsequent purification by flash column chromatography afforded the
acylation product.

2.3 Preparation of Alkynes 2

2a and 2m-2p were commercially available, 2b-21 were known products and were prepared by the
following method.!”!

CO,H
Pd(PPh3),Cl,, DPPB, DBU
Ar—Br + | | : Ar———Ar
DMSO, 110 °C, N,

CO,H
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Pd(PPh3)>Cl; (0.5 mmol, 350 mg), 1,4-bis(diphenylphosphino)butane (DPPB, 1.0 mmol, 0.43 g),
aryl bromide (20.0 mmol), 2-butynedionic acid (10.5 mmol, 1.20 g), and DBU (21.0 mmol, 3.20 g)
were successively added into DMSO (30.0 mL) in a flame-dried round bottom flask. The mixture
was stirred at at 110 °C in a preheated oil bath for 3 h under N», and cooled down to room
temperature. The reaction mixture was diluted with EtOAc, and washed with saturated NH4CI
solution for several times. The organic layer was dried over anhydrous Na,SO4 and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel (eluent:
petroleum ether/ethyl acetate) to afford pure alkynes.

2q was prepared by the following method.

| /4
Me Pd(PPhs),, Cul, EtsN
©f\g " | > N\
f\l\ I I THF, r.t, N, 12 h

Ac N\

To a mixture of 3-iodo-1-acetylindole (5.0 mmol, 1.42 g), Pd(PPh3)s (0.2 mmol, 231 mg), Cul (0.2
mmol, 38 mg) and THF (10 mL) under N, atmosphere, then triethylamine (7.5 mmol, 1.0 mL) was
added and stirred for 15 min. Then, propyne (ca. 1mol/L in THF, 7.5 mmol, 7.5 mL) was added to
the reaction mixture via a syringe and stirred at room temperature for 12 h. After completion of the
reaction as indicated by TLC, the reaction mixture was diluted with EtOAc, and washed with
saturated NH4Cl solution for several times. The organic layer was dried over anhydrous Na>SO4 and
concentrated under reduced pressure. The residue was purified by column chromatography on silica
gel (eluent: petroleum ether/ethyl acetate = 10:1) to afford 2q (0.73 g, 74% yield) as a yellowish
solid.

2s was prepared according to literature method.

Me—=—=—COCI
(0]

EtN (1.5 eq) Me—=—4
> (0]
DCM, 0 °C to r.t, N,.

CER

H

2q

To a solution of Cholesterol (2 mmol, 0.77 g) in 15 mL dichloromethane was added Et;N (3 mmol,
0.42 mL). The reaction mixture was cooled down to 0 °C and then 2-butynoyl chloride (2.5 mmol,
0.22 mL) was added dropwise. After addition, the mixture was warmed to room temperature and
stirred for 2 h. Then the mixture was diluted with DCM, and washed with saturated NaHCO3
solution (30 mL), water (30 mL) and brine (30 mL). The organic layer was dried over anhydrous
Na;SOs and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 40:1) to afford 2r as a white
solid (0.78 g, 86%).

2r, 2t were prepared by the following method!®!
Me
I Pd(PPhs),Cly, DPPB, DBU
+

Ar—Br

. Me——=—Ar

DMSO, 110 °C, N,.
CO,H

Pd(PPh3)>Cl> (0.2 mmol, 140 mg), 1,4-bis(diphenylphosphino)butane (DPPB, 0.2 mmol, 86 mg),
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aryl bromide (5.0 mmol), 2-butynoic acid (7.5 mmol, 0.63 g), and DBU (12.5 mmol, 1.9 g) were
successively added into DMSO (12 mL) in a 50 mL sealed tube. The mixture was stirred at 110 °C
in a preheated oil bath for 6 h under N», and cooled down to room temperature. The reaction mixture
was diluted with EtOAc, and washed with saturated NH4Cl solution for several times. The organic
layer was dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (eluent: petroleum ether/ethyl acetate) to afford

pure alkynes.

2.4 Preparation of Diaziridinone 32101
(Boc),0 o t-Bu—0OClI o
DABCO t-BuOK
t-Bu—NH, —_—— t-Bu\NJLN,t-Bu >
DCM, rt, 3 h H H Et,0,5°C tort, 5h BN NS tBu
3a

To a solution of tert-butylamine (14.6 g, 0.2 mol, 1.0 equiv.) in 300 mL CH,Cl, was added
successively DABCO (2.24 g, 20 mmol, 0.1 equiv.) and a solution of (Boc),O (23 mL, 0.1 mol, 0.5
equiv.). The mixture was stirred at room temperature for 3 h and then cooled down to 0 °C, 200 mL
n-hexane was added, the resulting solid was collected and further washed with cold water and
diethyl ether to afford 1,3-di-z-butylurea (14.6 g, 85% yield).

t-Butyl hypochlorite (6.2 mL, 55 mmol) was added dropwise by syringe to a viscous suspension of
1,3-di-z-butylurea (8.6.0 g, 50 mmol) in dry ether (100 mL) with stirring at room temperature. To
the resulting clear pale yellow-green solution was cooled to 5 °C and then added potassium -
butoxide (7.3.1 g, 65 mmol) in small portions. The resulting mixture was stirred at room temperature
for 5 h under strictly exclusion of light, diluted with pentane (100 mL), washed with water (100 mL
x 3) and brine (100 mL), dried over Na,SOs, filtered, concentrated, and distilled under reduced
pressure (56 °C/ 4 mmHg) to give di-#-butyldiaziridinone 3a as a colorless liquid (6.1 g, 72% yield).

2.5 General Procedure for the Preparation of Anhydride 3b and 3¢

A X
gl A\ R3 ) o
Cul, K,CO5 A~ 1) KOH, MeOH, H,0, reflux, 6 h AN
OMe OH
DMF, 120°C, 12h, N, 2) HCl
$-1 s-2
i )\ m ] >\
R+ o
CI)I\O ZN Mo
- o
Et;N, THF, 0°C to rt.

3b

Pl
_|_
S

Iz

An oven-dried vial was charged with 1H-indole (10 mmol), methyl 2-iodobenzoate (2.62 g, 1.0 eq,
10 mmol), Cul (190.5 mg, 0.1 eq, 1 mmol), K»COs (2.8 g, 2.0 eq, 20 mmol), and DMF (20 mL)
under N atmosphere. The mixture was heated to 120 °C in oil bath for 24 h. After cooling to room
temperature, the reaction mixture was filtered through celite. The filtrate was extracted with EtOAc,
washed with water, brine, and dried over Na>SO4. The solution was concentrated under reduced
pressure, and purified by column chromatography over silica gel to give the desired 2-indolyl ester
S-1.

In a round-bottom flask, 20% KOH aqueous solution (20 mL) was added to 2-indolyl ester S-1 (10
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mmol) in MeOH (50 mL) and heated under reflux for 4 h. The solvents were removed under vacuum
and residue was dissolved in water (50 mL) and extracted with EtOAc. The aqueous layer was
acidified with 2N HCI and extracted with EtOAc (40 mLx2). The combined extracts were dried
over anhydrous Na;SOs and concentrated in vacuo. The residue was purified by column
chromatography on silica gel to give the carboxylic acid S-2 as white solid.

In a round-bottom flask, carboxylic acid S-2 (10 mmol) and trimethylamine (1.01 g, 1.0 eq, 10 mmol)
were dissolved in 50 mL anhydrous THF. The mixture was stirred for 10 min at room temperature.

In another round-bottom flask, isopropyl chloroformate (1.47 g, 1.2 eq, 12 mmol) was diluted with

50 mL anhydrous THF. The mixture of carboxylic acid and triethylamine was added dropwise to the

isopropyl chloroformate solution at 0°C. Then the reaction mixture was stirred at room temperature

for additional 1 hour. When TLC shows full conversion, 10% critic acid aqueous solution (30 mL)

was added to the reaction mixture until the system became clear. After extraction with ethyl ether

(40 mLx2), the organic layer was washed with saturated sodium bicarbonate solution (40 mL) and

brine (40 mL), dried over Na;SO4. The solvent was evaporated under vacuum, isopropyl carbonate

anhydride 3b was obtained as a light yellow to brown oil.

R

A
R
1) KOH, MeOH, H,0, reflux, 6 h Z =N

OMe 2) HCI OH

Br.
R + _—
Z~N OMe
H

DMF, 0°C tor.t.

O
O

S-3 S-4 8-5

AN

>
cI” Yo N

o o)
Et;N, THF, 0 °C torrt. d(os\( ~(
o

[¢]
3c

1H-indole (10 mmol) in THF (20 mL) was added dropwise to a stirred suspension of sodium hydride
(0.86 g, 1.0 eq, 10 mmol, 60% suspension in mineral oil) in THF (70 mL) at 0 °C. The mixture was
then stirred at room temperature for 1 h. Then the mixture was added to a stirred suspension of S-3
(1.0 eq, 10 mmol, 2.29 g). The mixture was then stirred at room temperature for 3 h. Then the
reaction mixture was extracted with EtOAc, washed with water, brine, and dried over Na;SOa. The
solution was concentrated under reduced pressure, and purified by column chromatography over
silica gel to give S-4.

In a round-bottom flask, 20% KOH aqueous solution (20 mL) was added to 2-indolyl ester S-4 (10
mmol) in MeOH (50 mL) and heated under reflux for 4 h. The solvents were removed under vacuo
and residue was dissolved in water (50 mL) and extracted with EtOAc. The aqueous layer was
acidified with 2N HCI and extracted with EtOAc (40 mLx2). The combined extracts were dried
over anhydrous Na,;SO4 and concentrated in vacuo. The crude product was purified by column
chromatography over silica gel to give S-5.

In a round-bottom flask, carboxylic acid S-5 (10 mmol) and NEt; (1.01 g, 1.0 eq, 10 mmol) were

dissolved in 50 mL anhydrous THF. The mixture was stirred for 10 min at room temperature. In
another round-bottom flask, isopropyl chloroformate (1.47 g, 1.2 eq, 12 mmol) was diluted with 50
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mL anhydrous THF. At 0 °C, the mixture of carboxylic acid and triethylamine was added dropwise
to the isopropyl chloroformate solution. Then the reaction mixture was stirred at room temperature
for additional 1 hour. When TLC shows full conversion, 10% critic acid aqueous solution (30 mL)
was added to the reaction mixture until the system became clear. The mixture was extracted with
ethyl ether (40 mLx2), and the organic layer was washed with saturated sodium bicarbonate solution
(40 mL) and brine (40 mL), dried over Na>SOj4. The solvent were evaporated under vacuum, and
the isopropyl carbonate anhydride 3¢ was obtained as a light yellow oil. The crude products can be
directly used without further purification.

2.6 Reaction Optimization

Table S1. Screening of additive®
10 mol% Pd(PPhs),Cl,

_OANo2 Ph o 20 mol% N1 Ph : | N
N 20 mol% Additive :
' S || A > M—ph | SWNO
n-Pr NN 2.0 eq K5PO, N ; \
Ph u Bu o Y '
DCE, 130 °C, N, 12 h Bu i
1a 2a 3a 4a '
Entry Additive Yield (%)°
1 w/o 61
2 AgTFA 28
3 AgNTH, 9
4 AgOTf 19
5 AgSbFg 13
6 NaBArg <5

@ Conditions: 1a (0.1 mmol), 2a (0.1 mmol), 3a (0.1 mmol), PdCl, (10 mol%), ligand N1 (20 mol%), Additive (20
mol%), K3POy4 (0.2 mmol), DCE (3.0 mL), N,, 130 °C, 12 h. 5 GC-MS yield using n-Icosane as internal standard.

Table S2. Screening of the palladium catalyst*

N/OArNOZ Ph o 10 mol% [Pd] Ph I N
20 mol% N1 .
SR "ok By
e NN, 2.0 eq K3PO, N : u
Ph DCE, 130 °C, N, 12 h Bu g
1a 2a 3a 4a H
Entry [Pd] Yield (%)° ! Entry [Pd] Yield (%)
1 Pd(OAc), 13 ; 5 Pd(PPh3),Cl, 61
2 Pd(TFA), 11 5 6 Pd(cod)Cl, 14
3 Pd(acac), 6 7 Pd,dbag 9
4 PdCl, 17 8 Pd(PPh3), 58

@ Conditions: 1a (0.1 mmol), 2a (0.1 mmol), 3a (0.1 mmol), [Pd] (10 mol%), ligand N1 (20 mol%), additive (20
mol%), K3POy4 (0.2 mmol), DCE (3.0 mL), N,, 130 °C, 12 h. 5 GC-MS yield using n-Icosane as internal standard.
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Table S3. Screening of the solvent”

N/OArNOZ Ph 10 mol% Pd(PPh3),Cl, PR | N
20 mol% N1 '
G+ LN g I
e gy N Nig, 2.0 eq K5PO, N ; \
Ph Solvent, 130 °C, Np, 12 h Bu ! g
1a 2a 3a 4a .
Entry Solvent (3 ml) Yield (%)? : Entry Solvent (3 ml) Yield (%)°
1 DMSO n.d : 7 HFIP n.d
2 DMF nd : 8 MeOH n.d
3 THF n.d : 9 CH3CN n.d
4 Dioxane n.d 10 n-PrCN n.d
5 PhMe 5 : 1 EtOAG nd
6 n-Hexane n.d : 12 DCE 61

@ Conditions: 1a (0.1 mmol), 2a (0.1 mmol), 3a (0.1 mmol), Pd(PPhj3),Cl, (10 mol%), ligand N1 (20 mol%),
K3PO, (0.2 mmol), Solvent (3.0 mL), N,, 130 °C, 12 h. b GC-MS yield using n-lcosane as internal standard.

Table S4. Screening of the base”

O Ph 10 mol% Pd(PPh3),Cl, PR I N
20 mol% N1 .
' PO ° - N—ph | SPNO
n-Pr B N-N., 2.0 eq Base N . N‘
Ph u Bu o \ !
DCE, 130 °C, N, 12 h Bu i Ny
1a 2a 3a 5a .
Entry Base (2 equiv) Yield (%)b E Entry Base (2 equiv) Yield (%)°
1 n.d : 9 K;PO, 61
2 Li,CO4 n.d P10 K,HPO, <5
3 Na,CO3 <5 P KH,PO, <5
4 NaHCO, <5 P12 KOPiv <5
5 KoCO3 58 P13 KO'Bu nd
6 KHCO, <5 P14 NaOAc <5
7 Rb,CO,4 38 P15 KOAc <5
8 Cs,CO4 45 P16 DIPEA <5

@ Conditions: 1a (0.1 mmol), 2a (0.1 mmol), 3a (0.1 mmol), Pd(PPh3),Cl, (10 mol%), ligand N1 (20 mol%),
Base (0.2 mmol), DCE (3.0 mL), N, 130 °C, 12 h. b GC-MS yield using n-Icosane as internal standard.

Table S5. Screening of the PyrOx ligands*
_OAno2  ph 10 mol% Pd(PPh3),Cl Ph
NI 20 mol% Ligand N A
P + | | + o Ph
n-Pr —
L NN, 2.0 eq K3PO, N
DCE, 130 °C, N, 12 h Bu
1a 2a 3a 4a
noligand o N R=H,N1,61% R = 4-OMe, N5, 60% |
d N R = 3-CF;, N2, 8% R = 5-OMe, N6, 60% NN\ O
o | R=3-OMe,N3,60% R =5CFy N7,6% u
R = 4-CF;, N4, 6% R = 6-OMe, N8, 4% N15, 10%
A
L R=H, N9, 15% R = t-Bu, N12, 31%

R = Me, N10, 34%
/ R = i-Pr, N11, 35%
R

R =Ph, N13, 25%
R =Bn, N14, 31%

O, O —
Me):N/>_<\N:LMe Q_@

N16, n.d. N17,42%

@ Conditions: 1a (0.1 mmol), 2a (0.1 mmol), 3a (0.1 mmol), Pd(PPh3),Cl, (10 mol%), ligand N (20 mol%),
K3POy4 (0.2 mmol), DCE (3.0 mL), Ny, 130 °C, 12 h. b GC-MS yield using n-Icosane as internal standard.
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Table S6. Screening of the phosphine ligands®

10 mol% PdCl,

N/c)/.\rNO2 Ph o 20 TOW-U N1 Ph . | N
| . |I| . J{ 20 mol% Ligand P: mph L2 o
©)\”'Pf g NNg, 2.0 eq K3POy N !
Ph DCE, 130 °C, N,, 12 h Bu g
1a 2a 3a 4a .
PPh; P1,65% Me, Me

TFP  P2,33% <M60@P <F3c—©>4> ( C}

PCy, P3,38% 5 5 P < P
dppe P4,49% 3 3
dppf  P5, 48% P7,43% P8, 18% P9, 52%
Xphos P6, 28%

BnsP P13, 32%

P10, 70% (82%)°

FyC.
dppm P14, 26% ¢ N/
dppp P15,46% ( P (F P <Me4©>*P (Q?—P
dppb P16, 59% 3 3 3 3
dpppe P17,51% FsC F F OMe
0,
dpph P18, 45% P11, 19% P12, n.d P19, 68% P20, n.d
Me Me  Me
/ 2
\ (O X o O
3 PPh, PPh,  PPh,
Mé PPh,  PPh,
P21, 16% P23, 50% P24, 45% P25, 35% P26, 56%

@ Conditions: 1a (0.1 mmol), 2a (0.1 mmol), 3a (0.1 mmol), PdCl, (10 mol%), ligand N1 (20 mol%), Ligand P (20 mol%),
K3PO, (0.2 mmol), DCE (3.0 mL), Ny, 130 °C, 12 h. b GC-MS yield using n-Icosane as internal standard.

Table S7. Screening of the ratios of substrates®

10 mol% PdCl,

N/OArNOZ Ph 20 mol% N1 Ph

| o 20 mol% P(o-tol)s m P
©)\”-Pr ’ I‘I ' f /NJ_{N't 2.0 eq K3PO,4 g '\T " L '\}\O,Z
Ph 5 P DCE, 130°C, Ny, 12 Bu i
1a 2a 3a 4a .
Entry 1a:2a:3a Yield (%) i Entry 1a:2a:3a Yield (%)°

1 1:1:1 70 10 1:1:1.4 76
2 1:1.1:1 71 11 1:1:15 74
3 1:12:1 74 12 1:1.1:14 78
4 1:1.3:1 73 13 1:1.2:1.2 81
5 1:1.4:1 74 14 1:13:13 81
6 1:15:1 74 ; 15 1:14:14 80
7 1:1:1.1 76 16 1:15:15 68
8 1:1:1.2 78 I 17 1:12:13 80
9 1:1:1.3 78 18 1:13:12 81

@ Conditions: 1a (0.1 mmol), 2a (x mmol), 3a (y mmol), PdCl, (10 mol%), ligand N1 (20 mol%), P(o-tol); (20
mol%), K3PO, (0.2 mmol), DCE (3.0 mL), N,, 130 °C, 12 h. ® GC-MS yield using n-lcosane as internal standard.
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Table S8. Screening of the loadings of ligands®

10 mol% PdCl,

N/OAfNoz Ph o xmol% N1 Pho | X
mol% P(o-tol H
b e o QL
n-Pr gy NN 2.0 eq K3PO, N : ,\}
Ph u Bu o \ H
DCE, 130 °C, Ny, 12 h Bu N1
1a 2a 3a 4a :
Entry P(o-tol)3 (x mol%) Ligand N1 (x mol%) Yield (%)°
1 10 10 62
2 10 20 64
3 20 10 64
4 15 15 81 (82)°
5 20 20 81

@ Conditions: 1a (0.1 mmol), 2a (0.12 mmol), 3a (0.12 mmol), PdCl, (10 mol%), ligand N1 (x mol%), P(o-tol)3 (y
mol%), K3PO,4 (0.2 mmol), DCE (3.0 mL), Ny, 130 °C, 12 h. b GC-MS yield using n-lcosane as internal standard.
CIsolated yield.

2.7 Experimental Procedures for the Preparation of 4-8 membered ring

2.7.1 Typical Procedure for the Preparation of 4

_OAryo2 R o 10 mol% PdCl, R?
N| ){ 15 mol% N1, 15 mol% P(o-tol); X\
N npPr | I * > R = R
R . ~N=N., 2.0 eq K3PO, N
L R2 Bu Bu \
DCE, 130 °C, Ny, 12 h Bu
1 2 3a 4

To a 25 mL sealed tube was added oxime ether substrates 1 (0.1 mmol), 2 (0.12 mmol), PdCl, (10
mol%, 1.8 mg), K3sPO4 (2.0 eq, 42.4 mg), N1 (15 mol%, 2.6 mg), P(o-tol); (15 mol%, 4.5 mg) and
DCE (3.0 mL). Then 3a (0.12 mmol, 25 pL) was added to the tube via a syringe, and the reaction
mixture was stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under N> atmosphere.
After completion, the mixture and then filtered through Celite. The filtrate was evaporated to give
the crude product which was then purified by flash column chromatography on silica gel with a
gradient eluent of hexane/ethyl acetate to give the product 4.

2.7.2 Typical Procedure for the Preparation of 5a-5f, 6q, 6ae

OAr,
N Nez Pd,dba, N18, P11 FiC.

I NaBArF, K,CO3 m
+ - FsC CF
Ay - EED QAo ( O

MTBE, 140 °C, N,

N18 P11

To a 25 mL sealed tube was added oxime ether substrates 1 (0.1 mmol), NBE (18.8 mg, 0.2 mmol),
Pdxdbas (4.6 mg, 5 mol%), K.CO3 (41.5 mg, 3.0 eq), N18 (2.9 mg, 10 mol%), P11 (6.7 mg, 10
mol%,), NaBArr (8.8 mg, 10 mol%), and MTBE (2.0 mL). Then the reaction mixture was stirred in
a pre-warmed oil bath maintained at 140 °C for 12 h under N; atmosphere. After completion, the
mixture was filtered through Celite. The filtrate was evaporated to give the crude product which
was purified by flash column chromatography on silica gel with a gradient eluent of hexane/ethyl
acetate to give the product 5a-5f, 6q, 6ae.
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2.7.3 Typical Procedure for the Preparation of 5k, 51, 6r

4 Pd(OAc),, N19, P11

N
| cho3 ProH
"pr + Ph—=—Ph + .
DCE,130 °C, N,
1
To a

25 mL sealed tube was added oxime ether substrates 1 (0.1 mmol), 2 (0.1 mmol), Pd(OAc), (2.3
mg, 10 mol%), K.CO3 (27.6 mg, 2.0 eq), N19 (2.9 mg, 15 mol%), P11 (10.1 mg, 15 mol%), and
DCE (2 mL). Then CH,Br; (0.5 mmol, 35 pL) and ‘PrOH (0.1 mmol, 8 uL) were added to the tube
via a syringe, and the reaction mixture was stirred in a pre-warmed oil bath maintained at 130 °C

Ph

P11

for 12 h under N; atmosphere. After completion, the mixture was filtered through Celite. The filtrate
was evaporated to give the crude product which was then purified by flash column chromatography
on silica gel with a gradient eluent of hexane/ethyl acetate to give the product 5k, 51, é6r.

2.7.4 Typical Procedure for the Preparation of 5g-5j

Pd(OAc),, N18, P11

Nl,OAr
©j>_( NaBArg, NBE-1, K,CO4
—_—-—8
* o<
\
1 A

opr  DCE130°C, N,

P11

To a 25 mL sealed tube was added oxime ether substrates 1 (0.1 mmol), A (0.3 mmol), Pd(OAc),
(2.1 mg, 5 mol%), NBE-1 (3.3 mg, 2.0 eq), K»COs3 (55.3 mg, 2.0 eq), NaBArr (8.9 mg, 10 mol%),
N18 (2.9 mg, 10 mol%), P11 (6.7 mg, 10 mol%), and DCE (2.0 mL). The reaction mixture was
stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under N, atmosphere. After
completion, the mixture was filtered through Celite. The filtrate was evaporated to give the crude
product which was then purified by flash column chromatography on silica gel with a gradient eluent
of hexane/ethyl acetate to give the product 5g-5j.

2.7.5 Typical Procedure for the Preparation of Sm-5p, 6s, 6ag

_OCOAM, e Ph
N S
I PdCl,, N1, P8, NaBArg Ph |
npr + Ph—=—ph > N 0 FaC P
Cs,CO3, DCE, 130 °C, N, oh ’\}\K a
1 2 4 Ph

To a 25 mL sealed tube was added oxime ester substrates 1 (0.05 mmol), 2 (0.15 mmol), PdCI, (1.3
mg, 15 mol%), Cs,CO3 (32.5 mg, 2.0 eq), N1 (3.5 mg, 20 mol%), P8 (4.7 mg, 20 mol%), NaBArr
(8.8 mg, 20 mol%), and DCE (1 mL). Then the reaction mixture was stirred in a pre-warmed oil
bath maintained at 130 °C for 12 h under N, atmosphere. After completion, the mixture was filtered
through Celite. The filtrate was evaporated to give the crude product which was then purified by
flash column chromatography on silica gel with a gradient eluent of hexane/ethyl acetate to give the
product Sm-5p, 6s, 6ag.

2.7.6 Typical Procedure for the Preparation of 5q-5u, 6t, 6ah
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OAr R!

/

N .
n Br Pd(PPhs)s, N1, K,CO4, AgOTF
Pr 4 RI——R2 + -
COOH DCE, 130 °C, N,
1 2

To a 25 mL sealed tube was added oxime ether substrates 1 (0.1 mmol), alkyne 2 (0.12 mmol), 2-
bromobenzoic acid (24.1 mg, 0.12 mmol), Pd(PPh3)4 (11.6 mg, 10 mol%), KoCOs3 (41.4 mg, 3.0 eq),
N1 (2.6 mg, 15 mol%), AgOTf (7.7 mg, 30 mol%), and DCE (1.5 mL). Then the reaction mixture
was stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under N, atmosphere. After

completion, the mixture was filtered through Celite. The filtrate was evaporated to give the crude
product which was then purified by flash column chromatography on silica gel with a gradient eluent
of hexane/ethyl acetate to give the product 5q-5u, 6t, 6ah.

2.7.7 Typical Procedure for the Preparation of Sv-5ab, 6u, 6ai

(> Fo
\+OAnoz ©j\> 5 9 PACl,, AgPFq \ FsC N g
| N Moier NBE, P11, N7 N s P
. (o] 7 N | 3
KoCOs, DCE, 130 °C O N Fol
U N7

P11

1 B

To a 25 mL sealed tube was added oxime ether substrates 1 (0.1 mmol), anhydride B (64.6 mg, 0.2
mmol), PdCl> (0.9 mg, 5 mol%), K,COs (41.5 mg, 3.0 eq), NBE (18.8 mg, 2.0 eq), N7 (2.4 mg, 10
mol%), P11 (6.7 mg, 10 mol%), AgPFs (2.5 mg, 10 mol%), and DCE (2.0 mL). Then the reaction
mixture was stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under N, atmosphere.
After completion, the mixture was filtered through Celite. The filtrate was evaporated to give the
crude product which was purified by flash column chromatography on silica gel with a gradient
eluent of hexane/ethyl acetate to give the product 5v-5ab, 6u, 6ai.

2.7.8 Typical Procedure for the Preparation of Sac-5ad, 6v, 6aj

N-OAMNO2 m o o 0 PdCl,, Ag,CO;4
| N Y P11, N7
+ O'Pr -
K,CO3, NBE, DCE, 130 °C
1 (o

To a 25 mL sealed tube was added oxime ether substrates 1 (0.1 mmol), anhydride C (67.4 mg, 0.2
mmol), PdCl, (0.9 mg, 5 mol%), K»COs (41.5 mg, 3.0 eq), NBE (18.8 mg, 2.0 eq), N1 (2.4 mg, 10
mol%), P11 (6.7 mg, 10 mol%), Ag>CO; (2.7 mg, 10 mol%), and DCE (2.0 mL). Then the reaction
mixture was stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under N> atmosphere.

After completion, the mixture was filtered through Celite. The filtrate was evaporated to give the
crude product which was purified by flash column chromatography on silica gel with a gradient
eluent of hexane/ethyl acetate to give the product 5ac-5ad, 6v, 6aj.
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2.8. Gram-Scale One-pot Synthesis

Ph

Q i O,N
1) 0.96 equiv N, EtOH Q 2
n-Pr > Ph
2) 1.2 equiv. 2a, 1.2 equiv. 3a N HoNO NO,

10 mol% PdCl,, 15 mol% N1 t-Bu N
Ketone 15 mol% P(o-tol)s, 2 equiv. K3PO, 4a
5.0 mmol, 0.74 g DCE, 130 °C, N3, 12 h 71% yield, 1.15 g

l-phenylbutan-1-one (5.0 mmol, 0.74 g) was added to the solution of O-(2,4-
dinitrophenyl)hydroxylamine (4.8 mmol, 0.96 g) in EtOH (30.0 mL). Then conc. HCI (5 drops) was
added and the solution was stirred for 6 h at room temperature. After completion, solvent was
removed to give oxime ether. To a 250 mL sealed tube was added the oxime ether, 2a (6 mmol, 1.07
g), PdClL; (0.5 mmol, 90 mg), K3PO4 (10 mmol, 2.12 g), N1 (0.75 mmol, 132 mg), P(o-tol)s (0.75
mmol, 228 mg), DCE (100 mL). Then 3a (6 mmol, 1.25 mL) was added to the tube via a syringe,
and the reaction mixture was stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under
N> atmosphere. After completion, the mixture was filtered through Celite. The filtrate was
evaporated to give the crude product which was then purified by flash column chromatography on
silica gel with a gradient eluent of hexane/ethyl acetate to give the product 4a (1.15 g) in 71% yield.

2.9. Screening of Antibacterial Activity of DA-Based Derivatives
2.9.1 Minimum inhibitory concentarion (MIC) determination

MIC values for all compounds were measured by broth microdilution, using Mueller-Hinton I1 broth
(cation-adjusted, BD 212322). Genarally, S.pyogenes was grown to exponential phase in TSB
(Tryptone Soya Broth) at 37 °C with shaking at 250 rpm. Then cultures were diluted with MHB to
5*10° CFU/mL and each 100 L dilution was distributed into 96-well microfilter plates (Thermo
scientific 167008). All compounds were dissolved in DMSO to 5.12 mg/mL as stock solutions and
serially diluted twofold with bacterial culture broth to reach concentrations ranging from 256 to
0.125 mg/mL. The positive control containing diluted cultures plus vancomycin and a negative
control containing culture plus DMSO were set up at the same time. 96-well microfilter plates were
incubated at 37 °C for 24 h and observed to record the lowest compound concentration to inhibit
bacterial growth completely.

2.9.2 Antimicrobial Evaluation of the DA-Based Derivatives
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Compounds MIC (ug/mL)
PAOI1 AB1157 USA300 VB S.P
6p >256 >256 >256 >256 >256
7a-1 >256 >256 >256 >256 >256
7b-1 >256 >256 >256 >256 >256
7c-1 >256 >256 >256 >256 >256
7d-1 >256 >256 >256 >256 >256
Te-1 >256 >256 >256 >256 >256
71-1 >256 >256 >256 >256 >256
7g-1 >256 >256 >256 >256 >256
7h-1 >256 >256 >256 >256 >256
7a-2 >256 >256 >256 >256 >256
7b-2 >256 >256 >256 >256 >256
Tc-2 >256 >256 >256 >256 >256
7d-2 >256 >256 >256 >256 >256
Te-2 >256 >256 >256 >256 >256
71-2 >256 >256 >256 >256 >256
Ta >256 >256 4 1 2
Tb >256 >256 16 2 4
Te >256 >256 64 2 2
7d >256 >256 >256 >256 >256
Te >256 >256 >256 256 256
7f >256 >256 64 64 32
7g >256 >256 32 32 16
Th >256 >256 >256 256 256
7i >256 >256 >256 256 256
6r >256 >256 >256 256 4
6s >256 >256 >256 128 16
6s-1 >256 >256 >256 256 32
6s-2 >256 >256 >256 128 32
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6t >256 >256 >256 256 16

6t-1 >256 >256 >256 256 16

DA >256 >256 128 128 64
Vancomycin — — 1 16 0.25

Polymyxin 4 2 — — —

2.9.3 Typical Procedure for the Preparation of DA-Based Derivatives

2.9.3.1 Typical Procedure for the Preparation of 7a-2—7f-2

TfOH

DCM, 10 min

7a-2—7f-2

To a 15 mL sealed tube was added 7 (0.1 mmol), DCM (5 mL), and HOTf (10 drops). Then the
mixture was stirred at r.t. for 10 min. Upon completion, the mixture was neutralized by the addition
of a saturated sodium bicarbonate and extracted with DCM. The organic layer was dried over
anhydrous Na,SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel to afford product 7a-2—7f-2.

2.9.3.2 Typical Procedure for the Preparation of 7a—7i

NaOH

EtOH/H,0

overnight

To a 15 mL sealed tube was added 8 (0.06 mmol), 2 N NaOH(aq)/EtOH (1:1) (4.0 mL). The reaction
mixture was stirred at reflux for 6-18 hours. Upon completion, the mixture was added diluted
hydrochloric acid and extracted with EtOAc (10 mL x 3). Then combined organic layers were dried
over anhydrous Na;SOs, filtered and evaporated. The residue was purified by column
chromatography on silica gel to afford product 7a—7i.

2.10. Mechanistic Studies and Possible Mechanism

2.10.1 Radical Scavenger

N~ OAMNo2 Ph Radical scavenger
> @E\g,,;h None 82%
n-Pr standard condition N 1 equiv. BHT 78%
\Bu 1 equiv. TEMPO  84%

1a 4a

To a 25 mL sealed tube was added substrate 1a (32.9 mg, 0.1 mmol), 2a (21.0 mg, 0.12 mmol),
PdCl, (10 mol%, 1.8 mg), K3PO4 (2.0 eq, 42.4 mg), N1 (15 mol%, 2.6 mg), P(o-tol)3 (15 mol%, 4.5
mg), BHT or TEMPO (0.1 mmol), and DCE (3.0 mL). Then 3a (1.2 eq, 25 pL) was added to the
tube via a syringe, and the reaction mixture was stirred in a pre-warmed oil bath maintained at 130
°C for 12 h under N, atmosphere. After completion, the mixture was filtered through Celite. The
filtrate was evaporated to give the crude product which was then purified by flash column
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chromatography on silica gel with a gradient eluent of hexane/ethyl acetate to give the product 4a.

2.10.2 B-C Elimination Pathway

JOA Ph
N OArNo2
oh - M—prh  + e ~Ph
standard condition N
\
t-Bu
s6 4a, 71% 82%

To a 25 mL sealed tube was added s6 (39.1 mg, 0.1 mmol), 2a (21.0 mg, 0.12 mmol), PdCl, (10
mol%, 1.8 mg), K3PO4 (2.0 eq, 42.4 mg), N1 (15 mol%, 2.6 mg), P(o-tol); (15 mol%, 4.5 mg) and
DCE (3.0 mL). Then 3a (1.2 eq, 25 pL) was added to the tube via a syringe, and the reaction mixture
was stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under N, atmosphere. After
completion, the mixture was filtered through Celite. The filtrate was evaporated to give the crude
product which was then purified by flash column chromatography on silica gel with a gradient eluent
of hexane/ethyl acetate to give the product 4a (23.1 mg, 71%) and 3-phenylpropanenitrile (10.7 mg,
82%).

2.10.3 Kinetic Isotope Effect Experiments

1.2eq2p, 1.2eq3a
_OAryo2 10 mol% PdCl,

N-CAMNO2 D 15 mol% N1 Me 5 Me
D % P(o-
o n-pr 15 Mol Plotols mCOZEt N H—co,Et
o 5 2 eq K3PO, N D N\
H ! DCE, 130 °C, Ny, 2 h \Bu ) t-Bu
16% yield
1a 1a-d; KIE = Ky/Kp = 2.1 4ah 4ah-ds

1.2eq2p, 1.2eq3a
10 mol% PdCl,

o NOAMo2 15 mol% N1 Me D Me
15 mol% P(o-tol)s A A
n-Pr > CO,Et + CO,Et
2 eq K3PO, N N
D DCE, 130 °C, Ny, 2 h \ v

14% yield
1a-d KIE = Ky/Kp = 3.8 4ah 4ah-d

A. Intermolecular competition experiment between 1a and 1a-ds:

To a 25 mL sealed tube was added substrates 1a (16.5 mg, 0.05 mmol), 1a-ds (16.7 mg, 0.05 mmol),
PdCl (10 mol%, 1.8 mg), K3sPO4 (2.0 eq, 42.4 mg), N1 (15 mol%, 2.6 mg), P(o-tol); (15 mol%, 4.5
mg), DCE (3.0 mL). Then 2p (1.2 eq, 10.7 pL), 3a (1.2 eq, 25 pL) was added to the tube via a
syringe, and the reaction mixture was stirred in a pre-warmed oil bath maintained at 130 °C for 12
h under N> atmosphere. After completion, the mixture was filtered through Celite. The filtrate was
evaporated to give a mixture of product 4af and 4af-ds which was purified by flash column
chromatography on silica gel with a gradient eluent of hexane and ethyl acetate. The distribution of
4af and 4af-ds was calculated from the integrals of their respective '"H NMR signals at 3.91 ppm
(4af and 4af-ds) and 7.64 ppm (4af) (see Figure S1).

Figure S1. Detail of the "H NMR spectrum of the product mixture obtained in the intermolecular
KIE experiment
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B. Intramolecular competition experiment between 1a and 1a-d:

To a 25 mL sealed tube was added substrates 1a-d (33.0 mg, 0.1 mmol), PdCl, (10 mol%, 1.8 mg),
K3PO4 (2.0 eq, 42.4 mg), N1 (15 mol%, 2.6 mg), P(o-tol); (15 mol%, 4.5 mg), DCE (3.0 mL). Then
2p (1.2 eq,10.7 uL), 3a (1.2 eq, 25 pul) was added to the tube via a syringe, and the reaction mixture
was stirred in a pre-warmed oil bath maintained at 130 °C for 12 h under N, atmosphere. After
completion, the mixture was filtered through Celite. The filtrate was evaporated to give a mixture
of product 4ah and 4ah-d which was purified by flash column chromatography on silica gel with a
gradient eluent of hexane and ethyl acetate. The distribution of 4ah and 4ah-d was calculated from
the integrals of their respective "H NMR signals at 7.57 ppm (4ah and 4ah-d) and 7.64 ppm (4ah)

(see Figure S2).

Figure S2. Detail of the '"H NMR spectrum of the product mixture obtained in the intramolecular

KIE experiment
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2.10.4 Possible Mechanism of Indole Cyclization Reaction

Initially, the N—O bond of oxime derivatives 1 undergoes oxidative addition to the Pd(0) catalyst to
generate the intermediate I. Ligand-promoted B-aryl elimination of I affords the aryl Pd(II) species
II. Migratory insertion of II into the alkyne 2, followed by subsequent intramolecular C—H
activation to generate C,C-palladacycle IV, which is followed by oxidative addition of N—N bond
of diaziridinone to C,C-palladacycle IV, resulting in Pd(IV) species V. Then, two pathways are
possible. In path a, reductive elimination of intermediate V generates eight-membered Pd(IT) species
VI. Finally, product 4 is formed through B-N elimination and subsequent reductive elimination. In
an alternative mechanism (path b), Pd(IV)-nitrene intermediate is formed through the elimination
of tert-butyl isocyanate. Subsequent two steps of reductive elimination yield the product and

regenerate the Pd(0) catalyst.

S$19

r1.00E+12

F9.00E+11

- 8.00E+11

F7.00E+11

F6.00E+11

r5.00E+11

r4.00E+11

r3.00E+11

F2.00E+11

r1.00E+11

r0.00E+00




UL T .
Pd°
R? Reductive Oxidative

OAr
iti AOANO2
R} =z N—t gy elimination addition N~pyi
7~ N
I N N
& |
Reductive R

t-BuNCO vin elimination I

B-N elimination B-C elimination

t-Bu
2 p—
R r\'l 0 5 PdV=N—t-Bu o
N‘t Bu ©/"
Reductive Migratory R!
elimination path b insertion | |
ath a
P t-BuNCO
R2 ItBu R R2
N R2 2
% 2 X
N C-H Pd'
Oxidative -
2 activation
addition R! R / n
JOL _pd!
N—N
t-Bu” SNt-Bu v
3a
3 Analytical Data

3.1 Characterization of Starting Material

1t, 1w, 1af, 1ap, 1a-1, 1b-1, 1c-1, 1d-1, 1e-1 and 1g-1 are known product and synthesized according

to the literature.

3, 6b

(E)-1-phenylbutan-1-one O-(2,4-dinitrophenyl) oxime (1a)

NO,

0.54 g, 82% yield; white solid. Mp = 118-120 °C; "TH NMR (500 MHz, CDCl3)
0 8.92 (d, J= 2.7 Hz, 1H), 8.44 (dd, /= 9.4, 2.7 Hz, 1H), 8.07 (d, /= 9.4 Hz,
1H), 7.76 (dd, J= 8.2, 1.4 Hz, 2H), 7.54-7.45 (m, 3H), 3.06-3.01 (m, 2H), 1.71
(h, J= 7.4 Hz, 2H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, CDCl;)
167.4,157.5,140.7,136.0, 133.4, 131.0, 129.4, 128.9, 127.1, 122.1, 117.3, 30.5,
20.4, 14.1; HRMS-EI calcd for C1sHisN30s [M]* 329.1006, found 329.1022.

