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I. General information

'"H and *C NMR spectra were recorded on Agilent 400MR DD2 (400 MHz)
spectrometer. Chemical shifts were reported in parts per million (ppm), and
tetramethylsilane or the residual solvent peak was used as an internal reference: 'H
(tetramethylsilane & 0.00 ppm, toluene & 2.08 ppm), 3C (chloroform & 77.00 ppm,
acetone 0 29.70 ppm, toluene 6 137.48 ppm). Data are reported as follows: chemical
shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br =
broad), coupling constants (Hz) and integration. Enantiomeric excesses (ee) were
determined by HPLC analysis on Hitachi Chromaster using DAICEL CHIRALCEL
AD-H, 4.6 mm @ x 250 mmL, DAICEL CHIRALCEL OD-H, 4.6 mm @ x 250 mmL,
DAICEL CHIRALCEL IA-H, 4.6 mm @ x 250 mmL, DAICEL CHIRALCEL IB-H,
4.6 mm @ x 250 mmL and DAICEL CHIRALCEL IC-H, 4.6 mm @ x 250 mmL. High
resolution mass spectra (HRMS) were performed on Bruker Solarix 7.0 T. X-ray
crystallography analysis of single crystal was performed on an Agilent SuperNova-

CCD X-Ray diffractometer. Optical rotations were measured on a Rudolph Autopol I

20
polarimeter and are reported as follows: Cip (c in g per 100 mL solvent). Unless

otherwise stated, all reagents were purchased from commercial suppliers and used

without further purification.
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II. General procedure for the synthesis of substrate.

Method A:

Br Pd(PPh);Cly, Cul_ O n-BuLi
/ —_—
@[ OMOM  guN . THF. 80°C ~ ovom THF
CHO

D _Marti p-TsOH or HCI
ess-Martin OMOM
DCM, rt

Stepl: I-ethynyl-2-(methoxymethoxy)naphthalene (1.0 eq. 10 mmol) was dropwised

to a solution of the 2-bromobenzaldehyde (1.0 eq. 10 mmol), PdCl,(PPhs), (0.02 eq.
0.2mmol), Cul (0.04 eq. 0.4 mmol), and Et;N (20 mL) in THF (20 mL) at 80 °C under
N,. The mixture was stirred for 2 h. Then the mixture was filtered through a pad of
celite. Removal of the solvent under reduced pressure. The crude product was purified

by column chromatography on silica gel (PE: EA = 10:1) to afford S1.

Step2: An oven-dried 100 mL three-neck round-bottom flask quipped with a 100 mL
pressure-equalizing addition funnel, N, gas inlet adaptor, septum, and magnetic stir bar
was charged with THF (20 mL) and corresponding alkynes (1.1 eq. 11 mmol). The
solution was cooled to -78 °C under N, and 2.5 M n-BuLi in hexane (1.1 eq. 11 mmol,)
was added dropwise over 30 min. After 2 h stirring at -78 °C, a solution of benzaldehyde
(1.0 eq. 10 mmol) in 20 mL THF was added dropwise over 35 min to the cloudy white

reaction mixture at -78 °C. After stirring for 2 h at -78 °C, the homogeneous reaction
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mixture was quenched by dropwise addition of saturated NH4CI in methanol (20 mL)
to the reaction mixture at -78 °C over 15 min. After stirring an additional 5 min at -78
°C, the cooling bath was removed, and the reaction mixture was allowed to warm to
room temperature (ca. 1 h). Once at room temperature, diethyl ether (20 mL) and water
(20 mL) were added to the reaction mixture. The mixture was shaken, and the layers
were separated. The aqueous layer was extracted with diethyl ether (2 x 10 mL), and
the combined organic layers were washed with saturated NaCl (aq) (2 x 10 mL) and
water (2 x 25 mL), dried over anhydrous MgSO4, and filtered. The solvent was
removed in vacuo to afford a pale yellow liquid. The crude product was purified by

column chromatography on silica gel (Si0,, PE: EA = 10:1) to afford S2

Step3: Dissolve the propargylic alcohol (10 mmol) in DCM (50 mL) and cool to 0 °C.
Add Dess-Martin periodinane (1.1 eq. 11 mmol) and allow the mixture to warm to room
temperature. Monitor the reaction mixture by TLC and add aq. NaOH (1.1 equiv, IM
solution). Separate the layers and extract the aqueous layer with DCM (3 x). Combine
the organic layers and dry over Na,SO,. Evaporate the solvent. Purify the crude product

by flash column chromatography (SiO,, PE: EA = 10:1) to obtain the product S3.

Step4: Dissolve S3 (1.0 eq. 10 mmol) in tetrahydrofuran (50 mL), then add p-
toluenesulfonic acid (2.0 eq. 20 mmol) or Concentrated hydrochloric acid (HCI). Stir
the reaction mixture at room temperature for 2 hours. Quench the reaction mixture with
brine (10 mL), extract with diethyl ether (3 x 10 mL). Combine the organic portions
and dry over anhydrous MgSO4. Remove the solvents in vacuo and purify the residue

by flash chromatography on silica gel (SiO,, PE: EA = 10:1) to obtain S4 as yellow
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amorphous solid.

Method B:

o

O fo) ‘ ‘ (0]
. i NaOH ©5K/\R Pd(PPh3),Cl,, Cul one
[ I | R™"H  Et,0H, H,0 | Et;N , THF, 80 °C OO
s5 S6
S

o}
KoCO;3
I

o

S§7

Stepl: Cool a solution of NaOH (731 mg, 18.3 mmol) in H,O (20.0 mL) and Et,0OH
(20.0 mL) to 0 °C. Introduce 1-(2-iodophenyl)ethan-1-one (3.00 g) and benzaldehyde
(1.20 mL, 12.2 mmol) slowly to the mixture. Allow the reaction mixture to warm to
room temperature overnight. After 12 hours, dilute the reaction mixture with Et,0.
Separate the organic phase. Concentrate the organic layer in vacuo. Purify the residue
by column chromatography (SiO,, PE: DCM = 10:1) to obtain the product S5 as yellow

oil.

Step2: Ester-protected alkyne (1.0 eq. 10 mmol) was dropwised to a solution of the 2-
bromobenzaldehyde (1.0 eq. 10 mmol), Pd(PPh;),Cl, (0.02 eq. 0.2mmol), Cul (0.04 eq.
0.4 mmol), and Et;N (20 mL) in THF (20 mL) at 80 °C under N,. The mixture was
stirred for 1 h. Then the mixture was filtered through a pad of celite. Removal of solvent

under reduced pressure. The crude product was purified by column chromatography on

silica gel (PE: EA =10:1) to afford Sé as yellow solid.
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Step3: To a solution of the acetate (1.0 eq. 10 mmol) in MeOH at 0 °C was added
anhydrous K,CO; (1.1 eq. 11 mmol). After the solution was stirred for 0.5 h, the
reaction was quenched with 1 M HClI and extracted with CH,Cl,. The organic layer was
washed with brine and dried over Na,SOy,, followed by filtration and concentration. The

residue was chromatographed (Si0,, PE: EA = 10:1) to yield S7 as yellow solid.

II1. Optimization of the reaction conditions

Catalyst, CH3;0H

Br*, Solvent, T

H
MeO _
NS
N
C, R=OMe
D, R=OH
0 0 0
0] Br<
)J\N,Br N—Br N—Br N—Br
H ﬂ
0] O (0]
NBA NBS NBP DBDMH
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Entry Catalyst  Solvent T (°C) Br*  Yield (%) ee (%)Y d.r.[l
1 A toluene rt. NBA 80 37 >20:1

2 B toluene rt. NBA 82 -25 >20:1

3 C toluene rt. NBA 72 59 >20:1
4 D toluene rt. NBA 65 7 >20:1

5 E toluene rt. NBA 78 74 >20:1

6 F toluene rt. NBA 79 77 >20:1

7 G toluene rt. NBA 78 74 >20:1

8 H toluene rt. NBA 88 91 >20:1

9 H o-xylene rt. NBA 86 90 >20:1
10 H p-xylene rt. NBA 89 84 >20:1
11 H m-xylene rt. NBA 87 90 >20:1
12 H mesitylene rt. NBA 84 90 >20:1
13 H DCE rt. NBA 70 70 >20:1
14 H DCM rt. NBA 68 74 >20:1
15 H CHCl; rt. NBA 72 79 >20:1
16 H toluene 0 NBA 85 91 >20:1
17 H toluene -20 NBA 76 89 >20:1
18 H toluene -40 NBA 30 78 >20:1
19 H toluene rt. NBS 80 5 >20:1
20 H toluene rt. NBP 82 33 >20:1
21 H toluene rt. DBDMH 89 65 >20:1
221d] H toluene rt. NBA 81 83 >20:1
23l H toluene rt. NBA 89 90 >20:1

Reaction conditions: 1a (0.05 mmol, 1.0 eq.), catalyst (10 mol%) and methanol (3.0 eq.) in solvent (1.0 mL) at corresponding
temperature for 5 min, then brominating reagents (1.1 mmol, 2.2 eq.) were added at corresponding temperature. After the reaction was
completed, monitored by TLC (about 3 min at rt, 30 min at 0 °C, 4 h at -20 °C, and 12 h at -40 °C ). [a] Isolated yield. [b] Enantiomeric
excess was (ee) determined by HPLC. [¢] Diastereomeric ratio (d.r.) was determined by HPLC. [d] Reaction in toluene (0.5 mL). [€]

Reaction in toluene (2.0 mL).
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IV.General procedure for the asymmetric reaction

Cat-H , Alcohol

NBA (2.2 eq.), Toluene

1a-1j, 3a-3h 2a-2w, 4a-4j

The substrate 1 (0.1 mmol), catalyst (10 mol%) were added to a 10 mL flame-dried
schlenk tube (wrapped with aluminum foil) with a magnetic stirring bar. Toluene (2
mL) and alcohols (3 eq.) were injected into the tube. NBA was poured into reaction
system, after stirring for 5 min, the mixture was evaporated and purified by flash
column chromatography (Si0,, PE: EA = 10:1) to afford the product. Racemic samples

were prepared with Et;N (1.0 eq.) as the additive base.

V. Mechanistic studies

h n-Bu
n-Bu 1
O Z Catalyst (10 mol%) 5 W\ O
o) CH30H (3 eq.) L MeO™ i NBA (1.1 eq.)
f NBA (1.1 eq.), Toluene ' O A g, 5
o oo
1a M1 2a
91% ee, d.r. >20:1 90% ee, d.r. >20:1

The substrate 1 (0.1 mmol), catalyst (10 mol%) were added to a 10 mL flame-dried
schlenk tube with a magnetic stirring bar. Toluene-ds (2 mL) and methanol (3 eq.) was
injected into the tube at -10 °C. NBA (2.2 eq.) was poured into reaction system, The

intermediate M1 were monitored by TLC, and detected by HRMS.
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Acquisition Parameter

Polarity Negative nfa nla No. of Laser Shots 200
nfa nfa No. of Cell Fills 1 Laser Power 2001p
Broadband Low Mass ~ 200.7 m/z nfa nla nfa nla
Broadband High Mass ~ 1000.0 m/z nfa nla nfa nla
Acquisition Mode Single MS nfa nla
Pulse Program basic nfa nla Calibration Date Tue Apr 13 03:01:48 2021
Source Accumulation 0500 sec nfa nla Data Acquisition Size 1048576
lon Accumulation Time ~ 0.100 sec nfa nla Apodization Sine-Bell Multiplication
Flight Time to Acg. Cell  0.001 sec
Intens. ] MS
%1084
4_4
351.13830
3-.
2_‘
1 -
1 461.07579
1 41511876 430.07375 “L 457,06223 942.99580
ﬂ Jn.l I_.Ll.lil. |I ’ T — . ok paiel J.'“'.- . phaiag HI i e U TR . I.lla_ . fomnn sy I.l ill ey
325 350 375 400 425 450 475 500 525 550miz
Meas.mz # Formula Score miz er Mean mSigm rdb e N-R
[ppm] err a Conf ule
[ppm]
35113830 1 C25H1902 10000  351.13905 214 197 484 165 even ok
461075719 1 C26H22Br03 10000 46107578  -002 006 1792 155 even ok
53898633 1 C26H21Br203 10000 53898629 -006 034 1457 155 even ok

Figure 1: HRMS of reaction system
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la 'H NMR (400 MHz, Toluene-ds)

n-Bu
Z

(6}
I

S

2a

A ———
65 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f (ppim)

Figure 2: 'H NMR of standard substance 1a, M1, 2a
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Time (min) Ratio (1a2)% Ratio (M1)% Ratio (2a)%

0 100 0 0
5 26 62 12
15 19 65 16
20 10 57 33
40 0.1 53 37
60 0 11 88
70 0 0 100
i OMe of2a | i OMeof M1 | /
B \ ......... B \-. /__.#;
15 min .- pe

20 min :
K. % . /
40 min | ﬁ. /

60 mi
min JLM - — /
70 min /

I B e m e e T e T R e
15 410 405 400 395 380 385 380 3?51:??0;355 360 355 350 345 340 335 330 335
il

Figure 3: The reaction process is monitored by 'H NMR every 5 minutes at -10 °C

S11



100

80 -

60 -

Ratio %

40 -

20 1

—=—% (1a)
—o— % (M1)
—A— % (2a)

10 20 30 40 50 60 70
Time / min

Figure 4: Equilibration process of the reaction
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(.5)-1-(4-bromo-1-(hex-1-yn-1-yl)-1-methoxy-1H-isochromen-3-yl)naphthalen-2-

ol (M1)

TH NMR (400 MHz, Toluene-ds): 6 7.80 (d, J = 8.3 Hz, 1H),
7.77 —7.72 (m, 1H), 7.66 — 7.62 (m, 1H), 7.50 (dd, /= 8.2, 5.6

Hz, 2H), 7.15 (m, 5H), 6.82 (s, 1H), 3.24 (s, 3H), 1.93 (t, J=6.8

Hz, 2H), 1.23 (dd, J=14.1, 6.5 Hz, 2H), 1.16 (dd, J = 14.6, 7.3

Hz, 2H), 0.69 (t, /= 7.1 Hz, 3H).13C NMR (100 MHz, Toluene-
dg): 0 154.23, 144.51, 132.36, 132.14, 132.08, 130.30, 130.05, 129.36, 129.02, 128.48,
127.41, 127.38, 126.53, 125.76, 125.72, 124.82, 123.74, 118.55, 118.52, 114.76,
107.05,99.14,91.01, 74.93, 52.06, 30.49, 22.29, 18.38, 13.57. HRMS (ESI) m/z Calcd
for [CsH,,BrO;, M-H]: 461.0831, Found: 461.0758. HPLC analysis: Chiralcel AD-
H (Hexane/i-PrOH) =90:10, flow rate = 1.0 mL/min, wave length = 254 nm, #z =4.563
min (minor), g = 10.507 min (major); Physical properties: yellow foam. (Note: The

compound M1 is unstable in silica gel column, which need scraper detection at -20 °C)

10.607
- 4.563

10.507

: { A \ "
0.0 25 50 78 10,0 125 50 75 2.0 0.0 25 0 75 100 125 50 1.5 2.0
UV-WL1 254 nm UV-WL1 254 nm
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min)  Height (Volts) Area Area (%)
4.590 0.71 160340 1495292 49.304 4563 0.45 21575 196357 4.610
10.607 0.93 64085 1537536 50.696 10.507 1.24 179096 4062677 95.390
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VI. Synthetic transformation and continuous flow experiment:

n-Bu
F3CH,CO,,,
CH3MgB = Et:N
o) W pgu—=— O % L nBu
THF, -78 °C Br,| BT Acetyl Chloride
2 DCM, rt
9e
5j 2j 6j
90% yield, 87% ee 88% yield, 93% ee, d.r. >20:1

To a Pyrex Schlenk tube was added 2j (100 mg) in dry THF (3 mL) under an argon
atmosphere. To the mixture was added methylmagnesium bromide (0.3 ml, IM in THF)
by syringe at -78°C, This mixture was stirred at that temperature for 2h. The resulting
mixture was quenched by H,O (3 mL) and extract by Et,0O (3x3 mL). The combined
extracts were dried over MgSO4. The organic phase was concentrated under reduced
pressure, and the resultant residue was purified by neutral silica gel column
chromatography (eluent: hexane/EtOAc, 20:1) to give the desired product 5j as yellow
oil.

