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1. General Information

All the reactions were carried out under a nitrogen atmosphere unless otherwise apecified, the
air or moisture sensitive reactions and manipulations were performed by using standard Schlenk
techniques and in a nitrogen-filled glovebox. DME, THF and toluene were distilled from sodium
benzophenone ketyl. DCE was distilled from calcium hydride. Anhydrous MeOH was distilled from
magnesium. *H NMR and 3C NMR spectra were recorded on Bruker AV (400 MHz) spectrometers
and JEOL JNM-ECX600P and JNM-ECS600 (600 MHz) spectrometers (CDC13 was the solvent
used for the NMR analysis, with TMS as the internal standard. Chemical shifts were reported upfield
to TMS (0.00 ppm) for 'H NMR. Data is represented as follows: chemical shift, integration,
multiplicity (s = singlet, d = doublet, dd = double of doublets, t = triplet, g = quartet, m = multiplet)
and coupling constants (J) in Hertz (Hz). Optical rotation was determined using Autopol I11
Automatic polarimeter (Rudolph research Analyical). HPLC analysis was conducted on Agilent
1260 series instrument. SFC analysis was conducted on Agilent 1260 series instrument. HRMS were

recorded on a Waters LCT Premier XE mass spectrometer with APCI or ESI.

2. Preparation of Substrates

Preparation of Substrates 1
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To a solution of quinoline or substituted quinoline (20.0 mmol) in MeOH (30.0 mL) was
added dropwise CICO;R (24.0 mmol) at 0 °C under a nitrogen atmosphere, then NaBH4 (20.0 mmol)

was added portionwise at 0 °C over 1 h. The reaction mixture was then allowed to warm to room
2



temperature. After 2-3 h, the solution was carefully quenched with H,O and extracted with EtOAc.
The organic layers were dried over MgSOQs, filtered and evaporated. The residue was purified by
silica gel column chromatography using petroleum ether/EtOAc as an eluent (PE/EA/=4/1 to 30/1)
to give the corresponding 1,2-dihydroquinoline (1a - 1j) as light yellow oil, which was immediately
used and stored at -30 °C under a nitrogen atmosphere in order to prevent decomposition. !
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To a mixture of quinoline (10.0 mmol), acetic anhydride (12.0 mL) and acetic acid (40.0 mL)
was gradually added NaBH4 (40.0 mmol) at 0 °C over 1.5 h. After the addition was complete, the
reaction mixture was then allowed to warm to room temperature. After 1 h, the reaction mixture was
concentrated under vacuum, diluted with H,O, neutralized with sodium carbonate and extracted
with DCM. The organic layers were dried over MgSQOy, filtered and evaporated. The residue was
purified by silica gel column chromatography using petroleum ether/EtOAc as an eluent (PE/EA/ =
5/1) to give the corresponding 1,2-dihydroquinoline 1f as a light yellow oil. 2
Preparation of Substrates 3

a. Procedure for the preparation of 3a.

0O OH
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3a

Chroman-4-one (5.0 mmol) was suspended in methanol (50.0 mL) and treated with an excess
of NaBH4 (7.5 mmol) at 0 °C. The resulting mixture was stirred for 30 minutes at room temperature,
then concentrated in vacuum. The residue was partitioned between CH>Cl, and H>O. The organic

layer was separated, and the aqueous layer was extracted with CH,Clo. The organic layers was then



combined, washed with H,O, dried over anhydrous Na;SOys, filtered and concentrated to yield the
desired compound.?

p-Toluenesulfonic acid (3.0 mg) and hydroquinone (5.0 mg) were added to a solution of
chroman-4-ol (5.00 mmol) in toluene (20.0 mL). The reaction mixture was heated under reflux using
a Dean—Stark trap (2 h), washed with water, dried over anhydrous Na>SOs, filtered and concentrated

under reduced pressure. The residue was purified by silica gel chromatography (petroleum ether).*

b. Procedure for the preparation of 3b, 3g, 3h, 3i and 3j.

OH
R@/ a9 5o, N
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Equimolar quantities of chloropropionic acid (0.05 mol) and appropriate Phenol (0.05 mol)

@)

were placed in a conical flask, to which aqueous solution of NaOH (0.12 mol in 25 mL water) was
slowly added with constant stirring and then heating to 75 — 80 °C, reacting for 12 h. After the
reaction, with sufficient cooling and acidified by adding con. HCI, extracted with ethyl acetate,
followed by saturated brine. It was dried over anhydrous Na;SO4 and then solvent was removed.
The crude product was purified by silica gel chromatography.’

3-Phenoxypropanoic acids were placed in a conical flask, to which sulfoxide chloride was
quickly added with constant stirring. The reaction mixture was heated under reflux for 2 h, then
concentrated in vacuo and CH>Cl, was added to the mixture. The aluminum chloride anhydrous was
added at 0 °C and the reaction stirred for 1 h at 0 °C, then the reaction mixture was allowed to warm
to rt. The reaction was quenched with H>O slowly at 0 °C, extracted with CH>Cl,, followed by
saturated brine. It was dried over anhydrous Na;SO4 and then solvent was removed. The crude
product was purified by silica gel chromatography (petroleum ether: EtOAc = 7:1); Then according

to procedure for the preparation of 3.

c. Procedure for the preparation of other substrates.

% Sk Br- PN N N-diethylaniline
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To a solution of phenols (50.0 mmol) in acetone (200 mL) was added K»CO3 (200.0 mmol) and
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3-bromoprop-1-yne (60.0 mmol). The resulting mixture was stirred at reflux temperature during



overnight and the reaction stopped by filtration and evaporation under vacuum. The crude product
was extracted with CH,Cl,, followed by saturated brine. It was dried over anhydrous Na,SO4 and
then solvent was removed. The crude product was purified by silica gel chromatography.®

A mixture of (prop-2-yn-1-yloxy) benzene (10.0 mmol) and N, N-diethylaniline (1.6 mL) was
refluxed for 8-12 h. After cooling to room temperature, the reaction mixture was diluted with ethyl
acetate. The resulting mixture was washed with hydrochloric acid (2M), water and brine, and then
dried over anhydrous Na;SOa. The solvent was evaporated and the crude product was purified by
silica gel chromatography.®

d. Procedure for the preparation of 3k.
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Equimolar quantities of chloropropionic acid (0.05 mol) and appropriate Phenthiol (0.05 mol)
were placed in a conical flask, to which aqueous solution of NaOH (0.12 mol in 25 mL water) was
slowly added with constant stirring and then heating to 75 — 80 °C, reacting for 12 h. After the
reaction, with sufficient cooling and acidified by adding con. HCI, extracted with ethyl acetate,
followed by saturated brine. It was dried over anhydrous Na,SO4 and then solvent was removed.
The crude product was purified by silica gel chromatography.

3-(Phenylthio)propanoic acids were placed in a conical flask, to which sulfoxide chloride was
quickly added with constant stirring. The reaction mixture was heated under reflux for 2 h, then
concentrated in vacuo and CH»Cl, was added to the mixture. The aluminum chloride anhydrous was
added at 0 °C and the reaction stirred for 1 h at 0 °C, then the reaction mixture was allowed to warm
to rt. The reaction was quenched with H>O slowly at 0 °C, extracted with CH>Cl,, followed by
saturated brine. It was dried over anhydrous Na>SOj4 and then solvent was removed. The crude
product was purified by silica gel chromatography (petroleum ether: EtOAc = 7:1); Then according

to procedure for the preparation of 3.



3. Copper-Catalyzed Enantioselective Methylboration of Substrates

a. Copper-Catalyzed Enantioselective Methylboration of Substrates 1

e AN Cul, (S,5)-Ph-BPE, Bypin, N
T \ + CHjyl i

/g 'BUOK, THF, 16 h /'L
R'0” 0 R'0” o0
1a 2a

In a nitrogen-filled glovebox, Cul (3.8 mg, 0.02 mmol, 10 mol%), (S,S)-Ph-BPE (12.2mg, 0.024
mmol, 12 mol%) and THF (1 mL), then the mixture was stirred 30 minutes at room temperature. To
the mixture was added Bopin, (76.2 mg, 0.3 mmol, 1.5 equiv) and 1 (0.20 mmol, 1 equiv), CHsl
(85.2 mg, 0.6 mmol, 3 equiv) and ‘BuOK (33.7 mg, 0.3 mmol, 1.5 equiv) successively. After that,
0.5 mL of THF was added along the vial’s wall to keep all reacts into the reaction solution. The vial
was sealed was a rubber stopper, removed from the glovebox and stirred at room temperature for 16
hours. Upon completion of the reaction, the reaction mixture was passed through a short silica gel
column eluting with Et,O. The solvent was removed under vacuo, and the residue was purified by
column chromatography on silica gel using petroleum ether/EtOAc as an eluent (PE/EA/ = 10/1 to
20/1) to give the corresponding borylation products 2. The ee values of 2 were determined by HPLC
or SFC analysis on a chiral stationary phase, the dr were determined by NMR analysis.

b. Copper-Catalyzed Enantioselective Methylboration of substrates 3

B Cul, (S.5)}Ph-BPE, Bypin, XX Bpin
RT + CHyl R
o) ‘BUOK, THF, 16 h 0
3 4

In a nitrogen-filled glovebox, Cul (3.8 mg, 0.02 mmol, 10 mol%), (S,S)-Ph-BPE (12.2mg,

0.024 mmol, 12 mol%) and THF (1 mL), then the mixture was stirred 30 minutes at room



temperature. To the mixture was added B,pin; (76.2 mg, 0.3 mmol, 1.5equiv) and 3 (0.20 mmol, 1
equiv), CHsI (85.2 mg, 0.6 mmol, 3 equiv) and ‘BuOK (33.7 mg, 0.3 mmol, 1.5 equiv) successively.
After that, 0.5 mL of THF was added along the vial’s wall to keep all reacts into the reaction solution.
The vial was sealed was a rubber stopper, removed from the glovebox and stirred at room
temperature for 16 hours. Upon completion of the reaction, the reaction mixture was passed through
a short silica gel column eluting with Et,O. The solvent was removed under vacuo, and the residue
was purified by column chromatography on silica gel using petroleum ether/EtOAc as an eluent
(PE/EA/ = 20/1 to 100/1) to give the corresponding borylation products 4. The ee values of 4 were
determined by HPLC or SFC analysis on a chiral stationary phase, the dr were determined by NMR

analysis.

4. The Characterization Data for Substrates

Methyl quinoline-1(2H)-carboxylate (1a)

m 1.03 g, yield: 27%; '"H NMR (CDCls, 600 MHz) o: 7.57 (d, J = 7.2 Hz, 1H),
N 7.26-7.18 (m, 1H), 7.09-7.05 (m, 2H), 6.49 (d, J = 9.6 Hz, 1H), 6.02-5.98 (m,
COOMe

1H), 4.41 (dd, J = 4.2 Hz, 1.8 Hz, 2H), 3.79 (s, 3H). 3C NMR (CDCls, 150 MHz) 6: 154.8, 136.4,

128.1,127.5, 126.5, 126.4, 125.6, 124.5, 123.7, 53.1, 43.6.

Methyl 6-methylquinoline-1(2H)-carboxylate (1b)

\m 1.09 g, yield: 26%; 'H NMR (CDCls, 600 MHz) d: 7.44 (s, 1 H), 7.00 (dd, J

N =82, 1.6 Hz, 1 H), 6.87 (s, 1 H), 6.43 (d, J=9.5 Hz, 1 H), 5.97 (dt, J= 8.7,
COOMe

3.8 Hz, 1 H), 438 (dd, J = 4.1, 1.7 Hz, 2 H), 3.77 (s, 3 H), 2.29 (s, 3 H). 3C NMR (CDCl, 150

MHz) 6: 154.9, 134.1, 133.9, 128.1, 126.9, 126.5, 123.5, 53.1, 43.6, 20.9.



Methyl 7-methylquinoline-1(2H)-carboxylate (1c)
m 1.1g, yield: 27%; "H NMR (CDCls, 400 MHz) 6: 7.32 (s, 1 H), 6.85 (d, J =
N
CooMe 7.7Hz 1H), .79 (d,J=7.8 Hz, 1 H), 6.36 (d,J=9.5 Hz, 1 H), 5.83 (dt, J =
9.0,4.1 Hz, 1 H), 4.28 (d, J=3.7 Hz, 2 H), 3.69 (s, 3 H), 2.25 (s, 3 H). 3C NMR (CDCls, 150 MHz)
5:154.9, 137.5, 136.3, 126.4, 126.2, 125.5, 125.3, 124.2, 53.1, 43.6, 21.7.
Methyl 6-methoxyquinoline-1(2H)-carboxylate (1d)
Meom 0.92g, yield: 21%; 'H NMR (CDCls, 400 MHz) : 7.46 (s, 1H), 6.75
N (dd, J= 11.8 Hz, 2.9 Hz, 1H), 6.60 (d, J = 2.9 Hz, 1H), 6.44 (d, J= 9.6
COOMe
Hz, 1H), 6.04-5.99 (m, 1H), 4.37 (dd, J=4.1 Hz, 1.7 Hz, 2H), 3.77 (d, J
= 5.2 Hz, 6H). *C NMR (CDCl, 100 MHz) J: 156.9, 155.4, 130.0, 129.7, 127.0, 125.3, 113.3,
111.7, 56.0, 53.5, 44.0.
Methyl 6-bromoquinoline-1(2H)-carboxylate (1e)
B
r\m 0.54 g, yield: 10%; "H NMR (CDCls, 400 MHz) 6: 7.46 (d, J= 8.0 Hz, 1H),
N
LooMe 727 (dd,J=8.7 Hz, 2.3 Hz, 1H), 7.16 (d,J = 2.3 Hz, 1H), 6.38 (d, /= 9.6
Hz, 1H), 6.03-5.98 (m, 1H), 4.38 (dd, J=4.2 Hz, 1.8 Hz, 2H), 3.78 (s, 3H). *C NMR (CDCl;, 100
MHz) 6: 155.0, 135.8, 130.6, 130.3, 129.4, 127.4, 125.9, 125.7, 117.7, 53.7, 44.0.
Methyl 7-bromoquinoline-1(2H)-carboxylate (1f)
m 0.97 g, yield: 18%; "H NMR (CDCls, 400 MHz) 8: 7.78 (s, 1H), 7.16 (dd,
Br N
! J=8.1Hz, 2.0 Hz, 1H), 6.88 (d, J= 8.1 Hz, 1H), 6.41 (d, J= 9.6 Hz, 1H),
COOMe
6.00-5.95 (m, 1H), 4.37 (dd, J = 4.2 Hz, 1.8 Hz, 2H), 3.79 (s, 3H). '*C NMR (CDCls, 100 MHz) 5:

154.9,137.9, 128.0, 127.9, 127.2, 126.9, 126.2, 121.2, 53.8, 44.1.



