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1.General Information

Unless otherwise noted, all the reactions for the preparation of the substrates were
performed in oven-dried glassware under nitrogen atmosphere with freshly distilled
solvents. The catalytic reactions were performed under nitrogen atmosphere. The
solvents were purified by distillation from calcium hydride unless otherwise noted. All
other commercial reagents were used without further purification unless otherwise
indicated. *H NMR, 3C NMR and 3!P spectra were recorded on Bruker 400 MHz
spectrometer (ADVNCE Il1) using chloroform-d (CDCIs) as the internal standard.
Chemical shifts were reported in parts per million (ppm), and the residual solvent peak
was used as an internal reference: proton (chloroform ¢ 7.26), carbon (chloroform ¢
77.1) or tetramethylsilane (TMS ¢ 0.00) was used as a reference. Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m
= multiplet, br = broad), coupling constants (Hz) and integration. The enantiomeric
excesses (e.e.) was determined by HPLC analysis on LC-20AD/T LPGE KIT using
Daicel CHIRALPAK® column IA-U, IC-U. X-ray diffraction analyses were carried out
on a microcrystalline powder using a Rigaku Oxford Diffraction XtaLAB Synergy-S
diffractometer using Cu radiation ( A = 1.54184 A). If not specially mentioned, flash
column chromatography was performed using 200-300 silica gel purchased from Yaitai
Chemicals (China). High-resolution mass spectra (HRMS) were recorded on a Bruker
Apex IV FTMS mass spectrometer using ESI (electrospray ionization) as ionization
method. Optical rotations were recorded on an AUTOPOL Il digital polarimeter at 589
nm and are recorded as [o]p' (concentration in grams/100 mL solvent). The -
methylidene-d-valerolactones™ and indolyl nitroolefins(?-® were prepared according to

the reported procedure.
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2. Reaction Optimization

Table S1. Investigation of ligands. [

Pd Catalyst (5 mol%)
Ligand (22 mol%)

4R MS, THF, rt, 12h

L13

L14

0 Q 0
Ph,R ?NH HN%< PPh,
L11

P
PPh, /_
)—P

|.15

h

h

NH HN?
PPh, PhyP

><ojﬁ PPh,
“,,_-PPh,

O

L16

Entry Catalyst Yield® drt eeld
1 Pd,(dba)s-CHCls L1 42% 11 62%
2 Pd,(dba)s-CHCls L2 25% 11 37%
3 Pd,(dba)s-CHCls L3 40% 11 66%
4 Pd,(dba)s-CHCls L4 32% 11 40%
5 Pd(dba)s-CHCls L5 35% 1:1 -57%
6 Pd,(dba)s-CHCls L6 52% 11 -68%
7 Pdy(dba)s-CHCls L7 0 - -
8 Pd,(dba)s-CHCls L8 43% 1:1 69%
9 Pd,(dba)s-CHCls L9 64% 1:1 5%
10 Pd,(dba)s-CHCls L10 0 - -
11 Pd,(dba)s-CHCl; L11 36% 10:1 45%
12 Pd,(dba)s-CHCls L12 0 - -
13 Pd,(dba)s-CHCls L13 0 - -
14 Pdy(dba)s-CHCls L14 0 - -
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15 Pd,(dba)s-CHCls L15 0 - -

16 Pd(dba)s-CHCI; L16 0 - -

17 PA(PPhs)s \ 50% 1:1 0
[ Reaction conditions: 5 mol% of Pdx(dba);- CHCls, 22 mol% of Ligand, 0.12 mmol of 1a, 0.1 mmol of
2a and 4A MS in THF (1 mL) at room temperature. ! Isolated yield of 3a. [°! Determined by 'H NMR
analysis. [ Determined by HPLC analysis.

After optimization, L9 was selected for the next investigation.

Table S2. Investigation of organocatalysts, solvents and temperature.'®!

BnO,C,,
Ph — Pdy(dba)z*CHCl3 (5 mol%) -
YICOZBH L9 (22 mol%) Ph
+ N\ organocatalyst (10 mol%)
o "0 N 4R Ms,
\ Solvent
1a 2a
CFs 4 o CFs CFs
o= Q] QA
FsC N N FsC HXH“' FiC NXN“'
NMe, NMe, HoH NMe,
ocC1 0C2 oc3
CF, CFs CF,
Jil e X L
NMe, N NHTs
oc4 0oC5 Q 0ocCé6
Entry ocC Solvent Temperature Yield™ drte! eeld
1 0ocC1 THF rt 42% 1:1 83%
2 0oC2 THF t 31 1:1 72%
3 0C3 THF rt 63% 3:1 85%
4 0C4 THF r 50% 2:1 85%
5 0Cs5s THF rt 64% 5:1 85%
6 0Cé6 THF rt 0 - -
7 ocCs Toluene rt 53% 2:1 75%
8 (0165 DMF rt 49% 2:1 76%
9 0Cs5s Xylene rt 52% 2:1 82%
10 ocCs Anisole rt 50% 2:1 82%
11 (0165 THF 0°C 64% 4:1 87%
12 (0165 THF -10°C 73% 6:1 94%

(2l Reaction conditions: 5 mol% of Pd,(dba);-CHCls, 22 mol% of L9, 0.12 mmol of 1a, 0.1 mmol of 2a
and 4A MS in THF (1 mL) at room temperature. [ Isolated yield of 3a. ! Determined by 'H NMR
analysis. [4 Determined by HPLC analysis.
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After optimization, the best reaction condition was with OC6 and THF at -10 °C, which

was used for next exploration.

Table S3. Investigation of nitroolefins =

MeO,C Ph

Ph
MeOzC

Ph

NO, Ph

inseparable mixture

NO,

(A)
Ph
YICOZMe o o NN Pd(PPhs)s
THF
0 Yo
(B)
Ph xNO
\/LICOZMe+ le 2 Pd(PPhy),
_—
o0 X0 Ph” “Ph THF

CO,Me Ph
PhPh MeO,C
Y
N Ph NI NO,
NO
2 Ph)\Ph

inseparable mixture

[a] Reaction conditions: y-methylidene-o-valerolactones (0.048 mmol), nitroolefins (0.04 mmol)
and 5 mol% of Pd(PPhs)4 in 0.4 mL THF at room temperature.

Besides indolyl nitroolefins and 2-nitrobenzofuran, other nitroolefins were also

screened for this asymmetric cycloaddition. When (E)-(2-nitrovinyl)benzene (Table S3,

A) and (E)-N-(2-nitrovinyl)-1,1-diphenylmethanimine (Table S3, B) were submitted to

the standard reaction conditions, A mixture of both [4+2] and [3+2] cycloaddition

adducts were generated which could not be separated and purified by silica gel

chromatography. Therefore, indolyl nitroolefins and 2-nitrobenzofuran were used in

this asymmetric [3+2] cycloaddition reaction.
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3. Representative procedure and data for the synthesis of L9

and 3

(S 4R MS, THF, -10°C, 12h

CO.R' Pd,(dba)3+*CHCl3 (5 mol%)
Af N L9 (22 mol%)
+ R OCS5 (10 mol%)
4
N
\
2

To a dried tube was added y-methylidene-d-valerolactone 1 (0.12 mmol, 1.2 equiv.),
indole nitroolefins 2 (0.1 mmol, 1.0 equiv.), Pd2(dba)s;-CHCI3 (0.005 mmol, 5.2 mg, 5
mol%), L9 (0.022 mmol, 13.4 mg, 22 mol%), OCS (0.01 mmol, 4.4 mg, 10 mol%)
followed with the addition of 4A molecule sieve and 1 mL of THF under nitrogen
atmosphere. The reaction mixture was stirred at -10 °C for 12 h and directly purified by

silica gel chromatography (hexane/ethyl acetate = 20:1-5:1) to yield the products.

N-(di(naphthalen-2-yl) methyl)-N-methyldinaphtho(2,1-d:1',2'f][1,3,2]

dioxaphosphepin-4-amine (L9)

L9 was synthesized according to the literature reported by Fletcher.'¥ White solid, m.p.

=161-162 °C ; [a]3%%=- 6.6 (0.1, CH2CL>); 'H NMR (400 MHz, CDCl3) 6 2.25 (d, J =

4.0 Hz, 3H), 6.31 (d, J = 10.8 Hz, 1H), 7.03 (d, J = 8.8 Hz, 1H), 7.17-7.23 (m, 2H),

7.28 - 7.34 (m, 2H), 7.38 (dd, J = 8.4, 5.8 Hz, 2H), 7.43 -7.52 (m, 5H), 7.55 - 7.64 (m,

3H), 7.77 (d, J = 8.2 Hz, 1H), 7.81-7.85 (m, 6H), 7.92 (dt, J = 16.5, 8.5 Hz, 4H) ppm;

3C NMR (100 MHz, CDCls) § 65.5, 65.9, 121.8, 122.2, 122.5, 124.0, 124.1, 124.6,

124.9,126.1,126.2,126.3,126.4, 126.8, 127.0, 127.1,127.4, 127.7,127.8, 127.9, 128.0,
128.1,128.2, 128.3, 128.4, 128.6, 130.0, 130.4, 130.7, 131.5, 132.6, 132.8, 132.9, 133.3,
133.4,137.4,137.5,137.7,137.8, 149.5, 150.1, 150.2 ppm; *'P NMR (160 MHz, CDCls)
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6 148.7 ppm; HRMS (ESI) m/z calcd. for C4H3NO2P [M+H]": 612.2087, found:
612.2084.

Benzyl (5R,6S,7R)-6-(1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]heptane-
5-carboxylate (3a)

Colorless oil, 35mg, 73% yield; dr=6: 1, 94% ee; [a]3%=- 5.3 (0.1, CH2CL,); [Daicel
CHIRALPAK® IC-U (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v=1 mL-min’
!, A =254 nm, t (major) = 13.3 min, t (minor) = 14.2 min]; '"H NMR (400 MHz, CDCl3)
00.73-0.81 (m, 1H), 0.85-0.93 (m, 1H), 1.07-1.14 (m, 1H), 1.15-1.21 (m, 1H), 2.63 (d,
J=13.8 Hz, 1H), 2.95 (d, /= 13.8 Hz, 1H), 3.55 (s, 3H), 5.00-5.04 (m, 2H), 5.18 (d, J
=12.4 Hz, 1H), 5.36 (d, /=10 Hz, 1H), 6.11 (s, 1H), 6.96 (ddd, J = 8.0, 6.7, 1.2 Hz,
1H), 7.04 (d, J= 7.5 Hz, 2H), 7.08 — 7.19 (m, 6H), 7.20 (dt, /= 9.3, 3.3 Hz, 2H), 7.28
(dd, J=5.9, 2.6 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) § 13C NMR (101 MHz,
CDCl13)014.4,17.6,23.2,32.7,44.5, 50.2, 60.9, 67.0, 97.5, 108.9, 109.00, 119.2, 119.8,
121.4,127.0,127.4,127.8,128.1, 128.2, 128.5, 128.6, 128.8, 135.7, 136.5, 138.9, 174.2
ppm; HRMS (ESI) m/z calcd. for C30H20N204 [M+H]": 481.2122, found: 481.2121.

Benzyl(5R,6S,7R)-6-(6-fluoro-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]
heptane -5-carboxylate (3b)

Colorless oil, 27 mg, 54% yield; dr=2: 1, 88% ee; [a]3*"=- 1.9 (0.1, CH2Cl,); [Daicel
CHIRALPAK® IA-U (0.46 cm x 25 cm), n-hexane/2-propanol = 95/5, v =1 mL-min
!X =254 nm, t (major) = 15.2 min, t (minor) = 18.6 min]; 'H NMR (400 MHz, CDCl3)
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00.72-0.79 (m, 1H), 0.83 — 0.89 (m, 1H), 1.09-1.13 (m, 1H), 1.16-1.20 (m, 1H), 2.61
(d, J=13.8 Hz, 1H), 2.91 (d, J = 13.8 Hz, 1H), 3.49 (s, 3H), 4.96-5.03 (m, 2H), 5.18
(d, J=12.4 Hz, 1H), 5.29 (d, J = 8.0 Hz, 1H), 6.08 (s, 1H), 6.49 — 6.59 (m, 1H), 6.70
(td, J=9.2, 2.4 Hz, 1H), 6.78 — 6.84 (m, 1H), 7.02 (dd, J = 7.2, 1.8 Hz, 2H), 7.12 —
7.18 (m, 5H), 7.25 — 7.30 (m, 3H) ppm; '*C NMR (100 MHz, CDCl3) 6 14.4,17.6,23.1,
32.8,44.5,50.2, 60.7, 67.0, 95.3 (d, J=26.0 Hz), 97.3, 108.0 (d, J = 24.2 Hz), 109.2,
120.7 (d, J=10.0 Hz), 126.9, 127.5, 127.9, 128.2, 128.3 (d, J= 2.3 Hz), 128.4, 128.5,
128.6, 135.7,136.5 (d, J=11.9 Hz), 138.8, 159.7(d, J=236.3 Hz), 174.1 ppm; HRMS
(EST) m/z calcd. for C3oH2sFN2O4 [M+H]": 499.2028, found: 499.2023.

Benzyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]
heptane-5-carboxylate (3¢)

Colorless oil, 36 mg, 65% yield; dr = 5 : 1, 94% ee; [a]3%%= - 18.8 (0.1, CH,CL);
[Daicel CHIRALPAK® IA-U (0.46 cm X 25 cm), n-hexane/2-propanol = 97/3, v =1
mL-min”!, A =254 nm, t (major) = 22.0 min, t (minor) = 25.6 min]; '"H NMR (400 MHz,
CDCl3) 0 0.74-0.79 (m, 1H), 0.85-0.89 (m, 1H), 1.07-1.14 (m, 1H), 1.17-1.22 (m, 1H),
2.61 (d, J=13.8 Hz, 1H), 2.91 (d, J = 13.8 Hz, 1H), 3.51 (s, 3H), 4.97-5.03 (m, 2H),
5.17(d,J=12.4 Hz, 1H), 5.28 (d, /= 10.4 Hz, 1H), 6.07 (s, 1H), 7.00-7.04 (t, /= 8.4
Hz, 3H), 7.07-7.09 (d, J= 8.6 Hz, 1H), 7.14 — 7.19 (m, 4H), 7.23 (d, J = 7.4 Hz, 1H),
7.27-7.28 (m, 2H), 7.33-7.34 (m, 2H) ppm; *C NMR (100 MHz, CDCl3) 6 14.5, 17.5,
23.1,32.8,44.5, 50.1, 60.6, 67.1,97.1, 109.3, 112.1, 115.2, 121.1, 122.5, 126.7, 126.9,
127.5,127.9,128.2, 128.3, 128.5, 129.5, 135.6, 137.3, 138.8, 174.1 ppm; HRMS (ESI)
m/z caled. for C30H2sBrN2O4 [M+H]": 559.1227, found: 559.1224.
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Benzyl(S5R,6S,7R)-6-(6-chloro-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]

heptane-5-carboxylate (3d)

Colorless oil, 35 mg, 68% yield; dr = 5 : 1, 93% ee; [a]3’%= - 22.7 (0.1, CH,CL);
[Daicel CHIRALPAK® IA-U (0.46 cm x 25 cm), n-hexane/2-propanol = 95/5, v =1

mL-min™!, L =254 nm, t (major) = 15.2 min, t (minor) = 17.2 min]; 'H NMR (400 MHz,
CDCl3) 6 0.73-0.79 (m, 1H), 0.85-0.90 (m, 1H), 1.09-1.14 (m, 1H), 1.16-1.22 (m, 1H),
2.61 (d, J=13.8 Hz, 1H), 2.90 (d, J = 13.8 Hz, 1H), 3.49 (s, 3H), 4.96-5.04 (m, 2H),
5.17 (d, J = 12.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 6.09 (s, 1H), 6.88-6.91 (dd, J =
8.5,2.0Hz, 1H), 7.01 (d,J=7.6 Hz, 2H), 7.13 — 7.17 (m, 5H), 7.24-7.29 (m, 5H) ppm;
BCNMR (100 MHz, CDCl3) 6 14.5,17.5,23.1,32.8,44.5,50.1, 60.6, 67.1,97.1, 109.1,
109.2,120.0, 120.8, 126.4, 126.9, 127.5,127.9, 128.2, 128.3, 128.4, 128.5, 129.5, 135.6,
136.9, 138.8, 174.1 ppm; HRMS (ESI) m/z calcd. for C30H23CIN,O4 [M+H]": 515.1732,
found: 515.1736.

Benzyl(5R,6S,7R)-6-(5-bromo-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro|[2.4]
heptane-5-carboxylate (3e)

Colorless oil, 41mg, 73% yield; dr=4: 1, 91% ee; [a]3°°=-2.2 (0.1, CH2CL,); [Daicel
CHIRALPAK® IA-U (0.46 cm % 25 cm), n-hexane/2-propanol = 95/5, v =1 mL-min
! A=254 nm, t (major) = 16.8 min, t (minor) = 16.1 min]; "H NMR (400 MHz, CDCl5)
0 0.74-0.79 (m, 1H), 0.85-0.91 (m, 1H), 1.13-1.23 (m, 2H), 2.60 (d, J = 13.8 Hz, 1H),
2.89 (d, J=13.8 Hz, 1H), 3.54 (s, 3H), 5.03 (dd, J = 14.6, 11.4 Hz, 2H), 5.19 (d, J =
14.0 Hz, 1H), 5.22 (d, J = 8.8 Hz, 1H), 6.26 (s, 1H), 7.00 — 7.08 (m, 5H), 7.15 — 7.20
(m, 5H), 7.26-7.29 (m, 3H) ppm; *C NMR (100 MHz, CDCl3) 6§ 14.5, 17.7,23.1, 32.9,
44.5, 50.5, 60.5, 67.0, 96.7, 108.5, 110.5, 112.8, 122.4, 124.3, 126.9, 127.7, 128.0,
128.2, 128.3, 128.5, 129.2, 130.4, 135.2, 135.6, 138.7, 174.1 ppm; HRMS (ESI) m/z
calcd. for C30HasBrN2O4 [M+H]": 559.1227, found: 559.1231.
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Benzyl(5R,68S,7R)-6-(5-chloro-1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]
heptane-5-carboxylate (3f)

Colorless oil, 37 mg, 72% yield; dr=3: 1, 91% ee; [a]3*"=- 1.9 (0.1, CH2Cl,); [Daicel
CHIRALPAK® IB-U (0.46 cm % 25 cm), n-hexane/2-propanol = 95/5, v =1 mL-min
!, A =254 nm, t (major) = 11.6 min, t (minor) = 10.3 min]; '"H NMR (400 MHz, CDCls)
0 0.74-0.80 (m, 1H), 0.87-0.91 (m, 1H), 1.13-1.24 (m, 2H), 2.61 (d, /= 13.8 Hz, 1H),
2.90 (d, J = 13.8 Hz, 1H), 3.55 (s, 3H), 5.03 (dd, J = 13.8, 11.4 Hz, 2H), 5.19 (d, J =
12.3 Hz, 1H), 5.23 (d, /= 10.6 Hz, 1H), 6.26 (s, 1H), 6.96 (s, 1H), 7.01-7.06 (m, 4H),
7.15-7.19 (m, 4H), 7.27-7.31 (m, 4H) ppm; '*C NMR (100 MHz, CDCl3) 6 14.5, 17.7,
23.1,32.9,44.5,50.4, 60.6, 67.0, 96.8, 108.5, 110.1, 119.3, 121.8, 125.2, 126.9, 127.7,
128.0, 128.2,128.3, 128.4, 128.5, 130.5, 135.0, 135.7, 138.8, 174.1 ppm; HRMS (ESI)
m/z caled. for C30HasCIN2O4 [M+H]": 515.1732, found: 515.1737.

Benzyl(5R,6S,7R)-6-(5-fluoro-1-methyl-1H-indol-3-yl)-5-(4-(methoxycarbonyl)
phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3g)

Colorless oil, 35 mg, 63% yield; dr = 4 : 1, 92% ee; [a]3%%= - 45.7 (0.1, CH,CL);
[Daicel CHIRALPAK® IA-U (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v =1
mL-min’!, A =254 nm, t (major) = 16.2 min, t (minor) = 13.8 min]; '"H NMR (400 MHz,
CDCl3) 0 0.75-0.81 (m, 1H), 0.86-0.93 (m, 1H), 1.10-1.16 (m, 1H), 1.17-1.22 (m, 1H),
2.62 (d,J=13.8 Hz, 1H), 2.95 (d, /= 13.8 Hz, 1H), 3.54 (s, 3H), 3.90 (s, 3H), 4.93 (d,
J=10.0 Hz, 1H), 5.04 (d,J=12.2 Hz, 1H), 5.17 (d, /= 12.2 Hz, 1H), 5.32 (d, /= 10.0
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Hz, 1H), 6.20 (s, 1H), 6.87 (td, J = 9.0, 2.5 Hz, 1H), 6.94 (dd, ] = 10.2, 2.4 Hz, 1H),
7.08 (dd, J= 8.5, 5.7 Hz, 3H), 7.15 (dd, J = 6.6, 3.0 Hz, 2H), 7.27 (dd, /= 6.3, 3.0 Hz,
3H), 7.81 (d, J = 8.0 Hz, 2H) ppm; *C NMR (100 MHz, CDCls) 6 14.3, 17.6, 23.1,
33.1, 44.3, 50.2, 52.3, 61.0, 67.4, 96.9, 104.6 (d, J = 24.0 Hz), 108.7 (d, J = 4.8 Hz),
109.8 (d,/=9.8 Hz), 110.2 (d, J=26.2 Hz), 127.9 (d,J=9.9 Hz), 128.3, 128.4, 128.5,
128.6, 129.0, 129.2, 130.1, 133.2, 135.3, 143.9, 157.8 (d, J = 233.0 Hz), 166.7, 173.5
ppm; HRMS (ESI) m/z calcd. for C32H30FN20s [M+H]™: 557.2082, found: 557.2080.

Benzyl(S5R,6S,7R)-6-(5-cyano-1-methyl-1H-indol-3-yl)-5-(4-(methoxycarbonyl)
phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3h)

Colorless oil, 38 mg, 67% yield; dr = 4 : 1, 86% ee; [a]3*%= - 51.3 (0.1, CH,CL);
[Daicel CHIRALPAK® IA-U (0.46 cm X% 25 cm), n-hexane/2-propanol = 80/20, v =1
mL-min!', A =254 nm, t (major) = 17.1 min, t (minor) = 13.9 min]; '"H NMR (400 MHz,
CDCIl3) 6 0.78-0.83 (m, 1H), 0.86-0.93 (m, 1H), 1.14-1.24 (m, 2H), 2.62 (d, J = 14.0
Hz, 1H), 2.92 (d, /= 14.0 Hz, 1H), 3.59 (s, 3H), 3.93 (s, 3H), 4.95 (d, /= 10.8 Hz, 1H),
5.04 (d,J=12.2 Hz, 1H), 5.17 (d, J=12.2 Hz, 1H), 5.31 (d, J=10.0 Hz, 1H), 6.33 (s,
1H), 7.06 (dd, J=8.4, 1.4 Hz, 2H), 7.15 (dd, /= 6.0, 3.0 Hz, 2H), 7.21 (dd, /= 8.6, 1.4
Hz, 1H), 7.26-7.30 (m, 3H), 7.34 (dt, /= 8.6, 1.4 Hz, 1H), 7.47 (s, 1H), 7.78 — 7.89 (m,
2H) ppm; *C NMR (100 MHz, CDCls) § 14.5, 17.6, 23.0, 33.0, 44.3, 50.0, 52.3, 60.7,
67.4,96.5,102.7, 109.8, 110.1, 120.6, 124.6, 125.5, 127.2, 128.3, 128.4, 128.5, 128.6,
129.3,129.6, 131.0, 135.2, 138.0, 143.6, 166.5, 173.3 ppm; HRMS (ESI) m/z calcd. for
C33H30N306 [M+H]": 564.2129, found: 564.2126.
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Benzyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(4-(methoxycarbonyl)
phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3i)

Colorless oil, 39 mg, 63% yield; dr = 6 : 1, 92% ee; [a]3’%= - 69.7 (0.1, CH,CL);
[Daicel CHIRALPAK® IC-U (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v =1
mL-min™!, L =254 nm, t (major) = 16.9 min, t (minor) = 15.1 min]; "H NMR (400 MHz,
CDCI3) 0 0.75-0.80 (m, 1H), 0.85-0.93 (m, 1H), 1.10-1.14 (m, 1H), 1.16-1.21 (m, 1H),
2.62 (d,J=14.0 Hz, 1H), 2.95 (d, /= 14.0 Hz, 1H), 3.50 (s, 3H), 3.91 (s, 3H), 4.92 (d,
J=10.0 Hz, 1H), 5.02 (d, J=12.2 Hz, 1H), 5.16 (d, /= 12.2 Hz, 1H), 5.36 (d, /= 10.0
Hz, 1H), 6.10 (s, 1H), 7.04 -7.10 (m, 3H), 7.12 - 7.16 (m, 2H), 7.21 (d, /= 8.6 Hz, 1H),
7.25-7.28 (m, 3H), 7.33 (d, J = 1.5 Hz, 1H), 7.79 — 7.84 (m, 2H) ppm; *C NMR (100
MHz, CDClz) 0 14.2, 17.5, 23.1, 32.9, 44.3, 49.9, 52.3, 61.0, 67.4, 97.1, 109.2, 112.3,
115.5,121.0,122.7, 126.5,128.2, 128.5, 128.5, 128.6, 129.0, 129.1, 129.2, 135.3, 137 .4,
143.8,166.7, 173.5 ppm; HRMS (ESI) m/z calcd. for C3:H30BrN2Os [M+H]"™: 617.1282,
found: 617.1287.

