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A: General Information

The reactions and manipulations were performed under an atmosphere of argon by
using standard Schlenk techniques and Drybox (Mikrouna, Supper 1220/750).
Common substrates and reagents were obtained from commercial suppliers and used
without further purification. Anhydrous toluene and 1,4-dioxane were distilled from
sodium benzophenone ketyl prior to use. 'H NMR and *C NMR spectra were
recorded on Bruker-Avance 400 MHz spectrometer. CDCl; was used as solvent.
Chemical shifts (6) were reported in ppm with tetramethylsilane as internal standard,
and J values were given in Hz. The enantiomeric excesses were determined by Agilent
1260 Series HPLC using Daicel AD-H. AS-H. and OD-H chiral columns eluted with a
mixture of isopropyl alcohol and hexane. Melting points were measured on X-4
melting point apparatus and uncorrected. High resolution mass spectra (HRMS) were
obtained on a double-focusing high resolution magnetic-sector mass-analyzed
instrument, operating in an electron impact (El) mode. Column chromatography was
performed with silica gel (200 - 300 mesh) with petroleum ether and ethyl acetate as

eluents.

B: Procedure for the reactions

Typical procedure for the asymmetric ring opening reactions: Rh(COD),SbFs (28 mg,
0.05 mmol), (R)-DifluroPHOS (41 mg, 0.06 mmol) and 1,4-dioxane (5.0 mL) were
added to a Schlenk tube under argon atmosphere. The resulting solution was stirred
at room temperature for 30 min, then a solution of azabenzonorbornadiene 1a (243
mg, 1.0 mmol) in 1,4-dioxane (5 mL) was added, and the mixture was stirred for
additional 10 min. Then N,N-dimethylaniline 2a (0.65 mL, 5 mmol) was added, and
the mixture was stirred at 80 °C under argon atmosphere with TLC monitoring until
the complete consumption of 1a. The solvent was removed by reduced pressure and
the residue was purified by silica gel column chromatography to provide the desired
product 3aa (280 mg, 77% yield). The enantiomeric excess value of the product was

determined by HPLC on a chiral stationary phase (92% ee).

S2



Supporting information

C: Characterization Data of Products

tert-butyl ((1R,2R)-2-(4-(dimethylamino)phenyl)-1,2-dihydronaphthalen-1-yl)
carbamate (3aa):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 56 mg, 77% vyield, 92% ee. Mp 136 - 139 °C. [a]p>' = +368.8 (c= 1.02, CH,Cl,). *H
NMR (400 MHz, CDCl3) 6 7.24 - 7.06 (m, 6H), 6.67 - 6.59 (m, 3H), 6.05 (dd, J = 8.9 Hz,
4.8 Hz, 1H), 4.85 (s, 2H), 3.76 (s, 1H), 2.86 (s, 6H), 1.41 (s, 9H). *C NMR (CDCls, 100
MHz): 6§ 155.1, 149.7, 133.7, 133.1, 130.3, 128.9, 128.7, 128.3, 128.0, 127.6, 127.5,
126.4, 112.9, 79.4, 55.2, 46.5, 40.8, 28.5. HRMS calcd for Cy3HsN,0, [M]*:
364.2151. Found: 364.2152. The ee of 3aa was determined by HPLC analysis using a
Daicel Chiralcel AS-H columns (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
90/10, 0.5 mL/min, 254 nm; tmajor = 11.5 Min, tminor = 15.0 min.

tert-butyl ((1R,2R)-2-(4-(dimethylamino)-2-methylphenyl)-1,2-dihydronaphthalen-
1-yl)carbamate

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 51 mg, 68% yield, 87% ee. Mp 99 — 102 °C. [a]p>' = +451.2 (c = 0.93, CH,Cl,). *H
NMR (400 MHz, CDCl3) & 7.26 - 7.12 (m, 4H), 6.76 (d, J = 8.5 Hz, 1H), 6.68 (d, J = 9.6
Hz, 1H), 6.57 - 6.56 (m, 1H), 6.35 (d, J = 8.2 Hz, 1H), 5.99 (dd, J= 9.3, 5.1 Hz, 1H), 4.92
- 4.82 (m, 2H), 3.93 (s, 1H), 2.84 (s, 6H), 2.50 (s, 3H), 1.40 (s, 9H). **C NMR (CDCls, 100
MHz): 6 155.0, 149.6, 137.4, 134.2, 133.0, 130.6, 128.7, 128.2, 128.0, 127.6, 126.4,
125.1, 115.3, 110.4, 79.3, 53.7, 43.2, 40.8, 28.5, 20.5. HRMS calcd for C,4H39N,0,
[M]": 378.2307. Found: 378.2310. The ee of 3ab was determined by HPLC analysis
using a Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 90/10, 0.5 mL/min, 254 nm; tmajor = 12.4 Min, tminor = 14.0 min.

