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Experimental

General Information

'H NMR (*3C NMR) spectra were measured on a Bruker DPX 400 MHz spectrometer in CDCl; (DMSO-dg) with
chemical shift (0) given in ppm relative to TMS as internal standard [(s = singlet, d = doublet, t = triplet, brs = broad
singlet, m = multiplet), coupling constant (Hz)]. HRMS (ESI) was determined by using microTOF-QIl HRMS/MS
instrument (BRUKER). X-Ray crystallographic analysis was performed with a Siemens SMART CCD and a
Siemens P4 diffractometer.

Yne-Allenones were prepared according to literature procedures (See J. Org. Chem. 2009, 74, 2224 and Angew.
Chem., Int. Ed. 2017, 56, 15570). Dimethoxy(methyl)silane, chiral ligands (Li-Lg) and other reagents, unless
otherwise noted, were purchased from commercial vendors and used without further purification. The single-crystal
of (R)-3¢ was grown from the mixed solution of ethanol and acetone (V/V =3:1).
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Figure S1. The ORTEP Drawing of Absolute Configuration of Product (R)-3¢

1-(2-(3,3-dimethylbut-1-yn-1-yl)phenyl)buta-2,3-dien-1-one (1p)
o}

Cé
A
IH NMR (400 MHz, DMSO) (8, ppm): 8.00 (d, J = 16.0 Hz, 1H), 7.85-7.81 (m, 1H), 7.43-7.41 (m, 1H), 7.31 (d, J = 16.0

Hz, 1H), 6.20-6.17 (m, 1H), 5.64 (d, J = 6.4 Hz, 2H), 1.34 (s, 9H). 13C NMR (100 MHz, DMSO) (d, ppm): 216.3, 188.3,
139.9, 135.5, 132.8, 130.8, 128.9, 126.8, 124.7, 124.4, 105.5, 96.5, 81.1, 77.2, 31.0, 28.4.

S2



BEE | —

805C—

— > €06

E5E'C

129G~
ekl
LEL'D
EEW
£0Z'9

AT
1221
gL
NN#.NW
6Zv'L

pi8L
mNm.hW‘
1281
NQ&.%

[
o~
o
w©

25112019 TU-LMF

N

- F50T

—== =00}

= =Zl'l
- ~al'l

=80'L
== F0l'}

0.0

T T T
4.0 35 3.0 25 20 15 1.0

50 45
1 {ppm)

55

T
6.0

75 70

8.0

'H NMR Spectrum of Compound 1p

68282~
LE0LE—

C6l'LL—
ehle—

e 96—

6L550L—

Sy b2 4y
SZLPZhA|
828924~
s1682)
poE0EL/
6022

LLSGEL
mﬁm,mm_.\

55¢'88L—

8Leeli—

10

20

30

40

50

60

70

80

90

T
100
1 (ppm)

13C NMR Spectrum of Compound 1p

110

T
120

130

140

-10

200 180 180 170 160 150

210

S3



General procedure for the synthesis of compound 4

O, o
'H 1) ozone
O.Q DCM, -78 °C 0
2) Me,S, rt ﬁ 4-EtC¢H,
4-EtC4H,
3¢ 4 (92%, 98% ee)

A solution of 3¢ (0.1 mmol) in dry DCM was stirred at -78 °C, then the ozone generated by the ozone generator was
passed into the solution until TLC (petroleum ether/ethyl acetate 10:1) revealed that conversion of the starting
material 3¢ was completed and the ozone was stopped. Next, the solution was quenched with dimethyl sulphide (6.0
mL) and the reaction mixture was adjusted to room temperature and stirred for 12 h. At last, the solvent was
evaporated under reduced pressure, and the crude products were purified through preparative thin layer
chromatography (petroleum ether/ethyl acetate 10:1) to get desired products 4 as white solid.

(R)-2-(2-(4-ethylphenyl)-2-oxoethyl)-2,3-dihydronaphthalene-1,4-dione (4)

Et

White solid (instable); 56.3 mg, 92% yield; mp: 111-113 °C; [a]p?® = -192.2 (c = 0.116, acetone); *H NMR (400 MHz,
CDCls) (3, ppm): 8.11-8.08 (m, 2H), 7.97 (d, J = 8.0 Hz, 2H), 7.79-7.76 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 3.90-3.72 (m,
2H), 3.30-3.05 (m, 3H), 2.75 (g, J = 7.6 Hz, 2H), 1.28 (d, J = 7.6 Hz, 3H). 3C NMR (100 MHz, CDCls) (5, ppm): 197.2,
196.7, 195.4, 150.5, 135.4, 135.3, 134.3, 134.1, 128.4, 128.2, 127.0, 126.6, 43.4, 43.0, 38.4, 29.0, 15.2. IR (KBr, v, cn
1): 2966, 2928, 1752, 1685, 1605, 1560, 1413, 828, 780; HRMS (ESI) m/z calcd for CxHisNaO3 [M+Na]* 329.1154,
found 329.1156; HPLC: 98% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =70/30, flow rate: 0.6 mL/min, detector: 254
nm, tr(major) = 12.515 min, tr(minor) = 19.747 min.

General procedure for the synthesis of compounds 3
Example for the synthesis of 3a:

o) o) . Ph Ph
c?  Me(MeO),SiH (2) JOR ¥ Pé
Cu(OAc), Lg O.Q : QP\/\
A o MeONa, DCE.50°C , Phi Ph PR
1a 2 ! (RR)-Ph-BPE (Lg)

In an Ar-filled glove box, Cu(OAc): (10 mol %), (R,R)-Ph-BPE (10 mol %), MeONa (1.5 equiv.), 1-(2-
(phenylethynyl)phenyl)buta-2,3-dien-1-one (1a, 0.2 mmol) and DCE (2.0 mL) were added to a Schlenk tube. The
resulting mixture was stirred for 20 minutes at room temperature and then Me(MeO),SiH (0.6 mmol) were added
successively. The Schlenk tube was removed from the dry box and the mixture was stirred in the oil bath at 50 °C
for 12 hours. The mixture was concentrated under vacuum and the crude product was purified by column
chromatography on silica with a mixture of ethyl acetate/petroleum ether (1:50) to get chiral desired products 3a.

