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General Information

Methods. All reactions dealing with air- and moisture-sensitive compounds were carried out in
dry reaction vessels under a nitrogen atmosphere. Flash column chromatography was performed
using 200-300 mesh silica gels. Thin layer chromatography was used for product detection using
silica gel-coated plates, with visualization effected via exposure to UV Light at 254 nm or staining
and heating with 2,4-Dinitrophenylhydrazine (DNP) or 1,2,3-Indantrione Monohydrate.

Instrumentation. *H NMR, 3C NMR and **F NMR spectra were obtained on a Bruker Ascend
400 at 400 MHz (*H NMR at 400 MHz, *C NMR at 101 MHz, *°F NMR at 376 MHz) and Bruker
Ascend 600 at 600 MHz (*H NMR at 600 MHz, *C NMR at 151 MHz, **F NMR at 565 MHz) at
ambient temperature with chloroform-d as the deuterated solvent unless stated otherwise. All
chemical shifts § are reported in parts per million (ppm), and the residual solvent peak was used as
an internal reference: proton (chloroform & 7.26), carbon (chloroform & 77.0), or tetramethylsilane
(TMS 6 0.00) was used as a reference. Coupling constants (J) were reported in Hertz (Hz) and
referred to apparent peak multiplications. Data for *H NMR spectra were reported as follows:
chemical shift (ppm), multiplicity (given as s(singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), br (broad) or a combination of them), coupling constants (Hz) and integration. *C
NMR was only reported as chemical shifts. High-resolution mass spectra (HRMS) were recorded
on a Bruker Impact 1l Q-TOF mass spectrometer (ESI). The enantiomeric ratios of products were
determined by chiral phase HPLC analysis (Chiralpak AD-H, IE, ID columns were purchased
from Daicel Chemical Industries, LTD). Optical rotations were determined at A = 589 nm (sodium
D line) at 25 °C by using a Rudolph-API automatic polarimeter. Gas chromatography (GC)
analysis was performed on Shimadzu GC-2014. Single crystal X-ray data were recorded in a
diffractometer with Mo Ka radiation. Melting points were determined using a capillary melting
point apparatus and were uncorrected.

Materials. Unless stated otherwise, materials were purchased from commercial suppliers and used
without additional purification. Anhydrous 1,4-dioxane, toluene, and other solvents were dried and
degassed by standard methods and stored under N2 atmosphere. Ammonium and iminium salts
were prepared according to the literature procedure.*
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Preparation of Starting Materials

General Procedures for the Synthesis of Oxime Esters

All oximes were synthesized according to general procedures (Methods A, B, C, D, and A%)
reported in the literature.'® The characterization data of newly synthesized substrates were
summarization below. *H, ¥*C NMR and °F NMR spectra data for the rest of known ones were in
agreement with the literature data.

(0]

Method A :
BrMg R2 RJ\C'
H ~ (1.5 equiv)
/N‘O/ “HCI R3 o) NH,OH'HCI (1.5 equiv)  Et;N (2 equiv) NOR
) (12 equiv) J?\ (1.2 equiv) R1ll\/\(R2 AcONa (2 equiv) R1JI\/\/ R?
—_—T —_—
R1JJ\OH col(15equiv) R NM® THE 0°Ctort, 12h fa  EtOH.t DCM, 0 °C to rt 19
DCM, rt, 2d )
| R = Bz, °FBz, Piv, Ac
Step 1 Step 2 Step 3 Step 4
Method A" :
H NH,OH-HCI
Nog~ Hel o PhMgBr o (1.5 equiv) BzCl (1.5 equiv) NOBz
1.2 equiv 1 (1.2 equiv) R' AcONa (2 equiv)  Et3N (2 equiv) R?
RH/\/COOH % RY\)LN’OME —=———> p EOH 1t - Ph
CDI (1.5 equiv) | THF, 0 °C to rt 2 ' DCM,0°Ctort 1
2 R2 R R
R DCM, rt, 2 d 12h
Step 1 Step 2 Step 3 Step 4

Method A and Method A’

Step 1

A 100 mL flask was fitted with a stirring bar, and carboxylic acid (10 mmol) and DCM (0.25 M)
were added. The acid dissolved in DCM to give a solution. Subsequently, N, N’-
Carbonyldiimidazole (15 mmol, 1.5 equiv) was slowly added in several portions. The reaction
mixture was stirred at room temperature for 1 h, then N, O-dimethylhydroxylamine hydrochloride
(12 mmol, 1.2 equiv) was slowly added and the flask was sealed with a rubber septum equipped
with a deflated balloon. The mixture was stirred at room temperature for 1-2 days and monitored
by TLC. The reaction was quenched with an aqueous solution of saturated NaHCOs3. Then the
aqueous layers were extracted with ethyl acetate. The combined organic layers were washed with
brine and dried over Na,SO.. Then the solution was filtered, and concentrated to give the crude
Weinreb amide which was used in the next step without further purification.

Step 2

To a 100 mL flask was added the crude Weinreb amide (10 mmol). The flask was backfilled with
nitrogen (3 times). Dry THF (0.5 M) was added, then the solution was cooled to 0 °C, and
Grignard reagent (12 mmol, 1.2 equiv) was added dropwise. The reaction was warmed to room
temperature and stirred for 12 h. The reaction was quenched with an aqueous solution of saturated
NH4CI. The aqueous layers were extracted with ethyl acetate. The combined organic layers were
dried over Na SOs4. Then the solution was filtered, and concentrated to give the crude ketone,
which was purified by flash chromatography to be used in the next step.

Step 3

A mixture of ketone (5 mmol), hydroxylamine hydrochloride (7.5 mmol, 1.5 equiv), and NaOAc
(10 mmol, 2 equiv) was dissolved in EtOH/H.0 (25 mL/25 mL). The mixture was stirred at room
temperature for 3-4 h. Then EtOH was removed by concentration, and the residue was diluted
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with IN HCI and ethyl acetate. The organic layer was separated and the aqueous layer was
extracted with ethyl acetate. The combined organic layers were washed with saturated NaHCO3
solution, and brine, and dried over Na;SO4. The combined organic solution was concentrated by
rotary evaporation to give the crude hydroxyl oxime, which was used in the next step without
further purification.

Step 4

To a mixture of hydroxyl oxime (~5 mmol, 1 equiv), triethylamine (10 mmol, 2 equiv), and DCM
(0.5 M) was added Acyl chloride (7.5 mmol, 1.5 equiv) at 0 °C. Then, the reaction mixture was
stirred at room temperature for 0.5 h under a nitrogen atmosphere. The reaction was quenched
with an aqueous solution of saturated NaHCOs3. The aqueous layer was extracted with DCM. The
combined organic layers were washed with brine and dried over Na;SO4. The crude product was
purified by flash chromatography on silica gel to give the final oxime ester.

Method B :

2
H BngWR
/N~O/ -HCI R3 0 NH,OH-HCI (1.5 equiv) BzCI (1.5 equiv) NOBz
, (1.2 equiv) JL oMo (1.2 equiv) R1JI\/\/R2 AcONa (2 equiv) Et3N (2 equiv) R1JI\/\/R2
R' OH EtN(2equiv) RV ON” THF, 0°Ctort, 12 h g3 EtOH.m DCM, 0 °C to rt RS
DCM,0°C,3h
Step 1 Step 2 Step 3 Step 4
Method B

Step 1

A 100 mL three-necked flask was charged with N, O-dimethylhydroxylamine hydrochloride (12
mmol, 1.2 equiv), and the flask was evacuated and backfilled with nitrogen (3 times). Dry DCM
(0.25 M) was added, and after cooling to 0 °C, triethylamine (20 mmol, 2 equiv) was subsequently
added followed by the dropwise addition of carboxylic acid (10 mmol). The mixture was then
slowly warmed to room temperature and stirred for 3 h before being quenched with saturated
NaHCOs. The aqueous layers were extracted with ethyl acetate. The combined organic layers were
washed with brine and dried over NazSOa. Then the solution was filtered, and concentrated to give
the crude Weinreb amide, which was used in the next step without further purification. The final
oxime ester was prepared according to steps 2-4 of Method A.

Method C :
2
o HO/\(R [CP*IrClyl, (1 mol%) o NH,OH'HCI (1.5 equiv) BzCI (1.5 equiv) NOBz

J]\ R3  KOH (30 mol%) ﬂ\/\(Rz AcONa (2 equiv) Et3N (2 equiv) 1)1\/\(R2

1 > Rl
R 110 °C, 1 h R EtOH, rt DCM,0°Ctort R

’ R® R3
Step 1 Step 2 Step 3

Method C
Step 1

A mixture of ketone (10 mmol), primary alcohol (15 mmol, 1.5 equiv), [Cp*IrCl;]2 (1 mol%) and
KOH (3 mmol) was placed in a 50 mL screw-capped flask under nitrogen. The reaction mixture
was allowed to react at 110 °C for 1 h. The reaction was quenched by adding water and the
aqueous phase was extracted with ethyl acetate. The combined organic layers were washed with
IN HCI and brine, and then dried over Na,SO.. The crude product was purified by flash
chromatography to give the ketone. The final oxime ester was prepared according to steps 3-4 of
Method A.
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Method D :
Bng\/\rRz

o NH,OH'HCI (1.5 equiv) BzCI (1.5 equiv) NOBz
0 (1.2 equiv) R® k/\(Rz AcONa (2 equiv) EtsN (2 equiv) 1k/\(R2
> - > R

R1JI\CI Cul (15 mol%) R 3 EtOH, rt DCM,0°Ctort 5

THF, -78°Ctort, 6 h R R
Step 1 Step 2 Step 3
Method D
Step 1

To a 100 mL three-necked flask was added Cul (1.5 mmol, 15 mol%), and the flask was evacuated
and backfilled with nitrogen (3 times). Dry THF (0.5 M) and acid chloride (10 mmol) were added.
The solution was cooled to -78 °C and Grignard reagent (12 mmol, 1.2 equiv) was added dropwise.
Then the mixture was warmed to room temperature and stirred for 6 h. The reaction was quenched
with an aqueous solution of saturated NH4CI. The aqueous layer was extracted with ethyl acetate.
The combined organic layer was washed with brine and dried over Na;SO4. Subsequently, the
solution was filtered, and concentrated to give the crude ketone, which was used in the next step
without further purification. The final oxime ester was prepared according to steps 3-4 of Method
A

Oxime Esters

Substrates (1, 95, S4, S5, S9, S12, S14-16, S24, S25, S98, S99, S104, S121, S122) were prepared
according to Method A reported in the literature,*® substrates (S6-8, S10, S11, S13, S17, S18, S28,
S29, S100-103) were prepared according to Method B reported in the literature,® substrates (87,
S21, S22, S106) were prepared according to Method C reported in the literature,®7 substrates (S19,
S20, S105) were prepared according to Method D reported in the literature,>3%° substrates (523,
S26, S27) were prepared according to Method A’ reported in the literature.*®

73 was synthesized according to the literature with some variations.®*°

/ O/ -HCI

/\)j\ ref. 8 (1.2 equw)
—_—
step1 CDI (1.5 equiv)
DCM, rt, 2 d

step 2
PhMgBr (1.2 equiv) | step 3
THF, 0°Ctort,12 h

NOBz

steps 3-4 of ‘9 o
Method A ret.
step 5 step 4 A

Step 1. A solution of commercial LDA (2 M in THF, 11.8 mL, 23.5 mmol, 2 equiv) was cooled to
ice-water temperature, and a solution of 3-butenoic acid (1 mL, 11.77 mmol) in 10 mL of THF
was added slowly over 15 min. The resulting mixture was stirred at the same temperature for 45
min to obtain a deep yellow solution. A total of the alkylating agent (12.9 mmol, 1.1 equiv) was
added, whereupon the reaction mixture immediately turned colorless. After stirring for 30 min at
the same temperature and 1 h at room temperature, the pH of the solution was adjusted to 2.5 with
10% HCI. The organic phase was separated. The aqueous layer was saturated with solid NaCl and
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the mixture was extracted with ethyl acetate. The combined organic layers were dried over
anhydrous Na,SOs and filtered. Removal of solvents under reduced pressure followed by
chromatography on silica gel produced the targeted 4-methyl-2-vinylpentanoic acid.

Steps 2-3 were performed according to steps 1-2 of Method A’ to afford 4-methyl-1-phenyl-2-
vinylpentan-1-one.

Step 4. A dried 100 mL round bottom flask was charged with a stir bar, and DCM (10 mL) under
nitrogen atmosphere was added and cooled to —40 °C. ZnEt, (1.0 M, 4 mL, 4 mmol, 2 equiv) was
added followed by a solution of TFA (3.3 mL, 4 mmol, 2.0 equiv) in DCM (10 mL). The reaction
mixture was stirred at this temperature for 1 h followed by warming to —10 °C. Next, CHzl, (4
mmol, 2.0 equiv) was dropwise into the reaction mixture and the resulting solution was allowed to
stir at —10 °C for another 1 h. A solution of 4-methyl-1-phenyl-2-vinylpentan-1-one (2 mmol, 1.0
equiv) in DCM (5 mL) was then added, and the reaction mixture was allowed to warmed to room
temperature and stirred for 16 h. The reaction was quenched by saturated NH4Cl (3 mL) and
extracted with DCM (5 mLx3). The combined organic layers were washed with aqueous NaHCO3
and brine, dried over Na;SOa, filtered, concentrated, and purified by flash chromatography
(Petroleum ether/Ethyl acetate = 100:1) to afford 2-cyclopropyl-4-methyl-1-phenylpentan-1-one.
Step 5 was performed according to steps 3-4 of Method A to give the final oxime ester 73.

o

QY

4-methyl-1-phenyl-2-vinylpentan-1-one:

Colorless oil (1.07 g, 5.3 mmol, 45% yield over steps 1-3; R = 0.7 (Petroleum ether/Ethyl acetate
=10:1); *H NMR (600 MHz, CDCl3) & 8.00 — 7.96 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.46 (t, J =
7.7 Hz, 2H), 5.88 (ddd, J = 17.3, 10.1, 8.8 Hz, 1H), 5.16 (d, J = 17.5 Hz, 1H), 5.13 (d, J = 10.2 Hz,
1H), 4.18 —4.12 (m, 1H), 1.78 — 1.72 (m, 1H), 1.67 — 1.61 (m, 1H), 1.56 — 1.50 (m, 1H), 0.93 (d, J
= 6.5 Hz, 3H), 0.90 (d, J = 6.6 Hz, 3H); 13C NMR (151 MHz, CDCls) 6 201.1, 137.4, 136.9, 132.9,
128.6, 128.4, 117.3, 49.8, 41.1, 25.6, 23.0, 22.2; HRMS (ESI) m/z: [M + Na]* calcd. for

C14H1gNaO 225.1250; found 225.1251.
NOBz

2-cyclopropyl-4-methyl-1-phenylpentan-1-one O-benzoyl oxime (73):

Colorless oil (203.0 mg, 0.6 mmol, 30% yield over steps 4-5; Rs = 0.5 (Petroleum ether/Ethyl
acetate = 10:1); *H NMR (600 MHz, CDCls) & 8.07 (d, J = 7.6 Hz, 2H), 7.64 — 7.56 (m, 3H), 7.50
(t, J=7.5Hz, 2H), 7.45-7.37 (m, 3H), 2.90 — 2.77 (m, 1H), 1.80 — 1.71 (m, 2H), 1.66 — 1.60 (m,
1H), 1.00 — 0.93 (m, 1H), 0.90 (d, J = 5.8 Hz, 6H), 0.71 - 0.71 (m, 1H), 0.54 — 0.46 (m, 1H), 0.37
—0.24 (m, 2H); 3C NMR (151 MHz, CDCls) & 171.6, 163.9, 133.3, 129.6, 129.5, 129.3, 128.6,
128.4, 128.3, 42.1, 26.0, 23.0, 22.6, 14.1, 6.9, 3.9; HRMS (ESI) m/z: [M + Na]* calcd. for
C2H2sNNaO, 358.1778; found 358.1778.
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NOBz s4 (R = Me) NOBz NOBz NOBz
5 (R = OMe)
s 10
R ER ﬁl) F,HCO
R O\/A
39 (R=CF3)
$10 (R = CN) $12 (R = Me)
$11 (R = CO,Me) $13 (R=Cl) S14 s15
NOBz NOBz NOBz NOBz NOBz
LYY Y W (Y
(6] Pz
€0 0 S N
oM
S16 $17 $18
[jNVOBZU *AC @ew ij @ﬁw
NOBz NOBz NOBz NOBz
Sanadlaad @HW < OO
MeO
S26 S27 $28 (from Probenecid) $29 (from Adapalene)
NOR 1 (R =Bz) NOFBz S98 (R = Me) NOFBz NOFBz
95 (R = FBz) $99 (R = OMe) SN
$121 (R = Piv) S100 (R =F) |
$122R=Ac) R $101 (R = Cl) N
$102 (R = Br)
$103 (R = CO,Me)
$104 (R = CFy) $105 $106
R LR unsuccessful substrates ------------------o-
NOBz NOBz H
1 NOBz NOBz NOBz
PN N L_n
AN AN

Scheme S1. Oxime ester substrates used in the reactions.
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The Characterization Data for Oxime Esters
NOBz

F;C

4-methyl-1-(4-(trifluoromethyl)phenyl)pentan-1-one O-benzoyl oxime (S9):

White solid (1.20 g, 66% vyield over steps 3-4); Rt = 0.5 (Petroleum ether/Ethyl acetate = 10:1);
Mp =45 — 46 °C; 'H NMR (600 MHz, CDCls) 6 8.13 (d, J = 7.6 Hz, 2H), 7.91 (d, J = 8.1 Hz, 2H),
7.70 (d, J = 8.1 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.5 Hz, 2H), 3.01 — 2.96 (m, 2H),
1.75 - 1.67 (m, 1H), 1.57 — 1.52 (m, 2H), 0.98 (d, J = 6.6 Hz, 6H); 3C NMR (151 MHz, CDCls)
8 166.5, 163.7, 137.7, 133.5, 132.4 (q, 2Jc.F = 32.8 Hz), 129.6, 128.7, 127.8, 125.7 (q, 3Jc-r = 3.8
Hz), 124.74, 123.8 (q, Nc-r = 272.6 Hz), 28.5, 26.8, 22.3; °F NMR (565 MHz, CDCls) § -62.90;
HRMS (ESI) m/z: [M + H]* calcd. for CaoH21FsNO2 364.1519; found 364.1520.

NOBz

4-methyl-1-phenyloctan-1-one O-benzoyl oxime (S23):

White solid (1.18 g, 70% yield over steps 3-4); R = 0.5 (Petroleum ether/Ethyl acetate = 10:1);
Mp =35 - 36 °C; 'H NMR (600 MHz, CDCls) 6 8.13 (d, J = 7.5 Hz, 2H), 7.79 (d, J = 7.0 Hz, 2H),
7.62 (t, J=7.4Hz, 1H), 7.50 (t, J = 7.7 Hz, 2H), 7.47 — 7.41 (m, 3H), 3.01 — 2.91 (m, 2H), 1.70 —
1.63 (m, 1H), 1.57 — 1.45 (m, 2H), 1.39 — 1.32 (m, 1H), 1.32 — 1.23 (m, 4H), 1.21 — 1.18 (m, 1H),
0.97 (d, J = 6.5 Hz, 3H), 0.85 (t, J = 6.8 Hz, 3H); 3C NMR (151 MHz, CDCls) & 167.9, 163.9,
134.2, 133.3, 130.6, 129.6, 128.7, 128.6, 127.4, 36.3, 33.8, 33.3, 29.2, 26.6, 22.9, 19.5, 14.1;
HRMS (ESI) m/z: [M + H]* calcd. for C22H2sNO, 338.2115; found 338.2115.

NOBz
Ph

1,6-diphenylhexan-1-one O-benzoyl oxime (S26):

Colorless oil (1.45 g, 78% yield over steps 3-4); Rs = 0.4 (Petroleum ether/Ethyl acetate = 10:1);
'H NMR (600 MHz, CDCls) 8 8.10 (d, J = 7.7 Hz, 2H), 7.78 (d, J = 7.3 Hz, 2H), 7.61 (t, J = 7.4
Hz, 1H), 7.49 — 7.45 (m, 3H), 7.43 (t, J = 7.3 Hz, 2H), 7.25 — 7.22 (m, 2H), 7.16 (t, J = 7.2 Hz,
1H), 7.11 (d, J = 7.4 Hz, 2H), 2.97 (m, t, J = 7.8 Hz, 2H), 2.58 (t, J = 7.6 Hz, 2H), 1.73 — 1.63 (m,
4H), 1.51 - 1.44 (m, 2H); *C NMR (151 MHz, CDCls) 8 167.5, 163.9, 142.3, 134.1, 133.3, 130.6,
129.6, 128.7, 128.6, 128.4, 128.3, 127.4, 125.7, 35.7, 31.1, 29.3, 28.6, 26.7; HRMS (ESI) m/z: [M
+ H]* calcd. for CasH26NO, 372.1958; found 372.1957.

NOBz
OMe

4-methoxy-1-phenylbutan-1-one O-benzoyl oxime (S27):

Yellow oil (1.07 g, 72% yield over steps 3-4); Rt = 0.33 (Petroleum ether/Ethyl acetate = 10:1); *H
NMR (600 MHz, CDCls) 6 8.16 (d, J = 7.3 Hz, 2H), 7.83 (d, J = 6.9 Hz, 2H), 7.61 (t, J = 7.4 Hz,
1H), 7.50 (t, J = 7.7 Hz, 2H), 7.47 — 7.40 (m, 3H), 3.43 (t, J = 5.9 Hz, 2H), 3.29 (s, 3H), 3.10 (t, J
= 7.8 Hz, 2H), 1.98 — 1.91 (m, 2H); *C NMR (151 MHz, CDCls) § 167.10, 163.82, 133.99,
133.30, 130.65, 129.71, 129.22, 128.67, 128.60, 127.42, 77.27, 77.06, 76.85, 71.54, 58.62, 27.10,
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25.40; HRMS (ESI) m/z: [M + H]* calcd. for C1sH20NO3 298.1438; found 298.1439.

4-methyl-1-(p-tolyl)pentan-1-one O-perfluorobenzoyl oxime (S98)

White solid (1.28 g, 64% yield over steps 3-4); R = 0.67 (Petroleum ether/Ethyl acetate = 10:1);
Mp =62 — 63 °C; 'H NMR (600 MHz, CDCls) 6 7.64 (d, J = 7.5 Hz, 2H), 7.24 (d, J = 7.6 Hz, 2H),
2.90 — 2.81 (m, 2H), 2.40 (s, 3H), 1.67 — 1.60 (m, 1H), 1.48 — 1.42 (m, 2H), 0.91 (d, J = 6.2 Hz,
6H); 3C NMR (151 MHz, CDCls3) § 169.1, 156.7, 146.3 (m), 142.5 (m), 141.5, 137.0 (m), 130.3,
129.5, 127.3, 107.3 (m), 35.7, 28.4, 26.9, 22.1, 21.4; **F NMR (565 MHz, CDCls) & -137.2 (m,
2F), -147.8 (m, F), -159.9 (m, 2F); HRMS (ESI) m/z: [M + H]* calcd. for CooH19FsNO2 400.1330;
found 400.1330.

1-(4-methoxyphenyl)-4-methylpentan-1-one O-perfluorobenzoyl oxime (S99):

White solid (1.47 g, 71% yield over steps 3-4); Rs = 0.5 (Petroleum ether/Ethyl acetate = 10:1);
Mp =67 — 69 °C; 'H NMR (600 MHz, CDCls) 6 7.72 (d, J = 8.4 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H),
3.86 (s, 3H), 2.89 — 2.81 (m, 2H), 1.66 — 1.60 (m, 1H), 1.49 — 1.42 (m, 2H), 0.92 (d, J = 6.3 Hz,
6H); 3C NMR (151 MHz, CDCls) § 168.5, 162.0, 156.7, 146.3 (m), 142.6 (m), 137.0 (m), 127.0,
125.3, 114.2, 107.3 (m), 55.4, 35.8, 28.5, 26.7, 22.1; °F NMR (565 MHz, CDCl3) & -137.3 (m,
2F), -147.9 (m, 1F), -160.0 (m, 2F); HRMS (ESI) m/z: [M + H]* calcd. for CyoHi9FsNO3
416.1280; found 416.1277.

1-(4-fluorophenyl)-4-methylpentan-1-one O-perfluorobenzoyl oxime (S100):

White solid (1.67 g, 83% vyield over steps 3-4); R = 0.67 (Petroleum ether/Ethyl acetate = 10:1);
Mp =41 - 42 °C; 'H NMR (600 MHz, CDCls3) 8 7.80 — 7.72 (m, 2H), 7.17 — 7.10 (m, 2H), 2.90 —
2.82 (m, 2H), 1.68 — 1.60 (m, 1H), 1.49 — 1.42 (m, 2H), 0.92 (d, J = 6.6 Hz, 6H); 3C NMR (151
MHz, CDCls) & 168.1, 164.5 (d, 3Jc.r = 252.0 Hz), 156.5, 137.0 (m), 129.5 (d, 3Jc.r = 8.7 Hz),
129.3, 116.0 (d, 2Jc.r = 21.8 Hz), 107.0 (m), 35.5, 28.4, 27.0, 22.1; °F NMR (565 MHz, CDCl3) &
-108.8 (s, 1F), -137.1 (m, 2F), -147.4 (m, 1F), -159.8 (m, 2F); HRMS (ESI) m/z: [M + H]"* calcd.
for Ci9H16FsNO2 404.1080; found 404.1079.
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1-(4-chlorophenyl)-4-methylpentan-1-one O-perfluorobenzoyl oxime (S101):

White solid (1.57 g, 75% vyield over steps 3-4); R = 0.67 (Petroleum ether/Ethyl acetate = 10:1);
Mp =50 — 51 °C; *H NMR (600 MHz, CDCls) 6 7.70 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H),
2.90 - 2.81 (m, 2H), 1.67 — 1.60 (m, 1H), 1.48 — 1.41 (m, 2H), 0.92 (d, J = 6.5 Hz, 6H); 1*C NMR
(151 MHz, CDCls3) 6 168.1, 156.5, 146.4 (m), 137.3, 131.7, 129.1, 128.7, 107.0 (m), 35.5, 28.4,
26.8, 22.1; °F NMR (565 MHz, CDCls) & -137.08 (m, 2F), -147.3 (m, 1F), -159.7 (m, 2F);
HRMS (ESI) m/z: [M + H]* calcd. for C19H16CIFsNO2 420.0784; found 420.0784.

1-(4-bromophenyl)-4-methylpentan-1-one O-perfluorobenzoyl oxime (S102):

White solid (1.51 g, 65% vyield over steps 3-4); Rt = 0.67 (Petroleum ether/Ethyl acetate = 10:1);
Mp =66 — 67 °C; 'H NMR (600 MHz, CDCls) 6 7.63 (d, J = 7.9 Hz, 2H), 7.58 (d, J = 7.5 Hz, 2H),
2.89 —2.81 (m, 2H), 1.68 — 1.60 (m, 1H), 1.48 — 1.40 (m, 2H), 0.92 (d, J = 6.3 Hz, 6H); 1*C NMR
(151 MHz, CDCl3) 6 168.2, 156.5, 146.4 (m), 142.7 (m), 137.0 (m), 132.1, 132.1, 128.9, 125.7,
107.0 (m), 35.5, 28.4, 26.8, 22.1; °F NMR (565 MHz, CDCls) § -137.1 (m,2F), -147.3 (m,1F), -
159.7 (m,2F); HRMS (ESI) m/z: [M + H]* calcd. for C19H16BrFsNO-, 464.0279; found 464.0278.

4-methyl-1-(4-(trifluoromethyl)phenyl)pentan-1-one O-perfluorobenzoyl oxime (S104):

White solid (1.63 g, 72% vyield over steps 3-4); R¢ = 0.67 (Petroleum ether/Ethyl acetate = 10:1);
Mp =50 — 51 °C; *H NMR (600 MHz, CDCls) 6 7.87 (d, J = 7.6 Hz, 2H), 7.71 (d, J = 7.6 Hz, 2H),
2.94 —-2.86 (m, 2H), 1.68 — 1.60 (m, 1H), 1.49 — 1.42 (m, 2H), 0.93 (d, J = 6.1 Hz, 6H); 1*C NMR
(151 MHz, CDCls) 8 168.0, 156.4, 146.5 (m), 136.8, 132.8 (q, 2Jcr = 32.8 Hz), 127.8, 125.8 (q,
3Jc.e = 3.8 Hz), 123.7 (q, YJcr = 272.7 Hz), 35.4, 28.4, 27.0, 22.1; *)F NMR (565 MHz, CDCls) &
-63.00 (s, 3F), -136.97 (m, 2F), -147.05 (m, 1F), -159.6 (m, 2F); HRMS (ESI) m/z: [M + Na]*
calcd. for CooH1sFsNNaO, 476.0867; found 476.0867.
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4-methyl-1-(pyridin-3-yl)pentan-1-one O-perfluorobenzoyl oxime (S105):

White solid (1.14 g, 59% yield over steps 3-4); Rt = 0.3 (Petroleum ether/Ethyl acetate = 10:1);
Mp =38 — 39 °C; *H NMR (600 MHz, CDCls) & 8.96 (s, 1H), 8.74 (d, J = 4.1 Hz, 1H), 8.14 (d, J
=7.0 Hz, 1H), 7.46 — 7.37 (m, 1H), 2.96 — 2.86 (m, 2H), 1.70 — 1.60 (m, 1H), 1.53 — 1.41 (m, 2H),
0.93 (d, J = 6.3 Hz, 6H); 3C NMR (151 MHz, CDCls) & 166.9, 156.4, 151.6, 148.1, 146.5 (m),
142.8 (m), 137.0 (m), 135.2, 129.5, 123.8, 106.7 (m), 35.3, 28.4, 26.8, 22.1; °F NMR (565 MHz,
CDCls) & -137.0 (m, 2F), -147.0 (m, 1F), -159.6 (m, 2F); HRMS (ESI) m/z: [M + H]* calcd. for
C1gH16FsN20 387.1126; found 387.1125.

3-cyclohexyl-1-phenylpropan-1-one O-perfluorobenzoyl oxime (S106):

White solid (1.66 g, 78% vyield over steps 3-4); Rt = 0.67 (Petroleum ether/Ethyl acetate = 10:1);
Mp =93 - 95 °C; *H NMR (600 MHz, CDCl3) § 7.74 (d, J = 7.4 Hz, 2H), 7.51 — 7.46 (m, 1H),
7.44 (t, J = 7.1 Hz, 2H), 2.92 — 2.84 (m, 2H), 1.75 — 1.60 (m, 5H), 1.50 — 1.40 (m, 2H), 1.35 —
1.25 (s, 1H), 1.25 — 1.07 (m, 3H), 0.95 — 0.85 (m, 2H); **C NMR (151 MHz, CDCls) § 169.3,
156.7, 146.3 (m), 142.6 (m), 137.0 (m), 133.3, 131.0, 128.8, 127.4, 107.3 (m), 38.0, 34.1, 32.9,
26.6, 26.5, 26.2; °F NMR (565 MHz, CDCls) 6 -137.15 (m, 2F), -147.72 (m, 1F), -159.87 (m, 2F);
HRMS (ESI) m/z: [M + H]* calcd. for Ca2H21FsNO2 426.1487; found 426.1485.

NOPiv

4-methyl-1-phenylpentan-1-one O-pivaloyl oxime (S121):

White solid (1.10 g, 80% yield over steps 3-4); Rs = 0.7 (Petroleum ether/Ethyl acetate = 10:1);
Mp = 48 — 49 °C; *H NMR (600 MHz, CDCl3) 8 7.73 (d, J = 7.5 Hz, 2H), 7.45 — 7.39 (m, 3H),
2.85-2.80 (m, 2H), 1.70 — 1.62 (m, 1H), 1.50 — 1.44 (m, 2H), 1.34 (s, 9H), 0.95 (d, J = 6.6 Hz,
6H); 3C NMR (151 MHz, CDCls) & 175.1, 167.2, 134.3, 130.4, 128.6, 127.3, 38.8, 35.6, 28.6,
27.3, 26.7, 22.3; HRMS (ESI) m/z: [M + H]* calcd. for C17H2sNO; 276.1958; found 276.1960.
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General Procedures for the Synthesis of Enals

All enals were synthesized according to general procedures (Methods A, B, C, D) reported in the
literature'-18 with sight modifications. The characterization data of newly synthesized substrates
were summarization below. *H, 3C NMR and **F NMR spectra data for the rest of known ones
were in agreement with the literature data. Some substrates of them were synthesized according to
additional procedures given in the Supporting Information.

Method A :
- K,CO3 (1.5 equiv)
Br 0 0/> 2N HCI
X, + 18-crown-6 X wCHO
R + —_— /\ﬁv
© Ph3P\)\O Toluene, heat R/\Mko THF, rt R

Method B : + Method C:
(i) PhsPCHCOOEt, DCM, 1t, 12 h 3 Ph3PNO
RN, RMO PRy ——— RMO
(i) DIBAL-H, DCM, -78 °C, 2 h ' Toluene, heat
(iii) IBX, HOAc, MeCN, rt !
Method D :
Pd(OAc), (3 mol%) 0
"BuyNOAC (2.0 equiv) —
Br oft  K2COs (1.5 equiv)
R, /\r KCI (1.0 equiv) 2N HCl OO R
OO OEt DMF, 90 °C, overnight
Method A

According to the procedures reported in the literature'?, a 100 mL round bottom flask was charged
with carbonyl compound (5 mmol, 1.0 equiv), 18-crown-6 (2 mol%), (1,3-dioxolan-2-
ylmethyl)triphenylphosphnium bromide (7.5 mmol, 1.5 equiv), KoCOs (7.5 mmol, 1.5 equiv), and
toluene (20 mL). Then the reaction mixture was heated at 100 <€ with stirring for 18 h. After
cooling to room temperature, the solvent was evaporated in vacuo. The reaction mixture was then
diluted with deionized water, followed by extraction with ethyl acetate (2 < 20 mL). The
combined organic phases were dried over Na,SOa, then concentrated in vacuo to give the crude
acetal product, which was used in the next step without any further purification. The crude acetal
was added to tetrahydrofuran (20 mL), followed by 2N HCI. The reaction was stirred at room
temperature for 6 h. Then, the solvent was evaporated in vacuo. The reaction mixture was diluted
with deionized water, followed by extraction with ethyl acetate (2 < 20 mL). The combined
organic phases were dried over Na;SQO4, and concentrated in vacuo. The residue was then purified
by flash chromatography on silica gel to give the desired cinnamaldehyde product.