tert-butyl ((1R,2R)-2-(4-(dimethylamino)-2-methoxyphenyl)-1,2-dihydronaphthalen-
1-yl)carbamate (3ac):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 65 mg, 83% vield, 93% ee. Mp 98 — 101 °C. [a]p*' = +270.8 (c = 1.31, CH,Cl,). 'H
NMR (400 MHz, CDCls) & 7.31 (d, J = 7.2 Hz, 1H), 7.24 - 7.17 (m, 2H), 7.12-7.10 (m,
1H), 6.97 (d, J = 8.4 Hz, 1H), 6.62 (d, J = 9.5 Hz, 1H), 6.28 - 6.27 (m, 1H), 6.23 (d, J =
8.4 Hz, 1H), 6.02 (dd, J = 9.3, 3.6 Hz, 1H), 5.04 - 4.92 (m, 2H), 4.12 - 4.10 (m, 1H), 3.87
(s, 3H), 2.91 (s, 6H), 1.36 (s, 9H). *C NMR (CDCl5, 100 MHz): § 158.1, 155.6, 151.2,
135.9, 133.2, 131.3, 128.9, 127.8, 127.7, 126.9, 126.3, 117.0, 105.1, 96.4, 79.0, 55.4,
54.6, 40.9, 39.8, 28.5. HRMS calcd for Cy4H3oN,03 [M]": 394.2256. Found: 394.2248.
The ee of 3ac was determined by HPLC analysis using a Daicel Chiralcel AD-H column
(25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 1mL/min, 254 nm; tminor =
13.6 min, tmajor = 11.4 min.

tert-butyl ((1R,2R)-2-(4-(dimethylamino)-3-methoxyphenyl)-1,2-dihydronaphthalen-
1-yl)carbamate (3ad):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 21 mg, 27% yield, 88% ee. Mp 44 — 47 °C. [a]p?2 = +274.9 (c = 0.43, CH,Cl,). 'H
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NMR (400 MHz, CDCl5) & 7.27 - 7.13 (m, 4H), 6.80 - 6.66 (m, 4H), 6.06 (dd, J = 9.5, 4.8
Hz, 1H), 4.92 - 4.84 (m, 2H), 3.76 (s, 4H), 2.71 (s, 6H), 1.40 (s, 9H). *C NMR (CDCl;,
100 MHz): 6 155.1, 152.3, 141.3, 134.3, 134.0, 133.1, 130.2, 128.3, 128.2, 127.7,
126.4, 120.3, 118.1, 111.0, 79.5, 55.3, 55.0, 47.3, 43.5, 28.5. HRMS calcd for
C24H30N,03 [M]": 394.2256. Found: 394.2252. The ee of 3ad was determined by HPLC
analysis using a Daicel Chiralcel OD-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 90/10, 0.5 mL/min, 254 nm; tmajor = 11.5 Min, tminor = 14.4 min.

tert-butyl ((1R,2R)-2-(2-chloro-4-(dimethylamino)phenyl)-1,2-dihydronaphthalen-
1-yl)carbamate (3ae):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 32 mg, 40% vield, 77% ee. Mp 134 - 137 °C. [a]p** = +222.9 (c = 0.62, CH,Cl,). 'H
NMR (400 MHz, CDCl3) § 7.32 - 7.30 (m,1H), 7.25 - 7.18 (m, 2H), 7.13 (d, J = 7.2 Hz,
1H), 7.03 (d, J = 8.6 Hz, 1H), 6.71 - 6.70 (m, 1H), 6.64 (dd, J = 9.6, 1.6 Hz, 1H), 6.49
(dd, J=8.6, 2.0 Hz, 1H), 5.98 (dd, J = 9.5, 3.9 Hz, 1H), 5.05 - 4.92 (m, 2H), 4.19 (s, 1H),
2.88 (s, 6H), 1.36 (s, 9H). *C NMR (CDCls, 100 MHz): & 155.3, 150.4, 135.2, 135.0,
133.0, 130.3, 129.4, 128.1, 128.0, 127.0, 126.5, 125.0, 113.1, 111.5, 79.35, 54.2,
43.4, 40.5, 28.5. HRMS calcd for Cp3H,,CIN,0,[M]": 398.1761. Found: 398.1756.
The ee of 3ae was determined by HPLC analysis using a Daicel Chiralcel AD-H column
(25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm;
tmajor = 10.2 min, tminor = 7.7 mMin.

tert-butyl ((1'R,2'R)-4-(dimethylamino)-1',2'-dihydro-[1,2'-binaphthalen]-1'-yl)
carbamate (3af):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 50 mg, 60% vield, 91% ee. Mp 144 — 146 °C. [a]p**= +104.5 (c = 0.77, CH,Cl,).
'H NMR (400 MHz, CDCls) 6 8.53 (d, J = 8.5 Hz, 1H), 8.29 (d, J = 8.4 Hz, 1H), 7.65 -
7.50 (m, 2H), 7.29 - 7.15 (m, 5H), 6.86 (d, J = 7.8 Hz, 1H), 6.80 (d, J = 9.6 Hz, 1H), 6.12
(dd, J=9.6, 4.8 Hz, 1H), 5.11 (dd, / = 8.3, 4.6 Hz, 1H), 4.96 - 4.94 (m, 1H), 4.61 (s, 1H),
2.82 (s, 6H), 1.39 (s, 9H). *C NMR (CDCl;, 100 MHz): 6§ 155.2, 150.2, 134.5, 133.1,
132.8, 130.3, 129.5, 128.9, 128.5, 128.3, 128.2, 126.6, 126.3, 125.2, 125.0, 124.9,
124.3, 113.6, 79.4, 53.8, 45.4, 42.8, 28.5. HRMS calcd for Cp;H3oN,0, [M]*: 414.2307.
Found: 414.2314. The ee of 3af was determined by HPLC analysis using two Daicel
Chiralcel OD-H columns ( 25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5,
0.5 mL/min, 254 nm; tmajor = 25.0 Min, tminor = 28.1 min.