Isopropyl quinoline-1(2H)-carboxylate (1g)

m 0.61 g, yield: 14%; 'H NMR (CDCls, 400 MHz) &: 7.60 (d, J = 8.1 Hz,
\

COOCH(CHa), 1H), 7.26-7.15 (m, 1H), 7.04 (d, J = 4.1 Hz, 2H), 6.47 (dd, /= 9.4, 1.4

Hz, 1H), 6.01-5.96 (m, 1H), 5.08-5.02 (m, 1H), 4.42-4.39 (m, 2H), 1.31 (d, J = 6.3 Hz, 6H). 13C

NMR (CDCls, 100 MHz) d: 154.4, 137.1, 128.5, 127.8, 127.0, 126.8, 126.1, 124.7, 124.1,70.3, 43.8,

22.6.

Isobutyl quinoline-1(2H)-carboxylate (1h)

@(j 0.51 g, yield: 11%; 'H NMR (CDCls, 400 MHz) 6: 7.59 (d, J = 8.0
\

COOCH,CH(CH,), 12> 1), 7:21-7.17 (m, 1H), 7.08-7.04 (m, 2H), 6.48 (dt, /= 9.5 Hz,

1.4 Hz, 1H), 6.02-5.98 (m, 1H), 4.42 (dd, J = 4.2 Hz, 1.8 Hz, 2H), 3.98 (d, J = 6.6 Hz, 2H), 2.03-

1.93 (m, 1H), 0.95 (d, J = 6.7 Hz, 6H). 13C NMR (CDCls, 100 MHz) 6: 154.9, 137.0, 128.5, 127.8,

127.0, 126.8, 126.1, 124.8, 124.2, 72.8, 43.9, 28.4, 19.7.

Phenyl quinoline-1(2H)-carboxylate (1i)

m 2.3 g, yield: 46%; 'H NMR (CDCls, 400 MHz) 6: 7.72 (s, 1H), 7.42-7.38 (m,
N
Cooph  2H). 7.26-7.12 (m, 6H), 6.58 (dd, J = 9.6 Hz, 1.3 Hz, 1H), 6.11-6.06 (m, 1H),

4.56 (s, 2H). 3C NMR (CDCls, 100 MHz) &: 153.2, 151.6, 136.5, 129.9, 128.8, 128.1, 127.1, 127.0,

126.2, 125.5, 124.3, 122.2, 44.4.

Benzyl quinoline-1(2H)-carboxylate (1j)

m 1.65 g, yield: 31%; '"H NMR (CDCls, 400 MHz) 6: 7.68 (d, J = 6.6 Hz, 1H),
N 7.45-7.34 (m, 5H), 7.26-7.21 (m, 1H), 7.13-7.08 (m, 2H), 6.52 (d, J = 9.6 Hz,
COOBn

1H), 6.03-5.99 (m, 1H), 5.29 (s, 2H), 4.47 (dd, J=4.2 Hz, 1.8 Hz, 2H). 3C NMR (CDCls, 100 MHz)

0: 154.7,136.9, 136.8, 129.2, 128.8, 128.7, 128.6, 128.0, 127.0, 126.9, 126.0, 125.1, 124.3, 68.3,



44.2.
1-(Quinolin-1(2H)-yl)ethanone (1k)
©\/j 1.02 g, yield: 59%; '"H NMR (CDCls, 600 MHz) ¢: 7.28-7.11 (m, 4H), 6.53 (d, J =
N
|

Ac 9.5 Hz, 1H), 6.10-6.09 (m, 1H), 4.47 (s, 2H), 2.21 (s, 3H). 13C NMR (CDCls, 150

MHz) 0: 170.1, 137.1, 129.4, 128.3, 127.2, 126.5, 126.2, 125.7, 123.9, 41.4, 22.5.
2H-chromene (3a)

0.5 g, 75% yield; "H NMR (600 MHz, CDCL3) 3: 6.67 (t, J = 6.2 Hz, 1H), 6.56 (d, J
i :o: = 6.0 Hz, 1H), 6.50 — 6.47 (m, 1H), 6.41 (d, J= 6.3 Hz, 1H), 6.13 (dd, J = 7.8, 0.9
Hz, 1H), 5.63 — 5.59 (m, 1H), 4.85 (dt, J= 2.6, 1.2 Hz, 2H). *C NMR (100 MHz, CDCL3) J: 143.3,

123.4,121.3,119.7, 118.0, 117.6, 117.1, 112.6, 72.5.
8-methyl-2H-chromene (3b)
Xy 0.62 g, 85% yield; '"H NMR (400 MHz, CDCls) : 6.87 (d, J = 7.2 Hz, 1H), 6.75 —
Me 6.60 (m, 2H), 6.31 (dt, J=9.8, 1.7 Hz, 1H), 5.66 (dt, J=9.8, 3.5 Hz, 1H), 4.74 (dd,
J=3.5,1.8 Hz, 2H), 2.07 (s, 3H). 3C NMR (100 MHz, CDCls) d: 152.0, 130.7, 125.0, 124.9, 124.3,
121.9, 121.6, 120.6, 65.4.
8-isopropyl-2H-chromene (3¢)
Xy 1.24 g, 71% yield; '"H NMR (400 MHz, CDCls) d: 7.03 (dd, J = 7.1, 2.1 Hz, 1H),
6.83 — 6.75 (m, 2H), 6.39 (dt, /= 9.8, 1.7 Hz, 1H), 5.73 (dt, J=9.7, 3.6 Hz, 1H),

4.75 (dd, J = 3.6, 1.7 Hz, 2H), 3.27 - 3.12 (m, 1H), 1.19 (s, 1H), 1.18 (s, 6H). 3C NMR (100 MHz,

CDCls) o0: 151.1, 135.8, 126.1, 125.3, 124.2, 122.3, 121.8, 121.0, 65.3, 26.7, 22.6.

10



8-(tert-butyl)-2 H-chromene (3d)

@(j 1.47 g, 78% yield; '"H NMR (400 MHz, CDCl3) d: 7.14 — 6.90 (m, 1H), 6.90 — 6.67
]

(m, 2H), 6.37 (d, J=9.7 Hz, 1H), 5.75 (dt, J=9.4,3.5 Hz, 1H), 4.84 — 4.29 (m, 2H),

Bu
1.30 (s, 9H). 3C NMR (100 MHz, CDCls) d: 150.4, 132.0, 126.0, 125.2, 124.4, 122.5, 121.4, 119.0,
64.3,34.4,29.7.
8-methoxy-2H-chromene (3e)

N 1.12 g, 69% yield; "H NMR (400 MHz, CDCls) 8: 6.88 — 6.68 (m, 2H), 6.59 (dd, J =
0]

OMe 7.1, 1.4 Hz, 1H), 6.39 (d, J=9.8 Hz, 1H), 5.76 (dt, /= 9.7, 3.5 Hz, 1H), 4.86 (dd, J
=3.4, 1.8 Hz, 2H), 3.84 (s, 3H)."*C NMR (100 MHz, CDCl3) d: 147.6, 142.7, 124.5, 123.0, 122.0,
120.8, 118.9, 112.0, 65.7, 55.9.
8-phenyl-2H-chromene (3f)

"N 1.58g, 76% yield; 'TH NMR (400 MHz, CDCls) d: 7.57 — 7.51 (m, 2H), 7.46 — 7.38
@)

Ph (m, 2H), 7.36 — 7.30 (m, 1H), 7.18 (dd, /= 7.1, 2.2 Hz, 1H), 7.01 — 6.90 (m, 2H),
6.49 (dt,J=9.8, 1.8 Hz, 1H), 5.82 (dt, J=9.8,3.6 Hz, 1H), 4.80 (dd, J= 3.6, 1.8 Hz, 2H); *C NMR
(100 MHz, CDCl3) ¢: 150.8, 137.9, 130.5, 129.3, 128.0, 127.0, 126.0, 124.9, 122.9, 122.1, 121.2,
65.4.
8-chloro-2H-chromene (3g)

N 0.58 g, 70% yield; '"H NMR (400 MHz, CDCl; ) 6: 7.13 (dd, J = 7.9, 1.7 Hz, 1H),
)
Cl 6.82 (dd, J=17.5, 1.7 Hz, 1H), 6.78 — 6.73 (m, 1H), 6.37 (dt, J = 9.9, 1.9 Hz, 1H),

5.77 (dt, J=9.9, 3.5 Hz, 1H), 4.92 (dd, J= 3.5, 1.9 Hz, 2H). 13C NMR (100 MHz, CDCls) 6: 149.8,

129.8,125.1, 124.1, 123.7, 122.6, 121.6, 120.8, 66.4.

11



6-bromo-2H-chromene (3h)
Br\@\/j 0.92 g, 87% yield; "H NMR (400 MHz, CDCls) d: 7.16 (dd, J= 8.5, 2.4 Hz, 1H),
7.05 (d, J=2.4 Hz, 1H), 6.63 (d, /= 8.5 Hz, 1H), 6.33 (dt,/=9.9, 1.9 Hz, 1H),
5.79 (dt,J=9.9, 3.5 Hz, 1H), 4.81 (dd, J= 3.5, 1.9 Hz, 2H). '3C NMR (100 MHz, CDCls) ¢: 153.0,
131.9, 129.1, 124.2, 123.6, 123.4, 117.5, 113.3, 65.7.
7-bromo-2H-chromene (3i)
“ 'H NMR (CDCl3, 600 MHz) § 7.17 (dd, J = 8.5, 2.4 Hz, 1H), 7.06 (d, J = 2.4 Hz,
|3.r/(>foj 1H), 6.65 (d, J = 8.5 Hz, 1H), 6.34 — 6.34 (m, 1H), 5.80 — 5.78 (m, 1H), 4.82 (dd, J
=3.5, 1.9 Hz, 2H). 3C NMR (CDCl3, 151 MHz) & 153.1, 131.6, 129.0, 124.1, 123.6, 123.2, 117.5,
113.2, 65.6.
6, 8-dimethyl-2 H-chromene (3j)
Me X 048 g, 59% yield; 'TH NMR (400 MHz, CDCl;) d: 6.69 (s, 1H), 6.53 (s, 1H),
Ve o 6.28 (d, J=9.8 Hz, 1H), 5.65 (dt, J=9.5, 3.5 Hz, 1H), 4.69 (s, 2H), 2.12 (s,
3H), 2.05 (s, 3H). 3C NMR (100 MHz, CDCls) : 150.4, 131.4, 129.9, 125.1, 124.8, 124.7, 121.9,
121.8, 65.5,20.5, 15.5.
5, 8-dimethyl-2 H-chromene (3Kk)
Me 1.21 g, 76% yield; '"H NMR (400 MHz, CDCl3) d: 6.90 (d, J = 7.6 Hz, 1H), 6.68 —
6.62 (m, 2H), 5.84 (dt, J=9.9, 3.7 Hz, 1H), 4.78 (dd, J = 3.7, 1.7 Hz, 2H), 2.29 (s,
3H), 2.18 (s, 3H). *C NMR (100 MHz, CDCl;) d: 152.4, 131.6, 130.1, 122.8, 122.4,

122.3,121.4,120.7, 64.8, 18.3, 15.5.

6-methyl-2H-thiochromene (31)

12



y 0.52 g, 71% yield; 'H NMR (400 MHz, CDCl3) &: 7.10 (d, J = 7.9 Hz, 1H),
e X

w[:ji;j 6.91 (ddd, J = 7.8, 1.8, 0.5 Hz, 1H), 6.87 (s, 1H), 6.44 (dt, J= 10.1, 1.6 Hz,
1H), 5.94 (dt, J = 10.1, 5.1 Hz, 1H), 3.42 (dd, J = 5.1, 1.6 Hz, 2H), 2.28 (s, 3H). 3C NMR (100

MHz, CDCl3) 6: 135.37, 132.15, 129.40, 128.93, 128.78, 128.13, 127.05, 121.98, 25.32, 20.99.

5. The Characterization Data for products

Methyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-

1(2H)-carboxylate (2a)

Bpin 49.7 mg, 75% yield; *H NMR (CDCls, 600 MHz) ¢: 7.74 (d, J = 8.2Hz, 1 H),
N 7.17-7.10 (m, 1 H), 7.07 (dd, J = 7.6, 1.7Hz, 1 H), 6.96 (td, J = 7.4, 1.2Hz, 1
CooMe

H), 4.00 (ddd, J = 12.9, 5.7, 0.91Hz, 1 H), 3.79 (s, 3 H), 3.72-3.62 (m, 1 H),

3.06 (qd,J=7.1,3.9Hz, 1 H), 1.57 (ddd, J=12.2,5.7,40Hz, 1 H), 1.23 (d, J= 1.4 Hz, 12 H), 1.20

(d, J=7.1Hz, 3H). ®C NMR (CDCls, 100 MHz) 6: 155.6, 136.8, 136.3, 127.2, 126.2, 123.6, 123.2,

83.6, 52.8, 43.3, 33.6, 25.1, 24.9, 24.8, 18.7. TOF-HRMS Calcd. for CigH26BNOs [M+H"]:

332.2031, found 332.2028. 99.9% ee, dr > 99:1. [a]p*° = 2.8 (c= 1.0, CH,Cl.). Enantiomeric excess

of the corresponding hydroxyl compound obtained by oxidation with NaBOs in THF/H20 (1:1);

HPLC condition: Lux 5u Amylose-1 (250 < 4.60 mm), ipa : hex = 10:90, 1.0 mL/min, 254 nm; ta

= 19.5 min (minor), ts = 20.6 min (major).