Method B

According to the procedures reported in the literature'>!2® with slight modification, to a stirred
solution of the appropriate aldehyde (5 mmol, 1.0 equiv) in DCM (0.5 M) was added ethyl
(triphenylphosphoranylidene)acetate (5.5 mmol, 1.1 equiv) by portions. The resulting solution was
stirred at room temperature for 12 hours. The volatiles were removed under vacuum and a mixture
of petroleum ether/Et,O (4/1, 25 mL) was added to the solid obtained. The white solid (PhzPO)
was filtered off and washed thoroughly with petroleum ether/Et;O (1/1). The solvents were
removed under vacuum and the crude residue was washed on a short pad of SiO; eluting with
petroleum ether/Et;O (4/1). The a,B-unsaturated ester was used in the next step without further
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purification.

The o,B-unsaturated ester (~ 5 mmol) was dissolved in DCM (0.5 M) and the resulting solution
was cooled down to —78 °C. DIBAL-H solution (1.0 M in hexanes, 11 mmol, 2.2 equiv) was
added dropwise over 15 min. The reaction was stirred at the same temperature for 2 h at which
point water (5 mL) was added. The solution was allowed to warm up to room temperature then a
NaOH solution (10% in water, 20 mL) was added followed by water (10 mL). The suspension was
stirred vigorously for 1 h, diluted with water. Then the aqueous layers were extracted with DCM.
The combined organic layers were washed with brine, dried over Na;SOa, filtered, and
concentrated to give the crude allylic alcohol which was used in the next step without further
purification.

A suspension of the allylic alcohol (1 equiv), IBX (1.2 equiv), and acetic acid (1.2 equiv) in
acetonitrile (20 mL) was stirred vigorously at room temperature. The reaction progress was
monitored by a TLC plate. After completion of the reaction, excess sodium bicarbonate was added
to the mixture. The resulting mixture was passed through a short path of silica gel using ethyl
acetate as the eluent. After the removal of the solvent, the residue was purified by flash
chromatography on silica gel to afford the desired enal.

Method C

According to the procedures reported in the literature!#, to a suspension of aldehyde (5 mmol, 1.0
equiv) in toluene (20.0 mL) was added 2- (triphenylphosphoranylidene)acetaldehyde (5.5 mmol,
1.1 equiv), the reaction mixture was heated to 120 °C (oil bath) and stirred for 4 h. Then the
mixture was concentrated directly in vacuum and the residue was purified by silica gel
chromatography to give the desired enal.

Method D

According to the procedures reported in the literature®®, to a stirred solution of aryl bromide (5
mmol, 1 equiv) in 20 mL of DMF were added acrolein diethyl acetal (2.29 mL, 15 mmol),
"BusNOACc (3.02 g, 10 mmol), KoCO3 (1.04 g, 7.5 mmol), KCI (0.37 g, 5 mmol), and Pd(OAc).
(0.03 g, 0.15 mmol). The mixture was stirred for 6 h at 90 °C. After cooling, 2N HCI was slowly
added and the reaction mixture was stirred at room temperature for 20 min. Then, it was diluted
with ethyl acetate and washed with water. The organic layer was dried over Na;SO4 and
concentrated under reduced pressure. The residue was purified by flash chromatography on silica
gel to afford the desired cinnamaldehyde.

Enals

Substrates (2, 88, S30, S34, S36, S39, S48, S54, S56-58) were purchased from commercial
sources and used as received. Substrates (532, S33, S35, S37, S38, S40-47, S49-53, S59-62, S112)
were prepared according to Method A. Substrate S113 was prepared according to Method B.
Substrates (80, S55) were prepared according to Method C. Substrates (96, S63, S107-111, S114-
116) were prepared according to Method D.
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2 (R=H)
$30 (R = Me) %
88 (R = OMe) o b
$32 (R = Bu) B~
$33 (R = SMe) OCF,4
W S34 (R=F)
R 835 (R = Cl) Br
$36 (R = Br) ™ N N
S37 (R=1) « ~ >
$38 (R = CO,Me) o) o) o
839 (R = CF3) s41 S42 s43 S44
$40 (R = CN)
OMe OCHF, o/\
o 0
o N
OMe 7 N
x N x N x
Yo No No No Yo
S45 S46 s47 s49 S50
_ N Ph
s |
4 Z I COOEt
A X ﬁ\
No \o Yo
§52 $54 (R = "Pr) $56
80 (R = NPhth)
OO $61 (R = H)
Y R $62 (R = Me)
o NP N $63 (R = COOMe)
96 (R = COOBu)
$58
OO $107 (R = COOEt)  $111 (R = COOCHPr,)
R s108 (R=COOPr) S112 (R =O0Ts)
o x $109 (R = COOCy)  S113 (R = OTf)
X S$110 (R = COOAd)  S114 (R = O'Bu)
S60 (from L-Menthol) Ph
/\g\Ph
Q! o
Yo
S$115 (from Gemfibrozil) $116 ffom Oxaprozin)

"

Scheme S2. Enal substrates used in the reactions.
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The Characterization Data for Enals

Y
/@/\/%o
O\?
O

(E)-3-(4-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)acrylaldehyde (S41):

White solid (0.55 g, 45% vyield); Rf = 0.3 (Petroleum ether/Ethyl acetate = 10:1); Mp = 93 — 95 °C;
'H NMR (600 MHz, CDCl3) 6 9.64 (d, J = 7.7 Hz, 1H), 7.78 (d, J = 7.7 Hz, 2H), 7.47 (d, J = 7.7
Hz, 2H), 7.41 (d, J = 15.9 Hz, 1H), 6.68 (dd, J = 15.9, 7.7 Hz, 1H), 3.71 (s, 4H), 0.96 (s, 6H); *C
NMR (151 MHz, CDCl3) & 192.7, 151.8, 134.8, 133.5, 127.9, 126.5, 71.4, 30.9, 20.9; HRMS
(ESI) m/z: [M + Na]* calcd. for C14H17BNaOs 267.1163; found 267.1167.

NN,
=Z
Ph

(E)-3-(4-(phenylethynyl)phenyl)acrylaldehyde (S42):

White solid (0.72 g, 62% vyield); Rs = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 131 —
133 °C; 'H NMR (600 MHz, CDCls) 6 9.72 (d, J = 7.6 Hz, 1H), 7.58 (d, J = 8.0 Hz, 2H), 7.57 —
7.53 (m, 4H), 7.46 (d, J = 16.0 Hz, 1H), 7.39 — 7.34 (m, 3H), 6.73 (dd, J = 15.9, 7.6 Hz, 1H); *3C
NMR (151 MHz, CDCls) 6 193.4, 151.6, 133.7, 132.2, 131.7, 129.0, 128.8, 128.5, 128.4, 126.3,
122.8,92.3, 88.9; HRMS (ESI) m/z: [M + H]* calcd. for C17H130 233.0961; found 233.0962.

N0

F2HCO/©/\/\
£O
(E)-3-(3-(cyclopropylmethoxy)-4-(difluoromethoxy)phenyl)acrylaldehyde (S46):
White solid (0.54 g, 40% yield); R = 0.3 (Petroleum ether/Ethyl acetate = 10:1); Mp = 60 — 61 °C;
'H NMR (600 MHz, CDCl3) 8 9.69 (d, J = 7.5 Hz, 1H), 7.41 (d, J = 15.9 Hz, 1H), 7.21 (d, J = 8.0
Hz, 1H), 7.14 (d, J = 9.7 Hz, 2H), 6.69 (t, J = 75.0 Hz, 1H), 6.65 (dd, J = 15.9, 7.6 Hz, 1H), 3.92
(d, J=6.9 Hz, 2H), 1.35 - 1.26 (m, 1H), 0.71 — 0.64 (m, 2H), 0.41 — 0.35 (m, 2H); 1*C NMR (151
MHz, CDCls) & 193.28, 151.4, 150.8, 142.7, 132.5, 128.8, 122.8, 122.2, 115.8 (t, 3Jc.r = 261.1
Hz ), 113.4, 74.1, 10.1, 3.3; F NMR (565 MHz, CDCls) § -81.84; HRMS (ESI) m/z: [M + H]*
calcd. for C14H15F203 269.0984; found 269.0985.
Sy

O
(E)-3-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)acrylaldehyde (S47):
White solid (0.74 g, 78% yield); R = 0.3 (Petroleum ether/Ethyl acetate = 10:1); Mp = 80 — 82 °C;
'H NMR (600 MHz, CDCls) 8 9.64 (d, J = 7.7 Hz, 1H), 7.35 (d, J = 15.8 Hz, 1H), 7.10 (s, 1H),
7.09 —7.06 (m, 1H), 6.91 (d, J = 8.3 Hz, 1H), 6.58 (dd, J = 15.8, 7.7 Hz, 1H), 4.33 — 4.31 (m, 2H),
4.30 — 4.27 (m, 2H); 3C NMR (151 MHz, CDCls) & 193.6, 152.6, 146.6, 143.9, 127.7, 127.1,
122.7, 118.0, 117.2, 64.6, 64.2; HRMS (ESI) m/z: [M + H]* calcd. for C11H1103 191.0703; found
191.0701.
7 Yo
\N
(E)-3-(quinolin-6-yl)acrylaldehyde (S53):
White solid (0.48 g, 52% yield); Rf = 0.1 (Petroleum ether/Ethyl acetate = 5:1); Mp = 159 —
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160 °C; 'H NMR (600 MHz, CDCls) & 9.80 — 9.76 (m, 1H), 8.98 — 8.94 (m, 1H), 8.21 (d, J = 7.8
Hz, 1H), 8.15 (d, J = 7.2 Hz, 1H), 7.9 (s, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 15.9 Hz, 1H),
7.49 — 7.44 (m, 1H), 6.88 — 6.81 (m, 1H); 3C NMR (151 MHz, CDCls) 5 193.4, 151.9, 1514,
149.4, 136.6, 132.3, 130.6, 129.9, 129.6, 128.2, 127.4, 122.1; HRMS (ESI) m/z: [M + H]* calcd.
for C12H1oNO 184.0757; found 184.0756.

L-Menthol
(1.1 equiv)

0]
DCC (1.1 equiv)
OH MAP (20 mol%; Method A
DCM, rt, 12 h
OHC

According to the procedure reported in the literature'®, A 50 mL round bottom flask was fitted
with a stirring bar, 4-formylbenzoic acid (5 mmol, 1.0 equiv), DCC (5.5 mmol, 1.1 equiv), and
DMAP (20 mol%) was added. Then DCM (20 mL) and L-Menthol (5.5 mmol, 1.1 equiv) were
added sequentially. The reaction mixture was stirred at room temperature for 12 h. The reaction
was filtered through a Celite pad and concentrated in vacuo. The crude residue was purified by
flash silica gel chromatography (Petroleum ether/Ethyl acetate 30:1 to 10:1) to afford the desired
ester product. The final ester substituted cinnamaldehyde was prepared according to Method A in
General procedures for the Synthesis of Enals.

0]
VVQ)LO\‘_
Ox N

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 4-((E)-3-oxoprop-1-en-1-yl)benzoate (S60):
Colorless oil (1.12 g, 71% yield); Rs = 0.35 (Petroleum ether/Ethyl acetate = 10:1); *H NMR (600
MHz, CDCl3) 6 9.75 (d, J = 7.6 Hz, 1H), 8.10 (d, J = 8.3 Hz, 2H), 7.63 (d, J = 8.3 Hz, 2H), 7.51 (d,
J =16.0 Hz, 1H), 6.78 (dd, J = 16.0, 7.6 Hz, 1H), 4.95 (td, J = 10.9, 4.4 Hz, 1H), 2.17 — 2.10 (m,
1H), 1.99 - 1.91 (m, 1H), 1.77 — 1.71 (m, 2H), 1.60 — 1.53 (m, 2H), 1.19 — 1.08 (m, 2H), 0.93 (t, J
=7.0 Hz, 7H), 0.80 (d, J = 6.9 Hz, 3H); 13C NMR (151 MHz, CDCls) 6 193.3, 165.3, 151.0, 137.9,
133.0, 130.3, 130.2, 128.3, 75.4, 47.3, 41.0, 34.3, 31.5, 26.6, 23.7, 22.0, 20.8, 16.6; HRMS (ESI)
m/z: [M + H]* calcd. for C2oH2703 315.1955; found 315.1961.

4@

(E)-3-(2-methylnaphthalen-1-yl)acrylaldehyde (S62):

White solid (0.64 g, 65% vyield); Rs = 0.55 (Petroleum ether/Ethyl acetate = 10:1); Mp = 87 —
88 °C; 'H NMR (600 MHz, CDCls) & 9.88 (d, J = 7.8 Hz, 1H), 8.06 — 7.99 (m, 2H), 7.84 (d, J =
8.0 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.52 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.3 Hz, 1H), 7.38 (d, J
=8.4 Hz, 1H), 6.57 (dd, J = 16.3, 7.8 Hz, 1H), 2.54 (s, 3H); 3C NMR (151 MHz, CDCls) § 193.8,
150.6, 136.0, 134.6, 132.2, 131.1, 130.0, 129.6, 129.0, 128.6, 127.0, 125.5, 124.2, 21.2; HRMS
(ESI) m/z: [M + HJ* calcd. for C14H130 197.0961; found 197.0962.

O
N \/Mo

(0]

o

516



(E)-4-(1,3-dioxoisoindolin-2-yl)but-2-enal (80):

White solid (0.43 g, 40% vyield, E/Z = 7/1); Rf = 0.2 (Petroleum ether/Ethyl acetate = 4:1); Mp =
117 - 118 °C; *H NMR (600 MHz, CDCls) 6 9.57 (d, J = 7.6 Hz, 1H), 7.91 — 7.87 (m, 2H), 7.78 —
7.75 (m, 2H), 6.82 (dt, J = 15.8, 5.0 Hz, 1H), 6.15 (dd, J = 15.8, 7.6 Hz, 1H), 4.59 — 4.53 (m, 2H);
13C NMR (151 MHz, CDCls) 8 192.5, 167.5, 149.0, 134.4, 133.2, 131.9, 123.7, 38.4; HRMS (ESI)
m/z: [M + H]* calcd. for C12H10NO3 216.0655; found 216.0658.

General procedures for the Synthesis of ester-substituted enals

_0

Br O ROH (1.1 equiv) Z o

Br O
OH BACACA;I'E‘1(210er?1LJOi;{’/)«)2 OR Method D OO OR
DCM, rt, 12 h

According to the procedure reported in the literature'®, A 50 mL round bottom flask was fitted
with a stirring bar, naphthoic acid (5 mmol, 1.0 equiv), DCC (5.5 mmol, 1.1 equiv), and DMAP
(20 mol%) were added. Then DCM (20 mL) and alcohol (5.5 mmol, 1.1 equiv) were added
sequentially. The reaction mixture was stirred at room temperature for 12 h. The reaction was
filtered through a Celite pad and concentrated in vacuo. The crude residue was purified by flash
silica gel chromatography (Petroleum ether/Ethyl acetate 40:1 to 5:1) to afford the desired ester
product. The final ester substituted cinnamaldehyde was prepared according to Method D in
General Procedures for the Synthesis of Enals.

0

tert-butyl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (96):

White solid (0.44 g, 31% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp =72 — 74 °C;
'H NMR (600 MHz, CDCI3) § 9.93 (d, ] = 7.8 Hz, 1H), 8.35 (d, J = 16.3 Hz, 1H), 8.10 (d, ] = 8.4
Hz, 1H), 7.95 (d, J = 8.6 Hz, 1H), 7.92 — 7.87 (m, 2H), 7.60 (t, J = 7.0 Hz, 1H), 7.56 (dd, J = 11.2,
3.9 Hz, 1H), 6.39 (dd, J = 16.3, 7.8 Hz, 1H), 1.61 (s, 9H); *C NMR (151 MHz, CDCls) § 193.5,
166.4, 152.0, 135.2, 135.0, 134.7, 130.4, 129.2, 128.5, 128.4, 127.9, 127.3, 126.3, 125.8, 82.4,
28.3; HRMS (ESI) m/z: [M + H]* calcd. for C1gH1903 283.1329; found 283.1329.

0

methyl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (S63):

White solid (0.46 g, 38% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 92 — 93 °C;
'H NMR (600 MHz, CDCl3) 8 9.94 (d, J = 7.8 Hz, 1H), 8.38 (d, J = 16.3 Hz, 1H), 8.13 (d, J = 8.5
Hz, 1H), 8.02 (d, J = 8.7 Hz, 1H), 7.91 (d, J = 8.7 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.57 (t, J =
7.6 Hz, 1H), 6.38 (dd, J = 16.3, 7.8 Hz, 1H), 3.95 (s, 3H); *3C NMR (151 MHz, CDCls) & 193.5,
167.4, 151.7, 136.0, 135.5, 135.3, 130.4, 129.3, 128.5, 128.3, 127.5, 126.5, 126.2 125.6, 52.5;
HRMS (ESI) m/z: [M + H]* calcd. for C1sH1303 241.0859; found 241.0860.

o
COOEt

ethyl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (S107):

o
COOBu

o
COOMe

o
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White solid (0.46 g, 36% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 83 — 84 °C;
'H NMR (600 MHz, CDCl3) 6 9.93 (d, J = 7.8 Hz, 1H), 8.38 (d, J = 16.2 Hz, 1H), 8.13 (d, J = 8.4
Hz, 1H), 8.03 (d, J = 8.5 Hz, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H), 7.57 (t, J =
7.5 Hz, 1H), 6.38 (dd, J = 16.2, 7.8 Hz, 1H), 4.45 — 4.37 (m, 2H), 1.42 (t, J = 7.1 Hz, 3H); 13C
NMR (151 MHz, CDCls) 6 193.5, 167.0, 151.8, 135.7, 135.4, 135.3, 130.3, 129.2, 128.5, 128.2,
127.4, 126.6, 126.5, 125.7, 61.6, 14.3; HRMS (ESI) m/z: [M + H]* calcd. for C16H1503 255.1016;
found 255.1015.

I

isopropyl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (S108):

White solid (0.41 g, 30% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 63 — 64 °C;
'H NMR (600 MHz, CDCls) 6 9.93 (d, J = 7.8 Hz, 1H), 8.37 (d, J = 16.3 Hz, 1H), 8.12 (d, J = 8.4
Hz, 1H), 8.00 (d, J = 8.6 Hz, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.64 — 7.58 (m, 1H), 7.58 — 7.53 (m,
1H), 6.39 (dd, J = 16.3, 7.8 Hz, 1H), 5.31 - 5.24 (m, 1H), 1.39 (d, J = 6.3 Hz, 6H); *C NMR (151
MHz, CDCl3) 6 193.5, 166.6, 151.8, 135.4, 135.3, 135.2, 130.3, 129.2, 128.4, 128.1, 127.4, 127.1,
126.4, 125.7, 69.3, 22.0; HRMS (ESI) m/z: [M + H]* calcd. for C17H1703269.1172; found
269.1173.

0

cyclohexyl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (S109):

White solid (0.54 g, 35% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 68 — 70 °C;
'H NMR (600 MHz, CDCls) 6 9.93 (d, J = 7.8 Hz, 1H), 8.38 (d, J = 16.3 Hz, 1H), 8.13 (d, J = 8.4
Hz, 1H), 8.02 (d, J = 8.6 Hz, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H), 7.59 — 7.53 (m,
1H), 6.39 (dd, J = 16.2, 7.8 Hz, 1H), 5.09 — 5.01 (m, 1H), 2.05 — 1.95 (m, 2H), 1.85 — 1.75 (m,
2H), 1.63 — 1.57 (m, 3H), 1.51 — 1.38 (m, 2H), 1.39 — 1.30 (m, 1H); *3C NMR (151 MHz, CDCls)
5 193.5, 166.5, 151.9, 135.4, 135.3, 135.2, 130.4, 129.2, 128.4, 128.1, 127.4, 127.2, 126.4, 125.7,
74.2,31.7,25.4, 23.8; HRMS (ESI) m/z: [M + H]* calcd. for CH»103 309.1485; found 309.1484.

SPN
L
COOAd

(3r)-adamantan-1-yl 1-((E)-3-oxoprop-1-en-1-yl)-2-naphthoate (S110):

White solid (0.40 g, 22% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 119 —
120 °C; *H NMR (600 MHz, CDCl3) § 9.93 (d, J = 7.8 Hz, 1H), 8.34 (d, J = 16.3 Hz, 1H), 8.10 (d,
J=8.4Hz, 1H), 7.95 (d, J = 8.6 Hz, 1H), 7.92 — 7.87 (m, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.55 (t, J =
7.6 Hz, 1H), 6.39 (dd, J = 16.3, 7.8 Hz, 1H), 2.30 — 2.25 (m, 6H), 2.25 —2.21 (m, 3H), 1.76 — 1.68
(m, 6H); 3C NMR (151 MHz, CDCls) 6 193.6, 166.1, 152.1, 135.1, 135.0, 134.6, 130.4, 129.1,
128.6, 128.4, 127.9, 127.3, 126.3, 125.9, 82.7, 41.6, 36.2, 31.0; HRMS (ESI) m/z: [M + H]* calcd.
for CasH2503 361.1798; found 361.1796.

Ndsd

o
COO'Pr

o
CcooCy
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2,4-dimethylpentan-3-yl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (S111):

White solid (0.44 g, 27% vyield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 70 — 72 °C;
'H NMR (600 MHz, CDCls) 6 9.93 (d, J = 7.9 Hz, 1H), 8.39 (d, J = 16.3 Hz, 1H), 8.14 (d, J = 8.5
Hz, 1H), 8.07 (d, J = 8.7 Hz, 1H), 7.95 - 7.90 (m, 2H), 7.62 (t, J = 7.1 Hz, 1H), 7.57 (t, J = 7.2 Hz,
1H), 6.39 (dd, J = 16.3, 7.9 Hz, 1H), 4.90 (t, J = 6.1 Hz, 1H), 2.10 — 2.01 (m, 2H), 0.97 (dd, J =
6.7, 1.5 Hz, 12H); 1*C NMR (151 MHz, CDCls) 8 193.6, 166.9, 152.1, 135.9, 135.3, 135.3, 130.4,
129.2, 128.4, 128.2, 127.4, 126.6, 125.6, 84.4, 29.6, 19.7, 17.5; HRMS (ESI) m/z: [M + Na]*
calcd. for C21H24NaO3 347.1618; found 347.16109.

Gl

5-(2,5-dimethylphenoxy)-2,2-dimethylpentyl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (S115)
Yellow oil (0.77 g, 35% vyield); R¢ = 0.45 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (600
MHz, CDClz) 6 9.92 (d, J = 7.6 Hz, 1H), 8.38 (d, J = 16.2 Hz, 1H), 8.13 (d, J = 8.2 Hz, 1H), 8.03
(d, J=8.3Hz, 1H), 7.95-7.85 (m, 2H), 7.66 — 7.59 (m, 1H), 7.59 — 7.52 (m, 1H), 6.97 (d, J = 6.9
Hz, 1H), 6.63 (d, J = 7.0 Hz, 1H), 6.61 (s, 1H), 6.38 (dd, J = 16.1, 7.7 Hz, 1H), 4.12 (s, 2H), 3.98
—3.90 (m, 2H), 2.29 (s, 3H), 2.13 (s, 3H), 1.88 — 1.76 (m, 2H), 1.61 — 1.53 (m, 2H), 1.07 (s, 6H);
13C NMR (151 MHz, CDCls) § 193.5, 167.0, 157.0, 151.7, 136.5, 136.0, 135.5, 135.3, 130.4,
130.3, 129.3, 128.5, 128.3, 127.5, 126.5, 126.5, 125.5, 123.5, 120.8, 112.0, 73.5, 68.2, 35.7, 33.9,
24.5,24.2,21.4,15.8; HRMS (ESI) m/z: [M + H]* calcd. for CagH3304 445.2373; found 445.2372.

0

e

N

OO O/\/\g/\/X—Ph
Ph

3-(4,5-diphenyloxazol-2-yl)propyl (E)-1-(3-oxoprop-1-en-1-yl)-2-naphthoate (S116):
Yellow oil (0.56 g, 23% yield); Rf = 0.2 (Petroleum ether/Ethyl acetate = 5:1); 'H NMR (600
MHz, CDClz) 6 9.91 (d, J = 7.7 Hz, 1H), 8.32 (d, J = 16.3 Hz, 1H), 8.07 (d, J = 8.3 Hz, 1H), 7.98
(d, J=8.6 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.62 — 7.55 (m, 3H), 7.54 —
7.46 (m, 3H), 7.35—7.26 (m, 6H), 6.32 (dd, J = 16.2, 7.8 Hz, 1H), 4.51 (t, J = 5.7 Hz, 2H), 3.05 {t,
J =7.0 Hz, 2H), 2.44 — 2.32 (m, 2H); ¥C NMR (151 MHz, CDCls) § 193.5, 166.7, 162.4, 151.7,
1454, 136.2, 135.4, 135.2, 132.4, 130.3, 129.2, 128.9, 128.6, 128.5, 128.4, 128.3, 128.1, 127.9,
127.4, 126.5, 126.4, 126.0, 125.6, 64.7, 26.2, 25.3; HRMS (ESI) m/z: [M + H]* calcd. for
C32H2sNO4 488.1856; found 488.1857.

TsCl (1.2 equiv) 20
CHO TEA (1.5 equiv) CHO

OH DMAP (20 mol%) OTs Method A 7
LI e (N2 Y

Prepared according to literature'’. To round bottom flask equipped with a stirring bar, 2-hydroxy-
1-naphthaldehyde (5 mmol, 1 equiv), TEA (7.5 mmol, 1.5 equiv), DMAP (20 mol%), and DCM
were added. The reaction was cooled to 0 <C and TsCl (6 mmol, 1.2 equiv) in DCM was added
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dropwise and left to stir for 2 hours. The reaction was quenched with DCM (3 x 25 mL) and the
combined organic layers were washed with brine (3 x 25 mL) and dried over magnesium sulfate.
The solvent was evaporated to give the crude product. The crude product was purified by flash
column chromatography to afford 1-formylnaphthalen-2-yl 4-methylbenzenesulfonate. Then, the
desired cinnamaldehyde was prepared according to Method A in General Procedures for the
Synthesis of Enals.

0
Z

S8

1-(3-oxoprop-1-en-1-yl)naphthalen-2-yl 4-methylbenzenesulfonate (S112):

White solid (0.52 g, 29% yield); R = 0.2 (Petroleum ether/Ethyl acetate = 10:1); Mp = 92 — 94 °C;
'H NMR (600 MHz, CDCls3) 8 9.50 — 9.36 (m, 1H), 8.04 — 7.82 (m, 3H), 7.72 — 7.41 (m, 6H),
7.32 — 7.17 (m, 2H), 6.45 — 6.28 (m, 1H), 2.46 — 2.33 (m, 3H); **C NMR (151 MHz, CDCls) &
193.1, 146.3, 145.5, 144.3, 135.9, 132.4, 131.8, 131.0, 130.1, 128.9, 128.6, 128.0, 126.8, 124.6,
124.5,122.0, 21.7; HRMS (ESI) m/z: [M + H]* calcd. for CH1704S 353.0842; found 353.0841.

_0

CHO Pyridine (1.2 equiv) CHO

oH Tf0 (1.5 equiv) oTf Method B =

OO DCM,.O °Ctort OTf
overnight OO

Prepared according to literature'’. To round bottom flask equipped with a stirring bar, 2-hydroxy-
1-naphthaldehyde (5 mmol, 1 equiv), pyridine (6 mmol, 1.2 equiv), and dry DCM were added.
The flask was cooled to 0 < and Tf,O (7.5 mmol, 1.5 equiv) was added dropwise. The reaction
was warmed to room temperature and left to stir overnight. The reaction was saturated with
NaHCOs (25 mL). The aqueous phase was washed with DCM (3 x 25 mL) and dried over
magnesium sulfate. The solvent was evaporated to give the crude product. The crude product was
purified by flash  column chromatography to afford 1-formylnaphthalen-2-yl
trifluoromethanesulfonate. Then, the desired cinnamaldehyde was prepared according to Method
B in General Procedures for the Synthesis of Enals.

O

4

Z

oo

(E)-1-(3-oxoprop-1-en-1-yhnaphthalen-2-yl trifluoromethanesulfonate (S113):

White solid (0.81 g, 49% vyield); Rs = 0.35 (Petroleum ether/Ethyl acetate = 10:1); Mp = 42 —
44 °C; 'H NMR (600 MHz, CDCls) 6 9.89 (d, J = 7.5 Hz, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.99 (d, J
= 9.1 Hz, 1H), 7.97 — 7.92 (m, 2H), 7.70 — 7.62 (m, 2H), 7.48 (d, J = 9.0 Hz, 1H), 6.79 (dd, J =
16.4, 7.5 Hz, 1H); 3C NMR (151 MHz, CDCls) 8 192.7, 144.4, 143.0, 138.0, 132.6, 132.2, 131.2,
128.9, 128.6, 127.5, 124.9, 124.8, 119.6, 118.6 (q, *Jcr = 320.6 Hz); °F NMR (565 MHz, CDCls)
8 -73.5; HRMS (ESI) m/z: [M + Na]* calcd. for C14HgF3NaO.S 353.0066; found 353.0064.
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_0

Br Boc,0 (2.3 equiv) Br

oH MgCIO, (10 mol%) o'y Method D Z
OO DCM, reflux OO OO O'Bu

According to the procedure reported in the literature®®, in a 100 mL three-necked flask equipped
with a magnetic stirring bar and a condenser coil, Mg(ClO4). (0.5 mmol, 10 mol%) and the
alcohol (5.0 mmol) were dissolved in 10 mL of DCM. Then Boc,O (11.5 mmol, 2.3 equiv) was
added and bubbling was immediately observed. The mixture was stirred at reflux until the TLC
analysis revealed the presence of Boc,O. The crude reaction mixture was diluted with water and
extracted with DCM. The organic layer was separated, dried over Na SO, filtered, and removed
by rotary evaporation. The tert-butyl ether was purified by flash chromatography on silica gel with
a mixture of petroleum ether/Ethyl acetate =40:1. The final tert-butoxy substituted
cinnamaldehyde was prepared according to Method D in General Procedures for the Synthesis of
Enals.
O

~

=

i l OBu

(E)-3-(2-(tert-butoxy)naphthalen-1-yl)acrylaldehyde (S114):

White solid (0.38 g, 30% vyield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 116 —
117 °C; *H NMR (600 MHz, CDCls) 6 9.83 (d, J = 7.8 Hz, 1H), 8.19 — 8.10 (m, 2H), 7.82 (t, J =
7.4 Hz, 2H), 7.54 (t, J=7.6 Hz, 1H), 7.44 (t, J = 7.3 Hz, 1H), 7.35 (d, J = 8.9 Hz, 1H), 7.00 (dd, J
= 16.2, 7.8 Hz, 1H), 1.47 (s, 9H); *C NMR (151 MHz, CDCls) & 194.8, 154.0, 148.5, 134.5,
132.1, 131.4, 130.2, 128.7, 127.5, 124.8, 123.7, 123.0, 122.3, 81.7, 29.6; HRMS (ESI) m/z: [M +
Na]* calcd. for C17H1sNaO2 277.1199; found 277.1201.

Chiral Secondary Amines

Al was purchased from commercial sources and used as received. A2,1% A3,1% A4 1% Ap 19
AB,1% A719F A8 199 AQ 1% and A10'° were prepared according to the procedures reported in the
literature.

/ FsC
O, N Ph 3
N>< N Ph O O
B OTES CFs

H+HCI

N

N
A1 A2 H OR H Q
O CF,

O\éph A6 (R = TMS) FsC
N Ph AT(R=TIPS) A3 (R = TMS) A4 (R = TBS)

OR A8 (R =TBS) A10 (R = TBS) A5 (R = TMS)
A9 (R = SiPhy)

Scheme S3. Chiral secondary amines used in the reactions.
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Optimization of the Reaction Conditions

General Procedures:

For the conditions toward achiral pyridine, an oven-dried Schlenk tube (10 mL) containing a
stirring bar was charged with oxime (0.3 mmol, 3 equiv) and 2 (0.1 mmol, 1 equiv). The Schlenk
tube was then introduced into a glove box, where it was charged with [Fe] (10 mol%) and amine
(20 mol%). The tube was fitted with a rubber septum and removed from the glove box. Then
solvent (1 mL) was added to the Schlenk tube through the rubber septum using syringes, and then
the septum was replaced by a Teflon screwcap under nitrogen flow. The reaction mixture was
stirred at the set temperature for 12 h. Then, the mixture was cooled to room temperature and
diluted with ethyl acetate (3 mL). Then, n-tridecane (0.1 mmol) was added to the tube as an
internal standard, and the yield of the desired product was determined by GC analysis. As for the
isolated yield of the desired product, the reaction mixture was diluted with ethyl acetate (5 mL)
and filtered through a pad of silica gel with additional ethyl acetate (20 mL) as the eluent. The
filtrate was concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel to afford the desired product.

For the conditions toward axially chiral heterobiaryls, an oven-dried Schlenk tube (10 mL)
containing a stirring bar was charged with the oxime (0.3 mmol, 3 equiv) and enal 96 (0.1 mmol, 1
equiv). The Schlenk tube was then introduced into a glove box, where it was charged with
Fe(acac). (10 mol%) and chiral amine (20 mol%). The tube was fitted with a rubber septum and
removed from the glove box. Then solvent (1 mL) was added to the Schlenk tube through the
rubber septum using syringes, and then the septum was replaced by a Teflon screwcap under
nitrogen flow. The reaction mixture was stirred at the set temperature for a set length of time.
Upon cooling to room temperature, the reaction mixture was diluted with 5 mL of ethyl acetate
and filtered through a pad of silica gel with additional ethyl acetate (20 mL) as the eluent. The
filtrate was concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel to afford the desired product.
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Table S1. Optimization of the Reaction Conditions Toward Pyridines?