tert-butyl ((1R,2R)-2-(4-(diethylamino)phenyl)-1,2-dihydronaphthalen-1-yl)
carbamate (3ag):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 67 mg, 85% yield, 92% ee. Mp 126 - 128°C. [a]p>' = +449.5 (c = 1.38, CH,Cl,). *H
NMR (400 MHz, CDCl3) 6 7.25 - 7.11 (m, 4H), 7.03 (d, J = 8.3 Hz, 2H), 6.65 (d, / = 9.5
Hz, 1H), 6.53 (d, /= 8.0 Hz, 2H), 6.05 (dd, J = 9.2, 4.9 Hz, 1H), 4.85 (s, 2H), 3.73 (s, 1H),
3.27 (dd, J = 13.4, 6.6 Hz, 4H), 1.41 (s, 9H), 1.09 (t, J = 6.9 Hz, 6H). *C NMR (CDCls,
100 MHz): & 155.1, 146.9, 133.9, 133.2, 130.5, 129.1, 128.7, 128.2, 128.0, 127.3,
126.4, 112.0, 79.4, 55.2, 46.6, 44.4, 28.5, 12.7. HRMS calcd forCysH3,;N,0, [M] +H:
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393.2542. Found: 393.2538. The ee of 3ag was determined by HPLC analysis using a
Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
90/10, 0.5mL/min, 254 nmM; tmajor = 13.7 Min, tminor = 11.4 min.

tert-butyl ((1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-1,2-dihydronaphthalen-1-yl)
carbamate (3ah):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 67 mg, 83% yield, 91% ee. Mp 104 — 107 °C. [a]p?t= +463.0 (c = 1.24, CH,Cl,).
'H NMR (400 MHz, CDCls) & 7.23 - 7.12 (m, 4H), 6.73 (d, J = 8.6 Hz, 1H), 6.67 (d, J =
9.6 Hz, 1H), 6.49 (s, 1H), 6.28 (d, J = 8.1 Hz, 1H), 6.00 (dd, J = 9.3, 5.1 Hz, 1H), 4.92 -
4.83 (m, 2H), 3.91 (s, 1H), 3.25 (dd, J = 13.8, 6.8 Hz, 4H), 2.49 (s, 3H), 1.40 (s, 9H),
1.09 (t, J = 7.0 Hz, 6H). **C NMR (CDCl3, 100 MHz): & 155.0, 146.7, 137.5, 134.3, 133.0,
130.8, 128.7, 128.5, 128.1, 128.0, 127.4, 126.3, 123.7, 114.1, 109.4, 79.2, 53.7, 44.3,
43.2, 28.5, 20.6, 12.7. HRMS calcd for Cy¢H3sN,0, [M]": 406.2620. Found:
406.2616. The ee of 3ah was determined by HPLC analysis using a Daicel Chiralcel
AS-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 0.5 mL/min,
254 nm; tmajor = 12.3 min, tminor = 14.3 min.

((1R,2R)-2-(4-(piperidin-1-yl)phenyl)-1,2-dihydronaphthalen-1-yl)carbamate (3ai):
White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 39 mg, 48% vyield, 85% ee. Mp 50 — 53 °C. [a]p** = +184.1 (c = 1.02, CH,Cl,). *H
NMR (400 MHz, CDCl3) 6 7.25 - 7.07 (m, 6H), 6.78 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 9.6,
1H), 6.04 (dd, J =9.5, 5.0 Hz, 1H), 4.84 (s, 2H), 3.77 (s, 1H), 3.6 (t, J = 5.2 Hz, 4H), 1.69
- 1.63 (m, 4H), 1.55 - 1.41 (m, 2H), 1.41 (s, 9H).*C NMR (CDCls, 100 MHz): & 155.1,
151.2, 133.7, 133.0, 130.0, 130.1, 128.8, 128.5, 128.2, 128.0, 127.5, 126.3, 116.6,
79.3, 55.1, 50.7, 46.5, 28.4, 26.0, 24.3. HRMS calcd for CysH3,N,0, [M]™: 404.2464.
Found: 404.2462. The ee of 3ai was determined by HPLC analysis using a Daicel
Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH= 90/10, 0.5
mL/min, 254 nm; tmajor = 11.7 min, tminor = 10.4 min.