A round bottom flask was charged with the 2j (100 mg) and dissolved with DCM (5
mL). Triethylamine (0.3 mL) were subsequently added to the reaction vessel at 20 °C
after stirred 30 min, the acetyl chloride (0.1 mL) was added and stirred for 1 hours. The
mixture was then quenched with 5% aq. HCI and extracted several times with CH,Cl,.
The combined organic layers were washed with brine, dried over MgSO4, and
concentrated under reduced pressure. The crude residue was purified by flash

chromatography (hexanes/AcOEt 9/1) to give the desired product 7j as yellow foam.
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A
Substrate 1a, Cat-H
CF3CH,OH ®

in toluene

NBA ; ! j
in toluene ® ! i 65% yield, 93% ee

and acetone Syringe pump T : L d.r. >20:1

The microreactor system was placed in room temperature. A solution of CF;CH,OH
(3.0 eq.), catalyst (0.1 eq.) and 1a (10 g, 0.05 M in toluene) in toluene was carefully
prepared and homogenized (flow rate: 1.0 mL/min). The solution of NBA (0.1 M in
toluene/acetone=10:1) were introduced to coiled tube reactor by syringe pumps (flow
rate: 2.0 mL/min). When finished, column chromatographic purification was carried
out on silica gel (Si0,) with mixtures of PE/EA=10:1 as eluent (Fast process). The
reaction in flow at 20 °C provides the product with a good yield and enantioselectivity.

(65%, 93% ee).
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VII. 'H, BC NMR and HRMS data of substrates (1a-1k, 3a-3h)

1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)hept-2-yn-1-one (1a)

S TH NMR (400 MHz, CDCl5): 6 8.81 (s, 1H), 8.36 (d, J=7.8 Hz,
e 4

|3 1H), 8.22 (d, J= 8.3 Hz, 1H), 7.77 (t, J = 7.7 Hz, 3H), 7.57 (m,

OO o 2H), 7.45 (t, J=7.6 Hz, 1H), 7.35 (d, J= 14.8 Hz, 1H), 7.28 (d,

J = 8.9 Hz, 1H), 2.50 (t, J = 7.0 Hz, 2H), 1.65 (p, J = 7.3 Hz,
2H), 1.49 (h, J= 7.2 Hz, 2H), 0.95 (t, /= 7.3 Hz, 3H). 3C NMR (100 MHz, CDCl;): §
177.34, 159.61, 135.47, 134.11, 133.50, 133.42, 133.15, 131.46, 128.23, 128.04,
127.54, 127.21, 124.66, 123.72, 122.95, 117.41, 102.38, 100.66, 98.11, 89.75, 80.12,

29.71, 22.06, 18.95, 13.50. HRMS (ESI) m/z Calcd for [Cy5H190,, M - H]: 351.1463,

Found: 351.1391.

1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)hex-2-yn-1-one (1b)

'H NMR (400 MHz, CDCl;): 5 8.81 (s, 1H), 8.37 (d, /= 7.9 Hz,
L~ 1H), 8.22 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.3 Hz, 3H), 7.62 —

I ©
o on 7.52 (m, 2H), 7.47 — 7.42 (m, 1H), 7.39 — 7.33 (m, 1H), 7.28 (d,

J=9.0 Hz, 1H), 2.48 (t, J= 7.0 Hz, 2H), 1.70 (m, 2H), 1.07 (t, J
= 7.4 Hz, 3H). 3C NMR (100 MHz, CDCLy): § 177.34, 159.61, 135.45, 134.11, 133.49,
133.42, 133.16, 131.46, 128.23, 128.04, 127.55, 127.21, 124.66, 123.72, 122.95,
117.41, 102.38, 100.66, 97.93, 89.75, 80.24, 21.28, 21.18, 13.61. HRMS (ESI) m/z

Calcd for [Cp4H70,, M - H]: 337.1307, Found: 337.1287.

S16



1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)oct-2-yn-1-one (1¢)

'H NMR (400 MHz, CDCls): § 8.81 (s, 1H), 8.38 (d, J= 7.7 Hz,

CsH14
(.~ 1H), 8.23 (d,./=8.3 Hz, 1H), 7.82 —7.75 (m, 3H), 7.61 (t, J=7.5

¢}
I

50 or Hz, 1H), 7.55 (t,J = 7.4 Hz, 1H), 7.46 (t, J= 7.6 Hz, 1H), 7.36 (t,

J=7.2Hz, 1H), 7.28 (d,J= 8.9 Hz, 1H), 2.50 (t, /= 7.1 Hz, 2H),
1.68 (p, J = 7.2 Hz, 2H), 1.40 (m, 4H), 0.93 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
CDCLy): § 177.37, 159.63, 135.50, 134.14, 133.51, 133.44, 133.17, 131.48, 128.24,
128.05, 127.55, 127.22, 124.67, 123.73, 122.99, 117.43, 102.38, 100.66, 98.18, 89.77,
80.14, 31.10, 27.41, 22.10, 19.24, 13.91. HRMS (ESI) m/z Calcd for [CagH,05, M -

H]: 365.1620, Found: 365.1610.

1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)undec-2-yn-1-one (1d)

H NMR (400 MHz, CDCL,): § 8.81 (s, 1H), 8.38 (d,J=7.9 Hz,
P CgHi7
> O/ 1H), 8.23 (d, J = 8.3 Hz, 1H), 7.78 (t, J = 7.6 Hz, 3H), 7.61 (t, J
I
LY — 7.5 Hz, 1H), 7.55 (t, J = 7.6 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H),

7.36 (t,J=7.4 Hz, 1H), 7.26 (d, J= 8.1 Hz, 1H), 2.50 (t, J="7.1
Hz, 2H), 1.67 (p, J = 7.2 Hz, 2H), 1.53 — 1.22 (m, 10H), 0.89 (t, J = 6.3 Hz, 3H). 13C
NMR (100 MHz, CDCly): & 177.37, 159.64, 135.53, 134.14, 133.52, 133.45, 133.17,
131.48, 128.25, 128.06, 127.54, 127.22, 124.68, 123.73, 123.00, 117.44, 102.38,
100.66, 98.21, 89.79, 80.16, 31.63, 28.93, 28.70, 27.72, 22.59, 19.28, 14.07. HRMS

(ESI) m/z Calcd for [CyoH,;0,, M - H]: 407.2089, Found: 407.2073.
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1-(2-((2-hydroxynaphthalen-1-yl)ethyn vDphenyl)-4.4-dimethylpent-2-yn-1-one

(1e)
) - H NMR (400 MHz, CDCls): 5 8.84 (s, 1H), 8.34 (d, J=7.9 Hz,
=
I ° 1H), 8.22 (d, J = 8.3 Hz, 1H), 7.82 — 7.74 (m, 3H), 7.62 — 7.52
OH
e (m, 2H), 7.46 (t, J= 7.6 Hz, 1H), 7.35 (d, J = 14.9 Hz, 1H), 7.28

(d, J = 8.9 Hz, 1H), 1.38 (s, 9H). *C NMR (100 MHz, CDCL;): & 177.48, 159.63,
135.60, 134.00, 133.49, 133.42, 133.12, 131.46, 128.23, 128.05, 127.55, 127.21,
124.67, 123.72, 122.96, 117.41, 105.03, 102.39, 100.69, 89.71, 78.66, 30.05, 28.09.

HRMS (ESI) m/z Calcd for [CasH, 405, M - H]: 351.1463, Found: 351.1442.

3-cyclopropyl-1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)prop-2-yn-1-one

(1f

oA H NMR (400 MHz, CDCLy):  8.80 (s, 1H), 8.32 (d,J = 7.8 Hz,
FZ

|3 1H), 8.22 (d, J = 8.2 Hz, 1H), 7.81 — 7.74 (m, 3H), 7.57 (m, 2H),

SOl 7.45 (t, J=7.6 Hz, 1H), 7.36 (t, J= 7.4 Hz, 1H), 7.27 (d,J=9.0

Hz, 1H), 1.54 (p, J = 7.5 Hz, 1H), 1.05 (d, J = 8.0 Hz, 4H). 13C
NMR (100 MHz, CDCls): § 177.04, 159.64, 135.61, 133.97, 133.52, 133.40, 133.05,
131.45, 128.24, 128.06, 127.52, 127.21, 124.68, 123.72, 122.89, 117.44, 102.47,
102.40, 100.64, 89.73, 76.13, 10.06, 0.12. HRMS (ESI) m/z Calcd for [Co4H,50,, M -

H]-: 335.1150, Found: 335.1123.
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1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)-3-phenylprop-2-yn-1-one (1g)

o 'H NMR (400 MHz, CDCl;): § 8.87 (s, 1H), 8.42 (d, J= 7.9 Hz,
O~ 1H), 8.22 (d, /= 8.3 Hz, 1H), 7.76 (t, J = 8.1 Hz, 3H), 7.65 (d, J

=7.9 Hz, 2H), 7.56 (dt, J=15.3,7.7 Hz, 2H), 7.45 (t, /= 7.4 Hz,

2H), 7.37 (dd, J= 13.7, 6.9 Hz, 3H), 7.28 (d, J= 9.0 Hz, 1H). 3C
NMR (100 MHz, CDCly): & 177.02, 159.62, 135.28, 134.00, 133.50, 133.47, 133.36,
133.06, 131.53, 130.92, 128.62, 128.22, 128.02, 127.61, 127.24, 124.66, 123.74,
123.03, 119.79, 117.37, 102.39, 100.72, 94.17, 89.96, 87.34. HRMS (ESI) m/z Calcd

for [Cy7H50,, M - H]: 371.1150, Found: 371.1123.

1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)-3-(p-tolyl)prop-2-yn-1-one (1h)

< H NMR (400 MHz, CDCls): 5 8.87 (s, 1H), 8.46 (d, J= 7.7 Hz,
> I Z 1H), 8.23 (d, J= 8.2 Hz, 1H), 7.78 (t, J = 8.4 Hz, 3H), 7.62 (t, J

I
CrY on = 7.5 Hz, 1H), 7.55 (t, J = 8.4 Hz, 3H), 7.49 (t, J = 7.5 Hz, 1H),

7.36 (t, J=7.4 Hz, 1H), 7.29 (d, J= 8.9 Hz, 1H), 7.20 (d,J= 7.5
Hz, 2H), 2.38 (s, 3H). *C NMR (100 MHz, CDCl;): 5 177.15, 159.70, 141.79, 135.56,
134.00, 133.52, 133.28, 133.16, 131.52, 129.48, 128.26, 128.08, 127.64, 127.25,
124.70, 123.75, 123.08, 117.44, 116.76, 102.43, 100.73, 94.99, 89.94, 87.37, 21.78.

HRMS (ESI) m/z Calcd for [CasH,70,, M - H]: 385.1307, Found: 385.1286
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1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)-4-methvlphenyl)hept-2-yn-1-one (1i)

'H NMR (400 MHz, CDCLy): & 8.89 (s, 1H), 8.23 (dd, J = 8.1,

=

(0]
f

3.8 Hz, 2H), 7.77 (dd, J = 8.2, 5.5 Hz, 2H), 7.55 (d, J = 5.8 Hz,

Y™ 2H), 7.35 (t, J = 7.4 Hz, 1H), 7.27 (d, J= 8.9 Hz, 1H), 7.23 (d, J

=9.6 Hz, 1H), 2.49 (t, J= 7.1 Hz, 2H), 2.44 (s, 3H), 1.65 (p, J =
7.0 Hz, 2H), 1.49 (h, J = 7.2 Hz, 2H), 0.96 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz,
CDCL): § 176.99, 159.66, 144.35, 134.36, 133.88, 133.52, 133.21, 131.35, 128.53,
128.21, 128.03, 127.15, 124.70, 123.67, 122.91, 117.45, 102.45, 100.84, 97.43, 89.29,
80.15, 29.75, 22.06, 21.47, 18.94, 13.52. HRMS (ESI) m/z Calcd for [CasH»,0,, M -

H]: 365.1620, Found: 365.1598

1-(2-fluoro-6-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)hept-2-yn-1-one (1})

o 'H NMR (400 MHz, CDCl5): § 8.63 (s, 1H), 8.16 (d, /= 8.3 Hz,
Z

[ 8 1H), 7.99 (dd, J = 9.2, 2.7 Hz, 1H), 7.80 — 7.69 (m, 3H), 7.56 —

oo 7.49 (m, 1H), 7.37 — 7.32 (m, 1H), 7.31 — 7.23 (m, 2H), 2.50 (t,

J=17.1Hz, 2H), 1.70 — 1.61 (m, 2H), 1.49 (dq, J = 14.4, 7.3 Hz,
2H), 0.96 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, CDCly): & 175.94 (d, J = 2.0 Hz),
161.07 (d, J=249.0 Hz), 159.42, 137.08 (d, J= 6.0 Hz), 135.22 (d, /= 8.0 Hz), 133.41,
131.47, 128.24, 128.04, 127.23, 124.59, 123.75, 120.75 (d, J = 23.0 Hz), 120.39 (d, J
=24.0 Hz), 119.10 (d, J = 4.0 Hz), 117.35, 102.23, 99.63, 98.87, 89.38, 79.74, 29.63,
22.07, 18.95, 13.48. HRMS (ESI) m/z Calcd for [CosH;sFO,, M - HJ: 369.1369,

Found: 369.1341
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1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)ethan-1-one (1k)

OO 'H NMR (400 MHz, CDCl5) & 8.96 (s, 1H), 8.21 (d, J = 8.3 Hz,
OH

I 1H), 7.93 (d, J= 7.9 Hz, 1H), 7.77 (dd, J= 7.8, 5.1 Hz, 3H), 7.55
(0]
O (t,J=17.5 Hz, 2H), 7.42 — 7.33 (m, 2H), 7.28 (d, J = 8.9 Hz, 1H),

2.68 (s, 3H). 3C NMR (100 MHz, CDCl;) & 198.40, 159.50,
135.94, 133.74, 133.47, 132.49, 131.28, 130.92, 128.22, 128.05, 127.63, 127.18,
124.69, 123.71, 122.43,117.34, 102.51, 101.04, 88.61, 28.18. HRMS (ESI) m/z Calcd

for [C0H1,0,, M - H]: 286.0994, Found: 285.0972.
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(E)-1-(2-((2-hydroxynaphthalen-1-yDethynyl)phenyl)-3-phenylprop-2-en-1-one

(3a)

PUNg

(6]
I

o

H NMR (400 MHz, CDCLy): § 8.74 (s, 1H), 8.21 (d, J = 8.3 Hz,
1H), 7.91 (d, J= 7.8 Hz, 1H), 7.84 (d, J = 15.7 Hz, 1H), 7.80 —
7.73 (m, 3H), 7.62 — 7.56 (m, 2H), 7.53 (t, J = 7.5 Hz, 2H), 7.47

~7.39 (m, 2H), 7.39 — 7.32 (m, 4H), 7.28 (d, J = 8.9 Hz, 1H).