(E)-1-(p-tolyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1b)

0.58 g, 84% yield; white solid. Mp = 133-135 °C; '"H NMR (500 MHz,
CDCl3) 6 8.92 (d, J= 2.8 Hz, 1H), 8.44 (dd, J=9.4, 2.8 Hz, 1H), 8.07 (d, J
=9.4 Hz, 1H), 7.65 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H), 3.04-2.97
(m, 2H), 2.42 (s, 3H), 1.70 (h, J = 7.4 Hz, 2H), 1.04 (t, J = 7.4 Hz, 3H); 3C
NMR (126 MHz, CDCl3) 6 167.2, 157.6, 141.5, 140.6, 135.9, 130.4, 129.6,
129.4, 127.0, 122.1, 117.3, 30.4, 21.4, 20.5, 14.1; HRMS-EI calcd for

Ci7H17N305 [M]* 343.1163, found 343.1159.
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(E)-1-([1,1'-biphenyl]-4-yl)butan-1-one O-(2,4-dinitrophenyl) oxime (1c)

0.70 g, 87% yield; white solid. Mp= 142-144 °C; '"H NMR (500 MHz, CDCl3)

6891 (d,J=2.7Hz, 1H), 8.45 (dd, /=9.3,2.7 Hz, 1H), 8.09 (d, /=9.4 Hz,

1H), 7.88-7.83 (m, 2H), 7.73-7.68 (m, 2H), 7.66—7.63 (m, 2H), 7.49 (t, J =

.0 7.6 Hz, 2H), 7.44-7.39 (m, 1H), 3.10-3.03 (m, 2H), 1.76 (h, J= 7.4 Hz, 2H),
! 1.10 (t,J= 7.3 Hz, 3H); '3C NMR (126 MHz, CDCl3) § 166.9, 157.5, 143.7,

Ph/©)\/\ 140.6, 139.8, 135.9, 131.9, 129.4, 128.9, 128.0, 127.5, 127.4, 127.0, 122.1,

117.2, 30.3, 20.5, 14.1; HRMS-EI calcd for C2;2H9N305 [M]* 405.1319,

found 405.1322.

(E)-1-(4-methoxyphenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1d)
NO, 0.58 g, 79% yield; white solid. Mp = 107-109 °C; 'H NMR (500 MHz,
CDCl3) 6 8.90 (d, /= 2.7 Hz, 1H), 8.43 (dd, /= 9.4, 2.7 Hz, 1H), 8.06 (d,
Nno, J=9.4Hz, 1H), 7.75-7.70 (m, 2H), 7.00—6.95 (m, 2H), 3.87 (s, 3H), 3.02—
NI’O 2.96 (m, 2H), 1.69 (h, J = 7.4 Hz, 2H), 1.04 (t, J= 7.4 Hz, 3H); '3*C NMR
/©/K/\ (126 MHz, CDCl3) 6 166.6, 161.8,157.7, 140.5, 135.9, 129.4, 128.6, 125.3,
MeO 122.1, 117.2, 114.2, 55.4, 30.2, 20.5, 14.1; HRMS-EI calcd for

C17H17N306 [M]* 359.1112, found 359.1113.

(E)-1-(4-(methylthio)phenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1e)
NO, 0.57 g, 76% yield; yellowish solid. Mp = 118-120 °C; 'H NMR (500 MHz,
CDCl3) 6 8.91 (d, J= 2.8 Hz, 1H), 8.44 (dd, /=9.4, 2.8 Hz, 1H), 8.06 (d, J
Nno, =9.4Hz, 1H), 7.68 (d, J= 8.5 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 2.99 (t, J
= 7.8 Hz, 2H), 2.53 (s, 3H), 1.69 (h, J= 7.4 Hz, 2H), 1.04 (t, J = 7.3 Hz,
/©)I\/\ 3H); 3C NMR (126 MHz, CDCls) & 166.7, 157.5, 143.0, 140.6, 135.9,
eS 129.4,129.3, 127.3, 125.8, 122.1, 117.2, 30.2, 20.5, 15.0, 14.1; HRMS-EI
calcd for Ci7H7N30sS [M]" 375.0883, found 375.0875.

(E)-l-(4-ﬂuor0phenyl)butan-1-one 0-(2,4-dinitrophenyl) oxime (1f)
0.58 g, 83% yield; white solid. Mp= 100-102 °C; '"H NMR (500 MHz, CDCl5)
6891 (d, J=2.7Hz, 1H), 8.45 (dd, J=9.3, 2.7 Hz, 1H), 8.05 (d, /= 9.4 Hz,
1H), 7.80-7.74 (m, 2H), 7.20-7.12 (m, 2H), 3.05-2.96 (m, 2H), 1.70 (h, J =
7.4 Hz, 2H), 1.05 (t, J= 7.4 Hz, 3H); 3C NMR (126 MHz, CDCls)  166.3,
/©)\/\ 164.4 (d, J = 252.3 Hz), 157.4, 140.8, 136.0, 129.4, 129.2 (d, J = 8.6 Hz),
122.1, 117.2, 116.0 (d, J = 21.9 Hz), 30.4, 20.4, 14.1; HRMS-EI calcd for
CisH14FN3Os [M]* 347.0917, found 347.0939.

(E)-1-(4-chlorophenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1g)
0.59 g, 81% yield; white solid. Mp=127-129 °C; "TH NMR (500 MHz, CDCl5)
6893 (d,/J=2.7Hz, 1H), 8.45 (dd, J=9.3, 2.7 Hz, 1H), 8.04 (d, /= 9.3 Hz,
1H), 7.71 (d, J = 8.7 Hz, 2H), 7.45 (d, J = 8.6 Hz, 2H), 3.03-2.98 (m, 2H),
1.70 (h, J= 7.4 Hz, 2H), 1.05 (t,J= 7.4 Hz, 3H); ¥*C NMR (126 MHz, CDCl3)

©\NO2
.0
N| . N . 5 s 1. 5 . N ’ })
/©)\/\ 6 166.3,157.3,140.9, 137.3,136.1, 131.7, 129.4, 129.2, 128.4, 122.2, 117.2,
cl

30.4, 20.4, 14.1; HRMS-EI calcd for CisH14CIN3Os [M]* 363.0617, found
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363.

0642.

(E)-1-(4-(trifluoromethyl)phenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1h)

NO,

0.67 g, 85% yield; white solid. Mp = 101-103 °C; '"H NMR (500 MHz,
CDCL:) & 8.89 (d, J= 2.7 Hz, 1H), 8.45 (dd, J= 9.4, 2.8 Hz, 1H), 8.06 (d, J
=9.4 Hz, 1H), 7.90 (d, J = 8.1 Hz, 2H), 7.73 (d, J = 8.1 Hz, 2H), 3.13-3.06
(m, 2H), 1.72 (h, J = 7.4 Hz, 2H), 1.06 (t, J = 7.4 Hz, 3H); *C NMR (126
MHz, CDCls) § 166.2, 157.1, 141.0, 136.8, 136.0, 132.5 (q, J = 33.1 Hz),
129.4, 127.5, 125.8 (q, J = 4.0 Hz), 123.7 (q, J = 272.3 Hz), 122.0, 117.2,

30.4,20.2, 14.0; HRMS-EI calcd for C17H14F3N305 [M]* 397.0880, found 397.0887.

(E)-1-(4-(trimethylsilyl)phenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1i)

0.61 g, 76% yield; white solid. Mp = 91-93 °C; '"H NMR (500 MHz,
CDCl3) 6 8.92 (d,J=2.6 Hz, 1H), 8.44 (dd, J=9.5,2.7 Hz, 1H), 8.07 (d,
J=9.2Hz, 1H),7.72 (d,J=7.6 Hz, 2H), 7.63 (d, /= 7.6 Hz, 2H), 3.03 (t,
J=7.8 Hz, 2H), 1.71 (h, J= 7.3 Hz, 2H), 1.05 (t, J= 7.3 Hz, 3H), 0.31 (s,

N02
@NOZ
.0
NI
/@2\/\ 9H); 3C NMR (126 MHz, CDCl3) 8 167.4, 157.5, 144.4, 140.6, 135.9,
Me;Si

133.8, 133.5, 1294, 126.2, 122.1, 117.2, 30.4, 20.4, 14.1, -1.3; HRMS-

EI calcd for Ci9H23N305Si [M]* 401.1402, found 401.1397.
(E)-1-(m-tolyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1j)

4

0.55 g, 80% yield; white solid. Mp= 96-98 °C; 'H NMR (500 MHz, CDCl5)
58.92(d,J=2.8Hz, 1H), 8.45 (dd, J=9.4,2.7 Hz, 1H), 8.08 (d, /= 9.4 Hz,
1H), 7.57-7.51 (m, 2H), 7.38-7.31 (m, 2H), 3.04-2.98 (m, 2H), 2.44 (s, 3H),
1.70 (h, J = 7.4 Hz, 2H), 1.05 (t, J = 7.4 Hz, 3H); *C NMR (126 MHz,
CDCl3) 6 167.6, 157.6,140.7, 138.7, 136.0, 133.3, 131.8, 129.4, 128.8, 127.7,
124.3,122.1, 117.3, 30.6, 21.5, 20.4, 14.1; HRMS-EI calcd for Ci7H;7N305

[M]*343.1163, found 343.1171.

(E)-1-(3-methoxyphenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1k)

MeO

NO,

dp

0.59 g, 82% yield; white solid. Mp = 106-108 °C; "TH NMR (500 MHz,
CDCl3) 6 8.92 (d, J=2.7 Hz, 1H), 8.44 (dd, J=9.4, 2.8 Hz, 1H), 8.06 (d, J
=9.4 Hz, 1H), 7.39 (t, /= 8.0 Hz, 1H), 7.32 (d, J= 7.9 Hz, 1H), 7.29-7.27
(m, 1H), 7.05 (dd, J = 8.2, 1.9 Hz, 1H), 3.88 (s, 3H), 3.04-2.98 (m, 2H),
1.70 (h, J = 7.4 Hz, 2H), 1.05 (t, J = 7.4 Hz, 3H); '*C NMR (126 MHz,
CDCl) 6 167.3, 159.8, 157.5, 140.7, 136.0, 134.6, 129.9, 129.4, 122.1,

119.6, 117.3, 116.1, 113.0, 55.4, 30.6, 20.4, 14.2; HRMS-EI calcd for C17H17N306 [M]" 359.1112,
found 359.1108.

(E)-1-(3,5-dimethylphenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (11)
0.58 g, 81% yield; white solid. Mp = 115-117 °C; 'H NMR (500 MHz,
CDCl3) 6 8.91 (d, /J=2.7 Hz, 1H), 8.44 (dd, J=9.4,2.7 Hz, 1H), 8.08 (d, J
=94 Hz, 1H), 7.33 (s, 2H), 7.15 (s, 1H), 3.02-2.97 (m, 2H), 2.40 (s, 6H),
1.69 (h, J = 7.4 Hz, 2H), 1.05 (t, J = 7.3 Hz, 3H); *C NMR (126 MHz,
CDCl) o 167.8, 157.6, 140.6, 138.5, 135.9, 133.2, 132.6, 129.4, 124.9,
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122.1, 117.3, 30.7, 21.3, 20.4, 14.1; HRMS-EI calcd for CigHioN3Os [M]" 357.1319, found

357.1327.

(E)-1-(4-fluoro-3-methylphenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1m)

NO,

i “NO,

0.56 g, 78% yield; white solid. Mp=99-101 °C; '"H NMR (500 MHz, CDCl;)
68.91(d,J=2.7 Hz, 1H), 8.45 (dd, J=9.4, 2.7 Hz, 1H), 8.05 (d,/=9.4 Hz,
1H), 7.60 (dd, J=7.3, 2.3 Hz, 1H), 7.56 (ddd, J="7.7, 4.8, 2.4 Hz, 1H), 7.09
(t, J= 8.8 Hz, 1H), 3.03-2.96 (m, 2H), 2.35 (d, J=2.0 Hz, 3H), 1.69 (h, J=
7.5 Hz, 2H), 1.04 (t, J = 7.4 Hz, 3H); 3C NMR (126 MHz, CDCl;) 4 166.6,
163.0 (d, J=250.8 Hz), 157.4, 140.7, 135.9, 130.4 (d, J= 6.0 Hz), 129.4,
129.0 (d, /= 3.8 Hz), 126.5 (d, J = 8.6 Hz), 125.7 (d, /= 18.0 Hz), 122.1,

117.2, 115.6 (d, J = 23.3 Hz), 30.5, 20.4, 14.7 (d, J = 3.0 Hz), 14.1; HRMS-EI calcd for
C17H16FN305 [M]+ 3611069, found 361.1090.

(E)-1-(5,6,7,8-tetrahydronaphthalen-2-yl)butan-1-one O-(2,4-dinitrophenyl) oxime (1n)

NO,

0.68 g, 89% yield; white solid. Mp = 118-120 °C; (Major) '"H NMR (500
MHz, CDCl3) 6 8.91 (d,J=2.8 Hz, 1H), 8.44 (dd, /=9.4, 2.8 Hz, 1H), 8.07
(d,J=9.4Hz, 1H), 7.46 (dd, J=17.9, 2.0 Hz, 1H), 7.44 (s, 1H), 7.15 (d, J =
7.9 Hz, 1H), 3.03-2.96 (m, 2H), 2.83 (q, J = 7.5 Hz, 4H), 1.84 (p, J=3.2
Hz, 4H), 1.70 (h, J= 7.4 Hz, 2H), 1.05 (t, J= 7.4 Hz, 3H); 13C NMR (126
MHz, CDCl3) 8 167.5, 157.7,140.8, 140.5, 137.8, 135.9, 130.3, 129.6, 129.4,

127.8, 124.1, 122.1, 117.3, 30.4, 29.5, 29.4, 22.94, 22.87, 20.5, 14.1; HRMS-EI calcd for
C20H21N305 [M]* 383.1476, found 383.1481.

(E)-1-(naphthalen-2-yl)butan-1-one O-(2,4-dinitrophenyl) oxime (10)

0.63 g, 83% yield; white solid. Mp = 151-153 °C; (Major) '"H NMR (500
MHz, CDCls) 6 8.93 (d,J=2.7 Hz, 1H), 8.46 (dd, /=9.4,2.7 Hz, 1H), 8.18
(d, J=1.5Hz, 1H), 8.12 (d, J= 9.4 Hz, 1H), 7.97-7.87 (m, 4H), 7.63-7.55
(m, 2H), 3.18-3.12 (m, 2H), 1.78 (h, J= 7.4 Hz, 2H), 1.10 (t, /= 7.4 Hz,
3H); BC NMR (126 MHz, CDCl3) 8 167.1, 157.5, 140.7, 136.0, 134.4,
132.9, 130.6, 129.4, 128.8, 128.7, 127.76, 127.75, 127.7, 126.9, 123.6,

122.1, 117.3, 30.3, 20.6, 14.2; HRMS-EI calcd for C20H17N30s [M]*379.1163, found 379.1160.

(E)-1-(6-methoxypyridin-3-yl)butan-1-one O-(2,4-dinitrophenyl) oxime (1p)

NO,
: NO,
.0
N
|
=
P
MeO N

0.57 g, 79% yield; white solid. Mp = 113-115 °C; "TH NMR (500 MHz,
CDCl) 6 8.89 (d, J= 2.7 Hz, 1H), 8.53 (d, /= 2.5 Hz, 1H), 8.43 (dd, J =
9.3,2.7 Hz, 1H), 8.05-7.98 (m, 2H), 6.82 (d, /= 8.7 Hz, 1H), 3.98 (s, 3H),
3.01-2.95 (m, 2H), 1.70 (h, J = 7.4 Hz, 2H), 1.04 (t, J = 7.3 Hz, 3H); 13C
NMR (126 MHz, CDCl3) 6 165.7, 164.9, 157.3, 146.3, 140.7, 136.8, 135.9,
129.9, 122.3,122.1, 117.1, 111.3, 53.8, 29.9, 20.4, 14.1; HRMS-EI calcd

for C16H16N4Og [M]" 360.1067, found 360.1054.

(E)-1-(5-(1-((2,4-dinitrophenoxy)imino)butyl)-1 H-indol-1-yl)ethan-1-one (1q)
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o, 0.68 g, 83% yield; white solid. Mp = 171-173 °C; 'H NMR (500 MHz,

CDCL) 8 8.92 (d, J = 2.7 Hz, 1H), 8.52 (d, J = 8.7 Hz, 1H), 8.45 (dd, J =

@ 9.4,2.7 Hz, 1H), 8.10 (d,J=9.3 Hz, 1H), 7.95 (d, /= 1.7 Hz, 1H), 7.77 (dd,

T % =87, 1.7 Hz, 1H), 7.51 (d, J = 3.8 Hz, 1H), 6.73 (d, J = 3.7 Hz, 1H),

I 3.12-3.06 (m, 2H), 2.68 (s, 3H), 1.73 (h, J = 7.5 Hz, 2H), 1.06 (t, J = 7.3

<:©)\/\ Hz, 3H); 3C NMR (126 MHz, CDCl3) & 168.7, 167.5, 157.6, 140.6, 136.9,

Ad 135.9, 130.7, 129.4, 128.7, 126.5, 124.0, 122.1, 120.1, 117.3, 116.9, 109.3
30.7, 23.9, 20.6, 14.2; HRMS-EI calcd for CoHsN4Os [M]* 410.1221, found 410.1218.

(E)-1-(benzofuran-5-yl)butan-1-one O-(2,4-dinitrophenyl) oxime (1r)
NO, 0.62 g, 84% yield; white solid. Mp = 154-156 °C; '"H NMR (500 MHz,
@\ CDCl3) 6 8.93 (d, /J=2.7 Hz, 1H), 8.45 (dd, /= 9.4, 2.8 Hz, 1H), 8.10 (d, J
NO; =93 Hz, 1H), 7.99 (d, /= 1.8 Hz, 1H), 7.74 (dd, J = 8.6, 1.8 Hz, 1H), 7.71
NI'O (d, J=2.2 Hz, 1H), 7.58 (d, /= 8.7 Hz, 1H), 6.86 (dd, /= 2.2, 1.0 Hz, 1H),
(/D)\/\ 3.12-3.06 (m, 2H), 1.74 (h, J = 7.5 Hz, 2H), 1.07 (t, J = 7.4 Hz, 3H); 3C
°© NMR (126 MHz, CDCIl3) 6 167.6, 157.6, 156.3, 146.3, 140.6, 136.0, 129.4,
128.2, 127.9, 123.4, 122.1, 120.6, 117.3, 111.9, 106.9, 30.9, 20.6, 14.2; HRMS-EI calcd for

Ci13Hi15N306 [M]" 369.0955, found 369.0939.

(E)-1-(4-(furan-3-yl)phenyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1s)
NO, 0.64 g, 81% yield; white solid. Mp = 153-155 °C; '"H NMR (500 MHz,
CDCl3) 6 8.91 (d, J=2.8 Hz, 1H), 8.45 (dd, J=9.4, 2.8 Hz, 1H), 8.08 (d,
no, J=9.4Hz, 1H),7.82(t,J=1.1 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.58 (d,
N-C J =283 Hz, 2H), 7.52 (t, /= 1.8 Hz, 1H), 6.75 (dd, J = 1.9, 0.9 Hz, 1H),
3.05-3.00 (m, 2H), 1.72 (h, J = 7.4 Hz, 2H), 1.06 (t, J= 7.4 Hz, 3H); 13C
a NMR (126 MHz, CDCl3) 6 166.8, 157.5, 144.1, 140.6, 139.2, 135.9, 135.2,
o 131.6, 129.4, 127.6, 126.1, 125.5, 122.1, 117.2, 108.6, 30.3, 20.5, 14.1;

HRMS-EI calcd for C20H17N306 [M]*395.1112, found 395.1121.

methyl  (1R,4aS)-7-((E)-1-((2,4-dinitrophenoxy)imino)butyl)-1,4a-dimethyl-1,2,3,4,4a,9,10,
10a-octahydrophenanthrene-1-carboxylate (1u)

0.84 g, 80% yield; yellowish solid. Mp = 110-112 °C; '"H NMR
(500 MHz, CDCl3) 6 8.90 (d,J=2.7Hz, 1H), 8.43 (dd,J=9.4,2.7
Hz, 1H), 8.06 (d, J=9.4 Hz, 1H), 7.51 (dd, J= 8.3, 2.1 Hz, 1H),
7.40 (d,J=2.0Hz, 1H), 7.34 (d, /=8.3 Hz, 1H), 3.69 (s, 3H), 3.02
—2.94 (m, 4H), 2.34 (d, J=12.3 Hz, 1H), 2.24 (dd, J=12.6, 2.3
Hz, 1H), 1.92 - 1.84 (m, 1H), 1.83 — 1.73 (m, 3H), 1.72 - 1.63 (m,
3H), 1.56 —1.46 (m, 2H), 1.30 (s, 3H), 1.24 (s, 3H), 1.04 (t, /= 7.4
Hz, 3H); 3C NMR (126 MHz, CDCl3) § 178.8, 167.3, 157.6, 152.7,
140.5, 135.9, 135.7, 130.3, 129.4, 127.8, 124.8, 124.5, 122.0, 117.3, 52.0, 47.5, 44.5, 37.7, 37.4,
36.5, 30.4, 29.9, 24.8, 21.4, 20.5, 18.4, 16.5, 14.1; HRMS (ESI-TOF) calcd for C»3H34N307
[M+H]* 524.2391, found 524.2393.
(2R,3R,4S5,5R,65)-2-(acetoxymethyl)-6-(4-((E)-1-((2,4-dinitrophenoxy)imino)butyl)-2-
methoxyphenoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (1v)
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NO, 0.96 g, 68% yield; white solid. Mp = 187-189 °C; TH NMR
(500 MHz, CDCl3) & 8.90 (d, J= 2.8 Hz, 1H), 8.44 (dd, J =
9.4,2.8 Hz, 1H), 8.00 (d, /J=9.4 Hz, 1H), 7.31 (d, /= 2.1 Hz,
.0 1H), 7.26-7.21 (m, 1H), 7.16 (d, J = 8.4 Hz, 1H), 5.34-5.27

! (m, 2H), 5.22-5.14 (m, 1H), 5.09-5.01 (m, 1H), 4.28 (dd, J =

neo e S 12.4, 4.9 Hz, 1H), 4.19 (dd, J = 12.3, 2.6 Hz, 1H), 3.89 (s,
(6]

Aww OMe 3H), 3.85-3.78 (m, 1H), 2.98 (t, J = 7.7 Hz, 2H), 2.11-2.06

AcO (m, 6H), 2.04 (s, 6H), 1.68 (h, J = 7.5 Hz, 2H), 1.03 (¢, J =

7.4 Hz, 3H); 3C NMR (126 MHz, CDCls) § 170.5, 170.2, 169.4, 169.3, 166.7, 157.4, 150.7, 148.4,

140.7, 136.1, 129.4, 129.3, 122.1, 120.3, 119.3, 117.2, 111.2, 100.2, 72.4, 72.1, 71.0, 68.2, 61.8,

56.3, 30.4, 20.7, 20.6, 20.59, 20.55, 14.1; HRMS (ESI-TOF) calcd for C31H3sN3NaO¢ [M+Na]*
728.1910, found 728.1910.

methyl (R,E)-2-(4-(4-(1-((2,4-dinitrophenoxy)imino)butyl)-2-fluorophenoxy)phenoxy)
propanoate (1x)

NO, 0.82 g, 76% yield,; sticky foam; '"H NMR (500 MHz, CDCl3)

0 8.85(d, J=2.7 Hz, 1H), 8.41 (dd, J = 9.4, 2.7 Hz, 1H),

Nno, 8.02 (d, J=9.4 Hz, 1H), 7.61 (dd, J = 11.6, 2.2 Hz, 1H),

0 N* 7.45-17.41 (m, 1H), 6.99 — 6.95 (m, 2H), 6.93 (t, /= 8.6 Hz,

MeOJ\E/O\@FD)I\/\ 1H), 6.89 — 6.84 (m, 2H), 4.72 (q, J = 6.7 Hz, 1H), 3.76 (s,

: o 3H), 2.99 — 2.92 (m, 2H), 1.72 — 1.64 (m, 2H), 1.61 (d, J =

6.8 Hz, 3H), 1.03 (t, J = 7.4 Hz, 3H); 3C NMR (126 MHz, CDCls) 6 172.3, 165.5, 157.1, 154.2,

153.0 (d, /= 249.1 Hz), 149.7, 147.8 (d, /= 11.3 Hz), 140.7, 135.8, 129.3, 128.3 (d, J = 6.5 Hz),

123.5 (d, J = 3.4 Hz), 121.9, 120.1, 119.1, 117.1, 116.3, 115.4 (d, J = 20.1 Hz), 73.0, 52.2, 30.0,
20.3, 18.4, 14.0; HRMS (ESI-TOF) calcd for C26H2sFN3O9 [M+H]* 542.1569, found 542.1570.

ethyl (E)-2-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)-2-methylpropanoate (1y)
NO, 0.75 g, 82% yield; yellow solid. Mp=73-75 °C; '"H NMR (500 MHz,
CDCl3) 6 8.85 (d,J=2.8 Hz, 1H), 8.40 (dd, /=9.4, 2.8 Hz, 1H), 8.03
Nno, (d,J=9.4Hz, 1H), 7.69—7.63 (m, 2H), 6.88 — 6.83 (m, 2H), 4.23 (q,
NI‘O J=7.1 Hz, 2H), 2.97 — 2.91 (m, 2H), 1.71 — 1.61 (m, 8H), 1.24 (t, J
/©)\/\ =7.1 Hz, 3H), 1.01 (t,J = 7.3 Hz, 3H); 3C NMR (126 MHz, CDCl5)
Etoj]><o 0 173.6,166.4,157.9,157.5,140.4,135.8,129.3, 128.2, 126.1, 121.9,
° 118.3, 117.1, 79.2, 61.5, 30.1, 25.2, 20.4, 14.0, 13.9; HRMS (ESI-
TOF) calcd for C2oH26N305 [M+H]* 460.1714, found 460.1716.

Methyl (E)-2-(4'-(1-((2,4-dinitrophenoxy)imino)butyl)-2-fluoro-[1,1'-biphenyl]-4-yl)propano-

ate (1z)
0.83 g, 82% yield; white solid. Mp = 89-91 °C; '"H NMR (500 MHz, CDCI3) 6 8.91 (d, J = 2.8 Hz,
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NO, 1H), 8.44 (dd, J= 9.4, 2.8 Hz, 1H), 8.09 (d, J = 9.4 Hz, 1H), 7.84
(d, J = 8.5 Hz, 2H), 7.68-7.62 (m, 2H), 7.43 (t, J = 8.0 Hz, 1H),
7.22-7.14 (m, 2H), 3.79 (q, J = 7.2 Hz, 1H), 3.71 (s, 3H), 3.09—
3.01 (m, 2H), 1.80-1.68 (m, 2H), 1.55 (d, J= 7.2 Hz, 3H), 1.07 (t,
J = 7.4 Hz, 3H); ¥C NMR (126 MHz, CDCls) 5 174.2, 166.8,
159.6 (d, J=248.9 Hz), 157.4, 142.6 (d, J= 7.9 Hz), 140.7, 138.1,
135.9, 132.3, 130.5 (d, J = 3.5 Hz), 129.4, 129.3 (d, J = 3.0 Hz),
127.2,126.5 (d, J= 13.3 Hz), 123.7 (d, J= 3.2 Hz), 122.1, 117.2,
115.4 (d, J = 23.7 Hz), 52.2, 44.8, 30.3, 20.4, 18.3, 14.1; HRMS-EI calcd for C26H4FN307 [M]*
509.1593, found 509.1600.

(S,E)-13-butyryl-10-(1-((2,4-dinitrophenoxy)imino)butyl)-14-methyl-8,13,13b,14-
tetrahydroindolo[2',3':3,4]pyrido[2,1-b]quinazolin-5(7H)-one (1aa)

0.76 g, 61% yield; white solid. Mp = 194-196 °C; '"H NMR (600
MHz, CDCl3) & 8.94 (d, J=2.9 Hz, 1H), 8.47 (dd, /=9.3, 2.7 Hz,
NO, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.15 — 8.09 (m, 2H), 7.92 (s, 1H),
o N-° 7.83 (d, J = 8.8 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.26 — 7.22 (m,
d%/lk/\ 1H), 7.13 (d, J = 8.0 Hz, 1H), 6.27 (s, 1H), 5.05 — 4.96 (m, 1H),
N H N 3.35-3.23 (m, 2H), 3.16 — 3.07 (m, 3H), 2.98 — 2.88 (m, 2H), 2.36
Oa\npr (s, 3H), 1.88 (h,J= 7.2 Hz, 2H), 1.75 (h, J=7.5 Hz, 2H), 1.08 (t, J
=7.3 Hz, 3H), 1.02 (t, J = 7.4 Hz, 3H); '3C NMR (151 MHz, CDCl;) 8 173.0, 167.4, 164.3, 157.5,
150.2, 140.7, 138.4, 136.0, 133.4, 129.4, 129.1, 128.6, 127.8, 124.9, 124.4, 123.7, 122.8, 122.3,

122.2,118.1, 117.3, 116.4, 68.8, 39.7, 37.7, 36.4, 30.7, 20.7, 20.5, 18.3, 14.2, 13.7; HRMS (ESI-
TOF) calcd for C33H33N6O7 [M+H]* 625.2405, found 625.2404.

NO,

(8R,9S,13S,148,175)-2-((E)-1-((2,4-dinitrophenoxy)imino)propyl)-13-methyl-
7,8,9,11,12,13,14,15,16,17-decahydro-6 H-cyclopentaa]phenanthren-17-yl acetate (1ab)
NO, 0.78 g, 73% yield; white solid. Mp = 121-123 °C; '"H NMR (500
MHz, CDCls) 6 8.90 (s, 1H), 8.44 (d, /= 9.5 Hz, 1H), 8.05 (d, J =
NO, 9.4 Hz, 1H), 7.66 (s, 1H), 7.48 (d, /= 8.0 Hz, 1H), 7.17 (d, /= 8.0
Hz, 1H), 4.71 (t, J= 8.5 Hz, 1H), 3.10-2.88 (m, 4H), 2.46-2.18 (m,
3H), 2.07 (s, 3H), 1.94 (d, J = 12.3 Hz, 2H), 1.82-1.73 (m, 1H),
1.65-1.36 (m, 6H), 1.36-1.22 (m, 4H), 0.86 (s, 3H); '3C NMR (126
MHz, CDCl3) 6 171.2, 168.7, 157.6, 140.9, 140.5, 140.3, 135.9, 130.2, 129.5, 129.4, 124.3, 124.1,
122.0, 117.3, 82.5, 49.8, 44.1, 42.8, 38.1, 36.7, 29.4, 27.5, 26.9, 25.9, 23.2, 22.3, 21.2, 12.0, 11.4;
HRMS-EI calcd for C29H33N307 [M]* 535.2313, found 535.2286.
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(E)-1-(4-(4-(2-(pyridin-2-yloxy)propoxy)phenoxy)phenyl)butan-1-one O-(2,4-dinitrophenyl)
NO, oxime (1ac)

0.83 g, 73% yield; yellow colloid, (Major); "TH NMR (500

No, MHz, CDCls) 6 8.92 (d, J = 2.7 Hz, 1H), 8.44 (dd, J=9.4,

NI’O 2.7 Hz, 1H), 8.16 (dd, J = 5.1, 2.0 Hz, 1H), 8.05 (d, /=94

J:O\©\ /©)\A Hz, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.61-7.55 (m, 1H), 7.03—

Me” O o) 6.95 (m, 6H), 6.90-6.84 (m, 1H), 6.75 (d, J = 8.3 Hz, 1H),

@ 5.59(dq,J=6.4,5.2 Hz, 1H), 4.21 (dd, J=9.8, 5.3 Hz, 1H),

N 4.10 (dd, J=9.9, 4.8 Hz, 1H), 3.04-2.96 (m, 2H), 1.70 (h, J

= 7.4 Hz, 2H), 1.49 (d, J = 6.4 Hz, 3H), 1.04 (t, J = 7.3 Hz, 3H); 1*C NMR (126 MHz, CDCl;) §

166.6, 163.1, 161.2, 157.6, 155.9, 148.9, 146.7, 140.6, 138.7, 136.0, 129.4, 128.7, 126.9, 122.1,

121.4,117.2,117.1,116.8,115.9,111.7,71.0, 69.2, 30.3, 20.5, 17.0, 14.1; HRMS (ESI-TOF) calcd

for C30H20N4Os [M+H]" 573.1980, found 573.1982.
(E)-2-(cyclohexanecarbonyl)-10-(1-((2,4-dinitrophenoxy)imino)butyl)-1,2,3,6,7,11b-

hexahydro-4H-pyrazino[2,1-a]isoquinolin-4-one (1ad)

0.89 g, 79% yield; white solid. Mp= 164-166 °C; TH NMR (500 MHz,

NO,
CDCLs) 6 8.92 (d, J=2.8 Hz, 1H), 8.47 (dd, J= 9.4, 2.8 Hz, 1H), 8.07
0 No, (d,J=9.4Hz, 1H), 7.67 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.30 (d, J

XN NI«O =8.0 Hz, 1H), 5.20 — 5.11 (m, 1H), 4.91 — 4.81 (m, 2H), 4.48 (d, J =
o 17.5 Hz, 1H), 4.11 (d, J = 17.4 Hz, 1H), 3.07 — 2.98 (m, 4H), 2.94 —
b@/K/\ 2.83 (m, 2H), 2.53 — 2.43 (m, 1H), 1.86 — 1.78 (m, 3H), 1.76 — 1.64
(m, 4H), 1.61 — 1.47 (m, 2H), 1.33 — 1.23 (m, 3H), 1.04 (t, J = 7.3 Hz, 3H); *C NMR (126 MHz,
CDCls) § 174.8, 166.7, 164.2, 157.2, 140.7, 138.0, 135.9, 133.7, 132.1, 129.9, 129.4, 126.2, 124.0,
122.0, 117.3, 54.8, 48.9, 44.6,40.7, 38.9, 30.3,29.1, 29.0, 28.6, 25.6, 20.3, 14.0; HRMS (ESI-TOF)
caled for CaoH3sNsO7 [M+H]" 564.2453, found 564.2451.

3,3,5-trimethylcyclohexyl (E)-2-(benzyloxy)-5-(1-((2,4-dinitrophenoxy)imino)butyl)benzoate
(1ae)

NO, 0.87 g, 72% yield; white solid. Mp=115-117 °C; '"H NMR (500

MHz, CDCls) 6 891 (d, J=2.7 Hz, 1H), 8.44 (dd, /= 9.4, 2.8

Me no, Hz, 1H), 8.16 (d, J=2.4 Hz, 1H), 8.06 (d, /=9.4 Hz, 1H), 7.84

7@\ o) n© (dd, J= 8.8, 2.5 Hz, 1H), 7.51 — 7.48 (m, 2H), 7.43 — 7.38 (m,

M,‘fne O)ﬁ@/v 2H), 7.37 —7.33 (m, 1H), 7.09 (d, J = 8.8 Hz, 1H), 5.20 (s, 2H),

BnO 5.19-5.12 (m, 1H), 3.00 (t, /= 7.8 Hz, 2H), 2.11 — 2.04 (m, 1H),

1.78 —1.67 (m, 4H), 1.39 — 1.33 (m, 1H), 1.16 (t, /= 11.9 Hz, 1H), 1.05 (t, /= 7.3 Hz, 3H), 0.98 (s,

3H), 0.95 (s, 3H), 0.93 — 0.88 (m, 4H), 0.79 (t, /= 12.7 Hz, 1H); 13C NMR (126 MHz, CDCl;) &

166.0, 165.9, 159.7, 157.5, 140.7, 135.9, 131.6, 130.5, 129.4, 128.5, 128.2, 127.4, 125.3, 122.3,

122.1,117.3,113.5,72.4,70.7,47.5,43.9,40.3, 33.0, 32.3,30.1, 27.1, 25.5,22.3, 20.4, 14.1; HRMS
(ESI-TOF) calcd for C33H33N30s [M+H]" 604.2653, found 604.2657.

(1S,2R)-2-(acetamidomethyl)-1-(4-((E)-1-((2,4-dinitrophenoxy)imino)butyl)phenyl)-N, V-
diethylcyclopropane-1-carboxamide (1ag)
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0.83 g, 77% yield; yellow sticky foam; 'H NMR (500 MHz, CDCl3)
5891 (d,J=2.8 Hz, 1H), 8.43 (dd, J=9.3, 2.8 Hz, 1H), 8.03 (d, J =
9.4 Hz, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.3 Hz, 2H), 7.06
.0 (dd, J = 8.9, 3.4 Hz, 1H), 4.22 — 4.14 (m, 1H), 3.56 — 3.42 (m, 2H),
0 ! 3.39-3.24 (m, 2H), 3.03 — 2.95 (m, 2H), 2.58 — 2.51 (m, 1H), 1.97 (s,
N 3H), 1.68 (h, J = 7.5 Hz, 2H), 1.63 — 1.59 (m, 1H), 1.53 (tt, J = 9.0,
4.3 Hz, 1H), 1.22 — 1.15 (m, 4H), 1.03 (t, J=7.3 Hz, 3H), 0.94 (t, J =
AcHN 7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) 8 170.0, 169.9, 166.7, 157.4,
143.8,140.7, 136.0,131.5,129.4,127.5,125.7,122.1,117.2,42.0,41.1, 39.5, 33.7,30.3, 30.2, 23.5,
20.4, 18.3, 14.1, 13.2, 12.4; HRMS (ESI-TOF) calcd for Co7H34NsO7 [M+H]" 540.2453, found
540.2455.

(E)-N-benzyl-N-(2-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)-5-
nitrophenyl)methanesulfonamide (1ah)

- 0.95 g, 73% yield; yellow solid. Mp = 65-67 °C; "TH NMR (400
MHz, CDCl3) 6 8.92 (d, J=2.7 Hz, 1H), 8.46 (dd, /=9.4, 2.8 Hz,
©\NOZ 1H), 8.07 (d, J= 9.4 Hz, 1H), 7.90 — 7.83 (m, 3H), 7.68 (d, /= 2.5
NS Hz, 1H), 7.40 (d, J= 8.7 Hz, 1H), 7.32 - 7.27 (m, 5H), 7.16 (d, J =
O,N ! 8.8 Hz, 2H), 4.91 (s, 2H), 3.09 (s, 3H), 3.08 — 3.02 (m, 2H), 1.75
\Q\O/Q)\/\ (h, J=7.5 Hz, 2H), 1.09 (t, J= 7.3 Hz, 3H); 3C NMR (101 MHz,
?‘é«“ o CDCl3) 6 166.1, 157.3, 156.7, 154.6, 147.8, 140.8, 136.0, 135.1 ,
Me™ "o 135.0,133.9,130.6,129.6,129.4,128.7,128.3,122.1, 119.8,

118.4, 117.2, 113.0, 54.2, 40.5, 30.4, 20.4, 14.1; HRMS (ESI-TOF) calcd for C30HasN5O108
[M+H]* 650.1551, found 650.1550.

methyl (E)-2-(2-(2,4-dichlorophenoxy)-5-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)acetate
(1ai)

NO, 0.88 g, 78% yield; white solid. Mp=113-115 °C; "TH NMR (500 MHz,

CDCl3) 6 8.90 (d, J=2.7 Hz, 1H), 8.43 (dd, J= 9.4, 2.7 Hz, 1H), 8.04

no, (d,J=9.4Hz, 1H),7.75 (d,J= 2.3 Hz, 1H), 7.61 (dd, J = 8.6, 2.3 Hz,

NS 1H), 7.49 (d, J= 2.5 Hz, 1H), 7.25 (dd, J= 8.7, 2.5 Hz, 1H), 7.02 (d, J
Meooo«/@)'\/\ =8.7Hz, 1H), 6.70 (d, J = 8.6 Hz, 1H), 3.84 (s, 2H), 3.70 (s, 3H), 3.03
o ~2.94 (m, 2H), 1.70 (h, J= 7.4 Hz, 2H), 1.05 (t, J = 7.3 Hz, 3H); 3C

cl NMR (126 MHz, CDCLy) § 171.1, 166.2, 157.4, 157.3, 150.0, 140.6,
135.9, 130.5, 130.3, 129.4, 128.3, 128.2, 127.8, 127.1, 125.1, 122.3,

ci 122.1, 117.2, 116.0, 52.1, 35.7, 30.3, 20.4, 14.1; HRMS (ESI-TOF)

caled for CasH2,C1N3Os [M+H]™ 562.0778, found 562.0777.

methyl (R)-3-(4-((E)-1-((2,4-dinitrophenoxy)imino)butyl)phenyl)-2-((1r,4R)-4-
isopropylcyclohexane-1-carboxamido)propanoate (1aj)
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NO, 0.88 g, 76% yield; white solid. Mp = 131-133 °C; '"H NMR
(500 MHz, CDCls) 6 8.93 (d,J=2.8 Hz, 1H), 8.45 (dd, /=94,
no, 2.8 Hz, 1H), 8.06 (d,/J=9.4 Hz, 1H), 7.68 (d, J= 7.8 Hz, 2H),

\-0 7.19 (d,J = 7.9 Hz, 2H), 5.94 (d, J = 7.6 Hz, 1H), 4.94 (q, J =

/@)'\/\ 6.3 Hz, 1H), 3.77 (s, 3H), 3.26 (dd, J= 13.8, 5.9 Hz, 1H), 3.13

o . (dd, J=13.9, 5.6 Hz, 1H), 3.05 — 2.96 (m, 2H), 2.06 — 1.98 (m,
O)L”f\n,o\ 1H), 1.92 — 1.83 (m, 2H), 1.81 — 1.75 (m, 2H), 1.69 (h, J = 7.5
N 0 Hz, 2H), 1.46 — 1.35 (m, 3H), 1.09 — 0.94 (m, 6H), 0.85 (d, J =

6.8 Hz, 6H); 3C NMR (126 MHz, CDCls) & 175.6, 172.0,

166.9, 157.4, 140.7, 139.4, 135.9, 132.0, 129.9, 129.4, 127.2, 122.1, 117.2, 52.5, 52.4, 45.4, 43.1,

37.7,32.7,30.3, 29.8, 29.4, 28.9, 28.8, 20.4, 19.7, 14.1; HRMS (ESI-TOF) calcd for C3oH3oN4Os
[M+H]" 583.2762, found 583.2763.