(R)-1-phenyl-2a,3-dihydrocyclobutalanaphthalen-4(2H)-one (3a)
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Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 36.9 mg, 75% yield;
[a]p®® = +69.9 (c = 0.256, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.11-8.09 (m, 1H), 7.81 (d, J = 7.6 Hz, 1H),
7.66-7.56 (m, 3H), 7.44-7.31 (m, 4H), 3.29-3.22 (m, 2H), 3.20-3.16 (m, 1H), 2.72-7.65 (m, 2H). *3C NMR (100 MHz,
CDCls) (8, ppm): 198.0, 137.5, 136.7, 136.4, 135.2, 133.6, 132.5, 128.7, 128.5, 128.2, 128.1, 126.0, 125.0, 46.1, 35.9,
35.8. IR (KBr, v, cm): 2949, 2922, 1685, 1602, 1529, 1451, 829, 728; HRMS (ESI) m/z calcd for C1gH14NaO [M+Na]*
269.0942, found 269.0944; HPLC: >99% ee (Daicel Chiralpak OD-H, hexane/i-PrOH =90/10, flow rate: 0.6 mL/min,
detector: 254 nm, tr(major) =11.412 min.

(R)-1-(p-tolyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3b)

p-Tolyl

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 32.2 mg, 62% yield;
[a]p® = +629.5 (c = 0.156, acetone); *H NMR (400 MHz, CDCl3) (8, ppm): 8.12-8.10 (m, 1H), 7.81 (d, J = 7.6 Hz, 1H),
7.62-7.53 (m, 3H), 7.42-7.35 (m, 1H), 7.23 (d, J = 7.6 Hz, 2H), 3.33-3.14 (m, 3H), 2.73-2.66 (m, 2H), 2.41 (s, 3H). *C
NMR (100 MHz, CDClIs) (3, ppm): 197.9, 138.5, 137.5, 136.8, 135.1, 133.5, 132.4, 132.4, 129.3, 128.1, 127.8, 125.9,
124.9, 46.1, 35.8, 35.7, 21.4. IR (KB, v, cm): 3005, 2909, 1683, 1592, 1510, 1461, 815, 750; HRMS (ESI) m/z calcd
for C1gH16NaO [M+Na]* 283.1099, found 283.1095; HPLC: >99% ee (Daicel Chiralpak 1A, hexane/i-PrOH =99/1, flow
rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 13.340 min, tr(major) = 15.718 min.

(R)-1-(4-ethylphenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3c)

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 39.7 mg, 66% yield;
mp: 140-142 °C; [a]o?® = -1008.8 (c = 0.26, acetone); *H NMR (400 MHz, CDCls) (3, ppm): 8.11-8.09 (m, 1H), 7.82 (d,
J =7.6 Hz, 1H), 7.65-7.54 (m, 3H), 7.42-7.36 (m, 1H), 7.26 (d, J = 8.4 Hz, 2H), 3.32-3.15 (m, 3H), 2.74-2.64 (m, 4H),
1.28 (t, J = 7.6 Hz, 3H). *C NMR (100 MHz, CDCls) (5, ppm): 197.9, 144.9, 137.5, 136.8, 135.2, 133.4, 132.6, 132.4,
128.1, 128.0, 127.8, 126.0, 124.9, 46.1, 35.8, 35.7, 28.8, 15.5. IR (KB, v, cm™): 3005, 2965, 1683, 1594, 1507, 1462,
831, 765; HRMS (ESI) m/z calcd for CxH190 [M+H]* 275.1436, found 275.1437; HPLC: >99% ee (Daicel Chiralpak
AD-H, hexane/i-PrOH =90/10, flow rate: 0.6 mL/min, detector: 254 nm, tzg(minor) = 7.741 min, tr(major) = 8.550 min.

(R)-1-(4-(tert-butyl)phenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3d)

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 38.7 mg, 64% vyield;
mp: 118-120 °C; [a]p?® = +632.1 (c = 0.468, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.10-8.08 (m, 1H), 7.82 (d,
J=7.6 Hz, 1H), 7.61-7.57 (m, 3H), 7.48-7.41 (m, 2H), 7.40-7.33 (m, 1H), 3.29-3.14 (m, 3H), 2.71-2.61 (m, 2H), 1.36 (s,
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9H). 3C NMR (100 MHz, CDCl3) (8, ppm): 197.9, 151.7, 137.4, 136.8, 135.4, 133.4, 132.4, 128.0, 127.8, 125.8, 125.5,
124.9, 46.1, 35.8, 35.7, 34.8, 31.2. IR (KBr, v, cm™): 3005, 2961, 1685, 1594, 1507, 1462, 3, 833, 750; HRMS (ESI)
m/z calcd for Cz2H230 [M+H]* 303.1749, found 303.1751; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH
=99/1, flow rate: 0.6 mL/min, detector: 254 nm, tr(major) = 17.509 min, tz(minor) = 26.991 min.

(R)-1-(4-methoxyphenyl)-2a,3-di-hydrocyclobuta[a]naphthalen-4(2H)-one (3¢)

OCHj

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 32.6 mg, 59% yield;
[a]p®® = +709.5 (c = 0.2, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.09-8.07 (m, 1H), 7.77 (d, J = 7.6 Hz, 1H),
7.64-7.49 (m, 3H), 7.42-7.31 (m, 1H), 7.01-6.86 (m, 2H), 3.85 (s, 3H), 3.30-3.12 (m, 3H), 2.72-2.58 (m, 2H). *C NMR
(100 MHz, CDCls) (8, ppm): 198.0, 159.8, 137.2, 137.0, 133.7, 133.5, 132.3, 128.1, 127.6, 127.4,124.7,114.0,55.3, 46.1,
35.7, 35.6. HRMS (ESI) m/z calcd for C19H170, [M+H]* 277.1229, found 277.1231; HPLC: >99% ee (Daicel Chiralcel
OD-H, hexane/i-PrOH =99/1, flow rate: 1.0 mL/min, detector: 254 nm, tg(minor) = 13.628 min, tr(major) = 18.175 min.