3C NMR (100 MHz, CDCl;): & 190.84, 159.29, 146.20, 138.01, 134.49, 133.44,

133.41, 131.89, 131.17, 130.76, 129.68, 128.90, 128.56, 128.19, 128.08, 127.56,

127.17, 124.75, 123.72, 123.28, 122.92, 117.32, 102.54, 100.34, 88.56. HRMS (ESI)

m/z Calcd for [Cy;H70,, M - H]: 373.1307, Found: 373.1297

(E)-1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)-3-(p-tolyl)prop-2-en-1-one

(3b)

SUN¢
o
f
o

H NMR (400 MHz, CDCl;): § 8.75 (s, 1H), 8.22 (d, J= 8.2 Hz,
1H), 7.93 (d, J = 7.7 Hz, 1H), 7.87 — 7.73 (m, 4H), 7.53 (dt, J =
14.4, 7.6 Hz, 4H), 7.42 (dd, J = 15.6, 9.6 Hz, 2H), 7.35 (t, J =

7.4 Hz, 1H), 7.29 (d, J = 8.9 Hz, 1H), 7.19 (d, J = 7.8 Hz, 2H),

2.35 (s, 3H). 3C NMR (100 MHz, CDCls): 6 191.05, 159.32, 146.43, 141.44, 138.29,

133.45, 133.38, 131.80, 131.14, 129.69, 129.65, 128.64, 128.20, 128.09, 127.57,

127.16, 124.78, 123.72, 122.90, 122.34, 117.36, 102.56, 100.33, 88.50, 21.53. HRMS

(ESI) m/z Calcd for [Cy3H;9O,, M - H]: 387.1463, Found: 387.1441
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(E)-3-(4-fluorophenyl)-1-(2-((2-hydroxynaphthalen-1-yl)ethynyl)phenyl)prop-2-

en-1-one (3¢)

'H NMR (400 MHz, CDCl;): § 8.71 (s, 1H), 8.20 (d, /= 8.3 Hz,

-

SONe 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.81 — 7.71 (m, 4H), 7.59 — 7.49
I °

Y on (m, 4H), 7.40 (d, J= 7.6 Hz, 1H), 7.37 (d, J= 5.2 Hz, 1H), 7.33

(d,J=7.6 Hz, 1H), 7.27 (d, J= 8.9 Hz, 1H), 7.04 (t, J= 8.5 Hz,
2H). 3C NMR (100 MHz, CDCl;): 5 190.54, 164.10 (d, J=251.0 Hz), 159.26, 144.77,
137.90, 133.42, 131.93, 131.20, 130.77 (d, J = 3.0 Hz), 130.53, 130.45, 129.63, 128.21,
128.09, 127.57, 127.19, 124.72, 123.75, 122.91, 117.29, 116.18, 115.96, 102.51,
100.34, 88.59. HRMS (ESI) m/z Calcd for [CoH,FO,, M - H]: 391.1213, Found:

391.1210

(E)-3-(4-chlorophenyl)-1-(2-((2-hydroxvnaphthalen-1-yl)ethynvphenyl)prop-2-

en-1-one (3d)

0 <9 o | 1H NMR (400 MHz, CDCL): 5 8.71 (s, 1H), 8.19 (d, J= 8.3 Hz,
A
I © 1H), 7.88 (d, J= 7.8 Hz, 1H), 7.79 — 7.71 (m, 4H), 7.52 (m, 2H),

OH
e 7.48 (d, J = 8.4 Hz, 2H), 7.37 (m, 3H), 7.31 (d, J = 8.5 Hz, 2H),

7.27 (d, J = 8.9 Hz, 1H). 3C NMR (100 MHz, CDCly): & 190.34, 159.26, 144.50,
137.71, 136.60, 133.45, 133.42, 132.97, 132.01, 131.23, 129.66, 129.15, 128.21,
128.08, 127.56, 127.20, 124.71, 123.75, 123.52, 122.95, 117.28, 102.50, 100.37, 88.66.

HRMS (ESI) m/z Calcd for [Cy7H,4Cl0,, M - H]: 407.0917, Found: 407.0911
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(E)-1-(2-((2-hydroxynaphthalen-1-yDethynyl)phenyl)-3-(4-

(trifluoromethyDphenyl)prop-2-en-1-one (3e)

'H NMR (400 MHz, CDCl;):  8.63 (s, 1H), 8.20 (d, J = 8.3 Hz,

CF;
L 1H), 7.95 (d, J = 7.9 Hz, 1H), 7.88 — 7.74 (m, 4H), 7.69 (d, J =
I °

oo

8.1 Hz, 2H), 7.66 — 7.49 (m, 5H), 7.45 (t, J = 7.6 Hz, 1H), 7.36

(t,J=7.4Hz, 1H),7.27 (d,J=8.9 Hz, 1H). 3C NMR (100 MHz,

CDCl5): & 190.31, 159.29, 143.97, 137.75 (d, J = 34.0 Hz), 133.62, 133.48, 132.51,
132.28, 132.03 (d, J = 33.0 Hz), 131.54, 131.36, 129.81, 128.61, 128.27, 128.16,
127.67, 127.27, 125.89, 125.85, 125.46, 123.76 (q, J = 270.0 Hz), 124.73, 123.83,
123.17, 117.30, 102.47, 100.29, 88.88. HRMS (ESI) m/z Calcd for [C,5sHF50,, M -

H]: 441.1181, Found: 441.1167

(E)-1-(2-((2-hydroxynaphthalen-1-yDethynyl)phenyl)-3-(naphthalen-1-yl)prop-2-

en-1-one (3f)

'H NMR (400 MHz, CDCL): § 8.81 — 8.66 (m, 2H), 8.24 (d, J=

L

[ ) | 8.2Hz, 2H), 8.00 (d, /= 6.8 Hz, 1H), 7.88 (dd, /= 15.5, 7.4 Hz,

OO o 4H), 7.81 — 7.74 (m, 2H), 7.62 — 7.42 (m, 7TH), 7.35 (t, J = 7.4

Hz, 1H), 7.30 (d, /= 8.9 Hz, 1H). 3C NMR (100 MHz, CDCl;):
o 190.69, 159.35, 143.07, 138.12, 133.69, 133.55, 133.52, 132.01, 131.70, 131.24,
131.10, 129.84, 128.73, 128.23, 128.16, 127.65, 127.22, 127.05, 126.33, 125.96,
125.38, 125.31, 124.80, 123.76, 123.48, 123.12, 117.37, 102.58, 100.38, 88.74. HRMS

(EST) m/z Calcd for [C3,H,;90,, M - H]: 423.1463, Found: 423.1441
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(E)-1-(2-((2-hydroxynaphthalen-1-yD)ethynyl)phenyl)-3-(thiophen-2-yl)prop-2-

en-1-one (3g)

ST
NG

(0]
I

oo

'H NMR (400 MHz, CDCl;): § 8.78 (s, 1H), 8.21 (d, J= 8.3 Hz,
1H), 7.99 (d, J = 15.3 Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.81 —
7.72 (m, 3H), 7.53 (t, J = 7.5 Hz, 2H), 7.45 — 7.31 (m, 4H), 7.31

~7.20 (m, 2H), 7.04 (t, J = 4.3 Hz, 1H). 3C NMR (100 MHz,

CDCl5): 6 190.13, 159.32, 140.04, 138.56, 137.97, 133.44, 133.39, 132.57, 131.88,

131.15, 129.52, 129.40, 128.41, 128.18, 128.07, 127.59, 127.16, 124.76, 123.71,

122.90, 121.87, 117.33, 102.56, 100.38, 88.58. HRMS (ESI) m/z Calcd for

[CysH150,S, M - H]: 379.0871, Found: 379.0851

(E)-1-(2-((6-(3.5-dimethylphenyl)-2-hvdroxynaphthalen-1-yl)ethynyl)phenyl)-3-

phenylprop-2-en-1-one (3h)

o

O O TH NMR (400 MHz, CDCls): 6 8.73 (s, 1H), 8.24 (d, J =
™
I °

8.6 Hz, 1H), 7.97 — 7.73 (m, 6H), 7.63 — 7.51 (m, 3H),
7.48 — 7.35 (m, 5H), 7.29 (d, J = 8.0 Hz, 3H), 6.9 (s,

1H), 2.40 (s, 6H). 3C NMR (100 MHz, CDCL): &

190.88, 159.31, 146.22, 140.89, 138.27, 138.11, 136.75, 134.56, 133.45, 132.59,

131.89, 131.42, 130.77, 129.68, 128.93, 128.79, 128.59, 128.36, 127.58, 126.91,

126.06, 125.18, 125.09, 123.36, 122.95, 117.67, 102.48, 100.31, 88.61, 21.42. HRMS

(ESI) m/z Calcd for [C;35H,50,, M - H]: 477.1933, Found: 477.1910
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VIII. 'H, BC NMR, HRMS data and HPLC traces of products (2a-2w, 4a-4j, 5j,
6j)

(R)-1-bromo-1-((.5)-4-bromo-1-(hex-1-yn-1-yl)-1-methoxy-1H-isochromen-3-

vl)naphthalen-2(1H)-one (2a)

'H NMR (400 MHz, Toluene-ds) 8 7.87 (d, J = 7.5 Hz, 1H),
7.33 (t,J="7.1 Hz, 2H), 7.10 (t, J= 7.5 Hz, 1H), 7.02 (t, J= 7.6

Hz, 1H), 6.78 (m, 4H), 6.22 (d, J = 10.0 Hz, 1H), 3.95 (s, 3H),

2.08 (t, J = 6.8 Hz, 2H), 1.32 (m, 4H), 0.78 (t, J = 7.0 Hz, 3H).

13C NMR (100 MHz, Toluene-ds): 6 188.99, 146.64, 142.76, 142.70, 131.09, 130.73,
129.86, 129.70, 129.49, 128.76, 128.71, 128.52, 128.43, 125.91, 124.50, 124.30,
102.55, 99.99, 89.93, 76.01, 63.28, 53.42, 30.68, 22.37, 18.54, 13.69. HRMS (ESI)
m/z Calcd for [Cy¢H,,Br,NaO;, M+ Na]™: 562.9936, Found: 562.9828. HPL.C analysis:

Chiralcel TA-H (Hexane/i-PrOH) =80:20, flow rate = 1.0 mL/min, wave length = 254

20
nm, fr = 4.811 min (major), tr = 5.939 min (minor). Optical Rotation: o]y = 95° (c

= 1.0, CH;OH); Physical properties: yellow foam; Yield: (SiO,, PE:EA= 10:1) 88%,

47.4 mg.
o
3
3
°
I \(\’ |[\
3 /' N 3 “
200 I‘ | |’ Fazo = 2 2504 |
| | 2 ‘
| Jils | 2
01 = 3 = | =
I o 0 " I
o fd 5 o 5.5 6.0
UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) leight (Volts) Area Avea (%)
5158 055 1559356 15170152 49.748 4811 053 1997356 15847071 95 474
6.588 0.78 1386104 15323708 50.252 5939 032 80599 751314 4526
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(R)-1-bromo-1-((.5)-4-bromo-1-ethoxy-1-(hex-1-yn-1-yl)-1H-isochromen-3-

vDnaphthalen-2(1H)-one (2b)

H NMR (400 MHz, (CD5),CO): § 7.76 — 7.72 (m, 2H), 7.61 —
7.58 (m, 1H), 7.51 — 7.39 (m, 6H), 6.44 (d, J = 10.0 Hz, 1H),

423 —4.10 (m, 2H), 2.52 (t, J = 7.0 Hz, 2H), 1.71 — 1.63 (m,

2H), 1.59 — 1.50 (m, 2H), 1.27 (t, J=7.1 Hz, 3H), 0.97 (t, J =

7.3 Hz, 3H). 3C NMR (100 MHz, (CDs),CO): 6 189.80, 147.05,
144.21, 142.83, 131.69, 131.33, 130.63, 130.61, 130.07, 129.62, 129.37, 129.13,
128.85,126.29, 124.59, 124.48,102.16, 99.43, 90.76, 76.23, 63.56, 62.02, 31.06, 22.62,
18.66, 15.06, 13.85. HRMS (ESI) m/z Calcd for [C,;H,4Br,NaOs;, M + Na]*: 577.0092,
Found: 577.0010. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 98:2, flow rate

= 1.0 mL/min, wave length = 254 nm, #z = 6.968 min (major), fg = 7.569 min (minor).

20
Optical Rotation: o]y = 99° (¢ = 1.0, CH;0H); Physical properties: yellow foam;

Yield: (SiO,, PE:EA=10:1) 75%, 41.6 mg.