(E)-3-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)benzyl 2-(4-chlorophenyl)-3-

methylbutanoate (1ak)

0.93 g, 72% yield; yellow sticky foam; "H NMR (500 MHz, CDCl;) 5 8.92 (d, /= 2.7 Hz, 1H), 8.44

102 (dd, J=9.4,2.8 Hz, 1H), 8.06 (d, J= 9.4 Hz, 1H), 7.75 (d,

J=8.9 Hz, 2H), 7.34 (t, /= 7.9 Hz, 1H), 7.27 — 7.23 (m,

4H), 7.09 — 7.05 (m, 1H), 7.04 — 6.99 (m, 3H), 6.96 — 6.94

| (m, 1H), 5.13 (d, J = 12.7 Hz, 1H), 5.06 (d, J = 12.7 Hz,

O\@\ /©)\/\ 1H), 3.19 (d, J = 10.6 Hz, 1H), 3.05 — 2.98 (m, 2H), 2.37

° —2.27 (m, 1H), 1.78 — 1.67 (m, 2H), 1.07 (t, J = 7.4 Hz,

3H), 1.01 (d, J= 6.6 Hz, 3H), 0.70 (d, J = 6.7 Hz, 3H); 13C

NMR (126 MHz, CDCl3) 6 173.2, 166.5, 159.8, 157.5, 156.1, 140.6, 138.2, 136.5, 136.0, 133.1,

130.1, 129.8, 129.4, 128.8, 128.6, 127.8, 123.6, 122.1, 119.3, 119.0, 118.3, 117.2, 65.7, 59.3, 31.8,

30.3, 21.3,20.5, 20.1, 14.1; HRMS (ESI-TOF) calcd for C34H33CIN3Og [M+H]* 646.1951, found
646.1953.

cl NO,

methyl (S, E)-2-acetamido-3-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)propanoate (1al)
0.70 g, 74% yield; yellowish solid. Mp = 144-146 °C; 'H NMR (500 MHz, CDCl;) 6 8.91 (d, J =
102 2.9 Hz, 1H), 8.43 (dd, J=9.5, 2.8 Hz, 1H), 8.05 (d, J = 9.4 Hz, 1H),
7.68 (d,J="7.8 Hz, 2H), 7.20 (d, /= 7.8 Hz, 2H), 6.03 (d, /= 7.7 Hz,
1H), 4.93 (q, /= 6.4 Hz, 1H), 3.76 (s, 3H), 3.24 (dd, J=13.9, 5.9 Hz,

1 : 1H),3.14 (dd, J= 13.9, 5.7 Hz, 1H), 3.03 —2.95 (m, 2H), 2.01 (s, 3H),
OYNQ/Q)\/\ 1.69 (h, J = 7.5 Hz, 2H), 1.04 (t, J = 7.3 Hz, 3H); 13C NMR (126
g MHz, CDCL3) § 171.8, 169.6, 166.8, 157.4, 140.7, 139.2, 135.9, 132.1,

129.8, 129.4, 127.2, 122.1, 117.2, 52.9, 52.5, 37.6, 30.4, 23.1, 20.4,
14.1; HRMS (ESI-TOF) calcd for C2H2sN4Og [M+H]* 473.1667, found 473.1665.

methyl (S,E)-2-acetamido-2-(5-(1-((2,4-dinitrophenoxy)imino)butyl)-2-
methoxyphenyl)acetate (1am)
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NO, 0.77 g, 79% yield; yellowish solid. Mp = 146-148 °C; 'H NMR (400
MHz, CDCl3) 6 8.91 (d, J=2.8 Hz, 1H), 8.45 (dd, J=9.4,2.7 Hz, 1H),

0 No, 8.07(d,J=9.4 Hz, 1H), 7.83 (d, J= 2.3 Hz, 1H), 7.72 (dd, J = 8.6, 2.3
A WO Hz, 1H), 6.97 (d, /= 8.7 Hz, 1H), 6.65 (d, J = 8.4 Hz, 1H), 5.82 (d, J =
/OW 8.4 Hz, 1H), 3.91 (s, 3H), 3.71 (s, 3H), 3.03—2.92 (m, 2H), 2.04 (s, 3H),
o, 170 (h, J = 7.5 Hz, 2H), 1.05 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz,

CDCl3) 6 171.1, 169.4, 166.1, 159.1, 157.5, 140.7, 136.0, 129.7, 129.4,
129.0,126.4,125.9,122.1,117.3,111.2, 55.9, 53.4, 52.8, 30.2, 23.2, 20.5, 14.2; HRMS (ESI-TOF)
calcd for CooH2sN4O9 [M+H]* 489.1616, found 489.1619.

NO,
ethyl (S,E)-2-acetamido-4-(4-(1-((2,4-dinitrophenoxy)

No, imino)butyl)phenyl)butanoate (1an)
nC 0.72 g, 72% yield; yellowish solid. Mp=96-98 °C; 'TH NMR (500
o \/@)I\/\ MHz, CDCl3) 6 8.93 (d,/=2.8 Hz, 1H), 8.46 (dd, /=9.4, 2.8 Hz,
/\OJH.»" 1H), 8.07 (d,J=9.4 Hz, 1H), 7.70 (d, /= 7.9 Hz, 2H), 7.30 (d, J
NHAC =8.0 Hz, 2H), 6.14 (d, /= 8.0 Hz, 1H), 4.75 — 4.65 (m, 1H), 4.23

(q,J=17.1 Hz, 2H), 3.02 (t, J = 7.8 Hz, 2H), 2.82 — 2.68 (m, 2H), 2.32 — 2.21 (m, 1H), 2.11 —2.00
(m, 4H), 1.71 (h, J= 7.6 Hz, 2H), 1.32 (t, J= 7.1 Hz, 3H), 1.06 (t, J= 7.3 Hz, 3H); *C NMR (126
MHz, CDCls) § 172.3, 169.8, 167.1, 157.5, 144.1, 140.6, 136.0, 131.2, 129.4, 128.9, 127.3, 122.1,
117.2,61.6,51.9, 33.8, 31.4, 30.4, 23.2, 20.4, 14.2, 14.1; HRMS (ESI-TOF) calcd for C24HoN4Og
[M+H]* 501.1980, found 501.1981.

methyl (S5)-2-((S)-2-acetamido-3-methylbutanamido)-3-(4-((E)-1-((2,4-dinitrophenoxy)imino)
butyl)phenyl)propanoate (1a0)

NO, 0.72 g, 63% yield; yellowish solid. Mp = 193-195 °C; 'TH NMR

(500 MHz, CDCls) 6 8.93 (d, J= 2.7 Hz, 1H), 8.45 (dd, J = 9.4,

©\N02 2.7Hz, 1H), 8.07 (d,J=9.4 Hz, 1H), 7.69 (d, /= 8.2 Hz, 2H), 7.23

N-C (d, J= 8.0 Hz, 2H), 6.28 (d, J = 7.9 Hz, 1H), 6.01 (d, J= 8.7 Hz,

' 1H), 4.97 — 4.89 (m, 1H), 4.21 (dd, J = 8.7, 6.8 Hz, 1H), 3.76 (s,

o 3H), 3.22 (dd, J = 13.9, 5.6 Hz, 1H), 3.14 (dd, J = 14.0, 6.1 Hz,

NN O 1H), 3.03 — 2.96 (m, 2H), 2.08 — 2.01 (m, 4H), 1.70 (h, J = 7.4 Hz,
NHAC! O 2H), 1.05 (t, J = 7.3 Hz, 3H), 0.94 (d, J= 3.5 Hz, 3H), 0.93 (d, J =

3.5 Hz, 3H); 13C NMR (101 MHz, DMSO-ds) 8 172.1, 171.9, 169.7, 167.3, 156.8, 141.1, 136.4,
131.4, 130.5, 130.2, 127.6, 122.4, 117.8, 57.8, 53.6, 52.3, 36.7, 30.9, 29.8, 22.9, 204, 19.5, 18.5,
14.3; HRMS (ESI-TOF) calcd for C27H34N509 [M+H]" 572.2351, found 572.2350.

(E)-1-(o-tolyl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1a-1)
NO» 1.18 g, 75% yield; yellow solid. '"H NMR (500 MHz, CDCls) & 8.92 (d, J = 2.7
©\ Hz, 1H), 8.41 (dd, J=9.3,2.7 Hz, 1H), 7.96 (d, /= 9.4 Hz, 1H), 7.39 — 7.35 (m,
NO:  1H), 7.33 —7.27 (m, 3H), 2.54 (s, 3H), 2.45 (s, 3H)

N
é/k
(E)-1-(2-methoxyphenyl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1b-1)
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NO, 1.27 g, 77% yield; light-yellow solid. '"H NMR (400 MHz, CDCl3) 6 8.89 (d, J =
2.8 Hz, 1H), 8.39 (dd, J = 9.4, 2.8 Hz, 1H), 8.00 (d, J = 9.4 Hz, 1H), 7.46 (ddd, J
No, =38.3,7.4,1.8 Hz, 1H), 7.38 (dd, J=17.5, 1.8 Hz, 1H), 7.05 — 6.97 (m, 2H), 3.89
o n° (s, 3H), 2.53 (s, 3H).

(E)-1-(naphthalen-1-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1c-1)

1.44 g, 82% yield; yellow solid.'"H NMR (400 MHz, CDCl3)  8.92 (d, J=2.7
Hz, 1H), 8.38 (dd, J=9.4, 2.8 Hz, 1H), 8.07 — 8.01 (m, 1H), 8.00 — 7.91 (m,
3H), 7.62 — 7.52 (m, 4H), 2.72 (s, 3H).

(E)-1-(benzofuran-4-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1d-1)
NO, 1.10 g, 70% yield; yellow solid. '"H NMR (400 MHz, CDCl3) & 8.96 (d, J
= Nl’o\©\ =2.7Hz, 1H), 8.49 (dd,/J=9.4,2.8 Hz, 1H), 8.06 (d, /=9.4 Hz, 1H), 7.78
%)\ NO, (d,J=2.2 Hz, 1H), 7.69 — 7.65 (m, 1H), 7.56 (dd, J= 7.7, 0.9 Hz, 1H),
7.41 (t,J=7.9 Hz, 1H), 7.25 - 7.24 (m, 1H), 2.72 (s, 3H).

(E)-1-(1-methyl-1H-indol-4-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1e-1)
No, 1.15 g, 65% yield; yellow solid. Mp = 78-80 °C; 'H NMR (500 MHz, CDCl;)
o 6 8.93 (s, 1H), 8.46 (d, /=9.4 Hz, 1H), 8.12 (d,J=9.4 Hz, 1H), 747 (d, J =
N N 7.8 Hz, 1H), 7.47 (d, J= 7.8 Hz, 1H), 7.35 — 7.19 (m, 2H), 6.95 (s, 1H), 3.88
(/té (s,3H),2.73 (s, 3H). 3C NMR (126 MHz, CDCls) § 164.9, 157.9, 140.6, 137.3,
I 136.0, 130.7, 129.7, 126.1, 125.6, 122.3, 121.4, 120.7, 117.5, 112.3, 102.3,
33.3, 15.8. HRMS-ESI calcd for C17Hi5sN4Os [M+H]* 355.1037; found 355.1039.

(E)-1-(thiophen-2-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1f-1)
ON 0.95 g, 62% yield; yellow solid. Mp = 88-90 °C; 'H NMR (500 MHz, CDCls) &
Q 8.81 (d, J= 2.2 Hz, 1H), 8.44 (dd, J = 9.4, 2.6 Hz, 1H), 8.05 (d, J = 9.4 Hz, 1H),
"oz 7.84(d,J=3.9 Hz, 1H), 7.71 (d,J= 5.1 Hz, 1H), 7.20 (t, /= 4.4 Hz, 1H), 2.55 (s,
s M 3H). 3C NMR (126 MHz, CDCl;) & 158.9, 157.3, 141.0, 137.0, 136.2, 130.1,
\ | 129.9, 129.7, 127.8, 122.3, 117.5, 14.9. HRMS-EI calcd for C1,HoN:OsS [M]*
307.0257; found 307.0253.

methyl (1R,4aS)-7-((E)-1-((2,4-dinitrophenoxy)imino)ethyl)-6-methoxy-1,4a-dimethyl-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (1h-1)

S31



NO, 2.15 g, 82% yield; light-yellow solid. Mp = 92-94 °C; 'H NMR (400 MHz,

@\ CDCl) 6 8.90 (d, J=2.8 Hz, 1H), 8.39 (dd, J=9.4, 2.8 Hz, 1H), 8.00 (d, J =

T 94 Hz, 1H), 7.04 (s, 1H), 6.85 (s, 1H), 3.84 (s, 3H), 3.68 (s, 3H), 2.87 (dd, J =

9.2,4.6 Hz, 2H), 2.50 (s, 3H), 2.31 (d, /= 12.6 Hz, 1H), 2.23 (dd, J=12.5,2.2

Hz, 1H), 1.84 — 1.73 (m, 4H), 1.71 — 1.65 (m, 1H), 1.57 = 1.50 (m, 1H), 1.48 —

1.41 (m, 1H), 1.29 (s, 3H), 1.26 (s, 3H). ¥C NMR (101 MHz, CDCl3) § 179.0,

166.1, 157.7, 155.9, 153.4, 140.7, 136.1, 130.2, 129.4, 127.5, 122.2, 122.0,

117.7,107.4,55.7,52.2,47.8, 44.8, 38.1, 37.9, 36.7, 29.1, 25.0, 21.7, 18.7, 18.1, 16.7. HRMS-ESI
calcd for C27H3:N305 [M+H]" 526.2184; found 526.2184.

&oome

Methyl (R,Z)--2-acetamido-3-(2-(1-((2,4-dinitrophenoxy)imino)ethyl)-5-methylphenyl)
propanoate (1i-1)
No, 1.74 g, 76% yield; light-yellow solid. Mp = 90-91 °C; '"H NMR (400
MHz, CDCl) ¢ 8.89 (d, J = 2.7 Hz, 1H), 8.39 (dd, J = 9.4, 2.8 Hz,
NO, 1H), 7.93 (d, J=9.4 Hz, 1H), 7.24 (d, J= 7.7 Hz, 1H), 7.05 — 6.98
(m, 2H), 6.04 (d, /= 7.8 Hz, 1H), 4.94 — 4.86 (m, 1H), 3.76 (s, 3H),
3.18 (dd, /=13.9, 5.8 Hz, 1H), 3.08 (dd, J = 13.8, 5.8 Hz, 1H), 2.51
(s, 3H), 2.41 (s, 3H), 2.00 (s, 3H). 3C NMR (126 MHz, CDCl3) 6 171.9, 169.7, 165.8, 157.3, 140.8,
137.9, 136.1, 136.0, 133.6, 132.2, 129.4, 128.6, 127.0, 122.1, 117.3, 53.0, 52.5, 37.5, 23.2, 20.6,
18.3. HRMS-ESI calcd for C1H23N4Og [M+H]* 459.1510; found 459.1512.

(E)-1-phenylbutan-1-one O-(4-methylbenzoyl) oxime (1a-2)
0.85 g, 82% yield; white solid. Mp = 72-74 °C; 'H NMR (500 MHz, CDCl5)
Oﬁ/©/ 6 8.01 (d, J=8.2 Hz, 2H), 7.79 (dd, J="7.9, 1.5 Hz, 2H), 7.49-7.39 (m, 3H),
5 7.30 (d, J = 8.0 Hz, 2H), 2.96 (t, J = 10.0 Hz, 2H), 2.45 (s, 3H), 1.71 (h, J =
N 7.4 Hz, 2H), 1.04 (t, J = 7.4 Hz, 3H); 3C NMR (126 MHz, CDCl;) § 167.2,
©)\/\ 164.0, 144.1, 134.2,130.5, 129.7, 129.4, 128.6, 127.4, 126.5, 30.5, 21.8, 20.4,
14.3; HRMS-EI calcd for Ci;sHi9O2N [M]* 281.1410, found 281.1414.

(E)-1-(1-methyl-1H-indol-6-yl)butan-1-one O-(4-methylbenzoyl) oxime (1b-2)

0.67 g, 70% yield; yellow solid. Mp = 87-90 °C; '"H NMR (400 MHz, CDCl5)

OYQ/ §8.04 (d, J= 8.0 Hz, 2H), 7.87 (s, 1H), 7.65 (d, J= 8.3 Hz, 1H), 7.53-7.45 (m,
\ v 1H), 7.31 (d, J= 8.0 Hz, 2H), 7.15 (d, J= 3.1 Hz, 1H), 6.50 (d, /= 3.1 Hz, 1H),
{;@*/\ 3.86 (s, 3H), 3.09-3.01 (m, 2H), 2.45 (s, 3H), 1.76 (q, J= 7.5 Hz, 2H), 1.06 (t,

J =7.4 Hz, 3H); 3C NMR (101 MHz, CDCl;3) 8 168.5, 164.2, 143.9, 136.6,
131.0, 130.4, 129.6, 129.3, 127.3, 126.8, 120.8, 118.6, 108.8, 101.1, 33.1, 30.9, 21.8, 20.7, 14.4.
HRMS-EI calcd for C21H20:N, [M]*334.1676, found 334.1676.

(E)-1-(benzofuran-5-yl)butan-1-one O-(4-methylbenzoyl) oxime (1c-2)
0.65 g, 68% yield; white solid. Mp= 81-83 °C; "TH NMR (400 MHz, CDCls) &

0y©/ 8.05 (d, J=1.9 Hz, 1H), 8.02 (d, J = 8.2 Hz, 2H), 7.78 (dd, J = 8.7, 1.9 Hz,

N 1H), 7.66 (d, J = 2.2 Hz, 1H), 7.54 (d, J = 8.7 Hz, 1H), 7.31 (d, J = 8.0 Hz,
2H), 6.82 (d, /= 1.9 Hz, 1H), 3.08-2.96 (m, 2H), 2.45 (s, 3H), 1.74 (h,J=17.5
Hz, 2H), 1.05 (t,J= 7.4 Hz, 3H); 3C NMR (126 MHz, CDCls) 6 167.4, 164.0,
156.2, 145.9, 144.0, 129.6, 129.4, 129.1, 127.7, 126.6, 123.9, 120.9, 111.6, 106.9, 77.3, 77.1, 76.8,

.
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30.8, 21.8, 20.5, 14.3; HRMS-EI calcd for C20H19O3N [M]*321.1359, found 321.1355.

(E)-1-(naphthalen-2-yl)butan-1-one O-(4-methylbenzoyl) oxime (1d-2)
0.66 g, 65% yield; white solid. Mp = 83-85 °C; 'H NMR (500 MHz, CDCls)
Oﬂ 0 8.23 (s, 1H), 8.05 (d, /= 8.2 Hz, 2H), 8.02 (dd, J = 8.6, 1.8 Hz, 1H), 7.94—
NC 7.85 (m, 3H), 7.56-7.50 (m, 2H), 7.32 (d, J= 8.0 Hz, 2H), 3.12-3.05 (m, 2H),
OO 2.45 (s,3H), 1.84-1.72 (m, 2H), 1.09 (t, J= 7.4 Hz, 3H); *C NMR (101 MHz,
CDCl3) 6 167.0, 164.0, 144.1, 134.4, 133.0, 131.6, 129.7, 129.4, 128.8, 128 .4,
127.7, 127.7, 127.3, 126.6, 126.5, 124.3, 30.3, 21.8, 20.6, 14.4; HRMS-EI calcd for C»H21OoN
[M]* 331.1567, found 331.1566.

methyl (1R 4a8)-1,4a-dimethyl-7-((E)-1-(((4-methylbenzoyl)oxy)imino)butyl)-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (1e-2)

0.75 g, 45% yield; white solid. Mp = 79-81 °C; 'H NMR (400 MHz,
CDCls3) 6 8.00 (d, J = 8.2 Hz, 2H), 7.52 (dd, J = 8.3, 2.1 Hz, 1H),
7.49 (s, 1H), 7.33-7.25 (m, 3H), 3.68 (s, 3H), 2.97-2.88 (m, 4H),
2.44 (s, 3H), 2.36-2.28 (m, 1H), 2.25-2.19 (m, 1H), 1.84-1.64 (m,
7H), 1.57-1.48 (m, 1H), 1.49-1.41 (m, 1H), 1.29 (s, 3H), 1.21 (s,
3H), 1.03 (t, J= 7.4 Hz, 3H); 3C NMR (126 MHz, CDCl3) 8 179.0,
167.2,164.0, 152.2, 144.0, 135.5, 131.2, 129.6, 129.3, 128.0, 126.6, 124.8, 124.6, 52.0, 47.6, 44.6,
37.8,37.4, 36.6,30.4, 29.9, 24.9, 21.7, 21.5, 20.5, 18.5, 16.6, 14.3; HRMS (ESI-TOF) calcd for
C30H37NNaO4 [M+Na]* 498.2615, found 498.2615.

Methyl  (S,E)-2-acetamido-3-(4-(1-(((4-methylbenzoyl)oxy)imino)butyl)phenyl)propanoate
(1£-2)

0.75 g, 45% yield; yellow solid. Mp = 111-113 °C; "TH NMR (400

o MHz, CDCI3) 6 7.99 (d, /=8.2 Hz, 2H), 7.71 (d, /= 8.2 Hz, 2H), 7.29

NI'O (d, J=8.0 Hz, 2H), 7.15 (d, J= 8.0 Hz, 2H), 6.07 (d, J= 7.8 Hz, 1H),

)NiA/CQ)\/\ 4.96-4.83 (m, 1H), 3.72 (s, 3H), 3.24-3.09 (m, 2H), 2.92 (t, J = 7.7

MeOOC Hz, 2H), 2.43 (s, 3H), 1.98 (s, 3H), 1.69 (h, J= 7.6 Hz, 2H), 1.03 (t, J

= 7.4 Hz, 3H); 3C NMR (101 MHz, CDCl3) & 171.8, 169.8, 166.9, 163.9, 144.2, 138.7, 133.1,

129.6,129.5,129.4, 127.56, 126.34, 53.0, 52.4,37.57,30.4, 23.1, 21.8, 20.4, 14.3; HRMS-EI calcd
for C24H2305N> [M]* 424.1993, found 424.1990.

(E)-1-phenylethan-1-one O-(2,4-dinitrophenyl) oxime (s1)'!]
NO; 0.49 g, 82% yield; yellowish solid. '"H NMR (500 MHz, CDCl3) & 8.93 (d, /=

@ 2.7 Hz, 1H), 8.46 (dd, J= 9.3, 2.7 Hz, 1H), 8.08 (d, J= 9.4 Hz, 1H), 7.78 (dd, J
NO, =72, 1.8 Hz, 2H), 7.55-7.45 (m, 4H), 2.60 (s, 3H).

(E)-1-phenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s2)
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NO, 0.50 g, 80% yield; white solid. Mp = 118-120 °C; '"H NMR (500 MHz, CDCls)

5891 (d, J=2.8 Hz, 1H), 8.44 (dd, J = 9.3, 2.7 Hz, 1H), 8.07 (d, J = 9.4 Hz,

no, 1H), 7.81-7.70 (m, 2H), 7.54-7.46 (m, 3H), 3.05 (q, J = 7.6 Hz, 2H), 1.30 (t, J

N =17.6 Hz, 3H); 13C NMR (126 MHz, CDCl3) 5 168.4, 157.5, 140.7, 136.0, 133.0,

©)\Et 131.0, 129.4, 128.9, 127.1, 122.1, 117.3, 22.2, 11.3; HRMS-EI calcd for
C1sH13N;05 [M]* 315.0850, found 315.0850.

(E)-1-phenylhexan-1-one O-(2,4-dinitrophenyl) oxime (s3)
NO, 0.54 g, 76% yield; white solid. Mp = 88-90 °C; 'H NMR (500 MHz, CDCl;) &
8.91 (d, J= 2.7 Hz, 1H), 8.44 (dd, J = 9.3, 2.8 Hz, 1H), 8.07 (d, /= 9.4 Hz,
no, 1H),7.75(dd,J=7.1,1.7 Hz, 2H), 7.54-7.45 (m, 3H), 3.07-2.99 (m, 2H), 1.66
N-C (p, J =1.7 Hz, 2H), 1.47-1.40 (m, 2H), 1.35 (h, J= 7.1 Hz, 2H), 0.89 (t, J =
©)'\/\/\ 7.2 Hz, 3H); 3C NMR (126 MHz, CDCl3) 8 167.5, 157.5, 140.7, 136.0, 133.3,
131.0, 129.4, 128.9, 127.1, 122.1, 117.3, 31.8, 28.7, 26.5, 22.2, 13.9; HRMS-

EI calcd for CisH9N3Os [M]* 357.1319, found 357.1329.

NO, (E)-2,2-dimethyl-1-phenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s4)
0.54 g, 79% yield; white solid. Mp= 117-119 °C; TH NMR (400 MHz, CDCl;)
no, ©08.72(d,J=2.8Hz, 1H), 8.39 (dd, J=9.4, 2.8 Hz, 1H), 791 (d, /= 9.4 Hz,
n-C 1H), 7.49-7.42 (m, 3H), 7.15-7.09 (m, 2H), 1.31 (s, 9H).; 1*C NMR (101 MHz,
©)H< CDCl) 6 174.8, 157.3, 140.5, 136.2, 132.2, 128.9, 128.7, 128.0, 126.7, 121.7,
117.3, 38.7, 28.0; HRMS-EI calcd for C7H7N3Os [M]* 343.1163, found
343.1167.

diphenylmethanone 0-(2,4-dinitrophenyl) oxime (s5)!'%]
NO, 0.61 g, 84% yield; white solid "TH NMR (500 MHz, CDCl;) 4 8.82 (d, J = 2.7
Hz, 1H), 8.46 (dd, J = 9.4, 2.8 Hz, 1H), 8.15 (d, J = 9.4 Hz, 1H), 7.64-7.60 (m,
No, 2H), 7.56-7.47 (m, 6H), 7.45 (t, J = 7.6 Hz, 2H).

Ygs
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(E)-1,3-diphenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s6)
NO, 0.63 g, 81% yield; white solid. Mp = 126-128 °C; 'H NMR (400 MHz, CDCls)
©\ 0891 (d, J=2.7 Hz, 1H), 8.42 (dd, J = 9.4, 2.8 Hz, 1H), 8.00 (d, J= 9.4 Hz,
NO; 1H), 8.00-7.74 (m, 2H), 7.57-7.47 (m, 3H), 7.27-7.23 (m, 4H), 7.18-7.12 (m,
NI'O 1H), 3.38-3.32 (m, 2H), 3.01-2.94 (m, 2H); *C NMR (101 MHz, CDCl;) &
©)\/\Ph 166.2,157.3,140.7, 140.0, 135.9, 133.0, 131.1, 129.3, 128.9, 128.5, 127.1, 126 .4,
122.0,117.2, 32.8, 30.9; HRMS-EI calcd for C2;H17N305 [M]* 391.1162, found

391.1158.

1-(3-(prop-1-yn-1-yl)-1H-indol-1-yl)ethan-1-one (2q)
0.73 g, 74% yield; yellowish solid. Mp = 110-112 °C; '"H NMR (500 MHz,
CDCl) 6 8.40 (d, J= 8.2 Hz, 1H), 7.66 (d, J = 7.7 Hz, 1H), 7.51 (s, 1H), 7.38

Me—
NN (dd, J =84, 1.4 Hz, 1H), 733 (td, J = 7.5, 1.1 Hz, 1H), 2.61 (s, 3H), 2.14 (s,

N
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3H); 3C NMR (126 MHz, CDCl;) § 168.1, 134.9, 130.7, 127.2, 125.8, 124.0, 119.9, 116.5, 106.0,
90.0, 70.8, 23.8, 4.6; HRMS (ESI-TOF) calcd for Ci3H2NO [M+H]* 198.0913, found 198.0913.

1-(4-(prop-1-yn-1-yl)phenyl)butan-1-one (2r)
o 0.83 g, 89% yield; white solid. Mp = 34-36 °C; TH NMR (500 MHz,
MG%Q_K_\ CDCls) 6 7.87 (d, J=8.4 Hz, 2H), 7.45 (d, J=8.4 Hz, 2H), 2.92 (t, /= 7.3
Hz, 2H), 2.08 (s, 3H), 1.76 (h, J = 7.4 Hz, 2H), 1.00 (t, J = 7.4 Hz, 3H);
13C NMR (126 MHz, CDCls) 8 199.7, 135.6, 131.6, 128.8, 127.9, 89.6, 79.3, 40.5, 17.7, 13.9, 4.5;
HRMS (ESI-TOF) calcd for Ci3H1s0 [M+H]* 187.1117, found 187.1116.

(35,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-/ H-cyclopenta[a]phenanthren-3-yl but-2-
ynoate (2s)
0.78 g, 86% yield; white solid. Mp = 128-130 °C; 'H
NMR (500 MHz, CDCls) 6 5.41-5.35 (m, 1H), 4.73—
.@‘ 4.65 (m, 1H), 2.41-2.33 (m, 2H), 2.03-1.93 (m, 5H),
H 1.92-1.78 (m, 3H), 1.69-1.62 (m, 1H), 1.61-1.39 (m,
7H), 1.38-1.29 (m, 3H), 1.27-1.21 (m, 1H), 1.19-1.07 (m, 6H), 1.03—0.94 (m, 6H), 0.94—0.89 (m,
3H), 0.88-0.84 (m, 6H), 0.67 (s, 3H); 3C NMR (126 MHz, CDCl3) § 153.1, 139.2, 123.0, 85.0,
75.7,72.7,56.6,56.1,50.0,42.3,39.7, 39.5, 37.8, 36.9, 36.5, 36.2, 35.8, 31.9, 31.8, 28.2, 28.0, 27.5,
242, 23.8, 22.8, 22.5, 21.0, 19.2, 18.7, 11.8, 3.8; HRMS (ESI-TOF) calcd for C3;H4sNaO;
[M+Na]* 475.3547, found 475.3547.

O

Me%—«
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1-(4-(prop-1-yn-1-yl)phenyl)-5-(p-tolyl)-3-(trifluoromethyl)-1 H-pyrazole (2t)
Me 1.1 g, 65% yield; white solid. Mp = 80-82 °C; 'TH NMR (500 MHz,
CDCl3) 6 7.36 (d, J = 8.6 Hz, 2H), 7.23 (d, J = 8.6 Hz, 2H), 7.13 (d, J
= 8.0 Hz, 2H), 7.09 (d, /= 8.2 Hz, 2H), 6.71 (s, 1H), 2.35 (s, 3H), 2.05
Me%@—N' D (s, 3H); 13C NMR (126 MHz, CDCls) § 144.7, 143.2 (q, J = 38.3 Hz),
N R 139.2, 138.2, 132.1, 129.4, 128.6, 126.0, 125.1, 124.2, 121.2 (q, J =
268.9 Hz), 105.4, 87.6, 21.2,4.2; HRMS-EI calcd for C2oHisF3N2 [M]"340.1182, found 340.1177.

2-(1H-indol-1-yl)benzoic (isopropyl carbonic) anhydride (3¢-1)
2.84 g, 88% yield; light-yellow oil. TH NMR (400 MHz, CDCls) 6 8.14
©\/N\> o 3\\0)\ (dd, J= 8.1, 1.6 Hz, 1H), 7.76-7.69 (m, 2H), 7.57-7.52 (m, 2H), 7.28 (d,
o J=3.3 Hz, 1H), 7.26-7.19 (m, 3H), 6.76 (d, J = 3.3 Hz, 1H), 4.85 (hept, J
dL = 6.3 Hz, 1H), 1.25 (d, J = 6.4 Hz, 6H). 3C NMR (126 MHz, CDCl;) §
160.2,147.9, 139.7,137.1, 134.5,132.3, 129.1, 128.9, 128.8, 127.8, 125.9,
122.5,120.9, 120.4,109.8, 103.8, 74.4,21.1. HRMS-EI calcd for C19H7NO4[M]* 323.1152; found

323.1146.

(isopropyl carbonic) 2-(5-methyl-1H-indol-1-yl)benzoic anhydride (3¢-2)
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2.76g, 82% yield; light-yellow oil. "TH NMR (500 MHz, CDCls) &

\©\/N\> o 3\\ >\ 8.12-8.08 (m, 1H), 7.75-7.69 (m, 1H), 7.55-7.49 (m, 2H), 7.47-7.45

o) (m, 1H), 7.19 (d, J=3.2 Hz, 1H), 7.11 (d, /= 8.4 Hz, 1H), 7.03 (dd,

d\\ J=28.4,1.7 Hz, 1H), 6.63 (dd, J = 3.3, 0.8 Hz, 1H), 4.82 (hept, J =

6.3 Hz, 1H), 2.47 (s, 3H), 1.22 (d, J = 6.3 Hz, 6H). '3C NMR (126

MHz, CDCl3) 8 160.4, 148.0, 140.1, 135.6, 134.5, 132.4, 129.7, 129.3, 128.9, 128.9, 127.7, 125.9,

124.2,120.8, 109.7, 103.6, 74.5, 21.4, 21.3. HRMS-EI calcd for C20H19NO4 [M]* 337.1309; found
337.13009.

2-(5-fluoro-1H-indol-1-yl)benzoic (isopropyl carbonic) anhydride (3¢-3)

F\©:\> o )\ 2.55 g, 75% yield; light-yellow oil. '"H NMR (500 MHz, CDCl;)  8.09
NS )Lo (dd, J=17.9, 1.6 Hz, 1H), 7.69 (td, J= 7.7, 1.6 Hz, 1H), 7.51 (td, J =
dLO 7.6,1.2 Hz, 1H), 7.46 (dd, /= 7.9, 1.2 Hz, 1H), 7.32 (dd, /=9.4, 2.5

Hz, 1H), 7.26 (d, J= 3.3 Hz, 1H), 7.09 (dd, /= 9.0, 4.3 Hz, 1H), 6.93

(td, J=9.0,2.5 Hz, 1H), 6.66 (dd, J= 3.2, 0.9 Hz, 1H), 4.83 (hept, /= 6.3 Hz, 1H), 1.22 (d, /= 6.3

Hz, 6H). 3C NMR (126 MHz, CDCl3) 6 160.1, 158.2 (d, J = 235.0 Hz), 147.8, 139.4, 134.6, 133.8,

132.4,130.5, 129.2 (d, J = 10.3 Hz), 128.9, 128.1, 125.9, 110.7 (d, J = 18.7 Hz), 110.6 (d, /= 1.8

Hz), 105.7 (d, J = 23.6 Hz), 103.7 (d, J = 4.4 Hz), 74.5, 21.1. Y’F NMR (471 MHz, CDCl) 6 -

124.14. HRMS-EI calcd for C19H6FNO4 [M]" 341.1058; found 341.1061.

2-(1H-indol-1-yl)-4-(trifluoromethyl)benzoic (isopropyl carbonic) anhydride (3c-4)
©\/\> o >\ 3.2 g, 82% yield; yellow oil. 'TH NMR (500 MHz, CDCl;)  8.22-8.20
N Mo (m, 1H), 7.86 (d, J = 1.7 Hz, 1H), 7.80 (ddd, J = 8.2, 1.7, 0.8 Hz, 1H),
dLO 7.71-7.68 (m, 1H), 7.28-7.19 (m, 4H), 6.76 (dd, J = 3.3, 0.7 Hz, 1H),
4.82 (hept, J = 6.3 Hz, 1H), 1.21 (d, J = 6.3 Hz, 6H). 3C NMR (126
MHz, CDCl3) 6 159.7, 147.5, 140.3, 137.0, 136.0 (q, /= 34.2 Hz), 133.1,
1294, 129.2, 128.6, 125.9 (q, J = 1.3 Hz), 124.4 (q, J = 2.5 Hz), 123.2, 122.9 (q, J = 273.3 Hz),

121.4,121.1, 109.6, 105.8, 75.0, 21.6. F NMR (471 MHz, CDCl;) § -63.23. HRMS-EI calcd for
C20H16F3NO4 [M]" 391.1026; found 391.1022.

F3C

2-(1H-pyrrol-1-yl)benzoic (isopropyl carbonic) anhydride (3¢c-5)

@ o © >\ 1.80 g, 66% yield; brown oil. '"H NMR (400 MHz, CDCl3) 8 7.94 (dd, J=7.8,
N o © 1.6 Hz, 1H), 7.65 (td, J= 7.7, 1.6 Hz, 1H), 7.48 — 7.40 (m, 2H), 6.87 (t, J =
dL 2.2 Hz, 2H), 6.33 (t,J=2.2 Hz, 2H), 4.95 (hept, /= 6.3 Hz, 1H), 1.32 (d, J=

6.2 Hz, 6H). BC NMR (101 MHz, CDCl3) 8 161.0, 148.2, 141.5, 134.1, 131.9,

127.2, 124.9, 122.2, 110.3, 74.6, 21.5. HRMS-EI calcd for CisHisNO4 [M]* 273.0996; found

273.0997.

2-((1H-indol-1-yl)methyl)benzoic (isopropyl carbonic) anhydride (3c-6)
2.56 g, 76% yield; light-yellow oil. '"H NMR (500 MHz, CDCls) & 8.15 (dd, J
©\/N\> =17.5, 1.8 Hz, 1H), 7.72-7.69 (m, 1H), 7.41-7.33 (m, 2H), 7.22-7.13 (m, 4H),
o)
o}

Hz, 1H), 1.47 (d, J= 6.3 Hz, 6H). 3C NMR (126 MHz, CDCl3) § 161.5, 148.8,

\p 6.64 (d, J= 3.1 Hz, 1H), 6.48-6.45 (m, 1H), 5.83 (s, 2H), 5.15 (hept, J = 6.3
° 142.5, 136.5, 134.8, 132.0, 128.8, 127.5, 127.3, 124.8, 122.0, 121.1, 119.8,

-
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109.8, 102.3, 75.0, 48.6, 21.6. HRMS-EI calcd for C20H19NO4 [M]" 337.1309; found 337.1299.

2-((5-fluoro-1H-indol-1-yl)methyl)benzoic (isopropyl carbonic) anhydride (3¢-7)
. 2.73 g, 77% yield; light-yellow oil. '"H NMR (400 MHz, CDCl3)  8.16-8.12
m (m, 1H), 7.43-7.30 (m, 3H), 7.18 (d, J= 3.2 Hz, 1H), 7.10-7.06 (m, 1H), 6.91
\ (td, J=9.1, 2.5 Hz, 1H), 6.58 (dd, J = 3.1, 0.8 Hz, 1H), 6.46—6.41 (m, 1H),
O\p 5.79 (s, 2H), 5.13 (hept, J = 6.3 Hz, 1H), 1.45 (d, J = 6.3 Hz, 6H). 3C NMR
\(O y O (126 MHz, CDCl3) 6 161.5, 158.1 (d, J = 234.6 Hz), 148.7, 142.1, 134.8,
133.1, 132.1, 130.4, 129.0 (d, /= 10.3 Hz), 127.7,127.2, 124.9, 110.5 (d, /=
8.2 Hz), 110.4 (d, J = 8.3 Hz), 105.8 (d, J = 23.5 Hz), 102.2 (d, J = 4.7 Hz), 75.1, 48.9, 21.6. I°F
NMR (471 MHz, CDCIl3) 6 -125.01. HRMS-EI calcd for CxHisFNO4 [M]* 355.1214; found

355.1217.