MeO,C BnO,C

Br

Benzyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(3-(methoxycarbonyl)
phenyl)-7-nitrospiro[2.4]heptane-5-carboxylate (3j)

Colorless oil, 41mg, 67% yield; dr=6: 1, 85% ee; [a]3*%=- 75.2 (0.1, CH2Cl,); [Daicel
CHIRALPAK® ITA-U (0.46 cm % 25 cm), n-hexane/2-propanol = 90/10, v=1 mL-min
!X =254 nm, t (major) = 16.1 min, t (minor) = 19.4 min]; 'H NMR (400 MHz, CDCl3)
00.76-0.82 (m, 1H), 0.86-0.94 (m, 1H), 1.13-1.19 (m, 1H), 1.26-1.32 (m, 1H), 2.63 (d,
J=14.0 Hz, 1H), 2.98 (d, J= 14.0 Hz, 1H), 3.51 (s, 3H), 3.87 (s, 3H), 4.93 (d, /= 10.0
Hz, 1H), 5.04 (d, /J=12.2 Hz, 1H), 5.16 (d,J=12.2 Hz, 1H), 5.36 (d, /= 10.0 Hz, 1H),
6.17 (s, 1H), 6.87 — 6.92 (m, 1H), 7.00 — 7.07 (m, 2H), 7.08 (d, /= 7.8 Hz, 1H), 7.11 —
7.16 (m, 2H), 7.24 — 7.29 (m, 3H), 7.32 (d, J= 1.5 Hz, 1H), 7.88 (dt, /= 7.8, 1.3 Hz,
1H), 7.97 (d, J = 2.2 Hz, 1H) ppm; *C NMR (100 MHz, CDCls) ¢ 14.0, 17.9, 23.3,
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32.8,44.2,50.3,52.2,52.3,60.9,97.1,109.2, 112.2, 115.4, 121.0, 122.6, 126.4, 127.7,
128.2,128.4,128.5,128.7,128.9, 129.4,129.9, 133.7,135.4, 137.4, 138.9, 166.8, 173.6
ppm; HRMS (ESI) m/z calcd. for C32H30BrN2Og [M+H]": 617.1282, found: 617.1281.

Methyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-7-nitro-5-(4-(trifluoro
methyl)phenyl)spiro[2.4]heptane-5-carboxylate (3k)

Colorless oil, 41 mg, 75% yield; dr = 5 : 1, 88% ee; [a]3*%= - 39.8 (0.1, CH,CL);
[Daicel CHIRALPAK® IA-U (0.46 cm X 25 cm), n-hexane/2-propanol = 95/5, v =1
mL-min’!, A =254 nm, t (major) = 14.2 min, t (minor) = 13.5 min]; '"H NMR (400 MHz,
CDCI) ¢ 0.79-0.85 (m, 1H), 0.91-0.97 (m, 1H), 1.10-1.24 (m, 2H), 2.61 (d, J = 14.0
Hz, 1H), 3.00 (d, /= 14.0 Hz, 1H), 3.54 (s, 3H), 3.67 (s, 3H), 4.92 (d, /= 10.0 Hz, 1H),
5.36 (d, J=10.0 Hz, 1H), 6.17 (s, 1H), 7.06 -7.18 (m, 4H), 7.35 (d, J = 1.8 Hz, 1H),
7.38 — 7.46 (m, 2H) ppm; *C NMR (100 MHz, CDCls) § 14.3, 17.8, 23.1, 32.8, 44.4,
50.2,52.9, 60.9, 96.8, 108.9, 112.4, 115.6, 120.9, 122.8, 124.0 (q, J = 270.6 Hz), 124.8
(q, J=3.7 Hz), 126.4, 128.8, 129.2, 129.9 (q, J = 32.5 Hz), 137.4, 142.8, 174.2 ppm,
HRMS (ESI) m/z calcd. for C2sH23BrF3N2O4 [M+H]"™: 551.0788, found: 551.0783.

Methyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(4-chlorophenyl)-7-
nitrospiro[2.4]heptane-5-carboxylate (31)

Colorless oil, 26 mg, 51% yield; dr=4: 1, 80% ee; [a]3*"=- 3.8 (0.1, CH2Cl,); [Daicel
CHIRALPAK® IC-U (0.46 cm % 25 cm), n-hexane/2-propanol = 90/10, v=1 mL-min’
I, A =254 nm, t (major) = 9.3 min, t (minor) = 10.8 min]; '"H NMR (400 MHz, CDCls)
00.76-0.82 (m, 1H), 0.89-0.93 (m, 1H), 1.09-1.14 (m, 1H), 1.16-1.21 (m, 1H), 2.56 (d,
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J=14.0 Hz, 1H), 2.96 (d,J = 14.0 Hz, 1H), 3.56 (s, 3H), 3.65 (s, 3H), 4.91 (d, J = 10.0
Hz, 1H), 5.32 (d, J = 10.0 Hz, 1H), 6.18 (s, 1H), 6.90 -6.97 (m, 2H), 7.14 (td, J = 8.6,
1.8 Hz, 3H), 7.24 (d, J = 8.5 Hz, 1H), 7.36 (d, J = 1.7 Hz, 1H) ppm; 3C NMR (100
MHz, CDClz) 6 14.3, 17.6, 23.0, 32.9, 44.5, 50.0, 52.8, 60.4, 96.9, 109.2, 112.3, 115.5,
121.0, 122.7,126.6, 128.1, 129.2, 129.8, 133.7, 137.2, 137.4, 174.4 ppm; HRMS (ESI)
m/z calcd. for C24H23BrCIN2O4 [M+H]": 517.0524, found: 517.0528.

Methyl(5R,6S,7R)-6-(1-methyl-1H-indol-3-yl)-7-nitro-5-phenylspiro[2.4]heptane-
5-carboxylate (3m)

White solid, m.p. = 55 - 57 °C; 23 mg, 57% yield; dr = 12 : 1, 87% ee; [a]3*= - 4.8
(0.1, CH2Cly); [Daicel CHIRALPAK® IB-U (0.46 cm x 25 cm), n-hexane/2-propanol
=95/5,v=1mL-min"!, A =254 nm, t (major) = 8.5 min, t (minor) = 8.2 min]; 'H NMR
(400 MHz, CDCl3) 6 0.77-0.82 (m, 1H), 0.89-0.95 (m, 1H), 1.09-1.16 (m, 1H), 1.18-
1.23 (m, 1H), 2.63 (d, J=13.8 Hz, 1H), 2.98 (d, /= 13.8 Hz, 1H), 3.56 (s, 3H), 3.66 (s,
3H), 5.01 (d, /= 10.0 Hz, 1H), 5.39 (d, /= 10.0 Hz, 1H), 6.10 (s, 1H), 6.98 -7.07 (m,
3H), 7.11-7.24 (m, 5H), 7.37 (d, J = 8.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCls) ¢
14.3, 17.6, 23.0, 32.9, 44.5, 50.0, 52.8, 60.4, 96.9, 109.2, 112.3, 115.5, 121.0, 122.7,
126.6,128.0, 129.2, 129.8, 133.6, 137.2, 137.4, 174.4 ppm; HRMS (ESI) m/z calcd. for
C24H25sN204 [M+H]": 405.1809, found: 405.1811.

Methyl(5R,6S,7R)-5-(4-bromophenyl)-6-(6-chloro-1-methyl-1H-indol-3-yl)-7-
nitrospiro[2.4]heptane-5-carboxylate (3n)
Colorless oil, 27 mg, 52% yield; dr=15: 1, 87% ee; [a]3*"=- 3.1 (0.1, CH2Cl,); [Daicel
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CHIRALPAK® IC-U (0.46 cm X 25 c¢cm), n-hexane/2-propanol = 90/10, v=1 mL-min
!, A =254 nm, t (major) = 9.5 min, t (minor) = 10.9 min]; 'H NMR (400 MHz, CDCI;)
00.76-0.81 (m, 1H), 0.88-0.93 (m, 1H), 1.09-1.14 (m, 1H), 1.16-1.21 (m, 1H), 2.55 (d,
J=14.0 Hz, 1H), 2.95 (d, J= 14.0 Hz, 1H), 3.57 (s, 3H), 3.65 (s, 3H), 4.91 (d,/=10.0
Hz, 1H), 5.31 (d, /= 10.0 Hz, 1H), 6.21 (s, 1H), 6.87 (dd, J = 8.9, 2.5 Hz, 2H), 7.00
(dd, J=8.6,1.9 Hz, 1H), 7.17 —7.25 (m, 2H), 7.27 — 7.33 (m, 2H) ppm; *C NMR (100
MHz, CDCl3) 0 14.3, 17.7, 23.0, 32.9, 44.4, 50.0, 52.8, 60.5, 96.9, 109.1, 109.3, 120.2,
120.7,121.8,126.2, 127.9, 129.3, 130.2, 131.0, 137.0, 137.7, 174.4 ppm; HRMS (ESI)
m/z calcd. for C24H23BrCIN2O4 [M+H]": 517.0524, found: 517.0525.

Methyl(5R,6S,7R)-6-(6-bromo-1-methyl-1H-indol-3-yl)-5-(4-bromophenyl)-7-
nitrospiro[2.4]heptane-5-carboxylate (30)

Colorless oil, 29mg, 52% yield; dr=4: 1, 87% ee; [a]3*%=-37.1 (0.1, CH2Cl,); [Daicel
CHIRALPAK® IC-U (0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v=1 mL-min’
! X =254 nm, t (major) = 9.6 min, t (minor) = 11.2 min]; "H NMR (400 MHz, CDCl;)
0 0.70-0.76 (m, 1H), 0.83-0.88 (m, 1H), 1.02-1.08 (m, 1H), 1.10-1.15 (m, 1H), 2.49 (d,
J=13.8 Hz, 1H), 2.90 (d, J= 13.8 Hz, 1H), 3.51 (s, 3H), 3.59 (s, 3H), 4.85 (d, /= 10.0
Hz, 1H), 5.26 (d, J=10.0 Hz, 1H), 6.12 (s, 1H), 6.81 (d, /= 8.6 Hz, 2H), 7.08 (dd, J =
8.6, 1.7 Hz, 1H), 7.18 (d, /= 8.6 Hz, 1H), 7.20 — 7.26 (m, 2H) 7.30 (d, /= 1.7 Hz, 1H)
ppm; *C NMR (100 MHz, CDCl3) 6 14.3, 17.6, 23.0, 32.9, 44.5, 50.0, 52.8, 60.5, 97.0,
109.2,112.4,115.6,121.0, 121.8, 122.8, 126.6, 129.2, 130.2, 131.0, 137.4, 137.8, 174.4
ppm; HRMS (ESI) m/z calcd. for C24H23BraN2O4 [M+H]™: 561.0019, found: 561.0019.
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4. Representative procedure and data for the synthesis of 5

R'0,c A

COR' Pd,(dba)s*CHCl; (2.5 mol%) ¢
Arz N L9 (11 mol%)
+ NO, 0C5 (10 mol%) ,
0”0 0 THF, -10°C, 12h 0 o,
1 4 5

To a dried tube was added y-methylidene-d-valerolactone 1 (0.24 mmol, 1.2 equiv.), 2-

nitrobenzofuran 4 (0.2 mmol, 1.0 equiv.), Pd2(dba);-CHCl3 (0.005 mmol, 5.2 mg, 2.5

mol%), L9 (0.022 mmol, 13.4 mg, 11 mol%), OCS (0.02 mmol, 8.8 mg, 10 mol%)

followed with 1 mL of THF under nitrogen atmosphere. The reaction mixture was

stirred at -10 °C for 12 h and directly purified by silica gel chromatography

(hexane/ethyl acetate = 30:1-5:1) to yield the products.