= 5 bs = z
2 z K |
]J\—A/L/‘ , i —J

2 5 a 10 5 6 f

UV-WL1 ) UV-WL1
RetTime (nin) Width (nin) Height [Y:,)“S) "\59“ Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
6 969 0.7 Lot 122010 20008 6968 070 775941 11193801 94878
7.581 0.58 11030 191947 49.992 S o fordy ehaass gt

6.969
7.581
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(R)-1-bromo-1-((.5)-4-bromo-1-(hex-1-yn-1-yl)-1-propoxy-1H-isochromen-3-

vDnaphthalen-2(1H)-one (2¢)

TH NMR (400 MHz, CDCls): & 7.74 — 7.68 (m, 1H), 7.46 (m,
2H), 7.40 — 7.28 (m, 6H), 6.43 (d, J=9.9 Hz, 1H), 4.12 — 4.01

(m, 2H), 2.44 (t, J = 6.9 Hz, 2H), 1.82 — 1.60 (m, 4H), 1.53 (dt,

J= 144,69 Hz, 2H), 0.97 (t, J = 7.1 Hz, 6H). 3C NMR (100

MHz, CDCl;): 6 189.50, 145.73, 142.96, 141.98, 130.69,
130.36, 129.46, 129.34, 128.91, 128.65, 128.38, 128.36, 127.88, 125.44, 124.14,
123.94, 101.71, 98.70, 89.55, 75.83, 67.75, 62.56, 30.31, 22.52, 22.02, 18.47, 13.59,
10.60. HRMS (ESI) m/z Calcd for [C,3H,6Br,NaO;, M+ Na]*: 591.0249, Found:
591.0195. HPLC analysis: Chiralcel IC-H (Hexane/i-PrOH) = 90:10, flow rate = 1.0

mL/min, wave length =254 nm, #x = 5.601 min (major), fr = 6.384 min (minor). Optical

20
Rotation: la]p = 103° (¢ = 1.0, CHCI;); Physical properties: yellow foam; Yield:

(S10,, PE:EA=10:1) 77%, 43.7 mg.

S
@

.
104 ] 40
:
g
£ 200
___FLN
0 = ro
=2 |
w 0

6.384

5.00 5.25 5.50 5.75 6.00 6.25 6.50 6.75 7.00

UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (nin) Width (min) Height (Volts) Area Area (%)
5.602 0.47 130841 1270073 50.081 5.601 0.50 1288298 12536380 93.206
6.383 0.54 115694 1265978 49919 6.384 0.39 88434 913871 6.794
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(R)-1-bromo-1-((.5)-4-bromo-1-(cyclobutylmethoxy)-1-(hex-1-yn-1-yl)-1H-

isochromen-3-y)naphthalen-2(1H)-one (2d)

TH NMR (400 MHz, Toluene-dg): 6 8.01 (d, J= 7.6 Hz, 1H),
7.51(d,J=7.7Hz, 1H), 7.41 (d,J= 7.7 Hz, 1H), 7.20 (t, J =
7.5 Hz, 1H), 7.15—7.10 (m, 1H), 6.97 — 6.91 (m, 1H), 6.91 —

6.81 (m, 3H), 6.32 (d, J = 10.0 Hz, 1H), 4.64 (dd, J=9.1, 6.5

Hz, 1H), 4.59 — 4.53 (m, 1H), 3.00 (m, 1H), 2.26 — 2.15 (m,
5H), 2.12 - 1.97 (m, 2H), 1.97 — 1.89 (m, 1H), 1.56 — 1.38 (m, 4H), 0.90 (t, /= 7.1 Hz,
3H). 3C NMR (100 MHz, Toluene-dg): 6 188.83, 146.76, 142.71, 142.63, 131.20,
130.70, 129.78, 129.64, 129.45, 128.76, 128.73, 128.54, 128.40, 126.01, 124.51,
124.37, 102.30, 99.65, 89.68, 77.01, 70.80, 63.47, 35.37, 30.73, 25.69, 25.21, 22.38,
19.12, 18.60, 13.67. HRMS (ESI) m/z Calcd for [C;oH,3Br,NaOs;, M + Na]*: 617.0405,
Found: 617.0428. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 90:10), flow

rate = 1.0 mL/min, wave length = 254 nm, #z = 4.783 min (major), tr =5.333 (minor).

20
Optical Rotation: ]y = 122° (c = 1.0, CH;0H); Physical properties: yellow foam;

Yield: (SiO,, PE:EA=10:1) 75%, 44.6 mg.

xxxxxxxxxxx

> 4.880
> 5440

200 =

5.333

| 4783

UV-WL1 254 nm V-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
2,880 036 256857 3322758 39.820 4783 048 1612436 14023044 91.886
136811 1238264 8.114

5.440 048 253881 2339517 50.180 5333 035
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(R)-1-bromo-1-((.5)-4-bromo-1-(cyclohexylmethoxy)-1-(hex-1-yn-1-yl)-1H-

isochromen-3-y)naphthalen-2(1H)-one (2¢)

TH NMR (400 MHz, Toluene-dg): 6 7.91 (d, J = 7.5 Hz, 1H),
7.41(d,J=7.8Hz, 1H),7.33(d,J=7.7Hz, 1H), 7.13 (d,J=7.5
Hz, 1H), 7.04 (d, /= 7.7 Hz, 1H), 6.83 (t, J = 7.4 Hz, 1H), 6.80

—6.71 (m, 3H), 6.21 (d, J = 10.0 Hz, 1H), 4.38 (dd, J= 8.9, 5.2

Hz, 1H), 4.27 — 4.20 (m, 1H), 2.12 (t, J = 6.9 Hz, 2H), 2.02 (d, J

= 11.5 Hz, 1H), 1.93 (d, J = 8.7 Hz, 2H), 1.67 (t, J = 12.1 Hz,
2H), 1.58 (d,J=10.1 Hz, 1H), 1.37 (m, 4H), 1.16 (m, 5H), 0.80 (t, /= 7.0 Hz, 3H). 13C
NMR (100 MHz, Toluene-dg): & 188.77, 146.82, 142.76, 142.56, 131.33, 130.68,
129.75, 129.69, 129.41, 128.75, 128.74, 128.56, 128.39, 125.97, 125.38, 125.13,
124.89, 124.52, 124.39, 102.25, 99.69, 89.59, 77.08, 72.22, 63.46, 38.12, 30.87, 30.74,
30.38, 27.13, 26.46, 26.31, 22.37, 18.61, 13.67. HRMS (ESI) m/z Calcd for
[C5,H3,Br,NaOs;, M + Na]*: 645.0718, Found: 645.0695. HPLC analysis: Chiralcel

IA-H (Hexane/i-PrOH) = 90:10), flow rate = 1.0 mL/min, wave length = 254 nm, t =

20
4.670 min (major), & =5.110 (minor). Optical Rotation: [D = 112° (¢ = 1.0,

CH;OH); Physical properties: yellow foam; Yield: (SiO,, PE:EA= 10:1) 75% 46.5

mg.

wwwww

) 4857
| 4957

4670

JJJJJ

UV-WL1 254 nm

Width (min) Height (Volts) Avca Arca (%) RetTime (min) Width (min) Height (Volts) Arca Area (%)
0.28 31827 415539 30,928 4.670 0.52 576572 5116175 89.919

0.36 46594 400401 49.072 5110 0.42 65373 573592 10.081
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(R)-1-((:5)-1-(benzyloxy)-4-bromo-1-(hex-1-yn-1-yl)-1H-isochromen-3-yl)-1-

bromonaphthalen-2(1H)-one (2f)

H NMR (400 MHz, (CD5),CO): 5 7.80 (dd, J = 6.1, 2.7 Hz,
1H), 7.77 (d, J = 10.0 Hz, 1H), 7.61 (dd, J = 6.2, 3.0 Hz, 1H),
7.53 (d, J = 7.2 Hz, 2H), 7.50 — 7.40 (m, 6H), 7.34 (t, J= 7.3

Hz, 2H), 7.31 — 7.25 (m, 1H), 6.48 (d, J = 10.0 Hz, 1H), 5.24

(d, J=10.7 Hz, 1H), 5.14 (d, J = 10.7 Hz, 1H), 2.56 (t, J= 7.0

Hz, 2H), 1.69 (p, J = 6.9 Hz, 2H), 1.56 (dq, J = 14.2, 7.1 Hz,
2H), 0.98 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz, (CD;),CO): & 190.03, 146.90,
144.41, 142.76, 138.47, 131.79, 130.94, 130.80, 130.70, 130.15, 129.60, 129.57,
129.51, 129.15, 128.94, 128.88, 128.46, 126.49, 124.70, 124.46, 102.37, 99.67, 91.35,
76.25, 69.00, 63.59, 31.03, 22.66, 18.71, 13.87. HRMS (ESI) m/z Calcd for
[C3,H,6Br,NaO;, M+ Nal*: 639.0249, Found: 639.0149. HPLC analysis: Chiralcel IA-

H (Hexane/i-PrOH) = 90:10, flow rate = 1.0 mL/min, wave length = 254 nm, #; = 5.368

20
min (minor), f = 6.212 min (major). Optical Rotation: (%D = 144° (¢ = 1.0, CH;OH);

Physical properties: yellow foam; Yield: (S10,, PE:EA=10:1) 76%, 46.8mg.

6.096
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z w Fap = = 2004 /
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o] ——— L o o e
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N 5.0 5.5 hﬂ:\‘ 6.5 .0 .5 50 55 6

1V-WL1 V-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) ButTine Gaia) Width (nin) Height (Yolts) Tho Area (%)
5322 041 92883 820238 49.057 T BT Sioe T v
8.02¢ 0:60, 83532 861130 30343 6212 059 1332439 13843767 95331
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(R)-1-bromo-1-((S)-4-bromo-1-(hex-1-yn-1-yl)-1-(thiophen-2-ylmethoxy)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (2g)

TH NMR (400 MHz, Toluene-dg): 6 7.89 — 7.85 (m, 1H), 7.36
—7.31 (m, 2H), 7.27 (d, J = 7.6 Hz, 1H), 7.06 — 7.02 (m, 1H),
7.00 — 6.95 (m, 1H), 6.86 — 6.82 (m, 1H), 6.82 — 6.78 (m, 1H),

6.76 (d, J= 3.3 Hz, 1H), 6.75 — 6.68 (m, 3H), 6.23 (d, J= 10.0

Hz, 1H), 5.71 (s, 2H), 2.11 (t, J = 6.9 Hz, 2H), 1.40 (m, 2H),
1.35 — 1.28 (m, 2H), 0.79 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, Toluene-ds): 6
189.19, 146.40, 142.94, 142.61, 140.41, 130.78, 130.69, 129.94, 129.56, 129.52,
128.80, 128.73, 128.57, 128.49, 128.30, 126.88, 126.12, 125.97, 124.53, 124.23,
102.80, 99.32, 90.29, 76.41, 63.48, 63.30, 30.64, 22.41, 18.61, 13.72. HRMS (ESI)
m/z Calcd for [C;0H4Br,O;NaS, M+ Na]™: 644.9813, Found: 644.9780. HPLC

analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length

20
=254 nm, fr = 7.202 min (minor), £ = 10.800 min (major). Optical Rotation: ]y =

99° (¢ = 1.0, CH;0H); Physical properties: yellow foam; Yield: (SiO,, PE:EA=10:1)

71%, 44.1 mg.

10.836

UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
7.196 152 56915 830216 49252 7.202 0.1 61449 766128 5.867
10.836 0.65 46429 855428 50.748 10.800 125
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(R)-1-bromo-1-((.5)-4-bromo-1-(2-fluoroethoxy)-1-(hex-1-yn-1-yl)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (2h)

TH NMR (400 MHz, CDCls): § 7.78 — 7.72 (m, 1H), 7.49 — 7.42
(m, 2H), 7.42 — 7.23 (m, 6H), 6.42 (d, J= 10.0 Hz, 1H), 4.92 —
4.58 (m, 2H), 4.48 — 4.21 (m, 2H), 2.45 (t, J= 7.1 Hz, 2H), 1.67

(p, J=7.1 Hz, 2H), 1.52 (dq, J = 14.4, 7.2 Hz, 2H), 0.98 (t, J =

7.3 Hz, 3H). 3C NMR (100 MHz, (CDs),CO): & 190.18,
146.70, 144.55, 142.71, 131.83, 130.91, 130.78, 130.74, 130.17, 129.60, 129.54,
129.13, 128.89, 126.49, 124.75, 124.38, 102.60, 99.46, 91.46, 83.00 (d, /= 166.0 Hz),
75.58, 65.74 (d, J = 20.0 Hz), 63.43, 31.00, 22.64, 18.66, 13.85. HRMS (ESI) m/z
Calcd for [C,7H,3Br,NaFO;, M+ Na]*™: 594.9998, Found: 594.9908. HPLC analysis:

Chiralcel IC-H (Hexane/i-PrOH) =95:5, flow rate = 1.0 mL/min, wave length = 254

20
nm, fx =13.610 min (major), f = 15.453 min (minor). Optical Rotation: L% = 99°

(c = 1.0, CH30H); Physical properties: yellow foam; Yield: (SiO,, PE:EA= 10:1)

74%, 42.3 mg.

15.453

N 2 i

= 13.960
_ | 15807
3610

W-WL1 254 nm WILL 254 o
: . : ; . ) » RetTime (nin) Width (min)  Height (Volts) Area Area (%)
RetTime (min) Width (min) Height (j;mlt.\) :\_ua Area (%) 13.610 1.49 451963 11300099 94.780
13960 153 24652 1130038 49.580 15.453 0.74 26856 648756 5211
15.807 203 48891 1457001 50.120
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(R)-1-bromo-1-((.5)-4-bromo-1-(3-bromopropoxy)-1-(hex-1-yn-1-yl)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (2i)

IH NMR (400 MHz, (CD3),CO) & 7.79 — 7.74 (m, 1H), 7.70
(d, J=10.1 Hz, 1H), 7.55 (m, 1H), 7.49 — 7.36 (m, 6H), 6.43
(d, J=10.0 Hz, 1H), 4.30 (td, J = 8.7, 7.9, 5.1 Hz, 1H), 4.23

(dt, J=9.6, 5.5 Hz, 1H), 3.55 (tt, J= 9.9, 5.4 Hz, 2H), 2.50 (t,

J=7.0 Hz, 2H), 2.35 - 2.26 (m, 1H), 2.25 —2.15 (m, 1H), 1.66

(dt, J= 14.4, 6.9 Hz, 2H), 1.53 (dq, J = 14.1, 7.1 Hz, 2H), 0.95 (t, J = 7.3 Hz, 3H). 13C

NMR (100 MHz, (CD;),CO): 6 189.90, 146.83, 144.31, 142.66, 131.70, 130.94,

130.74, 130.63, 130.07, 129.48, 129.43, 129.04, 128.79, 126.35, 124.65, 124.38,

102.25, 99.46, 91.24, 75.96, 64.44, 63.44, 33.35, 31.48, 30.97, 22.63, 18.71, 13.89.