tert-butyl ((1R,2R)-2-(4-((2-hydroxyethyl)(methyl)amino)phenyl)-1,2-
dihydronaphthalen-1-yl)carbamate (3aj):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/10), 55 mg, 70% vield, 92% ee. Mp 120 — 123 °C. [a]p**= +197.6 (c = 1.01, CH,Cl,).
'H NMR (400 MHz, CDCl3) § 7.25 - 7.20 (m, 3H), 7.13 (d, J = 7.3 Hz, 1H), 7.04 (t, J = 8.0
Hz, 1H), 6.55 (dd, J = 9.6, 1H), 6.21 - 6.06 (m, 4H), 5.09 - 5.05 (m, 1H), 4.70 (d, J = 8.7
Hz, 1H), 4.30 - 4.27 (m, 1H), 3.75 (s, 1H), 2.92 (s, 6H), 1.45 (s, 9H). *C NMR (CDCl;,
100 MHz): & 155.1, 149.2, 133.7, 133.1, 130.2, 129.1, 128.7, 128.5, 128.3, 128.1,
127.6, 126.4, 113.4, 79.5, 60.1, 55.7, 55.2, 46.5, 39.0, 28.5. HRMS calcd for
C24H30N,03 [M]": 394.2256. Found: 394.2251. The ee of 3ak was determined by HPLC
analysis using a Daicel Chiralcel AS-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH=90/10, 1 mL/min, 254 nm; tmajor = 11.0 min, tminor = 14.8 min.

tert-butyl ((1R,2R)-2-(1H-indol-3-yl)-1,2-dihydronaphthalen-1-yl)carbamate (3ak)":
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White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 60 mg, 83% vyield, 94% ee. '"H NMR (400 MHz, CDCl3) 6 7.88 - 7.97 (m, 2H), 7.28
-7.30 (m, 1H), 7.13 - 7.26 (m, 7H), 6.78 (s, 1H), 6.67 (d, J = 9.5 Hz, 1H), 6.17 - 6.20 (m,
1H), 5.08 - 5.11 (m, 1H), 4.92 (d, J = 8.1 Hz, 1H), 4.22 (s, 1H), 1.43 (s, 9H). The ee of
3ak was determined by HPLC analysis using two Daicel Chiralcel OJ-H column (25 cm
x 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 17.1
min, tminor = 28.4 min.

tert-butyl ((1R,2R)-6,7-dibromo-2-(4-(diethylamino)-2-methylphenyl)-1,2-
dihydronaphthalen-1-yl)carbamate (3bh):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 73 mg, 65% yield, 91% ee. Mp 110 - 113 °C. [a]p** = +278.4 (c = 1.01, CHCl,). *H
NMR (400 MHz, CDCl3) & 7.47 (s, 1H), 7.39 (s, 1H), 6.68 (d, J = 8.4 Hz, 1H), 6.58 (d, J =
9.5 Hz, 1H), 6.49 (s, 1H), 6.30 (d, J = 7.8 Hz, 1H), 6.08 (dd, J = 9.0, 4.8 Hz, 1H), 4.88 -
4.77 (m, 2H), 3.90 (s, 1H), 3.28 (g, / = 6.9 Hz, 4H), 2.45 (s, 3H), 1.40 (s, 9H), 1.11 (t,J =
7.0 Hz, 6H). *C NMR (CDCl;, 100MHz): § 154.7, 146.8, 137.5, 135.1, 133.7, 133.5,
132.8, 130.8, 128.3, 125.6, 124.0, 123.1, 122.4, 114.0, 109.3, 79.7, 52.9, 44.2, 43.0,
28.4, 20.5, 12.7. HRMS calcd for CysHs3,Br,N,0, [M]": 562.0831. Found: 562.0825.
The ee of 3bh was determined by HPLC analysis using a Daicel Chiralcel OD-H column
(25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 nm; tmajor
=10.0 min, tminor=13.2 min.

tert-butyl ((1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-6,7-dimethyl-1,2-
dihydronaphthalen-1-yl)carbamate (3ch):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 70 mg, 81% yield, 92% ee. Mp 99 — 102 °C. [a]p>* = +304.5 (c = 1.02, CHC,). *H
NMR (400 MHz, CDCl3) 6 6.95 - 6.91 (m, 2H), 6.71 (d, J = 8.6 Hz, 1H), 6.62 (d, J = 9.5
Hz, 1H), 6.49 (s, 1H), 6.28 - 6.26 (m, 1H), 5.92 (dd, J = 9.3, 5.3 Hz, 1H), 4.88 - 4.75 (m,
2H), 3.87 (s, 1H), 3.25 (q, / = 6.4 Hz, 4H), 2.49 (s, 3H), 2.23 - 2.18 (m, 6H), 1.40 (s, 9H),
1.10 - 1.07 (m, 6H). *C NMR (CDCl3, 100 MHz): 6 154.8, 146.5, 137.5, 136.2, 136.2,
131.5, 130.6, 130.2, 129.4, 128.5, 127.6, 127.2, 123.8, 114.0, 109.3, 79.0, 53.3, 44.2,
43.3,28.4,20.5, 19.6, 19.5, 12.7. HRMS calcd for CpgH3gN,0, [M]": 434.2933. Found:
434.2938. The ee of 3ch was determined by HPLC analysis using a Daicel Chiralcel
AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 0.5mL/min,
254 nm; tmajor = 8.1 MiN, tinor= 10.5 min.