3.2 Characterization of Product

1-(tert-butyl)-2,3-diphenyl-1 H-indole (4a)!'3!
Ph 26.6 mg, 82% yield: white solid; '"H NMR (500 MHz, CDCl;5) 6 7.81 (dt, J = 8.6,
N\ _p, 0.9 Hz, 1H), 7.65 (ddd, J=17.9, 1.3, 0.7 Hz, 1H), 7.34 (dd, J = 7.8, 1.8 Hz, 2H),
N\t_Bu 7.31-7.23 (m, 4H), 7.22-7.18 (m, 2H), 7.16-7.10 (m, 4H), 1.66 (s, 9H).

1-(tert-butyl)-6-methyl-2,3-diphenyl-1 H-indole (4b)['3!
Ph 27.5 mg, 81% yield: white solid; '"H NMR (500 MHz, CDCls) 6 7.60 (s, 1H),
N _p, 7.54(d,J=8.1Hz 1H),7.33 (dd,/J="7.7, 1.9 Hz, 2H), 7.30-7.24 (m, 3H), 7.21—
Me N\t_Bu 7.17 (m, 2H), 7.15-7.09 (m, 3H), 6.99 (dd, J = 8.1, 1.3 Hz, 1H), 2.57 (s, 3H),
1.65 (s, 9H).
1-(tert-butyl)-2,3,6-triphenyl-1 H-indole (4¢)!'3!
Ph 31.6 mg, 79% yield: white solid; '"H NMR (500 MHz, CDCl3) § 7.98 (d, J= 1.5
mph Hz, 1H), 7.72-7.67 (m, 3H)., 7.49 (t, J= 7.7 Hz, 2H), 7.40-7.36 (m, 2H), 7.35—
Ph N 7.32 (m, 2H), 7.29 (td, J= 7.0, 3.2 Hz, 3H), 7.20 (t, J= 7.9 Hz, 2H), 7.17-7.11
(m, 3H), 1.69 (s, 9H).

1
t-Bu

1-(tert-butyl)-6-methoxy-2,3-diphenyl-/ H-indole (4d)!'3)
Ph 23.1 mg, 65% yield: white solid; '"H NMR (500 MHz, CDCls) & 7.53 (dd, J =
mph 8.7, 0.9 Hz, 1H), 7.35-7.30 (m, 3H), 7.29-7.24 (m, 3H), 7.19 (dd, J = 8.2, 7.0
MeO N Hz, 2H), 7.14-7.08 (m, 3H), 6.84 (ddd, J=8.7, 2.2, 0.8 Hz, 1H), 3.94 (s, 3H),
1.64 (s, 9H).

t-Bu

1-(tert-butyl)-6-(methylthio)-2,3-diphenyl-1 H-indole (4¢)'*!
P 31.9 mg, 86% yield: white solid; "H NMR (500 MHz, CDCls) § 7.82 (d, J =

mph 1.4 Hz, 1H), 7.56 (d, J = 8.3 Hz, 1H), 7.33-7.24 (m, 5H), 7.21-7.15 (m, 3H),
Mes N 7.14-7.09 (m, 3H), 2.59 (s, 3H), 1.64 (s, 9H).
-Bu

1-(tert-butyl)-6-fluoro-2,3-diphenyl-7 H-indole (4f)['3!
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pn 21.2mg, 62% yield: white solid; "H NMR (500 MHz, CDCls) § 7.54 (dd, J= 8.7,

mp“ 6.0 Hz, 1H), 7.48 (dd, J=11.8, 2.2 Hz, 1H), 7.32 (dd, J= 7.8, 1.8 Hz, 2H), 7.30—

F N 7.24 (m, 3H), 7.21-7.17 (m, 2H), 7.12 (tt, J = 8.0, 1.4 Hz, 3H), 6.91 (td, J = 8.9,
2.2 Hz, 1H), 1.62 (s, 9H).

1-(tert-butyl)-6-chloro-2,3-diphenyl-1 H-indole (4g)!'’!
Ph 18.3 mg, 51% yield: white solid; "TH NMR (500 MHz, CDCl3) 4 7.78 (d, /= 1.8
\_p, Hz, 1H), 7.52 (d, J = 8.5 Hz, 1H), 7.33-7.24 (m, 5H), 7.19 (tt, /= 8.2, 1.5 Hz,

c N 2H),7.14-7.07 (m, 4H), 1.62 (s, 9H).

1-(tert-butyl)-2,3-diphenyl-6-(trifluoromethyl)-7 H-indole (4h)
on  14.9mg, 38% yield: white solid. Mp= 174-176 °C; '"H NMR (500 MHz, CDCls)
m"“ 5 8.09 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.38 (dd, J = 8.4, 1.4 Hz, 1H), 7.36—
FiC N 7.27 (m, 5H), 7.22 (dd, J = 8.1, 6.7 Hz, 2H), 7.18-7.15 (m, 1H), 7.15-7.11 (m,
2H), 1.68 (s, 9H); 3C NMR (126 MHz, CDCLy) & 140.7, 135.5, 135.2, 134.3,
131.5, 130.9, 130.2, 128.0, 127.8, 127.5, 125.8, 125.4 (q, J = 271.6 Hz), 123.0 (q, J = 31.4 Hz),
1200, 118.1, 116.2 (q, /= 3.1 Hz), 112.1 (q,J = 4.5 Hz), 59.9, 32.2; HRMS-EI calcd for C2sH»,NFs

[M]* 393.1699, found 393.1698.

1-(tert-butyl)-2,3-diphenyl-6-(trimethylsilyl)- 7 H-indole (4i)
Ph 28.2 mg, 71% yield: white solid. Mp = 102-104 °C; '"TH NMR (500 MHz,
mph CDCls3) 6 7.97 (s, 1H), 7.65 (d, /= 7.8 Hz, 1H), 7.33-7.24 (m, 6H), 7.21-7.16
MesSi N (m, 2H), 7.14-7.09 (m, 3H), 1.66 (s, 9H), 0.37 (s, 9H); 3C NMR (126 MHz,
CDCl3) 6 138.5,136.4,136.3,135.1,131.8, 131.7, 130.3, 129.3, 127.6, 127.3,
125.4, 124.0, 119.9, 119.2, 117.9, 59.3, 32.2, -0.7; HRMS-EI calcd for C7H3NSi [M]* 397.2220,
found 397.2228.

A

t-Bu

1-(tert-butyl)-5-methyl-2,3-diphenyl-1 H-indole (4j)!'3!
Ph 27.1 mg, 80% yield: white solid; '"H NMR (500 MHz, CDCl3) § 7.73 (d, J= 8.6
Memph Hz, 1H), 7.49-7.44 (m, 1H), 7.36 (dd, J = 7.8, 1.8 Hz, 2H), 7.34-7.26 (m, 3H),
N 7.27-7.20 (m, 2H), 7.20-7.13 (m, 3H), 7.16-7.08 (m, 1H), 2.47 (s, 3H), 1.66 (s,
9H).

1-(tert-butyl)-5-methoxy-2,3-diphenyl-1H-indole (4k)!'3!
Ph 24.1 mg, 68% yield: white solid; "H NMR (500 MHz, CDCls) & 7.69 (d, J =
Meomph 9.1 Hz, 1H), 7.31 (dd, J = 7.8, 1.8 Hz, 2H), 7.29-7.23 (m, 3H), 7.21-7.17 (m,
N 2H), 7.14-7.09 (m, 3H), 7.08 (d, J= 2.6 Hz, 1H), 6.90 (dd, J=9.1, 2.7 Hz, 1H),
3.81 (s, 3H), 1.62 (s, 9H).

1-(tert-butyl)-5,7-dimethyl-2,3-diphenyl-1 H-indole (41)
Ph 15.9 mg, 45% yield: white sticky foam; '"H NMR (500 MHz, CDCl3) & 7.79 (d,
N\ _p, J=85Hz 1H), 7.69 —7.65 (m, 1H), 7.33 (dd, J= 7.5, 2.0 Hz, 2H), 7.30-7.25
N (m, 3H), 7.23 (ddd, J=8.5,7.1, 1.4 Hz, 1H), 7.16 — 7.11 (m, 1H), 6.81-6.76 (m,
Me B8 3H), 2.17 (s, 6H), 1.64 (s, 9H); 13C NMR (126 MHz, CDCls) § 137.9, 136.8,

Me
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136.5,136.4,134.8,131.8,128.6,128.1,127.5,127.2,127.0, 121.0, 119.8, 119.3, 117.8, 114.9, 59.2,
32.1, 21.3; HRMS-EI calcd for Ca6H27N [M]*353.2138, found 353.2138.

1-(tert-butyl)-6-fluoro-5-methyl-2,3-diphenyl-1 H-indole (4m)!'3!
on 23.9mg, 67% yield: white solid; "H NMR (500 MHz, CDCls) § 7.4 (d, J = 12.5
Memph Hz, 1H), 7.36 (d, J = 8.2 Hz, 1H), 7.31 (dd, J = 7.5, 1.8 Hz, 2H), 7.29-7.23 (m,
N 3H), 7.19 (t, J = 7.5 Hz, 2H), 7.15-7.08 (m, 3H), 2.36-2.32 (m, 3H), 1.60 (s,
9H).

1-(tert-butyl)-2,3-diphenyl-5,6,7,8-tetrahydro-1 H-benzo[f]indole (4n)
Ph 28.8 mg, 76% yield: white solid. Mp= 160-162 °C; '"H NMR (500 MHz, CDCls)
(j@\/\g_% 6 7.50 (s, 1H), 7.33 (s, 1H), 7.30 (dd, J= 7.7, 1.9 Hz, 2H), 7.28-7.23 (m, 3H),
N 7.21-7.17 (m, 2H), 7.12 (d, J = 7.5 Hz, 3H), 3.01 (t, /= 6.1 Hz, 2H), 2.88 (t, J
= 6.0 Hz, 2H), 1.93-1.81 (m, 4H), 1.63 (s, 9H); 3C NMR (126 MHz, CDCl3) &
137.8, 136.6, 135.5, 135.4, 131.7, 130.7, 130.3, 128.9, 127.6, 127.4, 127.4, 127.3, 125.2, 118.8,

117.2,114.6, 58.9, 32.0, 30.7, 29.5, 23.9, 23.8; HRMS-EI calcd for C2sH2oN [M]*379.2295, found
379.2296.

1-(tert-butyl)-2,3-diphenyl-1 H-benzo|f]indole (40)
Ph 31.5 mg, 84% yield: white solid. Mp=165-167 °C; '"H NMR (500 MHz, CDCl5)
OO N p 5 8.20 (s, 1H), 8.12 (s, 1H), 7.99 (d, J = 8.3 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H),
N 7.43-7.38 (m, 3H), 7.37-7.30 (m, 4H), 7.29-7.23 (m, 4H), 7.22-7.17 (m, 1H),

174 (s, 9H); 13C NMR (126 MHz, CDCl3) § 141.9, 137.3, 136.2, 135.0, 131.4,

130.5, 130.4, 129.6, 128.3, 127.8, 127.8, 127.7, 127.4, 125.6, 123.6, 122.8, 117.2, 116.5, 110.8,
59.4, 31.9; HRMS-EI calcd for C,sH,sN [M]*375.1982, found 375.1982.
1-(tert-butyl)-6-methoxy-2,3-diphenyl-/ H-pyrrolo[3,2-c]pyridine (4p)

Ph 14.6 mg, 41% yield: white solid. Mp = 170-172 °C; "TH NMR (500 MHz, CDCl5)

mph 5 7.81 (d, J = 8.5 Hz, 1H), 7.38-7.34 (m, 2H), 7.34-7.26 (m, 3H), 7.20-7.16
Meo” NF N (m, 2H), 7.13-7.08 (m, 3H), 6.60 (d, J= 8.5 Hz, 1H), 4.03 (s, 3H), 1.71 (s, 9H);
I3C NMR (126 MHz, CDCl3) 8 159.1, 146.5,135.9, 134.9, 132.1, 130.1, 129.8,

127.8, 127.8, 127.4, 125.4, 115.5, 114.6, 103.6, 60.0, 53.5, 31.4; HRMS-EI calcd for C24H24N,O
[M]" 356.1883, found 356.1887.

1-(7-(tert-butyl)-5,6-diphenylpyrrolo[3,2-flindol-1(7H)-yl)ethan-1-one (4q)
Ph 19.5 mg, 48% yield: white solid. Mp = 224-226 °C; 'H NMR (500 MHz, CDCl5)

mph §9.12 (s, 1H), 7.71 (s, 1H), 7.36-7.33 (m, 3H), 7.30-7.24 (m, 3H), 7.23-7.19
N N (m, 2H), 7.18-7.15 (m, 2H), 7.15-7.10 (m, 1H), 6.64 (d, J = 3.8 Hz, 1H), 2.67
he Y (s, 3H), 170 (s, 9H); 3C NMR (126 MHz, CDCL3) § 168.5, 139.0, 136.5, 135.8,
1353, 132.5, 131.6, 130.4, 127.7, 127.6, 127.3, 126.9, 125.4, 125.0, 124.9, 117.4, 109.9, 109.7,
103.0, 59.4, 32.0, 24.0; HRMS-EI calcd for CasHagN2O [M]* 406.2040, found 406.2034.

7-(tert-butyl)-5,6-diphenyl-7H-furo[3,2-f]indole (4r)

S39



23.7 mg, 65% yield: white solid. Mp= 183-185 °C; 'H NMR (500 MHz, CDCl;)

L. D7.89 (s, 1H), 7.73 (s, 1H), 7.60 (d, J = 2.3 Hz, 1H), 7.35 (dd, J= 7.5, 1.9 Hz,

N 2H), 7.30-7.24 (m, 3H), 7.22 (t, J = 7.5 Hz, 2H), 7.19-7.16 (m, 2H), 7.14 (td, J

4 _6.8,1.6Hz, 1H), 6.76 (d,J = 1.9 Hz, 1H), 1.67 (s, 9H); *C NMR (126 MHz,

CDCls) § 152.3, 144.5, 138.5, 136.5, 135.3, 131.7, 130.4, 127.7, 127.6, 127.3, 126.6, 125.4, 121.7,

117.4, 109.8, 106.3, 96.7, 59.2, 31.9; HRMS-EI calcd for CosHysNO [M]* 365.1774, found
365.1770.

[ X
“Z I~
=

1-(tert-butyl)-6-(furan-3-yl)-2,3-diphenyl-/ H-indole (4s)
Ph (28.5 mg, 73% yield): white solid. Mp = 156-158 °C; '"H NMR (500 MHz,
N CDCl3) 6 7.89 (d, J= 1.3 Hz, 1H), 7.78 (t, /= 1.1 Hz, 1H), 7.62 (d, J = 8.2
a N‘t_B Hz, 1H), 7.52 (t, /= 1.7 Hz, 1H), 7.33 (dd, /=7.7, 1.9 Hz, 2H), 7.28 (td, J =
0o 6.7, 3.4 Hz, 4H), 7.22-7.18 (m, 2H), 7.16-7.10 (m, 3H), 6.82-6.79 (m, 1H),
1.67 (s, 9H); 3C NMR (126 MHz, CDCl;) & 143.4, 138.5, 138.0, 136.8, 136.2, 135.0, 131.7, 130.3,
128.0, 127.9, 127.7, 127.7, 127.4, 125.5, 125.4, 119.9, 118.4, 118.0, 112.4, 109.5, 59.4, 32.2;

HRMS-EI calcd for C2sH2sNO [M]"391.1931, found 391.1929.

c

1-(tert-butyl)-2,3-bis(2-fluorophenyl)-/ H-indole (4t)

29.6 mg, 82% yield: white solid. Mp= 163-165 °C; 'H NMR (500 MHz, CDCl5)
F F 6 7.84 (d, J= 8.5 Hz, 1H), 7.46 (s, 1H), 7.33—7.20 (m, 3H), 7.20-7.15 (m, 2H),
N O 7.09-6.92 (m, 5H), 1.71 (s, 9H); 3C NMR (126 MHz, CDCl;) 4 162.4-161.4
N (m), 160.4-159.4 (m), 136.6-136.2 (m), 133.0, 133.0-132.6 (m), 130.2 (d, J =
LBy 8.3 Hz), 128.8, 128.2 (d, /= 7.6 Hz), 124.3 (d, J = 16.5 Hz), 123.7-122.9 (m),
122.4 (d, J=16.4 Hz), 121.3, 120.2-119.6 (m), 119.4, 115.6-114.4 (m), 114.9, 113.0-112.6 (m),

59.3, 31.2; HRMS-EI calcd for C,4H21NF; [M]* 361.1637, found 361.1632.

7

1-(tert-butyl)-2,3-bis(3-methoxyphenyl)-1 H-indole (4u)'3!
30.8 mg, 80% yield: white solid; "H NMR (500 MHz, CDCl3) & 7.81 (d, J =
O 8.4 Hz, 1H), 7.70 (dd, J = 7.9, 1.2 Hz, 1H), 7.25 (ddd, J = 8.4, 6.9, 1.3 Hz,
1H), 7.21 (t, J = 7.9 Hz, 1H), 7.15 (td, J = 7.6, 3.7 Hz, 2H), 6.97 (dt, J = 7.5,
()  11Hz 1H),690 (t,J=2.1 Hz, 1H), 6.86 (dd,J=82,2.7 Hz, 1H), 6.82 (dd,
owe /=77, 1.2 Hz, 1H), 6.72-6.67 (m, 2H), 3.75 (s, 3H), 3.63 (s, 3H), 1.69 (s,
9H).

MeO

NG

-Bu

1-(tert-butyl)-2,3-bis(3-fluorophenyl)-7/ H-indole (4v)
F 30.6 mg, 85% yield: white solid. Mp = 97-99 °C; 'TH NMR (500 MHz, CDCl5)
O 0 7.82 (dd, J= 8.5, 0.9 Hz, 1H), 7.66-7.61 (m, 1H), 7.31-7.24 (m, 2H), 7.21-
7.12 (m, 3H), 7.07-7.01 (m, 2H), 6.91 (dt, J=7.7, 1.2 Hz, 1H), 6.88-6.82 (m,
O r: O 2H), 1.67 (s, 9H); *C NMR (126 MHz, CDCls) & 162.5 (d, J=244.5 Hz), 162.0
‘tBu F (d,J=247.0Hz), 138.1 (d, J=8.1 Hz), 137.1 (d, /= 8.4 Hz), 136.5 (d,J=2.0
Hz), 136.5, 129.1 (d, J = 8.6 Hz), 129.0 (d, J = 8.6 Hz), 128.3, 127.7 (d, /= 2.9 Hz), 126.0 (d, J =
2.8 Hz), 121.6, 119.9, 119.6, 118.7 (d, /= 21.2 Hz), 117.1 (d, J = 2.2 Hz), 116.9 (d, /= 21.3 Hz),
115.1, 115.0 (d, J = 21.0 Hz), 112.5 (d, J = 21.0 Hz), 59.5, 32.0; HRMS-EI calcd for Co4H>1NF»

[M]*361.1637, found 361.1611.
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1-(tert-butyl)-2,3-di-p-tolyl-1 H-indole (4w)!'3]
27.8 mg, 79% yield: white solid; "H NMR (500 MHz, CDCl3) & 7.81 (dt, J

Me
O = 8.5, 1.0 Hz, 1H), 7.66 (dt, /= 7.9, 1.2 Hz, 1H), 7.26-7.21 (m, 3H), 7.14
(ddt, J= 8.0, 7.0, 1.1 Hz, 1H), 7.12-7.06 (m, 4H), 7.04 (d, J = 7.9 Hz, 2H),
N O ve 2.38 (s, 3H), 2.32 (s, 3H), 1.66 (s, 9H).
N‘ e
t-Bu

1-(tert-butyl)-2,3-bis(4-fluorophenyl)-1 H-indole (4x)'!
31.0 mg, 86% yield: white solid; "H NMR (500 MHz, CDCl3) § 7.80 (d, J =

F
O 8.5 Hz, 1H), 7.57 (d, J = 7.9 Hz, 1H), 7.31-7.23 (m, 3H), 7.15 (t, J = 7.4 Hz,
1H), 7.10-7.05 (m, 2H), 6.99 (t, J = 8.6 Hz, 2H), 6.91 (¢, J = 8.8 Hz, 2H), 1.65
N F (s, 9H).
S e o
‘t-Bu

1-(tert-butyl)-2,3-bis(4-chlorophenyl)-1 H-indole (4y)!'3!
29.5 mg, 75% yield: white solid; '"H NMR (500 MHz, CDCls) 8 7.80 (d, J = 8.5 Hz, 1H), 7.57 (dd,
J=8.0, 1.2 Hz, 1H), 7.31-7.21 (m, 5H), 7.19 (d, J = 8.4 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 7.04 (d,
J=8.5 Hz, 2H), 1.64 (s, 9H).

7

(7

1-(tert-butyl)-2,3-bis(4-(trifluoromethyl)phenyl)-7 H-indole (4z)
c 32.7 mg, 71% yield: white solid. Mp= 160-162 °C; TH NMR (500 MHz,

Fa
O CDCl3) 6 7.83 (d, J=8.5 Hz, 1H), 7.63-7.56 (m, 3H), 7.47 (d, /= 8.1 Hz,
4H), 7.30 (t, J = 7.8 Hz, 1H), 7.22-7.16 (m, 3H), 1.66 (s, 9H); 3C NMR
O A\ O CFs (126 MHz, CDCl3) 6 139.8, 138.6, 136.8, 136.6, 131.9, 130.3, 130.1 (q, J
N

- =32.6 Hz), 128.3, 127.7 (q, J= 32.4 Hz), 124.9 (q, J= 4.1 Hz), 124.6 (q,
J=3.8Hz), 124.3 (q,J=271.8 Hz), 124.0 (q, J=272.5 Hz), 122.0, 120.2,
119.5, 117.3, 115.2, 59.7, 32.2; HRMS-EI calcd for Ca6Ha NFs [M]* 461.1573, found 461.1583.

diethyl 4,4'-(1-(tert-butyl)-1 H-indole-2,3-diyl)dibenzoate (4aa)
CO.Et 33.7 mg, 72% yield: white solid. Mp= 149-151 °C; TH NMR (500 MHz,
2

O CDCls) § 7.97 (d, J = 8.2 Hz, 2H), 7.87 (d, J = 8.3 Hz, 2H), 7.81 (d, J =
8.5 Hz, 1H), 7.61 (dd, J=7.9, 1.2 Hz, 1H), 7.41 (d, J= 8.2 Hz, 2H), 7.27
O A O cog (/=72 Hz, 1H), 7.18-7.13 (m, 3H), 440 (. /= 7.1 Hz, 2H), 434 (q,
N J=7.1Hz, 2H), 1.64 (s, 9H), 1.42 (t, J= 7.2 Hz, 3H), 1.37 (t, /= 7.1 Hz,

t-Bu

3H); BC NMR (126 MHz, CDCl3) 8 166.7, 166.2, 140.8, 139.8, 137.2,
136.8, 131.6, 130.0, 129.9, 129.1, 128.7, 128.3, 127.5, 121.8, 120.1, 119.5, 117.4, 115.2, 61.1, 60.7,
59.6, 32.2, 14.32, 14.28; HRMS-EI calcd for C30H31NO4 [M]* 469.2248, found 469.2256.

1-(tert-butyl)-2,3-bis(3,5-dimethylphenyl)-1 H-indole (4ab)*!
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Me 25.9 mg, 68% yield: white solid; TH NMR (500 MHz, CDCls) § 7.81 (dt, J =
O Me  8.6,0.9 Hz, 1H), 7.73-7.69 (m, 1H), 7.25 (ddd, J = 8.4, 7.0, 1.4 Hz, 1H), 7.16
Me (ddd, J = 7.8, 6.9, 0.9 Hz, 1H), 7.00-6.98 (m, 2H), 6.96-6.94 (m, 1H), 6.86—
O Y ) 6.84(m, 2H), 6.81-6.79 (m, 1H), 2.31 (s, 6H), 2.24 (s, 6H), 1.68 (s, 9H).
Bu M
1-(tert-butyl)-2,3-di(furan-3-yl)-1 H-indole (4ac)!'3]

0 12.8 mg, 42% yield: white solid; "H NMR (500 MHz, CDCls) § 7.77 (d, J = 8.5
M Hz, 1H), 7.71 (dd, J = 7.9, 1.3 Hz, 1H), 7.50 (t, J = 1.7 Hz, 1H), 7.36-7.33 (m,
N1 3H), 7.22(ddd, J=8.5,69, 1.4 Hz, 1H), 7.14 (t, /= 7.5 Hz, 1H), 649 (4, = 1.7
N ° Hz 1H),6.26 (t, J= 1.3 Hz, 1H), 1.73 (s, 9H).

1-(tert-butyl)-2,3-di(thiophen-3-yl)-/ H-indole (4ad)
S 12.1 mg, 36% yield: white solid. Mp=116-118 °C; TH NMR (500 MHz, CDCls)
\ 67.78 (d,J=8.5Hz, 1H), 7.75 (d, /= 8.0 Hz, 1H), 7.31 (dd, /=4.9, 3.0 Hz, 1H),
QA = 7.23(t,J=7.8 Hz, 1H), 7.18-7.12 (m, 3H), 7.10 (dd, /J=4.9, 1.2 Hz, 1H), 6.94—
NS 6.92 (m, 1H), 6.81 (dd, J = 5.0, 1.2 Hz, 1H), 1.67 (s, 9H); '*C NMR (126 MHz,
w8 CDCl3) 6 136.4, 136.0, 135.1, 132.4, 131.2, 128.7, 128.1, 126.0, 124.5, 123.8,
121.3,121.2,119.8,119.5,114.9, 113.8, 59.2, 31.6; HRMS-EI calcd for C20Hi9NS; [M]" 337.0953,
found 337.0952.

1-(tert-butyl)-3-methyl-2-phenyl-1 H-indole (4ae)!'3!

e 19.7 mg, 75% yield: pale yellow oil; "TH NMR (500 MHz, CDCl3) 4 7.73 (d, J =
O > § ) 84Hz 1H), 7.58 (dt, J = 7.7, 1.1 Hz, 1H), 7.42-7.37 (m, 3H), 7.36-7.32 (m,

"B 2H), 7.21 (ddd, J = 8.4, 7.0, 1.5 Hz, 1H), 7.15 (t, J = 7.3 Hz, 1H), 1.9 (s, 3H),
1.58 (s, 9H).

methyl 1-(fert-butyl)-3-methyl-/ H-indole-2-carboxylate (4af)
Me 15.4 mg, 63% yield: pale yellow oil "H NMR (500 MHz, CDCl3) & 7.65 (d, J =
SN—co,me 8.6 Hz, 1H), 7.58 (dd, J= 7.8, 1.2 Hz, 1H), 7.25 (ddd, J= 8.5, 7.0, 1.3 Hz, 1H),
N\t_Bu 7.12 (t,J=7.4 Hz, 1H), 3.92 (s, 3H), 2.33 (s, 3H), 1.76 (s, 9H); 3C NMR (126
MHz, CDCls) 8 166.1, 138.0, 128.8, 128.7, 123.2, 120.2, 119.2, 116.6, 114.9,
58.4,52.0, 30.4, 9.0; HRMS-EI calcd for CisH1oNO, [M]" 245.1410, found 245.1414.

9

1-(tert-butyl)-3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-2-phenyl-/ H-indole (4ag)
OTBS 28.9 mg, 71% yield: pale yellow oil 'H NMR (500 MHz, CDCl3) § 7.72 (d, J =
8.4 Hz, 1H), 7.64 (dt, J = 7.7, 1.0 Hz, 1H), 7.40-7.37 (m, 3H), 7.36-7.33 (m,
N O 2H), 7.20 (ddd, J= 8.5, 7.0, 1.5 Hz, 1H), 7.13 (td, /= 7.5, 0.9 Hz, 1H), 3.63 (t,
N J=8.3Hz, 2H), 2.66 (t,J= 8.3 Hz, 2H), 1.57 (s, 9H), 0.83 (s, 9H), -0.08 (s, 6H);
tBu 13C NMR (126 MHz, CDCl5) 4 138.8, 136.7, 136.3, 131.0, 128.9, 127.7, 127.6,
120.7, 118.9, 118.8, 114.8, 111.7, 63.7, 58.7, 32.0, 28.3, 26.0, 18.4, -5.3; HRMS-EI calcd for
C26H37NOSi [M]*407.2639, found 407.2643.

v,

ethyl 1-(tert-butyl)-2-phenyl-1 H-indole-3-carboxylate (4ah-1)!'3]
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CO,Et 11.9 mg, 37% yield: pale yellow oil; 'TH NMR (500 MHz, CDCl;) & 8.34-8.30
0 N O (m, 1H), 7.81-7.76 (m, 1H), 7.46-7.35 (m, SH), 7.31-7.24 (m, 2H), 4.10 (q, J =
N 7.1 Hz, 2H), 1.60 (s, 9H), 1.09 (t, J= 7.1 Hz, 3H).

t-Bu

ethyl 1-(tert-butyl)-3-phenyl-1 H-indole-2-carboxylate (4ah-2)[13]
O 11.9 mg, 37% yield: pale yellow oil; "TH NMR (500 MHz, CDCl3) 4 7.74 (d, J =
8.6 Hz, 1H), 7.60 (dd, J = 8.1, 1.2 Hz, 1H), 7.47-7.39 (m, 4H), 7.33 (t, J=7.2
O N _co,et Hz, 1H), 7.27 (ddd, J=8.6, 7.0, 1.2 Hz, 1H), 7.12 (t, /= 7.5 Hz, 1H), 4.18 (q, J
N\t_Bu =7.2 Hz, 2H), 1.85 (s, 9H), 1.12 (t, J= 7.1 Hz, 3H).
1-(1-(tert-butyl)-3-methyl-1H,1'H-[2,3'-biindol]-1'-yl)ethan-1-one (4ai)
e O 14.1 mg, 41% yield: white solid. Mp = 137-139 °C; 'H NMR (500 MHz,
{ CDCl3) 6 8.51 (d, J= 8.4 Hz, 1H), 7.79 (d, J= 8.5 Hz, 1H), 7.62 (d, /= 7.6
O N\_N,  Hz, 1H), 7.46 — 7.40 (m, 2H), 7.33 — 7.24 (m, 3H), 7.18 (ddd, J=7.9, 6.9, 0.9
t-Bu Hz, 1H), 2.72 (s, 3H), 2.04 (s, 3H), 1.67 (s, 9H); 1*C NMR (126 MHz, CDCl;)
0 168.6,136.9,135.1, 132.3,129.4, 127.8, 125.5, 124.9, 124.2, 121.1, 120.3, 119.00, 118.97, 118.6,
116.5, 114.6, 113.3, 58.7, 31.1, 24.1, 9.2; HRMS (ESI-TOF) calcd for CxH2sN>O [M+H]*
345.1961, found 345.1962.

1-(tert-butyl)-3-phenyl-2-(phenylethynyl)-1H-indole (4aj)

13.2 mg, 38% yield: white solid. Mp = 100-102 °C; 'H NMR (500 MHz,
CDCls3) 6 7.83 (d,J=8.7Hz, 1H), 7.78 (d, J= 7.7 Hz, 2H), 7.75 (d, J = 8.1
Hz, 1H), 7.51 (t, J= 7.6 Hz, 2H), 7.40 — 7.30 (m, 6H), 7.26 — 7.22 (m, 1H),
7.13 (t,J="7.5Hz, 1H), 2.08 (s, 9H); 3C NMR (126 MHz, CDCl3)  136.7,
134.4,130.5,130.1, 128.4, 128.1, 127.2, 126.5, 125.5, 123.5, 123.1, 120.1,
119.7,118.6,114.2,97.5, 85.3, 60.2, 31.6; HRMS (ESI-TOF) calcd for C26H24N [M+H]" 350.1903,
found 350.1905.

1-(tert-butyl)-3-methyl-2-(4-(5-(p-tolyl)-3-(trifluoromethyl)-/ H-pyrazol-1-yl)phenyl)- 1 H-
indole (4ak)
Me 34.6 mg, 71% yield: white solid. Mp = 201-203 °C; 'H NMR (500
O A Q N.N\ CFs MHz, CDCl3) § 7.74 (dt, J = 8.5, 0.9 Hz, 1H), 7.59 (ddd, J="7.8, 1.4,
N = 0.7 Hz, 1H), 7.40-7.35 (m, 4H), 7.24 (ddd, J= 8.4, 7.0, 1.4 Hz, 1H),
7.19-7.14 (m, 5H), 6.80 (s, 1H), 2.41 (s, 3H), 2.01 (s, 3H), 1.61 (s,
9H); 13C NMR (126 MHz, CDCls) & 144.9, 143.2 (q, J = 38.3 Hz),
139.2, 138.4, 137.8, 136.6, 136.3, 131.6, 129.3, 129.3, 128.6, 126.1,
125.0, 121.3 (q, J =268.9 Hz), 121.1, 118.8, 114.7, 111.6, 105.2, 58.7, 32.0, 21.2, 8.9; HRMS-EI
caled for C3oHosF3N3 [M]* 487.2230, found 487.2234.

Me

(35,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-/ H-cyclopenta[a]phenanthren-3-yl 1-(zert-
butyl)-3-methyl-7H-indole-2-carboxylate (4al)
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37.7 mg, 63% yield: white solid. Mp = 144-146 °C; 'H

Me
©\/§_/<° ., NMR (500 MHz, CDCls) 6 7.64 (d, J = 8.5 Hz, 1H), 7.57
N O . (d, J=7.8 Hz, 1H), 7.23 (ddd, J = 8.4, 6.9, 1.3 Hz, 1H),
H i 7.10 (t, J = 7.4 Hz, 1H), 5.46 (d, J = 4.2 Hz, 1H), 4.95—

4.85 (m, 1H), 2.50 (d, J = 8.1 Hz, 2H), 2.33 (s, 3H), 2.10-1.98 (m, 3H), 1.93 (dt, J = 13.4, 3.6 Hz,
1H), 1.89-1.82 (m, 1H), 1.81-1.74 (m, 10H), 1.60-1.45 (m, 6H), 1.43-1.30 (m, 3H), 1.30-1.18 (m,
3H), 1.18-1.09 (m, 5H), 1.09-0.96 (m, 6H), 0.93 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H), 0.87
(d, J = 6.6 Hz, 3H), 0.69 (s, 3H); 1*C NMR (126 MHz, CDCls) 5 165.1, 139.4, 137.8, 129.4, 128.8,
122.96, 122.98, 120.1, 119.1, 115.7, 114.8, 75.2, 58.5, 56.7, 56.1, 50.0, 42.3, 39.7, 39.5, 38.1, 37.0,
36.6, 36.2, 35.8,31.9, 31.8, 30.6, 28.2, 28.0, 27.8, 24.3, 23.8, 22.8, 22.6, 21.0, 19.3, 18.7, 11.9, 9.1;
HRMS-EI calcd for C41HeNO, [M]* 599.4697, found 599.4699.

methyl 2-(4-(1-(tert-butyl)-3-methyl-2-(4-(5-(p-tolyl)-3-(trifluoromethyl)-7 H-pyrazol-1-yl)
phenyl)-7 H-indol-6-yl)-3-fluorophenyl)propanoate (4am)
i e \__cF, 46.7 mg, 70% yield: white solid. Mp = 200-202 °C; 'H
o O ; Q N NMR (500 MHz, CDCl3) 6 7.93 (s, 1H), 7.64 (d, J = 8.1
O 8u Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 7.41-7.36 (m, 4H), 7.33
Me (d, J=8.2 Hz, 1H), 7.23-7.14 (m, 6H), 6.80 (s, 1H), 3.82
(q,J=7.2 Hz, 1H), 3.75 (s, 3H), 2.41 (s, 3H), 2.02 (s, 3H),
1.63 (s, 9H), 1.59 (d, J = 7.2 Hz, 3H); 3C NMR (126 MHz, CDCls) & 174.5, 159.8 (d, J = 247.4
Hz), 144.9, 143.3 (q, J = 38.3 Hz), 141.0 (d, /= 7.5 Hz), 139.2, 138.5, 137.6, 137.3, 136.6, 131.5,
131.2 (d,J=3.3 Hz), 129.4 (d,J=13.5 Hz), 129.3, 128.8, 128.6, 128.2, 126.1, 125.1, 123.4 (d, J =
3.3 Hz), 121.3 (q, J=269.0 Hz), 120.1, 118.7, 115.5 (d, /= 3.6 Hz), 115.2 (d, /= 23.8 Hz), 111.6,
105.2, 58.9, 52.2, 44.9, 32.1, 21.3, 18.4, 8.9; HRMS-EI calcd for C4H37F4sN30, [M]" 667.2816,
found 667.2809.

MeO

5-methyl-1,2,3,4,4a,8b-hexahydro-1,4-methanobiphenylene (5a)!'4
12.0 mg, 65% yield: colorless oil. "H NMR (500 MHz, CDCI3) 6 7.10 (t, J= 7.5 Hz,
@:@ 1H), 6.98 (d, /= 7.8 Hz, 1H), 6.81 (d,J=7.2 Hz, 1H), 3.14 (q,J = 4.0 Hz, 2H), 2.32—
2.23 (m, 2H), 2.18 (s, 3H), 1.63-1.57 (m, 2H), 1.21-1.15 (m, 2H), 0.98-0.93 (m, 1H),
0.87-0.83 (m, 1H).

5-methoxy-1,2,3,4,4a,8b-hexahydro-1,4-methanobiphenylene (Sb)[4
OMe 13.4 mg, 67% yield: colorless oil. 'H NMR (400 MHz, CDCls) § 7.15-7.10 (m, 1H),
©:© 6.68 (d, J=8.4, 0.6 Hz, 1H), 6.60 (d, J="7.1 Hz, 1H), 3.88 (s, 3H), 3.30 (d, J= 3.9
Hz, 1H), 3.15 (d, /= 3.9 Hz, 1H), 2.34-2.30 (m, 1H), 2.26 (dp, J = 2.5, 1.4 Hz, 1H),
1.65-1.58 (m, 2H), 1.23-1.16 (m, 2H), 1.03-0.98 (m, 2H).

6b,7,8,9,10,10a-hexahydro-7,10-methanobenzo[a]biphenylene (5¢)!'S!
O 17.0 mg, 77% yield: colorless oil. "H NMR (400 MHz, CDCl5) 6 7.88-7.83 (m, 1H),
.(' 7.77-7.72 (m, 2H), 7.50-7.38 (m, 2H), 7.20 (d, /= 8.1 Hz, 1H), 3.44 (d, J= 3.6 Hz,
1H), 3.31-3.28 (m, 1H), 2.44 (dq, J = 2.8, 1.5 Hz, 1H), 2.31 (dq, /= 3.1, 1.5 Hz,
1H), 1.70-1.63 (m, 2H), 1.31-1.25 (m, 2H), 0.99-0.93 (m, 1H), 0.79-0.73 (m, 1H).
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5b,6,7,8,9,9a-hexahydro-6,9-methanobiphenyleno|[2,1-b]furan (5d)
7.1 mg, 34% yield: colorless oil. 'TH NMR (500 MHz, CDCl3) 4 7.61 (d, J= 2.3 Hz,
(/j§ 1H), 7.39 (d, J = 8.1 Hz, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.64 (dd, /= 2.4, 1.0 Hz,
o 1H), 3.27 (dd, J=27.2, 3.7 Hz, 2H), 2.36-2.25 (m, 2H), 1.68-1.58 (m, 2H), 1.25—
1.18 (m, 2H), 0.98-0.91 (m, 1H), 0.81-0.75 (m, 1H). ¥3C NMR (126 MHz, CDCl;)

0 155.9, 145.5, 140.3, 138.1, 122.4, 117.7, 110.8, 104.0, 50.5, 49.7, 36.6, 36.2, 32.0, 28.0, 27.9.
HRMS-EI calcd for CisH140 [M]* 210.1039; found 210.1019.

3-methyl-5b,6,7,8,9,9a-hexahydro-3H-6,9-methanobenzo[3,4]cyclobuta[1,2-¢]indole (5e)
7.8 mg, 35% yield: colorless oil. '"H NMR (400 MHz, CDCl3) 6 7.19 (d, J = 8.1 Hz,
1H), 7.04 (d, /= 3.1 Hz, 1H), 6.88 (d, /= 8.1 Hz, 1H), 6.33 (dd, J= 3.1, 1.0 Hz, 1H),
{q 3.77 (s, 3H), 3.32 (d, J = 3.6 Hz, 1H), 3.23 (d, J = 3.6 Hz, 1H), 2.38-2.24 (m, 2H),
/ 1.68-1.52 (m, 2H), 1.29-1.18 (m, 2H), 0.95-0.88 (m, 1H), 0.80-0.75 (m, 1H). 3C

NMR (126 MHz, CDCls) 6 137.6, 137.2, 136.9, 129.3, 123.6, 115.3, 108.7, 97.6, 50.4, 49.8, 36.7,
36.1, 33.1, 32.0, 28.2, 28.1. HRMS-EI calcd for CisH 7N [M]* 223.1356; found 223.1354.