HRMS (ESI) m/z Calcd for [C,sHysBr;NaO;, M+ Na]*: 668.9354, Found: 668.9274.

HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 98:2, flow rate = 1.0 mL/min,

wave length = 254 nm, fx = 7.870 min (major), tx = 9.170 min (minor). Optical

20

Rotation: la]p = 102° (¢ = 1.0, CH30H); Physical properties: yellow foam; Yield:

(SiO,, PE:EA= 10:1) 77 %, 49.7 mg.

UV-WL1 254 nm

| 7867
® - -

= 9.093]

e

9170

7.870

q

UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
7.867 0.70 1491774 23339103 49.308 7.870 0.85 1741450 28007837 95.669
9.093 0.81 1382962 23993915 50.692 9.170 0.70 72892 1267898 4.331

S34




(R)-1-bromo-1-((S)-4-bromo-1-(hex-1-yn-1-yl)-1-(2,2.2-trifluoroethoxy)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (2{)

H NMR (400 MHz, CDCLy): § 7.79 — 7.74 (m, 1H), 7.47 (d, J
=10.0 Hz, 1H), 7.42 (m, 4H), 7.38 — 7.28 (m, 3H), 6.44 (d, J =

10.0 Hz, 1H), 4.69 — 4.58 (m, 1H), 4.45 — 4.34 (m, 1H), 2.46 (t,

J=7.1Hz, 2H), 1.67 (p, J="7.1 Hz, 2H), 1.52 (dq, J= 14.3, 7.2

Hz, 2H), 0.98 (t,J=7.3 Hz, 3H). 3C NMR (100 MHz, CDCl;):
o 189.75, 144.80, 143.43, 141.69, 130.85, 130.19, 129.54, 129.11, 128.78, 128.53,
128.37, 127.92, 125.89, 124.41, 123.84 (q, J = 276.0 Hz), 123.76, 102.72, 98.70,
91.01, 74.01, 63.43 (q, J = 35.0 Hz), 62.16, 30.12, 22.00, 18.40, 13.54. HRMS (ESI)
m/z Calcd for [C,;H,Br,F;NaO;, M+ Nal*: 630.9810, Found: 630.9710. HPLC

analysis: Chiralcel IA-H (Hexane/i-PrOH) = 98:2, flow rate = 1.0 mL/min, wave length

20
=254 nm, tzx = 5.736 min (major), fr = 6.352 min (minor). Optical Rotation: o]y =

160° (¢ = 1.0, CH30H); Physical properties: yellow foam; Yield: (SiO,, PE:EA=

10:1) 72%, 43.8 mg.

e

1 b) P
A

8
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k“1¥k_
EV

- . 6.352

UV-WL1 UV-WL1

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
5.156 0.94 235375 2167520 50.585 5736 0.62 870161 9904769 96.264
5.578 0.52 219571 2117419 49.415 6.352 0.37 34344 384395 3.736
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(R)-1-bromo-1-((.5)-4-bromo-1-(cinnamyloxy)-1-(hex-1-yn-1-yl)-1H-isochromen-

3-yD)naphthalen-2(1H)-one (2k)

'H NMR (400 MHz, Toluene-dg): 6 7.94 (d, J= 7.6 Hz, 1H),
7.35 (t, J = 8.2 Hz, 2H), 7.22 (d, J = 7.3 Hz, 2H), 7.12 (d, J =
7.5 Hz, 1H), 7.04 (t, J = 7.4 Hz, 3H), 6.97 (s, 1H), 6.80 (t, J =

7.3 Hz, 1H), 6.72 (td, J = 10.3, 9.4, 4.0 Hz, 5H), 6.23 (d, J =

10.0 Hz, 1H), 5.26 (dd, J=11.6,4.8 Hz, 1H), 5.07 (dd, J=11.5,
5.9 Hz, 1H), 2.13 (t, /= 7.0 Hz, 2H), 1.45 — 1.36 (m, 2H), 1.36 — 1.29 (m, 2H), 0.79 (t,
J=17.2 Hz, 3H). 13C NMR (100 MHz, Toluene-ds): 6 189.18, 146.66, 142.88, 142.65,
137.60, 133.33, 131.04, 130.77, 129.94, 129.69, 129.51, 128.80, 128.74, 128.60,
128.52, 128.51, 127.53, 127.06, 126.38, 126.04, 124.60, 124.28, 102.71, 99.40, 90.00,
76.44, 67.64, 63.39, 30.72, 22.43, 18.64, 13.71. HRMS (ESI) m/z Calcd for
[C54HsB1r,NaOs;, M+ Na]*™: 665.0405, Found: 665.0385. HPLC analysis: Chiralcel IC-

H (Hexane/i-PrOH) = 95:5, wave length =254 nm, ¢z = 10.400 min (major), tr = 12.807

20
min (minor). Optical Rotation: %D = 95° (¢ = 1.0, CH,0H); Physical properties:

yellow foam; Yield: (Si0,, PE:EA=10:1) 60%, 38.5 mg.

200

10.573

11111

> 13.000

) 12.807

| 10400

UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
10.573 1.51 101184 2345696 50911 10.400 1.64 771619 17951946 95.118
13.000 1.82 77295 2261735 49.089 12.807 0.80 37173 921436 4.882
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(R)-1-bromo-1-((5)-4-bromo-1-(hex-1-yn-1-yl)-1-((3-phenylprop-2-yn-1-yl)oxy)-

1H-isochromen-3-yDnaphthalen-2(1H)-one (21)

'H NMR (400 MHz, Toluene-dg): 6 7.92 (d, J= 7.4 Hz, 1H),
7.37 —7.31 (m, 4H), 7.13 (d, J= 6.9 Hz, 1H), 7.09 — 7.04 (m,
1H), 6.99 — 6.92 (m, 3H), 6.90 — 6.81 (m, 3H), 6.77 (t,J=7.4

Hz, 1H), 6.26 (d, J = 10.0 Hz, 1H), 5.54 (d, J = 15.2 Hz, 1H),

5.41 (d,J=15.2 Hz, 1H), 2.13 (t, J= 6.9 Hz, 2H), 1.42 (dt, J =

14.3, 7.0 Hz, 2H), 1.33 (dt, J = 14.1, 7.0 Hz, 2H), 0.80 (t, J =
7.1 Hz, 3H). 13C NMR (100 MHz, Toluene-dg): & 189.07, 146.25, 142.96, 142.54,
132.13, 130.75, 130.49, 130.10, 129.62, 129.59, 128.69, 128.55, 128.30, 126.20,
124.59, 124.24, 123.81, 102.94, 99.21, 90.73, 86.57, 86.36, 75.83, 63.19, 55.63, 30.60,
22.41, 18.63, 13.68. HRMS (ESI) m/z Calcd for [C34H,sBr,NaO3;, M+ Na]*: 663.0249,
Found: 663.0149. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 98:2, flow rate

= 1.0 mL/min, wave length = 254 nm, g = 12.778 min (minor), g = 14.712 min (major).

20
Optical Rotation: ]y = 105° (c = 1.0, CH;0H); Physical properties: yellow foam;

Yield: (SiO,, PE:EA=10:1) 60%, 38.4 mg.

"1 R

14.876

t e
o
K

UV-WL1

UV-WL1 s - s o oy
2 ) , {R G Rt [A] 175 Tt L5 Ve P 5 EE

RetTime (min) Width (min) Height (Volts) Area Area (%} . 12.778 997863 ’545 433('3 = /703
122708 e se i S0l 14712 17219586 9455 568200 92.92
14.876 192 145379 4288089 49331
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(R)-1-bromo-1-((.5)-4-bromo-1-(hex-1-yn-1-yl)-1-propoxy-1H-isochromen-3-
yvDnaphthalen-2(1H)-one (2m)

IH NMR (400 MHz, Toluene-dy) 8 7.80 (d, J = 7.7 Hz, 1H),
7.58 (d, J= 7.6 Hz, 1H), 7.29 (d, J = 7.8 Hz, 1H), 7.06 (d, J
= 7.6 Hz, 1H), 6.99 — 6.95 (m, 1H), 6.84 (t, J = 7.8 Hz, 1H),

6.80 — 6.72 (m, 3H), 6.21 (d, J = 10.0 Hz, 1H), 5.09 (p, J =

6.2 Hz, 1H), 2.05 (t,J=7.0 Hz, 2H), 1.60 (d, /= 6.2 Hz, 3H),
1.46 (d, J= 6.1 Hz, 3H), 1.36 (m, 2H), 1.31 — 1.23 (m, 2H), 0.77 (t, J = 7.2 Hz, 3H).
13C NMR (100 MHz, Toluene-dg) & 188.31, 147.05, 142.64, 142.39, 131.25, 130.54,
129.57, 129.42, 129.24, 128.53, 128.31, 125.93, 124.44, 101.45, 98.96, 89.50, 78.13,
70.08, 63.67, 30.55, 23.96, 23.84, 22.32, 18.55, 13.62. HRMS (ESI) m/z Calcd for
[CosHy6Br,NaOs;, M+ Na]*™: 591.0249, Found: 591.0121. HPLC analysis: Chiralcel IC-

H (Hexane/i-PrOH) =95:5, flow rate = 1.0 mL/min, wave length =254 nm, #z = 10.223

20
min (major), fr = 11.257 min (minor). Optical Rotation: lalp = 170 ° (¢ = 1.0,

CH;0OH); Physical properties: yellow foam; Yield: (Si0,, PE:EA= 10:1) 78%, 44.3

mg.

0 ) 0 01

T T T
5.0 .5 10.0 12.5 15.0 5.0 1.5 10.0 12.5 15.0

i

UV-WL1L 254 nm WVILL 254 nm
it e

fli/rn ':'n,ﬁ
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Vidth (min) Height (Volts) Area Area (%)
10.333 0.96 36082 735522 48.669 10.223 1.02 667646 13356912 96.433
11.363 112 34241 775763 51331 11.257 058 26698 494006 3.567
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(R)-1-bromo-1-((S)-4-bromo-1-(pent-1-yn-1-yl)-1-(2,2.2-trifluoroethoxy)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (2n)

TH NMR (400 MHz, Toluene-dy): & 7.85 — 7.81 (m, 1H), 7.24
(d, J=17.6 Hz, 1H), 7.18 (d, J = 7.8 Hz, 1H), 7.07 — 7.02 (m,

1H), 7.02 - 6.97 (m, 1H), 6.83 (t, /= 7.3 Hz, 1H), 6.78 (d, J =

9.4 Hz, 2H), 6.72 (t, J = 7.5 Hz, 1H), 6.16 (d, J = 10.0 Hz, 1H),

4.97 (dt,J=11.8, 8.8 Hz, 1H), 4.92 — 4.82 (m, 1H), 2.01 (t,J =
7.0 Hz, 2H), 1.37 (h, J = 7.2 Hz, 2H), 0.87 (t, /= 7.4 Hz, 3H). 3C NMR (100 MHz,
Toluene-dy): 6 189.32, 145.69, 143.25, 142.24, 130.86, 130.49, 129.67, 129.46, 129.31,
128.95, 128.92, 128.59, 128.45, 126.21, 124.84 (q, J = 276.0 Hz), 124.73, 124.01,
103.27,99.48,91.10, 75.03, 64.25 (q, J = 35.0 Hz), 62.88, 21.90, 20.56, 13.48. HRMS
(ESI) m/z Calcd for [C,sH 9Br,F3NaO;, M+ Na]™: 616.9653, Found: 616.9583. HPLC

analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:2, flow rate = 1.0 mL/min, wave length

20
=254 nm, tg = 5.073 min (major), tr = 5.657 min (minor). Optical Rotation: o]y =

134° (¢ = 1.0, CH30H); Physical properties: yellow foam; Yield: (SiO,, PE:EA=

10:1) 75%, 44.6 mg.

250

4967
) 5493

< | 073

UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
4.967 043 39408 341949 50.073 5.073 0.53 2316700 20941658 96.733
5.493 0.41 36194 340950 49.927 5.657 0.29 81873 707219 3.267
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(R)-1-bromo-1-((S)-4-bromo-1-(hept-1-yn-1-yl)-1-(2,2.2-trifluoroethoxy)-1H-

isochromen-3-y)naphthalen-2(1H)-one (20)

TH NMR (400 MHz, Toluene-dg) : 6 7.88 —7.82 (m, 1H), 7.27
~7.23 (m, 1H), 7.20 (d, J= 7.7 Hz, 1H), 7.03 (td, J= 7.5, 1.3

Hz, 1H), 6.98 (dd, J=7.7, 1.5 Hz, 1H), 6.80 (td, J= 7.5, 1.2

Hz, 1H), 6.74 — 6.67 (m, 3H), 6.15 (d, J = 10.0 Hz, 1H), 4.99

(dg, /=119, 8.8 Hz, 1H), 4.93 —4.84 (dq, J = 11.9, 8.8 Hz,
1H), 2.08 — 2.04 (m, 2H), 1.39 (dt, J = 14.4, 6.7 Hz, 2H), 1.25 (m, 2H), 1.16 (m, 2H),
0.82 (t,J=7.2 Hz, 3H). 3C NMR (100 MHz, CDCls) 6 189.74, 144.81, 143.41, 141.72,
130.85, 130.19, 129.54, 129.11, 128.82, 128.77, 128.56, 128.40, 127.94, 125.91,
123.84 (q, J = 276.0 Hz), 124.42, 123.80, 102.72, 98.71, 91.07, 74.07, 63.44 (q, J =
35.0 Hz), 62.16, 31.05, 27.76, 22.13, 18.68, 13.96. HRMS (ESI) m/z Calcd for
[CosHy3BrFsNaOs, M+ Na]™: 644.9966, Found: 644.9876. HPLC analysis: Chiralcel

IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #; =

20
4.687 min (major), f = 5.220 min (minor). Optical Rotation: (€D = 211° (¢ = 1.0,

CHCI,); Physical properties: yellow foam; Yield: (Si0,, PE:EA=10:1) 83%, 51.6 mg.