N-((1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-1,2-dihydronaphthalen-1-yl)-4-
methylbenzenesulfonamide (3dh):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 82 mg, 89% yield, 75% ee. Mp 88 — 91 °C. [a]p?2 = +347.6 (c = 1.05, CHCl,). *H
NMR (400 MHz, CDCl;) & 7.64 (d, J = 8.2 Hz, 2H), 7.24 - 7.18 (m, 2H), 7.11 - 7.10 (m,
1H), 6.93 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 9.6 Hz, 1H), 6.51 -6.49 (m, 2H), 6.43 (d, J = 2.6
Hz, 1H), 6.14 (dd, J = 8.7, 2.7 Hz, 1H), 5.98 (dd, J = 9.5, 5.7 Hz, 1H), 4.88 (d, J = 8.1 Hz,
1H), 4.32 (d, J = 8.5 Hz, 1H), 4.05 (d, J = 4.2, Hz, 1H), 3.23 (g, J = 7.0 Hz, 4H), 2.42 (s,
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3H), 2.38 (s, 3H), 1.07 (t, J = 7.0 Hz, 6H). **C NMR (CDCl3, 100 MHz): & 146.7, 143.2,
138.1, 137.5, 132.9, 132.2, 130.1, 129.6, 128.8, 128.7, 128.4, 127.8, 127.2, 126.5,
122.1, 113.7, 109.1, 56.6, 44.1, 43.1, 21.6, 20.5, 12.7. HRMS calcd for C,gH3,N>0,S
[M]": 460.2184. Found: 460.2189. The ee of 3dh was determined by HPLC analysis
using a Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 90/10, 1 mL/min, 254 nm; tmajor = 11.2 Min, tminor = 13.6 min.

benzyl ((1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-1,2-dihydronaphthalen-1-yl)
carbamate (3eh):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 62 mg, 70% vyield, 84% ee. Mp 106 - 109 °C. [a]p?* = +254.3 (c =0.99, CHCly). H
NMR (400 MHz, CDCl3) 6 7.34 - 7.26 (m, 6H), 7.21 - 7.16 (m, 3H), 6.71 (dd, J=9.4, 5.1
Hz, 2H), 6.53 (s, 1H), 6.28 - 6.26 (m, 1H), 6.02 (dd, /= 9.4, 5.4 Hz, 1H), 5.20 (d, J = 8.7
Hz, 1H), 5.11 (s, 2H), 4.91 - 4.89 (m, 1H), 4.00 (s, 1H), 3.28 (g, / = 6.9 Hz, 4H), 2.54 (s,
3H), 1.11 (t, J = 6.9 Hz, 6H). *C NMR (CDCl3, 100 MHz): 6 155.5, 146.7, 137.6, 136.5,
133.5, 132.9, 130.3, 129.2, 128.6, 128.5, 128.4, 128.2, 128.1, 127.5, 126.5, 122.9,
114.1, 109.3, 66.8, 54.1, 44.2, 42.8, 20.6, 12.8. HRMS calcd for Cy9H3,N,0, [M]™:
440.2464. Found: 440.2467. The ee of 3eh was determined by HPLC analysis using a
Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH
=90/10, 1ImL/min, 254 nm; tmajor = 8.1 Min, tminor = 10.1 min.

(1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-1,2-dihydronaphthalen-1-ol (3fh):
White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 47 mg, 77% vield, 93% ee. Mp 85 — 88 °C. [a]p** = -374.8 (c = 0.92, CHCl,). *H
NMR (400 MHz, CDCls) & 7.37 (d, J = 7.2 Hz, 1H), 7.29 - 7.20 (m, 2H), 7.14 (d, J = 7.2
Hz, 1H), 6.90 (d, J = 8.6 Hz, 1H), 6.62 (d, / = 9.6 Hz, 1H), 6.51 (s, 1H), 6.40 (d, J = 8.3 Hz,
1H), 5.97 (dd, J = 9.6, 3.8 Hz, 1H), 4.80 (d, J = 7.0 Hz, 1H), 3.99 (s, 1H), 3.29 (g, J = 6.9
Hz, 4H), 2.41 (s, 3H), 2.03 (s, 1H), 1.12 (t, J = 7.0 Hz, 6H). 1*C NMR (CDCls, 100 MHz): &
146.7, 137.8, 135.9, 132.9, 131.3, 128.7, 128.2, 127.9, 127.1, 126.8, 126.3, 124.7,
113.8, 109.8, 74.0, 44.9, 44.3, 20.7, 12.8. HRMS calcd for Cy1H,sNO [M]*: 307.1936.
Found: 307.1933. The ee of 3fh was determined by HPLC analysis using Daicel
Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10,
0.5 mL/min, 254 nm; tmajor = 15.5 min, tminor = 14.4 min.

(1R,2R)-6,7-dibromo-2-(4-(diethylamino)-2-methylphenyl)-1,2-dihydronaphthalen-1
-ol (3gh):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/20), 78 mg, 84% yield, 83% ee. Mp 135 — 138 °C. [a]p?* = -365.9 (c = 1.05, CHCl3). *H
NMR (400 MHz, CDCl3) 6 7.67 (s, 1H), 7.39 (s, 1H), 6.93 (d, J = 8.6 Hz, 1H), 6.52 - 6.45
(m, 3H), 6.04 (dd, J =9.6, 3.5 Hz, 1H), 4.75 (d, J = 8.6 Hz, 1H), 3.94 (d, J = 6.1 Hz, 1H),
3.32 (q, J = 7.0 Hz, 4H), 2.39 (s, 3H), 2.09 (s, 1H), 1.15 (t, J = 7.0 Hz, 6H). *C NMR
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(CDCl3, 100MHz): & 146.9, 137.9, 136.9, 133.7, 133.7, 131.4, 130.7, 128.6, 125.4,
123.9, 123.2, 113.8, 109.8, 73.4, 44.7, 44.2, 20.6, 12.7. HRMS calcd for C,;H»3Br,NO
[M]": 463.0146. Found: 463.0154. The ee of 3gh was determined by HPLC analysis
using a Daicel Chiralcel AS-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 90/10, 0.5mL/min, 254 nm; tmajor = 10.0 min, tminor = 12.1 min.