N° [M] (10 mol%)
Ph)l\/\( + P N0 :c:]\i/r;it(,zionc])o"l?12 h
oxime 2
1(LG = OBz)
Entry M] LG Solvent Amine 3 (%)° 3’ (%)°
1 FeS OBz 1,4-dioxane pyrrolidine HCIO4 42 13
2 Fe(OTf)2 OBz 1,4-dioxane pyrrolidine HCIO4 48 21
3 FeCls OBz 1,4-dioxane pyrrolidine HCIO4 31 20
4 Cul OBz 1,4-dioxane pyrrolidine HCIO4 0 56
5 Fe(acac)2 OBz 1,4-dioxane pyrrolidine HCIO4 59 (55", 477) 13
6 Fe(acac)2 OAc 1,4-dioxane pyrrolidine HCIO4 40 27
7 Fe(acac)z OPiv 1,4-dioxane pyrrolidine HCIO4 58 16
8 Fe(acac)z OFBz 1,4-dioxane pyrrolidine HCIO4 57 5
9 Fe(acac)z OBz toluene pyrrolidine HCIO4 47 4
10 Fe(acac)z OBz THF pyrrolidine HCIO4 50 17
11 Fe(acac)z OBz MeCN pyrrolidine HCIO4 56 11
12 Fe(acac):z OBz DMSO pyrrolidine HCIO4 46 22
13 Fe(acac)z OBz 1,4-dioxane piperidine HCIO4 51 15
14 Fe(acac)z OBz 1,4-dioxane morpholine HCIO4 55 12
15 Fe(acac)z OBz 1,4-dioxane iPr2NH HCIO4 34 7
16 Fe(acac)z OBz 1,4-dioxane Al 0 0
17 Fe(acac)z OBz 1,4-dioxane A2 18 18
18 Fe(acac): OBz 1,4-dioxane A3 17 7
19 Fe(acac)z OBz 1,4-dioxane pyrrolidine HOTf 55 15
20° Fe(acac)z OBz 1,4-dioxane pyrrolidine HCIO4 51 10
21°¢ Fe(acac)z OBz 1,4-dioxane none 0 0
22¢ none OBz 1,4-dioxane pyrrolidine HCIO4 0 0
2491 Fe(acac)z OBz 1,4-dioxane pyrrolidine HCIO4 N.D. N.D.
2599 Fe(acac)z OBz 1,4-dioxane pyrrolidine HCIO4 26 19
o P;h A;'
8n” Nenol H OTes Ar= 3,5—(CFO3-I)—2'\—A§6H3
A1 A2 A3

8 Reaction conditions: oxime (0.3 mmol), 2 (0.1 mmol), [Fe] (10 mol%), amine (20 mol%), 1,4-
dioxane (1 mL), 100 °C, 12 h, under N." Yield determined by GC using n-tridecane as an internal
standard. ¢ Reaction was run at 60 °C. 9 Reaction was run at 120 °C. ® Isolated yield. 1 (0.15
mmol, 1.5 equiv), DDQ (0.2 mmol, 2 equiv) as an extrinsic oxidant. ¢ 1 (0.15 mmol, 1.5 equiv),
PhNO2 (0.2 mmol, 2 equiv) as an extrinsic oxidant. " The amount of oxime was 0.2 mmol. ' The
amount of oxime was 0.15 mmol. Abbreviation: LG = Leaving group. Bz = Benzoyl. Ac = Acetyl.
Piv = pivaloyl. FBz = Pentafluorobenzoyl. TES = Triethylsilyl. TMS = Trimethylsilyl. DDQ = 2,3-
Dichloro-5,6-dicyano-1,4-benzoquinone. N.D. = Not detected.
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Table S2. Optimization

Heterobiaryls?

of the Reaction Conditions Toward Axially Chiral

Fe(acac), (10 mol%)

e O ot
oxime CHO Temp. °C, Time
95 (LG = 0"B2) 96
OO O A6 (R = TMS) O cF
N OR AR j TBS) N OR :; ﬁﬁ Z I:;PSS)) N OTBS ’
O AS(R=TMS) . Q A9 (R = SiPhy) :
Q FG CF3
Entry LG  Additive Temp. (°C) Amine Solvent Time(h) 3 (%) er (%)
1 OBz PhCOOH 60 Al 1,4-dioxane 12 N.D. -
2 OAc PhCOOH 60 Al 1,4-dioxane 12 N.D. -
3 OPiv PhCOOH 60 Al 1,4-dioxane 12 N.D. -
4 OBz PhCOOH 60 Ad 1,4-dioxane 12 47 90:10
5 OBz ' m-MeBzOH @ 60 A4 1,4-dioxane 12 34 89.5:10.5
6 OBz | p-OMeBzOH 60 Ad 1,4-dioxane 12 31 88:12
7 OFBz = p-NO2BzOH @ 60 A4 1,4-dioxane 12 35 88.5:11.5
8 OBz | KH2POs 60 Ad 1,4-dioxane 12 33 92:8
9 OBz PhCOOH 50 Ad 1,4-dioxane 12 43 90:10
10 OBz PhCOOH 70 A4 1,4-dioxane 12 44 87.5:12.5
11 OBz none 60 Ad (16f‘5'dr:1°|i‘)a”e 12 36 928
12 OBz none 60 A4 %éf‘ddr:qoli‘)a”e 12 34 92:8
13 OFBz none 60 A4 1,4-dioxane 12 35 937
14 OBz none 60 A5 1,4-dioxane 12 13 85:15
15 OBz none 60 A6 1,4-dioxane 12 trace -
16 OBz none 60 A7 1,4-dioxane 12 19 91.5:8.5
17 OFBz none 60 A8 1,4-dioxane 12 40 91.5:8.5
18 OFBz none 60 A9 1,4-dioxane 12 20 90.5:9.5
19 OFBz none 60 Al10 1,4-dioxane 12 17 90:10
20 OBz none 40 A4 1,4-dioxane 72 40 93.5:7.5
21 OBz none 50 A4 48 39 937
22 OBz none 50 A4 48 N.D. -
23 OBz none 50 A4 48 N.D. -
24 OBz none 50 A4 48 N.D. -
25 OBz  none 50 A4 48 50 90:10
26 OBz none 50 Ad 48 35 85:15

Ad

48

42

2 Reaction conditions: oxime (0.3 mmol), 96 (0.1 mmol), Fe(acac). (10 mol%), amine (20 mol%),

solvent (1 mL), additive (0 or 1 equiv), at a set temperature for the set reaction time, under Na.

b

Isolated yield. ¢ Determined by chiral HPLC analysis. ¢ In absence of Fe(acac), or amine.
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Abbreviation: LG = Leaving group. Bz = Benzoyl. Ac = Acetyl. Piv = pivaloyl. "Bz
Pentafluorobenzoyl. TBS = Tert-butyldimethylsilyl. TIPS = Triisopropylsilyl. TMS
Trimethylsilyl. N.D. = Not detected. er = enantiomeric ratio.
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Construction of Fused Pyridines and Axially Chiral Heterobiaryls

General Procedures Toward Fused Pyridines:

An oven-dried Schlenk tube (10 mL) containing a stirring bar was charged with the oxime (0.6
mmol, 3 equiv) and enal (0.2 mmol, 1 equiv). The Schlenk tube was then introduced into a glove
box, where it was charged with Fe(acac)z (10 mol%, 5.0 mg) and pyrrolidine HCIO4 (20 mol%,
6.8 mg). The tube was fitted with a rubber septum and removed from the glove box. Then 1,4-
dioxane (2 mL) was added to the Schlenk tube through the rubber septum using syringes, and then
the septum was replaced by a Teflon screwcap under nitrogen flow. The reaction mixture was
stirred at 120 °C for 12 h. Upon cooling to room temperature, the reaction mixture was diluted
with ethyl acetate (5 mL) and filtered through a pad of silica gel with additional ethyl acetate (20
mL) as the eluent. The filtrate was concentrated under reduced pressure. The residue was purified
by flash chromatography on silica gel to afford the desired product.

General Procedures Toward Axially Chiral Heterobiaryls:

An oven-dried Schlenk tube (10 mL) containing a stirring bar was charged with the oxime (0.6
mmol, 3 equiv) and enal (0.2 mmol, 1 equiv). The Schlenk tube was then introduced into a glove
box, where it was charged with Fe(acac), (10 mol%, 5.0 mg) and chiral amine A4 (20 mol%, 18.7
mg). The tube was fitted with a rubber septum and taken out from the glove box. Then solvent
(1,4-dioxane (1 mL) and toluene (1 mL)) was added to the Schlenk tube through the rubber
septum using syringes, and then the septum was replaced by a Teflon screwcap under nitrogen
flow. The reaction mixture was stirred at 50 °C for 48 h. Upon cooling to room temperature, the
reaction mixture was diluted with 5 mL of ethyl acetate and filtered through a pad of silica gel
with additional ethyl acetate (20 mL) as the eluent. The filtrate was concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel to afford the desired
axially chiral heterobiaryls. The racemic heterobiaryls were prepared according to the general
procedures toward pyridines.

Note:

All the axially chiral aza-biaryl compounds obtained in this work are stable when they are stored
under air, and their enantiopurity remains unchanged.
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Characterization Data for Products

A /3

6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (3):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 3. White solid
(40.1 mg, 70% yield); R = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 93-94 °C; 'H NMR
(600 MHz, CDCls): 6 8.57 (d, J = 4.8 Hz, 1H), 8.44 — 8.40 (m, 1H), 7.47 (t, J = 7.4 Hz, 2H), 7.43
(t, J=7.3Hz, 1H), 7.39 - 7.36 (m, 3H), 7.34 (d, J = 7.1 Hz, 2H), 7.11 (d, J = 4.8 Hz, 1H), 2.80 (s,
2H), 1.22 (s, 6H); 3C NMR (151 MHz, CDCls): 6 152.8, 149.1, 147.1, 146.3, 139.0, 133.6, 129.6,
128.8, 128.5, 128.1, 127.9, 126.7, 125.9, 123.7, 123.3, 40.1, 33.8, 28.1; HRMS (ESI) m/z: [M +
H]* calcd. for C21H20N 286.1590; found 286.1587.

Ph

X

pZ
N

3-isobutyl-2,4-diphenylpyridine (Side product 3°):

White solid (4.0 mg, 7% yield); Rs = 0.3 (Petroleum ether/Ethyl acetate = 10:1); Mp = 113-114 °C;
'H NMR (600 MHz, CDCl3) 6 8.52 (d, J = 4.8 Hz, 1H), 7.51 (d, J = 7.3 Hz, 2H), 7.47 — 7.42 (m,
4H), 7.41 — 7.37 (m, 2H), 7.36 (d, J = 7.1 Hz, 2H), 7.10 (d, J = 4.8 Hz, 1H), 2.69 (d, J = 7.2 Hz,
2H), 1.24 — 1.19 (m, 1H), 0.40 (d, J = 6.6 Hz, 6H); 1*C NMR (151 MHz, DMSO) § 160.7, 151.4,
146.5, 142.0, 140.6, 132.6, 129.3, 129.0, 128.5, 128.3, 127.8, 127.8, 123.9, 37.7, 28.9, 28.8, 22.3;
HRMS (ESI) m/z: [M + H]* calcd. for C21H22N 288.1747; found 288.1748.

Ph
| AN
N
Me’
6,6,8-trimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (4):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 185.6 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N atmosphere was stirred at 120 °C for 12 h to afford 4. White solid
(19.0 mg, 31% yield); Rs = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 107-108 °C; 'H
NMR (600 MHz, CDCls) & 8.54 (d, J = 4.9 Hz, 1H), 8.30 (d, J = 7.8 Hz, 1H), 7.47 (t, J = 7.3 Hz,
2H), 7.42 (t, J = 7.3 Hz, 1H), 7.33 (d, J = 7.0 Hz, 2H), 7.22 — 7.15 (m, 2H), 7.08 (d, J = 4.9 Hz,
1H), 2.78 (s, 2H), 2.41 (s, 3H), 1.20 (s, 6H); *C NMR (151 MHz, CDCls) § 153.0, 148.9, 147.0,
146.2, 139.5, 139.1, 131.0, 128.8, 128.4, 127.9, 127.7, 127.5, 125.9, 124.4, 123.0, 40.2, 33.8, 28.2,
21.7; HRMS (ESI) m/z: [M + H]* calcd. for Cz2H22N 300.1747; found 300.1749.
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Ph

X
Pz

N

MeO

8-methoxy-6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (5):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 195.2 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 5 White solid
(40.4 mg, 64% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 128-129 °C; H
NMR (600 MHz, CDCls): 6 8.52 (d, J = 4.9 Hz, 1H), 8.40-8.34 (m, 1H), 7.47 (t, J = 7.3 Hz, 2H),
7.42 (t,J =7.3 Hz, 1H), 7.36 — 7.31 (m, 2H), 7.05 (d, J = 4.9 Hz, 1H), 6.93 — 6.88 (m, 2H), 3.88 (s,
3H), 2.78 (s, 2H), 1.20 (s, 6H); 3C NMR (151 MHz, CDCls): 5 161.0, 152.8, 148.9, 148.2, 146.9,
139.1, 128.7, 128.4, 127.8, 127.6, 127.0, 126.7, 122.6, 111.3, 110.1, 55.3, 40.1, 34.0, 28.1; HRMS
(ESI) m/z: [M + HJ* calcd. for C22H22NO 316.1696; found 316.1692.

QA /3

s

6,6-dimethyl-8-(methylthio)-4-phenyl-5,6-dihydrobenzo[h]quinoline (6):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 204.9 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 6. White solid
(34.0 mg, 51% vyield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 141-142 °C; H
NMR (600 MHz, CDCls): 6 8.54 (d, J = 4.9 Hz, 1H), 8.35 (d, J = 8.1 Hz, 1H), 7.49-7.44 (m, 2H),
7.44 —7.40 (m, 1H), 7.34 — 7.31 (m, 2H), 7.26 — 7.23 (m, 2H), 7.08 (d, J = 4.9 Hz, 1H), 2.78 (s,
2H), 2.54 (s, 3H), 1.21 (s, 6H); 3C NMR (151 MHz, CDCls): 5 152.5, 149.0, 147.1, 146.7, 140.2,
138.9, 130.7, 128.7, 128.5, 127.9, 127.6, 126.5, 124.3, 123.1, 121.9, 40.1, 34.0, 28.1, 15.7; HRMS
(ESI) m/z: [M + H]* calcd. for C22H22NS 332.1467; found 332.1464.

Ph
X

—

N
Cl
8-chloro-6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (7):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 197.9 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N atmosphere was stirred at 120 °C for 12 h to afford 7. White solid
(33.9 mg, 53% vyield); Rt = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 108-110 °C; 'H
NMR (600 MHz, CDCls) & 8.55 (d, J = 4.8 Hz, 1H), 8.36 (d, J = 8.9 Hz, 1H), 7.48 (t, J = 7.2 Hz,
2H), 7.44 (t, J = 7.2 Hz, 1H), 7.36 — 7.30 (m, 4H), 7.12 (d, J = 4.8 Hz, 1H), 2.80 (s, 2H), 1.21 (s,
6H); 13C NMR (151 MHz, DMSO) & 147.2, 144.5, 143.3, 142.4, 134.0, 130.8, 127.4, 123.9, 123.7,
123.3,123.1, 122.7, 122.2, 119.4, 118.8, 35.2, 29.3, 23.2; HRMS (ESI) m/z: [M + H]* calcd. for
C21H19CIN 320.1201; found 320.1196.
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8-iodo-6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (8):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 252.7 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 8. White solid
(28.0 mg, 34% yield); Rt = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 119-121 °C; H
NMR (600 MHz, CDCls): 6 8.55 (d, J = 4.9 Hz, 1H), 8.13 (d, J = 8.2 Hz, 1H), 7.71 (d, J = 8.3 Hz,
1H), 7.69 (s, 1H), 7.48 (t, J = 7.3 Hz, 2H), 7.44 (t, J = 7.3 Hz, 1H), 7.32 (d, J = 7.2 Hz, 2H), 7.13
(d, J = 4.9 Hz, 1H), 2.78 (s, 2H), 1.20 (s, 6H); 3C NMR (151 MHz, CDCls): § 152.1, 149.3,
148.4, 147.2, 138.7, 136.0, 133.2, 133.1, 128.7, 128.5, 128.1, 128.0, 127.8, 123.8, 96.3, 39.95,
33.9, 28.0; HRMS (ESI) m/z: [M + H]* calcd. for C21H19IN 412.0557; found 412.0551.

A /3

FsC

6,6-dimethyl-4-phenyl-8-(trifluoromethyl)-5,6-dihydrobenzo[h]quinoline (9):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 218.0 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N atmosphere was stirred at 120 °C for 12 h to afford 9. White solid
(35.3 mg, 50% vyield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 130-132 °C; 'H
NMR (600 MHz, CDCls): 6 8.60 (d, J = 4.9 Hz, 1H), 8.54 (d, J = 8.1 Hz, 1H), 7.63 (d, J = 8.5 Hz,
1H), 7.61 (s, 1H), 7.50 (t, J = 7.2 Hz, 2H), 7.45 (t, J = 7.3 Hz, 1H), 7.36 — 7.32 (m, 2H), 7.18 (d, J
= 4.9 Hz, 1H), 2.84 (s, 2H), 1.25 (s, 6H); 1*C NMR (151 MHz, CDCls): & 151.5, 149.4, 147.4,
146.8, 138.6, 136.9, 131.2 (q, 2Jc-r = 32.0 Hz), 128.7, 128.6, 128.1, 126.4, 124.4 (q, YJcr = 272.4
Hz), 124.2, 123.6 (q, 3Jc-r = 3.8 Hz), 120.8 (g, %Jcr = 3.8 Hz,), 39.80, 34.03, 27.94; °F NMR
(565 MHz, CDCls): 6 -62.48; HRMS (ESI) m/z: [M + H]* calcd. for CaoH19FsN 354.1464; found
354.1463.

Ph

A

pZ
N

NC

6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline-8-carbonitrile (10):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 192.2 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 10. White solid
(33.5 mg, 54% vyield); Rf = 0.4 (Petroleum ether/Ethyl acetate = 40:1); Mp = 201-202 °C; H
NMR (600 MHz, CDCl3): 6 8.61 (d, J = 4.9 Hz, 1H), 8.54 — 8.51 (m, 1H), 7.67-7.62 (m, 2H),
7.52-7.47 (m, 2H), 7.47 — 7.43 (m, 1H), 7.35-7.29 (m, 2H), 7.20 (d, J = 4.9 Hz, 1H), 2.84 (s, 2H),
1.23 (s, 6H); C NMR (151 MHz, CDCls): § 150.9, 149.6, 147.5, 147.1, 138.3, 137.8, 130.4,
128.8, 128.6, 128.6, 128.2, 127.9, 126.6, 124.5, 119.2, 112.8, 39.6, 34.0, 27.8; HRMS (ESI) m/z:
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[M + H]* calcd. for C22H19N2 311.1543; found 311.1537.

Ph

A
pZ

N

MeOOC

methyl 6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline-8-carboxylate (11):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 212.0 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 11. White solid
(26.3 mg, 38% yield); Rt = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp = 148-149 °C; H
NMR (600 MHz, CDCls) 6 8.60 (d, J = 4.8 Hz, 1H), 8.49 (d, J = 8.1 Hz, 1H), 8.06 (s, 1H), 8.03 (d,
J=8.1Hz, 1H), 7.48 (t, J=7.2 Hz, 2H), 7.44 (t, J = 7.2 Hz, 1H), 7.33 (d, J = 6.9 Hz, 2H), 7.16 (d,
J = 4.8 Hz, 1H), 3.94 (s, 3H), 2.83 (s, 2H), 1.25 (s, 6H); 3C NMR (151 MHz, CDCls) 5 167.2,
151.8, 149.4, 147.3, 146.3, 138.7, 137.8, 130.8, 128.9, 128.7, 128.5, 128.1, 127.9, 126.0, 125.3,
124.1, 52.0, 40.0, 34.0, 28.0; HRMS (ESI) m/z: [M + H]* calcd. for Co3H22NO, 344.1645; found
344.1644.

A /3

Me

6,6,9-trimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (12):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 185.6 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO,4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 12. White solid
(26.0 mg, 43% yield); Rr = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 120-121 °C;'H
NMR (600 MHz, CDCl3) 6 8.57 (d, J = 4.8 Hz, 1H), 8.24 (s, 1H), 7.48 (t, J = 7.2 Hz, 2H), 7.43 (,
J=7.3Hz, 1H), 7.34 (d, J = 7.1 Hz, 2H), 7.27 (d, J = 7.9 Hz, 1H), 7.21 (d, J = 7.7 Hz, 1H), 7.11
(d, J =4.8 Hz, 1H), 2.79 (s, 2H), 2.43 (s, 3H), 1.20 (s, 6H); *C NMR (151 MHz, CDCls) § 152.9,
149.2, 147.0, 143.5, 139.0, 136.3, 133.3, 130.4, 128.7, 128.4, 128.2, 127.9, 126.3, 123.7, 123.2,
40.3, 33.5, 28.2, 21.1; HRMS (ESI) m/z: [M + H]* calcd. for C22H22N 300.1747; found 300.1750.

A /3

C

9-chloro-6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (13):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 197.9 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 13. White solid
(45.4 mg, 71% vyield); Rs = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 137-138 °C; 'H
NMR (600 MHz, CDCl3) 6 8.57 (d, J = 4.8 Hz, 1H), 8.41 (d, J = 1.8 Hz, 1H), 7.52 — 7.46 (m, 2H),
7.46 — 7.41 (m, 1H), 7.35-7.32 (m, 3H), 7.30 (d, J = 8.3 Hz, 1H), 7.14 (d, J = 4.8 Hz, 1H), 2.80 (s,
2H), 1.20 (s, 6H);*C NMR (151 MHz, CDCls) § 151.6, 149.3, 147.2, 144.5, 138.7, 135.3, 132.9,
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129.4, 128.7, 128.5, 128.3, 128.0, 125.8, 125.4, 123.9, 39.9, 33.7, 28.1; HRMS (ESI) m/z: [M +
H]* calcd. for C21H19CIN 320.1201; found 320.1205.

Ph

11,11-dimethyl-1-phenyl-11,12-dihydronaphtho[1,2-h]quinoline (14):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 207.2 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 14. White solid
(27.0 mg, 40% yield); Rs = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 170-171 °C; 'H
NMR (600 MHz, CDCls) & 8.60 (d, J = 4.8 Hz, 1H), 8.56 (d, J = 8.4 Hz, 1H), 8.41 —8.36 (m, 1H),
7.89-7.86 (m, 1H), 7.85 (d, J = 8.4 Hz, 1H), 7.50 (t, J = 7.2 Hz, 2H), 7.47 — 7.42 (m, 3H), 7.41 —
7.37 (m, 2H), 7.13 (d, J = 4.8 Hz, 1H), 2.94 (s, 2H), 1.59 (s, 7H); *3*C NMR (151 MHz, CDCls) &
153.4, 148.5, 147.3, 142.79, 138.8, 135.6, 132.4, 131.3, 129.3, 128.9, 128.5, 128.0, 127.9, 127.2,
126.6, 125.5, 124.8, 124.0, 123.2, 43.8, 36.1, 28.8; HRMS (ESI) m/z: [M + H]* calcd. for
CasH22N 336.1747; found 336.1741.

F,HCO O\A
9-(cyclopropylmethoxy)-8-(difluoromethoxy)-6,6-dimethyl-4-phenyl-5,6-
dihydrobenzo[h]quinoline (15):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 258.9 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO,4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 15. White solid
(61.8 mg, 73% yield); R¢ = 0.45 (Petroleum ether/Ethyl acetate = 10:1); Mp = 87-89 °C; *H NMR
(600 MHz, CDClz) 6 8.54 (d, J = 4.9 Hz, 1H), 8.04 (s, 1H), 7.48 (t, J = 7.3 Hz, 2H), 7.43 (t, J =
7.3 Hz, 1H), 7.34 — 7.30 (m, 2H), 7.14 (s, 1H), 7.11 (d, J = 4.9 Hz, 1H), 6.74 (t, J = 75.9 Hz, 1H),
4.03 (d, J = 6.9 Hz, 2H), 2.78 (s, 2H), 1.37 — 1.31 (m, 1H), 1.18 (s, 6H), 0.68 — 0.63 (m, 2H), 0.41-
0.36 (m, 2H); 3C NMR (151 MHz, CDCls) & 151.9, 149.3, 149.1, 147.0, 141.5, 139.8, 138.8,
132.0, 128.7, 128.5, 128.1, 128.0, 123.5, 118.5, 116.4 (t, *Jcr = 259.2 Hz), 111.7, 74.0, 40.1, 33.4,
28.1, 10.3, 3.1. ®F NMR (565 MHz, CDCls) & -81.45; HRMS (ESI) m/z: [M + H]* calcd. for
CasH26F2NO2 422.1926; found 422.1923.

Ph

X
MeO. pZ
N

MeO
OMe

7,8,9-trimethoxy-6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (16):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 16. White solid
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(42.0 mg, 56% vyield); Rt = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp = 155-157 °C; 'H
NMR (600 MHz, CDCls): 6 8.52 (d, J = 4.9 Hz, 1H), 7.90 (s, 1H), 7.47 (t, J = 7.3 Hz, 2H), 7.44-
7.40 (m, 1H), 7.36-7.31 (m, 2H), 7.07 (d, J = 4.9 Hz, 1H), 4.00 (s, 3H), 3.91 (s, 3H), 3.90 (s, 3H),
2.76 (s, 2H), 1.32 (s, 6H); 3C NMR (151 MHz, CDCls): & 152.5, 152.3, 152.2, 148.7, 146.8,
144.3, 138.9, 132.1, 130.1, 128.7, 128.4, 127.9, 127.4, 123.0, 105.2, 60.8, 60.5, 56.0, 42.3, 34.4,
28.3; HRMS (ESI) m/z: [M + H]* calcd. for C24H26NO3 376.1907; found 376.1900.

6,6-dimethyl-4-phenyl-5,6-dihydro-[1,3]dioxolo[4",5":4,5]benzo[1,2-h]quinoline (17):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 203.6 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 17. White solid
(45.5 mg, 69% vyield); Rf = 0.45 (Petroleum ether/Ethyl acetate = 10:1); Mp = 160-161 °C; H
NMR (600 MHz, CDCl3) 6 8.51 (d, J = 4.8 Hz, 1H), 7.93 (s, 1H), 7.47 (t, J = 7.2 Hz, 2H), 7.42 (t,
J=7.3Hz, 1H), 7.34 — 7.30 (m, 2H), 7.05 (d, J = 4.8 Hz, 1H), 6.86 (s, 1H), 5.98 (s, 2H), 2.76 (s,
2H), 1.17 (s, 6H); *C NMR (151 MHz, CDCls) § 152.7, 149.0, 148.9, 146.9, 146.6, 141.5, 139.1,
128.8, 128.5, 128.1, 127.9, 127.2, 122.8, 106.2, 104.3, 101.1, 40.2, 34.0, 28.3; HRMS (ESI) m/z:
[M + H]* calcd. for C22H20NO2 330.1489; found 330.1492.

6,6-dimethyl-4-phenyl-5,6-dihydrothieno[2,3-h]quinoline (18):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 180.8 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO,4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 18. White solid
(33.8 mg, 58% vyield); Rt = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 103-105 °C; H
NMR (600 MHz, CDCls) 6 8.46 (d, J = 5.0 Hz, 1H), 7.71 (d, J = 5.1 Hz, 1H), 7.47 (t, J = 7.3 Hz,
2H), 7.42 (t, 3 =7.3 Hz, 1H), 7.32 (d, J = 7.0 Hz, 2H), 7.18 (d, J = 5.1 Hz, 1H), 7.02 (d, J = 5.0 Hz,
1H), 2.88 (s, 2H), 1.27 (s, 6H); 3C NMR (151 MHz, CDCls) & 152.5, 151.1, 149.1, 146.8, 139.3,
135.8, 128.6, 128.5, 127.9, 126.8, 125.1, 122.8, 122.6, 41.2, 34.1, 29.0; HRMS (ESI) m/z: [M +
H]* calcd. for C19H1gNS 292.1154; found 292.1150.

4,4-dimethyl-6-phenyl-4,5-dihydrofuro[3,2-h]quinoline (19):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 171.2 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 19. White solid
(14.4 mg, 26% vyield); Rf = 0.2 (Petroleum ether/Ethyl acetate = 20:1); Mp = 125-127 °C;'H
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NMR (600 MHz, CDCls) 6 8.43 (d, J = 4.9 Hz, 1H), 7.50 (d, J = 1.4 Hz, 1H), 7.47 (t, J = 7.3 Hz,
2H), 7.42 (t, J =7.2 Hz, 1H), 7.31 (d, J = 7.0 Hz, 2H), 6.98 (d, J = 5.0 Hz, 1H), 6.42 (d, J = 1.4 Hz,
1H), 2.82 (s, 2H), 1.19 (s, 6H); 3C NMR (151 MHz, CDCls) & 149.0, 147.5, 146.8, 146.5, 144.,
139.1, 133.8, 128.6, 128.5, 127.9, 126.8, 122.4, 108.3, 41.1, 31.6, 27.8; HRMS (ESI) m/z: [M +
H]* calcd. for C19H1sNO 276.1383; found 276.1379.

6,6-dimethyl-4-phenyl-5,6-dihydro-1,7-phenanthroline (20):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.8 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 20. White solid
(43.1 mg, 75% yield); R = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 80-81 °C; 'H NMR
(600 MHz, CDCls) 6 8.66 (dd, J =7.8, 1.2 Hz 1H), 8.58 (dd, J = 4.8, 1.4 Hz, 1H), 8.57 (d, J = 4.9
Hz, 1H), 7.49 (t, J = 7.2 Hz, 2H), 7.45 (t, J = 7.3 Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H), 7.29 (dd, J =
7.7, 4.8 Hz, 1H), 7.16 (d, J = 4.9 Hz, 1H), 2.92 (s, 2H), 1.28 (s, 6H); **C NMR (151 MHz, CDCls)
5 164.3, 151.6, 149.7, 149.4, 147.4, 138.6, 133.1, 128.8, 128.7, 128.5, 128.1, 128.1, 123.9, 122.1,
39.7, 36.3, 26.8; HRMS (ESI) m/z: [M + H]* calcd. for CxH19N2> 287.1543; found 287.1542.

Ph
X

L

N

4-phenyl-5H-spiro[benzo[h]quinoline-6,1'-cyclohexane] (21):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 201.3 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO,4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 21. White solid
(32.6 mg, 50% vyield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 50:1); Mp = 134-135 °C; H
NMR (600 MHz, CDCls) 6 8.56 (d, J = 4.7 Hz, 1H), 8.41 (d, J = 7.0 Hz, 1H), 7.48 (t, J = 7.1 Hz,
2H), 7.45-7.43 (m, 2H), 7.42 — 7.33 (m, 4H), 7.12 (d, J = 4.8 Hz, 1H), 2.92 (s, 2H), 1.68 — 1.61 (m,
2H), 1.57-1.50 (m, 3H), 1.50-1.43 (m, 2H), 1.23 — 1.10 (m, 3H); **C NMR (151 MHz, CDCls) &
153.2, 149.1, 147.1, 147.0, 138.9, 134.0, 129.6, 128.6, 128.4, 128.0, 127.6, 126.6, 126.1, 123.2,
123.1, 36.5, 35.0, 32.5, 25.9, 22.1; HRMS (ESI) m/z: [M + H]* calcd. for Co4H2aN 326.1903;
found 326.1892.

Ph
Et

Et |\

N

6,6-diethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (22):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 194.1 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 22. White solid
(27.6 mg, 44% vyield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 106-108 °C; H
NMR (600 MHz, CDCls3) 6 8.55 (d, J = 4.9 Hz, 1H), 8.47-8.43 (m, 1H), 7.47 (t, J = 7.3 Hz, 2H),
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7.43 (t, J = 7.4 Hz, 1H), 7.39 — 7.32 (m, 4H), 7.26-7.24 (m, 1H), 7.09 (d, J = 4.9 Hz, 1H), 2.82 (s,
2H), 1.62-1.57 (m, 2H), 1.56-1.49 (m, 2H), 0.70 (t, J = 7.4 Hz, 6H); 3C NMR (151 MHz, CDCls)
5 152.7, 149.1, 146.9, 142.9, 139.1, 134.6, 128.9, 128.7, 128.4, 128.0, 127.9, 126.5, 126.1, 125.8,
1233, 40.1, 34.3, 29.6, 8.5; HRMS (ESI) m/z: [M + H]* calcd. for CasH2sN 314.1903; found
314.1896.

Ph

n-Bu
X

Pz
N

6-butyl-6-methyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (23):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 202.5 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 23. Colorless
oil (40.5 mg, 61% vyield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); *H NMR (600 MHz,
CDCl3) 6 8.56 (d, J = 4.8 Hz, 1H), 8.43-8.39 (m, 1H), 7.47 (t, J = 7.3 Hz, 2H), 7.42 (t, J = 7.3 Hz,
1H), 7.39 — 7.35 (m, 2H), 7.35-7.32 (m, 2H), 7.32 — 7.29 (m, 1H), 7.10 (d, J = 4.8 Hz, 1H), 2.83 (d,
J=15.7 Hz, 1H), 2.77 (d, J = 15.7 Hz, 1H), 1.39-1.31 (m, 2H), 1.28 (s, 3H), 1.10 — 1.00 (m, 3H),
0.99-0.91 (m, 1H), 0.72 (t, J = 7.0 Hz, 3H); C NMR (151 MHz, CDCls) & 153.0, 149.0, 147.0,
145.4,139.0, 133.9, 129.3, 128.7, 128.4, 128.0, 127.9, 126.6, 125.9, 124.7, 123.3, 39.5, 38.0, 36.8,
26.8, 25.5, 23.1, 13.9; HRMS (ESI) m/z: [M + H]* calcd. for C24H26N 328.2060; found 328.2057.

Ph

Ph N

pZ
N

4,6-diphenyl-5,6-dihydrobenzo[h]quinoline (24):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 206.1 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 24. White solid
(16.8 mg, 25% vyield); Rr = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 141-143 °C;'H
NMR (600 MHz, CDCls) 6 8.57 (d, J = 4.8 Hz, 1H), 8.46 (d, J = 7.8 Hz, 1H), 7.45-7.33 (m, 4H),
7.29 (t, J=7.4Hz, 1H), 7.24 (d, J= 7.8 Hz, 2H), 7.20 (t, J = 7.4 Hz, 3H), 7.10 (d, J = 7.4 Hz, 2H),
7.08 (d, J=4.8 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 4.17 (dd, J = 8.9, 5.8 Hz, 1H), 3.25 (dd, J = 15.5,
9.3 Hz, 1H), 3.18 (dd, J = 15.5, 5.6 Hz, 1H);*C NMR (151 MHz, CDCls) § 153.0, 149.0, 147.4,
142.9, 1405, 138.8, 135.0, 129.4, 128.7, 128.5, 128.5, 128.4, 128.0, 127.8, 127.5, 126.7, 125.7,
123.5, 44.0, 33.3; HRMS (ESI) m/z: [M + H]* calcd. for CasH20N 334.1590; found 334.1596.