Methyl 4,6-dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-

1(2H)-carboxylate (2b)
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47.0 mg, 68% yield; 'H NMR (CDCl;, 600 MHz) ¢: 7.61 (d, J = 8.5 Hz,
Bpin
1 H), 6.94 (dd, /= 8.4, 1.8 Hz, 1 H), 6.88 (d, /= 1.9 Hz, 1 H), 3.99 (ddd,
\
COOMe =129, 5.6,0.8 Hz, 1 H),3.78 (s, 3 H), 3.63 (d, J= 12.7 Hz, 1 H), 3.02
(qd, J=17.1,4.0 Hz, 1 H), 2.26 (s, 3 H), 1.59-1.52 (2 H, m), 1.23 (s, 12 H), 1.18 (d, /= 7.2 Hz, 3
H). 3C NMR (CDCls, 100 MHz) d: 155.6, 136.1, 134.3, 132.6, 127.8, 126.8, 123.5, 83.6, 54.8, 52.8,
43.1, 33.5, 25.1, 25.0, 24.8, 20.8, 18.9. TOF-HRMS Calcd. for C19H2sBNO4 [M+H*]: 346.2188,
found 346.2190. 99.9% ee, dr > 99:1. [a]p*° = 4.0 (c= 1.0, CH2Cl,). Enantiomeric excess of the
corresponding hydroxyl compound obtained by oxidation with NaBO3; in THF/H,O (1:1); HPLC
condition: Lux 5u Amylose-1 (250 % 4.60 mm), ipa : hex = 10:90, 1.0 mL/min, 254 nm; ta = 10.1
min (major), tg = 11.4 min (minor).
Methyl  4,7-dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-
1(2H)-carboxylate (2c)
Bpin 51.1 mg, 74% yield; *H NMR (CDCls, 400 MHz) §: 7.60 (s, 1 H), 6.96

N (d, J=7.7 Hz, 1 H), 6.81-6.74 (m, 1 H), 4.00 (ddd, J = 13.0, 5.6, 0.8 Hz,

|
COOMe
1 H),3.79 (s, 3 H), 3.64 (t, J = 12.7 Hz, 1 H), 3.04 (qd, J = 7.1, 4.1 Hz, 1

H), 2.29 (s, 3 H), 1.56 (dd, J=11.9, 5.4 Hz, 1 H), 1.23 (d, J = 2.21 Hz, 12 H), 1.17 (d, J = 7.1 Hz,
3 H). 13C NMR (CDCls, 100 MHz) é: 155.6, 136.7, 135.7, 133.3, 127.2, 124.0, 123.9, 83.6, 52.8,
43.1, 33.1, 25.0, 24.8, 21.5, 19.0. TOF-HRMS Calcd. for C19H28BNO4 [M+H*]: 346.2188, found
346.2190. 99% ee, dr > 99:1. [a]p® = 3.6 (c= 1.0, CH:Cl;). Enantiomeric excess of the
corresponding hydroxyl compound obtained by oxidation with NaBOs in THF/H,O (1:1); SFC
condition: Lux 5u Cellulose-1 (250 %<4.60 mm), MeOH : CO; = 10:90, 3.0 mL/min, 254 nm; ta =
3.4 min (minor), ts = 3.7 min (major).
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Methyl 6-methoxy-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-
dihydroquinoline-1(2H)-carboxylate (2d)

56.4 mg, 78% yield; *H NMR (CDCls, 400 MHz) J: 7.63 (d, J = 7.7
MeO Bpin

Hz,1H),6.70 (1H, dd, J=9.0,3.0Hz), 6.63 (L H, d, J=3.0 Hz), 3.96

\

COOMe (1 H, ddd, J =12.9, 5.8, 0.7 Hz), 3.76 (6 H, d, J = 7.6 Hz), 3.70-3.62
(1H,m),3.02(1H,qd, J=7.1,4.0Hz),1.56 (ddd, J=12.1,5.8,4.0 Hz, 1 H), 1.23 (5, 12 H), 1.19
(d, J=7.1 Hz, 3H). 3C NMR (CDCls, 100 MHz) §: 155.6, 130.1, 124.7, 112.4, 111.4, 83.6, 55.5,
52.8, 43.2, 33.9, 25.0, 24.8, 18.6. TOF-HRMS Calcd. for C1H2sBNOs [M+H*]: 362.2137, found
362.2140. 99.9% ee, dr > 99:1. [a]p®® = 4.3 (c= 1.0, CH.Cl,). Enantiomeric excess of the
corresponding hydroxyl compound obtained by oxidation with NaBOs in THF/H,O (1:1); SFC
condition: Lux 5u Cellulose-1 (250 x<4.60 mm), MeOH : CO; = 10:90, 3.0 mL/min, 254 nm; ta =
6.7 min (minor), ts = 8.3 min (major).

Methyl 6-bromo-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-
dihydroquinoline-1(2H)-carboxylate (2e)
57.4 mg, 70% yield; *H NMR (CDCls, 400 MHz) §: 7.68 (d, J = 8.7 Hz,
Br Bpin
1H), 7.25-7.21 (m, 1 H), 7.19 (d, J = 2.3 Hz, 1 H), 3.97 (ddd, J = 13.0,
\
COOMe 5.7, 0.8 Hz, 1 H), 3.79 (s, 3 H), 3.69-3.61 (m, 1 H), 3.00 (1 H, td, J =
7.1, 4.1 Hz), 1.54 (dg, J = 9.6, 3.9, 2.8 Hz, 1 H), 1.22 (s, 12 H), 1.18 (s, 3 H). 3C NMR (CDCls,
150 MHz) §: 155.4, 138.3, 136.0, 129.8, 129.1, 125.1, 115.9, 100.0, 83.7, 52.9, 43.4, 33.5, 24.9,
24.8, 18.5. TOF-HRMS Calcd. for C1gH2sBBrNO,s [M+H*]: 410.1136, found 410.1139. 88% ee,
dr > 99:1. [a]o®® = 9.8 (c= 1.0, CHCl,). Enantiomeric excess of the corresponding hydroxyl

compound obtained by oxidation with NaBOs in THF/HO (1:1); HPLC condition: Lux 5u
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Amylose-1 (250 x4.60 mm), ipa : hex = 10:90, 1.0 mL/min, 254 nm; ta = 11.1 min (major), tg =
13.9 min (minor).
Methyl 7-bromo-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-
dihydroquinoline-1(2H)-carboxylate (2f)
57.4 mg, 70% yield; *H NMR (CDClIs, 600 MHz) §: 8.02 (s, 1 H), 7.08 (dd,
Bpin
J=8.1,20Hz 1H),6.93(d,J=8.1Hz, 1H),3.98 (dd, J = 13.0, 5.6 Hz,

Br N

|
COOMe 1 1), 3.81 (s, 3 H), 3.64 (t, J = 12.6 Hz, 1 H), 3.02 (m, 1 H), 1.56-1.50 (m,

1H),1.23(d, J=2.6 Hz, 12 H), 1.17 (d, J = 7.1 Hz, 3 H). *C NMR (CDCls, 150 MHz) ¢: 155.3,
138.1,134.8,128.5,126.1, 125.9, 119.4, 83.7, 53.0, 43.2, 33.2, 24.9, 24.8, 18.6. TOF-HRMS Calcd.
for C1gH25BBrNO4 [M+H*]: 410.1136, found 410.1138. 96% ee, dr > 99:1. [a]p*® = -10.6 (c= 1.0,
CH.Cly). Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with
NaBO3 in THF/H20 (1:1); HPLC condition: Lux 5u Amylose-1 (250 %<4.60 mm), ipa : hex = 10:90,
1.0 mL/min, 254 nm; ta = 4.9 min (minor), ts = 5.6 min (major).
Isopropyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-
1(2H)-carboxylate (29)

51.0 mg, 71% yield; *H NMR (CDCls, 400 MHz) §: 7.73 (d, J = 8.2 Hz,

Bpin

1 H), 7.16-7.03 (m, 2 H), 6.95 (td, J = 7.4, 1.2 Hz, 1 H), 5.04 (hept, J =
N

|
COOCH(CHs)2 g5 1z, 1 H), 4.00 (ddd, J = 12.9, 5.7, 0.9 Hz, 1 H), 3.63 (dd, J = 12.8,

12.3 Hz, 1 H), 3.05 (qd, J = 7.1, 4.0 Hz, 1 H), 1.56 (qd, J = 5.9, 4.0 Hz, 1 H), 1.30 (dd, J = 6.2, 3.1
Hz, 6 H), 1.23-1.22 (12 H, m), 1.20 (d, J = 7.1 Hz, 3 H). ¥C NMR (CDCls, 100 MHz) &: 154.8,
137.1, 136.3, 127.1, 126.0, 123.8, 122.9, 83.6, 69.3, 43.1, 33.6, 25.0, 24.8, 22.2, 18.7. TOF-HRMS
Calcd. for CoH30BNO4 [M+H*]: 360.2344, found 360.2341. 98% ee, dr > 99:1. [a]p** = 3.9 (c= 1.0,
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CH.Cly). Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with
NaBO3z in THF/H20 (1:1); SFC condition: Lux 5u Cellulose-1 (250 % 4.60 mm), MeOH : CO; =
10:90, 3.0 mL/min, 254 nm; ta = 2.8 min (minor), ts = 3.0 min (major).
Isobutyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-
1(2H)-carboxylate (2h)

56.7 mg, 76% yield; *H NMR (CDCls, 400 MHz) 6: 7.73 (d, J = 8.3

Bpin

N Hz, 1 H), 7.17-7.03 (2 H, m), 6.96 (td, J 7.4, 1.2 Hz, 1 H), 4.04 (ddd,

|
COOCH,CH(CHs),
J=129,5.6,0.9 Hz, 1 H), 4.00-3.95 (2 H, m), 3.66 (dd, J = 12.9,

12.1 Hz, 1 H), 3.06 (qd, J=7.1, 4.1 Hz, 1 H), 2.00 (hept, J = 6.7 Hz, 1 H), 1.58 (ddd, J = 12.0, 5.5,
4.1 Hz, 1 H), 1.22 (s, 12 H), 1.20 (s, 3 H), 0.96 (d, J = 6.7 Hz, 6 H). *3C NMR (CDCls, 100 MHz)
0: 155.3, 137.0, 136.2, 127.2, 126.0, 123.9, 123.1, 100.0, 83.6, 43.2, 33.5, 28.1, 25.0, 24.8, 19.3,
18.9. TOF-HRMS Calcd. for C21Hz:BNO4 [M+H*]: 374.1498, found 374.2501. 98% ee, dr > 99:1.
[a]o®® = -3.0 (c= 1.0, CH.Cl,). Enantiomeric excess of the corresponding hydroxyl compound
obtained by oxidation with NaBOs in THF/H20 (1:1); SFC condition: Lux 5u Cellulose-1 (250 x
4.60 mm), MeOH : CO; = 10:90, 3.0 mL/min, 254 nm; ta = 3.0 min (minor), ts = 3.3 min (major).
Phenyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-1(2H)-
carboxylate (2i)

56.6 mg, 72% yield; *H NMR (CDCls, 400 MHz) 6: 7.87 (d, J = 8.1 Hz, 1 H),

Bpin

7.40-7.35 (m, 2 H), 7.24-7.16 (m, 4 H), 7.16-7.10 (m, 2 H), 7.01 (td, J = 7.4,
N

|
COOPh 1 5 Hz, 1 H), 4.19 (dd, J = 13.0, 5.5 Hz, 1 H), 3.93-3.80 (m, 1 H), 3.14 (qd, J

=7.2,41Hz, 1H), 1.68 (ddd, J = 12.1,5.7, 4.0 Hz, 1 H), 1.28 (d, J = 7.1 Hz, 3 H), 1.24 (s, 12 H).
13C NMR (CDCls, 100 MHz) 8: 153.5, 151.4, 136.5, 129.4, 127.3, 126.4, 125.5, 123.7, 121.9, 100.0,
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83.7, 83.6, 43.9, 33.6, 25.1, 25.0, 24.8, 18.8. TOF-HRMS Calcd. for C23H2sBNO4 [M+H*]:
394.2188, found 394.2190. 99.9% ee, dr > 99:1. [a]p%° = 10.4 (c= 1.0, CH2Cl). Enantiomeric excess
of the corresponding hydroxyl compound obtained by oxidation with NaBOsz in THF/H20 (1:1);
SFC condition: Lux 5u Cellulose-1 (250 %4.60 mm), MeOH : CO, = 10:90, 3.0 mL/min, 254 nm;
ta = 9.4 min (major), tg = 10.2 min (minor).
Benzyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-1(2H)-
carboxylate (2j)

57.0 mg, 70% yield; *H NMR (CDCls, 600 MHz) 6: 7.75 (d, J = 5.5 Hz, 1 H),

Bpin

7.42-7.39 (m, 2 H), 7.35 (td, J = 6.6, 6.1, 1.5 Hz, 2 H), 7.32-7.29 (m, 1 H),

\

COOBnN 7.12 (ddd, J=8.5,7.5, 1.6 Hz, 1 H), 7.08 (dd, J = 7.6, 1.5 Hz, 1 H), 6.97 (td,
J=7.4,11Hz, 1H),5.30-5.20 (m, 2 H), 4.10-4.03 (m, 1 H), 3.75-3.67 (m, 1 H), 3.07 (qd, J = 7.1,
4.1 Hz, 1 H), 1.61-1.56 (m, 1 H), 1.22 (d, J = 2.2 Hz, 12 H,), 1.20 (s, 3 H). *C NMR (CDCls, 150
MHz) ¢: 155.0, 136.8, 136.8, 136.6, 128.6, 128.0, 127.9, 127.2, 126.2, 83.6, 67.3, 43.5, 33.5, 29.8,
25.0, 24.8, 18.8. TOF-HRMS Calcd. for C24H30BNO4 [M+H*]: 408.2345, found 408.2342. 99.9%
ee, dr > 99:1. [a]p® = 4.6 (c= 1.0, CH.Cl,). Enantiomeric excess of the corresponding hydroxyl
compound obtained by oxidation with NaBO3z in THF/H20 (1:1); SFC condition: Lux 5u Cellulose-
1 (250 % 4.60 mm), MeOH : CO; = 10:90, 3.0 mL/min, 254 nm; ta = 11.3 min (minor), ts = 13.9

min (major).