5-methyl-2-phenyl-3a,4,4a,8b,9,9a-hexahydro-1H-4,9-methanobenzo[3,4]cyclobuta|[1,2-
flisoindole-1,3(2H)-dione (5f)
0 17.7 mg, 54% yield: white solid. Mp = 76-78 °C; 'H NMR (500 MHz,
@:@N—Q CDCls) & 7.48 (dd, J = 8.4, 6.9 Hz, 2H), 7.43-7.38 (m, 1H), 7.29-7.24 (m,
o) 2H), 7.16 (t, J=7.6 Hz, 1H), 7.03 (d, /= 7.9 Hz, 1H), 6.83 (d, /= 7.2 Hz,
1H), 3.53-3.48 (m, 2H), 3.41-3.35 (m, 2H), 3.02-2.93 (m, 2H), 2.18 (s, 3H), 1.44 (dt, J=11.0, 1.6
Hz, 1H), 1.38-1.32 (m, 1H). ¥C NMR (126 MHz, CDCls) § 177.0, 143.8, 142.6, 132.7, 131.9,

129.4, 129.2, 128.9, 128.8, 126.9, 119.5, 47.8, 47.7, 44.9, 44.7, 39.5, 38.9, 36.1, 16.7. HRMS-EI
caled for C22H9NO2 [M]" 329.1410; found 329.1411.

5,10-dimethylindeno[2,1-b]indol-6(SH)-one (5g)
Q 13.1 mg, 53% yield: red solid; Mp = 132-133 °C. 'H NMR (500 MHz, CDCls) 8 7.86
(d, J=8.3 Hz, 1H), 7.30-7.24 (m, 2H), 7.17-7.10 (m, 2H), 7.02 (d, /= 7.8 Hz, 1H),
O " 6.88 (t, J = 7.4 Hz, 1H), 3.86 (s, 3H), 2.60 (s, 3H). '*C NMR (126 MHz, CDCl;) &
° 185.2, 144.0, 139.8, 137.1, 136.9, 136.6, 133.6, 128.7, 126.7, 125.7, 122.8, 121.9,
121.4, 121.3, 111.5, 30.5, 21.3. HRMS-ESI calcd for C7Hi4sNO [M+H]*, 248.1070; found
248.1071.

10-methoxy-5-methylindeno[2,1-b]indol-6(SH)-one (Sh)

8.7 mg, 33% yield: red solid; Mp = 135-136 °C. "TH NMR (400 MHz, CDCl;) & 7.90
(d, J=17.9 Hz, 1H), 7.25-7.19 (m, 2H), 7.15-7.09 (m, 1H), 6.99-6.95 (m, 2H), 6.92—
6.85 (m, 1H), 3.98 (s, 3H), 3.85 (s, 3H). 3*C NMR (101 MHz, CDCl;) & 184.8, 151.0,
144.1,138.3,135.5,133.3,128.4,127.2,126.0,123.8,121.7,121.6, 118.8, 116.8, 111.1,
55.9,30.6. HRMS-ESI calcd for C7Hi14sNO, [M+H]*, 264.1019; found 264.1019.

10-fluoro-5-methylindeno[2,1-b]indol-6(SH)-one (5i)
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6.3 mg, 25% yield: red solid; Mp = 129-130 °C. 'H NMR (500 MHz, CDCl;) &
7.84-7.78 (m, 1H), 7.37-7.31 (m, 1H), 7.31-7.28 (m, 1H), 7.23-7.18 (m, 1H),
7.16-7.12 (m, 1H), 7.04-6.96 (m, 2H), 3.90 (s, 3H). *C NMR (126 MHz, CDCl3)
5 183.2, 153.9 (d, J=249.0 Hz), 143.9, 139.3 (d, /= 5.7 Hz), 136.0, 130.7, 128.5
(d, J=5.9 Hz), 126.4, 125.2 (d, J = 18.1 Hz), 122.8, 122.6, 122.1, 121.2, 119.7,
111.2, 30.6. '’F NMR (471 MHz, CDCls) & -120.14. HRMS-ESI calcd for CiH FNO [M+H]*
252.0819, found 252.0820.

5-methyl-1-phenylthieno[3',4':3,4]cyclopenta[1,2-b]indol-4(5H)-one (5j)
13.5 mg, 43% yield: red solid; Mp = 134-135 °C. 'H NMR (500 MHz, CDCl;) &
Ph 7.69 (d,J=7.4 Hz, 2H), 7.53 (t,J=7.4 Hz, 2H), 7.51-7.45 (m, 2H), 7.34-7.29 (m,
g N\_N_ 3H), 7.05 (t, J= 7.5 Hz, 1H), 3.94 (s, 3H). *C NMR (126 MHz, CDCl;) § 178.2,
145.4,143.3, 143.2, 134.3, 133.6, 130.9, 130.1, 128.8, 128.7, 126.2, 126.1, 123.8,
121.6, 120.4, 111.2, 30.4. HRMS-ESI calcd for C20H14NOS [M+H]", 316.0791;
found 316.0792.

5-methyl-2,3-diphenyl-1H-indene (5k)

Ph 7.8 mg, 28% yield: white solid. Mp = 105-108 °C. "TH NMR (400 MHz, CDCl;)
Ph 0 7.47-7.38 (m, 3H), 7.41-7.32 (m, 3H), 7.29-7.27 (m, 1H), 7.28-7.23 (m, 1H),
7.24-7.13 (m, 3H), 7.05 (d, J = 7.5 Hz, 1H), 7.02 (s, 1H), 3.88 (s, 2H), 2.35 (s,

3H). 13C NMR (126 MHz, CDCl3) 8 147.1, 141.3, 139.9, 139.4, 136.6, 136.2, 136.2, 129.4, 128.8,

128.2, 128.1, 127.3, 126.8, 125.9, 123.3, 120.9, 40.8, 21.5. HRMS-EI calcd for CHis [M]*
282.1403, found 282.1410.

3-methyl-2-phenyl-1H-indene (5I)1'l
4.9 mg, 24% yield: white solid. "H NMR (400 MHz, CDCl3) 8 7.50-7.46 (m, 3H),
Ph 7.44-7.36 (m, 3H), 7.34 (t, J = 7.3 Hz, 1H), 7.29 (d, J = 7.3 Hz, 1H), 7.23 (dd, J =
7.3, 1.4 Hz, 1H), 3.74 (q, J = 2.2 Hz, 2H), 2.31 (t, J= 2.1 Hz, 3H).

1,2,3,4-tetraphenylnaphthalene (5m)!'73!
P . 32.4 mg, 75% yield; white solid; "H NMR (400 MHz, CDCls) § 7.66 (dd, J = 6.5,
3.3 Hz, 2H), 7.40 (dd, J= 6.5, 3.3 Hz, 2H), 7.29-7.17 (m, 10H), 6.92-6.79 (m, 10H).
1,2,3,4-tetraphenylanthracene (Sn)!'7"!
Ph 14.5 mg, 30% yield; yellow solid; "H NMR (400 MHz, CDCls) & 8.21 (s, 2H),
OOO " 7.86-7.81 (m, 2H), 7.43-7.34 (m, 2H), 7.34-7.24 (m, 10H), 6.93-6.84 (m, 10H).
Ph

&

Ph
Ph

Ph
1-methyl-5,6,7,8-tetraphenyl-1H-benzo[f]indole (50)

P 20.4 mg, 42% yield; white solid. Mp= 114-116 °C; 'H NMR (400 MHz, CDCl;)

§7.89 (d, J = 0.9 Hz, 1H), 7.46 (s, 1H), 7.33-7.27 (m, 8H), 7.24-7.16 (m, 3H),

18 6.91-6.79 (m, 10H), 6.48 (d, J = 3.3 Hz, 1H), 3.68 (s, 3H); 3C NMR (151 MHz,

CDCls) & 141.3, 141.2, 140.7, 140.6, 138.1, 137.4, 136.8, 135.7, 133.1, 131.6, 131.5, 131.4, 129.9,

128.9, 127.5, 127.4, 127.3, 126.4, 126.2, 126.1, 125.0, 124.9, 118.0, 104.0, 100.4, 32.9; HRMS
(ESI-TOF) calcd for C37HasN [M+H]* 486.2216, found 486.2218.

%
(7

5,6,7,8-tetraphenylnaphtho|2,3-b]furan (5p)
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P 25.2mg, 53% yield; yellow solid. Mp=90-92 °C; "H NMR (400 MHz, CDCl5) §
{ OO L 757 (5, 2H), 7.37 (4, = 2.3 Hz, 1H), 7.30-7.22 (m,11H), 6.91-6.81 (mn, 10H);

L 13C NMR (101 MHz, CDCL) & 153.4, 142.6, 141.4, 140.6, 140.3, 139.8, 139.3,
137.7, 137.0, 131.4, 131.3, 131.2, 131.0, 129.2, 128.0, 127.5, 126.9, 126.7, 126.5, 126.4, 126.3,
125.3, 125.2, 124.7, 122.4, 112.5, 108.7; HRMS-EI calcd for CssHO [M]* 472.1822, found
472.1822.

#

9,10-diphenylphenanthrene (5q)!'%)

Ph 18.1 mg, 55% yield: white solid. "H NMR (400 MHz, CDCls) 5 8.81 (d, J = 8.3 Hz,
2H), 7.69-7.63 (m, 2H), 7.60-7.54 (m, 2H), 7.52-7.45 (m, 2H), 7.26 (t, 1H), 7.25—
7.14 (m, 9H).

&
O,

5,6-diphenyltetraphen (5r)['%!

O 13.3 mg, 35% yield: white solid. '"H NMR (500 MHz, CDCls) & 9.29 (s, 1H),

8.96 (d, /= 8.2 Hz, 1H), 8.14 (d, /= 8.3 Hz, 1H), 8.01 (s, 1H), 7.83 (d, J=8.3

O‘O Hz, 1H), 7.73-7.64 (m, 1H), 7.59-7.42 (m, 4H), 7.32-7.25 (m, 3H), 7.26-7.16
(m, 7H).

9-methyl-10-phenylphenanthrene (5s)!'®!
(7.0 mg, 25% yield): white solid. "H NMR (400 MHz, CDCls) § 8.85-8.79 (m, 1H),
® A 57087 (m, 1H), 8.21-8.15 (m, 1H), 7.76-7.67 (m, 2H), 7.63~7.58 (m, 1H), 7.58—
O 7.53 (m, 2H), 7.52-7.42 (m, 2H), 7.39 (dd, /= 8.4, 1.5 Hz, 1H), 7.36-7.32 (m, 2H),
2.49 (s, 3H).

(9

5,6-diphenylphenanthro[3,2-b]furan (5t)
9.6 mg, 26% yield: white solid. Mp = 200-202 °C; "H NMR (400 MHz, CDCI3) &
O 8.89 (s, 1H), 8.81 (d, J=8.5 Hz, 1H), 7.74 (d, J=2.3 Hz, 1H), 7.73 (s, 1H), 7.71-
2 O‘ 7.64 (m, 1H), 7.56-7.52 (m, 1H), 7.51-7.45 (m, 2H), 7.25-7.15 (m, 9H), 6.79 (dd,
O J=2.3,1.0 Hz, 1H), *C NMR (151 MHz, CDCl3) § 153.9, 146.5, 139.7, 139.3,
136.9, 135.2, 131.4, 130.8, 130.7, 130.7, 129.9, 128.4, 127.7, 127.5, 127.3, 127.3, 127.2, 127.2,
126.1,126.0, 125.9, 122.2, 119.5, 106.3, 103.1; HRMS-EI calcd for C2sH;30 [M]*370.1355, found
370.1352.

9,10-di(thiophen-2-yl)phenanthrene (Su)!'8!

7.9 mg, 23% yield: white solid. '"H NMR (400 MHz, CDCls)  8.78 (d, J= 8.3 Hz,
2H), 7.73 (d, J = 8.2 Hz, 2H), 7.70-7.62 (m, 2H), 7.55-7.49 (m, 2H), 7.28-7.24 (m,
2H), 6.97 (m, 4H).

14-methyl-10H-dibenzo|3,4:6,7]azepino[1,2-a]indol-10-one (5v)
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19.8 mg, 64% yield: light-yellow solid. Mp = 162-164 °C; '"H NMR (400 MHz,
CDCls) 8 7.82-7.76 (m, 1H), 7.71-7.68 (m, 1H), 7.67-7.63 (m, 3H), 7.52 (d, J=7.6
Hz, 2H), 7.38 (td, J= 7.5, 1.1 Hz, 1H), 7.32 (t, /= 7.6 Hz, 1H), 7.28-7.22 (m, 2H),

o 6.85 (s, 1H), 2.70 (s, 3H). 3C NMR (126 MHz, CDCl3) 6 197.7, 143.7, 139.4, 137.5,
136.3, 135.7, 135.3, 135.2, 132.1, 129.1, 128.4, 128.0, 127.9, 126.7, 125.3, 125.2, 123.3, 121.8,
120.9, 111.2, 108.2, 22.5. HRMS-EI calcd for C22H1sNO [M]* 309.1148; found 309.1148.

|

W

C
O

14-methoxy-10H-dibenzo|[3,4:6,7]azepino[1,2-a]indol-10-one (5w)
O 17.6 mg, 54% yield: light-yellow solid. Mp = 160-162 °C; '"H NMR (400 MHz,
™M CDCl3) ¢ 7.74 (d, J = 8.1 Hz, 1H), 7.71-7.67 (m, 1H), 7.62 (q, J = 7.4 Hz, 3H),
7.38-7.34 (m, 2H), 7.32-7.26 (m, 2H), 7.22 (m, 2H), 7.18 (s, 1H), 3.97 (s, 3H). 13C
3 NMR (126 MHz, CDCls) 6 197.7, 157.4, 143.7, 139.0, 136.9, 136.4, 133.1, 132.5,
129.1, 128.7, 128.6, 128.2, 126.8, 125.6, 123.4, 121.9, 121.4, 120.3, 119.4, 115.3,
111.7,108.5, 56.6. HRMS-EI calcd for C22HsNO2 [M]* 325.1100; found 325.1097.

(
s

2,14-dimethyl-10H-dibenzo|[3,4:6,7]azepino|1,2-a]indol-10-one (5x)
22.4 mg, 69% yield: light-yellow solid. Mp = 168-169 °C; 'H NMR (400 MHz,
O CDCl3) 6 7.79-7.74 (m, 1H), 7.66—7.59 (m, 2H), 7.54—7.45 (m, 4H), 7.38-7.28 (m,
Ly 2H), 7.08 (dd, J= 8.6, 1.7 Hz, 1H), 6.75 (s, 1H), 2.68 (s, 3H), 2.48 (s, 3H). 3C NMR
O (126 MHz, CDCIs) & 197.9, 143.6, 139.3, 137.4, 135.9, 135.3, 135.2, 134.7, 132.2,
© 131.2, 129.3, 128.4, 128.2, 127.8, 126.5, 125.2, 125.1, 124.9, 120.5, 110.9, 107.8,
22.5,21.5. HRMS-EI calcd for C23H17NO [M]" 323.1463; found 323.1461.

W

2-fluoro-14-methyl-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5y)
24.4 mg, 74% yield: light-yellow solid. Mp = 157-159 °C; '"H NMR (500 MHz,
CDCl3) 6 7.74 (d, J = 8.0 Hz, 1H), 7.64 (t, /= 8.1 Hz, 2H), 7.57-7.48 (m, 3H), 7.39
(t,J=7.6 Hz, 1H), 7.35-7.28 (m, 2H), 7.02—6.95 (m, 1H), 6.79 (s, 1H), 2.68 (s, 3H).
13C NMR (126 MHz, CDCl3) 6 197.5, 158.9 (d, J = 237.4 Hz), 143.6, 139.4, 137.5,
o 136.8,135.5,135.3,132.9, 132.3, 128.8, 128.5, 128.4 (d, /= 10.7 Hz), 128.2, 126.9,
125.3,125.1,112.2(d,J=9.3 Hz), 111.6 (d, J=26.2 Hz), 107.9 (d, /= 4.2 Hz), 105.6 (d, /=23.4
Hz), 22.5. F NMR (471 MHz, CDCl3) & -122.31. HRMS-EI calcd for C,,H;4FNO [M]" 327.1210;
found 327.1215.

v
SACH

14-methyl-7-(trifluoromethyl)-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5z)
26.3 mg, 70% yield: light-yellow solid. Mp = 157-159 °C. '"H NMR (400 MHz,
i O CDCl) 6 8.07 (d, J= 1.6 Hz, 1H), 7.79 — 7.69 (m, 2H), 7.65 — 7.58 (m, 2H),
O N oF, 7.57 - 7.49 (m, 2H), 7.37 — 7.26 (m, 3H), 6.88 (s, 1H), 2.70 (s, 3H). 3C NMR
4 (201 MHz, CDCl3) 6 196.6, 143.0, 141.9, 137.8, 136.22, 136.21, 135.7, 135.2,
134.1 (q, J = 33.2 Hz), 129.2, 129.0, 128.1, 125.4, 123.9, 123.4 (q, J = 272.9
Hz), 123.2 (q,J = 3.7 Hz), 122.4 (q, J = 3.8 Hz), 122.3, 121.2, 110.7, 109.0, 22.5. ’F NMR (471

MHz, CDCl3) & -62.94. HRMS-EI calcd for Co3H14F3NO [M]* 377.1022; found 377.1024.

13-methyl-9H-dibenzo][c.fl]pyrrolo[1,2-a]azepin-9-one (5aa)
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13.0 mg, 50% yield: light-yellow solid. Mp = 160-162 °C. 'H NMR (500 MHz,

O N CDCl3) 6 7.63 (d, J=17.7, 1.4 Hz, 1H), 7.60 — 7.55 (m, 1H), 7.54 — 7.43 (m, 3H),

Q 7.34 (t, J= 7.5 Hz, 1H), 7.25 — 7.22 (m, 1H), 7.09 — 7.06 (m, 1H), 6.58 — 6.55 (m,

© 1H), 6.45 (t, J = 3.4 Hz, 1H), 2.59 (s, 3H). 3C NMR (126 MHz, CDCls) § 197.4,

142.2, 137.6, 137.0, 136.6, 135.2, 133.1, 129.5, 129.2, 128.6, 126.8, 126.6, 125.6, 122.9, 122.4,
115.3, 110.0, 22.7. HRMS-EI calcd for C1sH13NO [M]" 259.0992; found 259.0994.

10H-benzo[6,7]thieno[2',3':3,4]azepino[1,2-a]indol-10-one (5ab)
8.2 mg, 27% yield: yellow solid. Mp = 165-167 °C. 'TH NMR (400 MHz, CDCl;) &
O 8.02 (dd,J=17.8,1.7 Hz, 1H), 7.91 (d,J=8.2 Hz, 1H), 7.77 (d, /= 8.0 Hz, 1H), 7.70
Q! O (dd, J=17.3, 1.7 Hz, 1H), 7.64 (td, J=7.8, 1.7 Hz, 1H), 7.48 — 7.40 (m, 2H), 7.34 —
7.26 (m, 2H), 7.23 (d, J = 5.3 Hz, 1H), 6.98 (s, 1H). *C NMR (101 MHz, CDCls) &
186.9, 140.4, 139.7, 138.3, 136.7, 135.2, 133.4, 132.7, 130.9, 129.3, 128.6, 126.4,
125.2, 124.5, 123.9, 122.5, 121.5, 113.3, 105.2. HRMS-EI calcd for Ci;oH;iNOS [M]" 301.0712;
found 301.0688.

1-methyldibenzo|[3,4:6,7]azocino[1,2-a]indol-5(10H)-one (5ac)

13.6 mg, 42% yield: white solid. Mp = 158-159 °C. 'H NMR (400 MHz, CDCI3) &
7.84 (d, J=7.7 Hz, 1H), 7.62 (dd, J = 7.9, 1.3 Hz, 1H), 7.55 — 7.52 (m, 2H), 7.45 —
7.39 (m, 2H), 7.36 (t, J= 7.6 Hz, 1H), 7.25 (dd, J= 7.2, 1.0 Hz, 1H), 7.18 — 7.08 (m,
3H), 6.65 (s, 1H), 5.29 (d, J=16.1 Hz, 1H), 5.06 (d, J = 16.1 Hz, 1H), 2.49 (s, 3H).
BCNMR (101 MHz, CDCl3) 6 200.9, 144.5, 139.1, 138.3, 137.3, 136.3, 135.9, 132.5,
131.2,130.3,128.7, 128.6, 128.6, 128.5, 128.1, 123.4, 122.0, 121.1, 120.5, 109.5, 102.9, 47.6, 20.4.
HRMS-EI calcd for C23H17NO [M]* 323.1305; found 323.1313.

14-fluoro-1-methyldibenzo[3,4:6,7]azocino[1,2-a]indol-5(10H)-one (5ad)
15.0 mg, 44% yield: white solid. Mp = 160-162 °C. '"H NMR (500 MHz, CDCls) &
7.84 (dd, J=7.7, 1.4 Hz, 1H), 7.57 — 7.50 (m, 2H), 7.45 — 7.40 (m, 2H), 7.37 (t, J =
7.6 Hz, 1H), 7.24 (dd, J=9.5, 2.5 Hz, 1H), 7.15 — 7.08 (m, 2H), 6.88 (td, /=9.1, 2.5
Hz, 1H), 6.59 (s, 1H), 5.28 (d, J = 16.1 Hz, 1H), 5.01 (d, J = 16.1 Hz, 1H), 2.48 (s,
3H). ¥C NMR (126 MHz, CDCl;) & 200.2, 157.8 (d, J = 235.2 Hz), 143.7, 138.2,
137.6, 136.9, 136.6, 132.3, 131.9, 130.7, 129.8, 128.3, 128.2, 128.1, 128.0, 127.2, 122.8, 109.7 (d,
J=126.3 Hz), 109.5 (d, J = 9.8 Hz), 105.3 (d, J = 23.5 Hz), 102.3 (d, J = 4.6 Hz), 47.1, 19.7. °F
NMR (471 MHz, CDCl3) 6 -123.96. HRMS-EI calcd for C3HisFNO [M]" 341.1210; found
341.1211.
(S)-12-(tert-butyl)-14-butyryl-15-methyl-10,11-diphenyl-7,8,12,14,14b,15-hexahydro-5SH-
pyrrolo[3'",2'":5',6']indolo[2',3":3,4]pyrido[2,1-b]quinazolin-5-one (6a)
o o 26.7 mg, 43% yield: white solid. Mp > 200 °C; "TH NMR (400 MHz,
§N%Ph CDCL) 6 9.03 (d, J = 2.4 Hz, 1H), 8.19 — 8.12 (m, 1H), 7.67 (s, 1H),
NHON N 7.55 -7.47 (m, 1H), 7.38 — 7.33 (m, 2H), 7.32 — 7.21 (m, 6H), 7.20 —
O;Q"Pr o 7.13 (m, 4H), 6.24 (s, 1H), 4.96 (dd, J=12.9, 5.1 Hz, 1H), 3.43 — 3.32
(m, 1H), 3.31 — 3.21 (m, 1H), 3.09 — 3.00 (m, 1H), 2.98 — 2.79 (m, 2H), 2.38 (s, 3H), 1.91 (h, J =
7.4 Hz, 2H), 1.73 (s, 9H), 1.02 (t, J= 7.4 Hz, 3H); *C NMR (101 MHz, CDCl3) § 173.0, 164.2,
150.3, 139.5, 136.6, 136.2, 135.1, 134.3, 133.2, 131.6, 131.5, 130.3, 129.0, 127.8, 127.7, 127.4,
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127.3,126.8, 126.7, 125.6, 124.2, 124.1, 123.7, 122.3, 122.2, 117.5, 107.8, 102.9, 69.1, 59.4, 39.3,
37.5, 36.1, 32.0, 20.9, 18.4, 13.8; HRMS (ESI-TOF) calcd for C4iH4i1N4O> [M+H]" 621.3224,
found 621.3226.

(15,3aS5,3bR,10bS,12a8)-7-(tert-butyl)-12a-methyl-8,9-diphenyl-
1,2,3,3a,3b,4,5,7,10b,11,12,12a-dodecahydrocyclopenta[5,6|naphtho[1,2-flindol-1-yl acetate
(6b)

32.1 mg, 59% yield: white solid. Mp=188-190 °C; '"H NMR (500 MHz,
CDCl3) 6 7.53 (d, J = 6.4 Hz, 2H), 7.32-7.23 (m, 5H), 7.21-7.16 (m,
2H), 7.14-7.09 (m, 3H), 4.69 (t, J = 8.4 Hz, 1H), 3.16-3.09 (m, 2H),
2.40-2.30 (m, 2H), 2.29-2.20 (m, 1H), 2.07 (s, 3H), 2.00-1.94 (m, 1H),
1.89-1.83 (m, 1H), 1.82—1.73 (m, 1H), 1.62 (s, 9H), 1.59-1.51 (m, 3H),
1.50-1.42 (m, 2H), 1.41-1.28 (m, 2H), 0.83 (s, 3H); '3C NMR (126 MHz, CDCls) § 171.3, 137.8,
136.5, 135.4, 135.1, 132.3, 131.8, 131.7, 130.3, 130.2, 127.6, 127.5, 127.3, 127.2, 127.2, 125.2,
117.6, 115.4, 114.5, 82.8, 59.0, 50.0, 44.3, 42.8, 38.9, 36.8, 32.1, 30.6, 27.8, 27.6, 26.3, 23.3, 21.2,
12.0; HRMS-EI calcd for C3sHasNO, [M]* 545.3288, found 545.3285.

1-(tert-butyl)-2,3-diphenyl-6-(4-(2-(pyridin-2-yloxy)propoxy)phenoxy)-/ H-indole (6¢)
Ph 39.2 mg, 69% yield: white solid. Mp= 149-151 °C; "H NMR (500
J:O\©\ mph MHz, CDCl3) 6 8.16 (dd, J=5.1, 2.0 Hz, 1H), 7.60-7.53 (m, 2H),
Me” O o N 7.44 (d, J = 2.0 Hz, 1H), 7.37-7.32 (m, 2H), 7.30-7.25 (m, 3H),
@q LB 7.21-7.16 (m, 2H), 7.15-7.09 (m, 3H), 7.01 (d, J = 9.0 Hz, 2H),
% 6.93 (d, J=9.1 Hz, 2H), 6.88-6.82 (m, 2H), 6.76 (d, J = 8.3 Hz,
1H), 5.65-5.56 (m, 1H), 4.20 (dd, J=9.9, 5.3 Hz, 1H), 4.09 (dd, J=9.8, 4.8 Hz, 1H), 1.58 (s, 9H),
1.50 (d, J= 6.4 Hz, 3H); 3C NMR (126 MHz, CDCl3) 8 163.1, 154.4, 152.5, 152.4, 146.7, 138.7,
137.9, 136.8, 136.2, 135.0, 131.8, 130.2, 127.7, 127.6, 127.4, 125.4, 124.9, 120.2, 119.1, 117.7,

116.7, 115.7, 1122, 111.7, 105.6, 71.1, 69.3, 59.3, 32.0, 17.0; HRMS-EI calcd for C3sH3eN,O3
[M]" 568.2720, found 568.2746.

9-(tert-butyl)-2-(cyclohexanecarbonyl)-10,11-diphenyl-2,3,6,7,9,12b-hexahydropyrazino[2,1-
a|pyrrolo[2,3-glisoquinolin-4(1H)-one (6d)
30.2 mg, 54% yield: white solid. Mp > 200 °C; 'TH NMR (500 MHz,
ph CDCl3) 6 7.58 (s, 1H), 7.47 (s, 1H), 7.33 — 7.23 (m, 5H), 7.21 - 7.15
(m, 2H), 7.14- 7.03 (m, 3H), 5.22 — 5.12 (m, 1H), 4.97 — 4.85 (m,
1H), 4.74 — 4.65 (m, 1H), 4.46 (d, /= 17.3 Hz, 1H), 4.15 - 4.03 (m,
1H), 3.22 — 3.05 (m, 2H), 3.04 — 2.96 (m, 1H), 2.86 (t, /= 12.0 Hz,
1H), 2.51 — 2.42 (m, 1H), 1.85 — 1.68 (m, 5H), 1.62 (s, 9H), 1.59 — 1.45 (m, 2H), 1.33 — 1.20 (m,
3H); 3C NMR (126 MHz, CDCl3) § 174.6, 164.5, 138.9, 135.9, 135.7, 134.4, 131.6, 131.5, 130.1,
128.0,127.9,127.7,127.3,125.7, 124.5,117.8, 116.0, 114.6, 59.3, 54.8, 48.9, 45.6, 40.7, 40.1, 32.0,
29.9,29.2,28.9,25.6; HRMS (ESI-TOF) calcd for C37H42N30, [M+H]* 560.3272, found 560.3274.

3,3,5-trimethylcyclohexyl 6-(benzyloxy)-1-(tert-butyl)-2,3-diphenyl-1H-indole-5-carboxylate
(6¢)
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45.5 mg, 76% yield: white solid. Mp = 148-150 °C; "H NMR (400

MHz, CDCL) & 8.08 (s, 1H), 7.57 (d, J= 7.2 Hz, 2H), 7.41 (t, J= 7.4
O
Vo 7" Hz, 2H), 7.35 - 7.27 (m, 6H), 7.25 (s, 1H), 7.20 (t, J = 7.3 Hz, 2H),
(0]
Me ; Ph7.15 —7.09 (m, 3H), 5.26 (s, 2H), 5.21 — 5.11 (m, 1H), 2.14 — 2.07
BnO

‘“Bu  (m, 1H), 1.83 — 1.70 (m, 2H), 1.53 (s, 9H), 1.38 — 1.33 (m, 1H), 1.22
— 1.15 (m, 1H), 0.99 (s, 3H), 0.95-0.90 (m, 7H), 0.79 (t, J = 12.7 Hz, 1H); *C NMR (101 MHz,
CDCls) § 167.0, 153.3, 138.8, 138.3, 137.5, 135.9, 134.4, 131.7, 130.2, 128.4, 127.8, 127.7, 127.5,
127.4, 125.6, 123.5, 123.0, 118.6, 115.8, 102.1, 72.5, 71.2, 59.3, 47.6, 43.9, 40.4, 33.1, 32.2, 31.8,
27.1,25.5,22.3; HRMS (ESI-TOF) calcd for C4HyNOs [M+H]" 600.3472, found 600.3472.

(2R,3R,4S5,5R,65)-2-(acetoxymethyl)-6-((1-(tert-butyl)-5-methoxy-2,3-diphenyl-7 H-indol-6-
yDoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (6f)
44.8 mg, 64% yield: white solid. Mp = 86-88 °C; 'H NMR (500

Meom MHz, CDCls) 8 7.66 (s, 1H), 7.32-7.29 (m, 1H), 7.28-7.22 (m,
OAc N—ph
N

AcO o 4H), 7.21-7.16 (m, 2H), 7.137.08 (m, 3H), 7.05 (s, 1H), 5.37—
AcO \
° \W tBu 530 (m, 2H), 5.26-5.20 (m, 1H), 5.01-4.95 (m, 1H), 4.28 (dd, J

=12.3,4.3 Hz, 1H), 4.20 (dd, J = 12.3,2.5 Hz, 1H), 3.79 (s, 3H),
3.75-3.70 (m, 1H), 2.14 (s, 3H), 2.08 (s, 3H), 2.06 (s, 3H), 2.04 (s, 3H), 1.59 (s, 9H); *C NMR
(126 MHz, CDCls) § 170.6, 170.3, 169.6, 169.4, 146.2, 141.6, 138.4, 136.1, 135.0, 131.7, 130.1,
127.8, 127.6, 127.30, 127.26, 125.4, 125.3, 117.4, 109.7, 102.0, 101.5, 72.6, 71.9, 71.2, 68.4, 61.9,
59.2, 56.4, 32.0, 20.7, 20.61, 20.55; HRMS-EI calcd for C3yHyNOy, [M]* 701.2831, found
701.2859.

3-(1-(tert-butyl)-2,3-diphenyl-1H-indol-5-yl)-5-(2-fluorophenyl)-1,2,4-oxadiazole (6g)
0 27.8 mg, 57% yield: white solid. Mp > 200 °C; 'H NMR (400 MHz,
Q««N | 7" CDCl) & 8.46 (s, 1H), 8.24 (t, J= 7.1 Hz, 1H), 8.07 (d, J = 8.7 Hz,
- mw 1H), 7.91 (d, J = 8.9 Hz, 1H), 7.62 — 7.53 (m, 1H), 7.38 — 7.15 (m,
Ysu  12H), 1.68 (s, 9H); 3C NMR (101 MHz, CDCL3) § 172.3 (d, J = 4.0
Hz), 169.5, 160.7 (d, J = 260.3 Hz), 139.2, 138.0, 135.8, 134.5, 134.2 (d, /= 8.5 Hz), 131.7, 131.0,
130.4, 128.8, 127.9, 127.4, 125.7, 124.5 (d, J= 3.7 Hz), 120.4, 119.8, 118.9, 118.0, 117.0 (d, J =

21.0 Hz), 115.2, 113.1 (d, J = 11.5 Hz), 59.7, 32.1; HRMS (ESI-TOF) caled for C3;H27FN3O
[M+H]* 488.2133, found 488.2136.

methyl (R)-2-(4-((1-(tert-butyl)-5-fluoro-2,3-diphenyl-1H-indol-6-yl)oxy)phenoxy)
propanoate (6h)

22.6 mg, 42% yield: white solid. Mp = 137-139 °C; '"H NMR

Ao F \P“ (500 MHz, CDCl3) 6 7.50 (d, J = 6.8 Hz, 1H), 7.37 (d,J = 11.0

\Qomph Hz, 1H), 7.34 — 7.31 (m, 2H), 7.31 — 7.25 (m, 3H), 7.22 - 7.17

*Bu  (m, 2H), 7.14 —7.09 (m, 3H), 6.96 (d, J = 9.0 Hz, 2H), 6.86 (d,

J=9.2Hz, 2H), 4.72 (q, J = 6.8 Hz, 1H), 3.77 (s, 3H), 1.62 (d, J = 6.9 Hz, 3H), 1.57 (s, 9H); 13C

NMR (126 MHz, CDCl3) 6 172.8, 153.5, 152.8, 150.3 (d, J = 240.3 Hz), 139.2, 138.6 (d, J = 14.8

Hz), 135.8, 134.5, 132.2, 131.7, 130.0, 127.9, 127.4, 125.7, 125.2 (d, /= 8.1 Hz), 117.7 (d, /= 3.9

Hz), 117.2, 116.4, 108.5, 105.6 (d, J = 20.1 Hz), 73.4, 59.5, 52.3, 32.0, 18.6; HRMS (ESI-TOF)
calcd for C34H33FNO4 [M+H]™ 538.2388, found 538.2387.
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ethyl 2-((1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)oxy)-2-methylpropanoate (6i)
o 28.2 mg, 62% yield: white solid. Mp=115-117 °C; 'H NMR (500 MHz,
mph CDCl) 6 7.47 (d, J= 8.6 Hz, 1H), 7.37 — 7.34 (m, 1H), 7.33 — 7.30 (m,
EtO\n><o N 2H), 7.29 - 7.24 (m, 3H), 7.19 — 7.14 (m, 2H), 7.13 — 7.08 (m, 3H), 6.77
0 8u (dd, J=8.6, 2.1 Hz, 1H), 4.29 (q, J = 7.2 Hz, 2H), 1.64 (s, 6H), 1.60 (d,
J=2.1Hz,9H), 1.33 (t,J=7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) § 174.7, 150.2, 137.6, 136.5,

136.4,135.1,131.8,130.2, 127.6, 127.6, 127.3, 125.3, 124.6, 119.4, 117.5, 114.2, 106.9, 79.8, 61.3,
59.1,32.0,25.4, 14.2; HRMS (ESI-TOF) calcd for C30H34NO3 [M+H]* 456.2533, found 456.2536.

methyl 2-(4-(1-(tert-butyl)-2,3-diphenyl-/ H-indol-6-yl)-3-fluorophenyl)propanoate (6j)

37.8 mg, 75% yield: white solid. Mp= 187-189 °C; TH NMR (500
MHz, CDCl3) 6 7.99 (s, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.52 (t, J =
8.0 Hz, 1H), 7.36-7.27 (m, 6H), 7.23-7.11 (m, 7H), 3.80 (q, /= 7.2
Hz, 1H), 3.73 (s, 3H), 1.67 (s, 9H), 1.57 (s, 3H); 3C NMR (126
MHz, CDCls) 6 174.6, 159.8 (d,J=247.7 Hz), 141.0 (d, /="7.5 Hz),
139.0, 136.4, 136.2, 135.0, 131.7, 131.3 (d, /= 3.9 Hz), 130.3, 129.4 (d, /= 13.4 Hz), 128.2, 128.2,
127.7, 127.4,125.5, 123.5 (d, /= 2.5 Hz), 120.7, 119.5, 117.8, 115.8 (d, J=3.6 Hz), 115.2 (d, J =
23.8 Hz). 59.4, 52.2, 44.9, 32.2, 18.5; HRMS-EI calcd for C3sH3,FNO; [M]" 505.2412, found
505.2408.

methyl 2-(3-((1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)oxy)phenyl)propanoate (6k)
41.2 mg, 82% yield: white solid. Mp=108-110 °C; "TH NMR (400
m mph MHz, CDCl3) 6 7.63 (d, J=8.6 Hz, 1H), 7.53 (d, /= 2.0 Hz, 1H),
MsO o N 7.41 —7.37 (m, 2H), 7.34 — 7.28 (m, 4H), 7.26 — 7.21 (m, 2H),
Me tBu 720 —7.13 (m, 3H), 7.09 — 7.07 (m, 1H), 7.06 — 7.02 (m, 1H),
6.96 (dd, J=8.6,2.9 Hz, 1H), 6.93 (dd, /= 8.7, 2.1 Hz, 1H), 3.75 (q, J= 7.4 Hz, 1H), 3.71 (s, 3H),
1.64 (s, 9H), 1.54 (d, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCls) & 174.7, 159.2, 150.8, 142.3,
138.2, 136.7, 136.2, 134.9, 131.8, 130.2, 129.7, 127.72, 127.69, 127.4, 125.5, 121.1, 120.3, 117.8,

116.6, 115.8, 113.0, 106.7, 59.3, 52.0, 45.3, 32.0, 18.5; HRMS (ESI-TOF) calcd for C34H34NO;
[M+H]* 504.2533, found 504.2536.

(1S8,2R)-2-(acetamidomethyl)-1-(1-(tert-butyl)-2,3-diphenyl-1H-ind ol-6-yl)-N,N-
diethylcyclopropane-1-carboxamide (61)
o 39.6 mg, 74% yield: white solid. Mp = 66-68 °C; 'TH NMR (500 MHz,
o CDCl3) 6 7.70 (d, J= 1.6 Hz, 1H), 7.54 (d, /= 8.3 Hz, 1H), 7.31 — 7.24
(m, 6H), 7.19 — 7.14 (m, 2H), 7.12 — 7.06 (m, 3H), 6.92 (dd, /= 8.4, 1.6
tBu  Hgz, 1H), 4.32 — 4.24 (m, 1H), 3.77 — 3.66 (m, 1H), 3.55 — 3.46 (m, 1H),
AchN 3.41-3.27 (m, 2H), 2.57 — 2.49 (m, 1H), 2.00 (s, 3H), 1.67 (dd, J = 8.8,
5.4 Hz, 1H), 1.61 (s, 9H), 1.57 — 1.49 (m, 1H), 1.21 — 1.14 (m, 4H), 0.99 (t, J = 7.1 Hz, 3H); 3C
NMR (126 MHz, CDCl3) 6 171.3, 169.7, 138.5, 136.6, 136.1, 134.8, 133.3, 131.7, 131.6, 130.2,
127.7,127.5,127.4,1254,119.8,117.6, 116.8, 112.8, 59.3,42.1, 41.4, 39.5, 34.4, 32.1, 29.5, 23.6,
17.5,13.3, 12.6; HRMS (ESI-TOF) calcd for C35H42N30, [M+H]" 536.3272, found 536.3275.
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3-((1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)oxy)benzyl 2-(4-chlorophenyl)-3-
methylbutanoate (6m)
51.3 mg, 80% yield: white solid. Mp = 53-55 °C; 'H NMR

1 . (500 MHz, CDC5) 8 7.61 (d, J = 8.8 Hz, 1H), 7.53 (d, /= 2.0

\/@\ mph Hz, 1H), 7.38 — 7.34 (m, 2H), 7.32 — 7.25 (m, 8H), 7.23 - 7.19

o o : (m, 2H), 7.18 — 7.11 (m, 3H), 7.03 — 6.98 (m, 2H), 6.98 — 6.94

o tBu  (m, 1H), 6.88 (dd, J = 8.6, 2.0 Hz, 1H), 5.13 (d, J = 12.6 Hz,

1H), 5.02 (d, J = 12.6 Hz, 1H), 3.20 (d, J = 10.5 Hz, 1H), 2.38 — 2.29 (m, 1H), 1.62 (s, 9H), 1.02 (d,

J=6.5Hz, 3H),0.72 (d, J= 6.8 Hz, 3H); 3C NMR (126 MHz, CDCl3) § 173.3, 159.4, 150.7, 138.3,

137.5, 136.7, 136.6, 136.1, 134.8, 133.1, 131.8, 130.2, 129.8, 129.7, 128.6, 127.7, 127.4, 125.6,

125.5, 121.4, 120.4, 117.8, 116.9, 116.5, 113.1, 106.9, 66.1, 59.4, 32.0, 31.9, 21.3, 20.1; HRMS
(ESI-TOF) calcd for C4oHaiCINOs [M+H]* 642.2769, found 642.2769.

methyl 2-(1-(tert-butyl)-6-(2,4-dichlorophenoxy)-2,3-diphenyl-1H-indol-5-yl)acetate (6n)
o 45.1 mg, 81% yield: white solid. Mp= 144-146 °C; 'H NMR (500 MHz,

Meooc/\/@\/\g_% CDCls) § 7.56 (s, 1H), 7.52 (d, J=2.5 Hz, 1H), 7.36 — 7.33 (m, 3H), 7.33
o N —7.28 (m, 3H), 7.25 — 7.21 (m, 2H), 7.18 — 7.13 (m, 4H), 6.84 (d, J=8.9

\}

cl tBu Hgz, 1H), 3.70 (s, 2H), 3.60 (s, 3H), 1.57 (s, 9H); 3C NMR (126 MHz,
CDCls) § 172.1, 153.1, 148.4, 138.7, 135.9, 135.8, 134.6, 131.7, 130.23,
cl 130.19, 127.8, 127.6, 127.41, 127.35, 126.1, 125.6, 124.4, 122.0, 118.5,

117.9, 117.7, 106.4, 59.4, 51.9, 36.1, 32.0; HRMS (ESI-TOF) calcd for C33H30CLLNO3; [M+H]*
558.1597, found 558.1595.