AR /3

4-phenyl-6-propyl-5,6-dihydrobenzo[h]quinoline (25):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 185.6 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2> atmosphere was stirred at 120 °C for 12 h to afford 25. Colorless
oil (13.9 mg, 23% vyield); R = 0.6 (Petroleum ether/Ethyl acetate = 50:1); 'H NMR (600 MHz,
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CDCl3) 6 8.57 (d, J = 4.9 Hz, 1H), 8.37 (d, J = 7.6 Hz, 1H), 7.48 (t, J = 7.3 Hz, 2H), 7.43 (t, J =
7.3 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 7.36 — 7.30 (m, 3H), 7.19 (d, J = 7.4 Hz, 1H), 7.12 (d, J =
4.9 Hz, 1H), 3.03 (dd, J = 15.7, 5.5 Hz, 1H), 2.89 (dd, J = 15.7, 3.1 Hz, 1H), 2.85 — 2.79 (m, 1H),
1.41-1.34 (m, 1H), 1.32 - 1.27 (m, 1H), 1.22 - 1.17 (m, 1H), 1.16 — 1.08 (m, 1H), 0.78 (t, J = 7.3
Hz, 3H); 3C NMR (151 MHz, CDCls) § 152.8, 149.4, 147.0, 142.2, 139.0, 133.9, 129.0, 128.7,
128.4,128.0, 127.9, 127.6, 127.1, 125.7, 123.4, 37.6, 36.3, 30.4, 20.6, 14.0; HRMS (ESI) m/z: [M
+ H]* calcd. for CasH20N 334.1590; found 334.1596.

Ph

Ph N

pZ
N

6-phenethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (26):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 222.9 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 26. Colorless
oil (16.0 mg, 22% vyield); R¢ = 0.55 (Petroleum ether/Ethyl acetate = 10:1); *H NMR (600 MHz,
CDCl3) 6 8.56 (d, J =4.9 Hz, 1H), 8.39(d, J = 7.7 Hz, 1H), 7.47 (t, J = 7.4 Hz, 2H), 7.43 (t, J =
7.2 Hz, 1H), 7.40 (t, J = 7.5 Hz, 1H), 7.36-7.32 (m, 3H), 7.21 — 7.16 (m, 3H), 7.13-7.09 (m, 2H),
6.99 (d, J = 7.6 Hz, 2H), 3.05 (dd, J = 15.8, 5.5 Hz, 1H), 2.95 (dd, J = 15.8, 3.1 Hz, 1H), 2.87 —
2.82 (m, 1H), 2.52 — 2.45 (m, 1H), 2.43 — 2.36 (m, 1H), 1.77-1.69 (m, 1H), 1.66 — 1.62 (m, 1H);
13C NMR (151 MHz, CDCls3) § 152.8, 149.4, 147.1, 141.9, 141.7, 139.0, 134.0, 129.1, 128.7,
128.5, 128.2, 128.3, 128.0, 127.6, 127.6, 127.3, 125.9, 125.8, 123.4, 37.4, 35.7, 33.7, 30.3; HRMS
(ESI) m/z: [M + HJ* calcd. for C27H22N 362.1903; found 362.1895.

Ph
MeO.

A/

6-methoxy-4-phenyl-5,6-dihydrobenzo[h]quinoline (27):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 178.4 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 27. White solid
(18.0 mg, 31% vyield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 128-130 °C; 'H
NMR (600 MHz, CDCls) & 8.58 (d, J = 4.8 Hz, 1H), 8.46 (d, J = 7.8 Hz, 1H), 7.51 (t, J = 7.3 Hz,
1H), 7.47 (t, J = 7.3 Hz, 2H), 7.45 — 7.36 (m, 5H), 7.14 (d, J = 4.8 Hz, 1H), 4.32 (t, J = 4.3 Hz,
1H), 3.26 (dd, J = 16.2, 4.9 Hz, 1H), 3.20 (s, 3H), 3.04 (dd, J = 16.2, 3.8 Hz, 1H); *C NMR (151
MHz, CDCl3) 5 152.04, 149.49, 147.29, 138.82, 135.90, 134.42, 129.04, 128.83, 128.78, 128.47,
128.03, 127.81, 126.38, 126.01, 123.58, 75.82, 56.11, 31.38; HRMS (ESI) m/z: [M + H]* calcd.
for CooH1sNO 288.1383; found 288.1379.
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6,6-dimethyl-4-phenyl-N,N-dipropyl-5,6-dihydrobenzo[h]quinoline-8-sulfonamide (28):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 275.2 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N> atmosphere was stirred at 120 °C for 12 h to afford 28. White solid
(71.0 mg, 79% yield); Rs = 0.45 (Petroleum ether/Ethyl acetate = 10:1); Mp = 99-101 °C; H
NMR (600 MHz, CDCls) 6 8.60 (d, J = 4.9 Hz, 1H), 8.54 (d, J = 8.1 Hz, 1H), 7.80 (s, 1H), 7.79 (d,
J=8.2Hz, 1H), 7.49 (t, = 7.3 Hz, 2H), 7.45 (t, J = 7.3 Hz, 1H), 7.33 (d, J = 7.0 Hz, 2H), 7.18 (d,
J =4.9 Hz, 1H), 3.16 — 3.10 (m, 4H), 2.85 (s, 2H), 1.60 — 1.52 (m, 4H), 1.25 (s, 6H), 0.88 (t, J =
7.4 Hz, 6H); 3C NMR (151 MHz, CDCls) & 151.3, 149.5, 147.5, 147.1, 140.8, 138.5, 137.2,
128.7,128.7, 128.6, 128.2, 126.6, 125.3, 124.3, 122.8, 77.2, 77.0, 76.8, 49.8, 39.8, 34.1, 28.0, 21.8,
11.2; HRMS (ESI) m/z: [M + H]* calcd. for C27H33N20,S 449.2257; found 449.2258.

Ph

MeO
8-(3-(adamantan-1-yl)-4-methoxyphenyl)-11,11-dimethyl-1-phenyl-11,12-
dihydronaphtho[1,2-h]quinoline (29):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 351.4 mg), enal
(0.2 mmol, 26.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 29. White solid
(46.2 mg, 40% yield); Rs = 0.55 (Petroleum ether/Ethyl acetate = 10:1); Mp = 237-238 °C; 'H
NMR (600 MHz, CDCls) 6 8.60 (d, J = 4.8 Hz, 1H), 8.57 (d, J = 8.5 Hz, 1H), 8.42 (d, J = 8.9 Hz,
1H), 8.02 (s, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.62 (s, 1H), 7.55 (d, J = 7.2
Hz, 1H), 7.50 (t, J = 6.9 Hz, 2H), 7.45 (t, J = 6.9 Hz, 1H), 7.39 (d, J = 6.9 Hz, 2H), 7.12 (d, J =
4.6 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 3.90 (s, 3H), 2.95 (s, 2H), 2.20 (s, 6H), 2.10 (s, 3H), 1.81 (s,
6H), 1.61 (s, 6H); 1*C NMR (151 MHz, CDCls) 8 158.7, 153.4, 148.4, 147.2, 142.7, 139.0, 138.8,
138.4, 136.1, 132.7, 132.0, 130.0, 128.8, 128.5, 128.0, 127.9, 127.1, 126.9, 126.1, 125.8, 125.4,
124.4, 124.3, 123.0, 112.2, 55.2, 43.7, 40.7, 37.3, 37.2, 36.0, 29.2, 28.9; HRMS (ESI) m/z: [M +
H]* calcd. for C42H42NO 576.3261; found 576.3260.

6,6-dimethyl-4-(p-tolyl)-5,6-dihydrobenzo[h]quinoline (30):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 29.2 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 30. White solid
(40.0 mg, 66% yield); Rt = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 115-116 °C; 'H
NMR (600 MHz, CDCls) 6 8.55 (d, J = 4.7 Hz, 1H), 8.44-8.38 (m, 1H), 7.40-7.34 (m, 3H), 7.28
(d, J=7.6 Hz, 2H), 7.23 (d, J = 7.7 Hz, 2H), 7.10 (d, J = 4.8 Hz, 1H), 2.82 (s, 2H), 2.44 (s, 3H),
1.21 (s, 6H); **C NMR (151 MHz, CDCls) & 152.8, 149.1, 147.0, 146.3, 137.8, 136.0, 133.7,
129.6, 129.2, 128.7, 128.1, 126.7, 125.9, 123.7, 123.4, 40.1, 33.8, 28.1, 21.2; HRMS (ESI) m/z:
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[M + H]* calcd. for C22H22N 300.1747; Found 300.1751.

OCH,

4-(4-methoxyphenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (31):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 32.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 31. White solid
(50.2 mg, 79% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 101-102 °C; H
NMR (600 MHz, CDCls) 6 8.55 (d, J = 4.9 Hz, 1H), 8.44-8.38 (m, 1H), 7.39 — 7.35 (m, 3H), 7.28
(d, J=8.4 Hz, 2H), 7.10 (d, J = 4.9 Hz, 1H), 7.01 (d, J = 8.4 Hz, 2H), 3.88 (s, 3H), 2.83 (s, 2H),
1.22 (s, 6H); 3C NMR (151 MHz, CDCls) & 159.5, 152.8, 148.7, 147.0, 146.2, 133.7, 131.3,
130.0, 129.6, 128.1, 126.7, 125.9, 123.6, 123.4, 113.9, 55.3, 40.2, 33.9, 28.1; HRMS (ESI) m/z:
[M + H]* calcd. for C22H22NO 316.1696; Found 316.1699.

4-(4-(tert-butyl)phenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (32):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 37.6 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 32. White solid
(48.5 mg, 71% vyield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 155-157 °C; H
NMR (600 MHz, CDCls) 6 8.55 (d, J = 4.9 Hz, 1H), 8.43 — 8.39 (m, 1H), 7.49 (d, J = 8.3 Hz, 2H),
7.39-7.35(m, 3H), 7.28 (d, J = 8.3 Hz, 2H), 7.11 (d, J = 4.9 Hz, 1H), 2.84 (s, 2H), 1.39 (s, 9H),
1.23 (s, 6H); 3C NMR (151 MHz, CDCls) & 152.8, 151.0, 149.1, 147.0, 146.3, 136.0, 133.7,
129.6, 128.5, 128.2, 126.7, 125.9, 125.4, 123.7, 123.5, 40.2, 34.71, 33.9, 31.4, 28.2; HRMS (ESI)
m/z: [M + H]* calcd. for CosH2sN 342.2216; Found 342.2215.

SMe

6,6-dimethyl-4-(4-(methylthio)phenyl)-5,6-dihydrobenzo[h]quinoline (33):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 35.6 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 33. White solid
(47.2 mg, 71% vyield); Rf = 0.55 (Petroleum ether/Ethyl acetate = 10:1); Mp = 99-100 °C; 'H
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NMR (600 MHz, CDCl3) 6 8.56 (d, J = 4.9 Hz, 1H), 8.42 — 8.39 (m, 1H), 7.41 — 7.37 (m, 3H),
7.35(d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.3 Hz, 2H), 7.09 (d, J = 4.9 Hz, 1H), 2.81 (s, 2H), 2.55 (s,
3H), 1.22 (s, 6H); 1*C NMR (151 MHz, CDCls) § 152.9, 148.4, 147.1, 146.2, 138.7, 135.6, 133.6,
129.6, 129.2, 128.0, 126.7, 126.3, 125.9, 123.7, 123.2, 40.2, 33.8, 28.1, 15.6; HRMS (ESI) m/z:
[M + H]* calcd. for C22H22NS 332.1467; Found 332.1467.

4-(4-fluorophenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (34):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 30.0 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 34. White solid
(26.4 mg, 43% yield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 129-130 °C; H
NMR (600 MHz, CDCl3) 6 8.56 (d, J = 4.8 Hz, 1H), 8.44 — 8.38 (m, 1H), 7.40 — 7.35 (m, 3H),
7.33-7.28 (m, 2H), 7.17 (t, J = 8.2 Hz, 2H), 7.08 (d, J = 4.6 Hz, 1H), 2.77 (s, 2H), 1.22 (s, 6H);
13C NMR (151 MHz, CDCls) & 162.6 (d, Nc.r = 247.9 Hz), 152.9, 148.0, 147.1, 146.2, 134.9,
133.5, 130.4 (d, 3Jcr = 8.2 Hz), 129.7, 128.1, 126.8, 125.9, 123.7, 123.2, 115.5 (d, 2Jcr = 21.6
Hz), 40.2, 33.8, 28.1; 1°F NMR (565 MHz, CDCls) 6 -113.95; HRMS (ESI) m/z: [M + H]* calcd.
for Co1H1gFN 304.1496; Found 304.1495.

4-(4-chlorophenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (35):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 33.3 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 35. White solid
(39.0 mg, 60% vyield); Rt = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 137-139 °C; H
NMR (600 MHz, CDCls) 6 8.57 (d, J = 4.8 Hz, 1H), 8.43 — 8.39 (m, 1H), 7.46 (d, J = 8.2 Hz, 2H),
7.41 - 7.35 (m, 3H), 7.27 (d, J = 8.3 Hz, 2H), 7.07 (d, J = 4.8 Hz, 1H), 2.77 (s, 2H), 1.22 (s, 6H);
13C NMR (151 MHz, CDCls) & 153.0, 147.8, 147.2, 146.2, 137.4, 134.2, 133.4, 130.1, 129.8,
128.7, 127.9, 126.8, 125.9, 123.7, 123.0, 40.1, 33.8, 28.1; HRMS (ESI) m/z: [M + H]* calcd. for
C21H19CIN 320.1201; Found 320.1200.
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4-(4-bromophenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (36):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 42.2 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 36. White solid
(49.7 mg, 68% yield); Rt = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 132-133 °C; H
NMR (600 MHz, CDCls) 6 8.57 (d, J = 4.9 Hz, 1H), 8.43-8.39 (m, 1H), 7.61 (d, J = 8.2 Hz, 2H),
7.41—-7.35(m, 3H), 7.21 (d, J = 8.2 Hz, 2H), 7.07 (d, J = 4.9 Hz, 1H), 2.77 (s, 2H), 1.21 (s, 6H);
13C NMR (151 MHz, CDCls) § 153.0, 147.9, 147.2, 146.2, 137.8, 133.4, 131.7, 130.4, 129.8,
127.9, 126.8, 126.0, 123.8, 123.0, 122.3, 40.2, 33.9, 28.2; HRMS (ESI) m/z: [M + H]* calcd. for
C21H19BrN 364.0695; Found 364.0695.

4-(4-iodophenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (37):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 51.6 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 37. White solid
(49.5 mg, 60% yield); R = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 67-69 °C; 'H NMR
(600 MHz, CDCls) 6 8.56 (d, J = 4.9 Hz, 1H), 8.42 — 8.39 (m, 1H), 7.81 (d, J = 8.3 Hz, 2H), 7.39
—7.35(m, 3H), 7.08 (d, J = 8.3 Hz, 2H), 7.06 (d, J = 5.0 Hz, 1H), 2.76 (s, 2H), 1.21 (s, 6H); *C
NMR (151 MHz, CDCls) 6 153.0, 147.9, 147.2, 146.2, 138.5, 137.7, 133.4, 130.6, 129.8, 127.8,
126.8, 126.0, 123.7, 122.9, 93.9, 40.1, 33.8, 28.2; HRMS (ESI) m/z: [M + H]* calcd. for C21H19IN
412.0557; Found 412.0555.

COOMe

methyl 4-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)benzoate (38):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 38.0 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 38. White solid
(47.0 mg, 68% vyield); R = 0.45 (Petroleum ether/Ethyl acetate = 10:1); Mp = 146-148 °C; 'H
NMR (600 MHz, CDClIs) 6 8.59 (d, J = 4.9 Hz, 1H), 8.44-8.40 (m, 1H), 8.15 (d, J = 8.2 Hz, 2H),
7.42 (d, J = 8.1 Hz, 2H), 7.40 — 7.35 (m, 3H), 7.10 (d, J = 4.9 Hz, 1H), 3.97 (s, 3H), 2.76 (s, 2H),
1.21 (s, 6H); *C NMR (151 MHz, CDCls) & 166.7, 153.0, 148.0, 147.2, 146.2, 143.6, 133.3,
129.9, 129.8, 129.8, 128.8, 127.8, 126.8, 126.0, 123.7, 122.8, 52.2, 40.1, 33.8, 28.1; HRMS (ESI)
m/z: [M + H]* calcd. for C23H22NO2 344.1645; Found 344.1641.
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6,6-dimethyl-4-(4-(trifluoromethyl)phenyl)-5,6-dihydrobenzo[h]quinoline (39):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 40.0 mg), Fe(acac)z (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 39. White solid
(45.2 mg, 64% yield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 150-152 °C; H
NMR (600 MHz, CDCls3) 6 8.60 (d, J = 4.9 Hz, 1H), 8.42 (d, J = 7.7 Hz, 1H), 7.75 (d, J = 8.0 Hz,
2H), 7.46 (d, J = 7.9 Hz, 2H), 7.42 — 7.36 (m, 3H), 7.09 (d, J = 4.9 Hz, 1H), 2.76 (s, 2H), 1.22 (s,
6H); *C NMR (151 MHz, CDCls) & 153.09, 147.59, 147.26, 146.14, 142.62, 133.27, 130.3 (q,
2Jc.r = 32.6 Hz), 129.89, 129.14, 127.85, 126.83, 125.98, 125.5 (q, 3Jc.r = 3.8 Hz), 124.1 (q, YJc-r
= 272.2 Hz), 123.74, 122.88, 40.11, 33.82, 28.13; F NMR (565 MHz, CDCls) § -62.57; HRMS
(ESI) m/z: [M + HJ* calcd. for C22H19F3N 354.1464; Found 354.1459.

4-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)benzonitrile (40):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 31.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 40. White solid
(38.0 mg, 61% vyield); Rf = 0.3 (Petroleum ether/Ethyl acetate = 10:1); Mp = 183-184 °C; H
NMR (600 MHz, CDClIs) 6 8.60 (d, J = 4.9 Hz, 1H), 8.43-8.40 (m, 1H), 7.78 (d, J = 8.1 Hz, 2H),
7.45 (d, J = 8.1 Hz, 2H), 7.42 — 7.35 (m, 3H), 7.07 (d, J = 4.9 Hz, 1H), 2.73 (s, 2H), 1.22 (s, 6H);
13C NMR (151 MHz, CDCls) & 153.2, 147.4, 147.0, 146.1, 143.7, 133.1, 132.3, 130.0, 129.6,
127.6, 126.9, 126.0, 123.8, 122.6, 118.4, 112.6, 40.1, 33.8, 28.2; HRMS (ESI) m/z: [M + H]*
calcd. for Co2H19N2 311.1543; Found 311.1542.

4-(4-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)-6,6-dimethyl-5,6-
dihydrobenzo[h]quinoline (41):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
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(0.2 mmol, 48.8 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 41. White solid
(47.7 mg, 60% yield); Rt = 0.2 (Petroleum ether/Ethyl acetate = 10:1); Mp = 137-138 °C; H
NMR (600 MHz, CDClIs) 6 8.56 (d, J = 4.9 Hz, 1H), 8.43-8.39 (m, 1H), 7.91 (d, J = 7.9 Hz, 2H),
7.39-7.35 (m, 3H), 7.33 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 4.9 Hz, 1H), 3.81 (s, 4H), 2.80 (s, 2H),
1.20 (s, 6H), 1.05 (s, 6H); 13C NMR (151 MHz, CDCls) & 152.8, 149.2, 147.0, 146.3, 141.1, 133.9,
133.6, 129.6, 128.1, 128.0, 126.7, 125.9, 123.7, 123.2, 72.4, 40.1, 33.8, 31.9, 28.1, 21.9; HRMS
(ESI) m/z: [M + HJ* calcd. for C2sH20BNO2 398.2286; Found 398.2289.

6,6-dimethyl-4-(4-(phenylethynyl)phenyl)-5,6-dihydrobenzo[h]quinoline (42):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 46.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 42. White solid
(41.8 mg, 54% yield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 165-166 °C; H
NMR (600 MHz, CDCls) 6 8.58 (d, J = 4.8 Hz, 1H), 8.45 —8.40 (m, 1H), 7.64 (d, J = 7.9 Hz, 2H),
7.59 — 7.53 (m, 2H), 7.42 — 7.34 (m, 6H), 7.33 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 4.9 Hz, 1H), 2.80
(s, 2H), 1.22 (s, 6H); *C NMR (151 MHz, CDCls) § 153.0, 148.4, 147.2, 146.2, 138.8, 133.5,
131.7,129.7, 128.8, 128.5, 128.4, 127.9, 126.8, 125.9, 123.7, 123.2, 123.0, 90.4, 88.9, 40.2, 33.9,

28.2; HRMS (ESI) m/z: [M + H]* calcd. for CagH24N 386.1903; Found 386.1902.
OCFg4

6,6-dimethyl-4-(3-(trifluoromethoxy)phenyl)-5,6-dihydrobenzo[h]quinoline (43):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 43.2 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 43. White solid
(35.5 mg, 48% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 55-57 °C;'H NMR
(600 MHz, CDClz) 6 8.59 (d, J = 4.9 Hz, 1H), 8.44 — 8.40 (m, 1H), 7.51 (t, J = 7.9 Hz, 1H), 7.42 —
7.35 (m, 3H), 7.28 (t, J = 9.5 Hz, 2H), 7.21 (s, 1H), 7.09 (d, J = 4.9 Hz, 1H), 2.77 (s, 2H), 1.23 (s,
6H); 1*C NMR (151 MHz, CDCls) 6 153.1, 149.3, 147.4, 147.3, 146.2, 141.0, 133.3, 130.0, 129.8,
127.9, 127.1, 126.8, 126.0, 123.7, 122.9, 121.3, 120.5 (q, YJcr = 257.7 Hz), 120.3, 40.0, 33.8,
28.1; F NMR (565 MHz, CDCls) & -57.79; HRMS (ESI) m/z: [M + H]* calcd. for C22H19FsNO
370.1413; Found 370.1411.
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4-(2-bromophenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (44):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 42.2 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 44. White solid
(40.8 mg, 56% yield); Rt = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 144-145 °C; H
NMR (600 MHz, CDCls) 6 8.59 (d, J = 4.9 Hz, 1H), 8.46 — 8.41 (m, 1H), 7.70 (d, J = 8.0 Hz, 1H),
7.43 - 7.35(m, 4H), 7.32 - 7.27 (m, 1H), 7.18 (dd, J = 7.5, 1.3 Hz, 1H), 7.01 (d, J = 4.9 Hz, 1H),
2.61 (d, J = 15.7 Hz, 1H), 2.50 (d, J = 15.7 Hz, 1H), 1.25 (s, 3H), 1.20 (s, 3H); **C NMR (151
MHz, CDCl3) 6 152.7, 148.4, 147.0, 146.3, 139.9, 133.3, 132.9, 130.2, 129.7, 129.5, 128.8, 127.4,
126.7, 125.8, 123.8, 123.1, 122.7, 39.8, 33.7, 28.5, 28.2; HRMS (ESI) m/z: [M + H]* calcd. for
C21H19BrN 364.0695; Found 364.0693.

OMe

4-(2,4-dimethoxyphenyl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (45):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 38.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 45. White solid
(48.0 mg, 69% vyield); Rf = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp = 107-109 °C; H
NMR (600 MHz, CDCl3) 6 8.53 (d, J = 4.9 Hz, 1H), 8.42 — 8.39 (m, 1H), 7.38 — 7.34 (m, 3H),
7.08 (d, J = 8.2 Hz, 1H), 7.04 (d, J = 4.9 Hz, 1H), 6.59 (dd, J = 8.2, 2.3 Hz, 1H), 6.57 (d, J = 2.2
Hz, 1H), 3.88 (s, 3H), 3.73 (s, 3H), 2.71 (d, J = 15.5 Hz, 1H), 2.53 (d, J = 15.5 Hz, 1H), 1.26 (s,
3H), 1.14 (s, 3H);

13C NMR (151 MHz, CDCls) § 161.1, 157.5, 152.1, 146.8, 146.4, 146.3, 133.8, 130.9, 130.1,
129.4, 126.6, 125.8, 124.3, 123.7, 120.8, 104.6, 98.8, 55.4, 55.4, 40.0, 33.7, 28.3; HRMS (ESI)
m/z: [M + H]* calcd. for C23H24NO2 346.1802; Found 346.1800.

OCHF,

4-(3-(cyclopropylmethoxy)-4-(difluoromethoxy)phenyl)-6,6-dimethyl-5,6-
dihydrobenzo[h]quinoline (46):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 53.6 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
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1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 46. White solid
(46.1 mg, 54% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 104-105 °C; H
NMR (600 MHz, CDCl3) 6 8.56 (d, J = 4.9 Hz, 1H), 8.43 — 8.38 (m, 1H), 7.41 — 7.35 (m, 3H),
7.25(d, J = 7.8 Hz, 1H), 7.08 (d, J = 4.9 Hz, 1H), 6.90 (s, 1H), 6.89 — 6.86 (m, 1H), 6.71 (t, J =
75.4 Hz, 1H), 3.90 (d, J = 6.8 Hz, 2H), 2.78 (s, 2H), 1.34 — 1.27 (m, 1H), 1.23 (s, 6H), 0.66 (q, J =
5.7 Hz, 2H), 0.37 (g, J = 5.0 Hz, 2H); **C NMR (151 MHz, CDCls) & 153.0, 150.5, 148.2, 147.2,
146.2, 140.3, 137.5, 133.5, 129.8, 128.0, 126.8, 126.0, 123.8, 123.1, 122.7, 121.6, 116.3 (t, {Jc-r =
260.2 Hz), 115.3, 74.2, 40.2, 33.9, 28.2, 10.2, 3.2; )F NMR (565 MHz, CDCls) 6 -81.53; HRMS
(ESI) m/z: [M + HJ* calcd. for CasH26F2NO2 422.1926; Found 422.1924.

O(\o

4-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (47):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 38.0 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 47. White solid
(48.5 mg, 70% yield); Rf = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp = 144-146 °C; H
NMR (600 MHz, CDCl3) 6 8.53 (d, J = 4.9 Hz, 1H), 8.42 — 8.37 (m, 1H), 7.39 — 7.34 (m, 3H),
7.08 (d, J = 4.9 Hz, 1H), 6.96 (d, J = 8.2 Hz, 1H), 6.86 (d, J = 2.0 Hz, 1H), 6.81 (dd, J = 8.2, 2.1
Hz, 1H), 4.32 (s, 4H), 2.84 (s, 2H), 1.22 (s, 6H); *C NMR (151 MHz, CDCls) 5 152.8, 148.5,
147.0, 146.3, 143.5, 143.4, 133.7, 132.2, 129.6, 128.1, 126.7, 125.9, 123.6, 123.3, 122.0, 117.7,
117.3, 64.5, 64.4, 40.2, 33.9, 28.1; HRMS (ESI) m/z: [M + H]* calcd. for Co3H22NO, 344.1645;
Found 344.1645.
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4-(furan-2-yl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (48):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 24.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N atmosphere was stirred at 120 °C for 12 h to afford 48. Yellow oil
(28.8 mg, 52% yield); Rf = 0.55 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (400 MHz,
CDCl3) 6 8.56 (d, J = 5.1 Hz, 1H), 8.39 — 8.33 (m, 1H), 7.62-7.58 (m, 1H), 7.46 (d, J = 5.1 Hz,
1H), 7.42 — 7.33 (m, 3H), 6.70 (d, J = 3.3 Hz, 1H), 6.59-6.55 (m, 1H), 3.07 (s, 2H), 1.29 (s, 6H);
13C NMR (101 MHz, CDCls) & 153.2, 151.0, 147.2, 145.9, 143.3, 136.9, 133.4, 129.7, 126.7,
126.4, 126.0, 123.6, 120.0, 111.7, 111.6, 40.4, 33.6, 28.6; HRMS (ESI) m/z: [M + H]* calcd. for
C19H1sNO 276.1383; Found 276.1382.
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4-(benzofuran-2-yl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (49):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 34.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 49. White solid
(28.7 mg, 44% yield); Rs = 0.55 (Petroleum ether/Ethyl acetate = 10:1); Mp = 153-154 °C; 'H
NMR (600 MHz, CDCls3) 6 8.64 (d, J = 5.0 Hz, 1H), 8.40 (d, J = 7.4 Hz, 1H), 7.67 (d, J = 7.7 Hz,
1H), 7.61 (d, J = 5.0 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.44 — 7.35 (m, 4H), 7.30 (t, J = 7.4 Hz,
1H), 7.03 (s, 1H), 3.16 (s, 2H), 1.30 (s, 6H); C NMR (151 MHz, CDCls) § 155.0, 153.4, 152.9,
147.5, 146.0, 137.0, 133.4, 129.8, 128.7, 127.6, 126.8, 126.1, 125.4, 123.7, 123.3, 121.5, 120.9,
111.5, 108.0, 40.6, 33.8, 28.6; HRMS (ESI) m/z: [M + H]* calcd. for C23sH20NO 326.1539; Found
326.1538.

N

\_/
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6,6-dimethyl-4-(1-methyl-1H-pyrrol-2-yl)-5,6-dihydrobenzo[h]quinoline (50):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 27.0 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N, atmosphere was stirred at 120 °C for 12 h to afford 50. Yellow oil
(27.7 mg, 48% yield); Rr = 0.5 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (600 MHz,
CDCl3) 6 8.55 (d, J = 4.7 Hz, 1H), 8.43-8.38 (m, 1H), 7.39 — 7.34 (m, 3H), 7.09 (d, J = 4.7 Hz,
1H), 6.78-6.75 (m, 1H), 6.27-6.23 (m, 1H), 6.16-6.12 (m, 1H), 3.48 (s, 3H), 2.76 (s, 2H), 1.22 (s,
6H); 1*C NMR (151 MHz, CDCls) 6 153.0, 146.9, 146.4, 140.7, 133.5, 130.4, 130.1, 129.7, 126.8,
125.9, 124.3, 123.8, 123.3, 110.1, 108.0, 40.2, 34.5, 33.8, 28.2; HRMS (ESI) m/z: [M + H]* calcd.
for CaoH21N> 289.1699; Found 289.1695.
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6,6-dimethyl-4-(thiophen-2-yl)-5,6-dihydrobenzo[h]quinoline (51):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 27.6 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N atmosphere was stirred at 120 °C for 12 h to afford 51. Yellow oil
(36.8 mg, 63% yield); Rr = 0.5 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (600 MHz,
CDCl) 6 8.54 (d, J = 4.9 Hz, 1H), 8.39 (d, J = 6.8 Hz, 1H), 7.44 (d, J = 4.6 Hz, 1H), 7.41 — 7.34
(m, 3H), 7.24 (d, J = 4.9 Hz, 1H), 7.17 — 7.13 (m, 2H), 3.00 (s, 2H), 1.25 (s, 6H); *C NMR (151
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MHz, CDCls) ¢ 153.2, 147.1, 146.2, 141.6, 139.9, 133.5, 129.7, 128.3, 127.8, 127.5, 126.7, 126.7,
126.0, 123.7, 123.5, 40.3, 33.8, 28.3; HRMS (ESI) m/z: [M + H]* calcd. for C19H18NS 292.1154;
Found 292.1153.

6,6-dimethyl-4-(pyridin-3-yl)-5,6-dihydrobenzo[h]quinoline (52):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 26.6 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 52. Yellow oil
(43.0 mg, 75% yield); Rr = 0.3 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (600 MHz,
CDCls) 6 8.71-8.68 (m, 1H), 8.64 (s, 1H), 8.61 (d, J = 4.8 Hz, 1H), 8.44-8.40 (m, 1H), 7.68 (d, J =
7.7 Hz, 1H), 7.43 (dd, J = 7.3, 5.3 Hz, 1H), 7.41-7.36 (m, 3H), 7.11 (d, J = 4.8 Hz, 1H), 2.79 (s,
2H), 1.23 (s, 6H); 1*C NMR (151 MHz, CDCls) 8 153.2, 149.5, 149.3, 147.4, 146.1, 145.3, 136.1,
134.6, 133.2, 129.9, 128.2, 126.8, 126.0, 123.7, 123.3, 123.1, 40.1, 33.8, 28.2; HRMS (ESI) m/z:
[M + H]* calcd. for CaoH19N2 287.1543; Found 287.1543.

6,6-dimethyl-4-(quinolin-6-yl)-5,6-dihydrobenzo[h]quinoline (53):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 36.6 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 53. White solid
(54.0 mg, 80% vyield); Rf = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp = 148-149 °C; H
NMR (600 MHz, CDClIs) 6 9.00 (d, J = 4.0 Hz, 1H), 8.63 (d, J = 4.9 Hz, 1H), 8.46-8.43 (m, 1H),
8.24-8.21 (m, 2H), 7.80 (s, 1H), 7.70 (dd, J = 8.6, 1.5 Hz, 1H), 7.49 (dd, J = 8.2, 4.2 Hz, 1H), 7.42
—7.38 (m, 3H), 7.21 (d, J = 4.9 Hz, 1H), 2.84 (s, 2H), 1.22 (s, 6H); 13C NMR (151 MHz, CDCls)
8 153.1, 151.0, 148.3, 147.8, 147.3, 146.2, 137.4, 136.2, 133.5, 130.4, 129.9, 129.7, 128.2, 128.2,
127.7, 126.9, 126.0, 123.8, 123.4, 121.8, 40.3, 33.9, 28.2; HRMS (ESI) m/z: [M + H]* calcd. for
CasH21N> 337.1699; Found 337.1690.

4-butyl-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (54):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 22.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2> atmosphere was stirred at 120 °C for 12 h to afford 54. Colorless
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oil (18.3 mg, 34% vyield); Rt = 0.6 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (600 MHz,
CDCls) 6 8.42 (d, J = 4.9 Hz, 1H), 8.37 — 8.34 (m, 1H), 7.40 — 7.32 (m, 3H), 7.00 (d, J = 4.9 Hz,
1H), 2.81 (s, 2H), 2.65 (t, J = 7.8 Hz, 2H), 1.61 — 1.54 (m, 2H), 1.45 — 1.38 (m, 2H), 1.30 (s, 6H),
0.96 (t, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCls) § 152.0, 149.2, 147.0, 145.9, 133.7, 129.3,
128.9, 126.7, 125.8, 123.6, 123.2, 38.8, 33.7, 32.2, 32.0, 28.4, 22.5, 13.9; HRMS (ESI) m/z: [M +
H]* calcd. for C19H24N 266.1903; Found 266.1900.