(R)-1-(4-fluorophenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3f)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 36.6 mg, 69% yield;
[a]p® = +201.6 (c = 0.127, acetone); *H NMR (400 MHz, CDCl3) (8, ppm): 8.11-8.09 (m, 1H), 7.75 (d, J = 7.6 Hz, 1H),
7.63-7.57 (m, 3H), 7.44-7.34 (m, 1H), 7.15-7.04 (m, 2H), 3.31-3.09 (m, 3H), 2.72-2.61 (m, 2H). *3C NMR (100 MHz,
CDCls) (3, ppm): 197.7, 163.9, 161.4 (1cr = 247.4 Hz), 136.5, 136.2, 135.7(1), 135.7(9), 133.6, 132.4, 131.4(2), 131.4(8)
({Jcr=3.7Hz),128.2,128.1, 127.8, 127.7 (3Jcr = 8.2 Hz), 124.6, 115.7, 115.5 (3Jcr = 21.5 Hz), 46.0, 35.8, 35.8. IR (KB,
v, cm): 2980, 2865, 1700, 1636, 1454, 823, 754; HRMS (ESI) m/z calcd for CisH1sFO [M+H]* 265.1029, found
265.1026; HPLC: >99% ee (Daicel Chiralpak IC, hexane/i-PrOH =70/30, flow rate: 0.6 mL/min, detector: 254 nm,
tr(major) = 11.156 min, tr(minor) = 11.846 min.

(R)-1-(4-chlorophenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3g)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 45.7 mg, 72% yield,;
[a]p® = +540.8 (c = 0.279, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.11-8.09 (m, 1H), 7.81 (d, J = 7.6 Hz, 1H),
7.66-7.56 (m, 3H), 7.44-7.31 (m, 4H), 3.29-3.22 (m, 2H), 3.26-3.16 (m, 1H), 2.71-2.63 (m, 2H). **C NMR (100 MHz,
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CDCls) (8, ppm): 197.6, 137.0, 136.3, 136.1, 134.1, 133.6, 133.5, 132.5, 128.8, 128.2, 128.2, 127.2, 124.7, 45.9, 35.9,
35.1. IR (KBr, v, cm™): 2940, 2911, 1683, 1591, 1477, 1407, 855, 763; HRMS (ESI) m/z calcd for C1sH14CIO [M+H]*
281.0733, found 281.0733; HPLC: 96% ee (Daicel Chiralpak IC, hexane/i-PrOH =90/10, flow rate: 0.6 mL/min, detector:
254 nm, tr(major) = 15.755 min, tr(minor) = 17.453 min.

(R)-1-(2-chlorophenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3h)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 25.3 mg, 45% yield;
[a]p®® = +228.3 (c = 0.12, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.06 (d, J = 7.6 Hz, 1H), 7.68-7.61 (m, 1H),
7.49-7.47 (m, 2H), 7.44-7.33 (m, 2H), 7.27-7.21 (m, 2H), 3.50-3.45 (m, 1H), 3.33-3.24 (m, 1H), 3.20-3.15 (m, 1H), 2.90-
2.86 (m, 1H), 2.75-2.68 (m, 1H). **C NMR (100 MHz, CDCls) (3, ppm): 197.7, 139.9, 135.9, 135.8, 133.9, 133.3, 132.8,
132.4,130.4, 129.2(2), 129.2(0), 128.3, 127.9, 126.5, 124.8, 45.9, 39.7, 37.0. IR (KB, v, cm™): 3005, 2988, 1682, 1594,
1474, 1430, 896, 750; HRMS (ESI) m/z calcd for C1sH14CIO [M+H]* 281.0733, found 281.0732; HPLC: >99% ee (Daicel
Chiralpak AS-H, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 9.556 min, tr(major) =
10.219 min.

(R)-1-(3-chlorophenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3i)

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 38.6 mg, 63% yield;
mp: 80-82 °C; [a]p® = +492.5 (c = 0.518, acetone); *H NMR (400 MHz, CDCls3) (8, ppm): 8.11-8.09 (m, 1H), 7.75 (d, J
=7.6 Hz, 1H), 7.63-7.59 (m, 1H), 7.57-7.56 (m, 1H), 7.53-7.51 (m, 1H), 7.42-7.38 (m, 1H), 7.36-7.27 (m, 2H), 3.27-3.15
(m, 3H), 2.71-2.61 (m, 2H). *3C NMR (100 MHz, CDCls) (3, ppm): 197.4, 138.0, 136.8, 136.1, 135.8, 134.7, 133.6, 132.5,
129.8, 128.4,128.3,128.2, 126.0, 124.8, 124.0, 45.9, 36.0, 35.7. IR (KBr, v, cm): 2975, 2922, 1682, 1507, 1456, 1417,
762, 700; HRMS (ESI) m/z calcd for C1gH14CIO [M+H]* 281.0733, found 281.0725; HPLC: >99% ee (Daicel Chiralcel
OD-H, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 11.725 min, tg(major) = 13.959 min.

(R)-1-(4-bromophenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3j)

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 32.4 mg, 50% vyield;
mp: 95-97 °C; [a]p?® = +520.5 (¢ = 0.336, acetone);*H NMR (400 MHz, CDCls) (8, ppm): 8.11-8.08 (m, 1H), 7.73 (d, J
=7.6 Hz, 1H), 7.61-7.57 (m, 1H), 7.56-7.45 (m, 4H), 7.43-7.36 (m, 1H), 3.25-3.15 (m, 3H), 2.72-2.61 (m, 2H). 3C NMR
(100 MHz, CDCls) (8, ppm): 197.5, 137.2, 136.3, 136.1, 133.9, 133.6, 132.5, 131.8, 128.3, 128.2, 127.4, 124.7, 122.3,
45.9,35.9, 35.7. IR (KBr, v, cm): 3061, 2908, 1682, 1594, 1486, 1396, 820, 750; HRMS (ESI) m/z calcd for C1gH14BrO
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[M+H]* 325.0228, found 325.0221; HPLC: >99% ee (Daicel Chiralpak AS-H, hexane/i-PrOH =95/5, flow rate: 0.6
mL/min, detector: 254 nm, tg(minor) = 11.319 min, tr(major) = 13.121 min.

