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1. Experimental Section

1.1 General Information

All commercial reagents were used as provided without further purification. The substrates 1
were prepared according to the literature.l!) The reactions were monitored by thin layer
chromatography (TLC) on silica gel GF254 coated 0.2 mm plates (Branch of Qingdao Haiyang
Chemical plant). The product spots were visualized with UV and phosphomolybdic acid (PMA).
Flash column chromatography were performed using silica gel (200-300 mesh, Branch of
Qingdao Haiyang Chemical plant) and a gradient solvent system (EtOAc/n-hexane as eluent).
'H and *C NMR spectra were recorded on either a Bruker Avance 300 spectrometer. Chemical
shifts (0) were measured with tetramethylsilane (TMS) as internal reference. High Resolution
Mass Spectrometry (HR-MS) data were obtained on AB SCIEX TripleTOF 5600+ mass
spectrometer. Enantiomeric excess (ee) was determined using Agilent 1260 Infinity II high-
performance liquid chromatography (HPLC) with a UV detector (at appropriate wavelength).

1.2 General procedure for the preparation of substrates 1 ['-*!

® ©
Br PhzP._~_CO2R’

(1.8 equiv.) )
2 i R? Hy, 10 mol% PAIC
R NaH (2.0 equiv.) 2, mol7
. 1
THF/DMSO (4:1) S \/COZR1 EtOAc, rt CO,R
S0

CHO 0C~rt
S$1

To a round-bottomed flask containing a Wittig reagent (1.8 equiv.) and sodium hydride (60%,
2.0 equiv.) was added THF/DMSO (4:1) at 0 °C. After stirred at room temperature for 30 mins,
I-naphthaldehydes (1.0 equiv.) was added to the reaction mixture at 0 °C and the reaction
mixture was stirred at room temperature until the complete consumption of 1-naphthaldehydes
as monitored by TLC analysis. Then the reaction was quenched with H>O, extracted with
EtOAc, washed with brine, dried with Na,SOs, filtered and concentrated. The residue was
purified by silica gel column chromatography to afford compound S0.

A round-bottom flask equipped with a magnetic stir bar was charged with S0, Pd/C (10 mg/1
mmol substrate) and EtOAc (5 mL/mmol). The reaction was stirred for 5 hours under balloon-
pressure of hydrogen. Then the reaction mixture was filtered through a celite pad with EtOAc,
dried with Na,SO4, and concentrated under vacuo. The product S1 was used without
chromatographic purification.

=90
R? OO 1) LiIMDS (2.0 equiv), PhCO,Me(2.0 equiv), THF, 0 °C
1
CO,R! 2) DBU(2.0 equiv), p-ABSA(1.1 equiv), MeCN, 0 °C ~rt COR

S1 1 N2

A 50-mL schlenk tube containing a magnetic stirring bar was dried with a heat-gun in vacuo
and flushed with argon three times after cooling to room temperature. Ester S1 (1.0 equiv.),
methyl benzoate (2.0 equiv.) and anhydrous THF were added and the resulting solution was
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stirred at 0°C for 5 minutes. Then to the solution was slowly added LiMDS (1.0 M in THF, 2.0
equiv) The solution was stirred for 2 hours and then poured into sat. NH4Cl aq. The resulting
mixture was extracted two times with EtOAc, dried over NaxSOs, filtrated, and concentrated in
vacuo to afford a yellow oil. The yellow oil was immediately was dissolved in MeCN (0.20 M).
To the resulting solution were added p-acetamidobenzenesulfonyl azide (p-ABSA, 1.1 equiv.)
and 1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU, 2.0 equiv.) at 0 °C. After stirring the mixture
for 5 hours at room temperature, the reaction was diluted with EtOAc. The organics were
washed with water and brine, dried over Na,SQOs, filtrated and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel to give the corresponding
product.

1.3 General procedure for the intramolecular dearomative cyclopropanation of
naphthalenes

(1) General procedure for reaction condition screening

OO chiral catalyst
(2 mol%) CO,R

COR Solvent, Temp., Ar R

~_
N2

1a, R = Me 2a, R = Me

1b, R=1tBu 2b, R = tBu

Catalyst (2 mol%) was added to a flame-dried 10 mL schlenk tube with a magnetic stir bar. The
tube was sealed, evacuated and flushed with argon three times. Then anhydrous solvent (0.5
mL, noted in Table S1) was added and the mixture was stirred under the indicated temperature
for 15 minutes. Then substrate 1a or 1b (0.1 mmol, 1.0 equiv.) was dissolved in the same
anhydrous solvent (1.5 mL, noted in Table S1). Then the solution was injected into the tube for
30 minutes by using a syringe pump. The reaction mixture was then stirred for the indicated
temperature and time in Table S1. Upon completion, the reaction was warmed to ambient
temperature. The mixture was concentrated by vacuum and the residue was purified by column
chromatography on silica gel to give the corresponding product.

(2) General procedure for Rhy(S-TBPTTL);-catalyzed intramolecular dearomative
cyclopropanation of naphthalenes

X
R2- 2 mol% Rhy(S-TBPTTL),  g2fl
! 1
= = CO,R
0, B =
CO,R! Toluene, -50 °C, 20h U
1 N2 2

Rhy(S-TBPTTL)4 (2 mol%) was added to a flame-dried 10 mL Schlenk tube with a magnetic
stir bar. The tube was sealed, evacuated and flushed with argon three times. Then 0.5 mL
anhydrous toluene was added and the mixture was stirred under -50°C for 15 minutes. Then
substrate 1 (0.1 mmol, 1.0 equiv.) was dissolved in 1.5 mL toluene. Then the solution was
injected into the schlenk tube for 30 minutes by using a syringe pump. The reaction mixture
was then stirred under -50°C for 20 hours. Upon completion, the reaction was warmed to



ambient temperature. The mixture was concentrated by vacuum and the residue was purified
by column chromatography on silica gel to give the corresponding product.

Table S1. Screening of catalyst and reaction conditions

OO chiral catalyst
(2 mol%) CO,R

CO2R Solvent, Temp., Ar R

~
N2
1a, R = Me 2a, R = Me
1b, R =tBu 2b, R =tBu
Entry R Catalyst solvent T°C]  %Yield ee%
1 Me Cat. 1 DCM -78 88 39
2 Me Cat. 2 DCM -78 87 42
3 Me Cat. 3 DCM -78 89 45
4 Me Cat. 4 DCM -78 94 66
5 Me Cat. 5 DCM -78 94 45
6 Me Cat. 6 DCM -78 90 67
7 Me Cat. 7 DCM -78 90 78
8 Me Cat. 8 DCM -78 90 21
9 Me Cat. 9 DCM 0
10 Me Cat. 10 DCM 0
1 tBu Cat. 7 DCM -78 46 90
12 tBu Cat. 7 DCM -20 56 95
13 tBu Cat. 7 DCM -50 64 97
14 tBu Cat. 7 Hexane -50 46 93
15 tBu Cat. 7 TBME -50 53 93
16 tBu Cat. 7 Toluene -50 80 99
O 2 Th Ph,, O-+Rh Xi{? Th
/N\S:O O-Rh PH > F.{h h H ? Th o) NAR NI
0" i 4 N O-Rh R o
&o
R R
CqH ¢ R
12M25 4 4
Rha(R-DOSP), Rh,(R-BTPCP), Rhy(S-PTAD), Cat.4 RhyS-PTTL), R=H
Cat.1 Cat.2 Cat.3 Cat.5 Rhy(S-TFPTTL), R=F
Cat. 6 Rhy(S-TCPTTL); R=Cl
Cat.7  Rhy(S-TBPTTL), R=Br

Cu(MeCN)4PFg Ru(p-cymene)Cl,
Cat. 9 Cat. 10

Rh,(S-PTPA),
Cat. 8

[a] Reactions were conducted with 1a or 1b (0.1 mmol) and catalyst (2 mol%) in 2 mL solvent under Ar. [b] Isolated yields. [c]
Determined by HPLC analysis.



1.4 Procedure for the synthesis of compound 4, 5, 6, 7 and 8

Compound 4

H, ballon
OO e P90 - (L) o

- EtOAc, rt H :

~ ~"
2b 4

A dry 10 mL round-bottom flask equipped with a magnetic stir bar was charged with 2b (30
mg, 0.11 mmol), Pd(OH), (2.3 mg, 0.017 mmol) and EtOAc (1 mL). The reaction was stirred
for 6 h under balloon-pressure of hydrogen. Then the reaction was filtered through a celite pad
with EtOAc, dried with Na,SO4, concentrated under vacuo. The the residue was purified by
column chromatography on silica gel to give the corresponding product 4 as colorless liquid
(26.2 mg, 88% yield, 94% ce).

Compound 5
Pd/C
copa _ Haballon |
EtOAc, rt COzBu
~
2b 5

A dry 10 mL round-bottom flask equipped with a magnetic stir bar was charged with 2b (30
mg, 0.11 mmol), Pd/C (5.5 mg) and EtOAc (1 mL). The reaction was stirred for 6 h under
balloon-pressure of hydrogen. Then the reaction was filtered through a celite pad with EtOAc,
dried with Na,SOs, concentrated under vacuo. The the residue was purified by column
chromatography on silica gel to give the corresponding product 5 as colorless liquid (25.8 mg,
85%, 95% ee)

Compound 6
Br
¢ NBS (1.5 equiv.) @@/ro
. COZ Bu
R CH30H, 50 °C ERS
~ ‘\/

2b 6

To a stirred solution of 2b (28.2 mg, 0.1 mmol, 1.0 equiv.) in CH3OH (3.0 mL) was added NBS
(26.7 mg, 0.15 mmol, 1.5 equiv.) at room temperature. After stirring for 2 h at 50 °C, the reaction
was extracted with ethyl acetate (2x20 mL) and then washed with H>O and brine, dried over
Na,SOs and concentrated in vacuum. The crude product was purified by flash column
chromatography on silica gel to yield product 6 as white solid (28.4 mg, 93%, 95% ee).



Compound 7

OH
0 (0]
COZtBu MTO, pyrazole @(‘\E

B H,0,, MnO,, DCM, 0 °C~rt :
~ N4

2b

To a round bottom flask were added 2b (84.6 mg, 0.3 mmol, 1.0 equiv.), MTO (CH30;3Re) (0.4
mg, 0.5 mol%), pyrazole (2.5 mg, 12 mol%), H>O, (0.068 mL, 0.6 mmol, 2.0 equiv.) and DCM
(2 mL). The resulting mixture was stirred at room temperature for 1 hour. When cooled to 0 °C,
MnO; (2 mg) were added and the mixture was stirred at room temperature for 12 hours.
Additional MTO (0.4 mg, 0.5 mol%) and H>0, (0.068 mL, 0.6 mmol, 2.0 equiv) were added.
After 2b was consumed completely, the reaction mixture was quenched with Sat. aqueous
NaHCOs and was extracted with EtOAc (10 mL % 3). The combined organic layers were washed
with brine, dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel to afford product 7 as white solid (68.3 mg, 94%, 96%
ee).

Compound 8

LIAIH
COzEt e O‘A CH,OH

ER THF, rt ER
~ ~

2c 8

In a round-bottom flask, 25.4 mg of 2¢ (0.1 mmol, 1.0 equiv.) was dissolved in 4 mL of dry
THF. Then 5.7 mg of LiAIH4 (0.15 mmol, 1.5 equiv.) was added in portion at 0 °C. The mixture
was stirred at room temperature for 3 hours inert atmosphere. The reaction was quenched by
addition of 2 mL of 1 M HCI solution and was extracted with 2x10 mL of ethyl acetate. The
organic phase was dried with anhydrous MgSO, and filtered. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography on silica gel to afford
product 8 as white solid (19.1 mg, 90%, 91% ee).