1-(4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinolin-1(2H)-

yDethanone (2k)
Bpin 29.4 mg, 78% yield; "H NMR (CDCls, 600 MHz) d: 7.27-7.22 (1 H, m), 7.17-
'Tl 7.12 (m, 2 H), 7.07-7.05 (m, 1 H), 3.89-3.84 (m, 2 H), 3.04 (qd, /= 7.2, 4.0
Ac
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Hz, 1 H), 2.24 (s,3 H), 1.57 (s, 3 H), 1.21 (s, 1 H), 1.19 (d, J = 3.6 Hz, 12H)."3C NMR (CDCls, 150
MHz) J: 170.6, 126.7, 126.1, 124.9, 124.7, 83.6, 34.1, 29.4, 24.9, 24.8, 23.7. TOF-HRMS Calcd.
for CigH26BNO4 [M+H"]: 316.2082, found 316.2080. 99% ee, dr > 99:1. [a]p** = 10.3 (c= 1.0,
CH:Cl,). Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with
NaBOs3 in THF/H,O (1:1); SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm), MeOH : CO; =

10:90, 3.0 mL/min, 254 nm; ta = 5.08 min (minor), tg = 5.37 min (major).

methyl 4-ethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-1(2H)-
carboxylate (21)

Colorless oil, 21.8 mg, 54%. '"H NMR (CDCls, 400 MHz) § 7.72 (d, J = 8.1

Bpin
Hz, 1H), 7.19 — 7.14 (m, 1H), 7.03 — 7.00 (m, 1H), 6.96 (t, /= 7.4 Hz, 1H),

(N:OOMe 3.84 —3.76 (m, SH), 2.77 — 2.72 (m, 1H), 1.58 — 1.47 (m, 3H), 1.25 (s, 12H),
0.91 (t, J = 7.3 Hz, 3H). 3C NMR (CDCls, 101 MHz) § 155.7, 136.5, 135.7, 127.8, 126.2, 123.9,
122.6, 83.5, 52.6, 44.1, 41.6, 24.8, 24.6, 23.9, 12.8. TOF-HRMS Calcd. for C1oH2BNO4 [M+H*]:
346.2188, found 346.2190. 80% ee, dr > 99:1. [a]p*? = 31.5 (c= 1.0, CH2Cl). Enantiomeric excess
of the corresponding hydroxyl compound obtained by oxidation with NaBO3 in THF/H,O (1:1);
HPLC condition: Lux 5u Cellulose-1 (250 x 4.60 mm), ipa : hex = 5:95, 1.0 mL/min, 254 nm; ta =
21.5 min (major), tg = 23.4 min (minor).
methyl 4-benzyl-3-hydroxy-3,4-dihydroquinoline-1(2H)-carboxylate (2m)
Ph Colorless oil. *H NMR (CDCls, 600 MHz) & 7.67 (d, J = 8.2 Hz, 1H), 7.31 —

OH
7.30 (m, 2H), 7.25 — 7.24 (m, 4H), 7.21 (d, J = 7.6 Hz, 1H), 7.10 (td, J = 7.5,

N
Loome 1.2 Hz, 1H), 4.08 (s, 1H), 3.79 — 3.74 (m, 4H), 3.23 - 3.19 (m, 1H), 3.07 ~
3.02 (m, 2H), 1.54 — 1.47 (m, 1H). 3C NMR (CDCls, 101 MHz) § 155.6, 139.5, 137.2, 130.1, 129.2,

128.5, 127.3, 126.9, 126.3, 124.4, 123.9, 66.4, 53.1, 51.4, 44.0, 34.2. TOF-HRMS Calcd. for
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C18H20NO3 [M+H*]: 298.1438, found 298.1439. 89% ee, dr > 99:1. [a]p® = -41.1 (c= 1.0, CH.Cly).
HPLC condition: Lux 5u Amylose-2 (250 <4.60 mm), CO, : MeOH = 94:6, 3.0 mL/min, 210 nm;
ta = 9.7 min (minor), tz = 10.2 min (major).
4,4,5,5-tetramethyl-2-(4-methylchroman-3-yl)-1,3,2-dioxaborolane (4a)

60 mg, 73 % yield; '"H NMR (CDCls, 600 MHz) d: 7.07 — 7.03 (m, 2H), 6.81

Bpin

(td, J=7.5,0.8 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H), 4.34 — 4.30 (ddd, J =11.8,

3.7,0.9 Hz, 1H), 4.18 —4.13 (m, 1H), 3.10 - 3.05 (m, 1H), 1.78 (dt, J=12.5,
4.2 Hz, 1H), 1.27 (dd, J= 6.9 Hz, 3H), 1.26(s, 12H). 3C NMR (CDCl;, 150 MHz) 6: 152.97, 128.38,
127.97, 126.28, 118.90, 115.92, 82.69, 62.40, 29.02, 24.18, 23.89, 21.00. TOF-HRMS Calcd. for
C16H24BO3 [M+H"]: 275.1816, found 275.1810. 99% ee, dr > 99:1; [a]p?® = - 49.9 (¢ = 1, CH2CL);
Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with NaBO3
in THF/H>O (1:1); SFC condition: Lux 5u Cellulose-4 (250 x 4.60 mm), MeOH : CO, = 10:90, 3.0
mL/min, 230 nm; ta = 2.9 min (major), tg = 3.3 min (minor).
2-(4,8-dimethylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4b)

54 mg, 62 % yield; "H NMR (CDCls, 400 MHz) 6: 6.91 (dd, J=11.5, 7.5 Hz,

Bpin

2H), 6.71 (t, J= 7.4 Hz, 1H), 4.37 (ddd, J=11.4, 3.7, 1.2 Hz, 1H), 4.15 (dd,

J=12.4,11.6 Hz, 1H), 3.11 — 3.02 (m, 1 H), 2.16 (s, 3H), 1.76 (dt, J = 12.5,
4.1Hz, 1H), 1.26 (d, J=7.1Hz, 3H), 1.26(s, 12H). *C NMR (CDCls, 100 MHz) ¢: 151.95, 128.23,
128.17,126.93, 125.64, 118.96, 83.40, 63.29, 30.01, 25.09, 24.77, 22.05, 16.24. TOF-HRMS Calcd.
for C17H26BO3; [M+H']: 289.1973, found 289.1972. 99.9% ee, dr > 99:1; [a]p® = - 42.4 (¢ = 1,
CH,Cl,); Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with

NaBO; in THF/H,O (1:1); SFC condition: Lux 5u Cellulose-4 (250 x 4.60 mm), MeOH : CO, =
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10:90, 3.0 mL/min, 230 nm; ta = 3.1 min (major), tg = 3.4 min (minor).
2-(8-isopropyl-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4c)
48 mg, 64 % yield; 'H NMR (CDCls, 400 MHz) d: 7.01 (dd, J=7.5, 1.7 Hz,
Bpin
1H), 6.90 (dd, /= 7.7, 1.5 Hz, 1H), 6.79 (t, /= 7.5 Hz, 1H), 4.38 (ddd, J =
11.4,3.7, 1.3 Hz, 1H), 4.14 (dd, J = 12.4, 11.4 Hz, 1H), 3.25 (dt, J = 13.8,
6.9 Hz, 1H), 3.12 - 3.04 (m, 1H), 1.77 (dt,J=12.4, 4.0 Hz 1H), 1.28 (d, /= 7.1 Hz, 3H), 1.26 (s,
12H), 1.19(dd, J=8.1, 6.9 Hz, 6H).1*C NMR (CDCl3, 100 MHz) : 151.56, 136.49, 128.43, 126.98,
123.72, 119.40, 83.64, 77.53, 77.21, 76.89, 63.41, 30.37, 26.85, 25.20, 24.93, 22.86, 22.21. TOF-
HRMS Caled. for C19H20BO3 [M+H™]: 316.2106, found 316.2100. 99.9% ee, dr > 99:1; [a]p® = -
29 (¢ = 0.3, CH2Cl,); Enantiomeric excess of the corresponding hydroxyl compound obtained by
oxidation with NaBO3 in THF/H,O (1:1); SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm),
MeOH: CO; =10:90, 3 mL/min, 230 nm; ta = 2.6 min (major), tg = 2.8 min (minor).
2-(8-(tert-butyl)-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4d)
48 mg, 72 % yield; 'H NMR (CDCls, 400 MHz) d: 7.09 (dd, J = 7.7, 1.7 Hz,
Bpin
1H), 6.94 (ddd, J=17.5, 1.7, 0.5 Hz, 1H), 6.76 (t,J = 7.6 Hz, 1H), 4.41 (ddd,
J=11.3,3.7,1.4Hz, 1H),4.14 (dd, J=12.4,11.3 Hz, 1H), 3.10 (m, 1H), 1.81
—1.74 (m, 1H), 1.36 (s, 9H), 1.30 (d, J = 6.9 Hz, 3H), 1.27 (s, 12 H). 3C NMR (CDCl3, 100 MHz)
0:153.33,137.78, 129.02, 127.67, 124.29, 118.91, 83.33, 62.62, 34.96, 30.43, 29.78, 25.08, 24.83,
22.24. TOF-HRMS Calcd. for C20H3,BO3 [M+H"]: 331.2443, found 331.2444. 99.9% ee, dr > 99:1;
[a]p?® = -52.5 (¢ = 0.5, CH,Cl,); Enantiomeric excess of the corresponding hydroxyl compound
obtained by oxidation with NaBOj3 in THF/H,O (1:1); HPLC condition: Lux 5u Amylose-1 (250 x

4.60 mm), ipa : hex =3: 97, 1 mL/min, 254 nm; tao = 7.8 min (minor), tg = 8.2 min (major).
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2-(8-methoxy-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4¢)
59 mg, 65 % yield; *H NMR (CDCls, 400 MHz) §: 6.76 (dd, J = 8.2, 7.3 Hz,
Bpin
1H), 6.70 — 6.65 (m, , 2H), 4.45 (ddd, J = 11.5, 3.8, 1.3 Hz, 1H), 4.19 (dd, J =
(6]

OMe 12.7,11.5 Hz, 1H), 3.85 (s, 3H), 3.11 - 3.03 (m, 1H), 1.79 (dt, J = 12.7, 4.1 Hz,
1H), 1.26 (d, J = 7.1Hz, 3H), 1.26(s, 12H). *C NMR (CDCls, 100 MHz) 6: 148.36, 143.51, 129.53,
121.39, 119.11, 108.75, 83.62, 63.65, 55.86, 29.78, 25.06, 24.83, 21.87. TOF-HRMS Calcd. for
C17H26BO4 [M+H"]: 305.1922, found 305.1926. 99% ee, dr > 99:1; [a]p? = -25.0 (c = 0.5, CH.Cly);
Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with NaBO3
in THF/H20 (1:1); SFC condition: Lux 5u Cellulose-1 (250 % 4.60 mm), MeOH: CO; =10:90, 3
mL/min, 210 nm; ta = 5.3 min (minor), ts = 5.9 min (major).
4,4,5,5-tetramethyl-2-(4-methyl-8-phenylchroman-3-yl)-1,3,2-dioxaborolane (4f)

85 mg, 81 % yield; 'H NMR (CDCls, 400 MHz) d: 7.52 (dt, J = 8.1, 1.7 Hz,

Bpin

2H), 7.40 — 7.35 (m, 2H), 7.29 (dt, J =4.4, 1.7 Hz, 1H), 7.11 (dd, ] = 7.5, 1.7

Ph Hz, 1H), 7.05 (dd, ] = 7.7, 1.9 Hz, 1H), 6.88 (t, J = 7.5 Hz, 1H), 4.34 (ddd, J
=11.5,3.7, 1.3 Hz, 1H), 4.14 (dd, J = 12.3, 11.6 Hz, 1H), 3.19 — 3.10 (m, 1H), 1.84 — 1.77 (m, 1H),
1.32 (d, J = 7.1 Hz, 3H), 1.26 (s, 12H). 3C NMR (CDCls, 100 MHz) J: 148.36, 129.52, 121.39,
119.11, 108.75, 83.62, 77.29, 63.65, 55.86, 29.78, 25.06, 24.83, 21.87. TOF-HRMS Calcd. for
C2H2sBOs [M+H]: 351.2130, found 351.2129. 99% ee, dr > 99:1; [a]p® = -48.6 (¢ = 1, CH,Cl,);
Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with NaBO3

in THF/H,O (1:1); SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm), MeOH: CO, =10:90, 3

mL/min, 230 nm; ta = 5.9 min (minor), tg = 7.4 min (major).
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2-(8-chloro-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4g)
55 mg, 59% yield; 'H NMR (CDCls, 400 MHz) d: 7.14 (dd, J = 7.9, 1.4 Hz,
Bpin
1H), 6.96 — 6.92 (m, 1H), 6.73 (t, J= 7.8 Hz, 1H), 4.48 (dd, J=11.5, 3.8 Hz,
Cl 1H), 4.2 (t, J=12.1 Hz ,1H), 3.13 — 3.05 (m, 1H), 1.77 (dt, /= 12.5, 4.1 Hz,
1H), 1.26 (d, J= 7.1 Hz, 3H), 1.26 (s, 12H).3C NMR (CDCls, 100 MHz)J: 149.88, 130.57, 127.83,
127.71, 121.38, 119.84, 83.73, 64.22, 30.15, 25.06, 24.78, 21.73. TOF-HRMS Calcd. for
Ci6H23BClO; [M+H]: 309.1426, found 309.1420. 90% ee, dr > 99:1; [a]p? =-36.6 (¢ = 1, CH2Cl);
Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation with NaBO3
in THF/H,O (1:1); SFC condition: Lux 5u Cellulose-4 (250 x 4.60 mm), MeOH: CO, =10:90, 3
mL/min, 230 nm; ta = 4.1 min (major), tg = 5.5 min (minor).
2-(6-bromo-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4h)
59 mg, 56% yield; 'H NMR (CDCl3, 400 MHz) d: 7.13 (dd, J=5.1, 1.5
Br Bpin
Hz, 2H), 6.66 — 6.63 (m, 1H), 4.31 (ddd, /=7.7, 2.4, 0.7 Hz, 1H), 4.15
—4.09 (m, 1H), 3.06 — 3.00 (m, 1H), 1.73 (dt, J= 8.2, 2.8 Hz, 1H), 1.25
(d,J=5.1Hz, 3H), 1.25 (s, 12H). 3C NMR (CDCl;, 100 MHz) §: 153.33, 131.75, 130.94, 130.07,
118.69, 111.70, 83.72, 63.54, 29.94, 25.03, 24.79, 21.66. TOF-HRMS Calcd. for CisH23:BBrO3
[M+H"]: 353.0921, found 353.0918. 84% ee, dr > 99:1; [a]p* = -8.2 (¢ = 1, CH2Cl,); Enantiomeric
excess of the corresponding hydroxyl compound obtained by oxidation with NaBO3 in THF/H,O

(1:1); SFC condition: Lux 5u Cellulose-1 (250 x 4.60 mm), MeOH: CO; =10:90, 3 mL/min, 230

nm; ta = 4.0 min (major), tg = 4.4 min (minor).
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2-(7-bromo-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4i)

White soild, 43.1 mg, 61%. 'H NMR (CDCls, 600 MHz) § 7.15 — 7.13 (m,
Bpin

. o 2H), 6.67 — 6.65 (m, 1H), 4.32 (ddd, J=11.4, 3.7, 1.3 Hz, 1H), 4.13 (dd, J =
12.5, 11.5 Hz, 1H), 3.07 — 3.02 (m, 1H), 1.74 (dt, J = 12.5, 4.2 Hz, 1H), 1.26 (d, J = 6.7 Hz, 15H). 3C
NMR (CDCls, 151 MHz) 6 153.2, 131.7, 130.8, 130.0, 118.6, 111.6, 83.6, 63.4, 29.8, 24.9, 24.7, 21.6.
TOF-HRMS Calcd. for CisH23BBrO3; [M+H*]: 354.0918, found 354.0919. 99.9% ee, dr > 99:1.
[a]p® = -31.8 (¢ = 1.0, CH2Cl,). Enantiomeric excess of the corresponding hydroxyl compound
obtained by oxidation with NaBOs in THF/H,O (1:1).
4,4,5,5-tetramethyl-2-(4,6,8-trimethylchroman-3-yl)-1,3,2-dioxaborolane (4j)