4687

4.813
> 5.367
5

| 5220

UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
4.813 0.38 379677 3192776 50.781 4.687 0.35 4287196 36023444 96.156
5.367 0.38 356785 3094541 49.219 5.220 033 168621 1440055 3.844
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(R)-1-bromo-1-((S)-4-bromo-1-(dec-1-yn-1-yl)-1-(2,2.,2-trifluoroethoxy)-1H-

isochromen-3-y)naphthalen-2(1H)-one (2p)

TH NMR (400 MHz, Toluene-dy) 6: 7.68 — 7.63 (m, 1H), 7.03
(d,J=17.7 Hz, 1H), 6.98 (d, J= 7.7 Hz, 1H), 6.87 — 6.82 (m,

1H), 6.80 — 6.77 (m, 1H), 6.63 — 6.58 (m, 1H), 6.56 — 6.46 (m,

3H), 5.96 — 5.93 (d, 1H), 4.86 — 4.73 (m, 1H), 4.68 (dt, J =

11.8, 8.9 Hz, 1H), 1.88 (t, /= 7.0 Hz, 2H), 1.20 (dt, J = 14.2,
6.9 Hz, 2H), 1.13 — 0.89 (m, 10H), 0.66 (t, J = 7.0 Hz, 3H). ¥C NMR (100MHz,
Toluene-dy): 6 189.31, 145.70, 143.21, 142.27, 130.85, 130.49, 129.64, 129.48, 129.34,
128.45, 126.24, 124.86 (q, J = 275.0 Hz), 124.75, 124.02, 103.30, 99.51, 91.25, 74.95,
64.29 (q, J = 35.0 Hz), 62.87, 32.14, 29.19, 29.13, 28.47, 23.03, 18.72, 14.33. HRMS
(ESI) m/z Calcd for [C;5;H,9Br,F3NaO;, M + Na]™: 687.0436, Found: 687.0386. HPLC

analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length

20
=254 nm, tg = 4.477 min (major), tr = 4.897 min (minor). Optical Rotation: la]p =

200° (¢ = 1.0, CH30H); Physical properties: yellow foam; Yield: (SiO,, PE:EA=

10:1) 87%, 57.7 mg.

4.480
> 4.897

4897

= | 4417
i
|

UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTine (min) Width (min) Height (Volts) Area Area (%)
4.480 0.37 114383 965800 50.768 4.477 042 1885222 15606823 96.229
4.897 0.46 102183 936663 49.232 4.897 0.41 68582 611622 3
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(R)-1-bromo-1-((5)-4-bromo-1-(3.3-dimethylbut-1-yn-1-yl)-1-(2,2.2-

trifluoroethoxy)-1H-isochromen-3-yl)naphthalen-2(1H)-one (2q)

TH NMR (400 MHz, Toluene-dg) 6 7.88 — 7.83 (m, 1H), 7.24 (d,
J=17.6 Hz, 1H), 7.12 (d, J = 7.8 Hz, 1H), 7.07 — 7.02 (m, 1H),

7.00 — 6.96 (m, 1H), 6.79 (t, J = 7.2 Hz, 1H), 6.74 — 6.64 (m,

3H), 6.14 (d, J = 10.0 Hz, 1H), 4.99 (dq, J = 12.0, 8.9 Hz, 1H),

4,93 —4.82 (m, 1H), 1.19 (s, 9H). 13C NMR (100 MHz, CDCl;):
o 189.78, 144.84, 143.40, 141.76, 130.85, 130.17, 129.53, 129.10, 128.88, 128.78,
128.59, 128.43, 127.94, 125.87, 124.42, 123.81, 123.86 (q, J = 276.0 Hz), 102.74,
98.72, 98.59, 72.67, 63.43 (q, J = 35.0 Hz), 62.11, 30.47, 27.69. HRMS (ESI) m/z
Calcd for [Cy7H,Br,FsNaO;, M+ Na]™: 630.9810, Found: 630.9750. HPLC analysis:

Chiralcel 1A -H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254

20
nm, fx =4.427 min (major), tr = 4.793 min (minor). Optical Rotation: Ly 166° (¢

= 1.0, CH;0H); Physical properties: yellow foam; Yield: (SiO,, PE:EA= 10:1) 86%,

!
1750
1
@
g g soo
- b |
: |
[
2 L2s50
=
5 = 1
| |, it = — o
T |
.0 1 6.0
UV-WL1 254 nm UV-WL1 254 nm
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime {(min) Width (min) Height (Volts) Area Area (%)
4.433 0.38 79084 636407 49.644 4.427 0.42 2563469 21042823 93.309
4.800 0.46 75075 645539 50.356 4.793 0.34 188556 1508932 6.691
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(R)-1-bromo-1-((.5)-4-bromo-1-(cyclopropylethynyl)-1-(2.2.2-trifluoroethoxy)-

1H-isochromen-3-yDnaphthalen-2(1H)-one (2r)

'H NMR (400 MHz, Toluene-ds): & 7.80 — 7.75 (m, 1H), 7.25 —
7.20 (m, 1H), 7.16 (d,J="7.7 Hz, 1H), 7.04 — 6.96 (m, 2H), 6.83

(t,J=7.2 Hz, 1H), 6.77 (d, J= 9.8 Hz, 2H), 6.74 — 6.67 (m, 1H),

6.15 (d, J = 10.0 Hz, 1H), 4.99 — 4.77 (m, 2H), 1.05 (m, 1H),

0.68 — 0.62 (m, 2H), 0.44 (dq, J = 6.3, 3.4 Hz, 2H). 3C NMR
(100 MHz, Toluene-dg): & 189.34, 145.67, 143.27, 142.18, 137.48, 130.87, 130.48,
129.67, 129.43, 129.25, 128.94, 128.56, 128.40, 124.81 (q, J = 276.0 Hz), 124.70,
123.97, 103.27, 99.45, 94.14, 69.67, 64.17 (q, J = 36.0 Hz), 62.81, 8.77, 8.68, -0.45.
HRMS (ESI) m/z Calcd for [CysH17Br,F;NaO;, M + NaJ*: 614.9497, Found: 614.9428.
HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 85:15), flow rate = 1.0 mL/min,
wave length = 254 nm, fz = 6.150 min (major), fr =8.397 (minor). Optical Rotation:
[@]D — 840 (¢ = 1.0, CH:OH); Physical properties: yellow foam; Yield: (SiOs,

PE:EA= 10:1) 72%, 42.6 mg.

b 100

6170

8407

00 2

=

| L
1 T T T T
Volts
| .
150
8397

UV-WL1 UV-WL1
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
6.170 050 66877 703822 49.746 6.150 0.56 1499088 16710186 92.490
8.407 0.81 48226 711018 50.254 8.397 0.83 80240 1356795 7.510

S43



(R)-1-bromo-1-((.5)-4-bromo-1-(phenylethynyl)-1-(2.2.2-trifluoroethoxy)-1H-

isochromen-3-y)naphthalen-2(1H)-one (2s)

'H NMR (400 MHz, Toluene-ds): 6 7.88 — 7.84 (m, 1H),
7.44 —7.38 (m, 2H), 7.29 — 7.20 (m, 2H), 7.05 — 6.98 (m, 3H),

6.96 (d, J= 7.7 Hz, 2H), 6.85 — 6.80 (m, 1H), 6.73 (dd, J =

15.5, 8.8 Hz, 3H), 6.17 (d, J = 10.0 Hz, 1H), 5.06 (dgq, J =

11.9, 8.7 Hz, 1H), 5.00 — 4.89 (m, 1H). 3C NMR (100 MHz,
CDCly): 6 189.75, 144.76, 143.51, 141.64, 132.13, 130.91, 130.42, 129.80, 129.59,
129.15, 128.96, 128.56, 128.53, 128.48, 128.37, 127.92, 125.89, 124.56, 123.82 (q, J
=276.0 Hz), 123.73, 120.57, 102.89, 99.08, 89.04, 82.28, 63.68 (q, /= 35.0 Hz), 62.11.
HRMS (ESI) m/z Calcd for [Cy9H,Br,F;NaOs;, M + Na]*: 650.9497, Found: 650.9397.
HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min,
wave length = 254 nm, fz = 5.643 min (major), ftr = 6.553 (minor). Optical Rotation:

20
[2]'D = 170° (¢ = 1.0, CH;OH); Physical properties: yellow foam; Yield: (SiO,,

PE:EA=10:1) 72 %, 45.2 mg.

((((((

> 6.500

) 6.553

5613
5643
[

UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%)

e s YT YT P RetTime (min) Width (min) Height (Volts) Area Area (%)
GV;UE) Ul(4 4346 U;‘ 4747004 50'012 5.643 0.64 975851 8800906 96.094
= = = : 6.553 0.26 43621 357727 3.906
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(R)-1-bromo-1-((.5)-4-bromo-1-(p-tolylethynyl)-1-(2,2.2-trifluoroethoxy)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (2t)

'H NMR (400 MHz, Toluene-ds): & 7.92 — 7.87 (m, 1H),
7.38 (d, J = 8.0 Hz, 2H), 7.29 — 7.21 (m, 2H), 7.02 — 6.97

(m, 2H), 6.78 (t, J= 7.9 Hz, 3H), 6.75 — 6.68 (m, 3H), 6.16

(d, J=10.0 Hz, 1H), 5.08 (dq, J= 11.9, 8.7 Hz, 1H), 5.00

—4.89 (m, 1H), 1.98 (s, 3H). 3C NMR (100 MHz, Toluene-
dg): 0 189.23, 145.69, 143.08, 142.36, 140.17, 132.37, 130.85, 130.56, 129.58, 129.39,
129.37, 128.69, 128.49, 126.30, 124.86 (q, J =276.0 Hz), 124.83, 124.11, 118.13,
103.49, 100.00, 89.86, 82.62, 64.53 (q, J =35.0 Hz), 62.75, 21.30. HRMS (ESI) m/z
Calcd for [C30H 9B, F;NaO;, M + Na]*: 664.9653, Found: 664.9547. HPLC analysis:

Chiralcel TA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254

20
nm, fr = 5.767 min (major), tr = 6.780 (minor). Optical Rotation: ]y = 171° (¢ =

1.0, CH;0H); Physical properties: yellow foam; Yield: (Si0,, PE:EA= 10:1) 79 %,

50.7 mg.
- 10
2 5
w 2
<
2
~
E ©
| AN SRS 8 . e o~ |
UV-WL1 254 nm UV-WL1 254 nm
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
5.600 0.42 92762 872011 49.189 5.767 0.69 1808001 18409751 93.517
6.497 0.52 82125 900760 50.811 6.780 0.34 125635 1276240 6.483
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(R)-1-bromo-1-((.5)-4-bromo-1-(hex-1-yn-1-yl)-6-methyl-1-(2,2.2-

trifluoroethoxy)-1H-isochromen-3-yl)naphthalen-2(1H)-one (2u)

TH NMR (400 MHz, Toluene-dg): 6 7.78 (d, J= 7.8 Hz, 1H),
7.24 (d,J=17.7 Hz, 1H), 7.13 (s, 1H), 6.86 (d, J= 7.8 Hz, 1H),

6.84 — 6.79 (m, 1H), 6.72 (m, 3H), 6.16 (d, J = 10.0 Hz, 1H),

5.06 — 4.86 (m, 2H), 2.05 (d, J = 7.0 Hz, 2H), 1.95 (s, 3H),

1.40 — 1.26 (m, 4H), 0.79 (t, /= 7.1 Hz, 3H). 3C NMR (100
MHz, Toluene-ds): & 189.34, 145.65, 143.21, 142.36, 140.64, 130.81, 129.70, 129.66,
129.18, 128.90, 128.61, 128.48, 127.03, 126.31, 125.22, 124.91 (q, J = 275.0 Hz),
124.04, 103.40, 99.55, 90.93, 75.03, 64.24 (q, J = 35.0 Hz), 62.94, 30.47, 22.30, 21.14,
18.40, 13.60. HRMS (ESI) m/z Calcd for [CysH,3Br,FsNaO;, M + Na]*: 644.9966,
Found: 644.9866. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 98:2, flow rate

= 1.0 mL/min, wave length = 254 nm, ¢z = 5.377 min (major), fx = 5.680 (minor).

20
Optical Rotation: ]y = 160° (c = 1.0, CH;0H); Physical properties: yellow foam;

Yield: (SiO,, PE:EA=10:1) 74%, 46.0mg.

|
F200
.. -
bl 5 z
bl @ 2 }»mu
N A ~ a |
i 4 B N
——— | g o= - 0
% 56
UV-WL1 254 nm W-HL1 254 nm
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
5373 0.49 16416 166253 49.561 ?,377 047 |0413;13 |00£K577 95.201
5.673 0.47 15672 169200 50.439 54650 0 A2612 03047 L
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(R)-1-bromo-1-((.5)-4-bromo-8-fluoro-1-(hex-1-yn-1-yl)-1-(2.2.2-trifluoroethoxy)-

1H-isochromen-3-y)naphthalen-2(1H)-one (2v)

H NMR (400 MHz, Toluene-ds) & 7.64 (dd, J = 8.4, 2.5 Hz,
1H), 7.19 (d, J = 7.7 Hz, 1H), 7.06 (dd, J = 8.5, 5.1 Hz, 1H),

6.84 (d, J=7.4 Hz, 1H), 6.76 (m, 3H), 6.62 (t, J = 8.4 Hz, 1H),

6.16 (d,J=10.0 Hz, 1H), 4.87 (m, 2H), 2.00 (t, J= 6.8 Hz, 2H),

1.27 (m, 4H), 0.76 (t, J = 7.0 Hz, 3H). 3C NMR (100 MHz,
Toluene-dy) 6: 189.28, 163.02 (d, J=248.0 Hz), 145.20 (d, /= 2.0 Hz), 143.28, 142.15,
131.32 (d, /= 8.0 Hz), 131.28, 130.87, 129.71, 129.04, 128.54, 128.44, 127.07 (d, J =
8.0 Hz), 125.68 (d, J = 2.0 Hz), 124.71 (q, J = 276.0 Hz), 123.98, 117.46 (d, J = 22.0
Hz), 113.06 (d, J=25.0 Hz), 102.36, 98.84, 91.82, 74.26, 64.31 (q, /= 36.0 Hz), 62.65,
30.30, 22.25, 18.25, 13.49. HRMS (ESI) m/z Calcd for [C,;H,0Br,F4NaO;, M + Na]*:
648.9715, Found: 648.9621. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:5,

flow rate = 1.0 mL/min, wave length = 254 nm, #z = 4.970 min (major), tr = 5.660

20
(minor). Optical Rotation: (%D = 236° (¢ = 1.0, CH,CL,): Physical properties:

yellow foam; Yield: (Si0,, PE:EA=10:1) 79%, 49.4 mg.