(1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-6,7-dimethyl-1,2-dihydronaphthalen-1
-ol (3hh):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 54 mg, 80% vield, 94% ee. Mp 128 — 131 °C. [a]p**= -395.0 (c = 1.06, CHCl,). *H
NMR (400 MHz, CDCl3) & 7.16 (s, 1H), 6.97 (s, 1H), 6.90 (d, J = 8.6 Hz, 1H), 6.62 (dd, J
= 9.6, 1.7 Hz, 1H), 6.54 (d, J = 2.6 Hz, 1H), 6.42 (dd, J = 8.6, 2.7 Hz, 1H), 5.94 (dd, J =
9.6, 4.2 Hz, 1H), 4.76 (d, J = 6.1 Hz, 1H), 4.00 - 3.97 (m, 1H), 3.32 (q, J = 7.1 Hz, 4H),
2.45 (s, 3H), 2.27 (d, J = 8.5 Hz, 6H), 1.99 (s, 1H), 1.15 (t, J = 7.0 Hz, 6H). 3C NMR
(CDCl3, 100 MHz): 6 146.7, 137.6, 136.3, 136.2, 133.2, 130.5, 130.0, 128.6, 128.6,
127.8,126.8,124.8,113.8, 109.7, 73.8, 45.0, 44.3, 20.7, 19.7, 19.6, 12.8. HRMS calcd
for Cy3HsNO [M]*: 335.2249. Found: 335.2244. The ee of 3hh was determined by
HPLC analysis using a Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 90/10, 1mL/min, 254 nm; tmajor = 6.0 MIN, tminor = 5.3 Min.

(5R,6R)-6-(4-(diethylamino)-2-methylphenyl)-5,6-dihydronaphtho[2,3-d][1,3]dioxol-
5-o0/ (3ih):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/15), 55 mg, 78% vield, 93% ee. Mp 125 — 128 °C. [a]p*?= -306.8 (c = 1.07, CHCl,). *H
NMR (400 MHz, CDCl3) 6 6.91 - 6.89 (m, 2H), 6.68 (s, 1H), 6.54 - 6.51 (m, 2H), 6.41
(dd, J = 8.6, 2.5 Hz, 1H), 5.94 - 5.89 (m, 3H), 4.69 - 4.68 (m, 1H), 3.97 - 3.94 (m, 1H),
3.32 (g, J = 7.0 Hz, 4H), 2.43 (s, 3H), 2.07 - 2.06 (m, 1H), 1.14 (t, J = 7.0 Hz, 6H). *C
NMR (CDCl;, 100 MHz): 6 147.2, 146.9, 146.7, 137.6, 129.9, 129.2, 128.5, 127.1,
126.6, 124.4, 113.8, 109.7, 108.3, 107.0, 101.0, 74.0, 44.7, 44.2, 20.6, 12.7. HRMS
caled for CyHosNO; [M]*: 351.1834. Found: 351.1838. The ee of 3ih was
determined by HPLC analysis using a Daicel Chiralcel AD-H column (25 cm x 0.46 cm
ID), conditions: n-hexane/i-PrOH = 90/10, 1 mL/min, 254 nm; tmajor = 8.8MiN, tminor =
9.7min .

(1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-6,7-dimethoxy-1,2-dihydronaphthalen
-1-ol (3jh):

Colourless oil, purified by silica gel column chromatography (ethyl acetate/hexane,
1/10), 53 mg, 72% vield, 97% ee. [a]p*2= -372.7 (c = 1.01, CHCl5). 'H NMR (400 MHz,
CDCl3) 6 6.94 (s, 1H), 6.89 (d, J = 8.6 Hz, 1H), 6.71 (s, 1H), 6.56 (dd, J = 9.6, 1.7 Hz, 1H),
6.52 (d, J = 2.5 Hz, 1H), 6.40 (dd, J = 8.6, 2.7 Hz, 1H), 5.90 (dd, J = 9.6, 4.2 Hz, 1H),
4.74 (d, J = 6.5 Hz, 1H), 3.98 - 3.95 (m, 1H), 3.91 (s, 3H), 3.88 (s, 3H), 3.31 (g, /=7.1
Hz, 4H), 2.44 (s, 3H), 1.99 (s, 1H), 1.13 (t, J = 7.0 Hz, 6H). *C NMR (CDCls, 100 MHz): &
148.6, 148.4, 146.7, 137.7, 129.2, 128.7, 128.4, 126.5, 125.8, 124.6, 113.8, 110.8,
109.8, 109.7, 74.0, 56.1, 56.0, 45.0, 44.3, 20.7, 12.8. HRMS calcd for C,3HsNO; [M]™:
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367.2147. Found: 367.2139. The ee of 3jh was determined by HPLC analysis using a
Daicel Chiralcel OD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
90/10, 1 mL/min, 254 nm; tmajor = 12.4 min, tminor = 20.2 min.