MeO,C, FN

H, >>:
0 o,

Methyl(1S,3aS)-3a-nitro-1-phenyl-1,2,3a,8b-tetrahydrospiro[cyclopenta|b]

benzofuran-3,1'-cyclopropane]-1-carboxylate (5a)

White solid, m.p. = 49 - 51 °C; 62 mg, 85% yield; dr=7: 1, 97% ee; [a %0'02 - 58.0
p

(0.1, CH2Clp); [Daicel CHIRALPAK® IC-U (0.46 cm X 25 cm), n-hexane/2-propanol

=95/5,v=1mL-min"", A = 254 nm, t (major) = 10.9 min, t (minor) = 12.7 min]; 'H

NMR (400 MHz, CDCls) § 0.70-0.82 (m, 2H), 0.97 (dt, J= 9.3, 6.1 Hz, 1H), 1.48 (dt,

J=11.2,6.2 Hz, 1H),2.72 (d,J = 13.0 Hz, 1H), 2.99 (d, J = 13.0 Hz, 1H), 3.30 (s, 3H),

5.19 (s, 1H), 7.03 (d, J = 7.8 Hz, 2H), 7.28 — 7.33 (m, 2H), 7.36 (t, /= 13.0 Hz, 1H),

7.42 —7.51 (m, 4H) ppm; '3C NMR (100 MHz, CDCL3) 6 11.1, 15.0, 29.8, 47.6, 52.0,

62.5, 62.6, 110.6, 122.7, 124.7, 126.0, 126.6, 126.9, 127.8, 129.0, 129.9, 141.4, 159.3,

172.7 ppm; HRMS (ESI) m/z caled. for C2iH20NOs [M+H]": 366.1336, found:

366.1337.
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Methyl(1S,3aS)-1-(4-methoxyphenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclo
penta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5b)

Colorless oil, 40 mg, 51% yield; dr = 5 : 1, 84% ee; [a]3’%= - 84.6 (0.1, CH,CL);
[Daicel CHIRALPAK® IC-U(0.3 cm X 10 cm), n-hexane/2-propanol = 97/3, v = 0.3
mL-min’!, A =254 nm, t (major) = 8.2 min, t (minor) = 11.6 min]; '"H NMR (400 MHz,
CDCI3) 6 0.68-0.81 (m, 2H), 0.91 - 0.98 (m, 1H), 1.40 -1.50 (m, 1H), 2.69 (d, J=13.0
Hz, 1H), 2.95 (d, J=13.0 Hz, 1H), 3.31 (s, 3H), 3.85 (s, 3H), 5.14 (s, 1H), 6.94 - 6.99
(m, 2H), 7.03 (d, J = 7.8 Hz, 2H), 7.24 - 7.32 (m, 2H), 7.37 - 7.43 (m, 2H) ppm; *C
NMR (100 MHz, CDCl3) 0 11.1, 14.7, 29.8, 47.5, 51.9, 55.4, 61.9, 62.9, 110.6, 114.3,
122.6,124.8,125.9, 126.9, 127.7, 129.8, 133.4, 159.0, 159.3, 172.8 ppm; HRMS (ESI)
m/z calcd. for C2oH2oNOg [M+H]"™: 396.1442, found: 396.1447.

Methyl(1S,3aS)-3a-nitro-1-(4-(trifluoromethyl)phenyl)-1,2,3a,8b-tetrahydrospiro
[cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5c¢)

Colorless oil, 54 mg, 63% yield; dr = 4 : 1, 87% ee; [a]3>°= - 101.5 (0.1, CH2CL);
[Daicel CHIRALPAK® IA-U (0.46 cm X 25 cm), n-hexane/2-propanol = 95/5, v =1
mL-min’!, A = 254 nm, t (major) = 8.4 min, t (minor) = 7.6 min]; 'H NMR (400 MHz,
CDCl) 6 0.69-0.81 (m, 2H), 0.91 - 0.98 (m, 1H), 1.40 -1.50 (m, 1H), 2.77 (d,J=13.0
Hz, 1H), 2.92 (d, J=13.0 Hz, 1H), 3.31 (s, 3H), 5.21 (s, 1H), 7.05 (d, J = 7.6 Hz, 2H),
7.30 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H) ppm; *C
NMR (100 MHz, CDCl3) 0 11.4, 14.7,29.8, 47.4, 52.2, 62.3, 62.6, 110.8, 122.8, 125.3
(q, J =240.1 Hz), 125.8, 126.0 (q, J = 3.8 Hz), 127.2, 127.7, 129.0, 130.1 (q, J = 32.6

518



Hz), 130.2, 145.4, 159.2, 171.9 ppm; HRMS (ESI) m/z calcd. for C2oH oFsNOs [M+H]:
434.1210, found: 434.1208.

Methyl(1S,3aS)-1-(4-cyanophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclopenta
[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5d)

Colorless oil, 43mg, 55% yield; dr = 3 : 1, 80% ee; [a]3>°= - 100.4 (0.1, CH,CL);
[Daicel CHIRALPAK® IC-U(0.46 cm x 25 cm), n-hexane/2-propanol = 83/17, v =1
mL-min!, A =254 nm, t (major) = 29.3 min, t (minor) = 24.7 min]; '"H NMR (400 MHz,
CDCl) 6 0.70-0.82 (m, 2H), 1.00 (dt, J = 13.1, 6.4 Hz, 1H), 1.45 -1.55 (m, 1H), 2.79
(d, J=13.0 Hz, 1H), 2.89 (d, J = 13.0 Hz, 1H), 3.33 (s, 3H), 5.22 (s, 1H), 7.04 - 7.08
(m, 2H), 7.28 - 7.39 (m, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.1 Hz, 2H) ppm;
3C NMR (100 MHz, CDCls) 6 11.5, 14.6, 29.8, 47.2, 52.3, 62.0, 62.7, 110.8, 111.9,
118.3,122.8,123.8, 125.7,126.4, 127.6, 130.2, 132.7, 146.7, 159.1, 171.5 ppm; HRMS
(ESI) m/z calcd. for C22Hi9N>Os [M+H]": 391.1288, found: 391.1288.

Methyl(1S,3aS)-1-(4-(methoxycarbonyl)phenyl)-3a-nitro-1,2,3a,8b-tetrahydro
spiro[cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5e)

Colorless oil, 65mg, 77% yield; dr=75: 1, 83% ee; [a]3*%=- 67.2 (0.1, CH2Cl»); [Daicel
CHIRALPAK® IA-U(0.46 cm x 25 cm), n-hexane/2-propanol = 93/7, v=1 mL-min"!,
A =254 nm, t (major) = 16.5 min, t (minor) = 19.0 min]; '"H NMR (400 MHz, CDCl;)
00.70-0.80 (m, 2H), 0.94 - 1.02 (m, 1H), 1.44 - 1.52 (m, 1H), 2.76 (d, J=13.0 Hz, 1H),
2.93 (d, J=13.0 Hz, 1H), 3.30 (s, 3H), 3.94 (s, 3H), 5.23 (s, 1H), 7.04 (q, J = 6.9 Hz,
2H), 7.28 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H), 8,12 (d, J = 8.1 Hz, 2H) ppm;
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3C NMR (100 MHz, CDCl3) 6 11.3, 14.7, 29.8, 47.3, 52.1, 52.3, 62.2, 62.6, 110.7,
122.7,124.2,125.8, 126.6, 126.7, 127.3, 130.0, 130.2, 146.3, 159.1, 166.5, 172.0 ppm,;

HRMS (ESI) m/z caled. for C23H22NO7 [M+H]": 424.1391, found: 424.1392.
MeOQC

M802C R

H, ;j
O No,

Methyl(1S,3aS)-1-(3-(methoxycarbonyl)phenyl)-3a-nitro-1,2,3a,8b-tetrahydro
spiro[cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5f)

Colorless oil, 70 mg, 83% yield; dr = 3 : 1, 71% ee; [a]3>°= - 120.7 (0.1, CH2CL);
[Daicel CHIRALPAK® IB-U(0.46 cm x 25 cm), n-hexane/2-propanol = 85/15, v =1
mL-min!, A =254 nm, t (major) = 11.4 min, t (minor) = 22.7 min]; '"H NMR (400 MHz,
CDCl3) 6 0.73-0.87 (m, 2H), 1.01 (dt, J=9.5, 6.4 Hz, 1H), 1.51 (dt, J = 11.7, 6.3 Hz,
1H), 2.77 (d, J = 13.0 Hz, 1H), 2.99 (d, J = 13.0 Hz, 1H), 3.28 (s, 3H), 3.96 (s, 3H),
5.23 (s, 1H), 7.05 (t, J=7.2 Hz, 2H), 7.30 (t,/=7.7 Hz, 1H), 7.34 - 7.38 (m, 1H), 7.54
(t,J=7.8 Hz, 1H), 7.69 (d, /= 7.9 Hz, 1H), 8.05 (d, /= 7.8 Hz, 1H), 8.21 (s, 1H) ppm;
B3C NMR (100 MHz, CDCls) 6 11.3, 15.2, 29.9, 47.4, 52.1, 52.4, 62.5, 62.6, 110.7,
122.8,124.3,125.9,126.7,127.9, 129.0, 129.1, 130.0, 130.9, 131.2, 142.0, 159.2, 166.7,
172.2 ppm; HRMS (ESI) m/z caled. for C23H22NO7 [M+H]™: 424.1391, found:

424.1387.
Cl

MeOQC S

H, >>:
0 No,

Methyl(1S,3aS)-1-(3-chlorophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclo
penta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5g)

Colorless oil, 60 mg, 75% yield; dr=15 : 1, 90% ee; [a]3>°=- 96 (0.1, CH2Cl,); [Daicel
CHIRALPAK® IC-U(0.46 cm x 25 cm), n-hexane/2-propanol = 97/3, v =1 mL-min-
1, A =254 nm, t (major) = 10.8 min, t (minor) = 7.5 min]; 'H NMR (400 MHz, CDCl;)

520



§ 0.69-0.85 (m, 2H), 0.96-1.01 (m, 1H), 1.49 (dt, J = 10.3, 6.3 Hz, 1H), 2.70 (d, J =
13.0 Hz, 1H), 2.95 (d, J = 13.0 Hz, 1H), 3.30 (s, 3H), 5.15 (s, 1H), 7.01 - 7.08 (m, 2H),
7.29 (d, J= 7.4 Hz, 2H), 7.34 - 7.41 (m, 3H), 7.47 (s, 1H) ppm; 3C NMR (100 MHz,
CDCL) § 11.2, 15.0, 29.8, 47.4, 52.1, 62.4, 62.5, 110.7, 122.8, 124.3, 124.9, 125.9,
126.7, 127.1, 128.0, 130.1, 130.2, 135.0, 143.5, 159.3, 172.0 ppm; HRMS (ESI) m/z

calcd. for C21Hj9CINOs [M+H]": 400.0946, found: 400.0950.
Br Cl

M602C >

H, ;j
0 No,

Methyl(1S,3aS)-1-(3-bromo-4-chlorophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro
[cyclopenta|b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5h)

Colorless oil, 53 mg, 55% yield; dr = 4 : 1, 80% ee; [a]3*"= - 114.3 (0.1, CH2CL);
[Daicel CHIRALPAK® IC-U(0.46 cm X 25 cm), n-hexane/2-propanol = 97/3, v =1
mL-min-1, L =254 nm, t (major) = 11.7 min, t (minor) = 8.7 min]; 'H NMR (400 MHz,
CDCl3) 6 0.64-0.75 (m, 2H), 0.87-0.92 (m, 1H), 1.40 (dt, J=10.3, 6.3 Hz, 1H), 2.63 (d,
J=13.0 Hz, 1H), 2.81 (d, /= 13.0 Hz, 1H), 3.24 (s, 3H), 5.05 (s, 1H), 6.97 (t, J="7.5
Hz, 2H), 7.22 (dd, J=12.2, 4.4 Hz, 2H), 7.31 - 7.35 (m, 1H), 7.45 (d, /= 8.4 Hz, 1H),
7.68 (d, J = 2.3 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl3) 6 11.4, 14.8, 29.8, 47.2,
52.3,61.9, 62.4, 110.8, 122.8, 123.1, 124.0, 125.7, 126.5, 126.9, 130.2, 130.7, 132.2,
134.1, 141.8, 159.2, 171.7 ppm; HRMS (ESI) m/z caled. for C21HisBrCINOs [M+H]":
478.0051, found: 478.0054.