> 5757

5.660

5137
24
4970

5.0

UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) idth (min) Height (Volts) Arca Area (%)
5.137 0.45 70239 637707 49.830 4.970 0.56 2063084 18769107 95.546

5757 0.43 74421 642054 50.170 a0y 041 L2 L e
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(R)-1-bromo-1-((.5)-4-bromo-1-methyl-1-(2,2,2-trifluoroethoxy)-1H-isochromen-

3-yD)naphthalen-2(1H)-one (2w)

'H NMR (400 MHz, Toluene-d) 8 7.30 — 7.24 (m, 2H), 7.08 —
7.04 (m, 1H), 6.98 — 6.93 (m, 2H), 6.88 — 6.80 (m, 2H), 6.80 —

6.73 (m, 2H), 6.17 (d, J = 9.9 Hz, 1H), 4.50 (dq, J = 12.0, 8.8

Hz, 1H), 4.10 (dq, J = 12.0, 8.9 Hz, 1H), 1.92 (s, 3H).3C NMR

(100 MHz, Toluene-dg) & 189.03, 146.98, 143.05, 142.27, 130.72, 129.91, 129.78,
129.74, 128.95, 128.50, 124.76, 124.74 (q, J = 275.0 Hz), 124.58, 124.13, 103.92,
101.39, 63.23, 62.36 (q, J = 35.0 Hz), 48.07, 25.37. HRMS (ESI) m/z Calcd for
[C2H sBrF3sNaO3;, M+ Na]™: 564.9340, Found: 564.9295. HPLC analysis: Chiralcel

IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, # =

20
5.640 min (major), fg = 7.810 min (minor). Optical Rotation: o]y = 109° (c = 1.0,

CH;0OH); Physical properties: yellow foam; Yield: (SiO,, PE:EA= 10:1) 86%, 46.5

150 150 I
g |
R :
~ 1004 i
100 100 | i
0 " 0 5 fﬂou
. ] {
(=] a N~ E
8| £ 3 '
0 —_ e —— — 0 14— e —— -Iio
| ; § 0 | , i 8 g 0
T
IV-WLI 254 nm IV-HL1 254 nm
#n BR
RetTine (min) Fidth (min)  Height (Volts) Area Area (%) RetTime (min)  Vidth (nin)  Height (Volts) Area Area (%)
5570 055 499348 4859291 49977 5.640 0.60 1789093 17263032 §8.382
7700 0.70 386979 4863735 50.023 1810 053 186422 2069347 11618
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(R)-1-bromo-1-((.5)-4-bromo-1-((E)-styryl)-1-(2.2.2-trifluoroethoxy)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (4a)

TH NMR (400 MHz, Toluene-d) &: 7.37 (d, J = 7.5 Hz, 1H),
7.33(dd, J=17.1, 1.5 Hz, 1H), 7.30 — 7.26 (m, 1H), 7.26 — 7.21

(m, 2H), 7.14 (d, J= 16.1 Hz, 1H), 7.12 — 7.05 (m, 3H), 7.01 —

6.96 (m, 2H), 6.83 (t, J= 7.4 Hz, 1H), 6.79 — 6.69 (m, 4H), 6.19

(d, J=10.0 Hz, 1H), 4.59 — 4.49 (m, 1H), 4.44 (dq, J=11.9,
8.8 Hz, 1H). 3C NMR (100 MHz, Toluene-dg) 8: 189.09, 146.28, 143.10, 142.39,
136.18, 135.65, 130.79, 130.31, 130.14, 129.76, 129.26, 129.05, 128.97, 128.58,
128.36, 127.55, 125.85, 125.55, 12491 (q, J = 276.0 Hz), 124.13, 104.17, 102.47,
63.30, 63.07 (q, J = 36.0 Hz). HRMS (ESI) m/z Calcd for [CyoH9Br,FsNaO;, M +
Na]*: 652.9653, Found: 652.9543. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH)

= 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, # = 6.090 min (major), g =

20
7.367 (minor). Optical Rotation: la]p = 57° (¢ = 1.0, CH,Cl,); Physical properties:

yellow foam; Yield: (Alumina N-neutral, PE:EA=10:1) 85 %, 53.4 mg.

6.110
> 7.400
- 6.090

7.367

04— e NE — - — —+0 o4 Y, ey sepougenglil o 5 Lo
1 5 ; 7 8 5 10 ‘ - 8 : - g
i i
UV-WL1 254 nm W-WLI 254 mm

RetTime (min) Width (min) Height (Volts) Area Area (%) ; : . : . : "
110 060 0043 TYTETT 0001 RetTime (min) Width (min) Height (\;:hs) - Area Area (%)
7.400 0.56 80495 1037547 49.909 6.090 0.79 1847225 20781951 94.348
7.367 041 109762 1245065 5.652
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(R)-1-bromo-1-((S)-4-bromo-1-((E)-4-methylstyryl)-1-(2,2,2-trifluoroethoxy)-1H-

isochromen-3-y)naphthalen-2(1H)-one (4b)

TH NMR (400 MHz, Toluene-dg) & 7.38 (d, J = 7.5 Hz,
1H), 7.35 — 7.28 (m, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.16

(d,J=16.1 Hz, 1H), 6.97 (d,J= 5.4 Hz, 2H), 6.93 (d, J =

8.0 Hz, 2H), 6.85 — 6.79 (m, 1H), 6.79 — 6.70 (m, 4H),

6.18 (d,J=10.0 Hz, 1H), 4.61 —4.50 (m, 1H), 4.50 —4.39
(m, 1H), 2.11 (s, 3H). 3C NMR (100 MHz, Toluene-ds): 6 189.07, 146.32, 143.03,
142.45, 138.95, 136.13, 133.01, 130.78, 130.36, 130.08, 129.80, 129.72, 129.41,
128.93, 128.40, 127.55, 125.89, 124.95 (q, J = 275.0 Hz), 124.82, 124.56, 124.17,
104.33, 102.46, 63.30, 63.07 (q, J = 34.0 Hz), 21.18. HRMS (ESI) m/z Calcd for
[C30H,Br,F3sNaOs;, M + NaJ™: 666.9810, Found: 666.9710. HPLC analysis: Chiralcel

IA-H (Hexane/i-PrOH) = 95:5, flow rate = 1.0 mL/min, wave length = 254 nm, #; =

20
6.723 min (major), fz = 8.487 (minor). Optical Rotation: [1D = 83° (¢ = 1.0,

CH;0H); Physical properties: yellow foam; Yield: (Alumina N-neutral, PE:EA=

10:1) 86%, 55.3 mg.

— 8420

\\\\\

) 8.487

6717
L

6723
-

UV-WL1 254 nm UV-WL1 254 nm

R A - . i a . P I RetTime (min) Width (min) Height (Volts) Area Area (%)
Re lTlﬁm;i;nn n) Wi dwl’l)uggmn) He 1;,1[\!30](‘;:\ ts) 16\57;:60 .\lstorxj_;(’u) T 3 T TR sy
8.420 0.75 104375 1633576 49.728 BA51 035 36152 802671 2061
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(R)-1-bromo-1-((S)-4-bromo-1-((E)-4-fluorostyryl)-1-(2,2.2-trifluoroethoxy)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (4c¢)

'H NMR (400 MHz, Toluene-ds): 6 7.40 — 7.31 (m, 2H),
7.26 (dd, J= 6.1, 2.7 Hz, 1H), 6.98 (m, 5H), 6.85 — 6.80 (m,

1H), 6.74 (m, 5H), 6.57 (d, J = 16.1 Hz, 1H), 6.18 (d, J =

10.0 Hz, 1H), 4.52 (dq, J = 11.6, 8.7 Hz, 1H), 4.45 — 4.35

(m, 1H). BC NMR (100 MHz, Toluene-ds) 6: 189.00, 163.44
(d, J = 248.0 Hz), 146.34, 143.03, 142.41, 134.74, 131.81, 131.78 (d, J = 3.0 Hz),
130.71, 130.39, 130.20, 129.78, 129.26, 129.18, 128.97, 128.95, 128.31, 125.83,
125.55,124.88 (q, J=275.0 Hz), 124.19, 116.04, 115.82, 104.17, 102.37, 63.28, 63.06
(q, J=35.0 Hz). HRMS (ESI) m/z Calcd for [C,oH 3B, F4NaO;, M + Na]*: 670.9559,
Found: 670.9478. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) = 95:5, flow rate

= 1.0 mL/min, wave length = 254 nm, #fx = 7.940 min (major), fx = 8.897 (minor).

20
Optical Rotation: ]y = 300° (c = 1.0, CH;0H). Physical properties: yellow foam;

Yield: (Alumina N-neutral, PE:EA= 10:1) 90 %, 58.3 mg.

8.807

7.940

200
2 200 | 00 2 E

‘ | T AR "]

0 e ~l 0 -

l 0 mat
b T T T T T T u T T T
1 5 6 7 9 10 1 12 13 H 5 & H 8

.| 7880
ol | sser

UV-WLL 254 nm UV=WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%
7.880 0.80 1289543 18477015 49.755 7.940 1.06 753097 11248571 95.151
8.807 1.22 1159620 18659037 50.245 8.897 0.67 35417 573275 4.849
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(R)-1-bromo-1-((S)-4-bromo-1-((E)-4-chlorostyryl)-1-(2.2.2-trifluoroethoxy)-1H-

isochromen-3-y)naphthalen-2(1H)-one (4d)

'H NMR (400 MHz, Toluene-dg) 6 7.38 — 7.32 (m, 2H),
7.27 —7.24 (m, 1H), 7.05 — 6.97 (m, 5H), 6.94 (d, J = 8.5

Hz, 2H), 6.88 — 6.83 (m, 1H), 6.82 — 6.76 (m, 3H), 6.63 (d,

J=16.1 Hz, 1H), 6.19 (d, J = 10.0 Hz, 1H), 4.52 (dq, J =

11.8, 8.7 Hz, 1H), 4.46 — 4.35 (m, 1H). 3C NMR (100
MHz, Toluene-dg) 6 189.10, 146.27, 143.18, 142.30, 134.87, 134.66, 134.05, 130.77,
130.29, 129.85, 129.22, 129.01, 128.95, 128.71, 128.27, 126.33, 125.81, 124.92,
124.85 (q,J=276.0 Hz), 124.11, 104.02, 102.40, 63.30, 63.04 (q, /= 35.0 Hz). HRMS
(ESI) m/z Calcd for [C,H3sBr,CIF;NaO;, M+ Na]™: 686.9263, Found: 686.9185.
HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) =90:10, flow rate = 1.0 mL/min,

wave length = 254 nm, #fx = 6.377 min (major), fr = 6.873 min (minor). Optical

20
Rotation: ]y = 110° (¢ = 1.0, CH,Cl,); Physical properties: (Alumina N-neutral,

PE:EA=10:1) yellow foam; Yield: 81%, 53.7 mg.

JJJJJ

> 6393

6.873

\
51
4
|
6377
, -

UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
6.393 0.44 303187 3165163 51.666 6.377 0.67 5917182 65263187 95.055
6.883 0.68 253202 2960994 48.334 6.873 0.33 346411 3394969 4.945
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(R)-1-bromo-1-((.5)-4-bromo-1-(2.2.2-trifluoroethoxy)-1-((E)-4-

(trifluoromethyDstyryl)-1H-isochromen-3-yl)naphthalen-2(1H)-one (4e)

TH NMR (400 MHz, Toluene-ds): 6 7.39 — 7.33 (m, 2H),
7.32 —7.24 (m, 3H), 7.10 — 7.01 (m, SH), 6.86 — 6.82 (m,

1H), 6.81 — 6.68 (m, 4H), 6.20 (d, J = 10.0 Hz, 1H), 4.60

—4.49 (m, 1H), 4.48 —4.37 (m, 1H). ¥3C NMR (100 MHz,

Toluene-dg): 6 189.10, 146.25, 143.21, 142.27, 138.94,
134.38, 130.76, 130.67 (q, J = 32.0 Hz), 130.39, 130.26, 129.89, 128.85, 128.73,
128.35, 126.19, 126.12, 125.88, 124.81 (q, J = 276.0 Hz), 125.87, 125.81, 125.00,
124.10, 123.43, 120.67, 103.77, 102.43, 63.30, 63.10 (q, J = 35.0 Hz). HRMS (ESI)
m/z Calcd for [C;0H;3Br,FsNaO;, M+Na]": 720.9527, Found: 720.9487. HPLC
analysis: Chiralcel OD-H (Hexane/i-PrOH) =95:5, flow rate = 1.0 mL/min, wave
length = 254 nm, tx = 9.313 min (major), tr = 23.133 min (minor). Optical Rotation:

20
[2]'D’ = 830 (¢ = 1.0, CH;OH); Physical properties: yellow foam; Yield: (Alumina N-
neutral, PE:EA= 10:1) 84%, 58.6 mg.

-0

9.313

\, 22.930

23133

&
L | _ l S—
r
UV-WL1 254 nm UV-WL1 254 nm
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Arez Area (%)
9.723 239 39782 1313722 50.252 9.313 1.85 442583 14136098 96.649
22.930 4.22 12171 1300560 49.748 23.133 1.70 8158 490172 3.351
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(R)-1-bromo-1-((.5)-4-bromo-1-((E)-2-(naphthalen-1-yl)vinyl)-1-(2.2.2-

trifluoroethoxy)-1H-isochromen-3-yl)naphthalen-2(1H)-one (4f)

'H NMR (400 MHz, Toluene-ds) & 8.15 — 8.10 (m, 1H), 8.02
(d, J=15.8 Hz, 1H), 7.59 (dd, J = 9.3, 4.9 Hz, 3H), 7.40 (d,

J="7.7Hz, 1H), 7.35 (ddt, J = 9.6, 6.8, 3.5 Hz, 2H), 7.27 —

7.22 (m, 1H), 7.22 — 7.17 (m, 2H), 7.02 — 6.98 (m, 2H), 6.83

—6.68 (m, SH), 6.19 (d, J=10.0 Hz, 1H), 4.65 (dq, J=11.8,
8.7 Hz, 1H), 4.59 — 4.48 (m, 1H). 3C NMR (100 MHz, Toluene-dy): 6 189.12, 146.24,
143.12, 142.39, 134.24, 133.53, 133.36, 131.98, 130.84, 130.35, 130.18, 129.75,
129.53, 129.29, 129.03, 128.98, 128.94, 128.58, 128.37, 126.89, 126.25, 125.87,
125.84, 124.96 (q, J = 276.0 Hz), 124.91, 124.64, 124.13, 123.70, 104.07, 102.48,
63.39, 63.15 (q,/=34.0 Hz). HRMS (ESI) m/z Calcd for [C;3H,,Br,F;NaOs;, M+ Na]™:
702.9810, Found: 702.9759. HPLC analysis: Chiralcel IA-H (Hexane/i-PrOH) =95:5,

flow rate = 1.0 mL/min, wave length = 254 nm, #z = 6.780 min (major), tx = 7.907 min

20
(minor). Optical Rotation: [%1D = 126° (¢ = 1.0, CH,0OH); Physical properties:

yellow foam; Yield: (Alumina N-neutral, PE:EA=10:1) 90%, 61.2 mg.