2. Characterization Data of Compounds

2.1 Characterization data of substrates 1

methyl 2-diazo-5-(naphthalen-1-yl)pentanoate (1a)
OO Yellow oil, 87% yield, *H NMR (300 MHz, Chloroform-d) & 8.01 (d,
J=8.1Hgz, 1H), 7.87 (d, J = 7.5 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H),
COMe 750 (p,J =6.7 Hz, 2H), 7.40 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 6.9 Hz,
N, 1H), 3.77 (s, 3H), 3.19 - 3.09 (t, J = 7.5 Hz, 2H), 2.45 (t, J = 7.5 Hz,
2H), 1.99 (p, J = 7.7 Hz, 2H); **C NMR (75 MHz, CDCls) & 168.10, 137.48, 134.03, 131.83,
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128.96, 126.98, 126.16, 126.01, 125.63, 123.69, 52.04, 32.16, 28.63, 23.25; HRMS (ESI+):
Calculated for [Ci1sH16N2O2Na]" ([M+Na]"): 291.1104, Found: 291.1100.

tert-butyl 2-diazo-5-(naphthalen-1-yl)pentanoate (1b)
Yellow oil, 90% yield, "H NMR (300 MHz, Chloroform-d) & 8.02 (d,
J=79Hz, 1H), 7.89 — 7.84 (m, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.50
co,Bu (p,J = 6.8 Hz, 2H), 7.43 — 7.37 (m, 1H), 7.33 (d, J = 6.9 Hz, 1H),
3.18-3.09 (t,J= 7.5 Hz, 2H), 2.40 (t, J = 7.5 Hz, 2H), 1.97 (p, J =
7.6 Hz, 2H), 1.48 (s, 9H); *C NMR (75 MHz, CDCl;) & 167.03,
137.56, 133.95, 131.77, 128.85, 126.84, 126.08, 125.89, 125.56, 125.51, 123.65, 81.17, 32.17,
28.63, 28.42, 23.24. HRMS (ESI+): Calculated for [Ci9H2N>O:Na]" ([M+Na]*): 333.1573,
Found: 333.1576.

ethyl 2-diazo-5-(naphthalen-1-yl)pentanoate (1c)
Yellow oil, 88% yield,"H NMR (300 MHz, Chloroform-d) & 8.01 (d, J
=79 Hz, 1H), 7.87 (d,J="7.1 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.50
CO.Et (p,J=6.7Hz, 2H), 7.44 —7.37 (m, 1H), 7.33 (d, /= 6.7 Hz, 1H), 4.23
N, (q,J=7.1 Hz, 2H), 3.20 — 3.10 (t, 2H), 2.45 (t, J= 7.5 Hz, 2H), 1.99
(p,J=7.6 Hz,2H), 1.27 (t,J = 6.1 Hz, 3H); 1*C NMR (75 MHz, CDCl;)
0 167.76, 137.56, 134.06, 131.86, 128.97, 126.98, 126.18, 126.02, 125.65, 125.64, 123.72,
60.93, 32.20, 28.68, 23.28, 14.66; HRMS (ESI+): Calculated for [CisHisN,O,Na]" ([M+Na]"):

305.1260, Found: 305.1257.

;8

propyl 2-diazo-5-(naphthalen-1-yl)pentanoate (1d)
Yellow oil, 83% yield, "H NMR (300 MHz, Chloroform-d) § 8.01 (d,
J=17.8 Hz, 1H), 7.88 — 7.83 (m, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.49
conpr  (p,J=6.8 Hz, 2H), 7.40 (t, /= 7.6 Hz, 1H), 7.32 (d, /= 6.7 Hz, 1H),
4.13 (t,J= 6.6 Hz, 2H), 3.18 —3.09 (t,J = 7.5 Hz, 2H), 2.44 (t, J =
7.5 Hz, 2H), 2.03 — 1.93 (m, 2H), 1.67 (dt, J = 14.2, 7.1 Hz, 2H),
0.93 (t,J = 7.4 Hz, 3H); 3*C NMR (75 MHz, CDCl3) § 167.84, 137.55, 134.05, 131.85, 128.97,
126.98, 126.18, 126.01, 125.65, 125.64, 123.72, 66.49, 32.21, 28.71, 23.30, 22.36, 10.47,
HRMS (ESI+): Calculated for [C1sH20N.O,Na]" ([M+Na]"): 319.1417, Found: 319.1412.

i

neopentyl 2-diazo-5-(naphthalen-1-yl)pentanoate (1e)

Yellow oil, 87% yield, '"H NMR (300 MHz, Chloroform-d) & 8.04
(d, J=8.0 Hz, 1H), 7.89 (d, J= 7.2 Hz, 1H), 7.75 (d, J= 8.1 Hz,
1H), 7.52 (p, J= 6.7 Hz, 2H), 7.43 (t, J=7.5 Hz, 1H), 7.35 (d, J
=6.8 Hz, 1H), 3.91 (s, 2H), 3.17 (t, /= 7.7 Hz, 2H), 2.47 (t, J =
7.5 Hz, 2H), 2.03 (p, J = 7.3 Hz, 2H), 0.97 (s, 9H); '*C NMR (75
MHz, CDCls) & 167.70, 137.44, 134.00, 131.79, 128.91, 126.93, 126.13, 125.95, 125.57,
123.65, 74.05, 32.16, 31.56, 30.29, 29.80, 28.71, 26.45, 23.24; HRMS (ESI+): Calculated for
[C20H24N205Na]" ([M+Na]*): 347.1730, Found: 347.1720.

CO,CH,tBu

8

benzyl 2-diazo-5-(naphthalen-1-yl)pentanoate (1f)
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Yellow oil, 85% yield, 'H NMR (300 MHz, Chloroform-d) & 7.99 (d,

J=17.4Hz, 1H), 7.89 — 7.83 (m, 1H), 7.72 (d, /= 8.1 Hz, 1H), 7.54 —
co,Bn 7.45(m,2H), 7.43 —7.28 (m, 7H), 5.22 (s, 2H), 3.18 = 3.10 (t, J=7.5

Hz, 2H), 2.46 (t, J = 7.5 Hz, 2H), 1.98 (q, J = 7.4 Hz, 2H); 3C NMR

(151 MHz, CDCl;3) 6 167.40, 137.39, 136.19, 133.97, 131.76, 128.89,
128.61, 128.23, 128.06, 126.91, 126.10, 125.95, 125.56, 123.62, 77.30, 77.09, 76.88, 66.41,
32.08, 28.56, 23.21. HRMS (ESI+): Calculated for [C2H20N,O,Na]" ([M+Na]"): 367.1417,
Found: 367.1401.

8

ethyl 2-diazo-5-(4-fluoronaphthalen-1-yl)pentanoate (1g)
Yellow oil, 90% yield, 'H NMR (300 MHz, Chloroform-d) & 8.21 —
8.12 (m, 1H), 8.01 (dt,J= 7.3, 2.0 Hz, 1H), 7.64 — 7.53 (m, 2H), 7.25
(dd, /=179, 5.5 Hz, 1H), 7.08 (dd, /= 10.4, 7.8 Hz, 1H), 3.15 - 3.07
COBu (t, J=7.5 Hz, 2H), 2.40 (t, J = 7.5 Hz, 2H), 2.02 — 1.90 (m, 2H), 1.50
N (s, 9H). BC NMR (75 MHz, CDCl;) & 166.99, 159.33, 156.01, 133.35,
133.29, 132.83, 132.77, 126.79, 125.81, 125.78, 125.58, 125.47, 124.16, 123.95, 123.73,
123.69,121.31, 121.24, 108.97, 108.71, 81.21, 77.46,77.03, 76.61, 31.74, 28.65, 28.38, 23.14.
HRMS (ESI+): Calculated for [Ci9H21FN,O>Na]* ([M+Na]*): 351.1479, Found: 351.1474.

8

ethyl 5-(5-bromonaphthalen-1-yl)-2-diazopentanoate (1h)

Br Yellow oil, 81% yield, '"H NMR (300 MHz, Chloroform-d) & 8.19 (d,
J=8.5Hz, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.81 (dd, J = 7.4, 1.0 Hz,
1H), 7.53 (dd, J = 8.6, 7.0 Hz, 1H), 7.43 — 7.33 (m, 2H), 4.25 (q, J =

co,Et 7.1 Hz, 2H), 3.20 - 3.11 (t,J = 7.5 Hz, 2H), 2.45 (t, J= 7.5 Hz, 2H),
1.98 (q,J= 7.5 Hz, 2H), 1.29 (t, J= 7.1 Hz, 3H). 3*C NMR (75 MHz,
CDCl) 6 167.55, 137.95, 133.04, 132.44, 129.79, 127.02, 126.94,
126.11, 126.07, 123.84, 123.57, 60.86, 32.26, 28.65, 23.18, 14.55. Calculated for
[Ci7H17BrN,O,Na]" ([M+Na]"): 383.0366, Found: 383.0356.

S

tert-butyl 5-(6-(benzyloxy)naphthalen-1-yl)-2-diazopentanoate (1i)
B0 Yellow oil, 88% yield, 'H NMR (300 MHz, Chloroform-d) & 7.85
O (dt,J=28.6,1.0Hz, 1H), 7.52 (d,J=8.2 Hz, 1H), 7.45 - 7.38 (m,
2H), 7.36 — 7.23 (m, 4H), 7.20 — 7.15 (m, 2H), 7.09 (dd, J=7.1,
1.2 Hz, 1H), 5.10 (s, 2H), 3.05 - 2.97 (t,J = 7.5 Hz, 2H), 2.30 (t,
J =175 Hgz, 2H), 1.91 — 1.81 (m, 2H), 1.39 (s, 9H). '3C NMR (75
MHz, CDCl3) § 167.05, 156.47, 137.66, 136.96, 135.23, 128.68, 128.08, 127.64, 127.35, 126.28,
125.84, 125.39, 124.13, 118.88, 108.16, 81.19, 70.05, 32.25, 28.76, 28.46, 23.26. HRMS
(ESI+): Calculated for [C26H2sN2O3Na]™ ([M+Na]*): 439.1992, Found: 439.1982.

COZtBU

}

tert-butyl 5-(6-(allyloxy)naphthalen-1-yl)-2-diazopentanoate (1j)

O Yellow oil, 89% yield, 'H NMR (300 MHz, Chloroform-d) &
OO 7.94(d,J=9.1 Hz, 1H), 7.62 (d, /= 8.2 Hz, 1H), 7.37 (dd, J

=8.2,7.0 Hz, 1H), 7.25 - 7.16 (m, 3H), 6.16 (ddt, /= 17.2,

CO,tBu
10.6, 5.3 Hz, 1H), 5.57 — 5.33 (m, 2H), 4.69 (dt, J= 5.3, 1.6

&

N
8



Hz, 2H), 3.19 — 3.03 (t, J = 7.5 Hz, 2H), 2.40 (t, J = 7.5 Hz, 2H), 2.06 — 1.88 (m, 2H), 1.50 (s,
9H). 3C NMR (75 MHz, CDCL) § 166.92, 158.73, 143.06, 133.43, 129.36, 120.97, 117.49,
114.99, 112.07, 81.06, 68.67, 35.00, 29.18, 28.39, 22.74. Calculated for [C2HasN2OsNa]*
(IM+Na]*):389.1836, Found: 389.1827

tert-butyl 2-diazo-5-(6-((3-phenylprop-2-yn-1-yl)oxy)naphthalen-1-yl)pentanoate (1k)
Ph\o Yellow oil, 85% yield, "H NMR (300 MHz, Chloroform-d) &
OO 7.88 (d,J=9.2 Hz, 1H), 7.57 (d, J= 8.3 Hz, 1H), 7.38 (dd, J
- =7.3,2.4Hz, 2H), 7.33 - 7.29 (m, 1H), 7.30 — 7.14 (m, 5H),
7.13 (d, J=7.0 Hz, 1H), 4.97 (s, 2H), 3.08 —2.97 (t,J = 7.8
Hz, 2H), 2.31 (t, J = 7.5 Hz, 2H), 1.88 (p, J = 7.5 Hz, 2H),
1.40 (s, 9H). '*C NMR (75 MHz, CDCls) 6 167.00, 155.40, 137.64, 135.04, 131.86, 128.71,
128.30, 127.51, 126.29, 125.93, 125.41, 124.29, 122.26, 118.62, 108.48, 87.36, 83.80, 81.18,
56.72, 32.22, 28.71, 28.40, 23.22. Calculated for [CsH2sN>OsNa]" ([M+Na]"):463.1992,

Found:463.1984.

N2

tert-butyl 2-diazo-5-(6-morpholinonaphthalen-1-yl)pentanoate (11)
o Yellow oil, 82% yield, '"H NMR (300 MHz, Chloroform-d) & 7.92
LN OO (d, /J=9.2 Hz, 1H), 7.58 (d, /= 8.2 Hz, 1H), 7.38 — 7.28 (m, 2H),
7.15(dd,J=6.7, 1.7 Hz, 2H), 3.99 — 3.87 (m, 4H), 3.33 — 3.22 (m,
COzBu  4H), 3.14 — 3.03 (t, J = 4.8 Hz 2H), 2.38 (t, J = 7.5 Hz, 2H), 2.00
N2 —1.87 (m, 2H), 1.48 (s, 9H). *C NMR (75 MHz, CDCl;) § 167.03,
148.71, 137.40, 135.12, 126.84, 126.16, 125.75, 124.73, 123.87, 118.64, 110.96, 81.14, 66.96,
49.70, 32.08, 28.70, 28.40, 23.17.HRMS (ESI+): Calculated for [C23H29N303Na]*

([M+Na]"):418.2101, Found: 418.2093

tert-butyl 2-diazo-5-(6-(((trifluoromethyl)sulfonyl)oxy)naphthalen-1-yl)pentanoate (1m)
TiO Yellow oil, 87% yield, "H NMR (300 MHz, Chloroform-d) & 8.12
OO (d, J=9.3 Hz, 1H), 7.83 - 7.72 (t, J= 7.5 Hz 2H), 7.60 — 7.49 (m,
COytBu  1H), 7.49 — 7.37 (m, 2H), 3.20 — 3.10 (t, /= 7.5 Hz, 2H), 2.42 (t,
N, =7.5Hz, 2H), 1.98 (p, J= 7.6 Hz, 2H), 1.49 (s, 9H).1*C NMR (75
MHz, CDCl3) 6 166.88, 146.92, 138.06, 134.12, 130.82, 127.49, 127.35, 126.94, 126.58, 119.95,
119.40, 81.28, 32.14, 28.63, 28.37, 23.24. HRMS (ESI+): Calculated for [C20H2:F3N2OsSNa]*