Ph

I

6,6-dimethyl-4-(phenylethynyl)-5,6-dihydrobenzo[h]quinoline (55):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 31.2 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 55. White solid
(30.0 mg, 48% yield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 142-144 °C; H
NMR (600 MHz, CDCls) 6 8.52 (d, J = 4.9 Hz, 1H), 8.37 (d, J = 7.4 Hz, 1H), 7.62 — 7.57 (m, 2H),
7.44 —7.38 (m, 5H), 7.38 — 7.34 (m, 1H), 7.29 (d, J = 4.9 Hz, 1H), 3.09 (s, 2H), 1.34 (s, 6H); *3C
NMR (151 MHz, CDCls) 6 152.6, 147.1, 146.4, 133.0, 131.9, 131.7, 130.7, 129.9, 129.1, 128.6,
126.8, 125.7, 124.5, 124.0, 122.6, 97.2, 85.7, 40.9, 33.8, 28.6; HRMS (ESI) m/z: [M + H]* calcd.
for Co3H2oN 310.1590; Found 310.1585.

COOEt
A

P
N

ethyl 6,6-dimethyl-5,6-dihydrobenzo[h]quinoline-4-carboxylate (56):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 25.6 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 56. Colorless
oil (23.5 mg, 41% vyield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (600 MHz,
CDCls) 6 8.62 (d, J = 5.0 Hz, 1H), 8.36 (d, J = 7.5 Hz, 1H), 7.54 (d, J = 5.0 Hz, 1H), 7.42 — 7.39
(m, 2H), 7.38 — 7.35 (m, 1H), 4.42 (q, J = 7.1 Hz, 2H), 3.20 (s, 2H), 1.43 (t, J = 7.1 Hz, 3H), 1.29
(s, 6H); *C NMR (151 MHz, CDCls) 6 166.6, 154.0, 147.4, 146.4, 137.6, 132.8, 130.5, 130.0,
126.7, 126.0, 123.8, 121.8, 61.5, 39.7, 33.4, 28.4, 14.2; HRMS (ESI) m/z: [M + H]* calcd. for
C1gH20N O 282.1489; Found 282.1487.

3,6,6-trimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (57):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 29.2 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 57. White solid
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(17.5 mg, 29% yield); Rs = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 110-112 °C; H
NMR (600 MHz, CDCl3) 6 8.45 (s, 1H), 8.41 —8.37 (m, 1H), 7.48 (t, J = 7.4 Hz, 2H), 7.41 (t, J =
7.4 Hz, 1H), 7.38 — 7.33 (m, 3H), 7.14 (d, J = 7.2 Hz, 2H), 2.51 (s, 2H), 2.06 (s, 3H), 1.19 (s, 6H);
13C NMR (151 MHz, CDCls) § 150.3, 148.9, 148.2, 145.9, 138.0, 133.6, 130.0, 129.2, 128.7,
128.4,128.2, 127.5, 126.7, 125.4, 123.7, 40.4, 33.8, 28.1, 17.5; HRMS (ESI) m/z: [M + H]* calcd.
for Co2H2oN 300.1747; Found 300.1747.

\

3,6,6-trimethyl-5,6-dihydrobenzo[h]quinoline (58):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 14.1 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 58. White solid
(12.7 mg, 28% yield); R = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 66-68 °C; 'H NMR
(600 MHz, CDCls) 4 8.36 (s, 1H), 8.34 — 8.31 (m, 1H), 7.40 — 7.36 (m, 1H), 7.36 — 7.31 (m, 2H),
7.28 (s, 1H), 2.79 (s, 2H), 2.34 (s, 3H), 1.28 (s, 6H); 13C NMR (151 MHz, CDCls) 5 149.8, 148.2,
146.0, 136.6, 133.3, 131.8, 130.1, 129.2, 126.7, 125.1, 123.9, 77.2, 77.0, 76.8, 43.1, 33.9, 28.3,
18.2; HRMS (ESI) m/z: [M + H]* calcd. for C16H1sN 224.1434; Found 224.1435.

1,4-bis(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)benzene (59):

According to the general procedure, a mixture consisting of oxime (1.2 mmol, 354.4 mg), enal
(0.2 mmol, 37.2 mg), Fe(acac). (0.04 mmol, 10.2 mg), pyrrolidine-HCIO4 (0.08 mmol, 13.7 mg)
and 1,4-dioxane (4 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 59. White
solid (35.5 mg, 46% yield); Rs = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp = 284-285 °C; *H
NMR (600 MHz, CDCls) 6 8.61 (d, J = 4.8 Hz, 2H), 8.46-8.42 (m, 2H), 7.46 (s, 4H), 7.42 — 7.37
(m, 6H), 7.19 (d, J = 4.8 Hz, 2H), 2.90 (s, 4H), 1.28 (s, 12H); 3C NMR (151 MHz, CDCls) §
153.0, 148.4, 147.2, 146.2, 138.6, 133.5, 129.8, 128.9, 128.0, 126.8, 126.0, 123.7, 123.3, 40.2,
33.9, 28.2; HRMS (ESI) m/z: [M + H]* calcd. for CzsHssN2 493.2638; Found 493.2637.

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 4-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-
yl)benzoate (60):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 62.8 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 60. Colorless
oil (43.4 mg, 46% vyield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); 'H NMR (600 MHz,
CDCl3) 6 8.59 (d, J = 4.9 Hz, 1H), 8.45 — 8.39 (m, 1H), 8.16 (d, J = 8.2 Hz, 2H), 7.42 (d, J = 8.2
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Hz, 2H), 7.40 — 7.36 (m, 3H), 7.10 (d, J = 4.9 Hz, 1H), 4.99 (td, J = 10.9, 4.3 Hz, 1H), 2.78 (s,
2H), 2.19 - 2.14 (m, 1H), 2.06 — 1.97 (m, 1H), 1.79 — 1.72 (m, 2H), 1.63 — 1.55 (m, 2H), 1.22 (d, J
= 3.2 Hz, 6H), 1.18 — 1.10 (m, 2H), 0.95 (d, J = 6.8 Hz, 7H), 0.84 (d, J = 6.9 Hz, 3H); 13C NMR
(151 MHz, CDCls) & 165.8, 153.0, 148.1, 147.2, 146.2, 143.3, 133.3, 130.5, 129.8, 129.7, 128.8,
127.9, 126.8, 125.9, 123.8, 122.9, 75.1, 47.3, 41.0, 40.1, 34.3, 33.8, 31.5, 28.1, 26.6, 23.7, 22.1,
20.8, 16.6; HRMS (ESI) m/z: [M + H]* calcd. for CsHssNO, 468.2897; Found 468.2893.

6,6-dimethyl-4-(naphthalen-1-yl)-5,6-dihydrobenzo[h]quinoline (61):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 36.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 61. Colorless
oil (30.2 mg, 45% vyield); R¢ = 0.65 (Petroleum ether/Ethyl acetate = 10:1); *H NMR (600 MHz,
CDCl3) 6 8.63 (d, J = 4.8 Hz, 1H), 8.50-8.47 (m, 1H), 7.94 (d, J = 3.4 Hz, 1H), 7.93 (d, J = 3.5 Hz,
1H), 7.56 (t, J=7.2 Hz, 1H), 7.51 (t, J = 7.4 Hz, 1H), 7.45 (d, J = 8.3 Hz, 1H), 7.41-7.33 (m, 4H),
7.32 (d, J=6.9 Hz, 1H), 7.14 (d, J = 4.8 Hz, 1H), 2.51 (d, J = 15.8 Hz, 1H), 2.46 (d, J = 15.8 Hz,
1H), 1.14 (s, 3H), 1.13 (s, 3H); 3C NMR (151 MHz, CDCls) & 152.6, 148.0, 147.0, 146.4, 136.7,
133.6, 133.5, 131.4, 129.7, 129.7, 128.4, 128.3, 126.8, 126.4, 126.2, 126.2, 125.9, 125.7, 125.3,
124.2, 123.8, 39.9, 33.7, 28.2, 28.0; HRMS (ESI) m/z: [M + H]* calcd. for CasH2oN 336.1747;
Found 336.1746.

(2YQ-2-189)ok

6,6-dimethyl-4-(2-methylnaphthalen-1-yl)-5,6-dihydrobenzo[h]quinoline (62):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 39.3 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 62. White solid
(26.6 mg, 38% vyield); Rf = 0.65 (Petroleum ether/Ethyl acetate = 10:1); Mp = 188-189 °C; 'H
NMR (600 MHz, CDCls) 6 8.66 (d, J = 4.7 Hz, 1H), 8.52 — 8.48 (m, 1H), 7.88 (d, J = 8.2 Hz, 1H),
7.85(d, J = 8.4 Hz, 1H), 7.47 — 7.34 (m, 5H), 7.32 (t, J = 7.3 Hz, 1H), 7.21 (d, J = 8.5 Hz, 1H),
7.04 (d, J=4.8 Hz, 1H), 2.39 (d, J = 15.9 Hz, 1H), 2.35 (d, J = 15.8 Hz, 1H), 2.19 (s, 3H), 1.15 (s,
3H), 1.11 (s, 3H); *C NMR (151 MHz, CDCls) 8 152.8, 147.5, 147.3, 146.4, 134.4, 133.4, 132.8,
131.9, 131.8, 130.1, 129.7, 128.5, 128.0, 127.9, 126.8, 126.3, 125.8, 125.4, 125.2, 124.2, 123.9,
39.5, 33.6, 28.4, 28.3, 20.3; HRMS (ESI) m/z: [M + H]* calcd. for CysH24N 350.1903; Found
350.1905.
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methyl 1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (63):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 48.0 mg), Fe(acac), (0.02 mmol, 5.0 mg), pyrrolidine-HCIO4 (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 63. White solid
(30.0 mg, 38% yield); Rt = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 189-190 °C; H
NMR (600 MHz, CDCls) 6 8.64 (d, J = 4.8 Hz, 1H), 8,51 (dd, J = 7.3, 1.6 Hz, 1H), 8.07 (d, J =
8.7 Hz, 1H), 7.99 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.42-7.37
(m, 3H), 7.35 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 4.8 Hz, 1H), 3.61 (s, 3H), 2.41 (d, J = 15.8 Hz, 1H),
2.31(d, J=15.8 Hz, 1H), 1.12 (s, 3H), 1.11 (s, 3H); *3C NMR (151 MHz, CDCls) 5 167.6, 152.1,
147.0, 146.9, 146.3, 138.3, 134.9, 133.4, 131.5, 129.7, 129.6, 128.5, 128.2, 128.0, 127.3, 127.2,
127.1,126.7, 125.9, 125.8, 123.8, 123.4, 52.0, 39.9, 33.6, 28.4, 28.3; HRMS (ESI) m/z: [M + H]*
calcd. for C27H24NO> 394.1802; Found 394.1804.

tert-butyl 1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (64):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 177.2 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac). (0.02 mmol, 5.0 mg), pyrrolidine-HCIO, (0.04 mmol, 6.8 mg) and
1,4-dioxane (2 mL) under a N2 atmosphere was stirred at 120 °C for 12 h to afford 64. White solid
(38.4 mg, 44% vyield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 131-133 °C; H
NMR (600 MHz, CDClIs) 6 8.64 (d, J = 4.7 Hz, 1H), 8.51-8.47 (m, 1H), 8.02 (d, J = 8.6 Hz, 1H),
7.97 (d, J =8.7 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.57 (t, J = 7.3 Hz, 1H), 7.43 — 7.33 (m, 5H),
7.07 (d, J = 4.8 Hz, 1H), 2.51 (d, J = 15.9 Hz, 1H), 2.19 (d, J = 15.9 Hz, 1H), 1.21 (s, 3H), 1.20 (s,
9H), 1.02 (s, 3H); **C NMR (151 MHz, CDCls) 5 165.8, 151.3, 146.3, 145.8, 145.4, 135.9, 133.7,
132.2, 130.3, 129.0, 128.7, 128.5, 127.4, 127.1, 126.7, 126.1, 125.9, 125.7, 125.1, 124.8, 122.9,
122.8, 80.8, 39.0, 32.6, 27.8, 27.2, 26.7; HRMS (ESI) m/z: [M + H]* calcd. for CsoH3zNO>
436.2271; Found 436.2273.

tert-butyl (S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (97):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N2 atmosphere was stirred at 50 °C for 48 h to afford 97.

Colorless oil (46.5 mg, 53% yield, 93:7 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H,
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13C NMR and HRMS spectra data for 97 were in agreement with the racemic 64.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A =254 nm, tr (Major) = 6.4 min, tr (Minor) = 7.3 min, er = 93.7.

[@]%p =-61.39 (c = 0.32, CHCl5).

Chiral HPLC spectrum of (rac)-97:

mV

150

100

50

T - T T T : - T . T - - T - T - r - - T . - + - T
0.0 25 50 75 10.0 125

min
Peak#i] Ret. Time Area Height Conc. Area%
1 6.442 1626600 161215 49.811 49.811
2 7.298 1638935 107164 50.189 50.189

Chiral HPLC spectrum of (S)-97:

mV

300

6.434 /

200+

100+

7.253/

T r T T T T T T T T T T T T T T T T . r T T
0.0 25 50 75 10.0 125

min
Area Height Conc. Area%
2971529 296380 93.039 93.039
222311 16176 6.961 6.961

tert-butyl (S)-1-(6,6,8-trimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (98):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 239.6 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N> atmosphere was stirred at 50 °C for 48 h to afford 98.
Colorless oil (43.2 mg, 48% yield, 93:7 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.61 (d, J = 4.2 Hz, 1H), 8.37 (d, J = 7.7 Hz, 1H), 8.02 (d, J = 8.5 Hz,
1H), 7.96 (d, J = 8.5 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.57 (t, J = 6.8 Hz, 1H), 7.42 — 7.35 (m,
2H), 7.21 (d, J = 7.7 Hz, 1H), 7.15 (s, 1H), 7.04 (d, J = 4.4 Hz, 1H), 2.49 (d, J = 15.8 Hz, 1H),
2.40 (s, 3H), 2.16 (d, J = 15.8 Hz, 1H), 1.20 (s, 12H), 1.00 (s, 3H); 3C NMR (151 MHz, CDCls)
3 166.9, 152.4, 147.3, 146.7, 146.3, 139.6, 137.0, 134.7, 131.3, 130.5, 129.7, 129.4, 128.4, 128.2,
127.7, 127.6, 127.2, 126.9, 126.1, 125.8, 124.6, 123.6, 81.8, 40.1, 33.5, 28.8, 28.2, 27.7, 21.7;
HRMS (ESI) m/z: [M + H]* calcd. for C31H32NO, 450.2428; Found 450.2425.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 95/5, flow rate = 1.0 mL/min,
A =254 nm, tr (Major) = 9.1 min, tr (minor) = 10.6 min, er = 93:7.

[@]®p =-70.31 (c = 0.43, CHCls).
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Chiral HPLC spectrum of (rac)-98:

mV

150+

100

504

0
——— T[T 77—
0.0 25 50 7.5 10.0 12.5 15.0

min
Peak#| Ret. Time Area Height Conc. Area%
1 9.076 2614590 177064 49.790 49.790
2 10.464 2636683 147460 50.210 50.210

Chiral HPLC spectrum of (S)-98:
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0.0 25 5.0 7.5 10.0 12.5 15.0

min
Peak#| Ret. Time Area Height Conec. Area%
1] 9.063 11890950 764916 93.202 93.202
2] 10.573 867285 44293 6.798 6.798

tert-butyl  (S)-1-(8-methoxy-6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate
(99):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 249.2 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N2 atmosphere was stirred at 50 °C for 48 h to afford 99.
White solid (63.1 mg, 67% vyield, 90:10 er); Rs = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp =
153-154 °C; *H NMR (600 MHz, CDCls)  8.59 (d, J = 4.9 Hz, 1H), 8.44 (d, J = 8.6 Hz, 1H),
8.01 (d, J = 8.6 Hz, 1H), 7.96 (d, J = 8.7 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 7.59 — 7.54 (m, 1H),
7.42 —7.36 (m, 2H), 7.01 (d, J = 4.9 Hz, 1H), 6.92 (dd, J = 8.7, 2.5 Hz, 1H), 6.88 (d, J = 2.5 Hz,
1H), 3.87 (s, 3H), 2.48 (d, J = 15.8 Hz, 1H), 2.16 (d, J = 15.8 Hz, 1H), 1.20 (s, 9H), 1.19 (s, 3H),
1.00 (s, 3H); *C NMR (151 MHz, CDCls) & 166.9, 161.0, 152.2, 148.4, 147.2, 146.6, 134.7,
131.3, 129.4, 129.0, 128.3, 128.1, 127.7, 127.5, 127.1, 126.9, 126.4, 126.0, 123.2, 111.3, 110.2,
81.8, 55.3, 40.0, 33.8, 28.7, 28.1, 27.7; HRMS (ESI) m/z: [M + H]* calcd. for CsiH3NO3
466.2377; Found 466.2371.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 9.7 min, tr (Minor) = 6.5 min, er = 90:10.

[@]?p =-70.31 (c = 0.63, CHCls).

Chiral HPLC spectrum of (rac)-99:
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Peak#| Ret. Time Area Height Conc. Area%
1] 6.580 744715 73070 50.228 50.228
2] 9.750 737959 38842 49.772 49.772

Chiral HPLC spectrum of (S)-99:
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100+

o
; 6526/
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0.0 25 5.0 7.5 10.0 12.5 15.0

min
Peak#l| Ret. Time Area Height Conc. Area%
1 6.526 489318 42716 9.851 9.851
2 9.722 4477854 222547 90.149 90.149

tert-butyl (S)-1-(8-fluoro-6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (100):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 242.0 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 100.
White solid (52.2 mg, 57% yield, 92:8 er); R = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp =
150-152 °C; *H NMR (600 MHz, CDCls) & 8.61 (d, J = 4.8 Hz, 1H), 8.49 (dd, J = 8.5, 6.3 Hz,
1H), 8.02 (d, J = 8.7 Hz, 1H), 7.97 (d, J = 8.7 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.57 (t, J = 7.1 Hz,
1H), 7.41 (t, J = 7.2 Hz, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.09 — 7.04 (m, 2H), 7.03 (dd, J = 10.2, 2.4
Hz, 1H), 2.50 (d, J = 15.9 Hz, 1H), 2.18 (d, J = 15.9 Hz, 1H), 1.21 (s, 9H), 1.19 (s, 3H), 1.00 (s,
3H); 1*C NMR (151 MHz, CDCls) 6 166.7, 164.1 (d, YJc.r = 248.4 Hz), 151.5, 149.1, 149.1, 147.5,
146.8, 136.7, 134.7, 131.2, 129.5, 129.4, 128.4, 128.2, 128.0 (d, 3Jcr = 8.5 Hz), 127.7, 127.0,
126.9, 126.0, 123.8, 113.6 (d, 2Jcr = 21.4 Hz), 111.0 (d, ZJc-r = 22.3 Hz), 81.8, 39.8, 33.8, 28.5,
28.0, 27.7; F NMR (565 MHz, CDCls) § -111.42; HRMS (ESI) m/z: [M + H]* calcd. for
C3oH20FNO, 454.2177; Found 454.2169.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 5.8 min, tg (Minor) = 6.4 min, er = 92:8.

[@]®p = -52.89 (c = 0.23, CHClIs).

Chiral HPLC spectrum of (rac)-100:
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min
Peak#i| Ret. Time Area Height Conc. Area%
1 5.829 4180006 314899 49.733 49.733
2 6.362 4224917 305342 50.267 50.267
Chiral HPLC spectrum of (S)-100:

mV

300

200+

100+

min
Peak#| Ret. Time Area Height Conc. Area%
1 5.826 4229604 326623 92.023 92.023
2 6.418 366664 24450 7.977 7977

tert-butyl (S)-1-(8-chloro-6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate
(101):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 251.8 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 101.
White solid (50.4 mg, 53% yield, 94:6 er); R = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp =
113-114 °C; 'H NMR (600 MHz, CDCls) & 8.63 (d, J = 4.8 Hz, 1H), 8.45 (d, J = 8.1 Hz, 1H),
8.02 (d, J=8.6 Hz, 1H), 7.98 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H),
7.41 (t, J = 7.6 Hz, 1H), 7.38 — 7.35 (m, 1H), 7.34 (d, J = 8.6 Hz, 1H), 7.31 (d, J = 1.8 Hz, 1H),
7.08 (d, J=4.5Hz, 1H), 2.50 (d, J = 16.0 Hz, 1H), 2.18 (d, J = 16.0 Hz, 1H), 1.20 (s, 9H), 1.20 (s,
3H), 1.01 (s, 3H); **C NMR (151 MHz, CDCls) 5 166.7, 151.2, 148.2, 146.8, 136.6, 135.6, 134.7,
131.2, 129.9, 129.4, 128.5, 128.2, 127.8, 127.4, 127.1, 127.0, 126.9, 126.1, 124.3, 124.2, 81.8,
39.8, 33.8, 28.6, 27.9, 27.7; HRMS (ESI) m/z: [M + H]* calcd. for C3oH29CINO; 470.1881; Found
470.1887.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 6.1 min, tg (Minor) = 5.1 min, er = 94:6.

[@]®b =-75.99 (c = 0.50, CHClIs).

Chiral HPLC spectrum of (rac)-101:
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Peak#l| Ret. Time Area Height Conc. Area%
1 5.061 920772 68176 50.557 50.557
2 5.977 900485 74664 49.443 49.443
Chiral HPLC spectrum of (S)-101:
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0 1 2 3 4 5 6 7 8 9 10

min
Peak##| Ret. Time Area Height Conc. Area%
1 5.088 395458 27996 5.967 5.967
2 6.055 6232189 451854 94.033 94.033

tert-butyl (S)-1-(8-bromo-6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate
(102):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 278.5 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N2 atmosphere was stirred at 50 °C for 48 h to afford 102.
Colorless oil (49.0 mg, 47% yield, 93:7 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.62 (d, J = 4.6 Hz, 1H), 8.36 (d, J = 8.3 Hz, 1H), 8.02 (d, J = 8.6 Hz,
1H), 7.98 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.1 Hz, 1H), 7.58 (t, J = 7.3 Hz, 1H), 7.52 (d, J = 8.3 Hz,
1H), 7.47 (s, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.34 (d, J = 8.5 Hz, 1H), 7.08 (d, J = 4.5 Hz, 1H), 2.50
(d, J =16.0 Hz, 1H), 2.17 (d, J = 16.0 Hz, 1H), 1.20 (s, 12H), 1.01 (s, 3H); **C NMR (151 MHz,
CDCl3) 6 166.7, 151.3, 148.4, 147.6, 146.9, 136.6, 134.7, 132.2, 131.2, 129.9, 129.9, 129.4, 128.5,
128.2, 127.8, 127.6, 127.3, 127.0, 126.9, 126.1, 124.2, 124.1, 81.8, 39.8, 33.8, 28.6, 27.9, 27.7;
HRMS (ESI) m/z: [M + H]* calcd. for C3oH29BrNO; 514.1376; Found 514.1375.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 6.5 min, tg (Minor) = 5.4 min, er = 93.7.

[a]®p=-71.74 (c = 0.46, CHCIs).

Chiral HPLC spectrum of (rac)-102:
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Peak#l| Ret. Time Area Height Conc. Area%
1 5.368 3743244 370029 50.056 50.056
2 6.467 3734825 467638 49.944 49.944
Chiral HPLC spectrum of (S)-102:
mV
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0.0 25 5.0 7.5 10.0
min
Peak# Ret. Time Area Height Conc. Area%
1 5.371 380561 33973 6.955 6.955
2 6.465 5091340 623824 93.045 93.045

methyl (S)-4-(2-(tert-butoxycarbonyl)naphthalen-1-yl)-6,6-dimethyl-5,6-
dihydrobenzo[h]quinoline-8-carboxylate (103):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 266.6 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N2 atmosphere was stirred at 50 °C for 48 h to afford 103.
Colorless oil (40.5 mg, 41% yield, 93:7 er); R = 0.3 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.67 (d, J = 4.8 Hz, 1H), 8.57 (d, J = 8.1 Hz, 1H), 8.08 — 8.05 (m, 1H),
8.03 —8.01 (m, 2H), 7.98 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.58 (t, J = 7.3 Hz, 1H),
7.41 (t, J=7.4 Hz, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.12 (d, J = 4.8 Hz, 1H), 3.94 (s, 3H), 2.54 (d, J
=16.0 Hz, 1H), 2.22 (d, J = 16.0 Hz, 1H), 1.26 (s, 3H), 1.20 (s, 9H), 1.05 (s, 3H); **C NMR (151
MHz, CDCls) 8 167.2, 166.7, 151.2, 147.8, 147.1, 146.4, 137.4, 136.5, 134.7, 131.2, 130.9, 130.8,
129.4, 1285, 128.2, 128.0, 127.8, 127.1, 126.9, 126.1, 125.9, 125.5, 124.7, 81.8, 52.1, 39.8, 33.7,
28.7,28.1, 27.7; HRMS (ESI) m/z: [M + H]* calcd. for C3,H32,NO4 494.2326; Found 494.2323.
HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 10.9 min, tg (Minor) = 6.7 min, er = 93:7.

[a]®p=-77.43 (c = 0.41, CHCI5).

Chiral HPLC spectrum of (rac)-103:
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Peak#| Ret. Time Area Height Conc. Area%
1 6.703 1993815 143233 50.551 50.551
2 10.935 1950312 85408 49.449 49.449
Chiral HPLC spectrum of (S)-103:
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0.0 25 5.0 75 10.0 125 15.0
min
Peak#| Ret. Time Area Height Conc. Area%
1 6.706 93258 6076 6.722 6.722
2 10.941 1293992 56038 93.278 93.278

tert-butyl (S)-1-(6,6-dimethyl-8-(trifluoromethyl)-5,6-dihydrobenzo[h]quinolin-4-yl)-2-
naphthoate (104):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 272.0 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 104.
Colorless oil (54.4 mg, 54% yield, 94:6 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDClz) & 8.67 (d, J = 4.2 Hz, 1H), 8.61 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 8.5 Hz,
1H), 7.99 (d, J = 8.6 Hz, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H), 7.61 — 7.56 (m,
2H), 7.42 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 8.4 Hz, 1H), 7.13 (d, J = 4.0 Hz, 1H), 2.54 (d, J = 16.0
Hz, 1H), 2.22 (d, J = 16.0 Hz, 1H), 1.25 (s, 3H), 1.21 (s, 9H), 1.04 (s, 3H); *C NMR (151 MHz,
CDCls) 6 166.6, 150.8, 147.9, 147.1, 146.9, 136.5, 134.7, 131.2 (q, 2Jc-r = 31.8 Hz), 131.1, 130.6,
129.4, 128.6, 128.3, 127.83, 127.1, 126.9, 126.2, 126.1, 125.3 (q, Nc-r = 272.2 Hz), 124.8, 123.6
(9, 3Jc-r = 3.6 Hz), 121.0 (q, 3Jcr = 3.8 Hz), 81.9, 39.6, 33.8, 28.6, 27.9, 27.7; *F NMR (565
MHz, CDCls) 6 -62.46; HRMS (ESI) m/z: [M + H]* calcd. for Ca1H29FsNO, 504.2145; Found
504.2143.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 88/12, flow rate = 0.6
mL/min, A = 254 nm, tg (Major) = 7.4 min, tg (Minor) = 7.0 min, er = 94.6.

[a]®b = -62.56 (c = 0.39, CHCls).

Chiral HPLC spectrum of (rac)-104:
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Peak# Ret. Time Area Height Conc. Area%
1 6.999 596276 53823 49.360 49.360
2 7.429 611745 51932 50.640 50.640
Chiral HPLC spectrum of (S)-104:
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min
Peak#] Ret. Time Area Height Conc. Area%
1 6.993 172046 14605 6.477 6.477
2 7.420 2484271 215394 93.523 93.523

tert-butyl (S)-1-(6,6-dimethyl-5,6-dihydro-1,7-phenanthrolin-4-yl)-2-naphthoate (105):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.8 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 105.
Colorless oil (27.6 mg, 31% yield, 93:7 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.74 (dd, J = 7.9, 1.7 Hz, 1H), 8.64 (d, J = 4.8 Hz, 1H), 8.59 (dd, J =
4.8, 1.7 Hz, 1H), 8.04 (d, J = 8.7 Hz, 1H), 7.99 (d, J = 8.7 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.61
—7.57 (m, 1H), 7.44 — 7.40 (m, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.32 (dd, J = 7.8, 4.8 Hz, 1H), 7.11
(d, J=4.8Hz, 1H), 2.63 (d, J = 16.2 Hz, 1H), 2.31 (d, J = 16.2 Hz, 1H), 1.28 (s, 3H), 1.22 (s, 9H),
1.07 (s, 3H); 3C NMR (151 MHz, CDCls) & 166.6, 164.4, 150.9, 149.7, 147.8, 147.1, 136.6,
134.7, 133.0, 131.1, 130.0, 129.3, 128.5, 128.5, 128.3, 127.8, 127.1, 126.9, 126.1, 124.5, 122.2,
81.8, 39.6, 36.1, 27.7, 27.4, 26.9; HRMS (ESI) m/z: [M + H]* calcd. for CaoH29N20, 437.2224;
Found 437.2223.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 6.7 min, tg (Minor) = 5.7 min, er = 93.7.

[a]®p =-73.14 (c = 0.24, CHCls).

Chiral HPLC spectrum of (rac)-105:
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Peak#| Ret. Time Area Height Conc. Area%
1 5.685 4311201 265839 49.837 49.837
2 6.674 4339391 281533 50.163 50.163

Chiral HPLC spectrum of (S)-105:
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min
Peak#| Ret. Time Area Height Conc. Area%
1 5.679 361663 21235 6.917 6.917
2 6.665 4866965 316571 93.083 93.083

tert-butyl (S)-1-(5H-spiro[benzo[h]quinoline-6,1'-cyclohexan]-4-yl)-2-naphthoate (106):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 255.2 mg), enal
(0.2 mmol, 56.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 106.
White solid (43.0 mg, 36% yield, 93:7 er); Rs = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp =
127-129 °C; *H NMR (600 MHz, CDCls) 6 8.63 (d, J = 4.8 Hz, 1H), 8.54 — 8.49 (m, 1H), 8.08 (d,
J =8.7Hz, 1H), 7.98 (d, J = 8.7 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.58 — 7.54 (m, 1H), 7.47 —
7.43 (m, 1H), 7.41 —7.38 (m, 2H), 7.38 —7.34 (m, 2H), 7.08 (d, J = 4.9 Hz, 1H), 2.52 (d, J = 16.1
Hz, 1H), 2.45 (d, J = 16.1 Hz, 1H), 1.76 (td, J = 12.6, 3.7 Hz, 1H), 1.56 (d, J = 13.3 Hz, 1H), 1.51
(d, J = 13.3 Hz, 1H), 1.45 - 1.38 (m, 2H), 1.32 — 1.27 (m, 1H), 1.20 (s, 9H), 1.13 — 1.01 (m, 3H),
0.60 — 0.50 (m, 1H); 3C NMR (151 MHz, CDCls) & 166.7, 152.5, 147.5, 147.1, 146.6, 137.1,
134.7, 133.7, 131.5, 129.7, 129.3, 129.1, 128.4, 128.1, 127.7, 127.2, 126.9, 126.6, 126.2, 125.9,
124.0, 123.5, 81.8, 36.4, 35.4, 35.3, 32.7, 27.7, 25.8, 22.1, 21.9; HRMS (ESI) m/z: [M + H]* calcd.
for C33H33sNO; 476.2584; Found 476.2583.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 95/5, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 9.2 min, tg (Minor) = 5.6 min, er = 93.7.

[a]®p =-73.14 (c = 0.24, CHCIs).

Chiral HPLC spectrum of (rac)-106:
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Peak#| Ret. Time Area Height Conc. Area%
1 5.780 6098677 334310 49.932 49.932
2 9.205 6115202 303737 50.068 50.068
Chiral HPLC spectrum of (S)-106:
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Peak#] Ret. Time Area Height Conc. Area%
1 5.797 178059 9609 6.608 6.608
2 9.226 2516672 124613 93.392 93.392

ethyl (S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (107):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 50.8 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 107.
Colorless oil (36.7 mg, 45% vyield, 93:7 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); *H
NMR (600 MHz, CDCls) 6 8.63 (d, J = 4.8 Hz, 1H), 8.53 — 8.48 (m, 1H), 8.09 (d, J = 8.7 Hz, 1H),
7.99 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.43 — 7.33 (m, 5H),
7.05 (d, J = 4.8 Hz, 1H), 4.12 (dg, J = 10.9, 7.1 Hz, 1H), 4.02 (dg, J = 10.9, 7.1 Hz, 1H), 2.44 (d, J
=15.8 Hz, 1H), 2.28 (d, J = 15.8 Hz, 1H), 1.15 (s, 3H), 1.09 (s, 3H), 0.97 (t, J = 7.1 Hz, 3H); 3C
NMR (151 MHz, CDCls) 6 167.3, 152.1, 147.2, 146.8, 146.3, 138.0, 134.9, 133.3, 131.4, 129.8,
129.7,128.5, 128.2, 128.0, 127.6, 127.2, 127.1, 126.8, 126.0, 125.9, 123.9, 123.7, 61.1, 39.9, 33.6,
28.4, 28.3, 13.7; HRMS (ESI) m/z: [M + H]* calcd. for C2sH2sNO, 408.1958; Found 408.1958.
HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 9.2 min, tg (Minor) = 9.8 min, er = 90:10.

[@]?p =-94.95 (c = 0.28, CHClIs).

Chiral HPLC spectrum of (rac)-107:
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0.0 25 5.0 75 10.0 12.5 15.0

min
Peak#l| Ret. Time Area Height Conc. Area%
1 9.257 1571193 111764 49.734 49.734
2 9.857 1588006 99218 50.266 50.266

Chiral HPLC spectrum of (S)-107:

mV

500

250

min
Peak#| Ret. Time Area Height Conc. Area%
1 9.249 7741136 560569 89.964 89.964
2 9.872 863604 55602 10.036 10.036

isopropyl (S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (108):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 53.6 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 108.
Colorless oil (35.5 mg, 42% yield, 92:8 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.63 (d, J = 4.8 Hz, 1H), 8.51 — 8.47 (m, 1H), 8.06 (d, J = 8.7 Hz, 1H),
7.98 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.60 — 7.55 (m, 1H), 7.43 — 7.33 (m, 5H), 7.06
(d, J=4.8 Hz, 1H), 5.01 — 4.93 (m, 1H), 2.47 (d, J = 15.9 Hz, 1H), 2.23 (d, J = 15.8 Hz, 1H), 1.18
(s, 3H), 1.05 (s, 3H), 0.97 (s, 3H), 0.96 (s, 3H); 3C NMR (151 MHz, CDCls) § 167.0, 152.1,
147.2, 146.8, 146.3, 137.6, 134.8, 133.2, 131.3, 130.0, 129.7, 128.4, 128.2, 128.1, 127.9, 127.1,
127.0, 126.8, 126.1, 125.8, 123.9, 123.8, 68.8, 40.0, 33.6, 28.6, 28.3, 21.4, 21.3; HRMS (ESI) m/z:
[M + H]* calcd. for Co9H2sNO; 422.2115; Found 422.2114.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 8.1 min, tg (Minor) = 8.6 min, er = 92:8.