61 mg, 68 % yield; 'H NMR (CDCls, 400 MHz) ¢: 6.77 — 6.67 (dd, J =

Bpin

24.0, 1.6 Hz, 2H), 4.35 (ddd, J=11.4, 3.7, 1.3 Hz, 1H), 4.12 (dd, J=12.5,

11.4 Hz, 1H), 3.07 - 2.98 (m, 1H), 2.17 (d, J=31.0 Hz, 3H), 1.78 — 1.71
(m, 1H), 1.26 (d, J = 5.7 Hz, 3H), 1.26 (s, 12H). *C NMR (CDCls, 100 MHz) 6: 150.10, 129.20,
128.04, 127.90, 127.22, 125.60, 83.51, 63.23, 29.99, 25.08, 24.76, 22.07, 20.52, 16.10. TOF-HRMS
Calcd. for C13H23BOs [M+H"]: 303.2129, found 303.2132. 99.9% ee, dr > 99:1; [a]p® = -64.6 (¢ =
1, CH,Cly); Enantiomeric excess of the corresponding hydroxyl compound obtained by oxidation
with NaBO3 in THF/H>O (1:1); SFC condition: Lux 5u Cellulose-4 (250 x 4.60 mm), MeOH: CO,
=10:90, 3 mL/min, 230 nm; ts = 3.2 min (major), tg = 3.5 min (minor).
4,4,5,5-tetramethyl-2-(4,5,8-trimethylchroman-3-yl)-1,3,2-dioxaborolane (4k)

82 mg, 68% yield; "H NMR (CDCls, 600 MHz) J: 6.86 (d, J = 7.5 Hz, 1H),
Bpin
6.59 (d,J=7.5Hz,1H),4.40 (ddd, J=11.4, 3.9, 1.4 Hz, 1H), 4.23 (dd, J =

13.1, 11.5 Hz, 1H), 3.19 — 3.13 (m, 1H), 2.27 (s, 3H), 2.14 (s, 3H), 1.70 (dt, J

=13.1,4.1 Hz, 1H), 1.29 (s, 12H), 1.21 (d, J= 7.0 Hz, 3H). 3C NMR (CDCL, 150 MHz) 6: 151.94,
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133.83, 127.90, 126.47, 123.51, 120.93, 83.57, 77.32, 77.11, 76.90, 62.59, 27.26, 25.10, 24.78,
19.27, 18.38, 16.26. TOF-HRMS Calcd. for Ci3H2sBO3; [M+H*]: 303.2129, found 303.2131. 99%
ee, dr > 99:1; [a]p? = -51.3 (¢ = 1, CH2Cly); Enantiomeric excess of the corresponding hydroxyl
compound obtained by oxidation with NaBOj3 in THF/H»O (1:1); SFC condition: Lux 5u Amylose-
1 (250 x 4.60 mm), MeOH: CO; =10:90, 3 mL/min, 230 nm; tao = 3.0 min (major), tg = 3.2 min
(minor).
2-(4,6-dimethylthiochroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (41)

50 mg, 55% yield; '"H NMR (CDCls, 400 MHz) J: 6.98 —6.93 (dd, J = 8 4,

Bpin

0.6 Hz, 1H), 6.85 (d, J = 6.9 Hz, 2H), 3.26 — 3.18 (td, J = 13.5, 1.0 Hz,

1H), 3.14 (qd, J= 7.1, 3.0 Hz, 1H), 3.00 (dd, J = 12.6, 3.7 Hz, 1H), 2.23
(s, 3H), 1.62 — 1.55 (m, 1H), 1.25 (d, J = 1.1 Hz, 12H), 1.16 (dd, J = 7.1, 1.0 Hz, 3H). 3C NMR
(CDCl3, 100 MHz) d: 139.35, 133.10, 130.12, 128.32, 127.34, 126.32, 83.70, 77.41, 77.09, 76.77,
33.99, 25.00, 24.77, 23.66, 20.89, 19.81. TOF-HRMS Calcd. for Ci7H26BO,S [M+H*]: 305.1744,
found 305.1741. 99.9% ee, dr > 99:1; [a]p® = -25.9 (¢ = 1, CH,Cl,); Enantiomeric excess of the
corresponding hydroxyl compound obtained by oxidation with NaBO; in THF/H,O (1:1); SFC
condition: Lux 5u Amylose-2 (250 x 4.60 mm), MeOH: CO, =10:90, 3 mL/min, 254 nm; tao = 2.9
min (major), tg = 3.1 min (minor).
4-methyl-8-phenylchroman-3-ol (5)

48 mg, 92 % yield; "H NMR (600 MHz, CDCIl3) d: 7.54 — 7.49 (m, 2H), 7.42

OH
—7.36 (m, 2H), 7.35 — 7.29 (m, 1H), 7.19 (dd, J = 15.5, 8.2 Hz, 2H), 6.9 (t, J

*

Ph =7.6 Hz, 1H), 4.21 (dd, J=11.1, 4.8 Hz, 1H), 4.14 — 4.05 (m, 2H), 3.18 (q, J

=9.4, 8.1 Hz, 1H), 1.78 (s, 1H), 1.44 (d, J = 7.1 Hz, 3H).13C NMR (150 MHz, CDCls) 6:150.30,
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138.49, 129.96, 129.67, 129.31, 128.18, 128.06, 127.06, 125.59, 121.58, 69.03, 66.98, 35.45,
16.11.TOF-HRMS Calcd. for Ci6H1602 [M+H"]: 263.1042, found 263.1041. 99.5% ee, dr > 99:1;
[a]p? = -20.1 (c = 1, CH,Cl,); SFC condition:Lux 5u Cellulose-1 (250 x 4.60 mm), MeOH:CO>
=10:90, 3 mL/min, 230 nm; ts = 4.0 min (major), ts = 4.4 min (minor).
3-(furan-2-yl)-4-methyl-8-phenylchromane (6)

O\ 22mg, 62 % yield; 'H NMR (600 MHz, CDCy) d: 7.54 (d, J = 7.1 Hz,

2H), 7.43 — 7.34 (m, 3H), 7.34 — 7.29 (m, 1H), 7.16 (dd, J=22.7, 7.5 Hz,

Ph 2H), 6.96 (m, 1H), 6.33 (d, J= 3.3 Hz, 1H), 6.03 (d, J= 3.4 Hz, 1H), 4.42
(dd, J=9.9, 3.8 Hz, 1H), 4.30 (m, 1H), 3.52 (dt, /= 10.2, 4.5 Hz, 1H), 3.37 (m, 1H), 1.13 (d, J =
6.9 Hz, 3H).2*C NMR (150 MHz, CDCI3) d: 153.62, 150.60, 141.44, 138.68, 130.06, 129.66, 129.12,
128.91, 128.03, 127.49, 126.96, 120.41, 110.16, 105.80, 63.79, 36.62, 33.58, 19.10.TOF-HRMS
Calcd. for C2H 30> [M+H"]: 291.1384, found 291.1382. 99.5% ee, dr > 99:1; [a]p®® = -14.2 (¢ =
0.5, CH2Cl,); SFC condition:Lux Su Cellulose-1 (250 x 4.60 mm), MeOH:CO, =5:95, 3 mL/min,

230 nm; ta = 6.2 min (minor), tg = 7.7 min (major).
7-bromo-4-methylchroman-3-ol (7)

White soild, 41.3 mg, 85%. 'H NMR (CDCls, 600 MHz) § 7.26 — 7.25 (m,
OH

. o 1H), 7.18 (d, J = 8.7 Hz, 1H), 6.69 (d, J = 8.7 Hz, 1H), 4.20 — 4.17 (m,
1H), 4.06 (d, J= 11.3 Hz, 1H), 4.01 (s, 1H), 3.06 — 3.02 (m, 1H), 1.97 — 1.93 (m, 1H), 1.36 (d, J=
7.0 Hz, 3H). 3C NMR (CDCls, 151 MHz,) § 152.4, 131.2, 130.5, 127.1, 118.2, 113.2, 69.0, 66.4,
34.3, 15.5. TOF-HRMS Calcd. for C1oH;BrO, [M+H*]: 243.0015, found 243.0018. 99.9% ee, dr >

99:1. [a]p*® = 36.2 (¢ = 1.0, CH>Cly). HPLC condition: Lux 5u Amylose-1 (250 x 4.60 mm), ipa :

hex =10:90, 1.0 mL/min, 254 nm; ta = 8.2 min (minor), tg = 11.3 min (major).

26



7-bromo-4-methylchroman-3-yl methanesulfonate (8)

White soild, 57.3 mg, 89%.'"H NMR (CDCls, 600 MHz) & 7.27 (dd, J =
OMs

5 o 2.4, 1.1 Hz, 1H), 7.24 (ddd, J = 8.6, 2.5, 0.8 Hz, 1H), 6.73 (d, J = 8.7
Hz, 1H), 5.08 (td, J = 4.5, 1.8 Hz, 1H), 4.47 (dd, J = 12.1, 4.6 Hz, 1H), 4.19 (dt, J = 12.1, 1.5 Hz,
1H), 3.30 — 3.26 (m, 1H), 3.07 (s, 3H), 1.44 (d, J = 7.0 Hz, 3H). 3C NMR (CDCls, 101 MHz) §
152.1, 131.0, 130.6, 125.5, 1183, 113.4, 74.8, 66.2, 38.8, 33.1, 15.9. TOF-HRMS Calcd. for
C11H14BrO4S [M+H']: 320.9791, found 320.9795. 99% ee, dr > 99:1. [a]p** = 1.34 (¢ = 1.0, CH,CL).

HPLC condition: Lux 5u Amylose-1 (250 x 4.60 mm), ipa : hex = 7:93, 1.0 mL/min, 210 nm; tp =

20.2 min (minor), tg = 25.0 min (major).
7-bromo-4-methylchroman-3-yl 4-methylbenzenesulfonate (9)

White soild, 60.2 mg, 75%. 'H NMR (CDCls, 600 MHz) & 7.82 — 7.80

OTs
(m, 2H), 7.35 (dt, J= 7.6, 0.8 Hz, 2H), 7.20 — 7.18 (m, 2H), 6.67 — 6.66

B o)

r (m, 1H), 4.88 (ddd, J=5.7, 4.6, 2.4 Hz, 1H), 4.23 (dd, J= 11.7, 5.7 Hz,
1H), 4.06 (ddd, J=11.7, 2.3, 1.2 Hz, 1H), 3.14 (dddd, J= 7.5, 6.5, 5.5, 4.1 Hz, 1H), 2.46 (s, 3H),
1.27 (d,J= 7.0 Hz, 3H). *C NMR (CDCL, 151 MHz) § 152.1, 145.2, 133.6, 130.9, 130.8, 130.0, 127.8,
125.8, 118.3, 113.2, 753, 65.3, 33.2, 21.7, 16.0. TOF-HRMS Calcd. for Ci7H;sBrOsS [M+H']:
397.0104, found 397.0105. 97% ee, dr > 99:1. [a]p® = 39.3 (¢ = 1.0, CH,Cl,). HPLC condition:

Lux 5u Amylose-1 (250 x 4.60 mm), ipa : hex = 10:90, 1.0 mL/min, 210 nm; to = 13.5 min (minor),

tg = 16.8 min (major).

6. X-ray Crystallography

Single-crystal X-ray diffraction measurements were carried out on a Rigaku Saturn

CCD diffractometer at 100(2) K using graphite monochromated Cu Ka radiation (4 =
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1.54184 A). An empirical absorption correction was applied using the SADABS
program.” All structures were solved by direct methods and refined by full-matrix least
squares on F2 using the SHELXL program package.® All the hydrogen atoms were
geometrically fixed using the riding model. The crystal data and experimental data for
1b, 2a and 2p are summarized in Table S1.

Crystal parameters

Table S1. Crystal Data and Experimental Parameters for Compounds 2i and 4j

Compound 2i 4j
Formula Ca3H2sBNOy4 C1sH27NBO3
Fw 393.27 302.2

crystal system

orthorhombic

orthorhombic

space group P21212¢ P21212;

a (A 9.566(2) 7.331(2)

b (A) 12.058(3) 13.344(3)
c(A) 18.415(4) 17.277(4)

a (deg) 90 90

S (deg) 90 90

v (deg) 90 90

VvV (A3 2124.16(8) 1690.05(7)

Z 4 4

Dcaic (g/cm?) 1.230 1.188
w(Mo/Kat)care (cm™?) 0.662 0.613

size (mm) 0.20 x0.20 x<0.20 0.25 %0.21 x0.15
F(000) 840 656

26range (deg) 8.77 to 151.55 8.37 to 144.15
no. of reflns, collected 13039 6016

no of obsd refins 4240 3222

no of variables 297 206

abscorr (Tmax, Tmin) 1.00, 0.76 1.00, 0.94

R 0.044 0.038

Rw 0.11 0.098
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Rail 0.045 0.039

Absolute structure parameter -0.02(7) -0.04(9)
Gof 1.053 1.06
CCDC 2174322 2174323
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8. NMR spectra of all compounds.