([M+Na]"):481.1015, Found: 481.1025.

tert-butyl 2-diazo-5-(6-vinylnaphthalen-1-yl)pentanoate (1n)
= Yellow oil, 87% yield, '"H NMR (300 MHz, Chloroform-d) & 8.08
OO —17.95 (m, 1H), 7.83 — 7.65 (m, 3H), 7.48 — 7.38 (m, 1H), 7.36 —
COxBu  7.27 (m, 1H), 6.91 (dd, J=17.6, 10.9 Hz, 1H), 591 (d, /= 17.6
N, Hz, 1H), 5.37 (d, /= 10.8 Hz, 1H), 3.18 —3.08 (t,J= 7.5 Hz, 2H),
2.41 (t,J=17.5 Hz, 2H), 2.05 — 1.93 (m, 2H), 1.50 (s, 9H). *C NMR (75 MHz, CDCl3) § 167.00,
137.53, 136.75, 134.63, 134.07, 131.40, 127.21, 126.98, 126.18, 125.97, 123.96, 123.19,
114.24, 81.18, 32.12, 28.66, 28.40, 23.19. HRMS (ESI+): Calculated for [C21H2sN20-]"

([M+H]"):337.1911, Found: 337.1935



tert-butyl 5-(6-allylnaphthalen-1-yl)-2-diazopentanoate (10)

X OO Yellow oil, 87% yield, 'H NMR (300 MHz, Chloroform-d) &
7.94 (d,J=8.7 Hz, 1H), 7.69 — 7.61 (m, 2H), 7.36 (ddd, J=8.1,
COxBu 4.2, 2.3 Hz, 2H), 7.28 — 7.23 (m, 1H), 6.05 (ddt, J=16.8, 10.1,

P}

6.6 Hz, 1H), 5.21 — 5.06 (m, 2H), 3.55 (d, J = 6.9 Hz, 2H), 3.18
~3.01 (t,J=7.5 Hz, 2H), 2.38 (t, J = 7.5 Hz, 2H), 2.01 — 1.89 (m, 2H), 1.47 (s, 9H). *C NMR
(75 MHz, CDCls) & 167.06, 137.41, 137.28, 137.18, 134.17, 130.39, 127.61, 127.38, 126.43,
125.68, 125.54, 123.76, 116.09, 81.16, 40.18, 32.16, 28.64, 28.40, 23.19. HRMS (ESI+):
Calculated for [C22H26N2O,Na]" ([M+Na]"):373.1886, Found: 373.1870

methyl 4-(5-(5-(tert-butoxy)-4-diazo-5-oxopentyl)naphthalen-2-yl)benzoate (1p)

Me0,C O Yellow oil, 81% yield, '"H NMR (300 MHz, Chloroform-d) &
8.20 — 8.07 (m, 4H), 7.84 — 7.80 (m, 4H), 7.47 (dd, J = 8.1,

7.0 Hz, 1H), 7.38 (d, J= 6.4 Hz, 1H), 3.98 (s, 3H), 3.28 — 3.08

I COMBY (=175 Hz, 2H), 2.43 (t, J = 7.5 Hz, 2H), 2.12 — 1.93 (m,

2H), 1.50 (s, 9H). *C NMR (75 MHz, CDCl3) & 166.99,
145.32, 137.57, 136.83, 134.11, 131.32, 130.20, 128.94, 127.29, 127.22, 127.19, 126.63,
126.28, 125.16, 124.53, 81.19, 52.16, 32.11, 28.66, 28.41, 23.22. HRMS (ESI+): Calculated for
[Co7HasN2OsNa]* ([M+Na]*):467.1941, Found: 467.1926

tert-butyl 5-(|2,2'-binaphthalen]-5-yl)-2-diazopentanoate (1q)

O‘ Yellow oil, 85% yield, *H NMR (300 MHz, Chloroform-d)
OO 6 8.22 (t,J = 2.2 Hz, 2H), 8.02 — 7.90 (m, 6H), 7.58 — 7.44
(m, 4H), 7.40 — 7.35 (m, 1H), 3.21 (t, J = 7.7 Hz, 2H), 2.46
COMBU (t, J = 7.5 Hz, 2H), 2.04 (dd, J = 10.2, 5.1 Hz, 2H), 1.53 (s,
N2

9H). °C NMR (75 MHz, CDCls) § 167.09, 138.26, 138.03,
137.57, 134.33, 133.80, 132.73, 131.02, 128.59, 128.30, 127.73, 127.23, 127.01, 126.40,
126.27,126.15, 126.09, 126.06, 125.71, 124.41,81.23,77.55, 77.12,76.70, 32.19, 28.71, 28.46,
23.26. HRMS (ESI+): Calculated for [C29H2sN20O2Na]* ([M+Na]*):459.2043, Found: 459.2063

tert-butyl 2-diazo-5-(6-phenylnaphthalen-1-yl)pentanoate (1r)
Ph Yellow oil, 86% yield, "H NMR (300 MHz, Chloroform-d) & 8.16 —
OO 8.10 (m, 2H), 7.81 (ddd, J=12.9, 8.2, 2.0 Hz, 4H), 7.57 — 7.43 (m,
cou 4H), 7.38(d, J=7.0 Hz, 1H), 3.24 - 3.18 (t, /= 7.5 Hz, 2H), 2.47
N, (t,J=7.5Hz, 2H), 2.05 (p, J= 7.6 Hz, 2H), 1.54 (s, 9H). *C NMR
(75 MHz, CDCl3) 6 167.03, 140.97, 138.18, 137.52, 134.25, 130.95,
128.91, 127.41, 127.18, 126.70, 126.19, 126.07, 125.56, 124.30, 81.20, 77.53, 77.10, 76.68,

32.19, 28.70, 28.44, 23.26. HRMS (ESI+): Calculated for [CasHsN.O,Na]® ([M+Na]"):
409.1886, Found: 409.1877.

tert-butyl 2-diazo-5-(6-(thiophen-2-yl)naphthalen-1-yl)pentanoate (1s)
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7 Yellow oil, 88% yield, '"H NMR (300 MHz, Chloroform-d) & 8.08
s OO —7.99 (m, 2H), 7.82 — 7.71 (m, 2H), 7.48 — 7.38 (m, 2H), 7.32
(ddd,J=8.2,6.1, 1.2 Hz, 2H), 7.14 (dd, J=5.1, 3.6 Hz, 1H), 3.18
COABU 307 (t,J = 7.5 Hz, 2H), 2.41 (t, J= 7.5 Hz, 2H), 1.98 (h, J =

N,

7.5, 6.9 Hz, 2H), 1.49 (s, 9H). *C NMR (75 MHz, CDCl3) &
167.03, 147.31, 144.32, 137.60, 134.19, 131.46, 131.03, 128.18, 126.97, 126.31, 126.20,
125.10, 125.07, 124.40, 123.49, 81.21, 32.10, 28.67, 28.43, 23.23. HRMS (ESI+): Calculated
for [C23H24N>0,SNa]" ([M+Na]"): 415.1451, Found: 415.1451.

tert-butyl 5-(6-cyanonaphthalen-1-yl)-2-diazopentanoate (1t)
NC Yellow oil, 81% yield, "H NMR (300 MHz, Chloroform-d) & 8.24
OO (d, J=1.7 Hz, 1H), 8.10 (dt, J= 8.8, 0.8 Hz, 1H), 7.78 (dd, J = 7.6,
coBu 1.9 Hz, 1H), 7.65 (dd, J=8.8, 1.8 Hz, 1H), 7.57 — 7.48 (m, 2H), 3.19
N, —-3.10 (t, J=7.5 Hz, 2H), 2.41 (t, J= 7.5 Hz, 2H), 2.03 — 1.91 (m,
2H), 1.49 (s, 9H). *C NMR (75 MHz, CDCl3) § 166.86, 138.08, 134.93, 133.10, 132.84, 129.20,

127.40, 127.26, 126.37, 125.06, 119.21, 109.08, 81.29, 31.93, 28.61, 28.38, 23.24. HRMS
(ESI+): Calculated for [C20H21N3O2Na]* ([M+Na]*):358.1526, Found: 358.1505

tert-butyl 2-diazo-5-(8-(methoxymethyl)naphthalen-1-yl)pentanoate (1u)

OO Yellow oil, 82% yield, '"H NMR (300 MHz, Chloroform-d) & 7.90 —
7.83 (m, 1H), 7.76 (dd, J = 6.3, 3.3 Hz, 1H), 7.54 (dd, J="7.1, 1.4
MeO COztBu  Hgz, 1H), 7.45—7.37 (m, 3H), 4.89 (s, 2H), 3.44 (s, 3H), 3.36 — 3.29

N (t,J=7.8Hz, 2H), 2.44 (t,J=17.6 Hz, 2H), 1.89 (p, /= 7.8 Hz, 2H),
1.50 (s, 9H). *C NMR (75 MHz, CDCl;) & 168.20, 138.49, 135.98, 133.30, 130.96, 130.88,
130.78, 129.58, 128.35, 125.27, 124.56, 81.15, 76.20, 57.67, 34.86, 31.09, 28.40, 23.23. HRMS
(ESI+): Calculated for [C21H26N203Na]* ([M+Na]"):377.1836, Found: 377.1839.

tert-butyl 2-diazo-5-(1,2-dihydroacenaphthylen-5-yl)pentanoate (1v)

Yellow oil, 88% yield, 'H NMR (300 MHz, Chloroform-d) & 7.73 —
O'O 7.68 (m, 1H), 7.49 (dd, J= 8.4, 6.8 Hz, 1H), 7.36 — 7.18 (m, 3H), 3.51
—3.32 (m, 4H), 3.20 — 3.03 (t,J = 7.5 Hz, 2H), 2.51 —2.31 (t,J=17.8
CO,tBu
N

Hz, 2H), 2.06 — 1.89 (m, 2H), 1.51 (s, 9H). *C NMR (75 MHz, CDCl;)

d 167.08, 146.56, 144.31, 139.60, 133.30, 130.28, 127.61, 127.46,
119.12, 119.08, 119.01, 81.12, 31.20, 30.57, 29.87, 28.70, 28.41, 23.09. HRMS (ESI+):
Calculated for [C21H24N20,Na]" ([M+Na]"): 359.1730, Found: 359.1738.

2.2 Characterization data of products 2

methyl (3aR,3bR,9bR)-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa|1,2-ajnaphthalene-
3a(3bH)-carboxylate (2a)
Light yellow oil, 84% yield, 85% ee; 'H NMR (300 MHz, Chloroform-

COZMe d) §7.61 (d, J =172 Hz, 1H), 7.32 — 7.22 (m, 2H), 7.20 (t, J = 5.2 Hz,

:\/: 1H), 6.61 (d,/=9.6 Hz, 1H), 6.12 (dd, J=9.5, 5.3 Hz, 1H), 3.44 (s, 3H),
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2.84 (td, J=12.0, 8.8 Hz, 1H), 2.46 (dd, J = 10.9, 4.3 Hz, 2H), 2.38 (d, J = 8.4 Hz, 1H), 2.04
(dd, J=12.6,7.7 Hz, 1H), 1.85 (dd, J = 13.5, 8.0 Hz, 1H), 1.39 (d, J = 11.5 Hz, 1H); 3C NMR
(75 MHz, CDCls3) 8 169.11, 133.08, 132.27, 128.63, 127.53, 127.25, 126.39, 125.84, 122.69,
51.35, 41.55, 31.24, 31.07, 30.86, 26.56, 18.84; HRMS (ESI+): Calculated for [CisH1702]"
(IM+H]"): 241.1222, Found: 241.1230. HPLC conditions (Agilent 1260): Chiralpak IC (Particle
Size: 5 um, Dimensions: 4.6 mm ® x 250 mmL); detected at 254 nm; temperature 25 °C; i-
propanol/hexane=10/90; flow=0.5 mL/min; Retention time: 9.136 min(major), 9.977

min(minor).

tert-butyl (3aR,3bR,9bR)-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-alnaphthalene-
3a(3bH)-carboxylate (2b)

Light yellow oil, 80% yield, 99% ee; *H NMR (300 MHz, Chloroform-

COZtBu d) 8 7.57 (d, J =7.7 Hz, 1H), 7.24 — 7.06 (m, 3H), 6.45 (d, J = 9.6 Hz,

_\/_ 1H), 6.15 (dd, J = 9.6, 5.2 Hz, 1H), 2.79 (td, J = 12.1, 8.6 Hz, 1H), 2.43

—2.25 (m, 3H), 1.97 (dd, J = 12.6, 7.7 Hz, 1H), 1.79 (dt, J = 15.8, 8.1

Hz, 1H), 1.28 (m, 1H), 1.06 (s, 9H); *C NMR (75 MHz, CDCls) & 169.62, 143.02, 141.86,

138.24,131.42,127.97,122.62, 121.96, 112.02, 79.46, 39.95, 31.69, 30.32, 29.86, 27.90, 27.57,

19.32. HRMS (ESI+): Calculated for [C19H2202Na]* ([M+Na]*): 305.1512, Found: 305.1517.

HPLC conditions (Agilent 1260): Chiralpak OJ-H (Particle Size: 5 um, Dimensions: 4.6 mm @

x 250 mmL); detected at 254 nm; temperature 25 °C, i-propanol/hexane=10/90; flow=0.1
mL/min; Retention time: 44.811 min(minor), 47.513 min(major).