N-benzyl-N-(2-((1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)oxy)-5-
nitrophenyl)methanesulfonamide (60)

o 32.9 mg, 51% yield: white solid. Mp = 184-186 °C; '"H NMR (400
02N©\ mph MHz, CDCl3) & 7.77 (dd, J = 8.7, 2.6 Hz, 1H), 7.72 — 7.67 (m, 2H),
o N 7.53 (d,J=2.1Hz, 1H), 7.42 - 7.37 (m, 5H), 7.35 —7.29 (m, 6H), 7.27
(j\‘S,N~Bn B 7.21 (m, 2H), 7.20 — 7.15 (m, 3H), 6.85 (dd, J = 8.6, 2.1 Hz, 1H),
Mo 5.04 (s, 2H), 3.22 (s, 3H), 1.65 (s, 9H); 3C NMR (101 MHz, CDCl;)
0 156.7, 148.4, 148.0, 139.3, 136.6, 135.7, 135.5, 134.4, 134.2, 133.5, 131.7, 130.2, 128.7, 128.6,

128.2,127.9, 127.8, 127.5, 126.9, 125.8, 121.4, 118.1, 116.9, 112.3, 111.4, 106.8, 59.6, 53.9, 40.4,
32.0; HRMS (ESI-TOF) calcd for C3sH3sN30sS [M+H]* 646.2370, found 646.2374.

methyl (4/R,11bS)-10-(tert-butyl)-4,11b-dimethyl-8,9-diphenyl-2,3,4,4a,5,6,10,11b-octahydro -
1H-naphtho|2,1-flindole-4-carboxylate (6p)

37.4 mg, 72% yield: white solid. Mp = 165-167 °C; "TH NMR (500 MHz,
CDCl) 6 7.71 (s, 1H), 7.36 — 7.26 (m, 6H), 7.21 (dd, J = 8.4, 6.8 Hz,
2H), 7.15 —7.10 (m, 3H), 3.71 (s, 3H), 3.08 — 3.01 (m, 2H), 2.52 (d, J
=12.1 Hz, 1H), 2.41 (dd, J = 12.5, 2.6 Hz, 1H), 1.99 — 1.82 (m, 4H),
1.81 — 1.71 (m, 2H), 1.66 (s, 9H), 1.54 — 1.47 (m, 1H), 1.40 (s, 3H), 1.37 (s, 3H); '3C NMR (126
MHz, CDCl3) 6 179.1, 143.7,138.3, 136.5, 135.6, 135.4, 131.74, 131.67, 130.3, 127.6, 127.3,127.2,
126.9, 125.2, 118.7, 116.9, 110.1, 58.9, 51.9, 47.7, 45.2, 38.9, 37.7, 36.7, 32.1, 29.6, 25.7, 22.0,
18.8, 16.6; HRMS (ESI-TOF) calcd for C3sH42NO> [M+H]" 520.3210, found 520.3213.
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methyl (4aS5)-6-methoxy-1,4a-dimethyl-1,2,3,4,4a,6b,7,8,9,10,10a,11,12,12a-tetradecahydro-
7,10-methanobenzo[3,4]|cyclobuta[1,2-a]phenanthrene-1-carboxylate (6q) (d.r. = 1:1)

6.7 mg, 17% yield: colorless oil. 'H NMR (500 MHz, CDCls) 8 6.61 (s,
1H), 3.87 (s, 3H), 3.67 (s, 3H), 3.22 (d, J= 3.8 Hz, 1H), 3.05 (d, /= 3.8
Hz, 1H), 2.71 — 2.65 (m, 2H), 2.32 — 2.28 (m, 2H), 2.28 — 2.24 (m, 3H),
2.24—-2.20 (m, 2H), 2.06 — 2.01 (m, 2H), 1.85 —1.73 (m, 2H), 1.71 — 1.60
(m, 4H), 1.36 — 1.34 (m, 2H), 1.28 (s, 3H), 1.21 (s, 3H). 3C NMR (126
MHz, CDCl3) 6 179.3,151.8, 150.8, 146.1, 130.2, 129.9, 110.0, 56.7, 52.0,
49.6,49.4,47.9,45.0,38.4, 38.0, 36.8, 36.0,35.4, 32.1, 32.0, 28.0, 27.9, 27.4,27.3, 25.6, 25.3, 24.7,
22.8,21.4,18.8, 16.7, 14.3. HRMS-EI calcd for C26H3403 [M]* 394.2502; found 394.2502.

methyl 5a,9-dimethyl-2,3-diphenyl-5,52a,6,7,8,9,9a,10-octahydro-1H-cyclopenta[b]anthracene
-9-carboxylate (6r)

5.5 mg, 12% yield: white sticky foam. 'H NMR (400 MHz, CDCl;)
6 7.45 (s, 1H), 7.45-7.35 (m, 2H), 7.38-7.30 (m, 3H), 7.28-7.25 (m,
1H), 7.26-7.22 (m, 1H), 7.23-7.12 (m, 3H), 6.87 (s, 1H), 3.87 (s, 2H),
3.66 (s, 3H), 2.92-2.85 (m, 2H), 2.44-2.36 (m, 1H), 2.30-2.24 (m,
1H), 1.87-1.73 (m, 4H), 1.71-1.61 (m, 2H), 1.46-1.39 (m, 1H), 1.29 (s, 3H), 1.27 (s, 3H); *C NMR
(126 MHz, CDCIl3) 6 179.1, 146.8, 144.6, 140.8, 139.9, 139.7, 136.8, 136.4, 133.3, 129.3, 128.8,
128.2, 128.1, 127.3, 126.8, 120.6, 119.5, 51.9, 47.7, 45.1, 40.9, 38.4, 37.5, 36.7, 30.2, 25.2, 21.8,
18.7, 16.6; HRMS (ESI-TOF) calcd for C33H350, [M+H]" 463.2632, found 463.2635.

methyl (4R,12bS)-4,12b-dimethyl-8,9,10,11-tetraphenyl-1,2,3,4,4a,5,6,12b-
octahydrotetraphene-4-carboxylate (6s)

21.9 mg, 35% yield; yellowish solid. Mp= 106-108 °C; '"H NMR (500
MHz, CDCL) 6 7.57 (s, 1H), 7.35 (d, J= 1.4 Hz, 1H), 7.31-7.17 (m,
10H), 6.91-6.80 (m, 10H), 3.67 (s, 3H), 3.07-2.94 (m, 2H), 2.27 (dd,
J=12.5, 2.7 Hz, 1H), 2.09-2.01 (m, 1H), 1.94-1.85 (m, 1H), 1.80—
1.71 (m, 2H), 1.71-1.65 (m, 2H), 1.52—1.44 (m, 2H), 1.30 (s, 3H), 1.20
(s, 3H); *C NMR (126 MHz, CDCl3) 8 179.0, 148.9, 140.9, 140.8,
139.8, 138.3, 138.1, 137.9, 137.3, 134.4, 131.5, 131.4, 131.3, 130.7, 130.4, 127.5, 127.4, 127.3,
126.6, 126.5, 126.3, 126.2, 126.0, 125.2, 121.7, 52.0, 47.7, 44.7, 38.0, 37.7, 36.8, 29.8, 25.2, 21.7,
18.6, 16.7; HRMS (ESI-TOF) calcd for C46H430, [M+H]" 627.3258, found 627.3257.

(4R,12bS)-4,12b-dimethyl-8,9,10,11-tetraphenyl-1,2,3,4,4a,5,6,12b-octahydrotetraphene-4-
carboxylic acid (6s-1)

8.9 mg, 92% yield; yellowish solid. Mp > 200 °C; '"H NMR (400 MHz,
CDCl3) 6 7.53 (s, 1H), 7.31 (s, 1H), 7.25-7.16 (m, 10H), 6.88—6.77 (m,
10H), 2.98 (s, 2H), 2.24 (d, J=12.4 Hz, 1H), 2.08-1.98 (m, 1H), 1.95—
1.83 (m, 1H), 1.82-1.71 (m, 1H), 1.73-1.61 (m, 3H), 1.62—-1.51 (m, 1H),
1.51-1.40 (m, 1H), 1.26 (s, 3H), 1.17 (s, 3H); 3C NMR (126 MHz,
CDCl3) 6 183.7, 148.3, 140.3, 140.2, 139.3, 137.8, 137.5, 137.4, 136.7,
133.8, 127.0, 126.9, 126.8, 126.1, 126.0, 125.9, 125.8, 125.6, 124.7, 121.2, 44.0, 37.4, 37.1, 36.1,
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29.2,24.7,21.2, 18.0, 15.9, 13.7; HRMS (ESI-TOF) calcd for C4sH3902 [M-H] 611.2956, found
611.2957.

methyl (4R,12bS)-8,9,10,11-tetrakis(4-methoxyphenyl)-4,12b-dimethyl-1,2,3.4,4a,5,6,12b-
octahydrotetraphene-4-carboxylate (6s-2)

OMe 20.9 mg, 28% yield; yellow solid. Mp = 127-130 °C; TH NMR
(500 MHz, CDCl3) 6 7.54 (s, 1H), 7.30 (s, 1H), 7.15-7.01 (m, 4H),
6.84-6.74 (m, 4H), 6.71-6.64 (m, 4H), 6.45-6.39 (m, 4H), 3.81 (s,
3H), 3.80 (s, 3H), 3.65 (s, 3H), 3.63 (s, 3H), 3.63 (s, 3H), 2.99—
2.93 (m, 2H), 2.23 (dd, J=12.4, 2.6 Hz, 1H), 2.06 (d, /= 13.0 Hz,
1H), 1.91-1.81 (m, 1H), 1.78-1.69 (m, 2H), 1.68-1.61 (m, 2H),

OMe 1.50-1.40 (m, 2H), 1.27 (s, 3H), 1.17 (s, 3H); *C NMR (126 MHz,
CDCl3) 6 179.1, 157.8, 157.7, 156.8, 148.6, 138.5, 138.1, 137.8, 137.0, 134.0, 133.7, 133.6, 132.3,
132.2, 131.0, 130.7, 126.0, 121.7, 112.9, 112.9, 112.8, 112.7, 112.1, 55.1, 54.9, 53.8, 52.0, 47.7,
44.8, 38.0, 37.6, 36.7, 29.8, 29.3, 25.2, 21.7, 18.6, 16.7; HRMS (ESI-TOF) calcd for CsoHs10s
[M+H]*" 747.368, found 747.3682.

methyl 8a,12-dimethyl-5,6-diphenyl-8,8a,9,10,11,12,12a,13-octahydrobenzo[a]tetracene-12-
carboxylate (6t)

13.1 mg, 25% yield: white solid. Mp= 85-87 °C; "TH NMR (400 MHz,
O CDCls) 8 8.76 (d, J= 8.3 Hz, 1H), 8.70 (s, 1H), 7.65-7.58 (m, 1H), 7.51

(dd, J=8.3, 1.4 Hz, 1H), 7.44 (dd, J = 6.9, 1.2 Hz, 1H), 7.25-7.14 (m,
8H), 7.16-7.10 (m, 3H), 3.66 (s, 3H), 2.96 (dd, J = 9.0, 4.8 Hz, 2H),
2.71(d,J=13.3 Hz, 1H), 2.34 (dd, J= 12.5, 2.5 Hz, 1H), 1.95-1.79 (m,
4H), 1.78-1.67 (m, 2H), 1.51-1.43 (m, 1H), 1.36 (s, 3H), 1.33 (s, 3H); *C NMR (126 MHz, CDCls)
6 179.0, 148.9, 139.7, 139.6, 136.5, 136.5, 134.7, 131.6, 131.1, 131.0, 131.0, 130.1, 129.9, 128.1,
127.8,127.5,127.5,127.4,126.3, 126.1, 126.0, 122.1, 117.6,51.9,47.7,44.7, 38.5,37.8, 36.7,29.7,
25.5,21.6,18.7, 16.7, HRMS (ESI-TOF) calcd for C3sH370, [M+H]* 525.2788, found 525.2788.

(4R,14bS)-4,14b-dimethyl-8,9-diphenyl-1,2,3,4,4a,5,6,14b-octahydrobenzo[m]tetraphene-4-
carboxylic acid(6t-1)

8.2 mg, 65% yield; white solid, Mp = 110-112 °C. '"H NMR (400 MHz,
CDCl3) 6 8.76 (d, J= 8.3 Hz, 1H), 8.69 (s, 1H), 7.62 (ddd, /= 8.3, 6.8,
1.5 Hz, 1H), 7.50 (dd, /= 8.3, 1.4 Hz, 1H), 7.43 (ddd, /=8.1,6.7, 1.1
Hz, 1H), 7.24-7.16 (m, 7H), 7.15-7.09 (m, 4H), 3.01-2.93 (m, 2H),
2.72 (d, J=12.3 Hz, 1H), 2.37-2.29 (m, 1H), 2.03—1.94 (m, 1H), 1.94-1.80 (m, 4H), 1.84-1.74 (m,
2H), 1.37 (s, 3H), 1.34 (s, 3H); 3C NMR (126 MHz, CDCl3) & 183.5, 148.7, 139.7, 139.6, 136.6,
136.5, 134.6, 131.6, 131.1, 131.0, 131.0, 130.1, 129.9, 128.1, 127.9, 127.5, 127.5, 127.4, 126.3,
126.1, 126.0, 122.1, 117.6, 47.4, 44.5, 38.5, 37.7, 36.7, 29.8, 25.5, 21.7, 18.6, 16.4; HRMS (ESI-
TOF) calcd for C37H350, [M+H]™ 511.2632 , found 511.2628.

14-methyl-10-0x0-10H-dibenzo[3,4:6,7]azepino[1,2-alindol-12-yl (1R,4aS)-7-isopropyl- 1,4a-
dimethyl-1,2,3.4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (6u) (d.r. = 1:1)
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O 32.9 mg, 54% yield: white solid. 'H NMR (500 MHz, CDCls) &

q 7.79 (dd, J= 8.0, 1.0 Hz, 1H), 7.72-7.60 (m, 4H), 7.39 (td, J=17.6,

. O O 1.1 Hz, 1H), 7.30-7.26 (m, 1H), 7.26-7.24 (m, 1H), 7.23-7.19 (m,

BN o 3H), 7.06-7.01 (m, 1H), 6.94 (dd, J=5.5,2.0 Hz, 1H), 6.83 (s, 1H),

3.09-2.92 (m, 2H), 2.89-2.81 (m, 1H), 2.69 (s, 3H), 2.47-2.41 (m,

1H), 2.37 (d, J = 13.1 Hz, 1H), 2.03-1.94 (m, 2H), 1.90-1.79 (m,

3H), 1.66-1.56 (m, 2H), 1.42 (s, 1.5H), 1.41 (s, 1.5H), 1.28-1.22 (m, 9H). 3C NMR (126 MHz,

CDCl3) 6 196.6, 177.1, 177.1, 150.2, 146.8, 146.8, 146.0, 144.6, 139.5, 138.9, 136.3, 135.7, 134.7,

134.7, 134.6, 132.4, 128.7, 127.9, 127.9, 127.8, 127.1, 126.8, 126.7, 125.3, 124.3, 124.2, 124.2,

123.3, 121.8, 120.9, 118.3, 111.2, 108.3, 48.2, 45.0, 44.9, 38.1, 37.1, 36.7, 36.6, 33.6, 30.3, 25.3,

24.1,22.6,22.2,22.1,18.7, 16.8, 14.3. HRMS-ESI calcd for C4H4,NO3 [M+H]" 608.3157; found
608.3159.

1-methyl-5-0x0-5,10-dihydrodibenzo[3,4:6,7]azocino[1,2-a]indol-3-yl  (1R,4aS)-7-isopropyl-
1,4a-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (6v) (d.r. = 1:1)

21.8 mg, 35% yield: white solid. "H NMR (500 MHz, CDCls) &
7.84 (d, J=7.8 Hz, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.58-7.55 (m,
2H), 7.46-7.40 (m, 1H), 7.28-7.24 (m, 1H), 7.22 (d, J = 8.1 Hz,
1H), 7.19-7.11 (m, 3H), 7.04 (d, J = 8.3 Hz, 1H), 6.93 (s, 1H),
6.87-6.85 (m, 1H), 6.65 (s, 1H), 5.35 (d,J=16.6 Hz, 1H), 5.08 (d,
J=16.0 Hz, 1H), 3.01-2.94 (m, 2H), 2.89-2.83 (m, 1H), 2.50 (s,
3H), 2.46-2.41 (m, 1H), 2.38 (d, J = 12.9 Hz, 1H), 2.27-2.21 (m, 1H), 2.01-1.94 (m, 2H), 1.88-
1.80 (m, 2H), 1.65 (d, J=11.9 Hz, 2H), 1.39 (s, 1.5H), 1.38 (s, 1.5H), 1.27-1.23 (m, 9H). 3C NMR
(126 MHz, CDCls) 6 199.4, 177.1, 151.2, 146.8, 146.0, 145.3, 139.1, 137.8, 136.3, 135.0, 134.7,
134.6, 132.8, 130.6, 128.8, 128.7, 128.4, 127.1, 125.7, 124.4, 124.2, 124.2, 124.1, 122.1, 121.1,
120.5,116.9,116.8,109.6, 103.2, 48.2,47.5,45.0,44.9, 38.1,37.2, 36.8, 36.6, 33.6,30.3, 25.3,24.1,
22.2, 22.1, 20.5, 18.7, 16.8, 14.3. HRMS-ESI calcd for C43H4NO; [M+H]™ 622.3316; found
622.3316.

methyl (S)-2-acetamido-3-(1-(tert-butyl)-3-methyl-2-phenyl-1H-indol-6-yl)propanoate (6w)
26.4 mg, 65% yield: white solid. Mp= 168-170 °C; '"H NMR (500 MHz,

N, { CDCL:) § 7.47 (d, J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.41 — 7.36 (m, 3H), 7.34
_o v =729 (m, 2H), 6.85 (dd, J = 8.0, 1.3 Hz, 1H), 5.97 (d, J = 7.8 Hz, 1H),
o tBu 4,96 (dt,J= 7.8, 5.4 Hz, 1H), 3.78 (s, 3H), 3.36 — 3.27 (m, 2H), 1.99 (s,

3H), 1.95 (s, 3H), 1.55 (s, 9H); 3C NMR (126 MHz, CDCLs) § 172.3, 169.5, 138.2, 137.0, 136.5,
130.9, 128.6, 127.8, 127.6, 127.5, 120.0, 118.8, 115.4, 110.9, 58.6, 53.5, 52.3, 38.3, 31.9, 23.2, 9.0;
HRMS (ESI-TOF) calcd for CosHsN,03 [M+H]* 407.2329, found 407.2326.

methyl (5)-2-acetamido-3-(1-(tert-butyl)-3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-2- phenyl-
1H-indol-6-yl)propanoate (6x)

oTBS 36.9 mg, 67% yield: white solid. Mp = 116-118 °C; "H NMR (500

o MHz, CDCl3) § 7.54 (d, J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.40 — 7.36 (m,

A \_,.  3H).7.34-730 (m, 2H), 6.84 (dd. J= 8.1, 1.4 Hz, 1H), 6.05 — 5.96

-0 N (m, 1H), 4.96 (dt, J = 7.7, 5.4 Hz, 1H), 3.78 (s, 3H), 3.64 — 3.57 (m,
0 t-Bu
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2H), 3.35 — 3.26 (m, 2H), 2.66 — 2.59 (m, 2H), 1.9 (s, 3H), 1.54 (s, 9H), 0.81 (s, 9H), -0.10 (s, 6H);
13C NMR (126 MHz, CDCls) § 172.2, 169.5, 139.0, 136.5, 136.4, 130.9, 128.1, 127.8, 127.6, 120.2,
119.0, 115.5, 111.7, 63.6, 58.7, 53.4, 52.3, 38.2, 31.9, 28.2, 25.9, 23.1, 18.3, -5.4; HRMS (ESI-
TOF) calcd for C2Ha7N204Si [M+H]" 551.3300, found 551.3299.

methyl (5)-6-(2-acetamido-3-methoxy-3-oxopropyl)-1-(tert-butyl)-3-methyl-1H-indole-2-
carboxylate (6y)

22.5 mg, 58% yield: white solid. Mp = 119-121 °C; '"H NMR (400
{ MHz, CDCl3) & 7.47 (d, J = 8.1 Hz, 1H), 7.35 (d, J = 1.4 Hz, 1H),
oM 6.82 (dd, J=8.1, 1.3 Hz, 1H), 6.00 (d, J = 7.7 Hz, 1H), 4.92 (dt, J =
Bu 7.8, 5.6 Hz, 1H), 3.90 (s, 3H), 3.72 (s, 3H), 3.25 (d, J = 5.6 Hz, 2H),
2.28 (s, 3H), 1.96 (s, 3H), 1.72 (s, 9H); *C NMR (101 MHz, CDCl3) § 172.1, 169.5, 165.8, 138.2,
130.6, 128.9, 127.9, 120.7, 120.3, 116.5, 115.5, 58.4, 53.4, 52.3, 52.0, 38.3, 30.4, 23.0, 9.0; HRMS
(ESI-TOF) calcd for C2;H23N>NaOs [M+Na]™ 411.1890, found 411.1890.

o Me

]

methyl (S)-2-acetamido-3-(1-(tert-butyl)-3-cyclopropyl-2-phenyl-1H-indol-6-yl)propanoate
(62)

13.4 mg, 31% yield: white solid. Mp= 147-149 °C; '"H NMR (500 MHz,

)OL CDCl3) 6 7.62 (d,J=8.1 Hz, 1H), 7.42 (s, 1H), 7.39 — 7.33 (m, 5H), 6.81

" N—pn  (dd, J=8.1, 1.3 Hz, 1H), 5.94 (d, J = 7.7 Hz, 1H), 4.95 (dt, J= 7.8, 5.4

Y Hz, 1H), 3.78 (s, 3H), 3.34 — 3.24 (m, 2H), 1.98 (s, 3H), 1.57 — 1.50 (m,

10H), 0.57 — 0.52 (m, 2H), 0.48 — 0.44 (m, 2H); '3C NMR (126 MHz,

CDCl3) 6 172.3,169.5,139.8,137.2,136.3,131.2, 128.1, 127.53, 127.51, 127.4, 120.1, 119.4, 115.6,

115.4,58.8,53.4,52.3,38.2,32.0,23.2, 6.5, 5.3; HRMS (ESI-TOF) calcd for C,7H33N,03 [M+H]*
433.2486, found 433.2488.

methyl (R)-2-acetamido-2-(1-(tert-butyl)-6-methoxy-2,3-diphenyl-1H-indol-5-yl)acetate (6aa)
31.9 mg, 66% yield: white solid. Mp>200 °C; '"H NMR (500 MHz, CDCl3)

(0]
A §7.57 (s, 1H), 7.32 — 7.23 (m, 6H), 7.21 — 7.16 (m, 2H), 7.13 — 7.07 (m,
Ph
e { 3H), 6.62 (d, J = 8.7 Hz, 1H), 5.86 (d, J = 8.7 Hz, 1H), 3.95 (s, 3H), 3.68
o, (s, 3H), 2.02 (s, 3H), 1.63 (s, 9H); 3C NMR (126 MHz, CDCl3) § 172.1,

! Bu 169.2,152.7,137.4, 136.6, 136.2, 134.6, 131.9, 131.7, 130.1, 127.8, 127.6,
127.4, 127.3, 125.5, 122.8, 121.3, 119.2, 118.0, 98.1, 59.1, 56.1, 53.6, 52.4, 32.0, 23.3; HRMS
(ESI-TOF) calcd for C30H33N204 [M+H]" 485.2435, found 485.2435.

ethyl (S)-2-acetamido-4-(1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)butanoate (6ab)
o 38.2 mg, 77% yield: white solid. Mp = 105-107 °C; '"H NMR (500
o vm_Ph MHz, CDCl3) § 7.59 (d, J = 1.3 Hz, 1H), 7.55 (d, J = 8.1 Hz, 1H),
/\O)H"“\ N 7.33 —7.23 (m, 5H), 7.20 — 7.16 (m, 2H), 7.13 — 7.09 (m, 3H), 6.96
\n/NH tBu (dd, J=8.2, 1.4 Hz, 1H), 6.10 (d, /= 8.0 Hz, 1H), 4.75 (td, J= 7.7,
o 5.1 Hz, 1H), 4.29 — 4.18 (m, 2H), 2.90 — 2.78 (m, 2H), 2.34 — 2.26
(m, 1H), 2.14 — 2.06 (m, 1H), 2.03 (s, 3H), 1.64 (s, 9H), 1.31 (t, /= 7.2 Hz, 3H); '3C NMR (126

MHz, CDCl3) 6 172.6, 169.8, 137.9, 136.7, 136.3, 135.1, 133.7, 131.7, 130.2, 127.6, 127.6, 127.3,
127.2,125.3,120.2,119.6,117.7, 114.6, 61.5,59.2, 52.2, 35.0, 32.5, 32.1, 23.2, 14.2; HRMS (ESI-
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TOF) calcd for C3,H37N203 [M+H]* 497.2799, found 497.2799.

methyl (5)-2-((S)-2-acetamido-3-methylbutanamido)-3-(1-(tert-butyl)-2,3-diphenyl-1H-indol
-6-yl)propanoate (6ac)

25.5 mg, 45% yield: white solid. Mp = 196-198 °C; 'TH NMR (500
MHz, CDCl3) 6 7.54 (d, J= 8.1 Hz, 1H), 7.51 (s, 1H), 7.33 — 7.23 (m,

Ph

D—pn
o : SH), 7.17 (t, J = 7.6 Hz, 2H), 7.12 — 7.08 (m, 3H), 6.86 (dd, J = 8.1,
WANOL PB4 Hy, TH), 635 (d,J = 7.7 Hz, 1H), 6.19 (d, J = 8.6 Hz, 1H), 4.97 -
ot "o 4.91 (m, 1H), 429 (dd, J = 8.6, 6.2 Hz, 1H), 3.75 (s, 3H), 3.36 — 3.24

(m, 2H), 2.09 — 2.01 (m, 1H), 1.98 (s, 3H), 1.61 (s, 9H), 0.95 — 0.90
(m, 6H); BC NMR (126 MHz, CDCls) § 171.9, 170.8, 169.8, 138.3, 136.6, 136.1, 134.9, 131.74,
131.70, 130.2, 128.0, 127.9, 127.7, 127.4, 125.4, 120.8, 119.9, 117.7, 115.5, 59.3, 58.1, 53.5, 52.3,
38.4, 32.1, 31.5, 23.2, 18.9, 18.0; HRMS (ESI-TOF) calcd for C3sH4:N304 [M+H]" 568.3170,
found 568.3171.

methyl (R)-3-(1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)-2-((/r,4R)-4-isopropylcyclohexane-1
-carboxamido)propanoate (6ad)
43.4 mg, 75% yield: white solid. Mp= 187-189 °C; '"H NMR (500

m MHz, CDCL3) 8 7.56 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 1.4 Hz, 1H),
P 735-7.24(m, 5H), 7.21 —7.16 (m, 2H), 7.15 — 7.09 (m, 3H), 6.85

o P N

O)LHE\H/O\ By (4 J=82 Hz, 1H), 6.02 (d,J = 7.7 Hz, 1H), 5.04 — 4.98 (m, 1H),
N 0 3.78 (s, 3H), 3.37 (dd, J= 13.9, 4.9 Hz, 1H), 3.30 (dd, J= 13.9, 5.7
Hz, 1H), 2.07 — 1.99 (m, 1H), 1.96 — 1.90 (m, 2H), 1.83 — 1.75 (m,
2H), 1.63 (d, J= 1.6 Hz, 9H), 1.52 — 1.37 (m, 3H), 1.11 — 1.03 (m, 1H), 1.02 — 0.92 (m, 2H), 0.87
(d, J= 6.8 Hz, 6H); 3C NMR (126 MHz, CDCls) § 175.6, 172.3, 138.1, 136.5, 136.1, 134.9, 131.7,
131.6, 130.2, 128.4, 127.8, 127.6, 127.3, 125.4, 121.1, 119.6, 117.6, 115.6, 59.2, 53.0, 52.2, 45.5,
43.1, 38.3, 32.7, 32.0, 29.6, 29.5, 28.9, 28.9, 19.7; HRMS (ESI-TOF) calcd for CssHysN,O3

[M+H]* 579.3581, found 579.3580.

methyl 2-acetamido-3-(7-methyl-1,2,3,4,4a,8b-hexahydro-1,4-methanobiphenylen-5-yl)
propanoate (6ae) (d.r. = 1:1)

17.3 mg, 53% yield: colorless oil. '"H NMR (500 MHz, CDCl3) § 6.71 (s, 0.5H),
)OL 6.69 (s, 0.5H), 6.55 (s, 0.5H), 6.52 (s, 0.5H), 5.90 — 5.83 (m, 1H), 4.86 — 4.76
; i (m, 1H), 3.71 (s, 1.5H), 3.70 (s, 1.5H), 3.09 (q, J= 4.5 Hz, 2H), 3.05 — 3.00 (m,

2H), 2.28 — 2.25 (m, 1H), 2.23 —2.20 (m, 1H), 2.15 (s, 1.5H), 2.14 (s, 1.5H),

1.99 (s, 1.5H), 1.98 (s, 1.5H), 1.61 — 1.54 (m, 2H), 1.18 - 1.15 (m, 2H), 0.96 —
0.94 (m, 0.5H), 0.94 — 0.92 (m, 0.5H), 0.79 — 0.77 (m, 0.5H), 0.77 — 0.75 (m, 0.5H). 3C NMR (151
MHz, CDCl3) 8 172.5, 172.3, 169.7, 169.6, 146.5, 146.4, 143.9, 135.2, 135.2, 132.3, 132.3, 129.3,
129.1, 120.1, 119.9, 53.6, 53.6, 52.3, 52.3, 49.6, 49.6, 49.2, 38.7, 38.6, 36.6, 35.9, 35.9, 32.1, 32.1,
32.0,27.9,27.9,23.3,23.3,22.8, 16.7, 14.3. HRMS-ESI calcd for C20H2sNO3 [M+H]* 328.1907,
found 328.1909.

-
o

methyl (S)-2-acetamido-3-(1-(tert-butyl)-3-methyl-2-phenyl-1H-indol-6-yl)propanoate (6af)
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o . 35.6mg, 76% yield: white solid. Mp= 118-120 °C; 'H NMR (400 MHz,
mph CDCLs) & 7.58 — 7.49 (m, 2H), 7.33 — 7.23 (m, 5H), 7.21 — 7.15 (m, 2H),

o \ 7.13 - 7.08 (m, 3H), 6.84 (dd, J = 8.1, 1.4 Hz, 1H), 5.99 (d, J= 7.9 Hz,
o *Bu  |H),4.98 (dt,J=7.8, 5.3 Hz, 1H), 3.78 (s, 3H), 3.36 — 3.30 (m, 2H), 2.00

(s, 3H), 1.62 (s, 9H); 3C NMR (101 MHz, CDCl3) § 172.2, 169.5, 138.2, 136.6, 136.1, 134.9, 131.7,

130.2, 128.2, 127.9, 127.7, 127.7, 127.4, 125.4, 1209, 119.7, 117.7, 115.7, 59.2, 53.5, 52.3, 38.3,
32.1, 23.2; HRMS (ESI-TOF) calcd for C30H33N20; [M+H]" 469.2486, found 469.2487.

methyl ($)-2-acetamido-3-(5,6,7,8-tetraphenylnaphthalen-2-yl)propanoate (6ag)
Ph 20.8 mg, 36% yield; yellowish solid. Mp = 70-72 °C; TH NMR (500
NHAC OO "M MHz, CDCl5) § 7.58 (d, J = 8.7 Hz, 1H), 7.31 (s, 1H), 7.25-7.15 (m,
MeOOC ph  10H), 7.12 (dd, J= 8.7, 1.9 Hz, 1H), 6.91-6.78 (m, 10H), 5.84 (d, J =
Ph 7.7 Hz, 1H), 4.92-4.85 (m, 1H), 3.57 (s, 3H), 3.28-3.13 (m, 2H), 1.89
(s,3H); 3C NMR (126 MHz, CDCl3) 4 171.8, 169.4, 140.4, 140.3, 139.5, 139.4, 139.3, 138.9, 138.3,
138.0, 133.3, 132.0, 131.3, 131.2, 131.2, 131.1, 127.7, 127.6, 127.5, 127.4, 127.1, 126.6, 126.5,

125.4, 53.0, 52.3, 37.7, 23.1; HRMS (ESI-TOF) calcd for C4H34sNO3 [M+H]" 576.2533, found
576.253.

methyl 2-acetamido-3-(9,10-diphenylphenanthren-3-yl)propanoate (6ah)
Ph 9.9 mg, 21% yield: white solid. Mp= 183-185 °C; 'H NMR (500 MHz,
NHAc O‘ "' CDCl3) § 8.75 (d, J = 8.3 Hz, 1H), 8.53 (s, 1H), 7.66 (m, 1H), 7.56 (d, J
MeOOC O =8.0Hz, 1H), 7.52-7.46 (m, 2H), 7.25-7.17 (m, 7H), 7.17-7.12 (m, 4H),
6.00-5.94 (m, 1H), 5.10-4.99 (m, 1H), 3.77 (s, 3H), 3.50-3.34 (m, 2H),
2.01 (s, 3H); 3C NMR (126 MHz, CDCl3) 8 172.1, 169.7, 139.4, 139.4, 137.2, 136.9, 133.9, 132.1,

131.0, 130.9, 130.0, 129.8, 129.7,128.2, 127.9, 127.7, 127.6, 126.8, 126.5, 123.1, 122.2, 53.3, 52.5,
38.15, 23.3; HRMS (ESI-TOF) calcd for C3;H2sNO3 [M+H]" 474.2064, found 474.2068.

methyl (5)-2-acetamido-3-(12-methyl-10-ox0-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-14-yl)
propanoate (6ai) (d.r. = 1:1)
20.3 mg, 45% yield: yellow solid. 'H NMR (500 MHz, CDCls) & 7.78 (d,

MeO~p© O J=8.0 Hz, 1H), 7.70 — 7.57 (m, 4H), 7.38 (t, J = 7.5 Hz, 1H), 7.28 — 7.26
AN (m, 1H), 7.26—7.19 (m, 3H), 6.83 (s, 1H), 6.07 — 5.97 (m, 1H), 4.95 — 4.84
O N (m, 1H), 3.78 (s, 1.5H), 3.77 (s, 1.5H), 3.23 —3.17 (m, 1H), 3.15—3.07 (m,
O 1H), 2.66 (s, 3H), 2.03 (s, 1.5H), 2.02 (s, 1.5H). 13C NMR (126 MHz,

O

CDCl) 6 197.5, 197.4, 171.9, 171.9, 169.9, 169.8, 143.7, 143.6, 139.3,
137.8, 136.4, 136.0, 135.9, 135.8, 135.7, 135.7, 135.1, 132.3, 128.3, 128.2, 128.1, 128.0, 127.9,
126.8, 126.7, 126.2, 126.1, 125.3, 125.3, 123.3, 121.8, 120.9, 111.2, 108.2, 53.2, 53.1, 52.7, 52.6,
37.4,37.3, 23.4, 23.3, 22.5, 22.5. HRMS (ESI-TOF) calcd for C23H2sN>O04 [M+H]" 453.1809,
found 453.1808.

methyl (S)-2-acetamido-3-(3-methyl-5-0x0-5,10-dihydrodibenzo[3,4:6,7]azocino[1,2-a]indol-

1-yl)propanoate (6aj) (d.r. = 1:1)
10.7 mg, 23% yield: white solid. '"H NMR (500 MHz, CDCl3) & 7.83 — 7.79 (m, 1H), 7.62 — 7.58
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(m, 1H), 7.55 — 7.52 (m, 2H), 7.44 — 7.38 (m, 1H), 7.25 — 7.22 (m, 1H),
7.19 - 7.12 (m, 2H), 7.12 — 7.08 (m, 1H), 6.82 (d, J = 1.8 Hz, 0.5H), 6.79
(d,J=1.7 Hz, 0.5H), 6.64 — 6.61 (m, 1H), 6.00 (t, /= 6.7 Hz, 1H), 5.28 —
5.19 (m, 1H), 5.06 (d, J= 3.4 Hz, 0.5H), 5.03 (d, J= 3.4 Hz, 0.5H), 4.91 —
4.83 (m, 1H), 3.70 (s, 1.5H), 3.69 (s, 1.5H), 3.21 — 3.13 (m, 1H), 3.12 —
3.04 (m, 1H), 2.4 (s, 3H), 1.97 (s, 1.5H), 1.95 (s, 1.5H). 3C NMR (151
MHz, CDCls) § 200.6, 200.4, 172.0, 171.9, 169.8, 144.7, 144.6, 139.1, 139.1, 138.1, 137.6, 137.5,
136.8, 136.7, 136.4, 135.6, 135.5, 132.6, 132.0, 131.9, 130.4, 130.3, 128.7, 128.7, 128.7, 128.6,
128.5, 127.1, 124.5, 124.5, 122.1, 121.1, 120.5, 109.6, 103.1, 103.0, 53.3, 52.6, 52.5, 47.6, 47.5,
37.8, 37.8, 23.3, 23.2, 20.4, 20.4. HRMS-ESI calcd for CaoH,7N204 [M+H]" 467.1965, found
467.1964.

(4R,11bS)-4,11b-dimethyl-8,9-diphenyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho|[2,1-
flindole-4-carboxylic acid (7a)

35.0 mg, 78% yield: white solid. Mp = 128-130 °C; 'TH NMR (500
MHz, CDCl3) 6 8.11 (s, 1H), 7.49 — 7.28 (m, 12H), 3.15 —3.03 (m,
2H), 2.44 (d,J=12.7 Hz, 1H), 2.40 — 2.34 (m, 1H), 2.03 - 1.92 (m,
1H), 1.93 - 1.76 (m, 4H), 1.76 — 1.61 (m, 2H), 1.37 (s, 3H), 1.34
(s, 3H); ¥*C NMR (126 MHz, CDCl3) 8 184.6, 145.5, 135.4, 135.1,
134.3, 133.0,130.1, 128.6, 128.4, 128.0, 127.7, 127.5,127.2, 126.0, 118.9, 114.2, 105.8, 47.5, 44.8,
38.6, 37.6, 36.8, 30.0, 25.6, 22.0, 18.7, 16.4; HRMS (ESI-TOF) calcd for C31H30NO;, [M-H]
448.2282, found 680.2285.

(4R,11bS)-10-(tert-butyl)-4,11b-dimethyl-8,9-diphenyl-2,3,4,4a,5,6,10,11b-octahydro-1H-
naphtho[2,1-flindole-4-carboxylic acid (7b)

22.7 mg, 75% yield: white solid. Mp = 133-135 °C; 'H NMR (500
MHz, CDCl3) 8 7.67 (s, 1H), 7.33 — 7.23 (m, 6H), 7.18 (t, J= 7.6 Hz,
2H), 7.10 (d, J = 7.3 Hz, 3H), 3.11 — 2.98 (m, 2H), 2.49 (d, /=124
Hz, 1H), 2.38 (d, /= 12.2 Hz, 1H), 2.00 — 1.82 (m, 4H), 1.80 — 1.70
(m, 2H), 1.67 — 1.58 (m, 10H), 1.37 (s, 3H), 1.35 (s, 3H); 3C NMR
(126 MHz, CDCIl3) 6 185.1, 143.6, 138.3, 136.5, 135.6, 135.4, 131.8, 131.7, 130.3, 127.6, 127.5,
127.3,127.2,127.1,126.9,125.2,118.7,116.9, 110.2, 58.9, 47.5, 44.9, 38.9, 37.7, 36.8, 32.1, 29.7,
25.9,22.1, 18.8, 16.3; HRMS (ESI-TOF) calcd for C35sH33sNO, [M-H] 504.2908, found 504.2908.