(R)-1-(naphthalen-1-yl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3k)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 36.1 mg, 61% yield;
[a]p® = +1094.3 (c = 0.12, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.14-8.12 (m, 1H), 7.96 (s, 1H), 7.92-7.80
(m, 5H), 7.65-7.60 (m, 1H), 7.55-7.47 (m, 2H), 7.43-7.39 (m, 1H), 3.38-3.18 (m, 3H), 2.79-2.66 (M, 2H). 3C NMR (100
MHz, CDCls) (8, ppm): 197.8, 137.5, 136.8, 136.7, 133.6, 133.4, 133.2, 132.6, 132.5, 128.2, 128.2, 128.2, 128.1, 127.8,
126.5, 126.4, 125.2, 124.9, 123.7, 46.1, 36.0, 35.8. IR (KBr, v, cm™): 3005, 2989, 1684, 1592, 1458, 1275, 817, 750;
HRMS (ESI) m/z calcd for CyH170 [M+H]* 297.1279, found 297.1275; HPLC: >99% ee (Daicel Chiralcel OD-H,
hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm, tr(major) = 15.439 min, tr(minor) = 18.025 min.

(R)-1-(thiophen-2-yl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3I)

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 40.1 mg,70% yield; mp:
102-104 °C; [a]p?® = +1886.5 (¢ = 0.200, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.07-8.06 (m, 1H), 7.88 (d, J
= 7.6 Hz, 1H), 7.64-7.60 (m, 1H), 7.39-7.33 (m, 2H), 7.20 (d, J = 3.5 Hz, 1H), 7.08 (dd, J = 5.0, 3.6 Hz, 1H), 3.41-3.24
(m, 1H), 3.22-3.11 (m, 2H), 2.77-2.66 (m, 2H). **C NMR (100 MHz, CDCl3) (8, ppm): 197.6, 138.0, 135.9, 133.6, 133.4,
132.2,130.6, 128.0, 127.9, 127.5, 125.9(2), 125.9(9), 125.1, 45.8, 36.4, 36.2. IR (KBr, v, cm™): 3059, 2911, 1680, 1591,
1560, 1463, 852, 709; HRMS (ESI) m/z calcd for C16H130S [M+H]* 253.0687, found 253.0694; HPLC: >99% ee (Daicel
Chiralcel OD-H, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm, tr(minor) = 12.618 min, tr(major) =
13.255 min.

(R)-1-(cyclohex-1-en-1-yl)-2a,3-dihydrocyclobutalanaphthalen-4(2H)-one (3m)

H

@x

J D

Colorless oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 27.5 mg, 55% yield;
[a]p® = +43.9 (c = 0.13, acetone); 'H NMR (400 MHz, Acetone) (5, ppm): 7.96 (d, J = 7.6 Hz, 1H), 7.74-7.55 (m, 2H),
7.39-7.36 (m, 1H), 6.00 (s, 1H), 3.13-2.96 (m, 2H), 2.67-2.52 (m, 2H), 2.46-2.34 (m, 2H), 2.21 (s, 2H), 1.82 (s, 1H), 1.65
(d, J = 41.6 Hz, 3H), 1.30 (s, 1H). *C NMR (100 MHz, Acetone) (5, ppm): 196.6, 139.9, 136.8, 133.8, 133.2, 133.1,
132.2,128.0,127.3,126.0,45.7,35.1,34.2,27.1,25.5,22.3,21.7. IR (KBr, v, cm™"): 3051,2949, 1676, 1592, 1509, 1445,
1423, 839, 760; HRMS (ESI) m/z calcd for CisH;sNaO [M+Na]* 273.1255, found 273.1245; HPLC: 98% ee (Daicel
Chiralcel OJ-H, hexane/i-PrOH =70/30, flow rate: 0.6 mL/min, detector: 254 nm, tr(minor) = 8.186 min, tr(major) =
8.642 min.

O,
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(R,E)-1-styryl-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3n)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 37.5 mg, 69% yield; [a]p*
=+360.9 (c = 0.041, acetone); 'H NMR (400 MHz, CDCl;) (8, ppm): 8.04 (d, J = 8.0 Hz, 1H), 7.59-7.50 (m, 4H), 7.41-
7.34 (m, 3H), 7.31 (d, J = 7.6 Hz, 1H), 7.18 (d, J = 16.0 Hz, 1H), 6.72 (d, J = 15.6 Hz, 1H), 3.34-3.26 (m, 1H), 3.18-3.09
(m, 2H), 2.71-2.64 (m, 2H). !*C NMR (100 MHz, CDCI3) (8, ppm): 197.8, 137.7, 137.3, 136.8, 136.3, 133.6, 132.3,
132.0,128.7,128.2, 127.9, 127.7, 126.7, 124.9, 121.5, 45.8, 35.7, 34.7. IR (KBr, v, cm'"): 3035, 2957, 1678, 1623, 1567,
1409, 887, 798; HRMS (ESI) m/z caled for Cy0H;O [M+H]* 273.1279, found 273.1272; HPLC: >99% ee (Daicel
Chiralpak IA, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm, tr(minor) = 10.639 min, tr(major) = 11.536

min.

(R)-1-(phenylethynyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (30)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 25.4 mg, 47% yield; [a]p*
= +286.0 (c = 0.21, acetone); '"H NMR (400 MHz, CDCl3) (8, ppm): 8.01 (d, J= 7.2 Hz, 1H), 7.72 (d, J= 7.6 Hz, 1H),
7.61-7.57 (m, 1H), 7.54-7.49 (m, 2H), 7.41-7.34 (m, 4H), 3.34-3.25 (m, 1H), 3.16-3.06 (m, 2H), 2.77-2.65 (m, 2H). 1*C
NMR (100 MHz, CDCls) (8, ppm): 197.2, 147.3, 135.1, 133.8, 132.1, 131.8, 128.7, 128.6, 128.4, 127.6, 126.7, 124.5,
122.8,117.8,93.9, 84.7,45.3,39.3, 36.9. IR (KBr, v, cm™!): 3065, 2936, 1640, 1609, 1554, 1439, 847, 754; HRMS (ESI)
m/z calcd for CooH14NaO [M+Na]" 293.0942, found 293.0934; HPLC: 72% ee (Daicel Chiralcel OD-H, hexane/i-PrOH
=99/1, flow rate: 0.6 mL/min, detector: 254 nm, tr(minor) = 22.919 min, tr(major) = 27.665 min.