ethyl (3aR,3bR,9bR)-2,3-dihydro-1H-cyclopenta[1,3|cyclopropa[l,2-a]naphthalene-
3a(3bH)-carboxylate (2¢)
Light yellow oil, 86% yield, 91% ee; "H NMR (300 MHz, Chloroform-d)
COzEt 6759 (d,J=17.4Hz 1H), 7.28 — 7.18 (m, 2H), 7.15 (t, /= 6.9 Hz, 1H),
:\/: 6.54 (d,J=9.6 Hz, 1H), 6.12 (dd, J=9.6, 5.3 Hz, 1H), 3.84 (qq, /= 10.8,
7.1 Hz, 2H), 2.82 (td, /= 12.0, 8.6 Hz, 1H), 2.46 —2.29 (m, 3H), 2.01 (dd,
J=12.6,7.7 Hz, 1H), 1.81 (dt, /= 15.9, 8.1 Hz, 1H), 1.40 — 1.28 (m, 1H), 0.91 (t, /= 7.1 Hz,
3H); C NMR (75 MHz, CDCl;) & 169.18, 133.01, 132.56, 128.37, 127.51, 127.20, 126.28,
125.87, 123.10, 60.00, 41.22, 31.27, 31.06, 30.64, 27.09, 18.95, 14.00; HRMS (ESI+):
Calculated for [Ci7H190:]" ([M+H]"): 255.1380, Found: 255.1390. HPLC conditions (Agilent
1260): Chiralpak IC (Particle Size: 5 pm, Dimensions: 4.6 mm @® x 250 mmL); detected at 254
nm; temperature 25°C; i-propanol/hexane=8/92; flow=0.3 mL/min; Retention time: 15.220

min(major), 16.155 min(minor).

propyl (3aR,3bR,9bR)-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-a]jnaphthalene-
3a(3bH)-carboxylate (2d)
Colorless oil, 92% yield, 88% ee; '"H NMR (300 MHz, Chloroform-d) &
COznPr 7.58 (d, J=7.3 Hz, 1H), 7.25 - 7.17 (m, 2H), 7.17 — 7.11 (m, 1H), 6.53
_\/_ (d, J=9.6 Hz, 1H), 6.11 (dd, J = 9.5, 5.3 Hz, 1H), 3.83 — 3.65 (m, 2H),
2.81(td, J=11.8, 8.5 Hz, 1H), 2.38 (qd, /= 12.6, 12.1, 6.9 Hz, 3H), 2.01
(dt, /=124, 5.5 Hz, 1H), 1.80 (dt, /= 15.1, 8.1 Hz, 1H), 1.32 — 1.28 (m, 2H), 0.89 (d, /=7.3

Hz, 1H), 0.69 (t,J=7.4 Hz, 3H); *C NMR (75 MHz, CDCl;) & 169.36, 133.00, 132.58, 128.40,
12



127.57,127.24, 126.33, 125.90, 123.13, 65.82, 41.25,31.35,31.17, 30.67, 29.85, 21.87, 18.93,
10.41; HRMS (ESI+): Calculated for [CisH2102]" ([M+H]"): 269.1536, Found: 269.1546.
HPLC conditions (Agilent 1260): Chiralpak IC (Particle Size: 5 pm, Dimensions: 4.6 mm @ X
250 mmL); detected at 254 nm; temperature 25°C; i-propanol/hexane=5/95; flow=0.3 mL/min;
Retention time: 16.880 min(major), 17.975 min(minor).

neopentyl (3aR,3bR,9bR)-2,3-dihydro-1H-cyclopenta[1,3|cyclopropa[l,2-a|jnaphthalene-
3a(3bH)-carboxylate (2e)

Light yellow oil, 61% vyield, 92% ee; 'H NMR (600 MHz,
O‘A co,cH,t8u  Chloroform-d) 6 7.58 (d, J = 7.7 Hz, 1H), 7.23 (td, J = 7.5, 1.6 Hz,

\/- 1H), 7.18 (td, J=7.4, 1.3 Hz, 1H), 7.13 (dd, J = 7.5, 1.5 Hz, 1H), 6.53

(d, J =9.6 Hz, 1H), 6.12 (dd, J = 9.7, 5.2 Hz, 1H), 3.54 — 3.46 (m,

2H), 2.82 (td, J = 12.0, 8.2 Hz, 1H), 2.46 — 2.40 (m, 2H), 2.36 (dd, J = 12.8, 8.2 Hz, 1H), 2.01

(dd, J=12.5, 7.7 Hz, 1H), 1.81 (dt, J = 13.5, 8.2 Hz, 1H), 1.35 — 1.28 (m, 1H), 0.72 (s, 9H).

13C NMR (151 MHz, CDCl3) § 169.01, 132.72, 132.36, 128.24, 127.61, 127.18, 126.23, 125.78,

123.04, 73.55, 41.08, 31.25, 31.21, 31.01, 30.39, 27.21, 26.28, 18.80. HRMS (ESI+): Calculated

for [C2oH2402Na]* ([M+Na]*): 319.1669, Found: 319.1665, HPLC conditions (Agilent 1260):

Chiralpak IC (Particle Size: 5 um, Dimensions: 4.6 mm ® x 250 mmL); detected at 254 nm;

temperature 25°C; i-propanol/hexane=1/99; flow=0.5 mL/min; Retention time: 10.082
min(major), 10.956 min(minor).

benzyl (3aR,3bR,9bR)-2,3-dihydro-1H-cyclopenta|1,3]cyclopropa[1,2-aJnaphthalene-
3a(3bH)-carboxylate (2g)

Colorless oil, 95% yield, 91% ee; '"H NMR (300 MHz, Chloroform-d) &
Coan 7.62 (d,J=17.5Hz, 1H), 7.31 — 7.24 (m, 4H), 7.22 (dd, J= 7.4, 1.4 Hz,
_\/_ 1H), 7.12 (dd, J= 7.3, 1.6 Hz, 1H), 7.03 (dd, J = 6.5, 3.0 Hz, 2H), 6.52

(d, J=9.7 Hz, 1H), 6.14 (dd, J= 9.7, 5.3 Hz, 1H), 4.99 — 4.75 (m, 2H),
2.85(td, J=12.1, 8.3 Hz, 1H), 2.56 — 2.33 (m, 3H), 2.04 (dd, /= 12.7, 7.8 Hz, 1H), 1.84 (dt, J
=13.9,8.2 Hz, 1H), 1.44 —1.26 (m, 1H). *C NMR (151 MHz, CDCls) 5 168.82, 136.05, 132.23,
128.39, 128.25, 127.84, 127.74, 127.60, 127.15, 126.30, 125.85, 122.88, 77.23, 77.02, 76.81,
65.77, 41.42, 31.20, 31.01, 30.66, 26.89, 18.79. HRMS (ESI+): Calculated for [C2,H»10]"
([IM+H]"): 317.1536, Found: 317.1550. HPLC conditions (Agilent 1260): Chiralpak IC
(Particle Size: 5 pm, Dimensions: 4.6 mm @ x 250 mmL); detected at 254 nm; temperature
25°C; i-propanol/hexane=10/90; flow=0.3 mL/min; Retention time: 16.912 min(major), 18.999

min(minor).

tert-butyl (3aR,3bR,9bR)-5-fluoro-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-
a]naphthalene-3a(3bH)-carboxylate (2g)

F Colorless oil, 68% yield, 96% ee. 'H NMR (300 MHz, Chloroform-d) &
7.61 (dt, J=17.5, 1.8 Hz, 1H), 7.50 (dd, J= 7.5, 1.7 Hz, 1H), 7.37 — 7.25
S PC0MBY (1 DH), 5.70 (dd, J = 13.6, 5.7 Hz, 1H), 2.78 (td, J = 12.0, 8.4 Hz, 1H),
S 2.47 —2.27 (m, 3H), 1.99 (dd, J = 12.6, 7.7 Hz, 1H), 1.81 (dt, J = 13.3,

8.2 Hz, 1H), 1.48 — 1.38 (m, 1H), 1.11 (s, 9H). 3C NMR (75 MHz, CDCls) § 169.21, 154.96,
134.89, 128.13, 126.17, 126.12, 125.99, 120.87, 120.79, 100.55, 100.25, 80.33, 39.35, 31.43,
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31.06, 27.59, 27.50, 27.36, 18.75. HRMS (ESI+): Calculated for [Ci9H21FO-Na]" ([M+Na]"):
323.1418, Found: 323.1406 HPLC conditions (Agilent 1260): Chiralpak IB (Particle Size: 5
pm, Dimensions: 4.6 mm ® x 250 mmL); detected at 210 nm; temperature 25 °C; i-
propanol/hexane=5/95; flow=0.5 mL/min; Retention time: 9.471 min(major), 11.014
min(minor).

ethyl (3aR,3bR,9bR)-6-bromo-2,3-dihydro-1H-cyclopenta[1,3|cyclopropa|1,2-
a]naphthalene-3a(3bH)-carboxylate (2h)

Br Colorless oil, 51% yield, 99% ee. 'H NMR (300 MHz, Chloroform-d) &
“’ 7.56 (d, J=17.7 Hz, 1H), 7.51 — 7.35 (m, 1H), 7.13 — 6.98 (m, 2H), 6.26
O‘A co.et (dd,J=9.8,5.4 Hz, 1H), 3.96 — 3.77 (m, 2H), 2.89 —2.72 (m, 1H), 2.48 —

-\/- 2.34 (m, 3H), 2.07 — 1.94 (m, 2H), 1.83 (dd, J=14.3, 6.9 Hz, 1H), 1.48 —

1.35 (m, 1H), 0.92 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCIs) §

169.12, 148.84, 130.55, 130.10, 127.68, 126.31, 125.55, 125.14, 122.87, 60.10, 41.14, 31.44,

30.94, 30.63, 30.20, 18.77, 13.78. HRMS (ESI+): Calculated for [Ci7H,7BrO,Na]* ((M+Na]"):

355.0304, Found: 355.0298. HPLC conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5

um, Dimensions: 4.6 mm ® X 250 mmL); detected at 254 nm; temperature 25 °C; i-

propanol/hexane=8/92; flow=0.5 mL/min; Retention time: 11.436 min(minor), 12.554
min(major).

tert-butyl (3aR,3bR,9bR)-7-(benzyloxy)-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa|1,2-
a]naphthalene-3a(3bH)-carboxylate (2i)
BnO Colorless oil, 78% yield, 95% ee. '"H NMR (300 MHz, Chloroform-
O‘A co,Bu )8 7.52—-7.29 (m, 6H), 6.89 (dd, J = 8.6, 2.8 Hz, 1H), 6.77 (d, J =
ER- 2.8 Hz, 1H), 6.42 (d, J=9.6 Hz, 1H), 6.19 (dd, J=9.7, 5.2 Hz, 1H),
~ 5.09 (s, 2H), 2.82 —2.67 (m, 1H), 2.48 —2.23 (m, 3H), 1.97 (dd, J =
12.5, 7.7 Hz, 1H), 1.85 — 1.73 (m, 1H), 1.33 (d, J = 12.7 Hz, 1H), 1.10 (s, 9H)."*C NMR (75
MHz, CDCl;) 6 169.19, 156.93, 137.22, 133.77, 128.54, 127.85, 127.52, 127.39, 126.81,
125.65, 124.90, 113.65, 113.47, 79.94, 69.98, 40.18, 31.40, 31.34, 29.22, 28.51, 27.71, 18.96.
HRMS (ESI+): Calculated for [CosH2s0sNa]” ([M+Na]*): 411.1931, Found: 411.1921. HPLC
conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions: 4.6 mm ® x 250
mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=5/95; flow=0.5 mL/min;
Retention time: 15.955 min(minor), 20.905 min(major).

tert-butyl (3aR,3bR,9bR)-7-(allyloxy)-2,3-dihydro-1H-cyclopenta|1,3]cyclopropa|1,2-
a]naphthalene-3a(3bH)-carboxylate (2j)

/\/O Colorless oil, 72% yield, 97% ee. 'H NMR (300 MHz,
_A\C0sBY  Chioroform-d) & 7.48 (d, J = 8.5 Hz, 1H), 6.83 (dd, /= 8.5, 2.8

N Hz, 1H), 6.70 (d,J = 2.7 Hz, 1H), 6.42 (d,.J= 9.7 Hz, 1H), 6.19

(dd, J=9.7,5.3 Hz, 1H), 6.07 (ddt, /= 15.8, 10.5, 5.3 Hz, 1H), 5.47 — 5.37 (m, 1H), 5.29 (dd,
J=10.4, 1.6 Hz, 1H), 4.55 (dt, J = 5.4, 1.5 Hz, 2H), 2.75 (td, J = 12.0, 8.4 Hz, 1H), 2.51 —2.24
(m, 3H), 1.97 (dd, J = 12.6, 7.7 Hz, 1H), 1.79 (dt, J = 13.5, 8.1 Hz, 1H), 1.38 — 1.28 (m, 1H),
1.11 (s, 9H). 1*C NMR (75 MHz, CDCIs) & 169.20, 156.77, 133.74, 133.46, 127.52, 126.78,