[a]®p = -82.81 (c = 0.32, CHClIs).

Chiral HPLC spectrum of (rac)-108:
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0.0 25 5.0 75 10.0 12.5 15.0

Peak#] Ret. Time Area Height Conc. Area%
1 8.061 1632456 121077 50.094 50.094
2 8.560 1626306 109983 49.906 49.906
Chiral HPLC spectrum of (S)-108:

mV

250+

0
——————————————F— [ ———————— T[]
0.0 25 5.0 75 10.0 125

min
Peak#| Ret. Time Area Height Conc. Area%
1] 8.075 5250684 417612 91.817 91.817
2] 8.621 467964 33192 8.183 8.183

cyclohexyl (S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (109):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 61.7 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N, atmosphere was stirred at 50 °C for 48 h to afford 1009.
White solid (46.3 mg, 50% vyield, 90:10 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp =
151-152 °C; *H NMR (600 MHz, CDCls) & 8.63 (d, J = 4.4 Hz, 1H), 8.48 (d, J = 7.0 Hz, 1H),
8.07 (d, J = 8.6 Hz, 1H), 7.98 (d, J = 8.6 Hz, 1H), 7.95 (d, J = 8.1 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H),
7.44 —7.31 (m, 5H), 7.06 (d, J = 4.5 Hz, 1H), 4.77 — 4.68 (m, 1H), 2.46 (d, J = 15.8 Hz, 1H), 2.23
(d, J = 15.8 Hz, 1H), 1.70 — 1.62 (m, 2H), 1.60 — 1.50 (m, 2H), 1.48 — 1.40 (m, 1H), 1.28 — 1.19
(m, 2H), 1.18 (s, 3H), 1.05 (s, 6H); **C NMR (151 MHz, CDCls) § 166.9, 152.2, 147.2, 146.8,
146.3, 137.6, 134.8, 133.3, 131.3, 123.0, 129.7, 128.4, 128.2, 127.9, 127.1, 127.0, 126.8, 126.1,
125.8, 123.8, 74.0, 40.0, 33.6, 31.3, 31.2, 28.5, 28.3, 25.2, 23.8; HRMS (ESI) m/z: [M + H]* calcd.
for C32H3NO; 462.2428; Found 462.2430.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 8.4 min, tg (Minor) = 9.3 min, er = 90:10.

[@]?p = -50.11 (c = 0.44, CHCI5).

Chiral HPLC spectrum of (rac)-109:

S61



mV

250

0

. T . . T . . T T T v v v v T T T T T T T T T T T T
0.0 25 5.0 75 10.0 12.5

min
Peak#| Ret. Time Area Height Conc. Area%
1] 8.364 6248055 465805 49.008 49.008
2] 9.149 6500913 407972 50.992 50.992
Chiral HPLC spectrum of (S)-1009:

mV

250

9.257/

—Y—————————F————— | ———F—————
0.0 25 5.0 75 10.0 125 15.0

min
Peak#| Ret. Time Area Height Conc. Area%
1 8.395 6257117 448481 90.131 90.131
2 9.257 685134 37405 9.869 9.869

adamantan-1-yl (S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (110):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 72.1 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N> atmosphere was stirred at 50 °C for 48 h to afford 110.
Colorless oil (51.4 mg, 50% yield, 91:9 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.64 (d, J = 4.8 Hz, 1H), 8.50 — 8.44 (m, 1H), 8.01 (d, J = 8.6 Hz, 1H),
7.96 (d, J =8.7 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 7.59 — 7.54 (m, 1H), 7.42 — 7.34 (m, 5H), 7.07
(d, J=4.9Hz, 1H), 2.51 (d, J = 15.9 Hz, 1H), 2.18 (d, J = 15.9 Hz, 1H), 2.03 — 1.98 (m, 3H), 1.84
—1.79 (m, 6H), 1.54 — 1.50 (m, 6H), 1.21 (s, 3H), 1.02 (s, 3H); **C NMR (151 MHz, CDCls) §
166.5, 152.3, 147.3, 146.8, 146.4, 136.8, 134.6, 133.3, 131.2, 130.2, 129.7, 129.6, 128.4, 128.2,
127.7, 127.1, 126.9, 126.8, 126.1, 125.7, 124.0, 123.9, 82.1, 40.9, 40.0, 36.0, 33.6, 30.8, 28.7,
28.2; HRMS (ESI) m/z: [M + H]* calcd. for C3sH3sNO2 514.2741; Found 514.2735.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 7.8 min, tr (Minor) = 9.6 min, er = 91.:9.

[@]®p =-31.83 (c = 0.51, CHCls).

Chiral HPLC spectrum of (rac)-110:
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min
Peak#| Ret. Time Area Height Conc. Area%
1] 7.813 2204625 154585 49.667 49.667
2] 9.543 2234192 121877 50.333 50.333

Chiral HPLC spectrum of (S)-110:

mV

750

500

250+

0
— T
0.0 25 5.0 75 10.0 12.5 15.0

min
Peak#l{ Ret. Time Area Height Conc. Area%
1 7.813| 10872740 813763 91.055 91.055
2 9.573 1068160 54696 8.945 8.945

2,4-dimethylpentan-3-yl (S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoate
(111):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 64.9 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N2 atmosphere was stirred at 50 °C for 48 h to afford 111.
Colorless oil (35.7 mg, 37% yield, 93:7 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.62 (d, J = 4.8 Hz, 1H), 8.51 — 8.44 (m, 1H), 8.09 (d, J = 8.7 Hz, 1H),
7.99 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.58 (t, J = 7.3 Hz, 1H), 7.43 — 7.32 (m, 5H),
7.04 (d, J =4.8 Hz, 1H), 4.68 (t, J = 6.1 Hz, 1H), 2.55 (d, J = 15.9 Hz, 1H), 2.19 (d, J = 15.9 Hz,
1H), 1.89 — 1.77 (m, 2H), 1.18 (s, 3H), 1.01 (s, 3H), 0.83 (d, J = 6.8 Hz, 3H), 0.81 — 0.78 (m, 6H),
0.72 (d, J = 6.7 Hz, 3H); 3C NMR (151 MHz, CDCls) § 166.9, 152.2, 147.1, 146.8, 146.3, 138.1,
134.7, 133.3, 131.5, 130.0, 129.6, 128.4, 128.1, 128.0, 127.9, 127.2, 127.0, 126.7, 125.9, 123.8,
123.7, 83.9, 40.0, 33.5, 29.5, 28.8, 28.2, 19.6, 19.4, 17.4, 17.3; HRMS (ESI) m/z: [M + H]* calcd.
for Ca3H3sNO» 478.2741; Found 478.2737.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A =254 nm, tr (Major) = 6.2 min, tg (minor) = 7.2 min, er = 93:7.

[@]®b = -66.37 (c = 0.35, CHCIs).

Chiral HPLC spectrum of (rac)-111:
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Peak#| Ret. Time Area Height Conc. Area%
1 6.168 2831133 252342 50.232 50.232
2 7.132 2805037 383131 49.768 49.768
Chiral HPLC spectrum of (S)-111:

mV
500+

250

0
0.0 25 5.0 7.5 10.0 125

min
Peak#l] Ret. Time Area Height Conc. Area%
1 6.171 5089533 503272 93.166 93.166
2| 7or7| 373329 21367  6.834]  6.834

(S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)naphthalen-2-yl 4-
methylbenzenesulfonate (112):

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 70.4 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N> atmosphere was stirred at 50 °C for 48 h to afford 112.
Colorless oil (41.9 mg, 41% vyield, 89:11 er); Rf = 0.2 (Petroleum ether/Ethyl acetate = 10:1); *H
NMR (600 MHz, CDCls) 6 8.44 (d, J = 7.5 Hz, 1H), 8.42 (d, J = 4.5 Hz, 1H), 7.99 (d, J = 9.0 Hz,
1H), 7.94 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 9.0 Hz, 1H), 7.52 (t, J = 7.4 Hz, 1H), 7.44 — 7.37 (m,
3H), 7.36 — 7.30 (m, 4H), 7.08 (d, J = 7.8 Hz, 2H), 6.69 (d, J = 4.5 Hz, 1H), 2.34 (d, J = 15.9 Hz,
1H), 2.30 (s, 3H), 2.19 (d, J = 15.8 Hz, 1H), 1.13 (s, 3H), 1.03 (s, 3H); 3C NMR (151 MHz,
CDCl3) 6 152.5, 146.5, 146.5, 145.3, 144.1, 142.1, 133.1, 133.0, 132.1, 132.1, 130.7, 130.2, 129.8,
129.7, 128.3, 127.9, 127.3, 126.8, 126.5, 125.8, 125.7, 124.7, 123.9, 121.5, 39.4, 33.5, 28.3, 28.0,
21.6; HRMS (ESI) m/z: [M + H]* calcd. for Cs2H2sNO3S 506.1784; Found 506.1783.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 16.7 min, tg (minor) = 12.0 min, er = 89:11.

[a]?0=9.65 (c = 0.31, CHCI5).

Chiral HPLC spectrum of (rac)-112:
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Peak#| Ret. Time Area Height Conc. Area%
1] 12.001 3354614 145567 49.974 49.974
2] 16.751 3358140 106232 50.026 50.026

Chiral HPLC spectrum of (S)-112:

mV
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25+ g
R A
T T T T T T T
0 5 10 15 20 25 30
min
Peak#| Ret. Time Area Height Conc. Area%
1 11.989 313851 13445 10.860 10.860
2 16.731 2576004 80194 89.140 89.140

(S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)naphthalen-2-yl
trifluoromethanesulfonate (113) :

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 66.0 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N> atmosphere was stirred at 50 °C for 48 h to afford 113.
White solid (39.7 mg, 41% vield, 87:13 er); R = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp =
123-125 °C; *H NMR (600 MHz, CDCls) 6 8.70 (d, J = 4.8 Hz, 1H), 8.52 — 8.48 (m, 1H), 8.04 (d,
J=9.1Hz, 1H), 7.99 (d, J= 8.2 Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.55 (d, J = 9.1 Hz, 1H), 7.49 (t,
J=7.6Hz 1H), 7.43 - 7.38 (m, 3H), 7.38 — 7.35 (m, 1H), 7.16 (d, J = 4.9 Hz, 1H), 2.52 (d, J =
15.8 Hz, 1H), 2.34 (d, J = 15.8 Hz, 1H), 1.19 (s, 3H), 1.12 (s, 3H); 3C NMR (151 MHz, CDCls) §
153.0, 147.3, 146.4, 143.7, 140.7, 133.1, 132.5, 132.3, 131.0, 130.3, 123.0, 128.9, 128.5, 128.0,
127.4,126.9, 126.1, 126.0, 124.6, 123.9, 119.4, 118.3 (g, YJcr = 320.6 Hz), 39.8, 33.6, 28.3, 28.2;
F NMR (565 MHz, CDCls) & -74.13; HRMS (ESI) m/z: [M + H]* calcd. for CsH21F3sNO3S
484.1189; Found 484.1186.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 5.9 min, tg (Minor) = 6.8 min, er = 87:13.

[@]®b = -46.59 (c = 0.78, CHCls).

Chiral HPLC spectrum of (rac)-113:
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Peak#| Ret. Time Area Height Conc. Area%
1 5.905 311454 33864 50.300 50.300
2 6.859 307741 32879 49.700 49.700

Chiral HPLC spectrum of (S)-113:

mV

50+

25+

min
Peak#| Ret. Time Area Height Conc. Area%
1 5.884 675181 55090 87.336 87.336
2 6.779 97902 9759 12.664 12.664

(S)-4-(2-(tert-butoxy)naphthalen-1-yl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (114):
According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 50.8 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N> atmosphere was stirred at 50 °C for 48 h to afford 114.
Colorless oil (50.0 mg, 61% vyield, 80:20 er); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); 'H
NMR (600 MHz, CDCls) 6 8.62 (d, J = 4.4 Hz, 1H), 8.53 — 8.46 (m, 1H), 7.86 (t, J = 7.7 Hz, 2H),
7.45-7.35 (m, 5H), 7.35 — 7.28 (m, 2H), 7.10 (d, J = 4.5 Hz, 1H), 2.66 (d, J = 15.8 Hz, 1H), 2.37
(d, J = 15.8 Hz, 1H), 1.23 (s, 3H), 1.20 (s, 9H), 1.08 (s, 3H); *C NMR (151 MHz, CDCls) §
152.4, 151.1, 146.8, 146.4, 145.6, 133.6, 132.9, 131.3, 130.1, 129.6, 128.9, 128.0, 127.5, 126.7,
126.5, 125.7, 125.6, 125.3, 124.5, 123.9, 122.9, 79.9, 39.8, 33.7, 29.7, 28.5, 28.3; HRMS (ESI)
m/z: [M + H]* calcd. for C29H30NO 408.2322; Found 408.2320.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 4.4 min, tg (Minor) = 4.0 min, er = 80:20.

[@]?b = 32.46 (c = 0.50, CHCI5).

Chiral HPLC spectrum of (rac)-114:
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Peak#i| Ret. Time Area Height Conc. Area%
1 3.959 483902 56179 49.300 49.300
2 4.354 497636 57335 50.700 50.700
Chiral HPLC spectrum of (S)-114:
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min
Peak#| Ret. Time Area Height Conc. Area%
1] 3.961 611941 71967 19.988 19.988
2] 4.353 2449581 295019 80.012 80.012

5-(2,5-dimethylphenoxy)-2,2-dimethylpentyl (S)-1-(6,6-dimethyl-5,6-
dihydrobenzo[h]quinolin-4-yl)-2-naphthoate (115)

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 88.9 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N> atmosphere was stirred at 50 °C for 48 h to afford 115.
Colorless oil (56.7 mg, 47% yield, 92:8 er); R = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.64 (d, J = 4.6 Hz, 1H), 8.51 — 8.45 (m, 1H), 8.09 (d, J = 8.6 Hz, 1H),
7.98 (d, J = 8.7 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.43 — 7.39 (m, 1H),
7.38 — 7.31 (m, 4H), 7.06 (d, J = 4.5 Hz, 1H), 6.97 (d, J = 7.3 Hz, 1H), 6.64 (d, J = 7.2 Hz, 1H),
6.58 (s, 1H), 3.92 (d, J = 10.3 Hz, 1H), 3.85 — 3.80 (m, 3H), 2.49 (d, J = 15.8 Hz, 1H), 2.30 (s,
3H), 2.22 (d, J=15.8 Hz, 1H), 2.12 (s, 3H), 1.73 — 1.66 (m, 2H), 1.37 — 1.31 (m, 2H), 1.16 (s, 3H),
1.04 (s, 3H), 0.86 (s, 3H), 0.85 (s, 3H); 3C NMR (151 MHz, CDCls) 8 167.1, 157.0, 152.3, 147.0,
146.9, 146.3, 138.2, 136.4, 134.9, 133.3, 131.5, 130.3, 129.8, 129.7, 128.5, 128.2, 128.1, 127 .4,
127.2, 127.1, 126.8, 125.9, 123.8, 123.7, 123.5, 120.7, 112.0, 73.5, 68.2, 39.8, 35.3, 33.7, 33.6,
28.6, 28.2, 24.2 24.1, 24.1, 21.4, 15.8; HRMS (ESI) m/z: [M + H]* calcd. for CsiHaNOs
598.3316; Found 598.3322.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A =254 nm, tr (Major) = 8.5 min, tr (minor) = 10.1 min, er = 92:8.

[@]®p =-31.53 (c = 0.41, CHCIs).
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Chiral HPLC spectrum of (rac)-115:
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o
0.0 25 50 75 10.0 125 15.0 175
min
Peak#i| Ret. Time Area Height Conc. Area%
1 8.496 2933111 195997 50.166 50.166
2 10.057 2913752 160159 49.834 49.834
Chiral HPLC spectrum of (S)-115:
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0.0 25 5.0 75 10.0 12.5 15.0 17.5

min
Peak#| Ret. Time Area Height Conc. Area%
1 8.546 2716491 192713 92.090 92.090
2 10.147 233321 13490 7.910 7.910
Ph

3-(4,5-diphenyloxazol-2-yl)propyl (S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-
naphthoate (116)

According to the general procedure, a mixture consisting of oxime (0.6 mmol, 231.2 mg), enal
(0.2 mmol, 97.5 mg), Fe(acac), (0.02 mmol, 5.0 mg), amine A4 (0.04 mmol, 18.7 mg) and 1,4-
dioxane (1 mL)/toluene (1 mL) under a N> atmosphere was stirred at 50 °C for 48 h to afford 116.
Yellow oil (57.7 mg, 45% vyield, 91:9 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); H
NMR (600 MHz, CDCls) 6 8.64 (d, J = 4.8 Hz, 1H), 8.50 — 8.44 (m, 1H), 8.07 (d, J = 8.7 Hz, 1H),
7.93 (d, J=8.5Hz, 2H), 7.61 — 7.56 (m, 3H), 7.55 - 7.50 (m, 2H), 7.40 (t, J = 7.6 Hz, 1H), 7.36 —
7.29 (m, 10H), 7.03 (d, J = 4.8 Hz, 1H), 4.28 — 4.23 (m, 1H), 4.20 — 4.15 (m, 1H), 2.76 (1, J=7.4
Hz, 2H), 2.46 (d, J = 15.8 Hz, 1H), 2.24 (d, J = 15.8 Hz, 1H), 2.06 — 1.94 (m, 2H), 1.14 (s, 3H),
1.05 (s, 3H); 3C NMR (151 MHz, CDCls) & 167.0, 162.3, 152.2, 146.9, 146.3, 145.3, 138.3,
135.1, 135.0, 133.2, 132.5, 131.4, 129.8, 129.7, 129.0, 128.6, 128.5, 128.4, 128.2, 128.1, 128.0,
127.9, 127.2, 127.1, 127.1, 126.8, 126.5, 126.0, 125.9, 123.8, 123.6, 64.4, 39.9, 33.6, 28.5, 28.2,
25.8, 25.0; HRMS (ESI) m/z: [M + Na]* calcd. for C44H3sN2NaO3 663.2618; Found 663.2624.
HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 80/20, flow rate = 1.0
mL/min, A =254 nm, tr (Major) = 7.9 min, tg (minor) = 6.7 min, er = 91:9.

[@]®p =-17.68 (c = 0.58, CHCls).
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Chiral HPLC spectrum of (rac)-116:

mV
E-
200
100-|
o
0.0 25 50 75 100 125 15.0 175 200 225
min
Peak#| Ret. Time Area Height Conc. Area%
1] 6.879 4286681 278272 49.800 49.800
2] 8.065 4321043 248793 50.200 50.200
Chiral HPLC spectrum of (S)-116:
mV
300 8
200
100-| z
0
0.0 25 50 75 10.0 125
min
Peak# Rel Time Area Height Conc. Area%
1 6.697 574816 39985 9.032 9.032
2 7.855 5789316 336822 90.968 90.968
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Synthetic Transformations

Scale-up Reaction

NOBz Fe(acac), (10 mol%) A
rrolidine-HCIO4 (20 mol%
R o -CHO Py 4 ( o) N

1,4-dioxane, 120 °C, 12 h

1 (6 mmol) 2 (2 mmol) 3

To an oven-dried 100 mL Schlenk tube equipped with a magnetic stir bar was added 1 (6.0 mmol,
3 equiv), 2 (2.0 mmol, 1.0 equiv). The tube was introduced in a nitrogen-filled glove box, and
Fe(acac), (10 mol%) and pyrrolidine-HCIO4 (20 mol%) were added. The tube was then sealed
with a Teflon-lined screw cap and taken out from the glove box. Then anhydrous 1,4-dioxane (20
mL) was added to the Schlenk tube through the rubber septum using syringes, and then the septum
was replaced by a Teflon screwcap under nitrogen flow. Then the reaction mixture was stirred at
120 <C for 12 h. After the reaction was complete, the reaction was quenched with an aqueous
solution of saturated NaHCOs. Then the mixture was extracted with ethyl acetate. The combined
organic layers were washed with brine and dried over Na;SOas. Then the organic layers were
filtered, and concentrated in vacuo. The residue was purified by flash silica gel chromatography
(eluent: Petroleum ether /Ethyl acetate = 60:1) to afford the desired product 3 as a white solid in
61% yield (347.7 mg).

(b)
E OO Fe(acac), (10 mol%)
NO"Bz CO,Bu A4 (20 mol%)

.
Ph N 1,4-dioxaneftoluene (1:1)
50 °C, 48 h

CHO

95 96

To an oven-dried 100 mL Schlenk tube equipped with a magnetic stir bar was added 95 (6.0 mmol,
3 equiv), 96 (2.0 mmol, 1.0 equiv). The tube was introduced in a nitrogen-filled glove box, and
Fe(acac). (10 mol%) and A4 (20 mol%) were added. The tube was then sealed with a Teflon-lined
screw cap and taken out from the glove box. Anhydrous 1,4-dioxane (10 mL) and Toluene (10 mL)
were added to the Schlenk tube through the rubber septum using syringes, and then the septum
was replaced by a Teflon screwcap under nitrogen flow. Then the reaction mixture was stirred at
50 <C for 48 h. After the reaction was complete, the reaction was quenched with an agueous
solution of saturated NaHCOs. Then the mixture was extracted with ethyl acetate. The combined
organic layers were washed with brine and dried over anhydrous Na,SO.. Then the organic layers
were filtered, and concentrated in vacuo. The residue was purified by flash silica gel
chromatography (eluent: Petroleum ether /Ethyl acetate = 40:1) to afford the desired product 97 as
a colorless oil in 51% yield (444.3 mg) with 93:7 er.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 5.9 min, tg (Minor) = 5.4 min, er = 93.7.

Chiral HPLC spectrum of (rac)-97 (scale-up reaction):

S70



mV

500

250+

: N

— — T T
0.0 25 5.0 75 10.0 125

min
Peak##| Ret. Time Area Height Conc. Area%
1 5.513 5287502 527709 50.041 50.041
2 6.001 5278885 481878 49.959 49 959

Chiral HPLC spectrum of (S)-97 (scale-up reaction):

mV

300

200+

100+

0.0 25 50 75 10.0 125 15.0 175
min
Peak#| Ret. Time Area Height Conc. Area%
1 5.443 253502 23334 6.358 6.358
2 5.919 3733580 333794 93.642 93.642

Synthetic Transformations of pyridines

Ph O Ph
| X CrO3 (2 equiv) | AS
—_—
Z Z
N Ac,0, rt, 3 h N
3 (0.4 mmol) 65, 67%

A 10 mL oven-dried Schlenk tube was charged with 3 (114.1mg, 0.4 mmol), CrOs (80.0 mg, 0.8
mmol, 2 equiv), and 3 mL Ac20. Then the mixture was stirred for 3 h at room temperature. After
completion, the reaction was quenched with an aqueous solution of saturated NaHCOs. Then the
aqueous layers were extracted with ethyl acetate. The combined organic layers were washed with
brine, dried over Na;SOg, filtered, and concentrated. The residue was isolated by flash silica gel
chromatography to give the product 65 in 67 % yield (80.5 mg).2°

6,6-dimethyl-4-phenylbenzo[h]quinolin-5(6H)-one (65):

White solid (80.5 mg, 67% vyield); R = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 176 —
177 °C; *H NMR (600 MHz, CDCls) 6 8.80 (d, J = 4.9 Hz, 1H), 8.69 — 8.65 (m, 1H), 7.50 — 7.41
(m, 6H), 7.30 — 7.26 (m, 2H), 7.21 (d, J = 4.9 Hz, 1H), 1.57 (s, 6H); 3C NMR (151 MHz, CDCls)
8 203.5, 155.0, 152.4, 151.4, 144.4, 139.3, 130.9, 130.7, 128.4, 128.1, 127.5, 127.3, 126.6, 125.4,
125.1, 124.2, 48.8, 25.5; HRMS (ESI) m/z: [M + H]* calcd. for C21H1eNO 300.1383; Found
300.1382.
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(o}

Ph)H(Ph (1.5 equiv) o

Ph o)
N Pd(OAc), (5 mol%) | B
| TBHP (3 equiv) N >
N : o
air, THF, 100 °C, 20 h Ph
(0]
3 (0.1 mmol) 66, 66%

Under air atmosphere, a sealable reaction tube (10 mL) equipped with a magnetic stirrer bar was
charged with 3 (28.5 mg, 0.1 mmol), Pd(OAc). (1.1 mg, 5 mol%), a-diphenylketone (31.5 mg,
0.15 mmol, 1.5 equiv), TBHP (27.0 mg, 0.3 mmol, 3 equiv) and THF (1.0 mL). The rubber septum
was then replaced by a Teflon-coated screw cap, and the reaction vessel was placed in an oil bath
at 100 <C for 20 h. After the reaction was completed, it was cooled to room temperature and
diluted with ethyl acetate. The resulting solution was directly filtered through a pad of silica gel
using a sintered glass funnel, and concentrated under reduced pressure. The residue was purified
by flash chromatography on silica gel to afford 66 in 66% yield (26.0 mg).%

(6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinolin-10-yl)(phenyl)methanone (66):

White solid (26.0 mg, 66% vyield); Rs = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp = 179 —
180 °C; 'H NMR (600 MHz, CDCls) 6 8.08 (d, J = 4.9 Hz, 1H), 7.80 — 7.76 (m, 2H), 7.51 (dd, J =
7.7,1.0 Hz, 1H), 7.48 — 7.43 (m, 3H), 7.43 — 7.38 (m, 2H), 7.34 — 7.29 (m, 3H), 7.29 — 7.26 (m,
2H), 6.89 (d, J = 4.9 Hz, 1H), 2.85 (s, 2H), 1.25 (s, 6H); 1*C NMR (151 MHz, CDCls) & 198.6,
150.6, 148.6, 147.0, 145.6, 139.4, 138.9, 138.6, 132.5, 131.6, 129.2, 128.9, 128.8, 128.4, 128.4,
128.0, 126.5, 125.0, 123.1, 39.7, 34.5, 28.1; HRMS (ESI) m/z: [M + H]* calcd. for CasH2:NO
390.1852; Found 390.1851.

Ph Ph
NBS (1.2 equiv)
| N Pd(OACc), (5 mol%) | A
_—
N MeCN (1.5 mL) N

N5, 100 °C, 48 h
Br

3 (0.1 mmol) 67, 55%

3 (28.5mg, 0.1 mmol), Pd(OACc). (1.1 mg, 5 mol%), and NBS (21.2 mg, 0.12 mmol, 1.2 equiv)
were dissolved in MeCN (1.5 mL) in a 10 mL tube. The tube was evacuated and backfilled with
nitrogen (3 times) and sealed with a Teflon screw cap. The mixture was heated at 100 <T for 48 h.
After cooling to room temperature, the solvent was evaporated and the residue was purified by
flash chromatography on silica gel to afford 67 in 55% yield (20.2 mg).??

A /3

Br

10-bromo-6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline (67):
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Colorless oil (20.2 mg, 55% yield); Rs = 0.6 (Petroleum ether/Ethyl acetate = 10:1); *H NMR (600
MHz, CDCl3) 6 8.66 (d, J = 4.9 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.48 (t, J = 7.3 Hz, 2H), 7.44 (t,
J=73Hz 1H), 7.36 (d, J = 7.0 Hz, 2H), 7.32 (d, J = 7.6 Hz, 1H), 7.20 — 7.15 (m, 2H), 2.74 (s,
2H), 1.11 (s, 6H); *C NMR (151 MHz, CDCls) § 152.4, 150.0, 148.6, 146.0, 138.7, 133.8, 133.0,
129.9, 129.8, 129.0, 128.6, 128.1, 123.4, 123.1, 121.1, 40.4, 35.3, 27.5; HRMS (ESI) m/z: [M +
H]* calcd. for C21H19BrN 364.0695; Found 364.0693.

Ph Ph
| Xy  m-CPBA (4 equiv) | A
N©  DCM,0°Ctort @/
@
3 (0.1 mmol) 68, 80%

To a solution of 3 (28.5 mg, 0.1 mmol) in DCM (2.0 mL) was added m-chloroperoxybenzoic acid
(69.0 mg, 0.4 mmol, 4 equiv) at 0 °C. The reaction mixture was stirred at 25 °C for 12 hours. After
the reaction was complete (monitored by TLC), the reaction mixture was then quenched with
saturated Na,COs aqueous solution and extracted with DCM. The combined organic layers were
washed with brine, dried over Na,SO4, and filtrated. The solvent was removed under reduced
pressure and the residue was purified by flash chromatography on silica gel (DCM/MeOH = 60:1)
to afford 68 in 80% yield (24.2 mg).?

R /3

6,6-dimethyl-4-phenyl-5,6-dihydrobenzo[h]quinoline 1-oxide (68):

White solid (24.2 mg, 80% yield); Rs = 0.5 (DCM/MeOH = 30:1); Mp = 139 — 140 °C; *H NMR
(600 MHz, CDClz) 6 9.44 (d, J = 7.7 Hz, 1H), 8.29 (d, J = 6.6 Hz, 1H), 7.49 (dd, J = 10.6, 3.9 Hz,
2H), 7.46 — 7.36 (m, 4H), 7.31 (d, J = 7.0 Hz, 2H), 7.08 (d, J = 6.7 Hz, 1H), 2.71 (s, 2H), 1.19 (s,
6H); 1*C NMR (151 MHz, CDCls) 6 146.9, 143.1, 139.0, 138.9, 137.9, 133.5, 130.5, 128.9, 128.8,
128.7, 128.2, 126.7, 125.8, 124.2, 123.2, 41.3, 33.9, 27.5; HRMS (ESI) m/z: [M + H]* calcd. for
C21H20NO 302.1539; Found 302.1537.

DMAD (6 equiv)
Ph MP (6 equiv) Ph

B Me(.?N (1 mL)
rt, air, 48 h
P —_—
N then, 80 °C, 48 h COOMe
COOMe

3 (0.15 mmol) 69, 71%

A 10 mL oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with a
pyridine substrate (28.5 mg, 0.15 mmol), methyl pyruvate (91.8 mg, 0.9 mmol, 6 equiv) and
MeCN (1 mL, 0.15 M). Dimethyl acetylenedicarboxylate (127.9 mg, 0.9 mmol, 6 equiv) was then
added to the stirred reaction mixture. The reaction mixture was allowed to stir at room temperature
for 48 h. The reaction mixture was then stirred at 80 <C for 48 h under an air atmosphere. After the
reaction was complete, as monitored by TLC, the solvent was removed in a rotary evaporator
under reduced pressure and the residue was subjected to flash column chromatography over silica
gel to give the corresponding product 69 in 71% yield (42.8 mg).?*
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Ph

I I COOMe
COOMe

dimethyl 9,9-dimethyl-1-phenyl-9,10-dihydrophenanthrene-3,4-dicarboxylate (69):

White solid (42.8 mg, 71% vyield); Rs = 0.4 (Petroleum ether/Ethyl acetate = 10:1); Mp = 185 —
186 °C; *H NMR (600 MHz, CDCls) & 7.86 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.46 (t, J = 7.3 Hz,
2H), 7.44 — 7.37 (m, 2H), 7.35 — 7.30 (m, 3H), 7.28 — 7.24 (m, 1H), 3.91 (s, 3H), 3.88 (s, 3H),
2.67 (s, 2H), 1.14 (s, 6H); 3C NMR (151 MHz, CDCls) § 170.8, 166.8, 146.5, 142.5, 140.5, 139.9,
134.2,132.2, 131.3, 130.2, 129.2, 128.7, 128.5, 127.7, 127.4, 126.7, 126.2, 123.7, 52.6, 52.6, 42.4,
34.0, 27.0. HRMS (ESI) m/z: [M + H]* calcd. for Ca6H2504 401.1747; Found 401.1747.