(R)-7-methyl-1-(p-tolyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3q)

p-Tolyl

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 41.8 mg, 76% yield;
mp: 114-116 °C; [a]o® = +439.8 (c = 0.728, acetone); *H NMR (400 MHz, CDCls) (5, ppm): 7.99 (d, J = 8.0 Hz, 1H),
7.60-7.51 (m, 3H), 7.26-7.14 (m, 3H), 3.24-3.09 (m, 3H), 2.67-2.60 (m, 2H), 2.45 (s, 3H), 2.40 (s, 3H). **C NMR (100
MHz, CDCls) (3, ppm): 197.7, 144.2, 138.4, 137.2, 136.9, 135.4, 132.5, 130.2, 129.3, 128.8, 128.1, 125.9, 125.2, 46.0,
35.9, 35.7, 22.0, 21.4. IR (KBr, v, cm™): 2989, 2931, 1683, 1600, 1510, 1467, 829, 747, HRMS (ESI) m/z calcd for
Ca0oH190 [M+H]* 275.1436, found 275.1432; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =99/1, flow rate:
0.6 mL/min, detector: 254 nm, tr(minor) = 13.817 min, tr(major) = 18.564 min.

(R)-1-(4-methoxyphenyl)-7-methyl-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3r)
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OMe
White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 32.0 mg, 55% vyield;

mp: 118-120 °C; [a]p?® = +647.1 (¢ = 0.384, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 7.98 (d, J = 8.0 Hz, 1H),
7.59-7.55 (m, 3H), 7.17-7.15 (m, 1H), 6.97-6.91 (m, 2H), 3.85 (s, 3H), 3.22-3.09 (m, 3H), 2.67-2.58 (m, 2H), 2.45 (s,
3H). 3C NMR (100 MHz, CDClI3) (5, ppm): 197.8, 159.7, 144.2, 137.0, 136.9, 133.9, 130.1, 128.6, 128.2, 128.2, 127.4,
125.0, 114.0, 55.3, 46.0, 35.7, 35.7, 22.0. IR (KBr, v, cm): 3004, 2907, 1675, 1606, 1510, 1463, 828, 764; HRMS (ESI)
m/z calcd for CyH190, [M+H]* 291.1385, found 291.1381; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH
=95/5, flow rate: 0.6 mL/min, detector: 254 nm, tr(minor) = 12.597 min, tr(major) = 15.511 min.

(R)-1-(4-chlorophenyl)-7-methyl-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3s)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 28.9 mg, 49% yield;
[a]p® = +242.3 (c = 0.104, acetone); *H NMR (400 MHz, CDCl3) (8, ppm): 8.00 (d, J = 8.0 Hz, 1H), 7.59-7.50 (m, 3H),
7.40-7.34 (m, 2H), 7.21 (d, J = 8.0 Hz, 1H), 3.23-3.12 (m, 3H), 2.69-2.59 (m, 2H), 2.45 (s, 3H). 3C NMR (100 MHz,
CDCls) (8, ppm): 197.4, 144.4, 137.2, 136.4, 135.8, 134.0, 133.6, 130.3, 129.3, 128.8, 128.3, 127.2, 125.0, 45.9, 36.0,
35.7, 22.0. IR (KBr, v, cm™): 3005, 2922, 1682, 1602, 1490, 1401, 825, 746; HRMS (ESI) m/z calcd for C1sH15CIO
[M+H]* 295.0890, found 295.0885; HPLC: 99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =95/5, flow rate: 0.6
mL/min, detector: 254 nm, tr(minor) = 10.420 min, tr(major) = 11.135 min.

(R)-1-(4-chlorophenyl)-7-fluoro-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3t)

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 23.8 mg, 40% yield;
mp: 134-136 °C; [a]p? = +570.5 (c = 0.200, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.14-8.10 (m, 1H), 7.54-
7.50 (m, 2H), 7.41-7.34 (m, 3H), 7.09-7.04 (m, 1H), 3.26-3.12 (m, 3H), 2.69-2.60 (m, 2H). $3C NMR (100 MHz, CDCls)
(6, ppm): 196.1, 167.0, 164.5, 138.7, 138.6, 137.7, 135.8, 134.5, 133.1, 131.4, 131.3, 129.1, 129.0, 127.3, 115.7, 115.5,
111.3,111.1, 45.6, 36.0, 35.9. IR (KBr, v, cm): 3005, 2989, 1684, 1600, 1491, 1401, 828, 763; HRMS (ESI) m/z calcd
for C1gH13CIFO [M+H]* 299.0639, found 299.0640; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =95/5,
flow rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 11.232 min, tr(major) = 12.095 min.

(R)-7-chloro-1-(p-tolyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3u)
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White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 35.3 mg, 60% vyield;
mp: 126-128 °C; [a]p?® = +338.7 (¢ = 0.194, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 8.01 (d, J = 8.4 Hz, 1H),
7.73 (d, J = 2.0 Hz, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.32-7.30 (m, 1H), 7.24 (d, J = 8.0 Hz, 2H), 3.25-3.12 (m, 3H), 2.68-
2.60 (m, 2H), 2.40 (s, 3H). *C NMR (100 MHz, CDCls) (3, ppm): 196.9, 139.9, 139.2, 139.0, 138.0, 133.6, 132.0, 130.6,
129.7, 129.4, 128.0, 126.0, 124.6, 45.8, 35.9, 35.7, 21.5. IR (KBr, v, cm™): 3005, 2985, 1685, 1586, 1511, 1416, 897,
764; HRMS (ESI) m/z calcd for C19H16CIO [M+H]* 295.0890, found 295.0891; HPLC: >99% ee (Daicel Chiralcel OD-
H, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 9.823 min, tr(major) = 10.313 min.