14



125.56, 124.89, 117.49, 113.56, 113.33, 79.93, 68.87, 40.20, 31.41, 31.34, 29.21, 28.51, 27.71,
18.97. HRMS (ESI+): Calculated for [C22H260sNa]™ ([M+Na]*): 361.1774, Found: 361.1763.
HPLC conditions (Agilent 1260): Chiralpak IB (Particle Size: 5 pm, Dimensions: 4.6 mm @ X
250 mmL); detected at 254 nm; temperature 25°C; i-propanol/hexane=>5/95; flow=0.5 mL/min;
Retention time: 8.102 min(minor), 10.363 min(major).

tert-butyl (3aR,3bR,9bR)-7-((3-phenylprop-2-yn-1-yl)oxy)-2,3-dihydro-1H-
cyclopenta[1,3]cyclopropa[1,2-ajnaphthalene-3a(3bH)-carboxylate (2k)
Ph\o Colorless oil, 67% vyield, 99% ee. 'H NMR (300 MHz,
Chloroform-d) § 7.52 (d, J = 8.5 Hz, 1H), 7.47 — 7.42 (m, 2H),
0B g 36 730 (m, 3H), 6.94 (dd, J = 8.5, 2.8 Hz, 1H), 6.82 (d, J =
~ 2.8 Hz, 1H), 6.45 (d,J=9.6 Hz, 1H), 6.21 (dd, J=9.7, 5.3 Hz,
1H), 4.93 (s, 2H), 2.76 (td, J = 12.0, 8.3 Hz, 1H), 2.47 — 2.24 (m, 3H), 1.98 (dd, /= 12.6, 7.7
Hz, 1H), 1.80 (dt, J= 13.3, 8.1 Hz, 1H), 1.30 (d, J = 12.5 Hz, 1H), 1.08 (s, 9H). *C NMR (75
MHz, CDCl;) ¢ 169.21, 133.80, 131.81, 130.77, 128.62, 128.24, 127.44, 126.83, 126.22,
125.06, 122.26, 113.71, 113.55, 87.05, 84.07, 79.98, 56.74, 40.17, 31.41, 31.34, 29.22, 28.60,
27.66, 18.98. HRMS (ESI+): Calculated for [CsHsOsNa]™ ([M+Na]"): 435.1931, Found:
435.1922. HPLC conditions (Agilent 1260): Chiralpak IB (Particle Size: 5 um, Dimensions:
4.6 mm ® x 250 mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=5/95;
flow=0.5 mL/min; Retention time: 11.026 min(minor), 13.471 min(major).

tert-butyl (3aR,3bR,9bR)-7-morpholino-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-
a]naphthalene-3a(3bH)-carboxylate (21)
o Yellow oil, 63% yield, 85% ee. 'H NMR (300 MHz, Chloroform-d)
K/N 5 7.48 (d, J = 8.5 Hz, 1H), 6.85 (dd, J = 8.4, 2.7 Hz, 1H), 6.70 (d, J
5 C0MBY = 2 7 Hz, 1H), 6.42 (d, J = 9.6 Hz, 1H), 6.17 (dd, J = 9.7, 5.3 Hz,
N~ 1H), 3.97 — 3.82 (m, 4H), 3.15 (dd, J = 5.8, 3.8 Hz, 4H), 2.75 (td, J
=12.0, 8.3 Hz, 1H), 2.47 — 2.22 (m, 3H), 1.96 (dd, J = 12.5, 7.7 Hz, 1H), 1.80 (dd, J = 13.5,
8.0 Hz, 1H), 1.40 — 1.25 (m, 1H), 1.12 (s, 9H). 3C NMR (75 MHz, CDCl3) & 169.22, 152.49,
149.56, 142.92, 133.36, 127.88, 126.52, 124.56, 115.01, 79.83, 66.93, 49.89, 40.24, 31.41,
31.24, 29.28, 28.66, 27.73, 18.98. HRMS (ESI+): Calculated for [C23H3oNOs]* ([M+Na]*):
368.2220, Found: 368.2227.. HPLC conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5
um, Dimensions: 4.6 mm ® x 250 mmL); detected at 254 nm; temperature 25 °C; i-
propanol/hexane=10/90; flow=0.5 mL/min; Retention time: 12.448 min(major), 13.147
min(minor).

tert-butyl (3aR,3bR,9bR)-7-(((trifluoromethyl)sulfonyl)oxy)-2,3-dihydro-1H-
cyclopenta[1,3]cyclopropa[l,2-aJnaphthalene-3a(3bH)-carboxylate (2m)
Yellow oil, 68% yield, 99% ee. 'H NMR (300 MHz, Chloroform-d) &

TfO
COZtBu 7.64 (d, = 8.6 Hz, 1H), 7.14 (dd, ] = 8.6, 2.7 Hz, 1H), 7.03 (d, = 2.7

L Hz, 1H), 6.44 (d, J = 9.7 Hz, 1H), 6.38 — 6.27 (m, 1H), 2.77 (td, J =

12.0, 8.3 Hz, 1H), 2.47 — 2.30 (m, 3H), 2.01 (dd, J = 12.5, 7.7 Hz, 1H),

1.93 - 1.77 (m, 1H), 1.43— 1.31 (m, 1H), 1.09 (s, 9H). '*C NMR (75 MHz, CDCl) § 168.50,
147.65, 134.71, 133.58, 127.51, 127.01, 126.01, 119.35, 119.12, 80.55, 39.97, 31.33, 29.71,
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29.50, 29.23, 27.58, 18.91. HRMS (ESI+): Calculated for [CH21F30sSNa]® ([M+Na]"):
453.0954, Found: 453.0961. HPLC conditions (Agilent 1260): Chiralpak AS-H (Particle Size:
5 um, Dimensions: 4.6 mm ® x 250 mmL); detected at 210 nm; temperature 25 °C; i-
propanol/hexane=1/99; flow=0.5 mL/min; Retention time: 7.773 min(major), 8.348
min(minor).

tert-butyl (3aR,3bR,9bR)-7-vinyl-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-
a]naphthalene-3a(3bH)-carboxylate (2n)
Colorless oil, 75% yield, 98% ee; "H NMR (300 MHz, Chloroform-d)
00857 55 (d, J = 8.0 Hz, 1H), 7.35 — 7.29 (m, 1H), 7.17 (d, J = 1.9 Hz,
~ 1H), 6.71 (dd, J=17.6, 10.9 Hz, 1H), 6.48 (d, J = 9.6 Hz, 1H), 6.19
(dd, J=9.6, 5.3 Hz, 1H), 5.73 (dd, J=17.6, 1.0 Hz, 1H), 5.22 (dd, /= 10.9, 1.0 Hz, 1H), 2.80
(td, J=12.0, 8.2 Hz, 1H), 2.47 — 2.28 (m, 3H), 1.98 (dd, J = 12.6, 7.7 Hz, 1H), 1.80 (dd, J =
14.5, 6.9 Hz, 1H), 1.36 — 1.28 (m, 1H), 1.10 (s, 9H). '*C NMR (75 MHz, CDCls) 8 168.94,
136.66, 135.21, 132.88, 132.70, 127.48, 125.96, 125.20, 124.74, 124.31, 112.99, 80.06, 40.36,
31.41, 31.23, 29.56, 29.35, 27.66, 19.00. HRMS (ESI+): Calculated for [C2H240:Na]"
([M+Na]"): 331.1669, Found: 331.1672 HPLC conditions (Agilent 1260): Chiralpak OJ
(Particle Size: 5 um, Dimensions: 4.6 mm @ x 250 mmL); detected at 254 nm; temperature 25

°C; i-propanol/hexane=5/95; flow=0.5 mL/min; Retention time: 28.077 min(minor), 34.785
min(major).

tert-butyl (3aR,3bR,9bR)-7-allyl-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-
a]naphthalene-3a(3bH)-carboxylate (20)
S Colorless oil, 73% yield, 97% ee. 'H NMR (300 MHz,
COZtBu Chloroform-d) & 7.49 (d, J = 7.9 Hz, 1H), 7.06 (dd, ] =7.9, 1.9
B Hz, 1H), 6.94 (d, J = 1.9 Hz, 1H), 6.42 (d, ] = 9.6 Hz, 1H), 6.14
~ (dd, J =9.6, 5.2 Hz, 1H), 5.94 (ddt, J = 16.8, 10.0, 6.7 Hz, 1H),
5.12-5.00 (m, 2H), 3.38 — 3.33 (m, 2H), 2.83 — 2.69 (m, 1H), 2.45 —2.23 (m, 3H), 1.95 (dd, J
=12.6,7.7 Hz, 1H), 1.78 (dt, J = 13.2, 8.1 Hz, 1H), 1.38 — 1.27 (m, 1H), 1.07 (s, 9H). *C NMR
(75 MHz, CDCl3) 8 169.11, 137.66, 137.49, 132.66, 130.83, 127.60, 127.56, 127.25, 125.85,
124.03, 115.51, 79.94, 40.28, 39.79, 31.43, 31.25, 29.43, 28.71, 27.65, 19.00. HRMS (ESI+):
Calculated for [CH26O,Na]® ([M+Na]*): 345.1825, Found: 345.1820. HPLC conditions
(Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions: 4.6 mm ® x 250 mmL);
detected at 254 nm; temperature 25 °C; i-propanol/hexane=5/95; flow=0.2 mL/min; Retention
time: 22.464 min(minor), 25.104 min(major).

tert-butyl (3aR,3bR,9bR)-7-(4-(methoxycarbonyl)phenyl)-2,3-dihydro-1H-
cyclopenta|1,3]cyclopropa[l,2-a]naphthalene-3a(3bH)-carboxylate (2p)

MeO,C White solid, 61% vyield, 99% ee. 'H NMR (300 MHz,
O Chloroform-d) 6 8.11 (d, J=8.4 Hz, 2H), 7.74 - 7.66 (m, 3H),
O‘A coBu  7.53(dd, J=8.1,2.0 Hz, 1H), 7.40 (d, J = 2.0 Hz, 1H), 6.56
U (d, J = 9.7 Hz, 1H), 6.25 (dd, J = 9.6, 5.3 Hz, 1H), 3.96 (s,
3H), 2.94 - 2.76 (m, 1H), 2.49 — 2.34 (m, 3H), 2.03 (dd, J =
13.2, 8.4 Hz, 1H), 1.93 — 1.79 (m, 1H), 1.39 — 1.28 (m, 1H), 1.11 (s, 9H). *C NMR (75 MHz,
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CDCls) 6 168.80, 167.04, 145.47, 137.40, 133.43, 133.18, 130.07, 128.63, 127.34, 126.78,
126.45, 126.03, 125.67, 124.82, 80.13, 52.12, 40.23, 31.42, 31.25, 29.67, 29.50, 27.67, 19.02.
HRMS (ESI+): Calculated for [C27H2804Na]™ ([M+Na]*): 439.1880, Found: 439.1864. HPLC
conditions (Agilent 1260): Chiralpak IC (Particle Size: 5 pm, Dimensions: 4.6 mm @ x 250
mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=8/92; flow=0.5 mL/min.
Retention time: 12.421 min(major), 14.568 min(minor).

tert-butyl (3aR,3bR,9bR)-7-(naphthalen-2-yl)-2,3-dihydro-1H-
cyclopenta[1,3]cyclopropa[l,2-a]naphthalene-3a(3bH)-carboxylate (2q)

White solid, 63% yield, 99% ee. 'H NMR (300 MHz,

O‘ Chloroform-d) 6 8.06 (s, 1H), 7.95 — 7.86 (m, 3H), 7.81 — 7.69
OA CoxBu  (m, 2H), 7.63 (dd, J=8.1, 2.0 Hz, 1H), 7.57 — 7.46 (m, 3H), 6.59

L (d, J=9.7 Hz, 1H), 6.25 (dd, J= 9.6, 5.3 Hz, 1H), 2.96 — 2.78

(m, 1H), 2.53 — 2.30 (m, 3H), 2.05 (dd, J = 12.6, 7.6 Hz, 1H), 1.85 (dt, J=15.4, 7.9 Hz, 1H),
1.37-1.31 (m, 1H), 1.12 (s, 9H). *C NMR (75 MHz, CDCl3) § 169.03, 138.55, 138.35, 134.23,
133.69, 133.10, 132.50, 128.34, 128.13, 127.63, 127.57, 126.37, 126.24, 125.86, 125.80,
125.50, 125.39, 124.58, 116.58, 80.14, 40.30, 31.45, 31.27, 29.62, 29.39, 27.67, 19.06. HRMS
(ESI+): Calculated for [CyoH230:Na]® ([M+Na]"): 431.1982, Found: 431.1979. HPLC
conditions (Agilent 1260): Chiralpak AY-3 (Particle Size: 5 pm, Dimensions: 4.6 mm ® x 250
mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=10/90; flow=0.5 mL/min.
Retention time: 10.468 min(major), 13.691 min(minor).