(1R,2R)-2-(4-(diethylamino)-2-methylphenyl)-5,8-dimethoxy-1,2-dihydronaphthalen
-1-ol (3kh):

White solid, purified by silica gel column chromatography (ethyl acetate/hexane,
1/10), 51 mg, 70% yield, 90% ee. Mp 126 — 129 °C. [a]p**= -363.7 (c = 1.01, CHCl5). *H
NMR (400 MHz, CDCl3) 6 7.11 (d, J = 9.8 Hz, 1H), 6.80 (d, / = 9.0 Hz, 1H), 6.71 (d, J =
8.9 Hz, 2H), 6.53 (s, 1H), 6.30 (dd, J = 8.6, 2.2 Hz, 1H), 6.08 (dd, J = 9.8, 5.6 Hz, 1H),
5.11 (s, 1H), 4.05 (d, J = 5.3 Hz, 1H), 3.85 (s, 3H), 3.74 (s, 3H), 3.28 (q, / = 7.0 Hz, 4H),
2.51 (s, 3H), 2.30 (s, 1H), 1.11 (t, J = 7.0 Hz, 6H). **C NMR (CDCls, 100 MHz): § 151.5,
149.5, 146.6, 137.2, 129.2, 128.2, 124.2, 123.5, 122.7, 120.0, 114.0, 111.2, 110.1,
109.4, 66.5, 56.3, 55.8, 44.3, 43.3, 20.5, 12.8. HRMS calcd for Cy3H»oNO3 [M]:
367.2147. Found: 367.2145. The ee of 3kh was determined by HPLC analysis using a
Daicel Chiralcel OD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
85/15, 1 mL/min, 254 nm; tmajor = 14.1 Min, tminor = 11.0 min.

References:
(1) Cho, Y-h.; Zunic, V.; Senboku, H.; Olsen, M.; Lautens, M. J. Am. Chem. Soc. 2006,
128, 6837-6846.
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NMR Spectra of Products
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Supporting information
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Supporting information
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Supporting information
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Supporting information
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Supporting information
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Supporting information

E: HPLC Spectra of Products

Note: The racemic ring opening products were prepared by using (+)-binap (for
azabenzonorbornadienes) or (*)- difluroPHOS (for oxabenzonorbornadienes) as
ligand.

3aa
Racemic:
FANDT A Wavelenoth=234 nm 0AH WH-KTAD X UAMNSS52.0)
maLl =
2DD—:
175
150
125 %
100
75
50
25
o4
=] 1IEI 1'2 ‘II4 1:3 1'8 min
Peak RetTime Type Width Area Height Area
H [min] [min] [mATT* =] [t 1T ] %
-—— - == |- |- | ——=——=—- I
1 11.403 BE O.4s82 64458 .13867 209.43990 50.4616
Z 14.857 BB 0.8443 £330.16357 115.34850 49,5384
Enantioenriched:
D &, Wi avelengihs 254 nm ovdH WY 3 418009604 00
T g
175
150
125
100 -
75
S0
25 %
A =
B! 10 12 14 15 15 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU* =] [mat] £
——m | R e | ————m - |- - |
1 11.4533 EB 0.4596 B819.66699 ZZ25.622Z06 96.0330
2 14.957 BB 0.8139 2Z80.233Z6 5.11745 3.9470
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Supporting information

Racemic:

SO &, vianelengif= 254 M (i H B H -0 4 -600006 5 01
maAL =

s00 —|

s00 —|

13990

400 —|

300

200

100

T T T T
10 12 14 16 15 min

Peak RetTime Type Width Area Height Area

1 12.359 BB 0.2993 1.:21066e4d E20.05365 50,0361
2 13.990 EE 0.4081 1.20794e4 455.918598 49.9439

Enantioenriched:

SARTD &, wiavelength=254 nm (WaH & H -0 B000066 D )

=
mALl _| =

500 —|

400 —

300 —

200 |

100 —

14.006

=
hy
Ly
-
=
5

o

=

il

El

Peak RetTime Type Width Area Height Area
# [tnin] [toin] [maTT* =] [t 17] %
el EREET R |-===|-=-——- |-= - - e |- ==~ |
1 1Z.378 EBE 0.23117 1.19532e4 S89.082859 93,4703
2 14.006 BB o.4443 835.03137 Z28.540%70 6.5Z97
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Supporting information

Racemic:
M WDT B, wWavelen gith= 254 nm VWH WTH-0 3 -2-00-00-08 07
1255 g
100
75
50
25 -
o
g 10 12 1% 16 in
Peak RetTime Type Width Area Height Area
# [toin] [toin] [maT* =] [ma1r] %
aReTEEEEEES | === == R | === |- - |
1 11.353 EBE 0.3653 47458 .64307 195.5Z371 49,9457
2 13.47Z BE 0.5332 4758.96191 134.36363 50.0543
Enantioenriched:
Peak RetTime Type Width Area Height Area
# [roin] [min] [mAT* 3] [m&iTT] %
- |- e R | === | -——-——-- |
1 11.364 BE 0.3693 8789.683066 356.930531 96.6429
2 13.612Z BE 0.5306 305.32745 8.82618 3.3571
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Supporting information