(R)-6-methyl-1-phenyl-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3v)

White solid after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 38.6 mg, 74% yield;
mp: 72-74 °C; [a]p?® = +444.2 (c = 0.484, acetone); *H NMR (400 MHz, CDCl3) (8, ppm): 7.91 (d, J = 0.4 Hz, 1H), 7.71
(d, J=8.0 Hz, 1H), 7.64-7.62 (m, 2H), 7.42-7.38 (m, 3H), 7.34-7.32 (m, 1H), 3.25-3.14 (m, 3H), 2.69-2.62 (m, 2H), 2.42
(s, 3H).3C NMR (100 MHz, CDCls) (8, ppm): 198.2,138.1, 136.4, 136.4, 135.2, 134.3, 134.1, 132.3, 128.6, 128.3, 128.2,
125.9, 124.9, 46.1, 35.9, 35.6, 21.4. IR (KBr, v, cm™): 3005, 2989, 1684, 1605, 1493, 1474, 825, 762; HRMS (ESI) m/z
calcd for C19H170 [M+H]*" 261.1279, found 261.1278; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH = 95/5,
flow rate: 0.6 mL/min, detector: 254 nm, tgr(minor) = 9.906 min, tr(major) = 12.111 min.

(R)-6-methoxy-1-phenyl-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3w)

O,
H

o O
Ph

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 33.8 mg, 61% yield;
[0]p?® = -464.1 (c = 0.128, acetone); *H NMR (400 MHz, CDCls) (3, ppm): 7.75 (d, J = 8.4 Hz, 1H), 7.62-7.59 (m, 3H),
7.42-7.37 (m, 2H), 7.33-7.27 (m, 1H), 7.17-7.15 (m, 1H), 3.89 (s, 3H), 3.25-3.13 (m, 3H), 2.70-2.61 (m, 2H). *C NMR
(100 MHz, CDCls) (8, ppm): 197.9, 159.4, 136.1, 135.3, 135.2, 133.8, 130.0, 128.6, 128.1, 126.5, 125.8, 121.4, 110.7,
55.6, 45.9, 35.9, 35.5. IR (KBr, v, cm™): 3005, 1679, 1596, 1511, 1478, 828, 750; HRMS (ESI) m/z calcd for C1sH170;
[M+H]* 277.1229, found 277.1231; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =95/5, flow rate: 0.6
mL/min, detector: 254 nm, tr(minor) = 12.267 min, tr(major) = 15.445 min.

(R)-6-methoxy-1-(p-tolyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3x)

0,
H

p-Tolyl
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Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 30.7 mg, 53% yield;
[a]p® = -35.8 (c = 0.226, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 7.73 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 2.8 Hz,
1H), 7.50 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.21-7.14 (m, 1H), 3.88 (s, 3H), 3.25-3.12 (m, 3H), 2.69-2.62 (m,
2H), 2.38 (s, 3H). 3C NMR (100 MHz, CDCls) (5, ppm): 198.0, 159.2, 138.1, 135.2, 134.9, 133.7, 132.6, 130.2, 129.2,
126.4,125.7, 121.4, 110.6, 55.6, 46.0, 35.8, 35.5, 21.4. IR (KBr, v, cm™): 3005, 2989, 1680, 1599, 1511, 1478, 813, 750;
HRMS (ESI) m/z calcd for CyH190, [M+H]* 291.1385, found 291.1381; HPLC: >99% ee (Daicel Chiralcel OD-H,
hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 10.727 min, tr(major) = 12.598 min.

(R)-1-(4-fluorophenyl)-6-methoxy-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3y)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 42.3 mg, 72% yield;
[0]p?® = -116.3 (c = 0.086, acetone); *H NMR (400 MHz, CDCls) (3, ppm): 7.68 (d, J = 8.8 Hz, 1H), 7.61-7.54 (m, 3H),
7.17-7.14 (m, 1H), 7.09-7.05 (m, 2H), 3.89 (s, 3H), 3.23-3.12 (m, 3H), 2.68-2.62 (m, 2H). 3C NMR (100 MHz, CDCls)
(3, ppm): 197.7, 163.6, 161.2 (*Jcr = 246.8 Hz), 159.4, 135.5(0), 135.5(8), 133.9(4), 133.9(5) ((Jcr = 8.6 Hz), 131.7, 131.6
(“Jce = 3.3 Hz), 129.8, 127.5, 127.4, 126.2, 121.4, 115.7, 115.5 (3Jcr = 21.5 Hz), 110.8, 55.6, 45.9, 35.8, 35.6. IR (KBr,
v, cm1): 3005, 2989, 1685, 1597, 1508, 1462, 830, 763; HRMS (ESI) m/z calcd for C19HisNaFO, [M+Na]* 317.0954,
found 317.0957; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254
nm, tr(minor) = 11.816 min, tr(major) = 12.692 min.

(R)-1-(4-chlorophenyl)-6-methoxy-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3z)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 54.6 mg, 88% yield;
[a]p® = -38.4 (c = 0.700, acetone); *H NMR (400 MHz, CDCls) (8, ppm): 7.68 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 2.8 Hz,
1H), 7.54-7.50 (m, 2H), 7.38-7.33 (m, 2H), 7.18-7.15 (m, 1H), 3.89 (s, 3H), 3.24-3.14 (m, 3H), 2.70-2.62 (m, 2H). 13C
NMR (100 MHz, CDCls) (3, ppm): 197.6, 159.6, 136.8, 133.9, 133.8, 133.8, 133.7, 129.6, 128.8, 127.0, 126.3, 121.4,
110.8, 55.6, 45.8, 36.0, 35.4. IR (KBr, v, cm™): 3005, 2989, 1685, 1598, 1492, 1474, 822, 766; HRMS (ESI) m/z calcd
for C19H1sCINaO; [M+Na]* 333.0658, found 333.0656; HPLC: >99% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =95/5,
flow rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 12.583 min, tr(major) = 13.148 min.

(R)-6-fluoro-1-phenyl-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3aa)

O,
H

%
Ph

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 26.1 mg, 54% yield,;

[a]p® = +432.6 (c = 0.092, acetone); 'H NMR (400 MHz, CDCls) (8, ppm): 7.84-7.76(m, 2H), 7.62 (d, J = 7.2 Hz, 2H),

7.45-7.41 (m, 2H), 7.38-7.29 (m, 2H), 3.30-3.17 (m, 3H), 2.71-2.65 (m, 2H). *C NMR (100 MHz, CDCls) (8, ppm):
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196.7, 163.4, 160.9 (YJcr = 248.1 Hz), 137.1, 135.1, 134.9, 134.5(2), 134.5(6), 133.0(2), 133.0(9) (*Jcr = 3.2 Hz), 128.6,
128.5, 127.0, 126.9(3Jcr = 7.2 Hz), 125.9, 120.9, 120.7 (Jcr = 22.4 Hz), 114.6, 114.4,45.7, 35.7, 35.7. IR (KBr, v, cm
1): 3005, 2988, 1686, 1603, 1521, 1445, 826, 750; HRMS (ESI) m/z calcd for CigH14FO [M+Na]* 265.1029, found
265.1028; HPLC: 97% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min, detector: 254 nm,
tr(minor) = 10.487 min, tr(major) = 13.519 min.