tert-butyl 7-phenyl-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-a]naphthalene-
3a(3bH)-carboxylate (2r)
Ph White solid, 71% yield, 92% ee; '"H NMR (300 MHz, Chloroform-
COZtB“ d) 8 7.69 — 7.60 (m, 3H), 7.52 — 7.42 (m, 3H), 7.39 — 7.34 (m, 2H),
‘\/” 6.55 (d, J=9.6 Hz, 1H), 6.24 (dd, /=9.7, 5.2 Hz, 1H), 2.92 - 2.76
(m, 1H), 2.50 — 2.33 (m, 3H), 2.03 (dd, J=12.6, 7.7 Hz, 1H), 1.84
(dt, J = 15.2, 8.0 Hz, 1H), 1.42 — 1.31 (m, 1H), 1.10 (s, 9H). *C NMR (75 MHz, CDCl5) §
169.06, 141.08, 138.71, 132.98, 132.36, 128.71, 127.54, 127.05, 126.96, 126.26, 126.03,
125.63, 124.53, 80.11, 77.45, 77.03, 76.60, 40.29, 31.45, 31.25, 29.57, 29.35, 27.64, 19.07.
HRMS (ESI+): Calculated for [C2sH260,Na]" ([M+Na]"): 381.1825, Found: 381.1830. HPLC
conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions: 4.6 mm ® x 250
mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=10/90; flow=0.5 mL/min;
Retention time: 8.333 min(major), 9.150 min(minor).

tert-butyl (3aR,3bR,9bR)-7-(thiophen-2-yl)-2,3-dihydro-1H-
cyclopenta|1,3]cyclopropa[l,2-a]naphthalene-3a(3bH)-carboxylate (2s)
& Colorless oil, 68% yield, 95% ee. 'H NMR (300 MHz, Chloroform-
s O‘ d)57.60(d,J=8.1 Hz, 1H), 7.51 (dd, /= 8.1, 2.0 Hz, 1H), 7.38 (d,
. sC0BU - 7= 0 Hz, 1H), 7.33 — 7.24 (m, 2H), 7.10 (dd, /= 5.1, 3.6 Hz, 1H),
~ 6.52 (d,J=9.7 Hz, 1H), 6.23 (dd, /= 9.7, 5.2 Hz, 1H), 2.81 (td, J
=12.0, 8.4 Hz, 1H), 2.52 — 2.30 (m, 3H), 2.01 (dd, /= 12.5, 7.7 Hz, 1H), 1.83 (dt,J=15.5, 7.8
Hz, 1H), 1.40 — 1.29 (m, 1H), 1.12 (s, 9H). 3C NMR (75 MHz, CDCls) § 168.92, 144.48,
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133.08, 132.63, 131.99, 127.93, 127.31, 126.33, 124.77, 124.47, 124.36, 122.70, 80.16, 40.32,
31.41, 31.22, 29.60, 29.47, 27.69, 19.01. HRMS (ESI+): Calculated for [C:3H240,SNa]*
(IM+Na]"): 387.1389, Found: 387.1384. HPLC conditions (Agilent 1260): Chiralpak MX
(Particle Size: 5 um, Dimensions: 4.6 mm ® x 250 mmL); detected at 254 nm; temperature 25
°C; i-propanol/hexane=1/99; flow=1 mL/min; Retention time: 4.897 min(major), 5.413
min(minor).

tert-butyl (3aR,3bR,9bR)-7-cyano-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-
a]naphthalene-3a(3bH)-carboxylate (2t)
NC Colorless oil, 18% vyield, 84% ee.'H NMR (300 MHz, Chloroform-
COZtBu d) 3 7.68 (d,J = 7.9 Hz, 1H), 7.52 (d, J = 8.3 Hz, 1H), 7.41 (s, 1H),
_\/_ 6.46 (d, J = 9.7 Hz, 1H), 6.32 (d, J = 5.2 Hz, 1H), 2.84 — 2.74 (m,
1H), 2.39 (dd, J = 8.9, 4.8 Hz, 3H), 2.10 — 1.75 (m, 2H), 1.44 — 1.32
(m, 2H), 1.11 (s, 8H). **C NMR (75 MHz, CDCls) § 174.32, 143.06, 139.31, 135.87, 134.71,
130.30, 129.40, 127.05, 122.54, 81.05, 40.67, 38.25, 33.37, 31.12, 29.70, 27.66, 15.94. HRMS
(ESI+): Calculated for [CxoH21NO:Na]* ([M+Na]*): 330.1465, Found: 330.1461. HPLC
conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions: 4.6 mm @ x 250
mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=10/90; flow=0.5 mL/min;
Retention time: 8.791 min(minor), 10.939 min(major).

tert-butyl (3aR,3bR,9bR)-9-(methoxymethyl)-2,3-dihydro-1H-
cyclopenta[1,3]cyclopropa[l,2-a]naphthalene-3a(3bH)-carboxylate (2u)
Colorless oil, 53% yield, 91% ee. 'H NMR (400 MHz, Chloroform-d) &
OA COxBu 724 (dd,J=17.7, 1.5 Hz, 1H), 7.15 (t, J= 7.5 Hz, 1H), 6.99 (dd, /= 7.4,
o o 1.5 Hz, 1H), 6.41 (d, J=9.5 Hz, 1H), 6.08 (dd, /=9.5, 5.2 Hz, 1H), 4.59
! (d, /J=11.5Hz, 1H), 4.42 (d, J=11.5 Hz, 1H), 3.37 (s, 3H), 2.64 (ddd, J
=13.0, 10.8, 9.0 Hz, 1H), 2.57 — 2.49 (m, 1H), 2.19 (ddd, /= 13.1, 8.5, 1.6 Hz, 1H), 2.06 (d, J
= 5.2 Hz, 1H), 1.94 (ddd, /= 13.2, 9.0, 1.8 Hz, 1H), 1.89 — 1.80 (m, 1H), 1.40 — 1.32 (m, 1H),
1.01 (s, 9H). '*C NMR (151 MHz, CDCl5) § 169.94, 137.54, 134.31, 130.65, 129.29, 128.98,
127.41, 126.42, 123.61, 80.00, 77.23, 77.02, 76.81, 73.56, 58.29, 39.28, 34.13, 31.72, 30.97,
27.59,26.63,20.22. HRMS (ESI+): Calculated for [C21H2603Na]" ([M+Na]"): 349.1774, Found:
349.1764. HPLC conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions:
4.6 mm ® x 250 mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=5/95;

flow=0.5 mL/min; Retention time: 7.304 min(major), 8.154 min(minor).

tert-butyl (3aR,3bR,9bR)-2,3,5,6-tetrahydro-1H-cyclopenta[2,3]cyclopropa|1,2-
e]acenaphthylene-3a(3bH)-carboxylate (2v)

Colorless oil, 74% yield, 93% ee. '"H NMR (300 MHz, Chloroform-d) &
. 7.34 (d, J=17.4 Hz, 1H), 7.22 (t, J= 7.5 Hz, 1H), 7.16 — 7.08 (m, 1H),
OA COxtBu 5.85 —5.78 (m, 1H), 3.06 (t, /= 6.9 Hz, 2H), 2.93 — 2.69 (m, 3H), 2.44 —
N 2.29 (m, 3H), 1.97 (dd, J=12.6, 7.7 Hz, 1H), 1.87 — 1.77 (m, 1H), 1.35
(s, 1H), 1.06 (s, 9H). 1*C NMR (75 MHz, CDCls) § 171.39, 143.03, 141.86, 138.24, 131.41,
127.98, 122.62, 121.96, 112.01, 79.49, 39.95, 31.67, 31.25, 30.70, 30.31, 29.85, 27.90, 27.56,
19.31. HRMS (ESI+): Calculated for [C21H240:Na]" ([M+Na]"): 331.1669, Found: 331.1661.
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HPLC conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions: 4.6 mm @ X
250 mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=5/95; flow=0.5 mL/min;
Retention time: 6.915 min(minor), 7.718 min(major).

tert-butyl (3aR,3bR,9bR)-2,3,4,5-tetrahydro-1H-cyclopenta[1,3]cyclopropa[1,2-
a]naphthalene-3a(3bH)-carboxylate (4)
Colorless oil, 88% yield, 94% ee. '"H NMR (300 MHz, Chloroform-d) &
(Il/cozﬁu 7.33(d,J=7.6 Hz, 1H), 7.15 (dt, J= 7.9, 4.3 Hz, 1H), 7.06 (d, J = 4.4 Hz,
L 2H), 2.78 (ddd, J = 16.3, 11.3, 5.9 Hz, 1H), 2.53 — 2.28 (m, 3H), 2.28 —
2.06 (m, 2H), 1.98 (ddd, J=15.1, 12.9, 8.1 Hz, 2H), 1.83 — 1.70 (m, 2H), 1.47 — 1.33 (m, 1H),
1.09 (s, 9H). *C NMR (75 MHz, CDCls) 6 171.90, 138.82, 135.81, 127.78, 127.72, 125.99,
125.63, 79.84, 43.54, 37.42, 33.59, 31.64, 28.84, 27.79, 25.04, 20.11, 19.63. HRMS (ESI+):
Calculated for [CioH240,Na]" ([M+Na]"): 307.1669, Found: 307.1664. HPLC conditions
(Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions: 4.6 mm ® x 250 mmL);
detected at 254 nm; temperature 25 °C; i-propanol/hexane=10/90; flow=0.1 mL/min; Retention

time: 34.789 min(minor), 36.256 min(major).

tert-butyl (1S,25)-3',4'-dihydro-2'H-spiro[cyclopentane-1,1'-naphthalene]-2-carboxylate
(5)

Colorless oil, 85% yield, 95% ee. 'H NMR (300 MHz, Chloroform-d) &
7.33 (d, J= 7.4 Hz, 1H), 7.20 — 7.07 (m, 3H), 3.26 (dd, J = 12.6, 6.2 Hz,
1H), 2.97 — 2.47 (m, 4H), 2.30 — 2.18 (m, 1H), 2.03 — 1.67 (m, 4H), 1.63 —
1.43 (m, 3H), 1.16 (s, 9H). C NMR (75 MHz, CDCls) & 175.23, 142.77, 140.09, 128.81,
126.92, 125.84, 125.32, 79.79, 53.96, 52.22, 41.97, 41.06, 36.28, 30.43, 27.71, 25.01, 23.43.
HRMS (ESI+): Calculated for [Ci9H260,Na]" ([M+Na]"): 309.1825, Found: 309.1819. HPLC
conditions (Agilent 1260): Chiralpak OJ (Particle Size: 5 um, Dimensions: 4.6 mm ® x 250
mmL); detected at 254 nm; temperature 25 °C; i-propanol/hexane=10/90; flow=0.1 mL/min;

CO,tBu

Retention time: 35.097 min(minor), 36.643 min(major).

(3aR4R,5R,9bR)-4-bromo-2,3,3b.,4-tetrahydro-1H,5H-5,3a-
(epoxymethano)cyclopenta[1,3]cyclopropal1,2-a]jnaphthalen-11-one (6)

.Br  White solid, 93% yield, 95% ee. "H NMR (300 MHz, Chloroform-d) & 7.55 —
(j\/%o 7.44 (m, 2H), 7.40 — 7.33 (m, 2H), 5.30 (dd, /= 4.2, 2.0 Hz, 1H), 4.83 (ddd, J
= =3.9,2.6,1.0 Hz, 1H), 2.69 — 2.41 (m, 3H), 2.25 (dd, J = 12.8, 7.6 Hz, 1H),

2.11 (dd, J = 13.5, 7.7 Hz, 1H), 1.94 (dt, J = 13.6, 8.1 Hz, 1H), 1.49 (dtt, J =
13.7,12.1, 7.6 Hz, 1H). *C NMR (75 MHz, CDCl;) § 168.21, 134.13, 130.21, 129.07, 128.85,
126.88, 125.38, 76.92, 45.76, 41.89, 39.33, 28.67, 28.57, 28.49, 19.03. HRMS (ESI+):
Calculated for [CisH;3BrO;Na]™ ([M+Na]"): 326.9991, Found: 326.9998. HPLC conditions
(Agilent 1260): Chiralpak AD (Particle Size: 5 pm, Dimensions: 4.6 mm ® x 250 mmL);
detected at 254 nm; temperature 25°C; i-propanol/hexane=10/90; flow=0.5 mL/min; Retention
time: 10.841 min(minor), 12.022 min(major).

(3aR4R,5R,9bR)-4-hydroxy-2,3,3b,4-tetrahydro-1H,5H-5,3a-
(epoxymethano)cyclopenta[1,3]cyclopropall,2-a]jnaphthalen-11-one (7)
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on White solid, 94% yield, 96% ee. "H NMR (300 MHz, Chloroform-d) § 7.57 —
Ej:%o 7.43 (m, 2H), 7.40 — 7.30 (m, 2H), 5.14 (dd, /= 4.6, 2.0 Hz, 1H), 4.57 (ddd, J
- =4.3,2.9, 0.9 Hz, 1H), 2.64 — 2.34 (m, 3H), 2.22 (dd, J = 12.7, 7.5 Hz, 1H),

~ 2.07 (dd, J=13.5, 7.5 Hz, 1H), 1.92 (dt, J = 13.5, 8.0 Hz, 1H), 1.48 (dtt, J =
13.4,12.1, 7.6 Hz, 1H). *C NMR (75 MHz, CDCl;) & 169.47, 136.60, 130.08, 128.39, 126.95,
125.32, 76.57, 61.38, 44.08, 40.43, 28.49, 28.48, 27.90, 19.06. HRMS (ESI+): Calculated for
[CisHisOs]" ([M+H]"): 243.1016, Found: 243.1022. HPLC conditions (Agilent 1260):
Chiralpak AD (Particle Size: 5 um, Dimensions: 4.6 mm ® x 250 mmL); detected at 254 nm;
temperature 25°C; i-propanol/hexane=10/90; flow=0.5 mL/min; Retention time: 14.000

min(major), 15.419 min(minor).