BnO,C F"

H, >>:
O No,

Benzyl(1S,3aS)-3a-nitro-1-phenyl-1,2,3a,8b-tetrahydrospiro[cyclopenta[b]benzo
furan-3,1'-cyclopropane]-1-carboxylate (5i)

Colorless oil, 56 mg, 63% yield; dr > 20: 1, 71% ee; [a]3%%= - 112.2 (0.1, CH2CL);
[Daicel CHIRALPAK® IC-U(0.3 cm x 10 cm), n-hexane/2-propanol = 98.8/1.2, v =

0.3 mL-min™!, X = 254 nm, t (major) = 9.2 min, t (minor) = 10.1 min]; 'H NMR (400
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MHz, CDCI3) 6 0.59-0.79 (m, 3H), 1.28 (dt, J= 8.9, 4.8 Hz, 1H), 2.62 (d, /= 13.0 Hz,
1H), 2.98 (d, J=13.0 Hz, 1H), 4.56 (d, J = 12.2 Hz, 1H), 4.72 (d, J = 12.2 Hz, 1H),
5.10 (s, 1H), 6.87 (d, J = 7.1 Hz, 3H), 6.91 (d, J = 8.2 Hz, 1H), 7.17 (dd, J=9.1, 5.6
Hz, 5SH), 7.29 (t,J=7.2 Hz, 1H), 7.36 (t,J= 7.5 Hz, 2H), 7.41 (d, J=7.8 Hz, 2H) ppm;
3C NMR (100 MHz, CDCl3) § 10.9, 15.3, 29.8, 47.5, 62.6, 62.8, 66.9, 110.6, 122.7,
124.7,126.0, 126.7,127.0,127.8, 128.2, 128.3, 128.4, 128.9, 129.8, 135.1, 141.4, 159 .4,
171.9 ppm; HRMS (ESI) m/z calcd. for Ca7H2NOs [M+H]": 442.1649, found:
442.1653.

Benzyl(1S,3aS)-1-(4-fluorophenyl)-3a-nitro-1,2,3a,8b-tetrahydrospiro[cyclopenta
[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5j)

Colorless oil, 62 mg, 67% yield; dr = 3 : 1, 91% ee; [a]3>°= - 109.3 (0.1, CH2CL);
[Daicel CHIRALPAK® IC-U(0.46 cm X 25 cm), n-hexane/2-propanol = 97/3, v =1
mL-min’!, A =254 nm, t (major) = 10.1 min, t (minor) = 8.5 min]; '"H NMR (400 MHz,
CDCl3) 6 0.67-0.82 (m, 3H), 1.32-1.37 (m, 1H), 2.69 (d, J=13.0 Hz, 1H), 2.99 (d, J =
13.0 Hz, 1H), 4.66 (d, J=12.2 Hz, 1H), 4.79 (d, J=12.2 Hz, 1H), 5.13 (s, 1H), 6.93-
7.01(m, 4H), 7.12 (t, J = 8.6 Hz, 2H), 7.24 (s, 1H), 7.27 - 7.36 (m, 4H), 7.46 (dd, J =
8.5, 5.2 Hz, 2H) ppm; *C NMR (100 MHz, CDCls) 6 11.0, 15.0, 29.8, 47.5, 62.0, 62.9,
67.1, 110.7, 115.8 (d, J = 21.4 Hz), 122.8, 124.5, 125.8, 126.8, 128.4, 128.5, 128.5,
128.8 (d, J=15.6 Hz), 129.9, 134.9, 137.3 (d, J = 3.3 Hz), 159.3, 162.2 (d, J = 245.8
Hz), 171.7 ppm; HRMS (ESI) m/z calcd. for C27H23FNOs [M+H]": 460.1555, found:
460.1554.
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Benzyl(1S,3aS)-1-(4-(methoxycarbonyl)phenyl)-3a-nitro-1,2,3a,8b-tetrahydro
spiro [cyclopenta[b]benzofuran-3,1'-cyclopropane]-1-carboxylate (5k)

Colorless oil, 61 mg, 61% vyield; dr = 5: 1, 89% ee; [a]3>°= - 151.2 (0.1, CH,CL);
[Daicel CHIRALPAK® IA-U(0.46 cm x 25 cm), n-hexane/2-propanol = 90/10, v =1
mL-min™!, L =254 nm, t (major) = 17.5 min, t (minor) = 21.4 min]; '"H NMR (400 MHz,
CDCI) 6 0.61-0.86 (m, 3H), 1.36 (dt, J= 8.9, 4.8 Hz, 1H), 2.72 (d, /= 13.0 Hz, 1H),
2.98 (d,J=13.0 Hz, 1H), 3.95 (s, 3H), 4.65 (d, /= 12.2 Hz, 1H), 4.78(d, J = 12.2 Hz,
1H), 5.19 (s, 1H), 6.94 (d, /= 7.3 Hz, 3H), 6.99 (d, /= 8.2 Hz, 1H), 7.22-7.27 (m, 5H),
7.56 (d, J= 8.1 Hz, 2H), 8.10 (d, J = 8.1 Hz, 2H) ppm; *C NMR (100 MHz, CDCls) ¢
11.1, 15.0, 29.8, 47.3, 52.3, 62.4, 62.6, 67.2, 110.7, 122.8, 124.2, 125.8, 126.7, 126.8,
128.4, 128.4, 128.5, 129.6, 130.0, 130.1, 134.7, 146.4, 159.3, 166.6, 171.3 ppm; HRMS
(ESI) m/z calcd. for C20H26NO7 [M+H]": 500.1704, found: 500.1700.

5. Large Scale Synthesis and Further Product Diversification

Synthesis of 6
O2N - - OH
/ /
o CO,Me Pd,(dba);*CHCl5 g
+ = (2.5 mol%) F.C )
0o N L9 (11 mol%), _LiAH, Fs NO,
0C5 (10 mol%) 56% yield
CF; THE - 10 °C over two steps
1k 2a \
1.2 mmol 1.0 mmol 6, 0.25g

93% ee, 5:1 dr

To a dried tube was added 1k (1.2 mmol, 1.2 equiv.), indolyl nitroolefins 2a (1 mmol,
1.0 equiv.), Pdx(dba)s;-CHCl3 (0.025 mmol, 26.4 mg, 2.5 mol%), L9 (0.11 mmol, 67 mg,
11 mol%), OCS5 (0.1 mmol, 44 mg, 10 mol%) followed by the addition of 4A molecule
sieve and 5 mL of THF under nitrogen atmosphere. The reaction mixture was stirred at
-10 °C for 12 h before LiAlH4 (2 mmol, 76 mg) was added. The reaction mixture was
stirred overnight and directly purified by silica gel chromatography (hexane/ethyl

acetate = 5:1-3:1) to yield the product 6 as colorless oil.
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((5R,6S,7R)-6-(1-methyl-1H-indol-3-yl)-7-nitro-5-(4-(trifluoromethyl)phenyl)
spiro[2.4]heptan-5-yl)methanol (6)

Colorless oil, 0.25g, 56% yield over two steps, dr =5: 1, 93% ee, [a]3>°=-83.4 (0.1,
CHCl)). [Daicel CHIRALPAK® IA-U (0.3 cm x 10 cm), n-hexane/2-propanol =
80/20, v = 0.3 mL-min!, A = 254 nm, t (major) = 4.6 min, t (minor) = 5.3 min]. 'H
NMR (400 MHz, CDCI3) 6 0.76-0.81 (m, 1H), 0.89-0.95 (m, 1H), 1.09-1.15 (m, 1H),
1.18-1.23 (m, 1H), 2.43 (d, J = 13.8 Hz, 1H), 2.88 (d, J = 13.8 Hz, 1H), 3.60 (s, 3H),
4.05 (q,J=10.9 Hz, 2H), 4.72 (d, /= 10.8 Hz, 1H), 4.98 (d, /= 10.8 Hz, 1H), 6.11 (s,
1H), 7.05 — 7.11 (m, 1H), 7.16 (d, J = 8.1 Hz, 2H), 7.20-7.29 (m, 2H), 7.44 (dd, J =
12.6, 8.1 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) 6 14.6, 17.2,23.3,32.8,43.6, 48.9,
55.8, 68.9, 96.3, 108.8, 109.5, 118.8, 119.6, 122.1,124.1 (q, J = 270.4 Hz), 124.7 (q, J
=3.7Hz), 127.6, 127.9, 128.8, 129.3 (q, J = 32.1 Hz), 136.8, 144.6 ppm; HRMS (ESI)
m/z caled. for C24H24F3N203 [M+H]": 445.1734, found: 445.1736.

Synthesis of 7

COzMe Pd,(dba)3*CHCl3 Qg
(25mol%) moIA> N
Lo molw) | %€ 0
OCS5 (10 mol%) DBU

o MeCN
THF, -10°C N 43% yield \
s3 7,0.28g
1.2 mmol 1.0 mmol

To a dried tube was added 1k (1.2 mmol, 1.2 equiv.), indolyl nitroolefins 2a (1 mmol,
1.0 equiv.), Pd>(dba)s;-CHCl3 (0.025 mmol, 26.4 mg, 2.5 mol%), L9 (0.11 mmol, 67 mg,
11 mol%), OC5 (0.1 mmol, 44 mg, 10 mol%) followed with the addition of 4A
molecule sieve and 5 mL of THF under nitrogen atmosphere. The reaction mixture was
stirred at -10 °C for 12 h and directly purified by silica gel chromatography
(hexane/ethyl acetate = 20:1-10:1) to yield the product S3. To a dried tube was added

524



S3, phenyl vinyl sulfone (1.5 mmol, 252 mg, 1.5 equiv.) and 10 mL of CH3CN under
nitrogen atmosphere, the reaction mixture was stirred at 0 °C for 5 min before DBU
(304 mg, 2 mmol, 2.0 equiv) was added. The reaction mixture was stirred overnight and
purified directly by silica gel chromatography (hexane/ethyl acetate = 5:1-3:1) to yield
the product 7 as colorless oil. (0.28 g, 44% yield).

Methyl(5R,6S,7S)-6-(1-methyl-1H-indol-3-yl)-7-nitro-7-(2-(phenylsulfonyl)ethyl)-
5-(4-(trifluoromethyl)phenyl)spiro[2.4]heptane-5-carboxylate (7)

Colorless oil, 0.28 g, 44% yield over two steps..H NMR (400 MHz, CDCI3) 6 0.75-
0.81 (m, 2H), 0.86-0.93 (m, 1H), 0.95-0.99 (m, 1H), 2.30 (d, J = 13.2 Hz, 1H), 2.32-
2.45 (m, 2H), 2.85 (td, J = 12.7, 5.1 Hz, 1H), 3.06 (ddd, J = 14.8, 11.5, 3.6 Hz, 1H),
3.37 (s, 3H), 3.69 (s, 3H), 3.89 (d, J=13.2 Hz, 1H), 5.60 (s, 1H), 5.81 (s, 1H), 6.98 (d,
J=28.1Hz,2H),7.15-7.21 (m, 1H), 7.25 (d, J= 8.8 Hz, 2H), 7.27 - 7.32 (m, 2H), 7.45
(t,J=7.6 Hz, 2H), 7.56 - 7.65 (m, 3H), 7.84 (d, J = 6.9 Hz, 1H) ppm; '3*C NMR (100
MHz, CDCls) 6 7.9, 15.5, 28.4, 30.5, 32.5, 43.6, 51.4, 53.2, 53.4, 62.0, 102.7, 107.6,
109.4,117.9, 120.3, 122.0, 124.0 (q, /= 270.3 Hz), 124.2 (q, J=3.9 Hz), 127.9, 128.1,
128.9, 129.0 (q, J = 32.3 Hz), 129.2, 129.8, 133.7, 135.4, 138.7, 143.4, 176.5 ppm;
HRMS (ESI) m/z calcd. for C33H32F3N206S [M+H]": 641.1928, found: 641.1925.
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6.X-ray Crystallography data of 3m and 5a

210325G

CCDC 2124879

Table S4 Crystal data and structure refinement for 210325G.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system

Space group
a/A
b/A
c/A

[e]

o/
p/e

V/°
Volume/A3
V4
Pealcg/cm’
w/mm!
F(000)

Crystal size/mm?