(R)-6-fluoro-1-(p-tolyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3bb)

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 31.2 mg, 56% yield;
[a]p® = +303.0 (c = 0.462, acetone); *H NMR (400 MHz, CDCl3) (8, ppm): 7.82-7.70 (m, 2H), 7.49 (d, J = 8.0 Hz, 2H),
7.32-7.26 (m, 1H), 7.21 (d, J = 8.0 Hz, 2H), 3.25-3.14 (m, 3H), 2.70-2.60 (m, 2H), 2.39 (s, 3H). 3C NMR (100 MHz,
CDCls) (3, ppm): 196.8, 160.0, 137.9, 135.2(*Jcr = 269.9 Hz), 133.6, 133.5, 133.4, 132.3, 128.1, 127.8, 127.4, 126.2,
114.1, 55.4, 45.8, 35.8, 35.4. IR (KBr, v, cm™): 3025, 2914, 1686, 1603, 1511, 1417, 813, 749; HRMS (ESI) m/z calcd
for CigH16FO [M+H]* 279.1185, found 279.1187; HPLC: >99% ee (Daicel Chiralpak IA, hexane/i-PrOH =95/5, flow
rate: 0.6 mL/min, detector: 254 nm, tg(minor) = 8.694 min, tr(major) = 9.912 min.

(R)-6-chloro-1-phenyl-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3cc)

0,
H

e O
Ph

Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 35.4 mg, 63% yield;
[a]p®® = +127.0 (c = 0.126, acetone); *H NMR (400 MHz, CDCl3) (8, ppm): 8.07(d, J = 2.4 Hz, 1H), 7.77 (d, J = 8.4 Hz,
1H), 7.61 (d, J = 7.2 Hz, 2H), 7.57-7.55 (m, 1H), 7.46-7.33 (m, 3H), 3.31-3.15 (m, 3H), 2.74-2.62 (m, 2H). 3C NMR
(100 MHz, CDCls) (8, ppm): 196.6, 138.2, 134.9, 134.9, 134.8, 134.1, 133.6, 133.4,128.7, 128.1, 126.3, 126.0, 45.7, 35.9,
35.6. IR (KBr, v, cm™): 3051, 2983, 1685, 1585, 1492, 1462, 825, 742; HRMS (ESI) m/z calcd for C1gH14CIO [M+H]*
281.0733, found 281.0734; HPLC: 96% ee (Daicel Chiralcel OD-H, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min,
detector: 254 nm, tr(minor) = 9.772 min, trs(major) = 12.988 min.

(R)-6-chloro-1-(4-methoxyphenyl)-2a,3-dihydrocyclobuta[a]naphthalen-4(2H)-one (3dd)

OMe
Yellow oil after purification by column chromatography (petroleum ether/ethyl acetate = 50/1); 37.8 mg, 61% yield,;
[a]p® = +312.0 (c = 0.150, acetone); *H NMR (400 MHz, CDCls) (3, ppm): 8.03 (d, J = 2.4 Hz, 1H), 7.71 (d, J = 8.4 Hz,
1H), 7.59-7.47 (m, 3H), 6.96-6.90 (m, 2H), 3.85 (s, 3H), 3.26-3.12 (m, 3H), 2.70-2.59 (m, 2H). 3C NMR (100 MHz,
CDCls) (3, ppm): 196.8, 160.0, 137.9, 135.2, 133.6, 133.5, 133.4, 132.3, 128.1, 127.8, 127.4, 126.2, 114.1, 55.4, 45.8,
35.8, 35.4. IR (KBr, v, cm™*): 3004, 2932, 1685, 1602, 1510, 1420, 826, 748; HRMS (ESI) m/z calcd for C1gH15CINaO;
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[M+Na]* 333.0658, found 333.0657; HPLC: 99% ee (Daicel Chiralpak 1A, hexane/i-PrOH =95/5, flow rate: 0.6 mL/min,
detector: 254 nm, tr(minor) = 12.863 min, tr(major) = 17.249 min.
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8 Det AChil
?50—_ |“|m '%
| 0] | |
H ‘| |"|
500 Q ‘| |‘
] | ‘ |
_ PR | ‘| |
250 rac-3a | | | II
] A
] J
o] — — ——
—_——————— T
00 25 5.0 75 10.0 125 15.0 175
min
Peak# Ret. Time Area Height Area % Height %
1 9308 14433520 896964 49 870 54625
2 11.369 14508891 745090 50.130 45375
Total 28942411 1642054 100.000 100.000
1 E DetA Chi
i |=
- I
750+ ‘|
1 |
] ‘ |
500 |
] ‘ ||
] |
250 | '|
] n
[
i I |
ol Y, S N S _
T T T T | T T T T | T T T T T T T T | T T T T | T T T | T T T T |
0.0 25 50 75 100 125 15.0
min
Peak# Ret. Time Area Height Area % Height %
1 11412 17417895 0912048 100.000 100.000
Totall 17417895 912048 100.000 100.000
'|000—: ’é Det A Ch1
0] ||
7504 f
4 H |
e
500 ‘|
Ph ‘I
250+ S-3a | |I
|| Il'w. %
0 . — _1\}_ . =
0.0 25 50 75 100 125 150 175
min
Peak# Ret. Tume Area Height Area % Height %
1 9348 15787832 1011050 99977 99 964
2 11.421 3706 368 0.023 0.036
Totall 15791538 1011418 100.000 100.000