((3aR,3bR,9bR)-2,3-dihydro-1H-cyclopenta[1,3]cyclopropa[1,2-a]naphthalen-3a(3bH)-
y)methanol (8)

White solid, 90% yield, 91% ee. "H NMR (300 MHz, Chloroform-d) & 7.58
CHzOH —17.50 (m, 1H), 7.26 — 7.10 (m, 3H), 6.48 (d, /= 9.6 Hz, 1H), 6.16 (dd, J

S~ =9.6, 5.3 Hz, 1H), 3.35 — 3.04 (m, 2H), 2.71 (td, J = 11.9, 8.3 Hz, 1H),
2.29 —2.19 (m, 2H), 2.11 (d, J = 5.3 Hz, 1H), 1.95 (dd, J = 12.5, 7.7 Hz, 1H), 1.80 (ddt, J =
17.2,8.7,4.0 Hz, 1H), 1.37 — 1.20 (m, 1H), 0.97 (s, 1H). *C NMR (75 MHz, CDCls) 6 133.23,
132.07, 127.78, 127.30, 127.04, 125.75, 125.54, 124.37, 60.40, 39.40, 31.19, 31.15, 29.06,
24.80, 19.21. HRMS (ESI+): Calculated for [CsHicONa]" ([M+Na]"): 235.1075, Found:
235.1093. HPLC conditions (Agilent 1260): Chiralpak AD (Particle Size: 5 pym, Dimensions:
4.6 mm ® x 250 mmL); detected at 254 nm; temperature 25°C; i-propanol/hexane=10/90;
flow=0.5 mL/min; Retention time: 18.648 min(minor), 20.193 min(major).

3. X-ray crystal structure of 6 and 7

Fig. S1 X-ray crystal structure of 6 (CCDC 2191640 for 6 contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/structures)
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Fig. S2 X-ray crystal structure of 7 (CCDC 2191583 for 7 contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/structutres).

Reference:

[1]17. Li, S. Qu, W. Zhao, Angew. Chem. Int. Ed. 2020, 59, 2360-2364.
[2] D. F. Taber, K. You, Y. Song, J. Org. Chem. 1995, 60, 1093-1094.
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4. NMR Spectra of Compounds

NMR Spectrum for substrates 1
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NMR Spectrum for product
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6. HPLC spectra of products 2

Chiral HPLC spectrum of racemic 2a
O‘A CO,Me
\ [\
\ / \ i RERTE ER MR WREIA T
p’ N\ #  [min] [min]  [mAUss] [mAU] %
___‘____ —_
a5 9 a5 1b 105 1 9.162 W  0.2167 1.16504e4  796. 38782 50. 1602
2 10.049 VB 0.2086 1.15760e4  830. 50977 49.8398
Chiral HPLC spectrum of 2a
nhl4 5 COzMe
1000 "‘m“"\ :I
40 [ S
I
600 [
. [ e BN R iR I W EEER
| \‘.‘ - #  [min] [min]  [mAU#s) [mAU] %
- K__/;\ — |—I [ | | [
ﬂ__._—J 1 9.136 W 0.1690 1.31090e4 1185. 70947 92.3435
a5 i o5 M 05 2 9.97T W 0.1960 1086.91162 82.33852  7.6565
Chiral HPLC spectrum of racemic 2b
Al 2 "y
f . ,_ T oo
wd 15\ «/S\
/ \ / \
204 .‘"I \‘_‘ f ‘«,‘
i / \ \ W TREIR I KR B ETEA W WA
"3 / \ £ [min) (min)  [mAUss]  [mAU] %
5 / AN / N\ —1 [-—I | | | |
03 . — 7‘ Ii . 1 45.612 BV 1. 0606 2636. 27368  38. 41492 49. 9549
a2 “ 1% @ 0 52 mr 2 48.602 VB 1. 2196 2641.02930  33.57762 50. 0451

Chiral HPLC

spectrum of 2b

nAU :
and /N '
/ \ ~_"
150 / \'\.
/ \ .
1004 / \ U CREFRS (] B i WETH e W TR
f-' #  [min] [min]  [mAUks] [mAU] %
] - /
5 / —I |—I | |
o 3 1 44811 BV 0.9266 118 46732  1.93406  0.6916
M 2 P “ 5 & a ® P 2 47.513 VBA  1.1324 1.70119e4  233.39944 99. 3084
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Chiral HPLC spectrum of racemic 2c

" g O‘A CO,Et
: _
00 I\I
= [\ WORENE KN KR MR GE
© \ #  [min] [min]  [mAU*s] [mAU] %
-— |-——- | | | |
0 I - X ‘ X X 1 15.139 BV 0.2344 7587.61230 496. 13843  50. 3800
* 145 16 165 17 175 2 16.037 VB 0.2636 7473. 14795 436, 79535 49. 6200
Chiral HPLC spectrum of 2c
mhl 8
CO,Et
0 /2\ 2
80 (1 H B
20 [ ~
40 ‘.‘ '\‘
o [ . W fRERTT) KW MR EEA WER R
0 / \ 8 #  [min] [min]  [mAUxs] [mAU] %
“ 2 — | | |
. .
hx T . 5 p = T 1 15220 W 0.2436 1.26107e4  801.22510 95.4415
2 16.155 W 0.2627 602.30969  35.00448  4.5585
Chiral HPLC spectrum of racemic 2d
mAUT
103 _~._-COynPr
1404
»
1003
ol WA AT MR R W WEA
40 #  [min) [min]  [mAUxs) [maU] %
a -—| [—1 I |
¢ . : . : ; 1 16.887 W 0.3002 1.90921cd  939.18213 47.8063
“ ® * v ® * 2 18373 W 0.3520 2.07692c4  877.78206 52,1037
Chiral HPLC spectrum of 2d

COznPr

nAl o
m- é‘\ '\"“5cp
2504 ,I‘ § R :
4 ‘,\ ~
0 | W RET T KT MR R W T
100 | #  [min] [min]  [mAU*s] [mAU] %
- / S Ml Y Ml | | |
1 16.880 VW 0.3053 4.0168le4 1991.45142 93.8312
: ‘ ‘ i 8 2 17.975 MM 0.3127 2640.79956 140.75777 6. 1688
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Chiral HPLC spectrum of racemic 2e

O‘A CO,CH,tBu

| W REINT R M EEmR W R
#  [min] [min] [mAU*s] [mAU] %
—] [-—-1 | | |
1‘2 1'3 1 10. 146 VV 0. 1881 2.53436e4 2052. 57300 54.4146
2 11.073 W 0.2002 2.12314ed4 1606. 12585 45. 5854

Chiral HPLC spectrum of 2e

W REARTIA KT IR

N

L JHE VT

R

#  [min) [min]  [mAU*s) [mAU]
— || | | |
T I 13 1 10.082 HV 0.1827 2.80360ed 2324, 81177 95. 9472
2 10.956 MM 0.2569 1184.24609  76.82060 4. 0528
Chiral HPLC spectrum of racemic 2f
(L oo
W fREFHS ) R et EETHA W T
#  [min] [min)  [mAUss) [mAU) %
—| |1 \ | \
1 16.949 W 0.3249 7.09231ed  3406. 38452 50. 9866
: 219.037 W 0.3587 6.81783e4 2938, 30444 49,0134

Chiral HPLC spectrum of 2f

i

0 on

-

b@@‘f‘ W M O G HEE W RER

3 & 2 [min] [min]  [mAUs] [mAU] %
- e E B | |
& P P 1 16.912 WM  0.3112 6.04140e4 323545996 95. 2685

2 18.999

M 0.3570 3000. 48364

140. 09404

4.7315
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Chiral HPLC spectrum of racemic 2g

E
CO
3.0 . _-CO,tBu
L
2.0
L5 VWDIA, Wavelength=254 nm
Lo Ret. Time Area Height Area%
o 8. 119 3798.21 163. 59 19.15
0.0
6.00 6.25 6.50 6.75 7.00 7.25 7.50 7.75 8.0 8.25 8.50 8.5 9.00 9.25 9.50 9. 75 10. 0010, 2510, 5010. 7511, 0011 9. 045 3929. 96 136. 61 50. 85
Chiral HPLC spectrum of 2g
x10 2 F
5.0
4.5
4.0 _~_»CO:tBu
3.5 £ R H
= 30 g ~—
E 2.5
2.0 " .
L5 VWD1A, Wavelength=254 nm
1.0 8 Ret. Time Area Height Area%
- v 9.471 7833, 37 259.77 97.94
60 65 7.0 75 80 85 90 95 10.0 10.5 1.0 115 12.0 12.5 13.0 12.5 11.014 164. 97 6. 56 2.06
Chiral HPLC spectrum of racemic 2h
Br
(L con
W fRETETIE) BT WEEE LIE L [ iag
#  [min] [min]  [mAU*s] [mAU] )
e [==m=]=mmmmme I \ I
11.547 BV 0.3171 550.73297 26.87811 47.4429
2 12.758 VB 0.4272 610.09991  21.48967 52.5571
Chiral HPLC spectrum of 2h
Br
Ay O‘ CO,Et
@ B
0 ~
@0 [\ Ve GREINTIE) 2R T U TIAR L VeI
10 £ | "-‘.A #  [min] [min]  [mAU*s] [mAU] 3
o = J = el e B I
! T 1 I M r z T 1 11.436 BB 0.2537 59.12213  3.59786  0.5764
2 12,554 MM 0.3547 1.01987e4  479.25613 99.4236
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Chiral HPLC spectrum of racemic 2i

BnO.
" O‘ CO,tBu
: ,, )
15 \ gﬁ
* \ 4 Wp RERN R MR WER E WER
¢ N / _ #  [min) [min]  [mAU*s] [mAU] 3
S . S— =
- 1-==-1 I I I
) 12 P % I o 2 2 1 15.364 BB 0.8307 951.25275 17.54145 48.9338
2 20.048 BB 1.3170 992.70544 11,5689 51,0662
Chiral HPLC spectrum of 2i
BnO
n CO,tB
™ \‘/O 2B
150 = B
125 ‘ ~
100 \
® o / WEREMI RN M MR S R
5 . Q-;‘ /-‘ \ $  [min] [min] [mAU*s] [mAU] 3
S R / I |
LE: - : E‘: - : .\‘. 1 1.4251 433.12244  5.06554 2.6758
o 2 “ ® ® = 2 = 2 20.904 MM 1.6057 1 ed  163.51404 97.3242
Chiral HPLC spectrum of racemic 2j
— /\/O
1.2 __COxtBu
= 0 g S
(L VWDIB, Wavelength=254 nm
0. 4
oo Ret. Time Area Height Area%
0.0 8.109 924. 88 57.37 51. 51
5.0 5.5 6.0 6.5 7.0 8.0 8.5 9.0 9.5 10.0 10.5 1.0 1.5 12.0 .
10. 413 870. 56 68. 27 48. 49
Chiral HPLC spectrum of 2j
/\/O
03
g _A._.Co,tBu
1.4 : :
o ~—
- Lo
z 0.8
0.6 VWD1B, Wavelength=254 nm
0.4 . Ret. Time Area Height Areat
o K2 8.102 167. 34 9.57 147
50 55 60 65 1.0 80 85 9.0 95 100 105 I1L0 1L5 120 10. 363 11216. 56 821.17 98. 53
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Chiral HPLC spectrum of racemic 2k

Ph
xl0! \/0
T
N O‘A CO,tBu
z 4 = =
N VWD1B, Wavelength=254 nm
2
Ret. Time Area Height Area¥%
1
. 11. 020 457. 02 34. 56 45. 63
10. 0010, 2510, 5010. 7511, 0011, 2511. 5011, 7512, 0012, 2512, 5012, T513. 0013, 2513, 5013, 514, 0014, 2514. 50 13. 504 544. 62 34.95 54.37
Chiral HPLC spectrum of 2k
5 Ph
e \o
4
i VWD1B, Wavelength=254 nm
= = = : = : = = = = Ret. Time Area Height Area¥
1 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 11.998 707. 68 44, 49 4.85
13.471 13874. 55 866. 35 95.15
Chiral HPLC spectrum of racemic 2l
[}
LN
O‘A CO,tBu
Ve CREW) BE e TR e UEETRT 5L
4 [min] [min]  [mAU*s] [mAU] %
i & P % % Tl Tl : ! : :
1 12.459 VB 0.7206 773.65586 16.57448 50.1974
2 14,144 BB 0.7672 767.57190  15.78792 49.8026
Chiral HPLC spectrum of 2|
oY
Al K/N
175 AN CO,tBu
1% : H
125 N4
100
N e RERTE KR R TR W R
Z #  [min] [min]  [mAU*s] [mAU] %
— e [==mm|=mmmmee [ | I [
01'| s B s 5 a5 o s = 1 12.448 MM 0.7966 8978.66113 187.86050 92.6882
2 14.147 MM 0.7456 708.28729 15.83298 7.3118