Radiation

210325G
CasHasN4Og
808.90

293(2)

triclinic

P-1

9.8261(3)
13.6993(3)
16.7931(4)
91.1649(17)
105.869(2)
95.1952(18)
2163.04(9)

2

1.242

0.691

856.0

0.02 x 0.02 x 0.01
Cu Ko (A = 1.54184)

20 range for data collection/°5.478 to 134.12

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]

-10<h<11,-16<k<16,-20<1<20
73249

7715 [Rint = 0.0677, Ryigma = 0.0370]
7715/0/546

1.054

R; = 0.0620, wR;, = 0.1753

R, =0.0733, wR, = 0.1843
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Largest diff. peak/hole / e A 0.45/-0.26

Table S5 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for 210325G. Ueqis defined as 1/3 of of the trace of the
orthogonalised Uy tensor.

Atomx y z U(eq)
02 5830(3) 4368.5(19) 9261.7(17) 109.0(8)
O3  10665(3) 8427(2) 11037.5(16) 125.5(10)
06  7528(2) 4932.2(17) 8783.7(13) 94.2(7)
07 10260(3) 7947(3) 9718.8(17) 137.6(12)
N1 6819(2) 4977.4(16) 9271.0(14) 68.1(5)
N3 4495(3) 7881.9(19) 8635.5(16) 88.7(7)
C2 7818(3) 4859(2) 11316.3(19) 83.2(8)
C5 7347(6) 8620(3) 7314(2) 115.1(15)
CI1 3007(4) 8031(3) 8523(3) 119.3(14)
C13 5325(4) 8208(2) 8136.0(17) 83.7(9)
C15 9374(3) 6385(2) 10968.1(18) 77.4(7)
C19 7319(4) 7462(2) 11560(2) 87.6(9)
C21 6505(5) 8003(3) 11906(3) 117.3(14)
C23 11869(6) 9079(5) 10990(4) 175(3)
C25 5250(3) 7325(2) 9213.2(18) 78.0(7)
C26 7180(3) 5771.1(18) 9940.4(15) 62.1(6)
C28 8272(3) 5492(2) 10709.3(15) 64.1(6)
C32 7750(3) 6726.8(19) 9658.1(15) 66.1(6)
C33 7681(5) 8065(2) 8013.3(19) 97.6(11)
C34 6598(3) 7269.5(19) 9123.6(15) 70.2(7)
C35 8731(4) 4479(2) 10836(2) 85.7(8)
C36 7814(3) 7814(2) 10921.0(16) 69.5(7)
C37 9915(4) 7923(3) 10345(2) 91.0(9)
C39 7417(4) 8723(2) 10631(2) 97.3(10)
C41 4979(6) 8770(3) 7444(2) 113.6(14)
C42 8699(3) 7250(2) 10495.0(16) 69.2(7)
C43 6573(5) 9240(3) 10979(3) 121.2(14)
C44 6661(4) 7843.9(19) 8429.2(17) 79.5(8)
C45 6112(5) 8882(4) 11622(4) 127.7(16)
C47 6038(8) 8970(3) 7049(3) 133.9(19)

Table S6 Anisotropic Displacement Parameters (A%x10°) for 210325G. The
Anisotropic displacement factor exponent  takes the form: -
2n*[h?a*?U+2hka*b*U a+...].
Atom Uy U Uss Uzs Uz Uiz
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02

O3

06

o7

N1

N3

C2

C5

Cl11
C13
CI5
C19
C21
C23
C25
C26
C28
C32
C33
C34
C35
C36
C37
C39
C41
C42
C43
C44
C45
C47

96.8(16)  103.3(16)
109.1(18)  156(2)
96.5(15)  104.9(16)
126(2) 188(3)
61.3(13)  72.0(13)
97.3(19)  79.5(16)
79.4(19)  98(2)
195(5) 76(2)
95(3) 110(3)
124(3) 56.4(14)
60.1(15)  94(2)
92(2) 83.4(19)
130(3) 106(3)
141(4) 211(6)
77.7(19)  78.9(18)
60.6(14)  67.5(14)
57.6(14)  75.2(15)
67.6(15)  71.3(15)
156(3) 69.5(17)
87.2(19)  64.0(15)
86(2) 88(2)
66.0(15)  74.1(16)
84(2) 108(2)
125(3) 73.4(19)
177(4) 74(2)
65.0(15)  77.3(16)
139(4) 78(2)
116(2) 55.9(14)
109(3) 109(3)
237(6) 76(2)

122.8(19)  -23.4(14)
103.0(17)  -40.8(16)
84.4(14)  -24.5(11)
94.2(17)  -14.4(18)

68.2(13)  -0.6(10)

75.7(16)  -3.8(13)
743(18)  18.2(15)
74(2) 2.1(17)
131(3) 112)

56.0(15)  -8.7(12)
73.5(17)  -2.8(14)

95(2) -5.9(16)
137(3) -19(2)
160(4) -58(4)

67.8(16)  1.2(13)
57.8(13)  -0.8(11)
59.1(14)  3.6(11)
58.2(14)  -0.4(11)

63.1(18)  -10.8(14)
540(14)  -3.2(11)
86(2) 11.9(16)
63.2(15)  -7.4(12)
80(2) -9.9(17)
88(2) -6.1(16)
71(2) -3.8(16)
63.1(15)  -3.0(12)
137(4) -19(2)
59.7(15)  -12.9(12)
171(5) 42(3)
76(2) 9.9(18)

Table S7 Bond Lengths for 210325G.
Atom Atom Length/A

02
03
03
06
o7
N1
N3

N1

C23
C37
N1

C37
C26
Cll

1.219(3)
1.438(5)
1.333(4)
1.215(3)
1.191(4)
1.495(3)
1.455(5)

Atom Atom Length/A

C19
C19
C21
C25
C26
C26
C28

C21
C36
C45
C34
C28
C32
C35

1.368(5)
1.372(4)
1.355(7)
1.382(4)
1.517(3)
1.513(4)
1.499(4)

528

39.3(14)
44.3(15)
38.4(12)
50.7(16)
16.0(10)
0.3(14)
23.0(15)
48(3)
-10(2)
1.1(16)
12.3(13)
43.4(18)
80(3)
65(3)
5.4(14)
16.8(11)
14.4(11)
19.0(12)
43(2)
14.6(13)
21.5(16)
15.1(12)
33.1(16)
22(2)
1(2)
19.0(12)
19(3)
20.3(16)
53(3)
26(3)

-33.0(14)
-68.0(17)
-8.8(12)
-68(2)
0.0(10)
12.1(14)
12.0(16)
20(3)
31(2)
5.9(16)
3.9(14)
-4.9(16)
-4(2)
_112(4)
4.5(14)
4.7(11)
10.2(12)
-3.7(12)
21.1(19)
-4.3(13)
26.7(16)
-8.5(12)
-25.8(17)
3.7(19)
21(2)
-6.7(12)
21(2)
-9.8(15)
9(2)

6(3)



N3
N3
C2
C2
C5
C5
C13
C13
CI15
CI5

C13
C25
C28
C35
C33
C47
C41
C44
C28
C42

1.375(4)
1.346(4)
1.485(4)
1.480(4)
1.391(5)
1.375(7)
1.388(5)
1.411(5)
1.529(4)
1.539(4)

C32
C32
C33
C34
C36
C36
C37
C39
C41
C43

C34
C42
C44
C44
C39
C42
C42
C43
C47
C45

Table S8 Bond Angles for 210325G.
Atom Atom Atom Angle/*

C37
02
06
06
C13
C25
C25
C35
C47
N3
N3
C41
C28
C21
C45
N3
N1
N1
C32
C2
C2
C2
C26
C35
C35
C26
C34

O3
NI
NI
N1
N3
N3
N3
C2
G5
C13
Cl13
CI13
CI5
C19
C21
C25
C26
C26
C26
C28
C28
C28
C28
C28
C28
C32
C32

C23
C26
02

C26
Cl11
Cl11
C13
C28
C33
C41
C44
C44
C42
C36
C19
C34
C28
C32
C28
CI5
C26
C35
CI15
CI5
C26
C42
C26

117.4(3)
117.0(2)
122.4(2)
120.5(2)
126.3(3)
124.8(3)
108.6(3)
60.75(19)
120.7(4)
129.1(4)
107.9(3)
123.0(4)
106.5(2)
120.6(4)
122.2(4)
111.1(3)
112.0(2)
112.0(2)
108.2(2)
122.9(2)
120.0(2)
59.4(2)
105.9(2)
119.8(2)
123.5(2)
102.7(2)
112.8(2)

1.505(4)
1.574(4)
1.385(5)
1.432(4)
1.396(4)
1.519(4)
1.522(4)
1.373(6)
1.389(7)
1.365(7)

Atom Atom Atom Angle/*

C34
C44
C25
C25
C44
C2

C19
C19
C39
03

o7

o7

C43
C13
C15
C36
C36
C36
C37
C37
C45
C13
C33
C33
C21
C5

529

C32
C33
C34
C34
C34
C35
C36
C36
C36
C37
C37
C37
C39
C41
C42
C42
C42
C42
C42
C42
C43
C44
C44
C44
C45
C47

C42
Cs

C32
C44
C32
C28
C39
C42
C42
C42
O3

C42
C36
C47
C32
CI5
C32
C37
CI15
C32
C39
C34
CI13
C34
C43
C41

118.2(2)
119.1(4)
126.6(2)
105.5(3)
127.9(3)
59.81(19)
117.3(3)
123.6(3)
119.0(3)
111.5(3)
122.6(3)
125.6(3)
120.9(4)
116.1(4)
102.1(2)
115.3(2)
111.0(2)
110.8(2)
106.4(2)
110.7(2)
120.8(4)
106.8(3)
118.6(3)
134.5(3)
118.3(4)
122.4(4)



Table S9 Torsion Angles for 210325G.

A B C D Angle/
02 N1 C26C2890.5(3)
02 N1 C26C32-147.8(3)
03 C37C42C15-74.4(4)
03 C37C42C32175.3(3)
03 C37C42C3651.7(4)
06 N1 C26C28-86.7(3)
06 N1 C26C3235.0(3)
07 C37C42C1599.0(5)
07 C37C42C32-11.3(5)
07 C37C42C36-134.9(4)
N1 C26C28C2 -81.5(3)
N1 C26C28C15133.8(2)
N1 C26C28C35-10.3(3)
N1 C26C32C3477.9(3)
N1 C26C32C42-153.8(2)
N3 C13C41C47-178.6(3)
N3 C13C44C33179.0(2)
N3 C13C44C340.8(3)
N3 C25C34C32179.2(2)
N3 C25C34C440.0(3)
C5 (C33C44C13-1.2(4)
C5 (C33C44C34176.4(3)
CIIN3 C13C412.5(5)
CIIN3 C13C44-175.7(3)
CIIN3 C25C34175.5(3)
CI3N3 C25C340.5(3)
C13C41C47C5 1.2(6)
C15C28C35C2 112.9(3)
C19C21C45C43-1.2(7)
C19C36C39C430.4(5)
C19C36C42C15-16.5(4)
C19C36C42C3299.0(3)
C19C36C42C37-137.5(3)
C21C19C36C39-1.7(5)
C21C19C36C42-178.8(3)
C2303 C3707 5.1(7)
C2303 C37C42178.7(4)

A B C D Angle/
C25C34C44C33-178.3(3)
C26C28C35C2 -107.8(3)
C26C32C34C2536.7(4)
C26C32C34C44-144.3(3)
C26C32C42C1538.0(3)
C26C32C42C36-85.5(3)
C26C32C42C37151.0(3)
C28C15C42C32-32.8(3)
C28C15C42C3687.7(3)
C28C15C42C37-149.0(2)
C28C26C32C34-158.3(2)
C28C26C32C42-30.0(3)
C32C26C28C2 154.6(2)
C32C26C28C159.9(3)
C32C26C28C35-134.1(3)
C32C34C44C13-179.7(2)
C32C34C44C332.5(5)
C33C5 C47C41-1.8(6)
C34C32C42C15162.8(2)
C34C32C42C3639.4(3)
C34C32C42C37-84.2(3)
C35C2 C28C15-107.8(3)
C35C2 C28C26113.6(3)
C36C19C21C452.3(7)
C36C39C43C450.6(6)
C39C36C42C15166.5(3)
C39C36C42C32-78.0(3)
C39C36C42C3745.5(4)
C39C43C45C21-0.2(7)
C41C13C44C330.7(4)
C41C13C44C34-177.53)
C42C15C28C2 -128.5(3)
C42C15C28C2615.0(3)
C42C15C28C35160.6(2)
C42C32C34C25-83.0(3)
C42C32C34C4496.1(3)
C42C36C39C43177.6(3)
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C25N3 C13C41177.4(3) C44C13C41C47-0.7(5)
C25N3 C13C44-0.8(3) C47C5 C33C441.8(5)
C25C34C44C13-0.4(3)

Table S10 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement
Parameters (A2x10%) for 210325G.