S15




1004 3 o DetA Chi
] e e
] [ T
i | lI I|I '.I
75+ N a 0
1 N || '|| H
: A ()
. L O%
. | II
] L | p-Tolyl
i | | \ rac-3b
25+ | II| || II'.
] | | | \
7 | \ | \
. | \ II
o ey LV
0o -5 10 15 20 2
min
Peak# Ret. Time Area Height Area % Height %
1 10.608 4855906 100131 50.041 53.794
2 13.385 4848102 26005 49 959 46.206
Total 97040098 186136 10:0.000 100.000
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1 13.340 10841 434 0.020 0.046
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Totall 53816634 045545 100000 100000

516



DAD1 A, Sig=254.4 Ref=off (D wjy\20190717\2019-07-1718-57-57 D)
mAl a2

50 f \ Ed
4 || |II If/\
I| IlI |'I “III
40 — ||| I'|II ‘I|' |
| | I|I
30—: || I‘II I|I
| |
| \ ||
g I| I| |
20 II |
i II| I||I III
1 ll II‘l \ll
10 | \ |
- |II \ III
i I
0_'__~———~——— - /j \, - _._/
6s 7 R I S mi
Retention . .
peak time type width Area Height Area
e {REITE] R WEE i i) i 1) i 1 5
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1 7.693 BB 0.2138 704.92413 52.77470 50. 1814
2 B.552 BB 0.2343 699. 82721  47.93524 49 8186
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1 13.869 84957901 1533317 50.303 60.655
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Total 168891727 2527912 100.000 100.000
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1 13.628 3131 82 0.057 0.070
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Totall 5523631 118035 100.000 100.000

519



DAD1 A, Sig=254 4 Ref=off (D:wjyi20190717\2018-07-2019-41-33.D)

mﬂU_: rN- 3
400—3 % T
350—3
300—3
250—3
2no—f
150—3
100—3 ‘ ‘
z |
50 |||
] | | |
. o . P dI I'Iul \ o
2?5 I é ?I.S 1IO I I I12|‘.5 1|5 I 1?1.5 2IO Imi
peak Retteirr:;iaon type width Area Height Area
i {REINTE ER g% i [ 5 i ) s (i
# [min) [min] [mAU*s] (mAU] %
— | |— | —— | ————— | ————— | ———|
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e B ] e RS
1 11.156 VW R 0.2331 6. 1152004 3644, 91211 99. 8084
2 11.846 VB E 0.2433 117.42107 7.16215  0.1918
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1 15.755 BB 0. 2812 2599, 72290 143.63481 97. 8137
2 17.453 BB 0. 3435  58. 10947 2.57324  2.1863
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min
Peal Ret. Tine Area Height Area % Height %
1 0623 2475003 106377 40 458 57.283
2 10.560 2520302 70327 50.542 42717
Total 5004305 185704 100.000 100000
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1 0354 81661 3801 0.102 0.148
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Total 80323108 2622583 100.000 100.000
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1 11.805 1717561 82787 40 066 54017
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Tatal 3437451 153261 100.000 100.000
12504 |‘§ Det.A Ch1
] [o
) |
1000 |
) |
750- ‘ ||
: |
500 ‘ |
] '|
250 | '|
. & |
i s | \
0 : - . _fl_ | - _ ]
T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
0 5 10 15 20 25 30
min
Pealz Eet. Time Area Height Area % Height %
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Peals Eet. Time Area Height Area % Height %
1 11.155 10080420 316763 40213 52.600
2 12 058 10412154 285345 50,787 47301
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min
Pealz Eet. Time Area Height Area % Height %
1 11.310 60060 2308 0.120 (.188
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Pealz Eet. Time Area Height Area % Height %o
1 15.605 4223254 150680 50437 74114
2 18472 4150120 52632 40 563 25 BR6
Total 8373374 203321 100000 100.000
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Peals Bet. Time Area Height Area % Height %a
1 15439 23619560 812183 100.002 100.000
2 18.025 =543 -0 -0.002 -0.000
Totall 23610016 812182 100.000 100,000
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min
Pealz Eet. Time Area Height Area % Height %
| 12.535 7299701 304398 48.588 51.564
2 13.409 7723035 286404 51412 48436
Total 15023636 591300 100.000 100.000
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Peaks Ret. Time Area Height Area % Height %o
1 12.618 36500 1516 0.183 0.205
2 13.255 19874285 736899 20817 090,795
Total 19910794 738415 100.000 100.000
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DAD1 A, Sig=254 4 Ref=off (DALMF\2020080512020-08-1309-29-06.0)
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1 8025 VW R 0.1960 9464. 05176 754.56012 51.8693

2 8.601 VB 0. 1645 8781.89355 B2Z,93097 48. 1307

DAD1 A, Sig=254.4 Ref=off (DALMF2020080512020-08-1310-55-27.0)
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1 8.186 BV E 0.2115 127.96854 0.24203 0.8129
2 8.642 VB R 0.1625 1.56137e4 1486. 80530 99.1871
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Peak# Ret. Time Area Height Area % Height %
1 10.646 412663 30169 50.059 51.662
2 11.532 411687 28228 49,941 48.338
Total 24350 58396 100.000 100.000
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min
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1 10.639 3505 263 0.112 0.120
2 11.536 3198923 218363 09 888 90,880
Tota 3202517 218626 100.000 100.000
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1 22.821 3448569 78377 50.120 50.686
2 27.914 3432106 76254 49 880 49314
Total 6880675 154630 100.000 100.000
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Peak# Ret. Time Area Height Area % Height %
1 22919 413906 10454 13.880 15.287
2 27.665 2568128 57031 86.120 84,713
Total 2082034 68385 100.000 100.000

529



. DetAChi
=

T T
T T I T T T T | T T T T I T T T T I T T T T I T T T T I
5 10 15 20 25 30
min
Pealz Eet. Time Area Height Area % Height %%
1 13668 3554322 83501 40 632 57331
2 18518 3607040 63635 50.368 42660
Totall 7161362 149136 100.000 100.000
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Eet. Time Area Height Area % Height %
13.817 323 26 0.004 0.020
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7601073 130025 100.000 100.000
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min
Pealk® Ret. Time Area Height Area % Heishi %
1 12.602 0616317 434413 50.030 54074
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Total 10217402 803361 100.000 100.000
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1 12.507 2545 156 0.023 0.038
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Total 11018179 414328 100.000 100.000
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Total 10973817 412810 100 000 100.000
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Total 15021139 530064 100,000 100 000
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Total 5405342 236005 100.000 100.000
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