(4R,11bS)-8,9-bis(3-methoxyphenyl)-4,11b-dimethyl-2,3,4,4a,5,6,10,11b-octahydro-1H-
naphtho[2,1-flindole-4-carboxylic acid (7¢)

25.3 mg, 83% yield: white solid. Mp= 113-115 °C; "H NMR (500
MHz, CDCl3) 8 8.10 (s, 1H), 7.34 (s, 1H), 7.31 (s, 1H), 7.28 (t, J =
7.9 Hz, 1H), 7.23 (t, /= 8.0 Hz, 1H), 7.03 — 6.98 (m, 3H), 6.95 (t, J
=2.0 Hz, 1H), 6.86 — 6.80 (m, 2H), 3.75 (s, 3H), 3.67 (s, 3H), 3.11
—3.01 (m, 2H), 2.40 (d,J=12.5Hz, 1H), 2.33 (dd, /=124, 2.5 Hz,
1H), 1.99 — 1.88 (m, 1H), 1.88 — 1.73 (m, 4H), 1.69 — 1.56 (m, 2H), 1.33 (s, 3H), 1.30 (s, 3H); 3C
NMR (126 MHz, CDCIs) 6 184.6, 159.63, 159.56, 145.7, 136.8, 135.0, 134.2, 129.7, 129.4, 127.8,
127.2, 122.8, 120.3, 119.0, 115.4, 114.3, 113.5, 113.3, 112.0, 105.9, 55.2, 55.1, 47.5, 44.8, 38.7,
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37.6, 36.8, 30.0, 29.7, 25.6, 22.1, 18.7, 16.4; HRMS (ESI-TOF) calcd for C33H3sNO4 [M-H]
508.2493, found 508.2493.

(4R,11bS)-10-(tert-butyl)-8,9-bis(3-methoxyphenyl)-4,11b-dimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho[2,1-flindole-4-carboxylic acid (7d)

27.1 mg, 83% yield: white solid. Mp= 130-132 °C; "H NMR (500
MHz, CDCl3) 6 7.67 (s, 1H), 7.34 (s, 1H), 7.21 —7.16 (m, 1H), 7.13
(t,J=7.9 Hz, 1H), 6.97 — 6.91 (m, 1H), 6.89 — 6.82 (m, 2H), 6.79
(d, J=7.6 Hz, 1H), 6.68 (dd, /= 8.1, 2.7 Hz, 1H), 6.66 — 6.63 (m,
1H), 3.74 (d, J = 7.5 Hz, 3H), 3.61 (s, 3H), 3.12 — 2.98 (m, 2H),
2.49 (d,J=12.4 Hz, 1H), 2.39 (dd, /= 12.4, 2.3 Hz, 1H), 1.99 — 1.82 (m, 4H), 1.81 — 1.71 (m, 2H),
1.69—1.60 (m, 10H), 1.38 (s, 3H), 1.35 (s, 3H); 3C NMR (126 MHz, CDCl3)  184.8, 158.9, 158.7,
158.6, 143.6, 138.0, 137.8, 136.7, 135.6, 128.5, 128.3, 128.2, 127.0, 126.9, 124.6, 124.5, 122.7,
118.8,117.6,117.5,116.6,114.9,113.1,113.0,111.7,110.2, 59.0, 55.2,54.9,47.5,44.9, 38.8, 37.7,
36.8,32.0,29.7,25.8,22.1, 18.8, 16.4; HRMS (ESI-TOF) calcd for C37H42NO4[M-H] 564.3119,
found 564.3118.

4,4'-((4R,11bS)-4-carboxy-4,11b-dimethyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho[2,1-
flindole-8,9-diyl)dibenzoic acid (7e)

COOH 25.4 mg, 79% yield: white solid. Mp > 200 °C; "TH NMR 500
MHz, CD;0D) 6 8.00 (d,/=7.9 Hz, 2H), 7.94 (d, /= 8.1 Hz,
2H), 7.48 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.35
(s, 1H), 7.21 (s, 1H), 3.01 — 2.93 (m, 2H), 2.46 — 2.40 (m,
1H), 2.25 (dd, J = 12.5, 2.4 Hz, 1H), 1.92 — 1.78 (m, 3H),
1.76 — 1.65 (m, 2H), 1.60 — 1.48 (m, 2H), 1.28 (s, 3H), 1.24
(s, 3H); 3C NMR (126 MHz, CD;0D) & 181.4, 168.9, 168.6, 145.9, 141.0, 137.3, 136.2, 133.8,
129.7,129.60, 129.55, 129.4,128.0, 127.8, 127.3, 126.4, 118.0, 113.3, 106.1, 45.1, 38.6, 37.4, 36.7,
29.9,24.7,21.8,19.5, 18.4, 15.8; HRMS (ESI-TOF) calcd for C33H30NOs [M-H] 536.2079, found
536.2080.

(4R,11bS)-10-(tert-butyl)-9-(4-carboxyphenyl)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho[2,1-flindole-4-carboxylic acid (7f)
24.0 mg, 82% yield: white solid. Mp = 87-89 °C; '"H NMR
500 MHz, DMSO-ds) & 7.94 (t, J= 7.8 Hz, 2H), 7.45 (s, 1H),
7.40 — 7.33 (m, 2H), 7.07 (s, 1H), 2.99 — 2.81 (m, 2H), 2.37
(d, J=12.3 Hz, 1H), 2.09 (dd, /= 11.9, 2.3 Hz, 1H), 1.79 (s,
3H), 1.76 — 1.62 (m, 4H), 1.58 — 1.52 (m, 1H), 1.48 — 1.37 (m, 11H), 1.15 (s, 6H); '3C NMR (126
MHz, DMSO-ds) 6 180.2, 167.9, 143.9, 141.9, 137.2, 136.2, 131.2, 131.1, 130.3, 129.14, 129.09,
127.9, 125.9, 118.2, 110.11, 110.05, 58.4, 47.0, 45.5, 37.6, 36.8, 31.9, 29.8, 25.9, 22.0, 18.8, 16.9,
9.3; HRMS (ESI-TOF) calcd for C31H3sNO4 [M-H] 486.2650, found 486.2648.
(4R,11bS)-10-(tert-butyl)-9-(4-carboxyphenyl)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho[2,1-flindole-4-carboxylic acid (7g)
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19.4 mg, 74% yield: white solid. Mp = 123-125 °C; 'H NMR 500
MHz, CDCl3) 6 7.62 (s, 1H), 7.41 — 7.36 (m, 3H), 7.35 — 7.30 (m,
3H), 3.68 (t, /= 6.9 Hz, 2H), 3.17 — 3.06 (m, 2H), 2.64 (td, /= 6.9,
4.7 Hz, 2H), 2.47 (d, J = 12.4 Hz, 1H), 2.38 (dd, J = 12.5, 2.4 Hz,
1H), 2.02-1.92 (m, 1H), 1.91 — 1.68 (m, 5H), 1.63 (dq, /=9.6,3.3
Hz, 1H), 1.56 (s, 9H), 1.36 (s, 3H), 1.35 (s, 3H); '3C NMR (126 MHz, CDCls) 5 184.6, 143.4, 139.5,
136.8, 135.5, 131.1, 131.0, 127.7, 127.60, 127.59, 127.4, 126.4, 118.0, 110.3, 110.0, 63.1, 58.5,
47.5, 45.0, 38.8, 37.7, 36.7, 31.9, 29.8, 27.9, 25.8, 22.1, 18.8, 16.4; HRMS (ESI-TOF) calcd for
C31H3sNO3; [M-H] 472.2857, found 472.2860.

(4R,11bS)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho|2,1-f]lindole-4,9-
dicarboxylic acid (7h)

17.3 mg, 81% yield: white solid. Mp = 192-194 °C; 'H NMR 500
MHz, CD3;OD) & 7.17 (s, 1H), 7.13 (s, 1H), 2.98 — 2.84 (m, 2H),
2.42 (s, 3H), 2.33 — 2.26 (m, 1H), 2.12 (dd, /= 12.4, 2.5 Hz, 1H),
1.83 —1.75 (m, 1H), 1.75 — 1.66 (m, 2H), 1.64 — 1.54 (m, 2H), 1.47
—1.39 (m, 2H), 1.17 (s, 3H), 1.12 (s, 3H); 3C NMR (126 MHz, CD;0D) & 181.3, 164.8, 148.3,
135.9, 126.7, 126.5, 123.7, 119.1, 118.3, 106.4, 45.0, 38.6, 37.5, 36.7, 29.7, 24.5, 21.8, 18.4, 15.8,
8.7; HRMS (ESI-TOF) calcd for C2iH24NO4[M-H] 354.1711, found 354.1711.

(4R,11bS)-4,11b-dimethyl-8-phenyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho[2,1-flindole-
4,9-dicarboxylic acid (7i)

18.0 mg, 72% yield: white solid. Mp = 177-179 °C; 'H NMR 500
MHz, CD;0D) & 7.52 — 7.48 (m, 2H), 7.42 — 7.37 (m, 3H), 7.33 —
7.28 (m, 1H), 7.17 (s, 1H), 3.00 —2.89 (m, 2H), 2.46 — 2.41 (m, 1H),
2.24 (dd,J=12.4,2.5Hz, 1H), 1.92—-1.79 (m, 3H), 1.76 — 1.70 (m,
1H), 1.70 — 1.65 (m, 1H), 1.60 — 1.49 (m, 2H), 1.28 (s, 3H), 1.24 (s,
3H); BC NMR (126 MHz, CDs0D) & 181.2, 164.0, 148.5, 135.7, 134.5, 130.3, 127.6, 127.3, 126.3,
126.1,122.9, 122.7, 119.7, 106.6, 47.1, 44.9, 38.6, 37.5, 36.7, 29.7, 24.5, 21.7, 18.4, 15.8; HRMS
(ESI-TOF) calcd for Co6H2sNO4 [M-H] 416.1867, found 416.1868.
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5. NMR Spectra

5.1 NMR Spectra for New Starting Material

(E)-1-phenylbutan-1-one O-(2,4-dinitrophenyl) oxime (1a) ("H NMR 500 MHz, CDCl5)
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(E)-1-(p-tolyl)butan-1-one O-(2,4-dinitrophenyl) oxime (1b) ("H NMR 500 MHz, CDCls
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(E)-1-([1,1'-biphenyl]-4-yl)butan-1-one O-(2,4-dinitrophenyl) oxime (1c¢) (‘H NMR 500 MHz,
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methyl (1R,4aS8)-7-((E)-1-((2,4-dinitrophenoxy)imino)butyl)-1,4a-dimethyl-1,2,3,4,4a,9,10,
10a-octahydrophenanthrene-1-carboxylate (1u) (3C NMR 126 MHz, CDCl3)
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methyl (R,E)-2-(4-(4-(1-((2,4-dinitrophenoxy)imino)butyl)-2-fluorophenoxy)phenoxy)
ropanoate (1x) ("H NMR 500 MHz, CDCl;
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methyl (R,E)-2-(4-(4-(1-((2,4-dinitrophenoxy)imino)butyl)-2-fluorophenoxy)phenoxy)
propanoate (1x) (*C NMR 126 MHz, CDCls)
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ethyl (E)-2-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)-2-methylpropanoate (1y) (‘H

NMR 500 MHz, CDCls)
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Methyl

propanoate (1z) ("H NMR 500 MHz, CDCls)
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(E)-2-(4'-(1-((2,4-dinitrophenoxy)imino)butyl)-2-fluoro-[1,1'-biphenyl]-4-yl)
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(S,E)-13-butyryl-10-(1-((2,4-dinitrophenoxy)imino)butyl)-14-methyl-8,13,13b,14-
tetrahydroindolo[2',3':3,4]pyrido[2,1-b]quinazolin-5(7H)-one (laa) ('H NMR 500 MHz,
CDCly)
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(S,E)-13-butyryl-10-(1-((2,4-dinitrophenoxy)imino)butyl)-14-methyl-8,13,13b,14-
tetrahydroindolo[2',3':3,4]pyrido[2,1-b]quinazolin-5(7H)-one (1aa) (3C NMR 126 MHz,
CDCl3)
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(8R,9S,138S,148,175)-2-((E)-1-((2,4-dinitrophenoxy)imino)propyl)-13-methyl-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-yl acetate (lab) ('H
NMR 500 MHz, CDCl3)
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7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-yl acetate (1ab) (3C
NMR 126 MHz, CDCl3)
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(E)-1-(4-(4-(2-(pyridin-2-yloxy)propoxy)phenoxy)phenyl)butan-1-one O0-(2,4-dinitrophenyl)

oxime (1ac) ("H NMR 500 MHz, CDCl;)
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(E)-1-(4-(4-(2-(pyridin-2-yloxy)propoxy)phenoxy)phenyl)butan-1-one O0-(2,4-dinitrophenyl)

oxime (1ac) (*C NMR 126 MHz, CDCl3)
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(E)-2-(cyclohexanecarbonyl)-10-(1-((2,4-dinitrophenoxy)imino)butyl)-1,2,3,6,7,11b-
hexahydro-4H-pyrazino[2,1-a]isoquinolin-4-one (1ad) ("H NMR 500 MHz, CDCl3)
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(E)-2-(cyclohexanecarbonyl)-10-(1-((2,4-dinitrophenoxy)imino)butyl)-1,2,3,6,7,11b-
hexahydro-4H-pyrazino[2,1-a]isoquinolin-4-one (1ad) ('*C NMR 126 MHz, CDCI3)
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3,3,5-trimethylcyclohexyl (E)-2-(benzyloxy)-5-(1-((2,4-dinitrophenoxy)imino)butyl)benzoate

(1ae) (‘"H NMR 500 MHz, CDCl3)
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(1ae) (*C NMR 126 MHz, CDCls)
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(18,2R)-2-(acetamidomethyl)-1-(4-((E)-1-((2,4-dinitrophenoxy)imino)butyl)phenyl)-/V, V-
diethylcyclopropane-1-carboxamide (1ag) ("H NMR 500 MHz, CDCl5)
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(18,2R)-2-(acetamidomethyl)-1-(4-((E)-1-((2,4-dinitrophenoxy)imino)butyl)phenyl)-/V, V-
diethylcyclopropane-1-carboxamide (1ag) ('3C NMR 126 MHz, CDCls)
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(E)-N-benzyl-N-(2-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)-5-
nitrophenyl)methanesulfonamide (1ah) ("H NMR 400 MHz, CDCls)
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(E)-N-benzyl-N-(2-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)-5-
nitrophenyl)methanesulfonamide (1ah) ('*C NMR 101 MHz, CDCls)
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methyl (E)-2-(2-(2,4-dichlorophenoxy)-5-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)acetate
(1ai) ("H NMR 500 MHz, CDCl5)
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methyl (E)-2-(2-(2,4-dichlorophenoxy)-5-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)acetate
(1ai) ('3C NMR 126 MHz, CDCls)

VO COONANTONDITONMT= OO
TN YNOORWANMNMNN®DOT OO o wgow A NN © =
~© NNOOWOOD®ONNINANNID No~ - © Ao N o=
NGO LLLITNOAONNNNNNNN = NN G o 6w o o <
- - FrFrFrFrEFrFrFTFETEESIFCSECETS SO oe e NN~ N 0 M ™ & - L 3.5E+10
[ SN em————— ~ | [ (.
F3.0E+10
NO,
F2.5E+10
NO,
.0
N
| F2.0E+10
MeOOC
(0]
cl +1.5E+10
cl | 1.0E+10
y ‘ +5.0E+09
+0.0E+00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

$96



methyl (R)-3-(4-((E)-1-((2,4-dinitrophenoxy)imino)butyl)phenyl)-2-((1r,4R)-4-
isopropylcyclohexane-1-carboxamido)propanoate (1aj) (‘H NMR 500 MHz, CDCls)
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(E)-3-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)benzyl
methylbutanoate (1ak) ("H NMR 500 MHz, CDCls)

2-(4-chlorophenyl)-3-
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(E)-3-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenoxy)benzyl
methylbutanoate (1ak) ('*C NMR 126 MHz, CDCls)
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methyl (S,E)-2-acetamido-3-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)propanoate (1al)

("H NMR 500 MHz, CDCl3)
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methyl (S,E)-2-acetamido-3-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)propanoate (1al)
(3C NMR 126 MHz, CDCl5)
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methyl (S,E)-2-acetamido-2-(5-(1-((2,4-dinitrophenoxy)imino)butyl)-2-methoxyphenyl)
acetate (1am) ("H NMR 400 MHz, CDCl5)
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methyl (S,E)-2-acetamido-2-(5-(1-((2,4-dinitrophenoxy)imino)butyl)-2-methoxyphenyl)
acetate (1am) ('3C NMR 101 MHz, CDCl;3)
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ethyl (S, E)-2-acetamido-4-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)butanoate (1an) ('H

NMR 500 MHz, CDCl3)
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ethyl (S,E)-2-acetamido-4-(4-(1-((2,4-dinitrophenoxy)imino)butyl)phenyl)butanoate (1an)
(3C NMR 126 MHz, CDCl5)
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methyl ($5)-2-((S)-2-acetamido-3-methylbutanamido)-3-(4-((E)-1-((2,4-dinitrophenoxy)imino)
butyl)phenyl)propanoate (1a0) ("H NMR 500 MHz, CDCls)
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methyl ($)-2-((S)-2-acetamido-3-methylbutanamido)-3-(4-((E)-1-((2,4-dinitrophenoxy)imino)
butyl)phenyl)propanoate (1ao) (**C NMR 101 MHz, DMSO-ds)
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(E)-1-(o-tolyl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1a-1) ('"H NMR 500 MHz, CDCl3)
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(E)-1-(naphthalen-1-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1c-1) (‘"H NMR 400 MHz,
CDCl)
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(E)-1-(benzofuran-4-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1d-1) (‘H NMR 400 MHz,
CDCl3)
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(E)-1-(1-methyl-1H-indol-4-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1e-1) ("H NMR 400
MHz, CDCl3)
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(E)-1-(1-methyl-1H-indol-4-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1e-1) (3C NMR 126
MHz, CDCl3)
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(E)-1-(thiophen-2-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1f-1) ('"H NMR 500 MHz,
CDCl)
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(E)-1-(thiophen-2-yl)ethan-1-one O-(2,4-dinitrophenyl) oxime (1f-1) ('3C NMR 126 MHz,
CDCl3)
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4-((E)-1-((2,4-dinitrophenoxy)imino)ethyl)-3-methylphenyl (1R, 4a8)-7-isopropyl-1,4a-
dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (1g-1) (‘H NMR 400 MHz,
CDCly)
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methyl (1R, 4a8)-7-((E)-1-((2,4-dinitrophenoxy)imino)ethyl)-6-methoxy-1,4a-dimethyl-
1,2,3,4,42,9,10,10a-octahydrophenanthrene-1-carboxylate (1h-1) ('3*C NMR 101 MHz, CDCls)
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methylphenyl)propanoate (1i-1) (‘H NMR 400 MHz, CDCls)
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methyl (Z2)-2-acetamido-3-(2-(1-((2,4-dinitrophenoxy)imino)ethyl)-5-
methylphenyl)propanoate (1i-1) (*C NMR 126 MHz, CDCl;)
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(E)-1-phenylbutan-1-one O-(4-methylbenzoyl) oxime (1a-2) (‘H NMR 500 MHz, CDCl5)
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(E)-1-(1-methyl-1H-indol-6-yl)butan-1-one O-(4-methylbenzoyl) oxime (1b-2) ("H NMR 400

MHz, CDCls)
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(E)-1-(1-methyl-1H-indol-6-yl)butan-1-one O-(4-methylbenzoyl) oxime (1b-2) ('*C NMR 101
MHz, CDCl)
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(E)-1-(benzofuran-5-yl)butan-1-one O-(4-methylbenzoyl) oxime (1c-2) (‘H NMR 400 MHz,
CDCl)
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(E)-1-(benzofuran-5-yl)butan-1-one O-(4-methylbenzoyl) oxime (1¢-2) ('3C NMR 126 MHz,

CDCl)
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(E)-1-(naphthalen-2-yl)butan-1-one O-(4-methylbenzoyl) oxime (1d-2) (‘H NMR 500 MHz,
CDCl)
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methyl (1R, 4a8)-1,4a-dimethyl-7-((E)-1-(((4-methylbenzoyl)oxy)imino)butyl)-
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(1£-2) (IH NMR 400 MHz, CDCl3)
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Methyl  (S,E)-2-acetamido-3-(4-(1-(((4-methylbenzoyl)oxy)imino)butyl)phenyl)propanoate
(1£-2) ('3C NMR 101 MHz, CDCls)
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(E)-1-phenylethan-1-one 0-(2,4-dinitrophenyl) oxime (s1) ("H NMR 500 MHz, CDCl3)

S114



F2.5E+11
L 2.0E+11
F1.5E+11
F1.0E+11
| 5.0E+10
| 0.0E+00
L 3.0E+11
L 2.5E+11
F2.0E+11
F1.5E+11
L 1.0E+11
| 5.0E+10
| 0.0E+00

e =
L2 5
[fe}
Fo o)
@)
o o
L2 N
© T
o M
Q (o]
[~ Sl
0 M omew —_ =0¢
M el L
o =
L2 =
L2 )
09z — g [ O =
o T €0€
F o ~ S0'¢ - _ .
n“ 00'e \ 80¢C
Lo ~ 80°¢
)
o
L2 E
s
w0 =}
[ ¥ —~
=
Loz > orLy
©8 5w
[0& = ey
v L1 [EF = g, 8vL]
ov L o o 8viy
o Fo B eref
8.1 o = MMMA
8y, ro - |
2 2 152
61" L o - .
0527 I~ ~ WMJ
1672 A
E.u»ﬁ —_ -2 hig Nm.Tr _
esL - M//oo.m o O sy _
. >l o o sszf
25, o 202 & 2 4 o
R.&ﬁ ~ Yook 0 @ MN.MA
11 — 3 2oL L@ i <] _ ~
wm.&ﬁ zZ 60 \n mm.fﬁ o)
611 . N [ o = 9u4] o -4
o8] S o - > s ozf o
508 ] z Q = 9 W. 222 o o
e \— Fo 101 z Q L "
vr'g > = 1 \
S8 o o, 12 \—
ov's ] Fe =, 908
198 © 5 808
ol Lo er's
2 = 2
L < T Sve]
- - ov'8 |
L2 B, 16'8 |
- S 68

-1.0

1.0 05 0.0 -0.5

T T T T T T
15

11.5 11.0 10.5 10.0 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)
S$115




(E)-1-phenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s2) ('*C NMR 126 MHz, CDCl;)
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(E)-1-phenylhexan-1-one 0-(2,4-dinitrophenyl) oxime (s3) ("H NMR 500 MHz, CDCl;)
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(E)-1-phenylhexan-1-one O-(2,4-dinitrophenyl) oxime (s3) ('*C NMR 126 MHz, CDCls)
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(E)-2,2-dimethyl-1-phenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s4) ("H NMR 400 MHz,

CDCl3)
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(E)-2,2-dimethyl-1-phenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s4) (*C NMR 101 MHz,
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(E)-1,3-diphenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s6) ("H NMR 400 MHz, CDCI3)
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(E)-1,3-diphenylpropan-1-one O-(2,4-dinitrophenyl) oxime (s6) (3C NMR 101 MHz, CDCls)
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$130

L 700000

L 650000

L 600000

L 550000

L 500000

L 450000

L 400000

L 350000

L 300000

L 250000

L 200000

L 150000

L 100000

L 50000

Lo

L. -50000




F1.6E+12

F1.4E+12

F1.2E+12

r1.0E+12
r8.0E+11
r6.0E+11

r4.0E+11
r2.0E+11
~0.0E+00

991
(42
42
cLL
€L
€L
€Ll
v,
L
viL
viL

-0.5 -1.0

SV
SLL
oLL
oL'L
8LL
8LL
8LL
6L°L
0z'L
0z'L
0z'L
\zL
1zl
€241
vz L
sz L
sz L
Sz
9z'L 1
1247
12717
12717
12721
8T L
8T 'L
622
62,
oe's
€€,
€€
ves
ges]
v9° L
92 ]
s9.
99°2
99°2
082
z8'L

Ph
N Ph
t-Bu

4a

1.0 0.5 0.0

15

12.0 11.5 11.0 10.5 10.0 9.5 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)

1-(tert-butyl)-6-methyl-2,3-diphenyl-1 H-indole (4b) ("H NMR 500 MHz, CDCl;)

r3.0E+11

F2.5E+11
F2.0E+11
F1.5E+11
F1.0E+11

-5.0E+10
~0.0E+00

78¢
86'9
86'9
002
002
oLz
WL
IAW]
zLL
gLL
eL'L
vLL
vLL
vLL
8121
EIWE
61,7
61721
61721
0Z'L1
12721
1227
SZ'LA
SZ'LA
AR
AN
121
12217
1z
8Z'L
8z,
82,
621
6221
zeL
zeL
ee'L
ve'L
ve'L
€52
-9
092

=€v'6

Me

R =00'¢

20'L
fove
I 7912
e ﬂmw.m
= [
Jmmo
0L

T
-0.5

-1.0

1.0 0.5 0.0

15

T
11.0 10.5 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)

1-(tert-butyl)-2,3,6-triphenyl-1 H-indole (4c) ("H NMR 500 MHz, CDCls)

S$131



r2.0E+11
r1.5E+11

F1.0E+11
+5.0E+10
0.0E+00
H6.0E+11
F5.0E+11
F4.0E+11
F3.0E+11
F2.0E+11
F1.0E+11
0.0E+00

- — 2.5E+11

1.0 05 0.0 -0.5 -1.0

1.5

e
€89
€89

.

J =+2'6

1 (ppm)

1-(tert-butyl)-6-methoxy-2,3-diphenyl-1H-indole (4d) ("H NMR 500 MHz, CDCls)

0zZ'2 Y ol
0Z'2 A - 0
ST LN — — $90'T

szl - 1ze
9z, 0L

Ph

S

N
MeO

12.0 11.5 11.0 10.510.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

-1.0

T
-0.5

1.0 0.5 0.0

1.5
$132

1 (ppm)

11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20

1-(tert-butyl)-6-(methylthio)-2,3-diphenyl-7 H-indole (4¢) ("H NMR 500 MHz, CDCl;)



OANODNNNTODDNDNVDDOWOULONDWWMOMNOOM®M— OO (o2}
LR R RRR R R A N S © <
NNNNNNNNNNNNNNNNNNNNNNNNNNN N o~ r4.0E+11
PR NN NN
F3.5E+11
[r
// F3.0E+11
[
F2.5E+11
Ph
F2.0E+11
N Ph
MeS N
- F1.5E+11
de t-Bu
F1.0E+11
Il
L | 5.0E+10
‘\
_ JJLA;“A_;AAAJngggggg,,ODE+00
gLgee g d
- nmnm o o

T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0
1 (ppm)

1-(tert-butyl)-6-fluoro-2,3-diphenyl-1H-indole (4f) ("H NMR 500 MHz, CDCls)

F1.4E+12
F1.2E+12
|
*J
N%/
F1.0E+12
| 8.0E+11
Ph
E N | 6.0E+11
af t-Bu
| 4.0E+11
| 2.0E+11
uAJ | 0.0E+00
TTE AT AR 4
Sooxo-o S
- ANOMON®M o

T T T T T T T T T T T T T T T T
.5 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)

T T T
11.5 11.0 10.5 10.0 9.5 90 85 80 75 7.0

1-(tert-butyl)-6-chloro-2,3-diphenyl-1 H-indole (4g) ("H NMR 500 MHz, CDCls)

$133



VOMNM T OHOANNT—TONDNDVDOVOONMNNMNMOOULUVLOOODNIDONNMNTOON-OOONN DO N
NNOOLOMOOOOANNNNNNANNNNNRNNN- -+ s-+-0000Q00
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNRISENNNNNN«-
_______ i i i L 3.0E+11
L 2.5E+11
ol
L 2.0E+11
Ph
N—ph F1.5E+11
cl N
t-Bu
49
F1.0E+11
| 5.0E+10
—J | 0.0E+00
ggede 3
~ - 0N < o

T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0
1 (ppm)

1-(tert-butyl)-2,3-diphenyl-6-(trifluoromethyl)-1 H-indole (4h) ("H NMR 500 MHz, CDCl5)

ONOODOODODONMNNMNMNLUULTOHOANNTOODOVOTITNNTTNNOLTTONN of
CRNRBOAAINNNNONNARNNNNNNNN= === =2 e o @ | 5.0E+11
ONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN p .
NN NN,
-4.0E+11
o ff/(
+3.0E+11
Ph
N—ph
N -2.0E+11
F3C \tB
-bu
4h
-1.0E+11
I
I
| L
J +0.0E+00
SEBEE LR &
COoQOY o ]
O NON (2]

T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)

1-(tert-butyl)-2,3-diphenyl-6-(trifluoromethyl)-7 H-indole (4i) ('*C NMR 126 MHz, CDCl3)

S134



S388328835889383838080200 90,0, N 1.00E411
COUVY-"OCOOWONNOOITNONNNDBGGOGOGANNNNNN ® N
TOOOOOONNNNNNNNNNNN-r v+ NNO D N
FrFrFrFrFrFrFEFEFFFEFFEFFEFFRFRFRFERFERFERFECECC e e NN N n 3]
FANARANANANARANRNANANANAN AN
N | = ~ | | L 9.00E+10
| 8.00E+10
|7.00E+10
| 6.00E+10
Ph
N—ph L 5.00E+10
N
an PY | 4.00E+10
| 3.00E+10
| 2.00E+10
| | 1.00E+10
I
v J | 0.00E+00
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
1-(tert-butyl)-2,3-diphenyl-6-(trimethylsilyl)-1 H-indole (4i) "H NMR 500 MHz, CDCl;)
NUOTAN T T " O0OO0ODDDNDNVDOMNOOWODNMWOMNM— «— [} N~
QOOMMMMMOHANNNNNNNN« = = = =« © ®
NNNNNNNNNNNNNNNNNNNNNNN - o r6.0E+11
NN NN |
| 5.0E+11
| {(
L 4.0E+11
Ph
N\ | 3.0E+11
Ph
i N
Me3S| \tB
. -Bu
4i
L 2.0E+11
b 1.0E+11
I
I
[} [
S N D & 3
®0 QNN N S
O~ ONMm o o
———————— 77—
11.5 11.0 105 10.0 95 90 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0

1 (ppm)

1-(tert-butyl)-2,3-diphenyl-6-(trimethylsilyl)-/ H-indole (4f) ('*C NMR 126 MHz, CDCl5)

$135



OC-OYTONTOTNOONO ¥
TIOCORNONOMNMO® = Lgw @ a9 @
COCOBE O INNO T OO~ NG~ N N © I 3.0E+10
COBIEEAIIINZ2E rfe @ b E
T I I I
r2.5E+10
Ph F2.0E+10
N—ph
Me;Si N
i t-Bu I 1.5E+10
4i
r1.0E+10
| r5.0E+09
|
|
|
IWVpr——————— ——— MM AT . inviihysassabiymon | 0 O +00
T T T T T T T T T T T T T T T T T T T T T T
210 20 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 10 0 -10
1 (ppm)
1-(tert-butyl)-5-methyl-2,3-diphenyl-1 H-indole (4j) ("H NMR 500 MHz, CDCl5)
OO0 O0ONDODNDVOWUMTOHONONANNNDODONOOUOTC—TOONDOODOWLWLTM O g
NNOOUOUYETONMNNMMONMONMOANNNNNANNNNNNNT === 0 N r6.0E+11
NNNNNNNNNNNNNNNNNNNNSNNNNNNSNNNSNSNNNNNNNNN o g
i —— e |
r5.0E+11
|
Il
[ ]JJ/J{ J
r4.0E+11
Ph
Me | 3.0E+11
N—ph
N
\
4 t-Bu
r2.0E+11
r1.0E+11
I
|
I “
. I WL L 0.0E+00
CETBOND d 4
Qe - OoOx < e
“eaNoN®- ) o
T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0

1 (ppm)

1-(tert-butyl)-5-methoxy-2,3-diphenyl-1 H-indole (4k) ("H NMR 500 MHz, CDCl;)

S$136



OO ANNTTTOOWONMNNMOOOULULOLITTTN T TODDDOWOONTOONANNNN-|F-OOIONTODNDD N
R R R R R R R R AR R R R R R R R EEEEE
NNNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNNNNNNNNNNNNNNN©© ©© o~ |8 0E+11
NN =
L 7.0E+11
M | 6.0E+11
{ N
I 5.0E+11
Ph
MeO
N\ | 4.0E+11
Ph
N
‘B
4k RU L 3.0E+11
L 2.0E+11
\ b 1.0E+11
I 1
|
N 4 ) ,0.0E+00
sETEEES d 2
SoNS S99 = ®
AN NM (2} o
T
115 11.0 105 10.0 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)
1-(tert-butyl)-5,7-dimethyl-2,3-diphenyl-/ H-indole (41) (1H NMR 500 MHz, CDCls)
DOVOOVOVOOOTOHOANNDDDOVOOMNOULTONONONTITITOM— v O ~ b
KRNOOOOOMMMOANNNNNNNNNNNNNNT =« =« N - @
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGO o - 3.5E+11
NN NN, ‘
| 3.0E+11
I //// } L 2.5E+11
L 2.0E+11
Ph
Me
N—ph
N\ F1.5E+11
Me t-Bu
41
b 1.0E+11
| 5.0E+10
I
] 1
—JULJJ | 0.0E+00
CHEB ST D 4 4
SSTONNS S =
T ANM-- M © [}
e
115 11.0 105 100 95 90 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0

1 (ppm)

1-(tert-butyl)-5,7-dimethyl-2,3-diphenyl-/ H-indole (41) (3*C NMR 126 MHz, CDCl3)

S$137



TNOOT-TOMNOITNIOINT O «—
OBBIONO-INSRO AN D ¥ ES @ - 9
58883538322 EY N 8 o I +2.5E+10
R R el e el ol alh et ok eI SIS NN~ 0 ™ N
e [ [ \
| 2.0E+10
Ph
Me
N\ I 1.5E+10
Ph
N
\
Me t-Bu
4l
I 1.0E+10
| 5.0E+09
M&WMMWM—0.0&OO

210 20 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)
1-(tert-butyl)-6-fluoro-5-methyl-2,3-diphenyl-1 H-indole (4m) ("H NMR 500 MHz, CDCl5)
LOOUOUANTOOONMNNMNNOWOITTONDOMOMN——O < < <
TN OMONNNNNNNNT ™~~~ Mmoo o
NNNNNNNNNNNNNNNNNNNNNNNN [NEEN 3.0E+11
NN SN 90
r2.5E+11
,/j |
il |
F2.0E+11
Ph
Me \ r1.5E+11
Ph
PPN
t-Bu
4m
+1.0E+11
‘ +5.0E+10
|
!
H“ ‘
Lo “ | 0.0E+00
FFIET & d
QMO < -
- ANMON®M 2] o
11.0 105 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0

1 (ppm)

1-(tert-butyl)-2,3-diphenyl-5,6,7,8-tetrahydro-1H-benzo[f]indole (4n) ('"H NMR 500 MHz,
CDCl3)

S$138



OMT " T OO0OONMNNMNOOULULITTONDOVOM— OO NTOOMNOTOOPONNOOULTIT OO
BRANNmAaINNNANAdAINee22E22 O3RNV FPIVVBB B DD B Q
NNNNNNNNNNNNNNNNNNNNNNN OO NNNTrF s e+« r1.6E+11
NN SN SRS SR
L 1.4E+11
Jf L 1.2E+11
il /]
| 1.0E+11
Ph
N—ph | 8.0E+10
N
‘B
-Bu
4n L 6.0E+10
| 4.0E+10
I
H‘ | 2.0E+10
[
| 0.0E+00
g% & o
88888 3 S
O~ AN ANM NN <t o
———
11.0 105 100 95 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 00 -05 -1.0
1 (ppm)
1-(tert-butyl)-2,3-diphenyl-5,6,7,8-tetrahydro-1H-benzo[f]indole (4n) ('3C NMR 126 MHz,
CDCl3)
DO NOTOHVOMOOIONO ®
NOSSNOMOOY®MN-NN O 0 g v ) YN 0w
NOWW-OOONNNNLIDGN NG~ °’. SN Yo L 3.0E+10
OOOMOMOOHOOMONNNNNN—«— «— N~ o © NO MM
Frrrrrrrr e ~N~ re} ®oNNN
e e | PR
L 2.5E+10
Ph
| 2.0E+10
N—ph
N
‘tB
-Bu
4n L 1.5E+10
L 1.0E+10
| 5.0E+09
UL
TRVUPUROAPIIIFRRSORO || WY |1 R A Wb NI W | 0.0E+00

T T T ; T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

1-(tert-butyl)-2,3-diphenyl-1 H-benzo|[f]indole (40) ("H NMR 500 MHz, CDCls)

$139



ONOVMOOVOANTTTODONNNDWOTITNNOTTNDDOOULULMOMN- O OO
N-00RUILIITNNNNOONNONNNNNNINNNNNY = =~
WOONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNS
R S e [~
b 2.0E+11
111 /
b1.5E+11
Ph
O N Ph F1.0E+11
N
‘B
40 -bu
| 5.0E+10
Iy i
|
i i
J“‘JL—‘-A-—JJ——O.OE+OO
LR D FD 3
PR RS IS
OO~ OMSYT T — (o2}
——————————————————— 77—
11.5 11.0 10.5 100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1.0
1 (ppm)
1-(tert-butyl)-2,3-diphenyl-1H-benzo[f]indole (40) ('*C NMR 126 MHz, CDCl;)
NOOUNONANNTMNMOOODMDODOMNMN
DNCOMUIONOIROINONCB® 0QW N~ o
CTNOUW-COOPONNNNOUOMANGS NN @ @ I 3.5E+10
TOOOMOMOOONNNNNNNNN—— «— NN~ O [} —
FrFrFrFrFEFErFEFrEF R EF SRR e e e ~NN~KN 0 ®
SRR AN f f
| 3.0E+10
| 2.5E+10
Ph
N | 2.0E+10
Ph
N
‘8
-Bu
4o L 1.5E+10
L 1.0E+10
| 5.0E+09
“H
" ’ J v ‘ 4 | 0.0E+00
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

1-(tert-butyl)-6-methoxy-2,3-diphenyl-1H-pyrrolo[3,2-c|pyridine (4p) (‘"H NMR 500 MHz,

CDCl3)

$140



NTRNNOOUANTODNNVODON—— OO0 D o) Ni r3.5E+11
RN R N < N
NNENNMNNMNNNMNNNNNNNNNNNNNNN O <
NSNS S |
F3.0E+11
[ [
U (} | F2.5E+11
Iy | )
2.0E+11
Ph
N™ S\
L Ph L1.5E+11
MeO N\
4p t-Bu
+1.0E+11
| +5.0E+10
i
1 i 1
| JLMA_%AL
_J I 0.0E+00
deHhER & o &
QQow -0 O ° s
- ANMONMm O ™ [}
T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1.0

1 (ppm)
1-(tert-butyl)-6-methoxy-2,3-diphenyl-1H-pyrrolo[3,2-c|pyridine (4p) ('*C NMR 126 MHz,
CDCl3)

< oo ¥
T YOO ONNY® nn Q 0 oW o © )
® OUVWYTNODNNNIOL T O No~ e ¥ <
N TOOMOONNNNN—— O NN~ O o (52} -~
e R IR I IR L R — ~NN~KN © o ™
==\ ~ [ I
F2.0E+10
Ph F1.5E+10
N7
mph
MeO N
4p t-Bu
+1.0E+10
- 5.0E+09
Lot AN W W sy . okl DO - O_OE +00

210 20 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

1-(7-(tert-butyl)-5,6-diphenylpyrrolo[3,2-f]lindol-1(7H)-yl)ethan-1-one (4q) ("H NMR 500 MHz,
CDCl3)

S141



o~ TOUOUTTNDOVOVDONOOUNTOOMNOOULITTOON-ITITNOGD
S ONOOOANNNNNNNNNNNS s ss s s e o= 00oN
O NNNNNNNNNNNNNNNNNNNNNNNNNNNG®G O 7
(RN 1298 Lo 511
” F2.0E+11
/ Pl
F1.5E+11
Ph
4 N—ph
N N
ad B
- E +
¢ 4q u 1.0E+11
I 5.0E+10
J( J | 0.0E+00
3 4 4
S} e N
-~ (2} (o2}

T T T T T T T T
11.5 11.0 10.5 10.0 9.5 90 85 80 75 70 6.5

T T T T T T T T T T T T T T
60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
1 (ppm)

-1.0

1-(7-(tert-butyl)-5,6-diphenylpyrrolo[3,2-flindol-1(7H)-yl)ethan-1-one (4q) (3C NMR 126

MHz, CDCls)

o NOND—ONANNONDOON OO
© CYRANLERNBRBNREHON G 0 GO 2 o 3 L 3.5E+10
© c8wLwAN-ONNNOBWYTINODN NGE™ “ @ Q
© OOOOOMOOONNANNNNN—-OOO NMNIN© [} — <
- Frrrrrrrrrrrrre-e-e-- NN N 0 ™ N
| T ——————— | | |
r3.0E+10
r2.5E+10
Ph
/ \ Ph r2.0E+10
N N
Ad ‘B
C 4q -Bu
r1.5E+10
- 1.0E+10
r5.0E+09
| "
i L sl N AN PP ot | 0.0E+00
T T T T T T T T T T T T T T T T T T T T T T T
210 20 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