76




Chiral HPLC spectrum of racemic 2m

TfO
mAU
70 _-CO,tBu
* 9
50 o
2
04 38
S
309 Peak RetTime Type Width Area Height hrea
207 # [min] [min] [mAU*s] [mAU] %
104 --=-1 1====1 I I I |
0 1 7.777 vW R 0.2124 280.22125 20.37611 49.5154
25 H 75 10 125 2 8.099 VB 0.2038 285.70569 21.12006 50.4846
Chiral HPLC spectrum of 2m
mAU x4
E TfO
1750 -
1500 4 _~._»COxtBu
1250 =\/-
1000
750
500 3 Peak RetTime Type Width Area Height Area
# [min] [{min] [mAU*s] [mAU] 5
250 g ——i—| [====1 I I I I
o
0 . u 1 7.773 BV R 0.2186 2.95024e4 2091.47266 99.6921
> 2 & 8 2 8.348 VB E 0.2211 91.11530  6.28528  0.3079
Chiral HPLC spectrum of racemic 2n
Ao
CO,tBu
whl .
80
& ]
3 . .
© VE CREARTT A W WA W W
2 # [min] [min] [mAU*s] [mAU] %
| I====1 I I [==m=mmmn I
0 1 27.112 BB 2.0360 9291.29492  69.30683 50.9620
} r ; T y y r T T T 2 34,107 BB 3.0296 8940.52539  45.51733 49.0380
15 175 20 75 » 5 30 325 kS 35
Chiral HPLC spectrum of 2n
mAU .COztBu
1200 L
1000
800
800 & W GRERTE] T W LT LT LITE
400 N ’I::?. # [min] [min] [mAU*s] [mAU] %
- § & e [====]======- I [ I |
. & 1 28.077 MM 1.6513 2139.63647  21.59529  1.2324
; T T r T T T T 2 34,788 MM 2.8044 1.7148le5 1019.10260 98.7676
15 175 0 25 25 75 30 325 B 315
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Chiral HPLC spectrum of racemic 20
N
nAll
p O‘A CO,tBu
40
35
30
%
2 Ve {REARTI] KT M T L7 W TR L
= #  [min] [min]  [mAU*s] [mAU] %
10
- --=-1 [-==-1 [ - \ [
52‘0 1 21.288 MM 0.8298 1898.96997 38.14236 45.0602
2 26.544 MM 0.9755 2315.32373  39.55942 54.9398
Chiral HPLC spectrum of 20
Al 2 S X
| '8 L _co,Bu
o
& | ! W (RERS IR R wEE [e3ig:A) e e Ve i
g F \ £ [min] [min]  [mAU#s] mAll] %
& L | — —| |
v . v - r . . v v — v v 1 20.153 MM 1.6310 86 5 8.85485e—-1 1. 4306
" » “ 2 s B = ® " 2 25.104 BBA  1.1258 5970.52783 82.74912 985694

Chiral HPLC spectrum of racemic 2p

MeO,C l

O‘A CO,tBu

Ve CREWT KRR WSS T W WETHI
#  [(min] [min]  [mAU*s] {mau] %
et R e B - -1 I
1 12.506 MM 0.6118 1227.80823 3. 4891 49.

2 15.486 MM 0.4104 1266.01928  51.41250 50.7661

Chiral HPLC spectrum of 2p

MeO,C O

CL co

; ; 112,421 MM
2 14.568 MM

0.4627
0.5288

2 0205

14.56210 3.

~—
e {REINE]) R W VTR W
[min]  [mAU*s] [mAu]

84.50029 9

22554e-1

0.616!
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Chiral HPLC spectrum of racemic 2q

O
]
£l & __-CO,tBu
S §§ .
» &
. /\
10 \ //’ e fRENTIE] T WAL Ld) VT
5 i : #  [nin) [min]  [mAU*s] [mAU) %
N - e I====1 =1 1 I |
H 0 i 2 B A 5 1 10.741 MM 0.5966 1161.55347  32.45079 52.2951
2 13.960 MM 0.9260 1059.59753  19.07189 47.7049
Chiral HPLC spectrum of 2q
Q)
1500
1250 A _.CO,tBu
10004 EN
7504 ~
S04
. \ ORI KW MR R CT I i
od é + [min] [min] [mAU*s] [mAU] %
e R et [ | 1 I |
204 T T T T T T 1 10.468 MM 0.6160 7.10917e4 1923.49426 99.5351
a n 1 12 13 14 15
2 13.891 BBA  0.8872 332.03357  5.32697  0.4649
Chiral HPLC spectrum of racemic 2r
Ph
CO
0] _A_-COstBu
m- 9
2003
20004 . .
n Ve GREIWITE] M EER WE T LT AL
g # [min] [min] [mAU*s] [mAU] %
1000
Rl [====]=mmmme- | [ | |
50 1 9.688 MM 0.2207 2.56247e4 1934.69299 50.3666
T T 2 10.559 MM 0.3373 2.52517e4  1247.72913 49.6334
Chiral HPLC spectrum of 2r
Ph
mAU 3 coztBU
35003 .;
3000 5 '\/'
25003
2000
1500 Ve fREHETI) R ke WETITL Wi VETITBL
1000 # [min] [min]  [mAU*s] [mAU] B
500 1 | |
0 - 1 8.333 MM  0.3061 6.60000e4 3593.32935 95.9858
10 2 9.150 MM 0.3764 2760.2023% 122.23000 4.0142
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Chiral HPLC spectrum of racemic 2s

/]
" f é S O‘
2 ? 7 _A.__CO,tBu
: || )
s \
4 " ‘ |l Peak RetTime Type wWidth Area Height Area
| " A big g
2 \ | \ 1] \ #  [min] [min]  [mAU*s] [mAU] %
P BN Y I U A AN A VAN - e Rt I - | |
5 H é I! 1'0 1 4,925 BV 0.1511 134.35776 13.86103 49.3840
2 5.391 vB 0.1789 137.70988 11.91117 50.6160
Chiral HPLC spectrum of 2s
7|
S
mAU 5
_~_CO,tBu
1000 - z s
800 ~
600 o
400 Peak RetTime Type Width Area Height Area
2004 2 # [min] [min] [mAU*s] [mAU] %
. > -1 |====1 I |
T T T 1 4.897 BV R 0.1537 9580.42480 983.17181 97.7921
2 & s 2 5.413 VB E 0.1879 216.30586 17.30127  2.2079
Chiral HPLC spectrum of racemic 2t
NC
Al O‘A CO,tBu
. . 9
k'l &
= -
) /‘\ W REIN M W WEE WG R
15 y \ # [min] [min] [mAU*s] [mAU] %
1 \ | Rl | I | I
s 1 8.983 BB 0.3736 1064.50732  42.00721 49.3360
U‘ T T T T T 2 11.253 BB 0.7150 1093.16113 23.74871 50.6640
7 8 9 10 1 12
Chiral HPLC spectrum of 2t
NC
COZ‘B“
akl I
=
s ~
s
1 \ Ve (REIRT BT MET MRl MR WL
75 3 / \ # [min] [min] [mAU*s] [mAU] %
5 L4 \
~ el B [ === =mmmmn I I | |
28
[] — J \\ e 1 8.791 BB 0.3469 97.03662 4.33994 7.7956
7 8 s 10 I 2 2 10.939 BB 0.7764 1147.73108  22.52572 92.2044
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Chiral HPLC spectrum of racemic 2u

O‘A CO,tBu
wy 3 9 @ .
120 b P ]
/&\\;» 3 \@.‘F o
L L ‘
W (RERT) KR R IR WE WEH
4 [min] [min] [mAU*s] [mAU] 2
- S ===l |====1 | | | |
a5 1) 5 a5 T 1 8.542 MM 0.2773 3794.42065 228.02844 50.9634
2 9.734 MM 0.3431 3650.95898 177.33154 49.0366
Chiral HPLC spectrum of racemic 2u
mAU
1400
1200
1000
800
o VBN AN M R WE MR
200 3 [min] [min] [mAU*s] [mAU] %
N -1 I====1 I I I |
6'5 1 7.304 MM 0.3079 2.84764e4 1541.52722 95.3726
2 8.154 MM 0.3838 1381.65930 59.99681  4.6274
Chiral HPLC spectrum of racemic 2v
O‘A COytBu
BN KR ER TR EEE W@
4 [min] [min] [mAU*s] [mAU] )
e e B I [ I I
1 6.942 MM 0.3656 2256.16333 102.86256 49,3977
2 7.749 MM 0.4194 2311.17725 81.84441 50.6023
Chiral HPLC spectrum of 2v
mAU
800 _~_»CO,tBuU
600 ] ~
s W OREIRE B MR MR Wes KEmRL
2004 #  [min] [min]  [mAU*s] [maU] %
| 1====1 I [ I I
0 1 6.915 MM 0.3361 922.95709 45.76704 3.5332
1 5 T K J 2 7.718 MM 0.4461 2.51996e4  941.55273 96.4668
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Chiral HPLC spectrum of racemic 5 derived from 4
» i derived from CO,tBu
b g CO,tBu
£ [ © E
5
2
s W GREME KM BE WEA WE W
10 # [min] [min] [mAU*s] [mAU] F
aad e I====1 I
; 1 35.169 BV 1.3923 2993.69824  34.64013 48.0488
‘ B £ Py 2 38.839 VB 1.7679 3236.82935  26.33630 51.9511
Chiral HPLC spectrum of 5 derived from 4

derived from

CO,tBu
2 ~_
4
W IRERE KR EE WEE W R
# [min] [min] [mAU*s] [mAU] %
| R B e et
1 34,783 MF 0.9488 124.59115 2.1885%  2.9534
2 36.256 FM 1.3398 4094.04688  50.92685 97.0466
Chiral HPLC spectrum of racemic 5
mAU E °
£l 8 H CO,tBu
%
20
s \ W ORENT KN KR WEEE T
o 3 [min] [min] [mAU*s] [mAU] %
s R B I====1 I
04 - = z 1 35.169 BV 1.3923 2993.69824  34.64013 48.0489
2 38.833 VB 1.7679 3236.82935 6.33630 51.8511
Chiral HPLC spectrum of 5
CO,tBu
W REN RN MR GE Wi GEE
[min] [min] [mAU*s] [mAU] %
——————— I I |
1.0058 39.49966 6.54558e-1 2.3191
18.38666 97.6809

1.5081 1663.70996
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Chiral HPLC spectrum of racemic 6

mAU 3
700 4
600 4
500 3
400 4 0 a
300 . il e RN KW R R WE R
200 3 & 55” #  [min] [min]  [mAU*s] [mAU] %
100 £ B -
0 1 10.541 MM 0.5149 2328. 75.37010
T o B o 2 11.688 MM 0.4287 2173. 84.49004 48.2730
Chiral HPLC spectrum of 6
nAUT
7004
00
00
P
00 & UE PREIT ) 8 WY TR LT VTR
2003 _a® % [min] [min]  [mAU*s] [mAU) %
1004 2
o el R === |=mmmmen === !
o : - ; : 1 10.841 MM 0.5399 415 8 2.6746
9 10 1 2 3 2 12.022 MM 0.3935 1.51273e4  640.70142 97.3254
Chiral HPLC spectrum of racemic 7
OH
0o (0]
mAl7]
o]
60 & a
o of
P R e F
- & 5 & N e
= & W RERE KM Wl BTWR e R
2] i [min]  [mAU*s] (mau] %
. 1 | 1
570.69476  26,76101 50,4829
10 1 12 13 1 15 16 17 2 16.019 MM 0.3806 559.77728  24.51354 49.5171
Chiral HPLC spectrum of 7
mAU
&
80 . @}@?
60 S
40 2 o
5@‘ e {RERTE KR e VT Lo VTR
2 5 & # [min] [min]  [mAU%s] [mau] %
S
BN el e | === ==mmmmm | I I |
0 1 14.000 mM 17 1008.15668  42.89618 98,1380
10 1 12 1 14 2 15.419 MM 0.4564  19.12853 6.98463e-1  1.8620
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Chiral HPLC spectrum of racemic 8

O‘A CH,OH
- g L
&
a0 e
w] /A BRI KT WS R W T
2] fﬂ '\ 4 [min] [min]  [mAU*s] [mAU] 3
/ el R [====l=mmmmm- [ [
0] : - - - . 1 16.196 W 0.4240 2334.55640  84.58681 50.5660
© 2 1 16 18 b 2 19.362 BB 0.6028 2282.29395  59.33413 49.4340
Chiral HPLC spectrum of 8
nAU 2 .CH OH
1 .‘JE“'\ H H z
250 {1\ = =
2004 Il '\I‘ ~
1504 | |
ol [ W REIRIE KA MR WER MR GEHR
o] H / \ #  [min] [min]  [mAU*s] [mAU] %
. = J — I=—===1 I
" 5 % 7 P B gﬂ N 1 18.648 VB 0.4001 413.30954 16.17311  4.3257
2 20,193 BB 0.4323 9141.40430 330.85654 95.6743
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