2-naphthylamine HN

(1.2 equiv)

Pd(OAc), (5 mol%)
rac-BINAP (10 mol%)
NaO'Bu (1.5 equiv)
toluene, 100 °C, 12 h

36 (0.1 mmol) 70, 92%

To a 10 mL Schlenk tube, 36 (36.4 mg, 0.1 mmol), Pd(OACc). (1.1 mg, 5 mol%), rac-BINAP (6.2
mg, 10 mol%), NaO'Bu (14.4 mg, 0.15 mmol, 1.5 equiv), 2-naphthylamine (17.2 mg, 0.12 mmol,
1.2 equiv), and toluene (1 mL) were added. The tube was charged with nitrogen and the mixture
was then heated at 100 °C for 12 h. After cooling to room temperature, the reaction mixture was
diluted with ethyl acetate and filtered through a short pad of silica. The final product was purified
by flash chromatography to afford 70 in 92% yield (39.3 mg).?®

N-(4-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)phenyl)naphthalen-2-amine (70) :
White solid (39.3 mg, 92% yield); Rf = 0.5 (Petroleum ether/Ethyl acetate = 5:1); Mp = 132 —
133°C; *H NMR (400 MHz, CDCls) 6 8.57 (d, J = 4.9 Hz, 1H), 8.43 (d, J = 3.7 Hz, 1H), 7.79 (t, J
=8.6 Hz, 2H), 7.71 (d, J = 8.2 Hz, 1H), 7.56 (d, J = 1.7 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H), 7.41 —
7.37 (m, 3H), 7.36 (d, J = 7.5 Hz, 1H), 7.34 — 7.27 (m, 3H), 7.24 (d, J = 8.5 Hz, 2H), 7.15 (d, J =
5.0 Hz, 1H), 6.07 (s, 1H), 2.90 (s, 2H), 1.25 (s, 6H); 13C NMR (101 MHz, CDCls) 6 152.8, 148.9,
147.0, 146.3, 143.2, 140.0, 134.6, 133.6, 131.2, 130.1, 129.6, 129.3, 128.1, 127.7, 126.8, 126.6,
126.6, 125.9, 123.9, 123.7, 123.4, 120.5, 117.0, 113.1, 40.3, 33.9, 28.2; HRMS (ESI) m/z: [M +
H]* calcd. for Ca1H27N2 427.2169; Found 427.2168.
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Ph
Ph
| )  DDQ (2 equiv)
—
N

toluene, 80 °C, 48 h

24 (0.1 mmol) 71, 73%

A 10 mL oven-dried reaction tube was charged with 24 (33.3 mg, 0.1 mmol), DDQ (45.4 mg, 0.2
mmol, 2 equiv) and 1 mL toluene. Then the mixture was stirred at 80 °C for 48 h. The reaction
mixture was purified by silica gel column chromatography to afford 71 in 73 % yield (24.3 mg).?°

4,6-diphenylbenzo[h]quinoline (71) :

White solid (24.3 mg, 73% vyield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp = 173 —
174 °C; *H NMR (400 MHz, CDCls) 8 9.50 (d, J = 8.2 Hz, 1H), 9.03 (d, J = 4.5 Hz, 1H), 7.88 (d,
J =8.2Hz, 1H), 7.80 — 7.72 (m, 2H), 7.64 (t, J = 7.2 Hz, 1H), 7.58 — 7.42 (m, 11H); °C NMR
(101 MHz, CDCls) 6 148.4, 148.2, 146.6, 140.5, 139.8, 138.4, 132.4, 132.0, 130.0, 129.6, 128.7,
128.3, 128.3, 128.2, 127.5, 127.0, 126.2, 125.2, 124.0, 123.4, 122.7; HRMS (ESI) m/z: [M + H]*
calcd. for CasH1gN 332.1434; Found 332.1432.
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Synthetic Transformations of Axially Chiral Heterobiaryls

2 M NaOH (aq)
95% EtOH
100°C,24 h

97, 0.1 mmol, 93:7 er 117, 98%, 94:6 er
62%, > 99% ee, (recrystallization)

A 50 mL round-bottomed flask, equipped with a magnetic stirring bar, is charged with 10 mL 95%
ethanol and NaOH (800 mg, 2 M) and 97 (87.0 mg, 0.2 mmol, 93:7 er). The flask is fitted with a
reflux condenser, and the mixture was heated at 100 °C for 24 h. After the reaction was complete
(monitored by TLC), the reaction mixture was then quenched with saturated NH4Cl aqueous
solution and extracted with ethyl acetate. The organic layers were combined, dried over Na;SOs,
and filtered. Then the solvent was removed under reduced pressure and the residue was purified
by flash chromatography on silica gel (eluent: DCM/MeOH = 30/1) to afford 117 in 98% vyield
with 94:6 er, or recrystallized from ethyl acetate to afford 117 in 62% yield with > 99% ee.

(S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthoic acid (117) :

White solid (74.4 mg, 98% yield, 94:6 er; 47.3 mg, 62% yield after recrystallization from ethyl
acetate, >99% ee); Rr = 0.3 (DCM/MeOH = 20:1); Mp = 179 — 181 °C; 'H NMR (600 MHz,
DMSO) 6 12.88 (s, 1H), 8.60 (d, J = 4.5 Hz, 1H), 8.42 (d, J = 6.9 Hz, 1H), 8.12 (d, J = 8.6 Hz,
1H), 8.09 (d, J = 8.1 Hz, 1H), 8.04 (d, J = 8.6 Hz, 1H), 7.64 (t, J = 7.3 Hz, 1H), 7.49 (t, J = 7.5 Hz,
1H), 7.43 — 7.35 (m, 3H), 7.27 (d, J = 8.4 Hz, 1H), 7.11 (d, J = 4.6 Hz, 1H), 2.39 (d, J = 15.7 Hz,
1H), 2.21 (d, J = 15.8 Hz, 1H), 1.08 (s, 3H), 1.03 (s, 3H); **C NMR (151 MHz, DMSO) & 168 .4,
151.3, 147.4, 147.3, 146.4, 137.5, 134.7, 133.3, 131.3, 130.1, 129.5, 128.9, 128.8, 128.4, 127.8,
127.0, 126.8, 126.3, 125.7, 124.5, 124.2, 33.6, 28.7, 28.7; HRMS (ESI) m/z: [M + H]* calcd. for
C26H22NO; 380.1645; Found 380.1646.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 60/40, flow rate = 1.0
mL/min, A = 254 nm, tg (Major) = 5.2 min, tg (minor) = 6.7 min, er = 94:6; DAICEL
CHIRALPAK AD-H, n-hexane/isopropanol = 60/40, flow rate = 1.0 mL/min, A = 254 nm, tr
(major) = 5.3 min, tr (Minor) = 6.8 min, ee > 99%.

[@]?®p =-102.11 (c = 0.47, DMF, ee > 99%).

Chiral HPLC spectrum of (rac)-117:

mV

&

e
I
11

250+ I

>
67641

0.0 25 50 75 10.0
min
Peak#| Ret. Time Area Height Conc. Area%
1 5.253 7068403 386044 50.023 50.023
2 6.764 7061916 274493 49.977 49.977
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Chiral HPLC spectrum of (S)-117:

mV
150+

100

50

0.0 2.5 5.0 75 10.0 12.5 15.0
min
Peak#l| Ret. Time Area Height Conc. Area%
1 5.161 2987437 152069 93.830 93.830
2 6.680 196454 6850 6.170 6.170

Chiral HPLC spectrum of (S)-117 after recrystallization:

mV

o
©

500

250

1 |6.780/

T T T T T T T T T T T T T T T T T T T T T
0.0 25 5.0 75 10.0 125

min
Peak#l Ret. Time Area Height Conc. Area%
1 5.268 12556751 606078 99.696 99.696
2 6.780 38310 1410 0.304 0.304

COO'BU  DIBAL-H (2.5 equiv)
—_—
DCM, -78 °C, 2 h

97, 0.2 mmol, 93:7 er 118, 90%, 94:6 er

The axially chiral ester 97 (87.0 mg, 0.2 mmol) was dissolved in anhydrous DCM (5 mL) in a 50
mL flask. Then, the resulting solution was cooled down to —78 °C. DIBAL-H solution (1.0 M in
hexanes, 0.5 mL, 0.5 mmol, 2.5 equiv) was added dropwise. The reaction was stirred at the same
temperature for 2 h. After the reaction was complete (monitored by TLC), and then point water (2
mL) was added. The solution was allowed to warm up to room temperature and a NaOH solution
(10% in water, 2 mL) was added followed by water (10 mL). The mixture was stirred vigorously
for an hour until the aqueous phase changed clear, and extracted with DCM (10 mL x 3). The
organic layers were combined, dried over Na;SOs, and filtered. Then the solvent was removed
under reduced pressure and the residue was purified by flash chromatography on silica gel (eluent:
petroleum ether/Ethyl acetate = 5/1) to afford 118 in 90% yield with 94:6 er.*?

(S)-(1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)naphthalen-2-yl)methanol (118) :
Colorless oil (65.8 mg, 90% vyield, 94:6 er); R = 0.2 (Petroleum ether/Ethyl acetate = 3:1); H
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NMR (600 MHz, CDCls) & 8.66 (d, J = 4.5 Hz, 1H), 8.51 — 8.47 (m, 1H), 7.99 (d, J = 8.5 Hz, 1H),
7.93 (d, J =8.2 Hz, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.43 — 7.33 (m, 4H),
7.25-7.23 (m, 1H), 7.07 (d, J = 4.5 Hz, 1H), 4.57 — 4.49 (m, 2H), 2.40 (d, J = 15.9 Hz, 1H), 2.33
(d, J = 15.7 Hz, 1H), 1.71 (s, 1H), 1.14 (s, 3H), 1.10 (s, 3H); 3C NMR (151 MHz, CDCls) &
152.8, 147.4, 146.4, 146.0, 135.4, 133.8, 133.1, 132.9, 131.4, 130.2, 129.9, 128.7, 128.2, 126.9,
126.6, 126.1, 125.9, 125.8, 125.6, 124.2, 123.9, 62.9, 39.7, 33.6, 28.2; HRMS (ESI) m/z: [M +
H]* calcd. for C26H24NO 366.1852; Found 366.1857.

HPLC analysis: DAICEL CHIRALPAK AD-H, n-hexane/isopropanol = 90/10, flow rate = 1.0
mL/min, A =254 nm, tr (Major) = 26.1 min, tzg (Minor) = 16.0 min, er = 94:6.

[@]%p = -157.81 (c = 0.19, CHClIs).

Chiral HPLC spectrum of (rac)-118:

mv
75-]
501 g
25
0
0 5 10 15 20 25 30 35 40 45
min
Peak#] Ret. Time Area Height Conc. Area%
1 15.977 2203295 77520 50.021 50.021
2 26.196 2201436 47727 49.979 49.979
Chiral HPLC spectrum of (S)-118:
mV
100+ 3
50
3
0
0 5 10 15 20 25 30 35 40 45
min
Peak#l Ret. Time Area Height Conc. Area%
1 16.041 319263 10251 6.079 6.079
2 26.144 4932392 103788 93.921 93.921

CH,OH  IBX (1.2 equiv)
HOAc (1.2 equivg

MeCN, rt.,, 6h

118, 0.1 mmol, 94:6 er 119, 83%, 93:7 er

A suspension of the axially chiral alcohol 118 (36.5 mg, 0.1 mmol), IBX (33.6 mg, 0.12 mmol, 1.2
equiv), and acetic acid (7.2 mg, 0.12 mmol, 1.2 equiv) in acetonitrile (2 mL) was stirred at room
temperature for 6 h. The reaction progress was monitored by a TLC plate. After completion of the
reaction, excess sodium bicarbonate was added to the mixture. The resulting mixture was passed
through a short path of silica gel using ethyl acetate as the eluent. Then the solvent was removed
under reduced pressure and the residue was purified by flash chromatography on silica gel (eluent:
petroleum ether/Ethyl acetate = 30/1) to afford 119 in 83% yield with 93:7 er.13
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(S)-1-(6,6-dimethyl-5,6-dihydrobenzo[h]quinolin-4-yl)-2-naphthaldehyde (119) :

White solid (30.2 mg, 83% yield, 93:7 er); Rf = 0.5 (Petroleum ether/Ethyl acetate = 10:1); Mp =
217 — 218 °C; *H NMR (600 MHz, CDCls) 6 9.88 (s, 1H), 8.71 (d, J = 4.8 Hz, 1H), 8.54 — 8.48
(m, 1H), 8.12 (d, J = 8.6 Hz, 1H), 8.03 (d, J = 8.7 Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H), 7.69 — 7.64
(m, 1H), 7.50 — 7.44 (m, 2H), 7.44 — 7.39 (m, 2H), 7.38 — 7.33 (m, 1H), 7.17 (d, J = 4.8 Hz, 1H),
2.41 (d, J = 15.8 Hz, 1H), 2.35 (d, J = 15.8 Hz, 1H), 1.12 (d, J = 8.1 Hz, 6H); *C NMR (151
MHz, CDCl3) 6 191.3, 152.9, 147.2, 146.2, 143.2, 142.7, 136.2, 132.9, 131.3, 130.8, 130.4, 130.2,
129.3,129.2, 128.6, 127.5, 127.0, 126.9, 126.0, 124.5, 124.0, 122.2, 40.1, 33.7, 28.2, 28.1; HRMS
(ESI) m/z: [M + HJ* calcd. for C2sH22NO 364.1696; Found 364.1694.

HPLC analysis: DAICEL CHIRALPAK IE, n-hexane/isopropanol = 80/20, flow rate = 1.0
mL/min, A =254 nm, tg (Major) = 12.8 min, tzr (minor) = 11.8 min, er = 93:7.

[@]?p = -102.65 (c = 0.28, CHCls).

Chiral HPLC spectrum of (rac)-119:

mV

500

250+

0
——— ][
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0

min
Peak##] Ret. Time Area Height Conc. Area%
1 11.702 9166930 540571 49.417 49.417
2 12.801 9383193 505888 50.583 50.583

Chiral HPLC spectrum of (S)-119:

200

100+

11751/

0

Y 25 5.0 75 10.0 125 15.0 17.5 200
min
Peak#i] Ret. Time Area Height Conc. Area%
1 11.751 270799 14983 6.942 6.942
2 12.837 3629799 196470 93.058 93.058

DAST (4 equiv)
CH,OH Nz, DCM
0°Ctort, 12h
_—

118, 0.1 mmol, 94:6 er 120, 68%, 93:7 er

A 50 mL round-bottom flask was charged with 118 (36.5 mg, 0.1 mmol), purged with nitrogen,
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and dry DCM (5 mL) was added. The solution was cooled to 0 °C and DAST (52 pL, 0.4 mmol, 4
equiv) was added dropwise. The reaction was gradually warmed to room temperature for 12 h,
then quenched with saturated aqueous NaHCOs3 (10 mL) and extracted with DCM (5 mL %< 3). The
combined organic phases were dried over Na;SO4 and concentrated in vacuum. The residue was
purified by silica gel column chromatography to afford 120 in 68 yield with 93:7 er.?

(S)-4-(2-(fluoromethyl)naphthalen-1-yl)-6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (120):
White solid (25.0 mg, 68% yield, 93:7 er); Rs = 0.6 (Petroleum ether/Ethyl acetate = 10:1); Mp =
216 — 217 °C; *H NMR (600 MHz, CDCls) § 8.67 (d, J = 4.7 Hz, 1H), 8.53 — 8.48 (m, 1H), 8.00
(d, 3 =85Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.71 (d, J = 8.5 Hz, 1H), 7.53 (t, J = 7.4 Hz, 1H),
7.44 —7.37 (m, 3H), 7.37 — 7.34 (m, 1H), 7.29 (d, J = 8.5 Hz, 1H), 7.07 (d, J = 4.7 Hz, 1H), 5.27
(9, 3 = 10.9 Hz, 1H), 5.19 (g, J = 11.0 Hz, 1H), 2.39 (d, J = 15.9 Hz, 1H), 2.33 (d, J = 15.9 Hz,
1H), 1.13 (s, 3H), 1.11 (s, 3H); *C NMR (151 MHz, CDCls) & 152.9, 147.4, 146.4, 145.2, 135.3
(d, 3Jcr = 5.9 Hz), 133.4, 133.1, 131.3, 131.0 (d, 2Jc.r = 16.5 Hz), 130.2, 130.0, 128.8, 128.3,
126.9, 126.8, 126.1, 125.9, 125.8 (d, 3Jc.r = 5.9 Hz), 124.1, 123.9, 82.5 (d, YJc.r = 166.4 Hz), 39.6,
33.6, 28.2; F NMR (565 MHz, CDCls) & -206.76; HRMS (ESI) m/z: [M + H]* calcd. for
CosH23FN 368.1809; Found 368.1807.

HPLC analysis: DAICEL CHIRALPAK ID, n-hexane/isopropanol = 92/8, flow rate = 0.8
mL/min, A = 254 nm, tg (Major) = 7.8 min, tr (Minor) = 8.4 min, er = 93:7.

[@]%p = -213.70 (c = 0.27, CHClIs).

Chiral HPLC spectrum of (rac)-120:

mV

200

100

s e T s e L S e A s e e S S e e e e S
0.0 25 5.0 7.5 10.0 125 15.0

min
Peak#l| Ret. Time Area Height Conc. Area%
1 7.628 2083185 198679 49.776 49.776
2 8.163 2101929 168817 50.224 50.224

Chiral HPLC spectrum of (S)-120:

mV

100

50

0.0 25 5.0 7.5 10.0 125 15.0
min
Peak#| Ret. Time Area Height Conc. Area%
1 7.816 1012377 98176 93.632 93.632
2 8.364 68850 5349 6.368 6.368
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Mechanistic Studies

(a) Role of the Secondary Amine

(i) Ph
NOBz clo,
. PhMltl Fe(a(?ac)z (10 mol%) | t
1,4-dioxane, 120 °C, 12 h N
1, 0.6 mmol 72, 0.2 mmol 3,74%

According to the general procedure toward pyridines, a reaction tube charged with 1 (177.2 mg,
0.6 mmol), 72 (57.1 mg, 0.2 mmol), Fe(acac). (5.0 mg, 10 mol%), and 1,4-dioxane (2 mL) under a
nitrogen atmosphere was stirred at 120 <C for 12 h to afford 3 in 74% yield (42.0 mg).

@ Ph

NOBz Fe(acac), (10 mol%)
72 (20 mol%) A
xCHO >
Py 14-dioxane, 120 °C, 12 h N
1, 0.6 mmol 2, 0.2 mmol 3,70%

According to the general procedure toward pyridines, a reaction tube charged with 1 (177.2 mg,
0.6 mmol, 3 equiv), 2 (26.4 mg, 0.2 mmol), 72 (11.4 mg, 20 mol%), Fe(acac). (5.0 mg, 10 mol%)
and 1,4-dioxane (2 mL) under a nitrogen atmosphere was stirred at 120 <C for 12 h to afford 3 in
70% yield (39.9 mg).

(b) Experimental Evidence for the a-Carbon Radical

via .
NOBz Ph Fe(acac), (10 mol%) | X NH NH
idine- : — =
Ph . \[ pyrrolidine-HCIO, (20 mol%) 7 o P o
cHo 1/4-dioxane, 120 °C, 12 h
75 76

73 2 74, 10%

According to the general procedure toward pyridines, a reaction tube charged with 73 (100.6 mg,
0.3 mmol, 3 equiv), 2 (13.2 mg, 0.1 mmol), Fe(acac) (2.5 mg, 10 mol%), pyrrolidine-HCIO4 (3.4
mg, 20 mol%) and 1,4-dioxane (1 mL) under a nitrogen atmosphere was stirred at 120 <C for 12 h
to afford 74 in 10% yield (6.2 mg).

X

P
N

6,6-dimethyl-5,6-dihydrobenzo[h]quinoline (74):

Colorless oil (6.2 mg, 10% yield); Rf = 0.6 (Petroleum ether/Ethyl acetate = 10:1); *H NMR (600
MHz, CDCls3) 6 8.54 (d, J = 4.0 Hz, 1H), 8.38 — 8.35 (m, 1H), 7.48 (d, J = 7.4 Hz, 1H), 7.42 -
7.33 (m, 3H), 7.14 (dd, J = 7.4, 4.8 Hz, 1H), 2.84 (s, 2H), 1.30 (s, 6H); **C NMR (151 MHz,
CDCls) 6 152.4, 147.7, 146.3, 136.1, 133.2, 130.7, 129.7, 126.8, 125.4, 124.0, 122.3, 43.1, 33.9,
28.3; HRMS (ESI) m/z: [M + H]* calcd. for CisH1gN 210.1277; Found 210.1277.
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(c) Experimental Evidence for the a-Iminyl Radical Cation

(I) tBu via tBU
0 o) Ph o
Fe(acac), (10 mol%) Ph ) trapped Ph
pyrrolidine-HCIO, (20 mol%) g, ‘Bu . by By
142 - > A Bu+ 3 X BHT Bu
BHT (3 equiv) | N 20y ~
1,4-dioxane, 120 °C, 12 h Ph” N7 Ph” S NH D Ph NH D x'
77, 23% trace
78 79

According to the general procedure toward pyridines, a reaction tube charged with 1 (177.2 mg,
0.6 mmol, 3 equiv), 2 (26.4 mg, 0.2 mmol), Fe(acac), (5.0 mg, 10 mol%), pyrrolidine-HCIO4 (6.8
mg, 20 mol%), BHT (132.2 mg, 0.6 mmol, 3 equiv) and 1,4-dioxane (2 mL) under a nitrogen
atmosphere was stirred at 120 <C for 12 h to afford 77 in 23% yield (23.2 mg) and a trace amount
of 3.

Ph N
2,6-di-tert-butyl-4-(5-isobutyl-4,6-diphenylpyridin-3-yl)-4-methylcyclohexa-2,5-dien-1-one
(77):

Colorless oil (23.2 mg, 23% yield); Rf = 0.45 (Petroleum ether/Ethyl acetate = 10:1); *H NMR
(600 MHz, CDClz) 6 8.77 (s, 1H), 7.50 (d, J = 6.9 Hz, 2H), 7.44 (t, J = 7.1 Hz, 2H), 7.38 (t, J =
7.2 Hz, 1H), 7.29 (t, J = 7.2 Hz, 1H), 7.22 (t, J = 7.3 Hz, 2H), 7.02 (d, J = 7.1 Hz, 2H), 6.64 (s,
2H), 2.30 (d, J = 6.7 Hz, 2H), 1.60 (s, 3H), 1.19 — 1.14 (m, 1H), 1.11 (s, 18H), 0.33 (d, J = 6.5 Hz,
6H); 1*C NMR (151 MHz, CDCls) 6 185.1, 159.2, 151.9, 147.2, 144.9, 143.8, 141.5, 137.1, 135.0,
134.0, 130.1, 129.1, 128.4, 128.2, 127.8, 127.4, 43.5, 37.7, 34.5, 30.9, 29.2, 28.8, 22.3; HRMS
(ESI) m/z: [M + HJ* calcd. for C3sHasNO 506.3417; Found 506.3413.

(i) NPhth
Fe(acac), (10 mol%)
] 0™\ 0 pyrrolidine-HCIO, (20 mol%) Ij PhthN
¥
BHT (3 equiv)
| 1,4-dioxane, 120 °C, 12 h

8o CHO 81, 34% 82, 18% (not observed)

via aromatization
PhthN iati BHT

J cyclization
iBuﬁ - iBuI\L -
St —> —
PR NH D Ph NH\ﬁQ * PhihN

84 85 86

According to the general procedure toward pyridines, a reaction tube charged with 1 (177.2 mg,
0.6 mmol, 3 equiv), 80 (43.0 mg, 0.2 mmol), Fe(acac), (5.0 mg, 10 mol%), pyrrolidine HCIO4
(6.8 mg, 20 mol%), BHT (132.2 mg, 0.6 mmol, 3 equiv) and 1,4-dioxane (2 mL) under a nitrogen
atmosphere was stirred at 120 <C for 12 h to afford 81 in 34% yield (14.4 mg) and 82 in 18% yield
(13.7 mg). The compound 83 was not observed.

Ph

3-isobutyl-2-phenylpyridine (81):

Colorless oil (14.4 mg, 34% yield); Rs = 0.45 (Petroleum ether/Ethyl acetate = 10:1); *H NMR
582

X
P
N



(600 MHz, CDCl3) & 8.52 (d, J = 4.4 Hz, 1H), 7.58 (d, J = 7.7 Hz, 1H), 7.47 — 7.41 (m, 4H), 7.40
—7.35 (m, 1H), 7.21 (dd, J = 7.2, 4.8 Hz, 1H), 2.56 (d, J = 7.2 Hz, 2H), 1.75 — 1.71 (m, 1H), 0.76
(d, J = 6.5 Hz, 6H); 3C NMR (151 MHz, CDCls) § 159.4, 146.8, 140.9, 138.0, 134.6, 129.0,
128.1, 127.7, 122.0, 41.4, 29.4, 22.3; HRMS (ESI) m/z: [M + H]* calcd. for CisHisN 212.1434;
Found 212.1432.

2-(3,5-di-tert-butyl-4-hydroxyphenethyl)isoindoline-1,3-dione (82) :

White solid (13.7 mg, 18% yield); Rs = 0.50 (Petroleum ether/Ethyl acetate = 10:1); Mp = 132 —
133 °C; 'H NMR (600 MHz, CDCls) 6 7.84 — 7.79 (m, 2H), 7.72 — 7,67 (m, 2H), 6.99 (s, 2H),
5.05 (s, 1H), 3.92 — 3.86 (m, 2H), 2.93 — 2.86 (m, 2H), 1.38 (s, 18H); 13C NMR (151 MHz, CDCls)
5 168.2, 152.5, 136.0, 133.8, 132.2, 128.6, 125.4, 123.1, 39.6, 34.3, 34.2, 30.3; HRMS (ESI) m/z:
[M + Na]* calcd. for C2sH20NNaO3 402.2040; Found 402.2039.

(d) Experimental Evidence for the a-Iminyl Radical Cation-Triggered 1, 5-HAT

OMe
NOBz Fe(acac), (10 mol%)
/”\/\A / CHO pyrrolidine-HCIO,4 (20 mol%
Ph + MeO
1,4-dioxane, 120 °C, 12 h
87 88
89, 16% (E/Z = 1:0.6) 90, 4%

via [~

OMe
\
15HAT
NH N NH N NH N

Accordmg to the general procedure toward pyrldlnes, a reaction tube charged with 87 (276.6 mg,
0.9 mmol, 3 equiv), 88 (48.7 mg, 0.3 mmol), Fe(acac), (7.6 mg, 10 mol%), pyrrolidine HCIO4
(10.3 mg, 20 mol%) and 1,4-dioxane (3 mL) under a nitrogen atmosphere was stirred at 120 <C
for 12 h to afford a mixture of 89 and 90 in 20% total yield (20.0 mg). Based on *H NMR spectra
data of the mixture, it can be concluded that the yield of 89 was ca. 16% and the E/Z was 1:0.6.

ring-opening products

4 A\
g g G
OCH, OCH, OCH,4
c1 g H.c. P o A->H
3Ly, 2 D

a H o, f CHy p, f Y G H, F
H;CL )\(C SN H )\(C SN H H,C C,C N H
Hy ez | J_e | J_e gH H, | L E
b Ph” N” TH Ph” N7 TH CpPh" >N H

(E) - 89 (2) -89 920

The mixture ((E) -89 :(Z)-89:90=1:0.6:0.35)
89 or 90, [M+H]" : calcd. 330.1852, found 330.1851
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The mixture was given as a colorless oil (20.0 mg, 20% yield); Rf = 0.25 (Petroleum ether/Ethyl
acetate = 10:1); *H NMR (600 MHz, CDCls) & 8.53 (d, J = 4.9 Hz, 0.98H (e)), § 8.52 (d, J = 4.9 Hz,
0.62H (e’)), 8.48 (d, J = 4.9 Hz, 0.35H, E), 7.49 — 7.46 (m, 4.00H), 7.45 — 7.35 (m, 6.94H), 7.30 — 7.26
(m, 3.78H), 7.12 (d, J = 4.8 Hz, 1H (f), 0.6H (")), 7.08 (d, J = 4.9 Hz, 0.36H, F), 7.00 — 6.94 (m,
4.00H), 5.15 (dt, J = 15.3, 5.8 Hz, 1.00H, cy), 5.11 — 5.03 (m, 1.24H, ), 4.87 (dt, J=15.3,6.5
Hz, 1.00H, c1), 3.87 (s, 1.05H, G, OCH3), 3.86 (s, 3.00H(q), 1.80H (g’), OCH?3) , 3.39 (d, J = 5.4 Hz,
1.20H, d”), 3.30 (d, J = 5.2 Hz, 2.00H, d), 2.78 — 2.75 (m, 0.72H, D), 1.86 — 1.80 (m, 2.19H, b), 1.54 —
1.48 (m, 1.34H, b’), 1.01 — 0.97 (m, 0.82H, C), 0.81 (t, J = 7.4 Hz, 3.00H, a), 0.68 (t, J = 7.5 Hz,
1.80H, a’), 0.29 — 0.24 (m, 0.40H, B), 0.12 — 0.08 (m, 0.71H, A), -0.48 — -0.53 (m, 0.70H, A); HRMS
(ESI) m/z: [M + HJ* calcd. for C23H24NO 330.1852; Found 330.1851.

'H NMR Spectrum for the mixture of 89 and 90 (600 MHz, CDCls) :
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HRMS (ESI) analysis for the mixture of 89 and 90 :

Mass Spectrum SmartFormula Report

Analya’s Info Bogquigilion Dale Z0R4/174 11:23:07

Analysis Name D:\ADNE0N 3 ot TOUBNT "Re &e3¥ T722¥  TB¥;T74 2023114 B¥\1 oTT81E7KT-10+43 1 ¢HRMSE¥%T2024 1 2 HRMS3%.053836 3.d
Mathod DirectInfusion - M3 - pomitive.m operator Dema Tser

Sample Name Instrument  impact II 1825265.1¢221
Comment

Acguiaition Paramscer
Source Type ESI Zon Polarily Posillve SeL Nebullusr .4 Bar
4 :

Fooua Botive Set Capillsry Set Dry Feater 180 oC
Scan Begin S0 wfz Sel End Plale OLfael Sel Dry Gas 4.0 1/min
Sean End 1390 iz Set Cheroing Voltage Zet Divert Valve Source
Set Corena Sat RPCT Heater oo
Intens. | 053836-3.d: +MS, 0.05-0,09min #3-5
x107:
1 3304851
1 i
1.5 B
] 1
]
] '
] 1
1.0- !
1 i
1
1 1
0.5- i 331.1884
I
] I
)
] i 3321932
0.0 e po } “ S s ——
328 331 332 333 mfz
Meas. mfz # Ion Formula Adduct rr [ppml z mSigma Score rdb o¥ Conf XN-Rule
330,1851 1 C23EIANC B+H 0.3 1- 2.9 160.60 13.0 even ak
153836-3.4d
Brulker Compass Dataknalysis 5.1 printed: 2024/1/4 17:19:10 by: zhou Page 1 of 1

(e) Exclusion of A Route to the Pyridine via A Condensation of A Ketone, An
Enal and An Ammonia.

Ph

Fe(acac), (10 mol%)

rrolidine-HCIO4 (20 mol% A

" \m " NH,0Ac =2 s 0, |

o PhCO,H (2 equiv) N
1,4-dioxane, 120 °C, air, 12 h

94 2 3, trace

A reaction tube charged with 94 (52.2 mg, 0.3 mmol, 3 equiv), 2 (13.2 mg, 0.1 mmol), Fe(acac)
(2.5 mg, 10 mol%), pyrrolidine HCIO4 (3.4 mg, 20 mol%), NH4OAc (46.2 mg, 0.6 mmol, 6
equiv), PhCOOH (24.4 mg, 2 equiv) and 1,4-dioxane (1 mL) under air atmosphere was stirred at
120 <C for 12 h. Only a trace amount of 3 was observed.
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Proposed Mechanism for the Formation of 3’

Ph Ph
HX H
| Lb ,‘\4
NH N, NH N,
L/ XL
i\HX
Ph Ph a3 Ph
- H
=
7 (] < [ T
N N NTONTY,
HX H Ho L,
~
3
(X = ClQg4, OBz, or acac) i
K

.
N“ X~ estimated E (IM/IM™)
=0.8-0.9Vvs Ag/AgClI

M

PN
- ~

Scheme S4. Proposed mechanism for the formation of 3°.

The estimated E (IM/IM ") of a-iminyl radical cation IM that has a similar structure as D was
reported in 0.8-0.9 V vs Ag/AgCL?" Thus, a SET event from reductive Fe(ll) (E(Fe**/Fe?*) = 0.55
V vs Ag/AgCI) to the a-iminyl radical cation D might occur to afford the side product 3’ via the

following pathway (Scheme S4).
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Proposed Model for the Central-to-Axial Chirality Conversion

rigid and rigid anfl
less steric hindrance prevention of
relative to Boc dehyrogenation

shielded hydride

rotatlon

strong steric
hindrance repulsion

hydride more

major conformer easily accessed minor con.former
(S)-97-int | (S)-97-int i

slow

fast

= CO,/Bu

e —

(aS)-97 (aR) - 97
major enantiomer minor enantiomer

Scheme S5. Proposed model for the central-to-axial chirality conversion.

1,4-Dihydropyridines bearing sterically bulky substituents on C4 site in the pseudo-axial position
are known to exist predominantly as boat conformers.? In the case of compound (S)-97-int I, the
sterically bulky group around this bond in the axial orientation slows down its rotation. This
rotation was accelerated at a higher temperature (70 °C), resulting in a significant decrease in the
enantiomeric ratio value of 97 (entry 10, Table S2). Moreover, the installation of relatively less
sterically bulky group (e.g., OTs, OTf, and O'Bu groups) at the p position of the naphthyl ring
significantly reduced the stereoselectivities at 50 °C (the axially chiral biaryls 112-114). These
results indicated that an equilibrium between the two rotamers, (S)-97-int | and (S)-97-int I,
would be slowed down by the sterically bulky groups around the pseudo-axial position. In
addition, the two rotamers can undergo oxidation to afford axially chiral pyridines, (aS)-97 and
(aR)-97, respectively. Our observations point towards a scenario where the two conformers are in
a slow equilibrium, and the central-to-axial chirality conversion depends on the stability of the two
conformers and the ability of the oxidant to efficiently discriminate between the two conformers.
The absolute configuration of 97 indicates that oxidation preferentially occurs from the more
stable conformer (S)-97-int | to afford the desired enantioenriched (aS)-97 with efficient central-
to-axial chirality conversion. It can be attributed to the fact that the sterically bulky tert-
butoxycarbonyl group is positioned away from the crowded dihydropyridine ring, which resulted
in a weak repulsion between the polycyclic dihydropyridine skeleton and the rigid aromatic ring.
As such, the conformer (S)-97-int | is more stable. Moreover, the hydride on C4 site is more
easily accessed by the oxidant than one in the conformer (S)-97-int Il, because the tert-
butoxycarbonyl group is flexible so that the hydride transfer would not be efficiently hampered
(Scheme S5).

S87



References

[1] Leonard, N. J.; Paukstelis, J. V. Direct Synthesis of Ternary Iminium Salts by Combination of
Aldehydes or Ketones with Secondary Amine Salts2. J. Org. Chem. 1963, 28, 3021-3024.

[2] Zhang, Y.; Yin, Z.; Wu, X. F. Iron-Catalyzed Synthesis of Dihydronaphthalenones from
Aromatic Oxime Esters. Adv. Synth. Catal. 2019, 361, 3223-3227.

[3] Liang, W,; Jiang, K.; Du, F.; Yang, J.; Shuai, L.; Ouyang, Q.; Chen, Y.-C.; Wei, Y. Iron-
Catalyzed, Iminyl Radical-Triggered Cascade 1,5-Hydrogen Atom Transfer/(5+2) or (5+1)
Annulation: Oxime as a Five-Atom Assembling Unit. Angew. Chem. Int. Ed. 2020, 59,
19222-19228.

[4] Jiang, K.; Li, S.-J.; Liu, Q.-P;; Yu, N.; Li, Y.-L.; Zhou, Y.-Q.; He, K.-C.; Lin, J.; Zheng, T.-Y.;
Lang, J.; Lan, Y.; Wei, Y. Iminyl radical-triggered relay annulation for the construction of
bridged aza-tetracycles bearing four contiguous stereogenic centers. Chem. Sci. 2022, 13,
7283-7288.