Atom x y z U(eq)
H2A 8245 5027 11901 100
H2B 6830 4587 11176 100
H5 8016 8756 7023 138
HI11A 2416 7534 8140 179
H11B 2834 8666 8309 179
H11C 2792 7991 9046 179
HI15A 10239 6267 10826 93

H15B 9604 6523 11561 93

H19 7540 6851 11759 105
H21 6211 7758 12351 141
H23A 11583 9500 10537 263
H23B 12598 8702 10903 263
H23C 12230 9469 11498 263
H25 4909 7018 9619 94

H26 6310 5882 10093 74

H32 8385 6568 9325 79

H33 8577 7845 8199 117
H35A 8301 3978 10402 103
H35B 9717 4418 11127 103
H39 7729 8982 10196 117
H41 4089 8999 7255 136
H43 6313 9842 10773 145
H45 5543 9233 11859 153
H47 5855 9355 6589 161
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CCDC 2143508

Table S11 Crystal data and structure refinement for 2143508.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pre

V/°

Volume/A?

Z

Pealcg/cm’

w/mm’!

F(000)

Crystal size/mm?

Radiation

2143508
C21H19NOs
365.37
173(2)
triclinic
P-1
7.2248(3)
10.9399(4)
12.5947(5)
115.361(4)
100.031(3)
95.232(3)
870.27(6)
2

1.394
0.826
384.0

0.07 x 0.06 x 0.05

Cu Ko (L= 1.54184)

20 range for data collection/°7.996 to 134.118

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (1)]

8<h<8,-13<k<13,-14<1<15
22711

3098 [Rint = 0.0645, Ryigma = 0.0345]
3098/186/245

1.053

R;=0.0380, wR> = 0.0938
532



Final R indexes [all data] R1=0.0466, wR> = 0.0984

Largest diff. peak/hole / e A= 0.20/-0.22

Table S12 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic
Displacement Parameters (A2x10%) for 220118F_auto. Ucq is defined as 1/3 of of

the trace of the orthogonalised Uws tensor.

Atomx y z U(eq)
01  236.6(14) 2448.9(10) 6124.0(9) 26.6(2)
02 -1083.9(15) 4304.1(11) 6413.7(11) 36.6(3)
03 7221.4(15) 4569.5(11) 8667.1(10) 342(3)
04 4279.7(14) 1768.3(10) 6180.5(9) 25.8(2)
05  75363(15) 24462(12) 7734.7(11) 37.003)
Nl 6616.3(17) 3370.1(13) 7921.4(11) 26.3(3)
Cl  3473.7(19) 3415.1(14) 5579.8(13) 23.403)
C2 2284(2) 1504.8(15) 7899.5(14) 30.4(3)
C3 1189(2) 6744.3(15) 8969.5(14) 28.6(3)
C4  3864.1(19) 4131.4(14) 6938.4(13) 22.003)
C5  312903) 8388.9(17) 8209.7(17) 38.6(4)
C6  3735.2(19) 2068.3(15) 5215.6(13) 23.703)
C7 120702) 8150.0(16) 9492.3(15) 34.3(4)
C8  3346(2) 2876.8(14) 8137.1(13) 23.3(3)
Co  2739(2) 1542.8(17) 3161.4(14) 33.5(4)
C10 2467(2) 4155.1(14) 8575.4(13) 23.5(3)
Cll 2823(2) 3831.8(16) 4711.3(14) 28.8(3)
C12 2161(2) 6140.2(14) 8063.2(13) 24.4(3)
CI3 2449(2) 2879.7(17) 3493.6(15) 33.6(4)
Cl4 4475.5(19) 2983.9(14) 7254.1(13) 22.8(3)
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CI15
Cleé
C17
CI18
C19
C20
C21

3108(2)
3395(2)
-1348(2)
241(2)
2188(2)
2153.7(19)
3964(2)

6981.3(16)
1102.5(16)
1601.9(16)
3801.7(14)
8976.1(16)
4595.0(14)
2250.9(16)

7681.4(15)
4021.0(14)
5114.1(15)
6638.8(13)
9117.4(16)
7547.2(13)
8969.4(14)

32.5(4)
29.3(3)
34.5(4)
23.5(3)
38.1(4)
22.0(3)
29.6(3)

Table S13 Anisotropic Displacement Parameters (A2x10%) for 220118F_auto. The

Anisotropic

displacement

factor

2a*[h?a**Un+2hka*b*Ur2+...].

Atom Un

Ol 22.4(5)
02 31.0(6)
03 27.7(6)
04  30.9(5)
05 28.1(6)
N1 22.0(6)
Cl  20.3(6)
C2  33.1(8)
C3  27.9(7)
C4 21.7(6)
C5 44309
C6  20.6(6)
C7  35.6(8)
C8 22.8(6)
C9 33.9(8)
C10 24.4(7)

Un

22.4(5)
32.8(6)
36.7(6)
23.2(5)
45.1(7)
34.2(7)
25.4(7)
25.2(7)
27.0(7)
21.6(7)
27.3(8)
27.1(7)
29.7(8)
23.2(7)
38.6(9)
23.6(7)

Uss
28.3(6)
41.7(7)
26.5(6)
21.4(5)
41.2(7)
22.9(6)
24.3(7)
32.0(8)
28.5(8)
23.1(7)
50.7(10)
23.5(7)
33.0(9)
23.1(7)
22.7(8)

22.1(7)

534

exponent

Uz
6.9(4)
15.6(5)
6.7(5)
8.4(4)
20.8(6)
13.1(6)
10.4(6)
14.4(6)
10.4(6)
10.2(6)
21.5(7)
11.5(6)
8.6(7)
10.7(6)
9.1(7)
9.4(6)

takes

Uns
2.7(4)
-1.0(5)
2.3(5)
4.3(4)
7.5(5)
5.8(5)
6.9(5)
4.2(7)
6.6(6)
5.7(5)
15.9(8)
4.9(5)
9.3(7)
3.2(5)
6.4(6)
6.3(6)

the form:

Un:
2.2(4)
10.8(5)
-1.6(5)
8.4(4)
16.7(5)
5.3(5)
4.0(5)
0.8(6)
5.4(6)
4.1(5)
7.8(7)
5.0(5)
11.8(6)
3.4(5)
6.3(7)
4.9(5)



Cl11
C12
C13
Cl4
CI15
Cleé
C17
CI18
C19
C20
C21

30.1(8)  31.8(8)

243(7)  23.1(7)

35.5(8)  43.2(9)

21.4(6)  22.0(7)

37.8(8)  27.6(8)

28.9(7)  28.6(7)

27.5(8)  31.8(8)

25.7(7)  24.3(7)

432(9)  22.7(8)

223(7)  21.4(7)

3148)  30.5(8)

29.3(8)
24.1(7)
26.5(8)
21.9(7)
36.9(9)
26.4(8)
29.7(9)
22.2(7)
44.0(10)
22.1(7)
29.3(8)

16.5(6)
9.9(6)
19.3(7)
7.9(5)
16.0(7)
8.4(6)
4.6(7)
11.2(6)
11.2(7)
9.2(5)
16.9(6)

Table S14 Bond Lengths for 220118F _auto.

Atom Atom Length/A
Ol C17 1.4412(18)
01 C18 1.3368(17)
02 C18 1.1972(18)
O3 NI 1.2213(16)
04 C6 1.3921(18)
04 Cl14 1.4056(17)
O5 NI 1.2215(16)
N1 Cl14 1.5495(18)
Cl C4 1.505(2)
Cl C6 1.385(2)
Cl CI1 1.383(2)
C2 C8 1.502(2)
C2 C21 1.504(2)
C3 C7 13872

Atom Atom Length/A

C4
Cs
Cs
C6
C7
cs
cs
c8
C9
C9
C10
cll
C12

Cl12

C20
C15
C19
Cl16
C19
C10
Cl4
C21
C13
Cl6
C20
C13
C15

C20

1.5759(18)
1.389(2)
1.379(2)
1.379(2)
1.381(2)
1.5120(19)
1.526(2)
1.508(2)
1.386(2)
1.392(2)
1.553(2)
1.395(2)
1.387(2)

1.5284(19)
S35

9.9(6)
3.4(6)
7.4(6)
2.9(5)
14.6(7)
7.0(6)
0.3(7)
7.9(6)
8.3(8)
6.3(5)
4.5(6)

9.2(6)
5.3(5)
10.1(7)
4.2(5)
9.9(6)
7.0(6)
-1.1(6)
5.6(6)
10.1(7)
4.8(5)
4.7(6)



C3 Cl12 1.397(2)

C4 Cl4 1.548(2)

C18 C20

1.534(2)

Table S15 Bond Angles for 220118F _auto.

Atom Atom Atom Angle/°
C18 O1 C17 116.22(11)
Co 04 Cl14 107.67(10)
O3 N1 OS5 124.63(13)
O3 N1 Cl14 116.99(11)
O5 N1 Cl14 118.15(12)
Co Cl C4 108.51(12)
Cll C1 C4 132.22(13)
Cll C1 C6 119.12(14)
C8 C2 C21 60.22(10)
C7 C3 Cl12 120.95(15)
Cl C4 Cl14 101.32(11)
Cl C4 C20 118.67(12)
Cl4 C4 C20 106.36(11)
C19 C5 C15 120.51(16)
Cl C6 04 112.98(12)
Cl6 C6 04 123.30(13)
Cl6 C6 Cl 123.64(14)
C19 C7 C3 120.18(15)
C2 C8 Cl10 121.64(12)
C2 C8 Cl4 120.28(12)
C2 C8 C21 59.96(10)
Cl10 C8 Cl14 105.82(11)
C21 C8 Cl10 120.35(12)

Atom Atom Atom Angle/°

C8 C10 C20 107.32(11)
Cl CI1 CI13 118.85(14)
C3 Cl12 C20 118.88(13)
CI5 Cl12 C3 118.07(13)
Cl15 Cl12 C20 123.04(13)
C9 C13 CI11 120.50(15)
04 Cl14 N1 106.42(10)
04 Cl14 C4 109.33(11)
04 Cl14 C8 115.77(11)
C4 Cl14 N1 110.89(11)
C8 Cl14 N1 106.43(11)
C8 Cl4 C4 107.98(11)
Cl12 C15 C5 120.83(15)
C6 Cl6 C9 116.32(14)
O1 CI18 C20 110.58(11)
02 CI8 O1 123.84(13)
02 C18 C20 125.59(13)
C5 C19 C7 119.43(15)
Cl10 C20 C4 102.50(11)
Cl12 C20 C4 114.06(11)
Cl12 C20 Cl10 110.62(11)
C12 C20 C18 109.37(11)
C18 C20 C4 110.05(11)
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C21

C13 €9

C8

Cl4 123.69(12)
Cl6 121.57(15)

C18 C20 C10 110.06(11)
C2 C21 C8 59.81(10)

Table S16 Torsion Angles for 220118F _auto.