7.803

8740

~
&
=
s
UV-WL1 254 nm UV-WL1 254 nm
RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area_(%)
6.740 0.70 342608 4288579 49.864 6.780 0.83 893473 11076698 95.904
7.803 0.85 307808 4311900 50.136 7.907 0.40 38965 473095 4.096
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(R)-1-bromo-1-((.5)-4-bromo-1-((E)-2-(thiophen-2-yl)vinyl)-1-(2.2.,2-

trifluoroethoxy)-1H-isochromen-3-yl)naphthalen-2(1H)-one (4g)

TH NMR (400 MHz, Toluene-dg): 6 7.36 — 7.23 (m, 4H), 6.96
—6.89 (m, 2H), 6.85 — 6.80 (m, 1H), 6.79 — 6.65 (m, 6H), 6.64

~6.59 (m, 1H), 6.16 (d, J= 10.0 Hz, 1H), 4.59 — 4.48 (m, 1H),

4.47 — 436 (m, 1H). ¥C NMR (100 MHz, Toluene-dy): &

189.05, 146.22, 143.04, 142.38, 140.44, 130.80, 130.23,
130.12, 129.71, 129.19, 129.02, 128.38, 127.86, 126.25, 125.80, 124.76 (q, J = 255.0
Hz), 124.71, 124.14, 123.48, 103.86, 102.51, 63.26, 63.06 (q, J = 29.0 Hz). HRMS
(ESI) m/z Calcd for [C,7H7Br,F;03;NaS, M+ Na]*: 658.9217, Found: 658.9177. HPLC
analysis: Chiralcel AD-H (Hexane/i-PrOH) =80:20, flow rate = 1.0 mL/min, wave
length = 254 nm, g = 11.130 min (major), fr = 14.220 min (minor). Optical Rotation:

20
o]y = 126° (¢ = 1.0, CH30H); Physical properties: yellow foam; Yield: (Alumina
N-neutral, PE:EA=10:1) 75%, 47.7 mg.

200

> 9.593
> 12.707

14.220

11.130

UV=WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
9.593 1.06 79043 1546161 49636 11.130 1.37 801551 17171244 95.365
12.707 1.11 62476 1568847 50.364 14.220 0.81 36331 834638 4.635
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(R)-1-bromo-1-((.5)-4-bromo-1-((E)-styryl)-1-(2.2.2-trifluoroethoxy)-1H-

isochromen-3-yl)-6-(3.5-dimethylphenyl)naphthalen-2(1H)-one (4h)

TH NMR (400 MHz, Toluene-dg) 6 7.47 (d, J= 8.1 Hz, 1H),
7.39 (dd, J=17.5, 1.5 Hz, 1H), 7.32 — 7.26 (m, 3H), 7.22 (d,
J=16.1 Hz, 1H), 7.18 (d, J= 1.6 Hz, 1H), 7.13 — 7.06 (m,
4H), 7.00 (td, J = 6.8, 1.4 Hz, 2H), 6.97 (s, 2H), 6.87 (d, J =

10.1 Hz, 1H), 6.81 — 6.75 (m, 2H), 6.26 (d, J= 10.0 Hz, 1H),

4.58 (dq, J=10.2,7.9, 7.3 Hz, 1H), 4.49 (dq, J=11.9, 8.9,
7.9 Hz, 1H), 2.19 (s, 6H). 13C NMR (100 MHz, Toluene-dy): 6 189.10, 146.30, 143.28,
142.65, 140.75, 139.70, 138.40, 136.22, 135.72, 130.36, 130.16, 130.00, 129.60,
129.35,128.97, 128.50, 128.48, 127.59, 125.90, 125.58, 125.36, 125.12, 124.95 (q, J =
276.0 Hz), 124.88, 124.42,104.17, 102.53, 63.58, 63.15 (q,/=35.0 Hz), 21.37. HRMS
(ESI) m/z Calcd for [C;37H,7Br,F3NaO;, M+ Na]™: 757.0279, Found: 757.0189. HPLC
analysis: Chiralcel AD-H (Hexane/i-PrOH) =95:5, flow rate = 1.0 mL/min, wave
length = 254 nm, fz = 4.647 min (major), fr = 6.050 min (minor). Optical Rotation:

20
lalp = 11° (¢ =1.0, CH;0H); Physical properties: yellow foam; Yield: (Alumina N-

neutral, PE:EA=10:1) 70%, 51.4 mg.

20

> 4683

) 6.087

41647

e 6.050

UV-WL1 254 nm UV-WL1 254 nm

RetTime {(min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
2683 045 33340 570245 51,205 4.647 063 585509 7323793 94 461
6.087 0.97 31741 543407 48.795 6.050 0.54 27822 429470 5.539
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(R)-1-((S)-1-(benzyloxy)-4-bromo-1-((E)-2-(naphthalen-1-yl)vinyl)-1H-

isochromen-3-yl)-1-bromonaphthalen-2(1H)-one (4i)

TH NMR (400 MHz, Toluene-dg): 6 7.99 (d, /= 8.2 Hz, 1H),
7.92 (d,J=15.8 Hz, 1H), 7.58 (dd, J= 8.2, 3.6 Hz, 2H), 7.55

~7.50 (m, 3H), 7.45 — 7.38 (m, 2H), 7.22 (dd, J = 15.1, 7.4

Hz, 2H), 7.18 — 7.12 (m, 3H), 7.06 (d, J = 2.8 Hz, 1H), 7.05

—7.00 (m, 2H), 6.97 (s, 1H), 6.85 (d, J = 15.8 Hz, 1H), 6.82
—6.72 (m, 3H), 6.69 (td, J= 8.7, 7.9, 1.5 Hz, 1H), 6.24 (d, /= 10.0 Hz, 1H), 5.27 (d, J
=11.5Hz, 1H), 5.11 (d,J=11.5 Hz, 1H). 3C NMR (100 MHz, Toluene-ds): 6 188.98,
147.36, 142.88, 142.70, 138.75, 134.22, 133.85, 132.31, 132.00, 130.86, 130.80,
130.44, 129.74, 129.68, 129.17, 128.77, 128.51, 128.45, 127.88, 127.65, 126.72,
126.15,126.08, 125.85, 125.74, 124.69, 124.56, 124.33,123.96, 105.13, 101.58, 67.80,
63.94. HRMS (ESI) m/z Calcd for [C;3H,6Br,NaO;, M+ Na]*: 711.0249, Found:
711.0139. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH) =80:20, flow rate = 1.0

mL/min, wave length = 254 nm, g = 9.927 min (major), tr = 12.963 min (minor).

20
Optical Rotation: o] = 25° (¢ = 1.0, CH,Cl,); Physical properties: white solid;

Yield: (Alumina N-neutral, PE:EA= 10:1) 83%, 57.1 mg.

llllll

> 10017

504

N\
12.897

12.963

~
5
g % — —!
A 1o I
UV-WL1 254 nm UV-WL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
10.017 1.65 153893 6081769 49.733 9.927 2.79 493634 20890846 97.400
12.897 4.16 82312 6147059 50.267 12.963 1.80 9614 557681 2.600
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(R)-1-bromo-1-((.5)-4-bromo-1-methoxy-1-((E)-2-(naphthalen-1-yl)vinyl)-1H-

isochromen-3-yl)naphthalen-2(1H)-one (4j)

'H NMR (400 MHz, CDCL): § 8.13 — 8.06 (m, 1H), 7.85 (d,
J=82Hz, 2H), 7.78 (dd, J = 11.3, 3.5 Hz, 2H), 7.56 — 7.44

(m, 7H), 7.38 (dt, J = 14.2, 7.4 Hz, 3H), 7.30 (t, J = 7.3 Hz,

1H), 7.18 (t, J = 7.3 Hz, 1H), 6.75 (d, J = 15.8 Hz, 1H), 6.47

(d, J = 9.9 Hz, 1H), 3.68 (s, 3H). 3C NMR (100 MHz,
CDCly): 6 189.61, 146.25, 143.17, 142.05, 133.61, 133.57, 132.30, 131.29, 130.84,
129.92, 129.75, 129.51, 129.46, 128.96, 128.82, 128.59, 128.43, 128.15, 128.01,
126.44,125.97,125.57, 125.39, 124.42, 124.18, 123.96, 123.64, 104.11, 101.02, 63.04,
52.42. HRMS (ESI) m/z Calcd for [C5,H,,Br,NaO;, M+ Na]": 634.9936, Found:
634.9857. HPLC analysis: Chiralcel [A-H (Hexane/i-PrOH) =95:5, flow rate = 1.0

mL/min, wave length = 254 nm, ¢z = 10.910 min (major), tx = 12.800 min (minor).

20
Optical Rotation: el = 141° (c = 1, CH,Cl,); Physical properties: (Alumina N-

neutral, PE:EA=10:1) yellow solid; Yield: 88%, 53.8 mg.

12.770

200

10910
|
F
10.910

—————————————————————————————————————————————————————

UV-WL1 254 nm W=HL1 254 nm

RetTime (min) Width (min) Height (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%
10.910 1.63 297388 5668974 51.652 10.910 L.75 771457 14508552 93.912
12.770 1.14 246529 5306406 48.348 12500 050 45593 940455 6.088
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2-(2-(hept-2-ynoyl)phenyl)naphtho|2.1-blfuran-1(2H)-one (5j)

IH NMR (400 MHz, CDCl;) & 8.72 (d, J = 8.2 Hz, 1H), 8.37
~8.31 (m, 1H), 8.12 (d, /= 9.0 Hz, 1H), 7.85 (d, /= 8.1 Hz,

1H), 7.63 (t, J = 7.6 Hz, 1H), 7.52 — 7.44 (m, 3H), 7.38 (d, J

= 9.0 Hz, 2H), 7.15 (s, 1H), 2.52 (t, J= 7.1 Hz, 2H), 1.73 -

1.63 (m, 2H), 1.52 (m, 2H), 0.97 (t,J=7.3 Hz, 3H). BC NMR
(100 MHz, CDCls) 6 197.68, 179.77, 175.23, 139.87, 135.43, 134.42, 133.63, 133.06,
129.82,129.45, 129.42, 128.47, 128.41, 126.06, 125.40, 123.13, 113.76, 112.21, 96.97,
83.58, 80.90, 29.75, 22.09, 18.99, 13.52. HRMS (ESI) m/z Calcd for [C,5H,0NaO;, M+
Na]*: 391.1412, Found: 391.1285. HPLC analysis: Chiralcel OD-H (Hexane/i-PrOH)
=90:10, flow rate = 1.0 mL/min, wave length = 254 nm, ¢z = 12.927 min (minor), tg =

14.083 min (major). Physical properties: yellow oil; Yield: (SiO,, PE:EA=10:1) 90%.
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I | 16 8 10 | ) 3 1" 1 16 I 18
it ¥
UV-WL1 254 nm UV-WL1 254 mm
RetTime (min) Width (min) lleight (Volts) Area Area (%) RetTime (min) Width (min) Height (Volts) Area Area (%)
13310 130 69617 1977281 50.451 12927 0.89 149562 3745838 6.717
14.847 1.45 64812 1941963 49,549 14.083 1.59 1726269 52019688 93.283
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1-(4-bromo-1-(hex-1-yn-1-yl)-1-(2.2.2-trifluoroethoxy)-1H-isochromen-3-

vl)naphthalen-2-yl acetate (6j)

'H NMR (400 MHz, CDCl3) § 7.96 (d, J = 9.0 Hz, 1H), 7.87
(dd, J = 6.7, 2.6 Hz, 1H), 7.83 (dd, J = 6.7, 2.8 Hz, 1H), 7.77

(d, J=17.5 Hz, 1H), 7.69 (d, J = 7.7 Hz, 1H), 7.54 (t, J= 7.5

Hz, 1H), 7.51 — 7.44 (m, 3H), 7.41 (d, J = 9.0 Hz, 1H), 4.49

(dq,J=11.5,89Hz, 1H),4.13 (dq,J=11.7, 8.6 Hz, 1H), 2.33
(t,J=7.1Hz, 2H), 2.26 (s, 3H), 1.55 (p, /= 7.0 Hz, 2H), 1.42 (h, J="7.1 Hz, 2H), 0.90
(t, J=7.3 Hz, 3H). BC NMR (100 MHz, CDCl3) & 169.14, 146.73, 142.60, 131.57,
131.46, 130.81, 130.29, 128.70, 128.22, 128.16, 127.30, 126.34, 126.03, 125.26,
124.92, 122.82, 122.47, 121.76, 104.57, 98.02, 91.43, 77.00, 74.53, 62.59 (J = 34.0
Hz), 30.02, 21.93, 20.81, 18.30, 13.45. HRMS (ESI) m/z Calcd for [CyyH»4BrF;NaO,,
M+Na]*: 595.0801, Found: 595.0707. HPLC analysis: Chiralcel AD-H (Hexane/i-
PrOH) = 98:2, flow rate = 1.0 mL/min, wave length = 254 nm, ¢z = 4.907 min (minor),

tr = 5.820 min (major). Physical properties: yellow foam; Yield: (SiO,, PE:EA=10:1)

0
88%
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o+ e V  a— SR e ] —l § -
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V-HL1 254 nm UV-WLL 254 nm
RetTime (min) Width (min) Height (Volts) Area Area_(%) RetTime (min) Width (min) Height (Volts) Area Area (%)
4.953 1.21 17755 509885 49.023 4.907 0.85 21260 679609 4.107
5.800 0.88 23242 530204 50.977 5.820 1.20 554017 15869408 95.893
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IX.'H and *C NMR spectra of substrates (1a-1k, 3a-3g)
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X. 'H and 3C NMR spectra of substrates (2a-2w, 4a-4j, M1, 5j-6j)
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XI. Crystallographic details of 4j.

4 CCDC: 2077845

Bond precision: C-C=0.0079 A Wavelength=0.71073
Cell: a=7.8735(3) b=13.6168(5) c=24.1689(10)

alpha=90 beta=90 gamma=90
Temperature: 295K

Calculated Reported
Volume 2591.19(17) 2591.18(19)
Space group P 212121 P 212121
Hall group P 2ac 2ab P 2ac 2ab
Moiety formula C32 H22 Br2 O3 C32 H22 Br2 O3
Sum formula C32 H22 Br2 O3 C32 H22 Br2 O3
Mr 614.30 614.31
Dx,g cm-3 1.575 1.575
Z 4 4
Mu (mm-1) 3.161
F000 1232.0
F000’ 1230.22
h,k,Imax 10,18,33 10,18,32
Nref 6928[3907] 5957
Tmin, Tmax 0.457,0.483 0.717,1.000
Tmin’ 0.423

Correction method= # Reported T Limits: Tmin=0.717 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.52/0.86 Theta(max)= 29.042
R(reflections)= 0.0421(4360) wR2(reflections)= 0.0779(5957)
S=1.049 Npar= 335
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