[5] Dauncey, E. M.; Morcillo, S. P.; Douglas, J. J.; Sheikh, N. S. Leonori, D. Photoinduced
Remote Functionalisations by Iminyl Radical Promoted C—C and C—H Bond Cleavage
Cascades. Angew. Chem. Int. Ed. 2018, 57, 744-748.

[6] Torres-Ochoa, R. O.; Leclair, A.; Wang, Q.; Zhu, J. Iron-Catalysed Remote C (sp®)— H
Azidation of O-Acyl Oximes and N-Acyloxy Imidates Enabled by 1, 5-Hydrogen Atom
Transfer of Iminyl and Imidate Radicals: Synthesis of y-Azido Ketones and B-Azido
Alcohols. Chem. Eur. J. 2019, 25, 9477-9484.

[7]1 Li, J.; Zhang, W.; Wang, F.; Jiang, M.; Dong, X.; Zhao, W. An Efficient a-Alkylation of
Aromatic Ketones with Primary Alcohols Catalyzed by [Cp*IrCl2]. without Solvent. Chin. J.
Chem. 2012, 30, 2363-2366.

[8] Yang, S.; Liu, L.; Zhou, Z.; Huang, Z.; Zhao, Y. Palladium-catalyzed direct C—H arylation of
3-butenoic acid derivatives. Org. Lett. 2020, 23, 296-299.

[9] Wang, C.; Xing, Z.; Ge, Q.; Yu, Y.; Wang, M.; Duan, W.-L. Site-selective desaturation of C
(sp®)—C (sp®) bonds via photoinduced ruthenium catalysis. Org. Chem. Front. 2022, 9, 4316-
4327.

[10] Gu, Y.-R.; Duan, X.-H.; Chen, L.; Ma, Z.-Y.; Gao, P.; Guo, L.-N. Iminyl radical-triggered
intermolecular distal C (sp®)-H heteroarylation via 1, 5-hydrogen-atom transfer (HAT)
cascade. Org. Lett. 2019, 21, 917-920.

[11] Landge, V. G.; Shrestha, K. K.; Grant, A. J.; Young, M. C. Regioselective a-Deuteration of
Michael Acceptors Mediated by Isopropylamine in D,O/AcOD. Org. Lett. 2020, 22, 9745-
9750.

[12] Beaud, R.; Michelet, B.; Reviriot, Y.; Martin-Mingot, A.; Rodriguez, J.; Bonne, D.;
Thibaudeau, S. Enantioenriched Methylene-Bridged Benzazocanes Synthesis by
Organocatalytic and Superacid Activations. Angew. Chem. 2020, 132, 1295-1301.

[13] Lin, C.-K.; Lu, T.-J. A simple method for the oxidation of primary alcohols with o-
iodoxybenzoic acid (IBX) in the presence of acetic acid. Tetrahedron 2010, 66, 9688-9693.

[14] Peng, X.; Xu, J.; Li, T.; Chi, Y. R.; Jin, Z. Chemo-selective cross reaction of two enals via
carbene-catalyzed dual activation. Chem. Sci. 2020, 11, 12533-12539.

[15] Battistuzzi, G.; Cacchi, S.; Fabrizi, G. An efficient palladium-catalyzed synthesis of
cinnamaldehydes from acrolein diethyl acetal and aryl iodides and bromides. Org. Lett. 2003,

S88



5, 777-780.

[16] Li, W.; Chen, S.; Xie, J.; Fan, Z.; Yang, K.; Song, Q. Synthesis of axially chiral
alkenylboronates through combined copper-and palladium-catalysed atroposelective
arylboration of alkynes. Nat. Synth. 2023, 2, 140-151.

[17] Bolt, R. R.; Raby-Buck, S. E.; Ingram, K.; Leitch, J. A.; Browne, D. L.
Temperature-Controlled Mechanochemistry for the Nickel-Catalyzed Suzuki—Miyaura-Type
Coupling of Aryl Sulfamates via Ball Milling and Twin-Screw Extrusion. Angew. Chem. Int.
Ed. 2022, 61, €202210508.

[18] Bartoli, G.; Bosco, M.; Locatelli, M.; Marcantoni, E.; Melchiorre, P.; Sambri, L. Unusual and
unexpected reactivity of t-butyl dicarbonate (Boc,O) with alcohols in the presence of
magnesium perchlorate. A new and general route to t-butyl ethers. Org. Lett. 2005, 7, 427-
430.

[19] (a) GdAmez-Bengoa, E.; Landa, A.; Lizarraga, A.; Mielgo, A.; Oiarbide, M.; Palomo, C.
Catalytic asymmetric a-alkylation of aldehydesvia a SN2'-type addition-elimination pathway.
Chem. Sci. 2011, 2, 353-357. (b) Lin, Q.; Meloni, D.; Pan, Y.; Xia, M.; Rodgers, J.; Shepard,
S.; Li, M.; Galya, L.; Metcalf, B.; Yue, T.-Y.; Liu, P.; Zhou, J. Enantioselective Synthesis of
Janus Kinase Inhibitor INCB018424 via an Organocatalytic Aza-Michael Reaction. Org. Lett.
2009, 11, 1999-2002. (c) Stiller, J.; Marqués-Lpez, E.; Herrera, R. P.; Fréhlich, R;;
Strohmann, C.; Christmann, M. Enantioselective a- and y-Alkylation of a,B-Unsaturated
Aldehydes Using Dienamine Activation. Org. Lett. 2011, 13, 70-73. (d) Kemppainen, E. K;
Sahoo, G.; Valkonen, A.; Pihko, P. M. Mukaiyama—Michael Reactions with Acrolein and
Methacrolein: A Catalytic Enantioselective Synthesis of the C17-C28 Fragment of
Pectenotoxins. Org. Lett. 2012, 14, 1086-1089. (e) Murar, C. E.; Harmand, T. J.; Bode, J. W.
Improved synthesis of (S)-N-Boc-5-oxaproline for protein synthesis with the a-ketoacid-
hydroxylamine (KAHA) ligation. Bioorg. Med. Chem. 2017, 25, 4996-5001. (f) Wang, J.; Qi,
T.; He, S.; Huang, W.; Peng, C.; Zhan, G.; Han, B. Catalyst-Controlled Switchable (5 + 4)/(3
+ 4) Cycloadditions for the Divergent Synthesis of Pyrazole-Fused Seven- and Nine-
Membered Heterocycles. ACS Catal. 2023, 13, 10694-10704. (g) Murar, C. E.; Thuaud, F.;
Bode, J. W. KAHA Ligations That Form Aspartyl Aldehyde Residues as Synthetic Handles
for Protein Modification and Purification. J. Am. Chem. Soc. 2014, 136, 18140-18148.

[20] zhan, J.-L.; Wu, M.-W.; Wei, D.; Wei, B.-Y.; Jiang, Y.; Yu, W.; Han, B. 4-HO-TEMPO-
Catalyzed Redox Annulation of Cyclopropanols with Oxime Acetates toward Pyridine
Derivatives. ACS Catal. 2019, 9, 4179-4188.

[21] Zhou, W.; Li, H.; Wang, L. Direct Carbo-Acylation Reactions of 2-Arylpyridines with a-
Diketones via Pd-Catalyzed C-H Activation and Selective C(sp?)-C(sp?) Cleavage. Org. Lett.
2012, 14, 4594-4597.

[22] Weimar, M.; Correa da Costa, R.; Lee, F.-H.; Fuchter, M. J. A Scalable and Expedient Route
to 1-Aza[6]helicene Derivatives and Its Subsequent Application to a Chiral-Relay
Asymmetric Strategy. Org. Lett. 2013, 15, 1706-1709.

[23] Zhang, W.-W.; Wang, Q.; Zhang, S.-Z.; Zheng, C.; You, S.-L. (SCp)Rhodium-Catalyzed
Asymmetric Satoh—Miura Reaction for Building-up Axial Chirality: Counteranion-Directed
Switching of Reaction Pathways. Angew. Chem. Int. Ed. 2023, 62, €202214460.

[24] Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Miuck-Lichtenfeld, C.; Studer, A.
Skeletal editing of pyridines through atom-pair swap from CN to CC. Nat. Chem. 2024.

589



[25] Bai, H.-Y.; Tan, F.-X,; Liu, T.-Q.; Zhu, G.-D.; Tian, J.-M.; Ding, T.-M.; Chen, Z.-M.; Zhang,
S.-Y. Highly atroposelective synthesis of nonbiaryl naphthalene-1,2-diamine N-C
atropisomers through direct enantioselective C-H amination. Nat. Commun. 2019, 10, 3063.

[26] Wang, S.-J.; Zhai, J.-J.; Wang, L.; Tang, X.-Y. Consecutive regulation of catalytic activities
of B(CsFs)3 H20: direct nucleophilic substitution of benzyl fluorides with alcohol via dual
activation. Org. Chem. Front. 2023, 10, 3849-3855.

[27] Goti, G.; Bieszczad, B.; Vega-Pefialoza, A.; Melchiorre, P. Stereocontrolled Synthesis of 1,
4-Dicarbonyl Compounds by Photochemical Organocatalytic Acyl Radical Addition to Enals.
Angew. Chem. Int. Ed. 2019, 58, 1213-1217.

[28] Quinonero, O.; Jean, M.; Vanthuyne, N.; Roussel, C.; Bonne, D.; Constantieux, T.; Bressy, C.;
Bugaut, X.; Rodriguez, J. Combining Organocatalysis with Central-to-Axial Chirality
Conversion: Atroposelective Hantzsch-Type Synthesis of 4-Arylpyridines. Angew. Chem. Int.
Ed. 2016, 55, 1401-1405.

S90



NMR Spectra of the New Compounds

'H NMR Spectrum of S9 (600 MHz, CDCls)
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BF NMR Spectrum of S9 (565 MHz, CDCls)
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13C NMR Spectrum of S23 (151 MHz, CDCls)
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13C NMR Spectrum of S26 (151 MHz, CDCls)

87L°97
1SS 8T
167677
1Lo1e,
otzse/

£EL'STT
LTt
S0£'8TT
£5E8T1
099871
069871
[ATXTAR
0906~
987 E€Tf
T60°PET
S8TTPT—

PLEEIT—
£0S°L9T—

NOBz

Ph

B .

30 20 10

40

130 120 110 100 90 80 70 60

140

19 180 170 160

0

fl (ppm)

'H NMR Spectrum of S27 (600 MHz, CDCls)

0T6'T
1£6°T
£r6'T
SS6'T
996'T

.vmc.m
\.S.mw
01T'E
T6TE~
6IF'E
6Tr'E
SEV'E

LTVL
8Tr'L
oryL
6¥yL
9s¥'L
09¥°L
8L
86¥°L
TIS'L
865°L
9L
£719°L
ST8'L
LES'L
SET'8
891’8

NOBz

=80°CT

IIM =$0°T
=00°¢
——

86°C
07
S€0°T
g0z
66T

OMe

2.0

wy
i

3.0

"

w

10.0

w

fl (ppm)

S94



13C NMR Spectrum of S27 (151 MHz, CDCls)

66E°ST~
POTLT

L19'8s—

9ES'TL
0S8°9L b
Nuo.tv
PLTLL

$LOBTT
9TT671
et
£59°0£T
POEEET

066°¢€T

61F°LTT
mmm.mNHM

LI8'E9T—
T0T°L9T—

NOBz

OMe

30 20 10

40

130 120 110 100 9% 80 70 60
fl (ppm)

140

200 1% 180 170 160

o

'H NMR Spectrum of S98 (600 MHz, CDCls)

6060
0
Bz60
8ppT
9p'T
£LpT
:5*
69T
667~

€987
emm.ﬂv
0L8°C

PETL
FQN.BW
09T°L
8E9°L
Hmu.nv

Me

LL MJ@L

=009

10T
0T

FI0't

FE0'T

=96'T

66T

10.0

w

fl (ppm)

S95



13C NMR Spectrum of S98 (151 MHz, CDCls)
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'H NMR Spectrum of S99 (600 MHz, CDCls)
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BF NMR Spectrum of S99 (565 MHz, CDCls)
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13C NMR Spectrum of S100 (151 MHz, CDCls)
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'H NMR Spectrum of $101 (600 MHz, CDCls)
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F NMR Spectrum of S101 (565 MHz, CDCls)
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13C NMR Spectrum of S102 (151 MHz, CDCls)
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'H NMR Spectrum of $104 (600 MHz, CDCls)
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F NMR Spectrum of S104 (565 MHz, CDCls)
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'H NMR Spectrum of $105 (600 MHz, CDCls)
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13C NMR Spectrum of S105 (151 MHz, CDCls)
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'H NMR Spectrum of $106 (600 MHz, CDCls)
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F NMR Spectrum of S106 (565 MHz, CDCls)
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13C NMR Spectrum of S121 (151 MHz, CDCls)

L6TTT~
6EL°9T~
8TELTT
7£9'87

P8SCE—
178'86

WTLIU,
65 8TI—
STp0sT/
6LTPETY

£0TL9T—

OTTSLT—

NOPiv

10

20

30

40

=)
"

90 80 70 60

100
fl (ppm)

120 110
'H NMR Spectrum of 4-methyl-1-phenyl-2-vinylpentan-1-one (600 MHz, CDCls)

130

140

200 1% 180 170 160

o

6680
0160
£26°0
BEER:
6EST
ST
ST
T
79T
€9
P9
stLT
9€LT
SEL'T
6VLT
8SL'T

6ET'Y
[ 84
1204
LLTY

-

TETs
6YT'S
B
698°S
88°S
¥88°S
968°S
868
LYY L
6S¥°L
wrL
SEC°L

ﬁmm.n/

AN

e L

896°L
0L6'L
£86°L

Wl

=01

00T

=L6°0

10.0

w

fl (ppm)

5108



13C NMR Spectrum of 4-methyl-1-phenyl-2-vinylpentan-1-one (151 MHz, CDCls)
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13C NMR Spectrum of 73 (151 MHz, CDCls)
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13C NMR Spectrum of S41 (151 MHz, CDCls)
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13C NMR Spectrum of S42 (151 MHz, CDCls)
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13C NMR Spectrum of S46 (151 MHz, CDCls)
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'H NMR Spectrum of S47 (600 MHz, CDCls)
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'H NMR Spectrum of S53 (600 MHz, CDCls)
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'H NMR Spectrum of S60 (600 MHz, CDCls)
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'H NMR Spectrum of 80 (600 MHz, CDCls)
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'H NMR Spectrum of S62 (600 MHz, CDCls)
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'H NMR Spectrum of 96 (600 MHz, CDCls)
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'H NMR Spectrum of S63 (600 MHz, CDCls)

8¥6'E—

£9£°9
9LE9
06€"9

£07°9
19¢°L
ELS°L
98S°L
£19°L
979°L
8€9°L
LOG'LT
TT6°L
L10'8
1£0°8-
LTT'8
Wi
0LE'8
L6E'8

676°6
66

o
4
/

COOMe

A

=
—

=00°¢

=00'T

L0°T
60T
»L0T
2g0°T

S0°T
AT0T

=860

10.0

w

fl (ppm)

13C NMR Spectrum of S63 (151 MHz, CDCls)

09¥°TE—

1L

09°sT1
091°971
S0£°971
Lyy LTl
PLTSIL
0SP'8T1
mwN.mﬂ\

SPEOET
8TE'CET
E81°CET

6L6°SET
8P9IST—

6LELIT—

9TE'E6T—

COOMe

30 20 10

40

130 120 110 100 9% 80 70 60
fl (ppm)

140

200 1% 180 170 160

o

5120



'H NMR Spectrum of $107 (600 MHz, CDCls)
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'H NMR Spectrum of $108 (600 MHz, CDCls)
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'H NMR Spectrum of $109 (600 MHz, CDCls)
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'H NMR Spectrum of S110 (600 MHz, CDCls)
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'H NMR Spectrum of S111 (600 MHz, CDCls)
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'H NMR Spectrum of S112 (600 MHz, CDCls)
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'H NMR Spectrum of S113 (600 MHz, CDCls)
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F NMR Spectrum of S113 (565 MHz, CDCls)
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13C NMR Spectrum of S114 (151 MHz, CDCls)
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13C NMR Spectrum of S115 (151 MHz, CDCls)

BLLST~
9T¥'1T
SN.vNW
mwv.vN

Tr6 e~
9L9°¢E

8ET'89—
LLYEL—

et
Sm.m:/
:.32%
UyLTt
9LT8TT
SLYSTI
26671
9TE0ET \
98°SET
EPLTST—
$86'95T—

6L699T—

6TS°E6T—

30 20 10

40

130 120 110 100 9% 80 70 60
fl (ppm)

140

200 1% 180 170 160

o

'H NMR Spectrum of S116 (600 MHz, CDCls)
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13C NMR Spectrum of S116 (151 MHz, CDCls)
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13C NMR Spectrum of 3 (151 MHz, CDCls)
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13C NMR Spectrum of 3° (151 MHz, CDCls)
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13C NMR Spectrum of 4 (151 MHz, CDCls)

:mw.:\
LET'8T
TLLEE~
m:.ow/

10

20

30

40

60

70

xaat
68€°TT
$T6'STT
st
£89°LTT
7S8°LT1
STH'STT
SL8TI
9p6°0£T/
W0T6ET,
SPS'6ET
00941~
S96°9PT~
sresr1,
69671/

10 100 9% S0
fl (ppm)

120

Ph
190 180 170 160 140 130

200

'H NMR Spectrum of 5 (600 MHz, CDCls)

Me

o

66T T—

6LLT—

9L8'E—

TS0°L
650°L
8TE°L
6EE°L
el
e
€L
SEV'L
65p°L
JA S
08¥°L
£8¥°L

LSE'S
19¢°8
L9t'8

TLie's
LIS
SIe'8

L

MAS.A

MeO

FLT9

F60°T

=00'¢

J66'T

»66°0
r86°T

16T

=160
L1670

2.0

wy
i

3.0

"

w

10.0

w

5134

fl (ppm)



13C NMR Spectrum of 5 (151 MHz, CDCls)
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'H NMR Spectrum of 6 (600 MHz, CDCls)
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13C NMR Spectrum of 6 (151 MHz, CDCls)
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'H NMR Spectrum of 7 (600 MHz, CDCls)
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13C NMR Spectrum of 7 (151 MHz, CDCls)
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13C NMR Spectrum of 8 (151 MHz, CDCls)
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13C NMR Spectrum of 9 (151 MHz, CDCls)
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'H NMR Spectrum of 10 (600 MHz, CDCls)
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'H NMR Spectrum of 11 (600 MHz, CDCls)
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'H NMR Spectrum of 12 (600 MHz, CDCls)
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'H NMR Spectrum of 13 (600 MHz, CDCls)

JUTA

86LT—

wiL
6VTL
167TL
SOEL
STEL
8TEL
LEELA
6EEL
LTL]
6T¥'L
6EV°L
£PY°L
6rh°L
SpLA
ILy'L

8%°L
£8Y°L
£6v°L
S6¥L
s
PIr's
9958
LSS

Cl

1l

—

=009

=70°T

Jiot
kma.m
$0°T
00°C

=160
=00'T

10.0

w

)
o
&
T3
(@)
o
(@)
N
T
>
—
Ln
\a)
(90)
—
[
o
=
>
S
)
[&]
[<B]
o
[7p]
@
S
Z
O
i}

LS0'8T/
069°€E—
TT6'6E~.

6S8'ETT
LPESTT
9E8'CTT
PE0'8TT
8LTBTL
y6¥'8T1

769871
SLE'GTT
8T6'TET
6EE'SET

STL'8ET
SPEPYT
6LTLYT
£8T6YT
T09'TST

Cl

L

-10

30 20 10

40

3

200 190 180 170 160 150 140 130 120 110 100 9% S0 70 60
fl (ppm)

210

5143



'H NMR Spectrum of 14 (600 MHz, CDCls)
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'H NMR Spectrum of 15 (600 MHz, CDCls)
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F NMR Spectrum of 15 (565 MHz, CDCls)
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13C NMR Spectrum of 16 (151 MHz, CDCls)
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'H NMR Spectrum of 17 (600 MHz, CDCls)
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13C NMR Spectrum of 17 (151 MHz, CDCls)
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'H NMR Spectrum of 18 (600 MHz, CDCls)
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13C NMR Spectrum of 18 (151 MHz, CDCls)
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13C NMR Spectrum of 19 (151 MHz, CDCls)
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13C NMR Spectrum of 20 (151 MHz, CDCls)
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13C NMR Spectrum of 21 (151 MHz, CDCls)
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13C NMR Spectrum of 22 (151 MHz, CDCly)
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13C NMR Spectrum of 23 (151 MHz, CDCls)
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13C NMR Spectrum of 24 (151 MHz, CDCls)
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13C NMR Spectrum of 25 (151 MHz, CDCls)
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13C NMR Spectrum of 26 (151 MHz, CDCls)
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13C NMR Spectrum of 27 (151 MHz, CDCls)
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'H NMR Spectrum of 28 (600 MHz, CDCls)
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13C NMR Spectrum of 28 (151 MHz, CDCls)
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13C NMR Spectrum of 29 (151 MHz, CDCls)
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'H NMR Spectrum of 30 (600 MHz, CDCls)
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13C NMR Spectrum of 30 (151 MHz, CDCls)
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'H NMR Spectrum of 31 (600 MHz, CDCls)
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13C NMR Spectrum of 31 (151 MHz, CDCls)
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13C NMR Spectrum of 32 (151 MHz, CDCls)
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13C NMR Spectrum of 33 (151 MHz, CDCls)
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'H NMR Spectrum of 34 (600 MHz, CDCls)
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13C NMR Spectrum of 34 (151 MHz, CDCls)
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'H NMR Spectrum of 35 (600 MHz, CDCls)
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13C NMR Spectrum of 35 (151 MHz, CDCls)
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'H NMR Spectrum of 36 (600 MHz, CDCls)
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'H NMR Spectrum of 37 (600 MHz, CDCls)
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'H NMR Spectrum of 38 (600 MHz, CDCls)
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'H NMR Spectrum of 39 (600 MHz, CDCls)
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F NMR Spectrum of 39 (565 MHz, CDCls)
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13C NMR Spectrum of 40 (151 MHz, CDCls)
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'H NMR Spectrum of 41 (600 MHz, CDCls)
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13C NMR Spectrum of 41 (151 MHz, CDCls)
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'H NMR Spectrum of 42 (600 MHz, CDCls)
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13C NMR Spectrum of 42 (151 MHz, CDCls)

ssTs7/
SPEE—
LOT0P~_

$06'88~
PEP06-"

L00'ETT
9sT'Ell
6ILETT
Tv6°STI
men.cﬁ/
8E6°LTT~E
£0P8TI-{
TSH'8T1
V8871
9EL’6TT [
6L9'TET
I8v°EET
PI8'8ET
TIT9rt
PLTLYT
PIE'SFT
9P6°TST

30 20 10

40

130 120 110 100 9% 80 70 60
fl (ppm)

140

200 1% 180 170 160

o

'H NMR Spectrum of 43 (600 MHz, CDCls)
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13C NMR Spectrum of 43 (151 MHz, CDCls)
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'H NMR Spectrum of 44 (600 MHz, CDCls)
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'H NMR Spectrum of 45 (600 MHz, CDCls)
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'H NMR Spectrum of 46 (600 MHz, CDCls)
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BF NMR Spectrum of 46 (565 MHz, CDCls)
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13C NMR Spectrum of 47 (151 MHz, CDCls)

rrUsT/
SPEEE—
ISTOP

:v.vc
mev.vwv

"

"

UTLI
9EL°LTT
900°721
SEEETT
0P9 €71
068571
189921
01871
wmm.m:M
OPTTET-;
189°€€17
PIPEPT
amm.mzv
SSTPT
S00°LPT \
178841
6LLTST

30 20 10

40

130 120 110 100 90 80 70 60

140

200 1% 180 170 160

o

£

=

S
=)
O
(@]
@)
N
I
=
o
o
N
[co]
<
N
o
S
]
S
)
[&]
(5]
Q.
(2]
o
p=
4
F

68T T—

£L0E—

1959
0.5
6699
08¢
mam.}
pspL
SEW
009°¢

SSE'8
amm.mw.
SLE'S
988’8
69¢°8

)

=009

=0T

=£6°0
=160

80°€
L0°T
60

160
=L6°0

10.0

w

fl (ppm)

5180



13C NMR Spectrum of 48 (101 MHz, CDCls)
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'H NMR Spectrum of 49 (600 MHz, CDCls)
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13C NMR Spectrum of 49 (151 MHz, CDCls)
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'H NMR Spectrum of 50 (600 MHz, CDCls)
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13C NMR Spectrum of 50 (151 MHz, CDCls)
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13C NMR Spectrum of 51 (151 MHz, CDCls)
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13C NMR Spectrum of 52 (151 MHz, CDCls)
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'H NMR Spectrum of 53 (600 MHz, CDCls)
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13C NMR Spectrum of 53 (151 MHz, CDCls)

961877
TI6'€s—
L6TOP~

65LTTT
$OEELT
98L°€71
£00°971
9v8'971
6v9°LTT
I8T8TI
STZ8TT1
9cL6T1}
w6Tnf
8E°0ET-§
69P°EE T~
EPTIET—
sseer’
BETOPT
0LTLPTI—
£78°LpT
STESHT
T20°TST
Lo0°esT!

30 20 10

40

130 120 110 100 9% 80 70 60
fl (ppm)

140

200 1% 180 170 160

o

'H NMR Spectrum of 54 (600 MHz, CDCls)
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13C NMR Spectrum of 54 (151 MHz, CDCls)
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13C NMR Spectrum of 55 (151 MHz, CDCls)
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'H NMR Spectrum of 56 (600 MHz, CDCls)

m:A
Hmv.ﬁv
el

wTe—

voy'y
oY’y
8Try

[1)4:84

8PEL
£SE°L
LEEL
9L
99¢°L
69¢°L
SLE'L
00v°L
wrL
yov'L
60¥°L

0T¥'L
6ES°L
Lys'L

0sE's
~em.mV
819'8
emw.mw.

COOEt

7 Ny

-009
=£T'E

=TT

=80°T

80T
61
g0t

=860
*66°0

10.0

w

fl (ppm)

5188



13C NMR Spectrum of 56 (151 MHz, CDCls)
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13C NMR Spectrum of 57 (151 MHz, CDCls)
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13C NMR Spectrum of 58 (151 MHz, CDCls)
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13C NMR Spectrum of 59 (151 MHz, CDCls)

stest’
S06°€E—
WP

6IE'STT
E1LETT
0L6°STT
661971
970°8T1~L
LT6'8TT
m?:w
TS EET
1£9°'86T7
E1T9PT~_
0Tyl
96E'SPT,
o10est/

30 20 10

40

130 120 110 100 9% 80 70 60
fl (ppm)

140

200 1% 180 170 160

o

'H NMR Spectrum of 60 (600 MHz, CDCls)

6780
8701
P6°01
56701
STTTH
02T T4
ST
SLSTH
6851
09T+
609'T
SrLT

@EW
L9LT
aa.L
€66
0007
007
007
9107
£20'71
L1077
PE0Z
6£0°7
£5TT
£LTT
L96%
bLED
S86°F
667
£00°S
010°S

e

A

JUE
FLEL

£1'T

PE'9
61T
RETT
80T
=E0'T

=007

EP0°T |

+00'T
00°¢
9T

€07
»00'T
#00'T

2.0

wy
i

3.0

"

w

8.0

"

9.0

10.0

w

5192



13C NMR Spectrum of 60 (151 MHz, CDCls)
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13C NMR Spectrum of 61 (151 MHz, CDCls)
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13C NMR Spectrum of 62 (151 MHz, CDCls)

667°07—

2&.2
west/
sises’
675°6E—

S8ETT
SPT'HTT]
89T'SZT
£9€°STT
LT8'STT
LTE'9TT
£L4°9TT
££6°LT1
610'82T1
$7S'8TT
80L°621
990°0€T+
86L'TETH
SE6'TETA
£18'TET—
0THEET \
SPEPET
SOPOPT~
STELPT
6LY'LPT
o1szsT/

30 20 10

40

130 120 110 100 9% 80 70 60
fl (ppm)

140

200 1% 180 170 160

o

'H NMR Spectrum of 63 (600 MHz, CDCls)
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13C NMR Spectrum of 63 (151 MHz, CDCls)
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'H NMR Spectrum of 64 (600 MHz, CDCls)
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13C NMR Spectrum of 64 (151 MHz, CDCls)
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'H NMR Spectrum of 98 (600 MHz, CDCls)
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13C NMR Spectrum of 98 (151 MHz, CDCls)
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'H NMR Spectrum of 99 (600 MHz, CDCls)
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13C NMR Spectrum of 99 (151 MHz, CDCls)
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'H NMR Spectrum of 100 (600 MHz, CDCls)

£00°T~
L8T'T-
LTt

69TT,
9617~
0657~
st

610°L
£20°L
9E0°L
0p0°L
890°L1
SSO0L
£90°L1
9L0L
080°L
SPEL
E'L
S6EL
LorL
618"
£95°L 1
SLS'L
L8S°L
9€6°L
056°L1
96°L
6L6L
£10°8
L2708
9Lt'8
98¢'8
067’8
0058
6098
L19°8

e —

JUE
(60
00°6

=0°T

=90°T

00T
0Tt
m/\.mm.o
S0'T
0T

00T
%mcé
0T

»10°T
00T

2.0

wy
i

3.0

"

w

8.0

"

9.0

10.0

w

fl (ppm)

5199



13C NMR Spectrum of 100 (151 MHz, CDCls)
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'H NMR Spectrum of 101 (600 MHz, CDCls)
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'H NMR Spectrum of 102 (600 MHz, CDCls)
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SILLT
vvm,zw
10987

SYL'EE
LLL'6E"

LT
TPl
£L0°97TH
8£6'971
LT0°LTTH
£97°L21
979°LT1
88L°LTT
TS
067871+
86671
L8671
£96'671-
TOTTET~E
ELOPET~.
L09'9ET—

0T6'9%1
SEVLHT
N%.m:\
£T6°TST

069°99T—

30 20 10

40

130 120 110 100 90 80 70 60

140

180 170 160

190

fl (ppm)

5202



'H NMR Spectrum of 103 (600 MHz, CDCls)
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13C NMR Spectrum of 103 (151 MHz, CDCls)
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'H NMR Spectrum of 104 (600 MHz, CDCls)
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F NMR Spectrum of 104 (565 MHz, CDCls)
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'H NMR Spectrum of 105 (600 MHz, CDCls)
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13C NMR Spectrum of 105 (151 MHz, CDCls)
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'H NMR Spectrum of 106 (600 MHz, CDCls)
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13C NMR Spectrum of 106 (151 MHz, CDCls)
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'H NMR Spectrum of 107 (600 MHz, CDCls)
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13C NMR Spectrum of 107 (151 MHz, CDCls)
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'H NMR Spectrum of 108 (600 MHz, CDCls)
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13C NMR Spectrum of 108 (151 MHz, CDCls)

8IE'TT
mmY:V
¥6T'87
8SE'8T
I.m.mm\
L000Y—

18.'89—

LT8ETT
898°€TT
SI8°STT
£90°97T
89L°971
PrO’LTT
orriTt
L16°LTT
EET'8TT
00T°8TT
SEP'BTI
969°671
LL6°6TTH

0TETETA
TETEET~
9T8'PET—
sLsLer’
PPEOPT

mt.ezw
it

vzst/

SL6'99T—

-10

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 9% S0 70 60
fl (ppm)

210

'H NMR Spectrum of 109 (600 MHz, CDCls)
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13C NMR Spectrum of 109 (151 MHz, CDCls)
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'H NMR Spectrum of 110 (600 MHz, CDCls)
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13C NMR Spectrum of 110 (151 MHz, CDCls)
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13C NMR Spectrum of 111 (151 MHz, CDCls)
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13C NMR Spectrum of 112 (151 MHz, CDCls)
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13C NMR Spectrum of 113 (151 MHz, CDCls)
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'H NMR Spectrum of 114 (600 MHz, CDCls)
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'H NMR Spectrum of 115 (600 MHz, CDCls)
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'H NMR Spectrum of 116 (600 MHz, CDCls)

670°L
LEO'L

LT6°L
1r6'L
L90°8
808

19’8
891°8
ELP'8

9LY'8
Pe9’s
wo's

I

i

24

7 &

TR

00°g
L6

677
80°1
90°T}
607

80°7
90°1

2.0

wy
i

3.0

"

w

8.0

"

9.0

10.0

w

fl (ppm)

13C NMR Spectrum of 116 (151 MHz, CDCls)

9677~
16L°ST
8TT8T
9rP'8T
LSSEE
88°6£~

of %t
0€8°€2T
888°STT

LUt

Up9TT
69L°9TT
TITL2T
£0TLTT

LT6°LTT
ST0'871

O8I
06T'8TT

V8E'STT
ETS'8T1
119821
T0'621+
61L°6ZTA

TP TET~
EISTET
S86PET
soo'ser)
TLTSET
9TESHT
ELTOPT
L68'9FT
SHTTT—
666'99T—

30 20 10

40

130 120 110 100 9% 80 70 60
f1 (ppm)

140

200 1% 180 170 160

10

S217



'H NMR Spectrum of 65 (600 MHz, CDCls)
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'H NMR Spectrum of 66 (600 MHz, CDCls)
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'H NMR Spectrum of 67 (600 MHz, CDCls)
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'H NMR Spectrum of 68 (600 MHz, CDCls)
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'H NMR Spectrum of 69 (600 MHz, CDCls)
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'H NMR Spectrum of 70 (600 MHz, CDCls)
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'H NMR Spectrum of 71 (600 MHz, CDCls)
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'H NMR Spectrum of 117 (600 MHz, DMSO)
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'H NMR Spectrum of 118 (600 MHz, CHCls)
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'H NMR Spectrum of 119 (600 MHz, CDCls)
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13C NMR Spectrum of 119 (151 MHz, CDCls)
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'H NMR Spectrum of 120 (600 MHz, CDCls)
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F NMR Spectrum of 120 (565 MHz, CDCls)
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'H NMR Spectrum of 74 (600 MHz, CDCls)
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13C NMR Spectrum of 74 (151 MHz, CDCls)
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'H NMR Spectrum of 77 (600 MHz, CDCls)
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13C NMR Spectrum of 77 (151 MHz, CDCls)
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'H NMR Spectrum of 81 (600 MHz, CDCls)
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13C NMR Spectrum of 81 (151 MHz, CDCls)
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'H NMR Spectrum of 82 (600 MHz, CDCls)
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13C NMR Spectrum of 82 (151 MHz, CDCls)
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'H NMR Spectrum for the mixture of 89 and 90 (600 MHz, CDCls)
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