7-(tert-butyl)-5,6-diphenyl-7H-furo[3,2-f]indole (4r) ("H NMR 500 MHz, CDCl5)

S$142



MO OULWUVLITITNOODONNMNMOOULONTOWNWMODOWOULOLTITONOO©O
ONOWMMOAMMOANNNNNNNNNNNNN- - NNN <@
NENNMNNMNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNO O © f
e e o
[ !m |
Ph
7 N Ph
(6] N
\
t-Bu
4r

gERURSETY

~roavYad«~o

9.30=

T T T T T T T T T T T T T T T T T T T T T T T T T
11.56 11.0 10.5 10.0 9.5 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00 -05
1 (ppm)

7-(tert-butyl)-5,6-diphenyl-7H-furo[3,2-flindole (4r) (*C NMR 126 MHz, CDCl3)

ONNOODITNDM«= OO O©N

NI QOINONOT QI NNY B Q «
NFTBOWEONNNOIL =N OO ™ NG ™~ N @
OLTONOOMOONNNNANN—OO® ~N N © (2] -
FrFrFrFrFrEFrFrEFrEFEFEFEFCECECSES - O ~ ~ 0 ™

|
|
|
t

Ph
/ N—pn
O N

\

t-Bu

T T T T T T T T T T T T T T T T T T T T T T
210 20 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

1-(tert-butyl)-6-(furan-3-yl)-2,3-diphenyl-/ H-indole (4s) ("H NMR 500 MHz, CDCls)

$143

r3.0E+11

F2.5E+11

r2.0E+11

r1.5E+11

r1.0E+11

-5.0E+10

~0.0E+00

T
-1.0

r2.5E+10

r2.0E+10

r1.5E+10

r1.0E+10

r5.0E+09

r0.0E+00

-10



DDOVOVONT—ONNTITTONODIDONMNNMNOTODNDOTNON——O OO
DONNNOOUOOOOMMMOOONNNNNNNNT«- =+« 000 o
NNNNMNNNMNNMNNNNNNNNNNNNNNNNNNNNNNNNNO OO F2.5E+11
e
F2.0E+11
HHM [
r1.5E+11
Ph
N—ph
J N
’ ‘tB r1.0E+11
-Bu
O
4s
5.0E+10
l JL " ] | 0.0E+00
~OvroaNYN®— [}
T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0

1 (ppm)

1-(tert-butyl)-6-(furan-3-yl)-2,3-diphenyl-1H-indole (4s) ('3C NMR 126 MHz, CDCls)

ONODNOOODNDOANTDOTLMOWOO©
TIOONONAOONCOOIORT Y L0 0 <
VDONOCOYT“ONNNNNOBoo~Na® NFN 5] ~
TOOOOOOOANNNNNNN-T+—+—O M~ © (2] N
B ol ot I I i e e ) B e} ©
AR AR AR | ‘
S\
F2.5E+10
| 2.0E+10
Ph
\ Ph r1.5E+10
J N
| \
ol t-Bu
4s
-1.0E+10
| 5.0E+09
v AW |- O.OE +00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

1-(tert-butyl)-2,3-bis(2-fluorophenyl)-/ H-indole (4t) (‘"H NMR 500 MHz, CDCl3)

S144



F2.0E+11
r1.8E+11
r1.6E+11
r1.4E+11
F1.2E+11
r1.0E+11
r8.0E+10
r6.0E+10
-4.0E+10
r2.0E+10
~0.0E+00
r2.0E+11
r1.5E+11
r1.0E+11
r5.0E+10
r0.0E+00

o
Te}
re E
Le ~
S =
0 Q
L2 o
o Q
= G
[0 T evrie—
t2t =676 ° MM
| _— 6
N
N
J 5 :
L »
v6'9 o e
S6'9 LS M 9z'69
069 Z sLoL
69 L2 00°2L
o ® O wu
1oL |2 < 18Tl
. N —~ E67LLT
MN.M 0 & ovsiy
07 M ~ Zv6lL]
moﬂ o L 7661l
L1 F6E S €££1Zi
90/ =% .
207 o0& T ogzzl
] Foe S evzzlq
SL'LY = O YreziA
w”% Le T zzrzL
oL N sevziy
Y Le = N_.wN:W
IvE © > ol
. 818zl
8Ly gle S orez—
8L L ~— poos 2 ) .
2 B el g
0z'2 - rerN S erzel
vz 2] ol = o0
sz'L] - ~01] e © <zoeel
A © = ecogl
9z'L =
121 L@ 1 196Gl /
1T°L ® Q sro9 B
171 L2 L ezoleLy )
8z & e o = erzol
8221 > o iy L S
@ o 2
62 ) ~ @
] 72 - T
og'L z o A A
oe'L ) =
0gL w 0 - L
LeL re =
e =
o 1
- 2 z
oL © =
v8'L L= A
82 - -

-10

;
190 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)
S145

210 200

1-(tert-butyl)-2,3-bis(3-methoxyphenyl)-/ H-indole (4u) ("H NMR 500 MHz, CDCl;)



r3.0E+11

F2.5E+11

r2.0E+11

r1.5E+11
r1.0E+11

r5.0E+10
~0.0E+00

28 L

=206

-10°€
zoe

QAN oo ®QQO®
Fr e ANTO - -

s

-1.0

1.0 05 0.0 -0.5

1.5

11.5 11.0 10.5 10.0 9.5 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)

1-(tert-butyl)-2,3-bis(3-fluorophenyl)-1 H-indole (4v) (‘H NMR 500 MHz, CDCl5)

r2.5E+07

r2.0E+07

- 1.5E+07

- 1.0E+07

-5.0E+06

~0.0E+00

L1971
€89
€89
€89
89
G8'9
G8'9
G8'9
18'9
06'9
06'9

069

z6'9
z6'9

z6'9

v0'L

v0'L

v0'L

502

902

902

102

gL

€L

v
S1L
G172
SL7L
CIWE
91,1
VA
21727
112
112N
8172
8L L
6L°L7
612
9z'L
9z,
821
8T/
8Z'L 1
621
o]
og'L
292
292
v9'L
v9'L
v9'L
1872
182
€82
€82

=Gl'6

-0.5

11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

-1.0

1.0 0.5 0.0

1.5

1 (ppm)

1-(tert-butyl)-2,3-bis(3-fluorophenyl)-1H-indole (4v) (3C NMR 126 MHz, CDCls)

S$146



o <} o o <} o o o - - - - - - - - o )
8 8 IS 8 8 e 8 8 8 ¥ ¥ ¥ ¥ T by by by 3 g
o o o o o o o o o w
2 § & 8§ & § ® 8 § . & ¢ & g5 & 5 & 5 5 3
| | h h h h | | | | < N © © N N - - 0 o
\m L L L L L L L L L L
— L O
| ©
o
N
Fe
s0ze— -~
° -2 991 — =£1'6
r< m NmAm/
8eT .
L3 @) mo.n/ D = M\)mOMM
§ oL
e 102
0S'65 D E— L3 an) 102
SL9L M 502
00°2L o )
sTLL FR oS 602
3 S 602
Qiz Ll 5 OON
€911 e & o1z
18711 M zLL
€0°GLL 1 LS eL’L
0L'GHL ? Z QL
£8°91L | E M ez
002111 LSs |
-2 T v
80°LLL 7 & T vy
0L LLLY of \W vLs
. Fe pLL A
mmw:/# B [— & .50
92811t — Q ~ as
85'6LL T e —— S g
5.9&\ i S 24
£9'1Z1 e g = ) 10z
oot ] e = 2Tl R - 0
16°SZL g ) = - Lzpe
mm.mmiﬁ — o H. eos T = RV
89221 = ~ €z — v
o221 o i vm.u% = wm:
1€°821 ] ) > mNN; 10°L
¥6°821 = ] o
2o szL
00'6ZL o ~ o =
2o w L 3 1 szl
60621 m — = R cgs
20 = R 5972
al'6cl o = o1
1981 ] LR = o
o = T 992
£5'9EL | > 2 o o
5598l aQ S ol = >
) L L @ 192 @
LL2EL 7 = - 1 ] :
. ~~ 19/ 7 _
8L L€l T — -] z
. =] > 08,
oLgel L& Z )
. - = 082
ol'gel .
hodd ° S 08
96091 3 0 .
. ] F w 87
25191 | S 82
£6291 ° S 287
L¥'e9lL FS hd
—

T T T T T T
1.5 10 05 0.0 -05

11.5 11.0 10.5 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

1 (ppm)
$147

1-(tert-butyl)-2,3-bis(4-fluorophenyl)-/ H-indole (4x) ("H NMR 500 MHz, CDCl5)
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diethyl 4,4'-(1-(tert-butyl)-1 H-indole-2,3-diyl)dibenzoate (4aa) ("H NMR 500 MHz, CDCls)
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1-(tert-butyl)-3-methyl-2-phenyl-1 H-indole (4a¢) ("H NMR 500 MHz, CDCl5)
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methyl 1-(fert-butyl)-3-methyl-1H-indole-2-carboxylate (4af) ('H NMR 500 MHz, CDCls)
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methyl 1-(fert-butyl)-3-methyl-1 H-indole-2-carboxylate (4af) ('*C NMR 126 MHz, CDCls)
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1-(tert-butyl)-3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-2-phenyl-1 H-indole (4ag) ("H NMR 500
MHz, CDCl3)
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1-(tert-butyl)-3-(2-((fert-butyldimethylsilyl)oxy)ethyl)-2-phenyl-1 H-indole (4ag) (*C NMR
126 MHz, CDCls)
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ethyl 1-(tert-butyl)-3-phenyl-1 H-indole-2-carboxylate (4ah-2) ("H NMR 500 MHz, CDCls)

DOT-T O OITITNONNOLULTOANNDONMNNMMNOOWULTN— O ONMNO
ERoERBIIITISRANNAaIIIIIIITEE]e=R
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNS S S S
DRI ODDIIIDLN ISR LSS
////1/ J
O N—co,Et
N
\
t-Bu
4ah-2
I
|
g843e3 3
N

< +-+v0o

r3.5E+11

r3.0E+11

F2.5E+11

r2.0E+11

r1.5E+11

r1.0E+11

r5.0E+10

~0.0E+00

T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05

1 (ppm)

-1.0

1-(1-(tert-butyl)-3-methyl-1H,1'H-[2,3'-biindol]-1'-yl)ethan-1-one (4ai) ("H NMR 500 MHz,
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1-(1-(tert-butyl)-3-methyl-1H,1'H-[2,3'-biindol]-1'-yl)ethan-1-one (4ai) (*C NMR 126 MHz,
CDCls)
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1-(tert-butyl)-3-methyl-2-(phenylethynyl)-1H-indole (4aj) ("H NMR 500 MHz, CDCl5)
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1-(tert-butyl)-3-methyl-2-(phenylethynyl)-1H-indole (4aj) (*C NMR 126 MHz, CDCls)
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1-(tert-butyl)-3-methyl-2-(4-(5-(p-tolyl)-3-(trifluoromethyl)-/ H-pyrazol-1-yl)phenyl)- 1 H-
indole (4ak) (‘"H NMR 500 MHz, CDCl;3)

.................................... T o | 8.0E+11
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNO NN~
e N P
F7.0E+11
( ( | 6.0E+11
Me /EF/ I
3
\ s
N | 5.0E+11
—
N
\
t-Bu
F4.0E+11
4ak
Me
I 3.0E+11
F2.0E+11
‘ F1.0E+11
ll.‘ L J L 0.0E+00
Il T2 2 d o
©990909 S S m
--<¥+-wo ™o
. . . . . . . . . : . . . . . . . . . T . . . . . .
11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05 00 -0.5 -1.0

1 (ppm)

S$158



1-(tert-butyl)-3-methyl-2-(4-(5-(p-tolyl)-3-(trifluoromethyl)-/ H-pyrazol-1-yl)phenyl)-1 H-
indole (4ak) (3C NMR 126 MHz, CDCls)
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butyl)-3-methyl-1H-indole-2-carboxylate (4al) ("H NMR 500 MHz, CDCl3)
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2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-/H-cyclopenta[a]phenanthren-3-yl 1-(zert-
butyl)-3-methyl-1 H-indole-2-carboxylate (4al) ('*C NMR 126 MHz, CDCl3)
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phenyl)-1H-indol-6-yl)-3-fluorophenyl)propanoate (4am) ('"H NMR 500 MHz, CDCl5)
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5-methyl-1,2,3,4,4a,8b-hexahydro-1,4-methanobiphenylene (5a) ("H NMR 500 MHz, CDCls)
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S$161



L 26000

L 24000
L 22000
/ H ” L 20000
I ’ L 18000
L 16000
L 14000
(0] L 12000
L 10000
L8000
5b
L 6000

L1000

L 2000
n

L
T

0.98~
3y
4%
2.02%
2.0
205"

3.01=
0.97

T T T T T T T T T T T
2.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0

o
2
@
o
n
2
o
°
2
°
°
I
@
|
°
|
@

5.0 4.5 4.

6b,7,8,9,10,10a-hexahydro-7,10-methanobenzo[a]biphenylene (5¢) ("H NMR 400 MHz, CDCls)

: szg 2 gggeaRR

T

— PR
S

L7500
L7000
L 6500
L 6000
L 5500
L 5000

L 4500
L 4000

O L 3500
O-" L 3000
5¢c L 2500

L 2000

L 1500

L 1000

1.00, &
1.02

T T T T
7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0
£1 (ppm)

L2201V
C
—
w203,
——
t &
g

12.041
1.00z

2
.00~
©11.02,
1.017

T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 1.0 0.5 0.0 -0.5 -1.0

5b,6,7,8,9,9a-hexahydro-6,9-methanobiphenyleno[2,1-b]furan (5d) ("H NMR 500 MHz, CDCl5)

$162



YA e N

- <L 6000000

L 5500000
L 5000000
’ / f } ” H ( e
L 4000000
L 3500000
L 3000000
L 2500000
12000000

L 1500000

5d

|
I L 1000000
|
[
1 L 500000
0
o's &'’ gs  go R
cecece eQ ceQ v L -500000
== — < - - A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
15 12.0 1.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 0 4.5 4.0 35 3.0 25 20 1.5 L0 0.5 0.0 -0.5 -1.0 -1.5

5.5 5.
£1 (ppm)

5b,6,7,8,9,9a-hexahydro-6,9-methanobiphenyleno[2,1-b]furan (5d) (3C NMR 126 MHz,
CDCl3)

L 450000

L 400000

L 350000

L 300000

L 250000

0 L 200000

5d

L 150000

L 100000

L 50000

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

3-methyl-5b,6,7,8,9,9a-hexahydro-3H-6,9-methanobenzo[3,4]cyclobuta[1,2-¢]indole (5¢) ('H
NMR 400 MHz, CDCl3)

$163



L 7500

I I

L 3500

N L 3000

L 2500
Se
L 2000
L 1500
L 1000
{ | ) | §
| L 500
]
Lo
83568 & ISE=R=] ISE-] [SESR-R-] L -s500
- - © - - - - NN -
T T T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 565 50 45 40 3.5 3.0 25 20 15 L0 05 0.0 -0.5 -1.0

£1 (ppm)

3-methyl-5b,6,7,8,9,9a-hexahydro-3H-6,9-methanobenzo[3,4]cyclobuta[1,2-¢]indole (5¢) (3C
NMR 126 MHz, CDCls)

97.56

L. 850000

—123.60
—115.30

—108.70

L 800000
L 750000
L 700000
L 650000
L 600000
L 550000
L 500000
L 450000
N L 400000
/ - 350000
5e
L 300000
- 250000
L 200000
L 150000
L 100000
L 50000

L ~50000

T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)

5-methyl-2-phenyl-3a,4,4a,8b,9,9a-hexahydro-1H-4,9-methanobenzo[3,4]cyclobuta|[1,2-
flisoindole-1,3(2H)-dione (5f) ("H NMR 500 MHz, CDCl5)

S164



ODODDONOOONNNTOONDDNDONNMNOULUNOTTNTANNTONDDVOIDDOVOOUOUOWLTOOWLWOLTOHOONO OWSTITN
VIITIIIIIICIICIRCIICNOAONNNNNST T OQRRUWINIMOMARARARARAR-IIIIILIILNONONN0
RININININININININININNINININIGRORGR RN RN o e e B R R R IR N PRI I I I S B B B B i
PN A A A A AR A R D R R I s il

L e =

]

U_,LMAM

Jie I & £%

S0 0o ® 593

N NN N -~ -
—— —— ‘
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8. 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0. 0 -0.5

L 17000000

L 16000000

L 15000000

L 14000000

L 13000000

L 12000000

L 11000000

L 10000000

L 9000000

L 8000000

L 7000000

L 6000000

L 5000000

L 4000000

L 3000000

L 2000000

L 1000000

Lo

L ~1000000

5-methyl-2-phenyl-3a,4,4a,8b,9,9a-hexahydro-1H-4,9-methanobenzo[3,4]cyclobuta|[1,2-

flisoindole-1,3(2H)-dione (5f) (*C NMR 126 MHz, CDCl3)

~
@ 000 000t -000 R -5 ®
© BANNT B SO DG G NooakvYao ©
~ TETOONNNNN— NN SO 0O ©
L= A i o o o T¥IIoo® <
|
|
1 |
|
’ (. L s
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 -10

£1 (ppm)

5,10-dimethylindeno|[2,1-b]indol-6(5H)-one (5g) ("H NMR 500 MHz, CDCl3)

$165

L 1300000

L 1200000

L 1100000

L 1000000

1900000

L 800000

L 700000

L 600000

L. 500000

L 400000

L 300000

L 200000

L 100000

L ~100000




,7.29
\ 7.29
\ 7.28
| 7.28
L 7.27
| 7.26
| 7.26
| 7.25

,7.87
\7.85

| 7.14
L 3.86
L2.60

/

o

59

3.09«

F4.5x10"

L4.0x10"

L3.5x10"

L 3.0x10"

L2.5x10"

F2.0x10"

k1.5x10"

L 1.0x10"

L 5.0x10"°

+0.0

T T T T
11.0 10.5 10.0 9.5

T T T
55 50 45 4

©3.07=

T
6.0
1 (ppm)

5,10-dimethylindeno[2,1-b]indol-6(5H)-one (5g) ('3C NMR 126 MHz, CDCl3)

© o] 0N~
le] @ ™

121.32

—111.4

-
© ©
©
™ ©
- -

(144.03
1 139.77

)
) Q
N ©
® O
- -

121,
121

—185.1

™ delidh

~

77.29
2703
76.78
—30.46

T L (e

—21.32

| 3.8x10"°
L 3.6x10"°
L 3.4x10'°
L 3.2x10"°
L 3.0x10"°
L 2.8x10"°
L 2.6x10"°
F2.4x10'°
L2.2x10"°
F2.0x10"°
L 1.8x10"°
L 1.6x10"°
L1.4x10'°
F1.2x10"°
L 1.0x10"°
L8.0x10°
L6.0x10°
L4.0x10°

F2.0x10°

e UL u it

0.0

F-2.0x10°

T T
210 200 190

T T
110 100
1 (ppm)

S$166



10-methoxy-5-methylindeno|2,1-b]indol-6(5H)-one (5h) ("H NMR 400 MHz, CDCls)
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10-fluoro-5-methylindeno[2,1-b]indol-6(5H)-one (5i) (’F NMR 471 MHz, CDCl3)
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5-methyl-1-phenylthieno[3',4':3,4]cyclopenta[1,2-b]indol-4(5H)-one (5j) ('*C NMR 126 MHz,

CDCls)
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5-methyl-2,3-diphenyl-1H-indene (5k) ('*C NMR 126 MHz, CDCl;)
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1,2,3,4-tetraphenylnaphthalene (5Sm) ("H NMR 400 MHz, CDCl5)
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1,2,3,4-tetraphenylanthracene (5n) ("H NMR 400 MHz, CDCl5)
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1-methyl-5,6,7,8-tetraphenyl-1H-benzo|[f]indole (50) ("H NMR 400 MHz, CDCl;)
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5,6,7,8-tetraphenylnaphtho([2,3-b]furan (5p) ("H NMR 400 MHz, CDCI3)
S>>0 S0WN TR0 0N T T 0o
R R RERRREEE R AR
NN NN ENENNNNNG OO 0088888 © 5000
RN f S i a A didi i
L 4500
o L 4000
I oL L 3500
3000
L 2500
2000
11500
1000
L 500
L 0]
RN
o — on o
ee o
0.5 .5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5
1 (ppm)
5,6,7,8-tetraphenylnaphtho|[2,3-b]furan (5p) *C NMR 101 MHz, CDCls)
MO T OMNXNYVOoONnNnASANQ YRV 0T NN F50000¢(
N AN~ OO AARNN ~——= =0 OO OO Ot
Ac¥IIIooooaooddgdAdIIdAINZSRES
| i e —— - | 45000¢
Ph
Ph s
Y OO 40000¢(
o Ph
Ph F35000¢(
+30000(
+25000(
+20000(
+15000¢C
+10000¢(
50000
0]

200

180

160

140

120

100 80
£1 (ppm)

S$174




9,10-diphenylphenanthrene (5q) ("H NMR 400 MHz, CDCl;3)
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9-methyl-10-phenylphenanthrene (5s) ("H NMR 400 MHz, CDCls)

N s ° ° °
=3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3 2 =3 = =4 =3 =3 =3 =3 =3 =3 =3 =3 =3 =3
L L L L L L L L L L L L L L L L L L L L " 1 1 1 1 1 L L L L L L L L L L
vz Lo
6221 T
0e'2
0€'2 B
ez
gL
ze'L Fs
[4W
9e'2 .
9e'2 By
geL
geL
ov'2 L ]
1L MM,W
2vs] o —~ 59
L oi - 8
ev's | ) 08’9
L e 91°L
G2 e - FEOE | w wwm
ov'L
L7 ° o e
8v'L b N
8’2 an MW.M
8v'L ® M :
052 Fes 6L
1S o mr‘m
1672 - S oz
1572 < <t WWM
252
2521 A = L
eo] R
e ey & 2
5L g .
552 s lH €z'L
95°2 1 oz T veL
s <
15721
852 2 W oy
852 1 = e
092 . = 8v'L
09°2 1 Lo S ez
992 1 5 057
1924 R rh. mmﬂ
q LS
o011 N
. - 1
NM.MU —_— 10z | N oo — =260
3 — . s on .
WO e 0 ¢, sy o6
H/o._ - o 99749 - po
- 102 |9 S sy — e
si'g — 00'L = WW.MUW = Yozl
oL'g o = st — A
o8 o R oos - Hmm.o
— AN I O~ )
18 0t [ o [5) A
€Lg ro = MMM -
sL'g = I O 0
sLe ba > ogs
118 i = g8 - o) Y
8Le - L Nm,mW - X = Ze0
8.8 1S = o0
6.8 < =3
08'8 o—
° =
L3 7
o
g

S$176

£1 (ppm)

9.5




5,6-diphenylphenanthro[3,2-b]furan (5t) (3C NMR 151 MHz, CDCI3)
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9,10-di(thiophen-2-yl)phenanthrene (Su) ("H NMR 400 MHz, CDCl;)
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14-methyl-10H-dibenzo|[3,4:6,7]azepino[1,2-a]indol-10-one (5v) ("H NMR 400 MHz, CDCl5)
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14-methyl-10H-dibenzo|3,4:6,7]azepino[1,2-a]indol-10-one (5v) (3C NMR 126 MHz, CDCls)
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14-methoxy-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5w) ('"H NMR 400 MHz, CDCl3)
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14-methoxy-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5w) ('*C NMR 126 MHz, CDCl;)
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2,14-dimethyl-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5x) ('H NMR 400 MHz,
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2,14-dimethyl-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5x) (3C NMR 126 MHz,
CDCl3)
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2-fluoro-14-methyl-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5y) ("H NMR 500 MHz,
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CDCls)
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2-fluoro-14-methyl-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one (5y) ('*C NMR 126 MHz,
CDCl3)
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14-methyl-7-(trifluoromethyl)-10H-dibenzo|[3,4:6,7]azepino[1,2-a]indol-10-one (5z) ("H NMR

S$181



400 MHz, CDCl;3)
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14-methyl-7-(trifluoromethyl)-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-10-one  (5z) (3C
NMR 201 MHz, CDCls)
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13-methyl-9H-dibenzo[c,f]pyrrolo[1,2-a]azepin-9-one (5aa) ("H NMR 500 MHz, CDCI3)
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13-methyl-9H-dibenzo|c,f]pyrrolo[1,2-a]azepin-9-one (5aa) ('3C NMR 126 MHz, CDCls)
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10H-benzo[6,7]thieno[2',3':3,4]azepino[1,2-a]indol-10-one (5ab) (‘"H NMR 400 MHz, CDCI3)
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10H-benzo[6,7]thieno[2',3':3,4]azepino[1,2-a]indol-10-one (Sab) (*C NMR 101 MHz, CDCl3)
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1-methyldibenzo[3,4:6,7]azocino[1,2-a]indol-5(10H)-one (Sac) (‘H NMR 400 MHz, CDCls)
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1-methyldibenzo[3,4:6,7]azocino[1,2-a]indol-5(10H)-one (5ac) ('3*C NMR 101 MHz, CDCl3)
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14-fluoro-1-methyldibenzo[3,4:6,7]azocino[1,2-a]indol-5(10H)-one (Sad) ("H NMR 500 MHz,
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14-fluoro-1-methyldibenzo[3,4:6,7]azocino[1,2-a]indol-5(10H)-one (5ad) (3*C NMR 126 MHz,
CDCl3)
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(S)-12-(tert-butyl)-14-butyryl-15-methyl-10,11-diphenyl-7,8,12,14,14b,15-hexahydro-5SH-
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pyrrolo[3",2'":5',6']lindolo[2',3':3,4]pyrido[2,1-b]quinazolin-5-one (6a) (‘H NMR 400 MHz,
CDCl)
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CDCl3)
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1,2,3,3a,3b,4,5,7,10b,11,12,12a-dodecahydrocyclopenta[5,6|naphtho[1,2-flindol-1-yl acetate
(6b) ("H NMR 500 MHz, CDCls)
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3,3,5-trimethylcyclohexyl 6-(benzyloxy)-1-(tert-butyl)-2,3-diphenyl-1H-indole-5-carboxylate

(6¢) ("H NMR 400 MHz, CDCl3)

$190



WONMNNTDTO T —ODDONOLNOOTTNAN-——OO0ODOOTONDVDOMNOOOMNNOTITITN—NDOOLNDWLNOMOD WO
CHUIINANNNANNNNNIE S S EC S =0NCRBRNNNNNNONARONON---000 00NN
CNNNNNNNNNNNNNNNNNNNNNNNNNN OO s r Y rrrrrrrrrrrevrv+00006003J [700000¢
L e T o2 000°9°9¢°¢
| 600000¢
e /il / W
f [ / / 110 | 500000¢
0 Ph
Me o
Me N\ Ph - 400000(
BnO N
t-Bu
6e
I 300000(
| 200000¢
‘\
il
I 100000¢
Lo
&' CFE T O D AR
So S5 S NMONN =
N TN MMM

T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 95 9.0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0
1 (ppm)

3,3,5-trimethylcyclohexyl 6-(benzyloxy)-1-(tert-butyl)-2,3-diphenyl-1H-indole-5-carboxylate
(6e) ('3C NMR 101 MHz, CDCls)
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methylbutanoate (6m) (‘H NMR 500 MHz, CDCl3)
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nitrophenyl)methanesulfonamide (60) ("H NMR 400 MHz, CDCl;)
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1H-naphtho[2,1-flindole-4-carboxylate (6p) (‘H NMR 500 MHz, CDCl3)
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cene-9-carboxylate (6r) ('H NMR 400 MHz, CDCls)
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methyl (4R,12bS)-4,12b-dimethyl-8,9,10,11-tetraphenyl-1,2,3,4,4a,5,6,12b-
octahydrotetraphene-4-carboxylate (6s) ("H NMR 500 MHz, CDCls)
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(4R,12bS)-4,12b-dimethyl-8,9,10,11-tetraphenyl-1,2,3,4,4a,5,6,12b-octahydrotetraphene-4-

carboxylic acid (6s-1) ("H NMR 400 MHz, CDCls)

N =~ nAaNoOoO DD WULTNAOO O AWVT I =0T OO LODNX0O S 0V A O
M N A ANANANN—— =000 XWXV AANNDDODOOXEIDEELOO VWV WVWBLIT I T AN —
NN NN NN NENN o s s s a AN = == === L 350000(
N S QS s i S S N R
+300000¢(
/ f /////// ” L 250000(
+F200000(
+150000¢(
+100000(
|
I L 500000
I
I
O
RIS
S X AN
LR

10.5 9.5 8.5 7.5 6.5 5.5 4.5 3.
f1 (ppm)

(4R,12bS)-4,12b-dimethyl-8,9,10,11-tetraphenyl-1,2,3,4,4a,5,6,12b-octahydrotetraphene-4-

carboxylic acid (6s-1) ('3C NMR 126 MHz, CDCl3)
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methyl (4R,12bS)-8,9,10,11-tetrakis(4-methoxyphenyl)-4,12b-dimethyl- 1,2,3,4,4a,5,6,12b-
octahydrotetraphene-4-carboxylate (6s-2) ("H NMR 500 MHz, CDCl;3)
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methyl (4R,12bS)-8,9,10,11-tetrakis(4-methoxyphenyl)-4,12b-dimethyl-1,2,3.4,4a,5,6,12b-
octahydrotetraphene-4-carboxylate (6s-2) (13C NMR 126 MHz, CDCl;3)
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methyl 8a,12-dimethyl-5,6-diphenyl-8,8a,9,10,11,12,12a,13-octahydrobenzo[a]tetracene- 12-

carboxylate (6t) ('"H NMR 400 MHz, CDCl3)
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8a,12-dimethyl-5,6-diphenyl-8,8a,9,10,11,12,12a,13-octahydrobenzo[a]tetracene-12-

carboxylate (6t) (3C NMR 126 MHz, CDCls)
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(4R,14bS)-4,14b-dimethyl-8,9-diphenyl-1,2,3,4,4a,5,6,14b-octahydrobenzo[m]tetraphene-4-

carboxylic acid(6t-1) ("H NMR 400 MHz, CDCI3)
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(4R,14bS)-4,14b-dimethyl-8,9-diphenyl-1,2,3,4,4a,5,6,14b-octahydrobenzo[m]tetraphene-4-

carboxylic acid(6t-1) *C NMR of 6t-1 126 MHz CDCls_
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14-methyl-10-ox0-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-12-yl (1R,4aS)-7-isopropyl-1,4a-
dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (6u) ("H NMR 500 MHz,
CDCly)
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14-methyl-10-ox0-10H-dibenzo[3,4:6,7]azepino[1,2-a]indol-12-yl (1R,4aS)-7-isopropyl-1,4a-
dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (6u) ('*C NMR 126 MHz,
CDCl3)
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1-methyl-5-0x0-5,10-dihydrodibenzo[3,4:6,7]azocino[1,2-a]indol-3-yl

(1R.,4a8)-7-isopropyl-

1,4a-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (6v) (‘H NMR 500

MHz, CDCls)
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1,4a-dimethyl-1,2,3,4,4a2,9,10,10a-octahydrophenanthrene-1-carboxylate (6v) (*C NMR 126

MHz, CDCls)
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methyl (S)-2-acetamido-3-(1-(tert-butyl)-3-methyl-2-phenyl-1H-indol-6-yl)propanoate (6w)

("H NMR 500 MHz, CDCl3)
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methyl (S)-2-acetamido-3-(1-(tert-butyl)-3-methyl-2-phenyl-1H-indol-6-yl)propanoate (6w)

(13C NMR 126 MHz, CDCL)
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methyl (5)-2-acetamido-3-(1-(tert-butyl)-3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-2-phenyl -
1H-indol-6-yl)propanoate (6x) ("H NMR 500 MHz, CDCls)
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1H-indol-6-yl)propanoate (6x) ('*C NMR 126 MHz, CDCl;)
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methyl (5)-6-(2-acetamido-3-methoxy-3-oxopropyl)-1-(tert-butyl)-3-methyl-1H-indole-2-
carboxylate (6y) ("H NMR 400 MHz, CDCl5)
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methyl (5)-6-(2-acetamido-3-methoxy-3-oxopropyl)-1-(tert-butyl)-3-methyl-1H-indole-2-
carboxylate (6y) ('*C NMR 126 MHz, CDCl5)
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methyl (S)-2-acetamido-3-(1-(tert-butyl)-3-cyclopropyl-2-phenyl-1H-indol-6-yl)propanoate
(6z) ("H NMR 500 MHz, CDCl5)
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methyl (S)-2-acetamido-3-(1-(tert-butyl)-3-cyclopropyl-2-phenyl-1H-indol-6-yl)propanoate
(6z) (3C NMR 126 MHz, CDCls)
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methyl (R)-2-acetamido-2-(1-(tert-butyl)-6-methoxy-2,3-diphenyl-1H-indol-5-yl)acetate (6aa)
("H NMR 500 MHz, CDCl3)
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methyl (R)-2-acetamido-2-(1-(tert-butyl)-6-methoxy-2,3-diphenyl-1H-indol-5-yl)acetate (6aa)
(3C NMR 126 MHz, CDCl5)
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ethyl (S)-2-acetamido-4-(1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)butanoate (6ab) ("H NMR
500 MHz, CDCl3)
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ethyl (S)-2-acetamido-4-(1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)butanoate (6ab) ('3*C NMR
126 MHz, CDCls)

N © 0N o
ON 0 OM-ONNOWL®OA® - ©© o © oW © © O ON- O O
N o NOCOWM-—ONNNNILO O N < NQoN ¥ oA QU v -
N~ © ONOONOOONNNNNN- = — NN~ © — o LN ® < r3.5E+10
- - FrErFrrrTrrr e e NNN © 0o ®mn N -
v e e ~- [ SV
3.0E+10
Ph
(0]
N Ph

AOJH““‘ N | 2.5E+10

NH
\[r 6ab

0 | 2.0E+10
I 1.5E+10
F1.0E+10

4] | | 0

T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S$216



methyl (5)-2-((S)-2-acetamido-3-methylbutanamido)-3-(1-(tert-butyl)-2,3-diphenyl-1H-indol

-6-yl)propanoate (6ac) ("H NMR 500 MHz, CDCl3)

LOTANTTTOODNDVDONMNNNMNOOULULLITOMNMNO-OOO0ONDIOINNOOOULOODULMT-—ODDLNOO 0 v M N —
VOUVOOONANANNNNANANNNNT - - r-0000RVRNONAFTINMANINDAONONDO DD DO
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNOOOOOOOOSISITLTSTLTTOOO0OO 00 OO
NN SRttt S e [ HAPR B
| 5.0E+11
| 4.0E+11
I f]( [/ / / { / /{
Ph
| 3.0E+11
S—ph
i N‘IB
-Bu
N o<
H
O _NH 0 b 2.0E+11
ﬁ/ 6ac
b 1.0E+11
‘\
Pl
i
' i 1
[
) } 0.0E+00
CHIHND N ® s s I 4 e & 3
SRRk S S o o 9o I
—TOLNMOOOoO - - (2} N -Mmo (o]
—————————— 77—
11.5 11.0 10.56 10.0 95 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -05 -1.0
1 (ppm)

methyl (5)-2-((S)-2-acetamido-3-methylbutanamido)-3-(1-(tert-butyl)-2,3-diphenyl-1H-indol

-6-yl)propanoate (6ac) (**C NMR 126 MHz, CDCls)
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methyl (R)-3-(1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)-2-((/r,4R)-4-isopropylcyclohexane -
1-carboxamido)propanoate (6ad) ("H NMR 500 MHz, CDCl;)
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methyl 2-acetamido-3-(7-methyl-1,2,3,4,4a,8b-hexahydro-1,4-methanobiphenylen-5-
yDpropanoate (6ae) (d.r. = 1:1) ("H NMR 500 MHz, CDCls)
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methyl (S)-2-acetamido-3-(1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)propanoate (6af) ('H

NMR 400 MHz, CDCls)
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methyl (S)-2-acetamido-3-(1-(tert-butyl)-2,3-diphenyl-1H-indol-6-yl)propanoate (6af) ('3C

NMR 101 MHz, CDCl;)
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methyl (S)-2-acetamido-3-(5,6,7,8-tetraphenylnaphthalen-2-yl)propanoate (6ag) ('"H NMR

500 MHz, CDCl3)
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methyl (S)-2-acetamido-3-(5,6,7,8-tetraphenylnaphthalen-2-yl)propanoate (6ag) (3*C NMR
126 MHz, CDCls)
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methyl 2-acetamido-3-(9,10-diphenylphenanthren-3-yl)propanoate (6ah) ("H NMR 500 MHz,

CDCls)
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methyl 2-acetamido-3-(9,10-diphenylphenanthren-3-yl)propanoate (6ah) ('*C NMR 126 MHz,

CDCls)
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methyl ($)-2-acetamido-3-(12-methyl-10-0x0-10H-dibenzo|3,4:6,7]azepino[1,2-a]indol-14-

yDpropanoate (6ai) (d.r. = 1:1) "H NMR
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methyl (5)-2-acetamido-3-(3-methyl-5-0x0-5,10-dihydrodibenzo|3,4:6,7]azocino[1,2-a]indol-
1-yl)propanoate (6aj) (d.r. = 1:1) ("H NMR 500 MHz, CDCls)
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-yl)propanoate (6aJ) (d.r.=1:1) ('3C NMR 126 MHz, CDCl5)
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(4R,11bS)-4,11b-dimethyl-8,9-diphenyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho|[2,1-
flindole-4-carboxylic acid (7a) ('3C NMR 126 MHz, CDCl5)
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naphtho[2,1-flindole-4-carboxylic acid (7b) ("H NMR 500 MHz, CDCls)
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(4R,11bS)-10-(tert-butyl)-4,11b-dimethyl-8,9-diphenyl-2,3,4,4a,5,6,10,11b-octahydro-1H-
naphtho[2,1-flindole-4-carboxylic acid (7b) ('3C NMR 126 MHz, CDCl5)
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(4R,11bS)-8,9-bis(3-methoxyphenyl)-4,11b-dimethyl-2,3,4,4a,5,6,10,11b-octahydro-1H-
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naphtho[2,1-flindole-4-carboxylic acid (7¢) ("H NMR 500 MHz, CDCl5)
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(4R,11bS)-8,9-bis(3-methoxyphenyl)-4,11b-dimethyl-2,3,4,4a,5,6,10,11b-octahydro-1H-

naphtho[2,1-flindole-4-carboxylic acid (7¢) ('3C NMR 126 MHz, CDCls)
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(4R,11bS)-10-(tert-butyl)-8,9-bis(3-methoxyphenyl)-4,11b-dimethyl-2,3,4,4a,5,6,10,11b-
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octahydro-1H-naphtho|2,1-flindole-4-carboxylic acid (7d) (‘"H NMR 500 MHz, C
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(4R,11bS)-10-(tert-butyl)-8,9-bis(3-methoxyphenyl)-4,11b-dimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho|[2,1-f]lindole-4-carboxylic acid (7d) (*C NMR 126 MHz, CDCl3)
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flindole-8,9-diyl)dibenzoic acid (7¢) ("H NMR 500 MHz, CD3OD)
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(4R,11bS)-10-(tert-butyl)-9-(4-carboxyphenyl)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho|2,1-f]lindole-4-carboxylic acid (7f) "H NMR 500 MHz, DMSO-dy)
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(4R,11bS)-10-(tert-butyl)-9-(4-carboxyphenyl)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho|[2,1-f]lindole-4-carboxylic acid (7f) ('*C NMR 126 MHz, DMSO-ds)
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(4R,11bS)-10-(tert-butyl)-9-(4-carboxyphenyl)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho|2,1-flindole-4-carboxylic acid (7g) ("H NMR 500 MHz, CDCl5)
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(4R,11bS)-10-(tert-butyl)-9-(4-carboxyphenyl)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-
octahydro-1H-naphtho|[2,1-f]lindole-4-carboxylic acid (7g) ('3C NMR 126 MHz, CDCl5)
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(4R,11bS)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho|[2,1-f]lindole-4,9-
dicarboxylic acid (7h) ("H NMR 500 MHz, CDs0D)
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(4R,11bS)-4,8,11b-trimethyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho|[2,1-flindole-4,9-
dicarboxylic acid (7h) (*C NMR 126 MHz, CD;0D)
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(4R,11bS)-4,11b-dimethyl-8-phenyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho[2,1-flindole-

4,9-dicarboxylic acid (7i) ("H NMR 500 MHz, CD;0D)
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(4R,11bS)-4,11b-dimethyl-8-phenyl-2,3,4,4a,5,6,10,11b-octahydro-1H-naphtho[2,1-flindole-

4,9-dicarboxylic acid (7i) ('3C NMR 126 MHz, CD;0D)
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