Methyl quinoline-1(2H)-carboxylate (1a)
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Methyl 6-methylquinoline-1(2H)-carboxylate (1b)
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Methyl 7-methylquinoline-1(2H)-carboxylate (1c)
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Methyl 6-methoxyquinoline-1(2H)-carboxylate (1d)
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Methyl 6-bromoquinoline-1(2H)-carboxylate (1e)
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Methyl 7-bromoquinoline-1(2H)-carboxylate (1f)
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Isopropyl quinoline-1(2H)-carboxylate (1g)
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isobutyl quinoline-1(2H)-carboxylate (1h)
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phenyl quinoline-1(2H)-carboxylate (1i)
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benzyl quinoline-1(2H)-carboxylate (1j)

959’y
LOLE
L9y
S0ty
S062°S
ELBE'S
LLBE'S
E0LD'9
91LZ0'9
DZED'D
EEDS9
£L25°9
G0ES'9
Lo80°L
ELB0L
LBE0L
o01L°2
gaoL’L
[4:4 A )
9LZL’L
9602°L
0LLE'L
BreT’L
SOEE°L
69EZ°L
95¢Z "L
9EsT’L
B6SST°L
BEYE'L
£BveE’L
60SE"L
BBSE’L

ppm

0.0

35 30 25 20 15 1.0 05

4.0

H

-

5.0

i

|

6.5
o
(=]
=

|

o)
r‘q
-

-
-]
=

=)
=

|

8.0

8.5

SLvr—

TEEl—
ShLL
LILL
BOBL

SZrEL
SOGED
j= 1T )
G69Z1
BrLZl
Z0geL -5

a5azl
SOEE)
9L BEL
G621
EE9E)

06°9E1
rorsL—

0 ppm

iy
e »LN]
CO0Bn
40 30 20 10

50

60

110 100 80 &0 7O
39

120

180 170 160 150 140 130




1-(quinolin-1(2H)-yl)ethanone (1k)
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2H-chromene (3a)
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8-methyl-2H-chromene (3b)
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8-isopropyl-2H-chromene (3¢)

SOLI' T~
€611

8791°¢
1081°¢
LO1'E
LrlTe—
0TET'E
£6¥T'E
999T°¢

PevLy
OLY LY
1ZSLY
99SL'Y

£90L°S
wILS
EVTL'S
90EL’S

96EL'S
88565
THLEY
86579

LISLY
6L8L°9
790897

1610°L
€Yeo'L
89¢0°L

Tro'L

=$79

Fer

=81'C

20l

=001

FOI'T
=L0°1

3.0 25 2.0 1.5 1.0 0.5 0.0

35
ppm

7.0 6.5 6.0 55 5.0 4.5 4.0

7.5

9TT—
0L9C—

LTS9—

€L9L
ce.ﬁh/
8CLL

PO'ITI
SLITI
[€eCi—
[{Aabes
f

9IS 1—

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

43



8-(tert-butyl)-2H-chromene (3d)
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8-methoxy-2H-chromene (3e)
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8-phenyl-2H-chromene (3f)

LEOL'Y
8oL
ST08t
1L08Y

96L°S
1S08°¢S
IrI8's
90Z8'¢
\

9678’

sBERS
Yi8t'9
£205°9

L0969
9969
9r6tL
S$S6E°L
6vIFL
1EEY'L
L9CS'L
S6CS°L
[LPSL
S0SS°L

P6£6'9
whmo,cw

Ph

00T

F96'0

45 40 35 30 25 20 15 10 05 00
ppm

8.0 75 7.0 6.5 6.0 5.5 5.0

8.5

rs9—

§99L
wa.chw
6T °LL

STz
8072
P6TT
64T
mm.mN_M

S69T1—
S,R_.g\\.

805 1—

Ph

N .

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

46



8-chloro-2H-chromene (3g)
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6-bromo-2H-chromene (3h)
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7-bromo-2H-chromene (3i)
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6, 8-dimethyl-2H-chromene (3j)
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5, 8-dimethyl-2H-chromene (3k)
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6-methyl-2H-thiochromene (31)
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methyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-1(2H)-
carboxylate (2a)
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1(2H)-carboxylate (2b)
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4,7-dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-

Methyl

1(2H)-carboxylate (2¢)
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6-methoxy-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-

Methyl

dihydroquinoline-1(2H)-carboxylate (2d)
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methyl 6-bromo-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-
dihydroquinoline-1(2H)-carboxylate (2¢)
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7-bromo-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-

methyl

dihydroquinoline-1(2H)-carboxylate (2f)
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4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-

1(2H)-carboxylate (2g)
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4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-

Isobutyl

1(2H)-carboxylate (2h)
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Phenyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-1(2 H)-

carboxylate (2i)
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Benzyl 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-1(2H)-

carboxylate (2j)
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1-(4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinolin-1(2H)-

yDethanone (2k)
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4-ethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroquinoline-1(2H)-

carboxylate (21)
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methyl 4-benzyl-3-hydroxy-3,4-dihydroquinoline-1(2H)-carboxylate (2m)
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4,4,5,5-tetramethyl-2-(4-methylchroman-3-yl)-1,3,2-dioxaborolane (4a)
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2-(4,8-dimethylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4b)
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2-(8-isopropyl-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4¢)
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2-(8-(tert-butyl)-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4d)
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2-(8-methoxy-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4e)
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4,4,5,5-tetramethyl-2-(4-methyl-8-phenylchroman-3-yl)-1,3,2-dioxaborolane (4f)
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2-(8-chloro-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4g)
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2-(6-bromo-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4h)
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2-(7-bromo-4-methylchroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4i)
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4,4,5,5-tetramethyl-2-(4,6,8-trimethylchroman-3-yl)-1,3,2-dioxaborolane (4j)

LOST I~

0ty
9TrL'l
mmmn._w
8TOL'1

QIEN T~
l60TT—

§886°C
mmoc.mW
[ardis
m@mc.m\
cvwc.m

F160t
6611Y
9TCly
TSty
£6TEY
PlEety
SREET
9IvE Y
8LSET
609t
0L9EY
W0LEY

66899
8 m%.wW
66¥L9

J
5]
£
a
m
—
O
¢
=]
F e
L
m%mm/ o
8500°€ -
N_NQ.TVN“A 1071 =
£960°€ \ =
0FS0'E Lo
! =
L=
on
=}
L2
=
L = &
o>
=
S
<t
I
=T
-t
<
o
<
o 3
=t

=9L°¢1

E 001

F w9

F 1ot

F oor
g0l

F o0g

0.0

0.5

1.0

1.5

2.0

25

3.0

5.0

5.5

6.0

7.0

1.5

f1 (ppm)

0191~
60T
L0°TT~
LLYT7
sosz/
6667

£€CE9—

LLOL
mc.hnw
OF'LL
1€7€8—

09°¢T1

NN.E%
5.5%
PO'8TI \

0Tecl

01081 —

Bpin

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

f1 (ppm)

75



4,4,5,5-tetramethyl-2-(4,5,8-trimethylchroman-3-yl)-1,3,2-dioxaborolane (4k)
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2-(4,6-dimethylthiochroman-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (41)
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4-methyl-8-phenylchroman-3-ol (5)
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3-(furan-2-yl)-4-methyl-8-phenylchromane (6)
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7-bromo-4-methylchroman-3-ol (7)
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7-bromo-4-methylchroman-3-yl methanesulfonate (8)
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7-bromo-4-methylchroman-3-yl 4-methylbenzenesulfonate (9)
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9. SFC and HPLC spectra of all compounds

Addisional Info : Peak(s] manually integrated

VWD A, Wavelengin=-258 i [HONASR- 10-BRATZA9.0]

I
| | rac
i N
50+ | |
|||| COOMe
. i
1]
[ |
=] L 2 .
P g §
oo & 5
| 1) \ s
4 ! e————— \‘—|—-i\"—| — ammm—
e e e e e e
Peak RetTims Typs Width Lrea Height Lrea
$ [min] [min] [mEU*s] [mAT] %
-l [ === | ————————= e I
1 19.490 BV 0.4522 T7096.04688 246.94789 46.0173
2 20.612 VB 0.4808 7141.5%033 232.202%4 46.31Z2¢
3 25.650 BB 0.5767 €0Z.8€1lZ1 16.03176 3.9085
4 27.927 BB 0.6071 579.89319 14.80042 2.7606
Totals : 1.54204=4 509.98301
Additional Info : Peak(s) manually integrated
VWO A, Wavelength=254 nm [HSNHSN- 1245000007 D)
mAl 4 E
4 e
500 |
] i , Bpin
500 -| || *
- | )
400
] | | COOMe
] 2a
300 | |
200 | |
] I
1 [
100 [
1 |
| |
II I'.
0] I L .
14 15 13 A oy 2 % & ) ]
Peak REetTims Typs Width Lrea Height Lrea
£ [min] [min] mAEUY 5] mAT] %
i R R | = - R
1 21.7&7 BB 0.5013 1.943%23=4 €15.735%%3 100.0000
Totals 1.34323=4 €15.735953

83



Additicnal Info

Pezak(s) manually inte

grated

mAL

25004

2000
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500

o

VWDT A, Wavelength=254 nm (HSNS 0Z-0704A000120.0)

8 3
i :
I i

i [min] [min [mARU*s] mAU] %
—_——— | ———— | —_—_———— | _——_————_——_—_— | —_——_——_—————— | __________________
1 10.132 VB 0.3170 5.32458=4 2723.98438 45.9623
2 11.354 BB 0.3570 5.55028=4 25059.89%9307 51.0
Totals 1.08745%=32 5233.87744
Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=254 nm (HENS 02-0704A000125.0)
mAL ]
1 . Bpin
1 *
00
1 g N
1 e |
] \ COOMe
J |
600 ] || | 2b
. I
_ A
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| [
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J J |
1 | 5
4 II I'.
o — i LS —
3 g 1b 2 14 i
Peak BetTime Type Widch Rr=a Height Erea
- [min] [min] [mAT#*s] [m&IT] &
- |- | === === | === | === m e | = m - |
1 10.408 VB 0.2668 1.11151e4 £55 44045 00 . 0000

1.1115]1e4
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BAdditicnal Info : Peak(s) manually i rated
MWO1 B. Sig=254.4 Ref=off [HGNQ016-12-2517-20-04HGN-1323RAC O]
mAL
#00 -]
1 Bpin
500 §
] 3 rac N
] 1 |
o0 | | COOMe
300 H‘ |||
0] ‘ | | ||
100 | | II
] ||
] Lo
1 L]
3 o \-\L—’I e —_ — —
2 25 1 35 i 45 5 5. el
FPeak RetTims Typs Width Lrea Height Lr=a
bid [min] [min mAU*s] mAT] %
e | === |- | == === |
1 3.409 BB 0.0641 1%6€7.26648 467.291325 49.6653
2 3.7l vB R 0.0708 19%53.78064 431.1€6%3 50.3347
Totals 3961.04712 8968.45828
nal Info : Peak(s) m
MWD B Sig=254.3 Ref=of (A5
mAIJ:
s00 ] .
] 8 Bpin
] - *
700 rl
: | N
B0 COOMe
1 | 2c
500 |
400 ‘ |
300 ‘ |
200 |
] | I
] |
100 | |
] g ||
] = [
ok Y — T S
T T T T e T T
2 25 3 as 4 45 5 55 mir]
Peak RetTime Type Width Lrea Height Lrea
¥ [min] [min [MAU*3] mAT] %
=== e |- |- - |
1 3.403 W R 0.03537 10.5855594 2.59779 0.3205
2 3.706 VB R 0.0734 32407.813%6 7T17.38831 99.67585
Totals 3418.76€9590 7T19.%8¢09
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Additional Info : Peak(s) manually

integrated
WIWDT B, Sig=254 4 Ref=of (HSNC0TE-11-05 18- 22 J5ASH-T3-6ARAC D]
mAL ]
1 MeO Bpin
1000 2
4 o rac
i ﬁ N
00 ] I . COOMe
] ‘l =
] Il
800 | |||
] i I
40 | | n
] | | |
|
] | |
1 i
200 | | | ﬁ
1 | | |
] | .
] [ [
) ) ) \
[ [ | — [ My - ——— - —
S e R A
5 5 7 H 10 11 enie
Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] maU+* 5] mAalr] %
- |- e |- |- [
1 €.738 VW R 0.l1l41l¢ B8583.16952 939.13159 495.35430
2 8.322 wWw R 0 B1l7 8741.52637 TJOT7.00177 50.4570
Totals 1.73247=4 led4g.1333¢

hdditicnal Imfo :

Peak(s) manually i .
WD B, 5ig=25%.3 Refoff (HGNQ016-01-0515-37-51FGN- 13-06.0)
mAL ]
1 MeO Bpin
500 1 * T
| N
] COOMe
] 2d
; 5
300 i
] ﬂ
i I
] f |
200 | | |
] N
] | |
100 |
] [ 1
b | I|I
] |
0 . r
L L [ S By S S I B B B R B S S S S B R S R R R
5 7 [ g 10 11 -
FPeak EetTims Type Width Lrea Height Lre=a
i [min] [min] [mAT*s] [m&TT] %
- |- e |- |- [
1 8.387 vwWW R 0.1688 3248.86035 289.86234 100.0000
Totals
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Lhdditi

onal Info Peakis) manually integrated

VWD A, Wavelength=254 nm (HSM\SO02-0704A000124.00)

L
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Rdditi

Lrea
i [min] [MAU*s] mET]

1 11 28
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« oL
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onal Info Peak(s) manually

VWO A, Wavelengin=254 nm [HSNIS0Z-07 (4ATO0 1 22.0)
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Additional Info : Peak(s) manually i

W1 B, Sig=254 4 Rereolf (SN0 15-12. 35 15-55- [6FGN-T280:35 D)
mAL ]
] Bpin
800 rac
] ErE Br N
] | g COOMe
600 f i
i | ||
_ | |
400 ‘ || | |
] | |
_ | |
200 ‘ | ||
i | | |I
|
: || |II Il IIII
P P IK_T N .
‘I1 Cl é :_ miry
Peak REetTims Typs Width Lrea Height Lrea
i [min] [min] [MAU*s] mATT] %
- |- | === === | === | ——=——————— | == |
1 4.871 vw R 0.09%20 41¢1.81787 €88.53725 45.8915
2 2.600 BV R 0.1077 4179.%1504 59%5.77081 30.1085
Totals 8341 _.73251 1288.3081
Additional Info : Peak(s) manually i
MWOT B. Sig=254.4 Ref=off [HSN2016-01-0722-
mAl ]
140 .
1 . Bpin
4 *
120
] Br l}l
100 2f COOMe
a0
] 3
. =
B0 A
] |'|
- ||
] {
7 [
] |
] || |
20 [ |
] [
T ——— — S "‘\- —
u_
-—r——— 77—
3 4 5 [:] T miry
Peak RetTime Typs Width Lrea Height Lrea
i [min] [mimn] [mAT*s] [mATr] %
e e R == R e Ea
1 5.634 VYW R 0.1034 4lec.e£4581 57.%36le 100.0000
Totals 416.64581 57.936l6
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hdditional Info : Peak(s) manually ir