A B

C D Angle’

01C18C20C4 50.57(15)

01C18C20C10-61.68(14)

O1C18C20C12176.60(11)

02C18C20C4 -129.75(15)

02C18C20C10118.00(16)

02C18C20C12-3.7(2)

O3 N1
O3NI1
O3 N1
04C6
O5NI1
O5NI1
O5NI1
Cl1C4
CIC4
CIC4
Cl1C4
CIC4
ClC4
C1Cé6

C1404 158.55(12)
C14C4 39.75(16)
C14C8 -77.44(15)
C16C9 175.89(13)
C1404 -26.81(17)
Cl4C4 -145.61(13)
C14C8 97.20(14)
Cl1404 -4.25(14)
CI14N1 112.77(12)
C14C8 -130.99(11)
C20C10136.13(13)
C20C12-104.26(14)
C20C1819.07(17)
C16C9 -0.6(2)

CI1CI1CI3C9 -0.5(2)

C2C8

C2C8

C10C20-113.31(14)

C1404 6.35(19)

A B C D Angle/’
C7 C3 C12C20177.94(14)
C8 C10C20C4 -32.06(14)
C8 C10C20C12-154.04(11)
C8 C10C20C1884.99(13)
C10C8 C1404 -136.47(12)
C10C8 CI14N1 105.52(12)
CI0C8 C14C4 -13.58(15)
CI10C8 C21C2 111.32(15)
CI1ICl C4 C14177.92(15)
Cl11C1 C4 C2062.0(2)
CIICl C6 04 -176.28(12)
CIICl C6 C160.5(2)
C12C3 C7 C190.2(2)
C13C9 C16C6 0.1(2)
Cl1404 Co6 C1 -2.52(15)
C1404 C6 C16-179.33(13)
C14C4 C20C1022.95(13)
C14C4 C20C12142.56(12)
Cl4C4 C20C18-94.11(13)
C14C8 C10C2028.88(14)
C14C8 C21C2 -108.33(15)
C15C5 C19C7 -0.5(3)

C15C12C20C4 21.8(2)
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C2C8 C14NI1 -111.66(14) C15C12C20C10136.75(15)
C2C8 C14C4 129.23(14)  C15C12C20C18-101.87(16)
C3C7 C19C5 0.8(3) C16C9 C13C110.4(2)
C3CI12C15C5 1.7(2) C1701 C1802 10.0(2)
C3C12C20C4 -157.54(13) C1701 C18C20-170.33(12)
C3C12C20C10-42.62(17)  C19C5 C15C12-0.7(3)
C3C12C20C1878.76(16) C20C4 C1404 120.40(12)
C4Cl C6 04 -0.34(16) C20C4 CI4N1 -122.57(12)
C4Cl C6 C16176.45(13)  C20C4 Cl4C8 -6.33(14)
C4Cl C11C13-174.77(14)  C20CI12C15C5 -177.67(15)
C604 CI4N1 -115.56(12) C21C2 C8 C10-109.23(15)
C604 C14C4 4.26(14) C21C2 C8 Cl14113.85(15)
C604 C14C8 126.43(12)  C21C8 C10C20175.39(12)
C6C1 C4 C142.72(14) C21C8 C1404 78.44(17)
C6Cl C4 C20-113.19(14) C21C8 CI4N1 -39.56(17)
C6C1 C11C130.02) C21C8 C14C4 -158.67(13)
C7C3 C12C15-1.5(2)

Table S17 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement
Parameters (A2x10°%) for 220118F _auto.

Atom x y z U(eq)
H2A 2453.46 676.41 7204.95 36
H2B 990.81 1465.16 8058.65 36
H3 506.48 6184.62 9231.76 34
H4 495451 4926.59 7274.27 26
H5 3796.22 8951.75 7943 .81 46
H7 5424 8545.42 10109.88 41

H9  2484.11 911.64 2327.16 40
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HI10A3331.74
HI10B 1231.37
HI1 2633.77
HI13 1992.52
HI15 3749.47
H16 3598.12
H17A-1317.93
H17B-2552.14
H17C-1252.03
HI19 2214.54
H21A5164.88

H21B 3701.82

4900.81
3957.79
4750.46
3149.99
6589.55
187.38

1844.98
1754.05
630.57

9940.43
1881.32
2670.29

539

9317.53
8762.15
4940.05
2887.46
7050.75
3797.09
4452.6

5364.06
4838.84
9481.5

8930.33
9784.27

28
28
35
40
39
35
52
52
52
46
36
36
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9.HPLC Spectra
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2 9.51 527751 36305 14.522
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Peak# Ret. Time Area Height Area%
1 10.102 593561 51856 18.200
2 11.051 59850 4819 1.835
3 16.109 118772 6837 3.642
4 16.884 2489195 131897 76.323
3261377 195408 100.000
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Peak# Ret. Time Area Height Area%
1 10.914 886511 58963 35.488
2 11.806 376496 24549 15.071
3 12.768 848653 41947 33.972
4 13.606 386426 18636 15.469
2498086 144095 100.000
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Peak# Ret. Time Area Height Area%
1 10.283 247795 16642 3.577
2 11.016 1330632 98521 19.209
3 11.641 5065326 266810 73.123
4 12.673 283356 13561 4.091
6927109 395534 100.000
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1 13.822 322945 19620 4.130
2 16.236 7496354 399769 95.870
7819298 419389 100.000
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1 13.992 169587 8729 7.112
2 17.178 2215007 99310 92.888
2384594 108039 100.000
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1 15.077 206099 5437 3.836
2| 16.936 5166167 132853 96.164
5372266 138290 100.000
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Peak# Ret. Time Area Height Area%
1 16.002 746503 42339 50.103
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1 16.150 1364613 77162 92.652
2 19.420 108231 4891 7.348
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Peak#| Ret. Time Area Height Area%
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1 13.513 237461 13683 5.882
2 14.261 3799655 149462 94.118
4037116 163145 100.000
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Peak# Ret. Time Area Height Area%
1 9.324 1252445 83164 50.139
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1 9.304 731458 48910 90.160
2 10.789 79827 4742 9.840
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1 8.112 3697707 321664 49.961
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1 8.202 210115 19079 6.503
2 8.586 3020923 242048 93.497
3231038 261126 100.000
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Peak# Ret. Time Area Height Area%
1 9.451 1295053 76393 50.555
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Peak# Ret. Time Area Height Area%
1 9.458 6596134 412217 93.362
2 10.989 468980 23509 6.638
7065114 435726 100.000

S84



mV

/11.186

400
300-
200
100 1
o A
T T T T 7
5 6 7 8
Peak# Ret. Time Area Height Area%
1 9.605 7139743 434248 50.483
2 11.107 7003232 343072 49.517
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Peak# Ret. Time|  Area Height Area%
1 9.592 5261890 320306 93.693
2 11.166 354209 16303 6.307
5616099 336609 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 7.186 234721 23665 24.249
2 9.645 239885 18865 24.783
3 10.443 248203 15728 25.642
4 12.175 245141 14923 25.326
967951 73181 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 7.444 140207 12033 5.205
2 10.040 206954 13426 7.683
3 10.887 2314781 125004 85.939
4 12.720 31579 1870 1.172
2693521 152332 100.000
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Signal: DAD1B, Sig=254,4 Ref=360, 100
Rentention Time[min] Area[mAUsmin] Height [mAU] Relative Area[%]
6. 373 946. 12 75,77 20. 99
7.430 1309. 49 97.61 29. 05
8. 276 941. 40 61.13 20. 88
11. 689 1311. 19 67. 43 29. 08
DAD1B, Sig=254,4 Ref=360, 100
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Time [min]

Signal: DAD1B, Sig=254,4 Ref=360, 100
Rentention Time[min] Area[mAU*min] Height [mAU] Relative Area[%]
6. 351 157. 16 12.33 6. 55
7. 404 315. 36 23. 50 13. 14
8. 254 1863. 09 119.93 77.62
11.618 64, 73 3.44 2.70
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 7.652 1259544 124184 28.631
2 8.451 1260909 109800 28.662
3 9.468 944772 82760 21.476
4 11.712 934017 61056 21.231
4399242 377799 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 7.601 237697 20443 5.328
2 8.364 3328145 267508 74.605
3 9.400 155321 12187 3.482
4 11.601 739878 48082 16.585
4461041 348220 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 21.153 1105824 32185 27.449
2 22.266 1154072 30716 28.646
3 24.224 884995 22803 21.967
4 28.937 883828 16832 21.938
4028718 102536 100.000
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min
<Peak Table>
Peak# Ret. Time Area Height Area%
1 21.499 1002610 27935 22.825
2 22.676 352806 9104 8.032
3 24.660 308328 7858 7.019
4 29.274 2728942 50686 62.125
4392686 95584 100.000
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<Peak Table>
Peak#| Ret. Time Area Height Area%
1 15.095 4271863 247502 22.379
2 16.230 5177778 213202 27.125
3 17.205 4371981 200615 22.903
4 18.628 5267128 235425 27.593
19088750 896743 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 15.372 182513 9807 3.285
2 16.494 4192215 165902 75.464
3 17.602 791555 35136 14.249
4 19.022 389002 17009 7.002
5555285 227854 100.000
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<Peak Table>
Peak# Ret. Time | Area Height Area%
1 7.606 | 989146 83208 25.350
2 7.923 1013348 79486 25.971
3 11.695 948020 49690 24.296
4 22.699 951374 27688 24.382
3901888 240072 100.000
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min
<Peak Table>
Peak# Ret. Time Area Height Area%
1 7.588 2495091 221431 22.107
2 7.926 980806 80430 8.690
3 11.432 6691557 279378 59.290
4 22.733 1118787 33891 9.913
11286241 615131 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 7.504 350517 30184 28.149
2 9.556 282561 19305 22.692
3 10.751 346352 18070 27.814
4 11.933 265793 14958 21.345
1245222 82517 100.000
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min
<Peak Table>
Peak# Ret. Time Area Height Area%
1 7.517 84378 7797 4.224
2 9.581 249483 17374 12.491
3 10.761 1579939 80304 79.101
4 11.975 83567 4201 4.184
1997367 109676 100.000
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<Peak Table>
Peak# Ret. Time | Area Height Area%
1 8.658 361744 22770 30.898
2 9.621 223465 13585 19.087
3 11.737 351464 15935 30.020
4 12501 234092 11319 19.995
1170765 63610 100.000
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<Peak Table> diastereomer
Peak# Ret. Time Area Height Area%
1 8.661 140030 8198 8.085
2 9.614 250195 14994 14.445
3 11.720 1245626 52349 71.916
4 12.508 96213 4070 5.555
1732064 79612 100.000
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Signal: DADIB, Sig=254,4 Ref=360, 100
Rentention Time[min] Area[mAU*min] Height [mAU] Relative Area[%]
6. 900 1131. 80 56. 01 18. 37
8. 300 1119. 51 43. 00 18. 17
9. 167 1936. 70 71.77 31. 44
10. 122 1971. 88 62. 23 32.01
DADI1B, Sig=254,4 Ref=360, 100
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Time [min]
Signal: DADI1B, Sig=254,4 Ref=360, 100
Rentention Time[min] Area[mAU*min] Height [mAU] Relative Area[%)]
9. 195 5137. 48 171.08 85.51
10. 102 870. 50 31.31 14. 49
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 8.412 465936 30771 19.098
2 9.054 754377 49397 30.920
3 10.109 465994 25732 19.100
4 10.869 753428 40233 30.882
2439736 146134 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 8.471 78098 4322 2.988
2 9.108 399977 24427 15.305
3 10.142 1711606 89242 65.492
4 10.911 423774 12876 16.215
2613454 130867 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 11.737 3492295 235850 26.925
2 17.403 2921583 131731 22.525
3 20.984 2986611 112956 23.026
4 25.628 3570166 112402 27.525
12970655 592938 100.000
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<Peak Table>
Peak# Ret. Time Area Height Area%
1 11.861 194503 12383 1.696
2 17.555 9001904 380379 78.476
3 21.402 527595 14394 4,599
4 25.961 1746931 56796 15.229
11470932 463953 100.000
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Peak# Ret. Time Area Height Area%
1 4.604 649487 75138 50.127
2 5.350 646195 62597 49.873
1295682 137735 100.000
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min
Peak# Ret. Time Area | Height = Area%
1 4.597 5831648 681413 96.308
2 5.333 223528 19971 3.692
6055175 701383 100.000
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