MWD B. Sig=254 4 Ref=off (HSNW2018-12-251

89

mAL ]
1 Bpin
250-] rac
] N 'Tl
— E é COOCH(CH3),
] i i
] I I
] [ [
150 | |
] ' [
] A |
1 |
] [ [
1004 | | |
i | | |
1 | II [
] [ |
50 - |
1 A I| | II
7 |\ 4 i
4 | A I| |
N — N, \w -
T T T T T T T T T T T T T T T T T T T T T T T
2 22 24 25 25 a 3z 34 i
Peak RetTims Typs Lrea Height Lrea
¥ [min] mAU* 5] malT] %
_—— e —_———-- . | __________ | __________________
1 2.81% 6593.16724 0.583224 45.4%5%31
2 3.011 T07.36676 2.031%5 50.50&9
Totals 1400.52400 284.€151%
Additional Info : Peak(s) manually integrated
WWOT B, 5ig=254 4 Ref=off (HGNZ01E-12.2718-T84THSN-13610)
maL 7]
) g
Bpin 5
71 |
800 * |I II
] N |
|
o0 29 COOCH(CH3), || |
{
[
] | |
400 |
|
| |
1 m
2004 [
| |
II
|II I
i B /
T " A " a2 T T
RetTime Type Width Lrea Height Lrea
hid [min] [min] [mAU*=] B TT ] %
——————— R e T e e a——
1 2.993 VB 0.06le 3372.90039% B8€2.293858 100.0000
s 3372.90039 BE2.29388



Additicnal Info :

Peak(s) manually integrated

MWDT B, Sig=254 4 Ref=of (HSNIZ01E-12-2810-51-57HSN-13-68r30 1]
mAL ]
] &
) .
7 |
4001 ||| 3 Bpin
] | | ﬁ rac
] | | I 'Tl
1 |
00 | | Il | COOCH,CH(CHs,),
200 | | [
] | | [
100 ! f ||
] | [
] I
Il ! | |
1 Y
il B N | "\1_/' . ——
T .
Peak RetTims Types Width Lrea Height Lrea
b3 [min] [mim] mAT* 5] maT] %
-— - e i | === |-————————= | === |
1 3.021 BV 0.0759 2034.07231 423.0¢145 50.00321
2 3.349 VB 0.0861 2053.82007 374.08072 45.996%
Totals 4107.89258 03.14221
Bdditional Info : Peak(s) manually in rated
MWD B, Sig=254 # Ref=of [HGN2015-12-27 13-2240HSH- 12620
mAL ]
1 g
1 o Bpin
600 - || *
T |
4 || 'Tl
600 ‘ | COOCH,CH(CH3),
1 | 2h
400 ‘ ||
| | |
200 [
| |
|
| D
1 o (.
e e e e s ——
25 3 a8 4 45 i
Peak RetTime Typs Width Lrea Height Lrea
i [min] [min] malU*s] mAaT] %
il R e | === | === | ===
1 3.332 VB R 0.0666 3618.7761l2 B29.£%9%46 100.0000
Totals 361B8.77612 BZ9.£9946
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Rdditional Info :

Peak(s) manually integrated

WWD1 B. Sig=254 & Ref=of [HSNZ01E-12-2517-304+THSN-1325RAC D)
mAL -
500 py
i b -
- L4 =
; |
- A .
400 ‘| |'I Bpin
] | || rac
] ol N
300
] | | COOPh
200 | ‘ ||
] | |
] ' |
100 ‘ |I | ||
: | 1 | E
J | Y II \
1/ S ) \_'.u'_\-h'_
. . . " . ; : : . . . . : . : : :
B 3 10 12 e
Peak RetTims Typs Width Lrea Height Lrea
bid [min] [min [mRU+*s] mATlr] %
-—— |- e |——————— |-—————— == |
1 5.412 vwWw R 0.1877 5B05.60254 46l1.68948 495.5270
2 10.241 vwWw R 0.201% 5B22.57666 426.09579 50.0730
Totals 1.16282=4 887.78528
RAdditional Info : Peak(s) manually integrated
WWD1 B, Sig=254.3 Ref=of [HSN2018-12-2518-05-57HSN-13.56.0]
mAL ]
200 .
| Bpin
7 *
s 3 N
wut ? |
i ff COOPHh
] I 2i
100 | |
. |
] |
. |
50 | |
) | ||
) o
- Iu
0 f—m— ——— = ee——————— _l-"I _\.,_ — e S S
. . . . . ; . . . : . . . : . . .
B 8 10 12 mirg
FPeak RetTims Typs Width Lrea Height Lre=a
t [min] [min mAU*g] mAlT] %
e e | -————————— R a a——
1 9.484 VW R 0.174% 1e68.71838 141.13%56 100.0000
Totals leg8.71838 141.13%5¢
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Additional Info :

Feakis) manually

MWD1 B, Sig=254 4 Ref=off [HSN2012-02-1915-03-D0HSN-14-10.0)
mAL ]
. Bpin
250+ p
] rac
1 N
200 g |
1 = COO0OBn
4 ! (=}
- | 5:
150 | 2
1 |
‘ I
] | f
100 ‘ | | |
] {
s0] | | | |I
] [ | | |I
|
1 II | || '.t
0] N af LS — — S
T T T T T T T T T T T T T T
8 8 10 12 14 16 1a i
Peak RetTims Typs Width Lrea Height Lrea
# [min] [min [mARU*s] mA&TT] %
- |- e | == il B |
1 11.278 vwW R 0.2023 253¢.7038& 172.53%2Z2 45_.3008
2 2.%910 vwW R 0.21%¢ ZeODB.e&eleZz 142,82713 50.6552
Totals 3145.36548 321.36636
Rdditicnal Info : Peak(s) manually =grated
WWOT B, Sig=254# ReF-off [HGN20Te-02-T015- 2696 HSN-15-0.0)
maL ]
] S Bpin
80+ *
1 N
50| |
] - . COO0Bn
] # 2j
404 ﬁ
] I
an ] ||
2 |
] | |
10 | ||
] [
1 | |
F R S N —
T 77 T — T T T T 71T T
8 & 10 12 14 16 1 i
Peak RetTims Typs Width Lrea Height Lrea
4 [min] [min] mAU*s] maTT] %
St | == == | === e R
1 13.9%¢5 vw R (0.2102 €85.51874 38.8738¢ 100.0000
Totals 685.51874 38.8738¢
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Bdditional Imnfo : Peak(s) manually integrated

WO B. Sig=254 & Ref=of [HSN@015-10-1200-15-4HS N-13-3RAC D)
mAL ]
] Bpin
40_' rac
] N
] 8 OéL\
30
] S g
] (I
] || |'
20 | “
° i
] | | Il |
R | || | I| A
o NN ]
1y L L T T T L T T T L— T T L T T T
3 < L] [i] T ] mir|
Peak RetTimes Type Width Lrea Height Lrea
¥ [min] [min] [mAUT*s] malr] %
e B e | —===mmm- e |
1 2.083 vwWw R 0.03%20 1g0.8324¢ 27.20071 50.
2 5.370 VW R 0.08%10 158.&5140 25.343509 49.6587
Totals 319.4838¢ 52.54580
Additiconal Info : Peakl(s) manually i grated

MWD1 B. Sig=254.4 Ref=off [HSN2012-01-1522-01-ZZH5N-14-1.D)

800 |

2k

800 ‘
400 ‘
200 | |
] g | |
| g/ |
0 A |\fl l't.
— e
2 4 5 8 7 £ min
Peak RetTime Type Width Lrea Height Lrea
i [min] [min] [MAU*s5] mAaU] %
-— - e | === |- === |
1 2.035 BV E 0.0754 44 _7324¢ T7.408595 0.6396
2 2.2%98 vwWw R 0.l06¢& £54B.835594 1031.88%77 595.3604
Totals £993.56839 1039.23872
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Additional Info

: Peak(s) manually integrated

VWD1 A, Wavelength=254 nm (WXX\WXX-6-77000982.D)
mAU A 8 =
] ] 5
600 I f\
] I I
N
500 . [
- OH A
] rac | ||
4007 [ i
] N .
0] COOMe .
] -
e | | | |
200 [ [
| ]
0 1 / \\4/“‘ \;,_'_,,,/_' ~—_

10 o {2 o 1h o 1% o 18 2b 25 54 ‘ 2% is ‘mm
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* s3] [MAU] %
| |~ |~ R ——— R R — |

1 21.355 BV 0.5764 2.41219e4 656.84271 49.0314
2 23.187 VB 0.6418 2.50749e4 607.23981 50.9686
Totals 4.91968e4 1264.08252
Additiconal Info : Peak(s) manually integrated
VWD1 A, Wavelength=254 nm (WXX\WXX-6-76000983.D)
mAU { 8
] i
| i
400 I
] A
\
] ~_OH ||
3007_ * |‘\|
N |
] COOMe R
200 | ‘
] N
| |
100+ | | o
| R
] ﬁ \ f\
0 B / NN
{0 15 1& 1% 1% ﬁ ﬁ - ﬁ—l ‘ % ﬁ min
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAU*3] [mAU] %
Il B e e | === | ===
1 21.465 BV 0.5662 1.6790324 465.,059%23 90.2056
2 23.36% VB 0.6013 1823.11743 47.02520 5.7944
Totals 1.8613%e4 512.08344
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Rdditional Info : Peak(s) manually integrated

MWD1 C, Sig=210,4 Ref=off (HSN\2019-01-1209-11-35HSN-13-71RAC.D)
mAU 7|
800 +
Ph

600 OH

] rac

| N
00 COOMe 5 g

] 3 B
200 | I‘\ I

04— T /\‘ T ——
2 4 6 8 min|
Peak RetTime Type Width Area

# [min] [min] [MAU*s]

1 9.431 BV 0.2258 5100.64453 324.57666 49.8497
2 10.005 vww R 0.2411 5131.39355 294.10269 50.1503

Totals : 1.02320e4 618.67935

Additional Info : Peak(s) manually integrated

MWD C, Sig=210,4 Ref=off (HSN\2019-01-1816-20-04HSN-14-6-2.2 D)
mAU ]
700
600
] Ph
500 | OH
400 «q
| N ]
300 COOMe ,"ﬂ"\
] | I‘ﬂ
200 B
1 I
|
100 -
| g
e SR S5 S S = S
2 4 6 8 10 mil
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %

e R | === - | = - R e |
1 9.661 BB 0.1609% 328.60541 24.36417 5.5535
2 10.2Z6 BB 0.2056 5588.53955 326.67313 94.4465

Totals : 5917.1485%¢ 351.03730
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Additional Info : Peak(s) manually integrated

MWDT D, Si0=230.4 Ref=0ff (SX\2019-07-1915-35-T05X1-65-RAC D)
mAU ]
175
150 .
Bpin
125 > rac
)
100 3
s
75
50
25
07 —T
T T T T T T T T T T
26 238 3 32 34 36 38 iy
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATT] b
———— | | ———— | ——————— | —————————— | —————————— | ———————— !
1 2.877 BB 0.0529 398.44870 118.019%1 53.0304

2 3.334 VW R 0.0628 352.91077 58.89848 46.9696

Totals : 751.35947 206.%91840

Additional Info : Peak(s) manually integrated

MWDT D, Sig=230,4 Ref=off (SX\2019-07-1915-49-525X1-65-G.0)
mAU ]
1600
1400 2
a Bpin
1200 *
1000 0
4a
800
600
400
200
2
0 : , : = .
—r+ I I T T T 1 ‘' ~ ‘' 1 ‘' " 1" ' T T T T
26 238 3 3.2 34 3.6 38 iy
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAT] %
-— - l-—— |- |- |- |
1 2.8861 VW R 0.0588 4787.90186 1305.30164 99.4283
2 3.339 W R 0.08608 27.52984 5.8581& 0.5717
Totals : 4815.43170 1311.1597%9
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hdditional Info :

Peak(s) manually integrated

MWD1 D, Sig=230,4 Ref=off (5X\2019-07-0610-01-455X-2-55-RAC.D)

mAll ]
1600

1400

Bpin
1200-: rac
] (0]
1000
800 5 :
600{
400—:
200-:
04 ‘ — :
" a6 28 3 32 34 ' 36 3z ]
Feak RetTime Type Width Lrea Height Lrea
s [mnin] [min] [maT*s] [mar] %
e | === e B —— B — |
1 3.114 BV B O0.0642 3167.259%56 7TB2.2764% 4B.g322
2 3.414 vwWw R 0.0727 3345_.45605 720.32324 51.3678
Totals : £512.75562 1502.559%73
Additional Info : Peak(s) manually integrated
Sig= = 07-0610-14-435X-255-G ]
mAU 7]
800 - . Bpin
600 = (0]
4b
400
200
0 . —
26 28 3 32 34 36 38 roir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAaU] %

] ST | === === | mmmmmmmm | ——mmmmmm e | -——==——- |
543.51385 100.0000

1 3.117 BV R

Totals

0.0636 2165.33716

2169.3371¢6
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Additional Info : Peak(s) manually integrated

MWDT D, 5ig=230,4 Ref=off (5X\2019-08-2110-37-445X2-0-1-2-RAC D)
mAU ]
2500+
Bpin
2000 rac
g z 0
N o
1500 -
1000
500 -
0
— 1 - - I - - 1 T T T 1 T T T I T T T 1T T T T
2 22 24 26 28 3 32 34 mid
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—-—— |- [ |- |- | ———————=
1 2.628 BV 0.0532 £5928.97363 1698.82886 49.5415
2 2.811 VB 0.0586 €038.72607 1595.83386 50.4585
Totals : 1.19677=4 3294 .66272
Additional Info : Peak(s) manually integrated
MWDT D, Sig=230,4 Ref=off (SX\2019-08-2116-33-20SX-2-0-12-G.D)
mAU ]
1600
1400
1200 . Bpin
1 *
1000
] 0]
800
] d 4c
600
4004
200
o
1 T T T T T T T
2 22 24 26 28 3 32 34 mi
FPeak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 2.647 VB R 0.0492 2007.78381 621.51477 100.0000

Totals : 2007.78381 ©21.51477
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Additional Info : Peak(s) manually integrated

VWDTA, Wavelength=254 nm (SX\5X-2-30-RAC0186.D)
mAU ]
] Bpin
rac
30 0
g N
~ o~
©
20
10
0_
7 72 14 76 18 8 82 84 86 88 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mAT] %
-—— |- e |- |- | ———————
1 7.741 BV 0.1867 3211.91870 26.24359 49,5333
2 8.227 VB 0.1964 317.7%9617 25.15459 50.46&67
Totals : 629.71487 51.39818
Additional Info : Peak(s) manually integrated
VWDT A, Wavelength=254 nm (SX\5X-2-30-G000185.D)
mAU ]
350
. Bpin
300 *
250 (@]
<
&
200 2
4d
150 -
1004
50
0_
7 12 74 16 18 3 82 Y 86 88 mil
Peak RetTime Type Width Area Height RArea
# [min] [min] [mAT*s] [mAT] %
e B e | —————————- | —————————- | ———————- |
1 8.244 BB 0.1764 2502.314%94 222.10522 100.0000
Totals : 2502.31494 222.10522
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Additional Info

1 Peak(s)

manually integrated

MWDT C, 5ig=210,4 Ref=0lf (5X\2010-06-2516-00-315%-2-37-RAC D)
mAU
1200~
1000~
3 Bpin
©° % rac
800 &
O
OMe
600
400
200
0,
T T T T
4 5 6 7 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mATU*=s] [mAT] %
e B | ———— | ——————- e D | ———————- |
1 5.341 BV R 0.1037 5754.85791 853.60388 49.8723
2 5.899 vww R 0.1138 5784.32568 777.74994 50.1277
Totals : 1.1539%92e4 1631.35382
Additional Info : Peak(s) manually integrated
MWDT C, Sig=210,4 Ref=off (SX2019-06-2578-14-14SX-2-37-G D)
mAU
1200 o
S
3]
10004 Bpin
*
800 (0]
OMe
600+ 4e
4004
2004
0 SRR
T I T T
4 5 6 7 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e B | |- | |
1 5.307 wv 0.0475 11.11751 2.85231 0.1293
2 5.882 vw R 0.1128 8587.05273 1097.82520 938.8707
Totals : 8598.17025 1100.67751
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Additional Info : Peak(s) manually integrated

MWD1 D, S1g=230,4 Ref=0ff (5X\2019-07-1517-21-185X2-66-RAC.D)
000
3500 Bpin
e rac
3000 e
@)
2500 5 Ph
2000
1500
1000
500 -]
0 ! :
T T T T T
4 5 6 7 8 9 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e B | === | —==———- | === | === B |
1 5.920 VwWW R 0.1102 2.38807e4 2866.53687 49.0752
2 T.374 VW R 0.1566 2.47808ed4 2408.00488 50.9248
Totals : 4.86615e4 5274.54175
Additional Info : Peak(s) manually integrated
MWD D, $ig=230,4 Ref=off (SX2019 07151735 515X 265G D)
mAU ]
2000 B p | n
g *
(@)
1500
Ph
4f
1000 |
500 -|
0 8
4 é é % é é miiry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e B | === | =—————- | ————m— - | ————mm - | ———————- |
1 5.956 vwW R 0.0820 42.49166 6.69762 0.2635

2 7.405 v R 0.1492 1.60848e4 1650.57251 99.7365

Totals : 1.61273=e4 1657.27013
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Additional Info : Peak(s) manually integrated

MWDT D, 5ig=230.4 Ref=off (3X\2019-07-1911-18-065X-2-69-1ac D)
mAU |
25004
] Bpin
2000_, rac
g o
] Cl
1500 4
[=2]
1 2
el
1000
500 4
0 L T
T T T T T T T
3.5 4 4.5 5 5.9 6 6.5 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [MATU*s ] [mATT] %
| |———— | ——————— | —————————— | —————————— | ———————— !
1 4.068 BV R 0.091e 9446.93262 1636.93909 48.7358
2 5.469 VW R 0.1239 9937.03223 1246.15002 51.2642
Totals : 1.932840e4 2883.08511
Additional Info : Peak(s) manually integrated
MWD1 D, 5ig=230,4 Ref=off (5X\2019-07-1911-33-585X-2-69-G.D)
mAU
16004
14004
12004 Bpln
*
1000+ (@)
. Cl
800+ @
2 49
600 |
400+
200
a3
@
0 ! T - T
T T T T T T T T T T
35 4 45 5 55 6 6.5 miiry
Peak RetTime Type Width Area Height Area
# [min] [min] [mMATU*s] [mATT ] k]
———— | ———— | ——————— | ———— | ————— | ———————— !
1 4,097 VV R 0.0826 3089.90381 TJ04.89227 94 .76063
2 5.539 VB R 0.0981 203.78479 29.31461 5.2337
Totals : 3893.68800 734.20688

102



Additional Info : Peak(s) manually integrated

MWD B, 5ig=254,4 Ref=off (5X\2019-07-1910-26-565%-3-1-RAC.D)
mAU ]
700
8007 Br Bpin
500 rac
O
5
400 2 =
-
-+
300
200
100
0
T T T T L L R S A
36 3.8 4 42 44 46 48 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAT*s] [mATT] %

e B | ———————————
1 3.972 BV R 0.0771 1916.52222
2 4,451 BV R 0.0876 1921.4%011

378.67670 49.9353
336.39191 50.0647

Totals : 3838.01233 715.0&860
Additional Info : Peak(s) manually integrated
MWD B, 5ig=254 4 Ref=oll (3X\2019-07-1910-41-425X-3-1-G.D)
mAU ]|
400+ Br s Bpin
*
] (0]
300
=]
1 g 4h
o
200
1004
[{=]
g
] <t
0
| L O L A | L L R L R
36 3.8 4 42 4.4 46 48 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [MmAU] %

1 3.988 VW R 0.0743 1248.28442
2 4.486 VW R 0.0768 108.1le6631

Totals : 1356.45074
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Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=254 nm (WXX\WXX-7-13001021.D)
mAU ]
175;
] OH
160 rac
125—2 Br (@]
100;
75—: ;
] i 3
25—5 ;" \'\ |
P e i/“‘ . 0000 J .\\,, ‘ .
AT T 1 11 PR 14 i
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU* 5] [MAU] %
e | === | | == | = |~ |
1 §.193 VvV 0.1950 951.6590¢ 75.52600 50.6427
2 11.784 BB 0.2884 927.50610 50.00571 49.3573
Totals 1879.16516 125.53171
Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=254 nm (WXXOWXX-7-18001036.D)
m»l‘\Uij
175—5
150—f
] OH -
125 T ‘;
100—2 Br O "‘ I"‘II
] B
] |
] | I|‘
50 |
: |
251 [
o4 o~ B o f"‘ \_ ]
5 5 7 8 5 10 NN i min
Peak RetTime Type Width Lrea Height Area
# [min] [min] (MAU*5] [mAT] %
- | —— - |————————— | == | ———————— I
1 11.2el VE 0.28380 2179.18311 117.691e8 100.0000
Totals 2179.18311 117.69168
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Additional Info : Peak(s) manually integrated

MWDT D, 510=230 4 Ref=0ff (5X\2019-07-1916-00-585X2-40-RAC. D)
mAU ]
350
300 .
Bpin
250 o rac
5 5 o)
=~
200 @
150
100
50
0 . : :
LA W S L e N L ) F L AU EL R R N R R L L
25 205 3 325 35 3.05 4 425 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAT*s] [mATT] %

e | ———=|——————= | —————————- | —————————- | ———————- !
1 3.152 VW R 0.08603 830.04777 214.200%97 50.0507
2 3.488 BV R 0.0877 828.96552 192.53253 49.9493

Totals = 1659.61328 406.73351

Additional Info : Peak(s) manually integrated

MWD1 D, Sig=230,4 Ref=0if (SX\2019-07-1916-14-555X-2-49-G D)
mAU ]
1200
e
© . Bpin
1000 *
O
800
4
600
400+
200
0 1
L e B o L A
25 275 3 325 35 3.75 4 425 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

1 3.146 VW R 0.0612 4207.89600 1073.86365 100.0000

Totals : 4207.8%9600 1073.86365
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Additional Info :

Peak(s) manually integrated

mAU ]

700+

600 —

500

400+

300+

200

100+

MWD1 D, Sig=230,4 Ref=off (5X\2019-06-1721-51-095X-2-38-RAC D)

Bpin
rac

2.969
3.222

24

26

28

A

3 3.2 3.4 mir|

2 22
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e |- |- ———— | ———————— |
1 2.969 BB 0.0528 491.87753 146.15196 46.7430
2 3.222 VB R 0.08786 560.42511 151.61177 53.2570
Totals : 1052.30264 297.76373
Additional Info : Peak(s) manually integrated
MWDOT D, Sig=230,4 Ref=off (SX2019 061720 19 055X 2 36-G D)
mAU ]
Bpin
2500 *
(@)
2000
4k
1500 -
1000 A
500 -
0 : - :
2 22 24 26 28 3 32 34 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
el e | —————————- | —————————- R
1 2.937 BV R 0.0540 3654.46167 1066.58069 99.7853
2 32.1%90 BV R 0.0471 7.86413 2.12698 0.2147
Totals : 3662.32580 1068.70766
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Additional Info : Peak(s) manually integrated
MWD1 B, Sig=254,4 Ref=off (5X\2019-07-2614-55-335X-3-6-RAC.D)

mAU ]
14004

1200;
] Bpin

1000—_ rac

8004

2.947
3.120

6004
4004

2004

—— T
2 2.25 25 275

3 3.25 35 3.75 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
———— | ——————— | ———— | ——————— | —————————- | —————————— | ———————- |
1 2.947 BV 0.0612 2894.19116 739.45544 50.0840

2 3.120 VW R 0.06&67 2884.47852 &77.697659% 49.9160

Totals : 5778.66968 1417.15314

Additional Info : Peak(s) manually integrated

MWDT B, Sig=254,4 Ref=0ff (SX\2019-072615-15-21SX-3.6-G.D)
mAU 4
2000
1750 . Bpin
g *
1500 -
S
1250
41
1000
750
500
250
3
0 & :
R A T A Y A R
Peak RetTime Type Width Area Height Area
# [min] [min] [MAT*s] [mAU] %
e | ———— | ——————— | —————————— | —— | ———————— !
1 2.544 VB 0.0277 4.7344¢86 2.61115 0.0741
2 3.104 BB 0.0679 ©386.38184 1478.07861 599.9259
Totals : ©£391.11630 1480.68976
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Additional Info : Peak(s) manually integrated

MWD1 D, Sig=230,4 Ref=off (SX\2019-07-1517-21-185SX-2-65-RAC.D)
mAU ]
4000 b
3500 OH
] g rac
3000 e O
n
|
] I 5 Ph
2500 ] | II ,-n_
] [l H
2000 ‘ |‘ ‘l ‘.I
] | |¥
i ‘ |
1500 | | ! \
|
] N [
1000 | " \ I‘.
] ! I‘. [
500 [ ‘I \
] [ |
| \ | \
o NN
T T e 8 0 min
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAU*S] [mAU] %

1 5.920 vwW R 0.1102 2.38807e4

2866.53687 49,0752

2 7.374 VW R 0.1566 2.47808=4 2408.004883 50.9248
Totals 4.866l15e4 5274.54175
Additional Info : Peak(s) manually integrated
MWD D, Sig=230 4 Ref=off (5X\2019-07-1517-35-515X-2-65-G.D)
mAU |
2000—_ ” OH
P *
1500—- "“I‘u‘ 0
] :1 Ph
] [ 5
1000 |
] |
[
] n
500 ‘l ‘.I
© ; k
o Lo J N\
4 “5 é } RI3 S‘] min|
Peak RetTims Type Width Lrea Height Area
# [min] [min] [MAU*s] [mAU] %
____l _______ I____| _______ | =T T 7=~ |I—— - -7 I—— - - |
1 5.%56 VWV B 0.0820 42.49166 ©.69762 0.2635
2 7.405 VW R 0.1452 1.60848e4 1650.57251 99.7365
Totals : 1.61273e4 1657.27013
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Additional Info : Peak(s) manually integrated
MWD1 B, Sig=254,4 Ref=off (3X\2020-10-1313-18-035X-5-58-RAC.D)

mAU?
70
eo—j 0o \
] N
50 rac
] @]
40
] Ph
30
20 g 8
ff\\ ~
[\ VA
10 A A
\ // \\\p
e e T
10 T T T T
5.5 6 6.5 7 7.5 8 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* s ] [mAU] %
R e Bl | === | ===~
1 6.237 BV 0.1165 144.47655 l6.61224 50.0855
2 1.723 VWV 0.1343 143.9834¢6 13.62382 49.9145
Totals : 288.46001 30.23606

Additional Info : Peak(s) manually integrated

MWD1 C, Sig=210,4 Ref=off (SX\2020-10-1313-32-095X-5-58-G.D)

mAU i
250 —-
200 ] -
150 ‘."‘I I"‘.,‘
100 — ‘|I
50 .‘I‘ \"\
- / N
0l — S : - ]
55 é 6,‘5 } 75 é min|
Peak RetTime Type Width LArea Height Lrea
[min] [MAU*s] [mAU] %

# [min]

Totals
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100.0000



Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=210 nm (WXX\WXX-7-21001047.D)
mAU ]
1750 OMs
] rac
1500
] 8 Br o .
4 o (%23
1250 ~ 3
1 N &
] [ N
[ A
1000 " [
| |
] [ |
750 B [
E | |
500 | \‘ \ |
] | \ |
] | ’
250 | \ | \
: o / \
S /A N B N
1‘6 1‘8 20 2|2 24 26 28 minf
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [MAU] %

1 20.195 BV 0.5093 4.04768e4 1225.46301 48.5988
2 25.395 BB 0.5772 4.28108e4 1145.07361 51.4012

Totals : 8.32876e4 2370.53662

Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=210 nm (WXX\WXX-7-20001046.D)
mAU ] &
. L
400 [
B [
I
[
: n
300 OMs ||
4 * | |
* | ‘
|
i |
200 Br O “ \I
| | I
8 | ‘.‘
| |
4 | \‘
100 J'
o o R R o
I 1IG 1‘8 2‘0 ‘ ‘ ‘ 2‘2 2‘4 ZIS ZIS min|
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [MAU] %

959 0.4445

1 20.1le6 BV 0.4638 73.27442 2.3
56659 99.5555

2 25.026 BB 0.5544 1.64112e4 456.

S e

Totals : 1.64845e4 458.93618
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Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=210 nm (WXX\WXX-OTS001041.D)
mAU ]
1750—5
1500; ‘:3 <
1250—2 \I‘ ‘I‘ f OTs
] A || rac
1000 -| [ R
] | I Br o)
750 I B
i o [
] [ ||
500 \ [
| N -
250 Lo |
P ,,44,4,,/Ku4,444,j \Lzﬂg,,ﬁg,,f_guj N _
s 1 I R 18 20 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [MATU] %
- [——— -~ |- |- | ———————— |
1 13.030 BV 0.3250 3.10173e4 1459.29297 50.0124
2 16.134 BV 0.3796 3.10018ed 1266.39172 49.987¢6
Totals 6.20191ed 2725.68469
Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=210 nm (WXX\WXX-OTS001044.D)
mAU ]
250{ &
200{ . OTs .
150 Br @ .‘“‘
] 9 f
100{ w‘
50—: e‘l“
o] =~ o
10 1 1 T S 15 R AT mi
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [MAU] %
- [-——= |- [-————————— [-————————- | ———————-
1 13.532 BB 0.3401 72.00000 3.33219 1.2506
2 16.837 VB 0.4025 5685.14551 218.52538 98.7494
Totals 5757.14551 221.85756
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10. Figures of single-crystals

Figure S1. Structure of compound 2i.

Figure S2. Structure of compound 4;.

112