3ad
Racemic:
WANDT A Wavelength=254 nm 0A~H WH—Dﬁ—:IDDD1 1000
Peak RetTime Type Width Area Height Area
# [rin] [rin] [mAT* =] [mA1T] %
e |-=—= | -— = |-—mm oo e e |
1 11.557 BE 0.4662 E969.95996 2Z7.0Z475 50.1789
2 14.Z50 BE 0.7107 e9220.26855 147.68405 49,8211
Enantioenriched:
WMWDT A Wavelength=254 nm WHWYH-0-5-T40007T 1207
350
300*_
200
100
50 ]
Peak RetTime Type Width Area Height Area
H [min] [min] [maT* =] [maTr] %
e e |-——mm - |- - | -———m - |
1 11.534 EE 0.4615 1.15651=4 379.51715  93.8790
2 14.433 BE 0.e207 740.93921 16.56828 E.0210
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Supporting information

Racemic:

RO &, avelengin=2 54 nm GevH B -3 548 201 611 2308 4420 00
ALl =

=
200 —
175 —
150—:
125—5

100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mi1T] %

1 7.671 VE 0.2477 3427.18921 213.00208 49,5714
2 10.2Z2%Z WEBA 0.2924 53486.45166 182.882Z257 50.4Z86

Enantioenriched:

SAMND B, WWavelengih= 258 Rm (e H -3 -5 88 -201 6-11 251 0-39-31 D7
mALl &
o

200 o

150

100 -

50

Peak RetTime Type Width Area Height Area

1 T.680 VE 0.2558 35eZ2.90320 33.36375 11,3409
& 10.22Z% VB 0.2913 4400.60107 230.91512 8§8.6591
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Supporting information

3af

Racemic:

WADT A Wavelenath=254 nm OWH WYH-0-5 13000047 .00

s =

100

=0 —

&0 —

40

T T T T T T T T
=0 22 24 26 28 =0 =2 =4

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mATT] %
e |-=== === |-—mm oo e e |
1 24.846 BE 0.6919 4£90.51611 101.93227 50.2748
2 Z27.78%6 BE 0.9534 4639.23291 T3.4962c 40,7252
Enantioenriched:
SANDT A Wavelength=254 nm OAHRAH-0-5 13000045 ,D(j‘

=]
140 o
120{
100
80 o
50
40{

20

28.145

Peak RetTime Type Width Area Height Area
H [min] [min] [maT* =] [maTr] %
] EELEEE R e |---mmm oo |--=mmm - |- - |
1 24,962 BB 0.6995 7218.24170 154.95103 95,6992
2 28.145 BE 0.9052 324.39166 5.35117 4,3008
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Supporting information

3ag
Racemic:
SAADT A Wavelength=254 nm OAHWAH-3-54A0T03559 D)
Peak RetTime Type Width Area Height Area
# [min] [min] [maT*s] [mat] %
e R e |-mmmmm R | -=—mm - |
1 11.392 BE 0.3198 5468.45801 263.89973 49,8710
2 13.695 BE 0.3774 5496.74414 2Z4.7Z2650 50,1290
Enantioenriched:
SAMD A Wavelength=254 nm WHMWWH-3-S542010390.00
ad /—\J
Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* 5] [m&ATT] %
e | === |- | === |-——mm - | -—-—-—-- |
1 11.380 VB 0.3149 374.57260 18.14152 4.2385
2 13.69Z BE 0.3642 846Z2.90918 357.43201 95,7615
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Supporting information

Racemic:
VWD1 A, Wavelength=254 nm (WH\14-18-37.D) R
mAU o i)
] & .q'b“ﬁ"?
400 I“ ‘,‘;&*3
| |
i ;
| I
| | |
] [ [
200 [ [
1 | | | “I
] n .
100 | I‘ \ “ \
[ f \
[ [
o] J N J o
‘I‘D 1‘2 ‘\‘4 1‘6 1‘8 2‘0 mis
Peak RetTime Type Width Area Height Area
H [min] [min] [mAU*s ] [mAU] %
| | || | — | |
1 12.412 MM 0. 3360 9203. 23047 456. 51758 49.87a3
2 14.413 VB 0. 4569 9249. 24707 313. 78311 5H0. 1247
Enantioenriched:
VWD1 A, Wavelength=254 nm (W H\14-43-07.D)
mAU | 8 ]
] g ,@"‘g
250 il %f"
] | L;\S\
a
1 I
200*_ “ ‘I
|
|
1 |
150 —| ‘ ‘
1 ||
1 |
100 ‘ ‘
1 ||
[
|
1 | |
.| | I
. 3
)N N ]
fo ‘ R ‘ "4 ‘ R ‘ s ‘ " 0 mi
Peak RetTime Type  Width Area Height Area
H [min] [min] [ mAU*s | [mAU] %

| | | | —| | -
1 12.339 MM 0.3297 5224.93262 264.14651 95. 5523
2 14.347 MM 0.4888 243.20610  8.29210 4. 4477
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Supporting information

3ai
Racemic:
D__‘\.__/“/1 4/\ A\
Peak RetTime Type Width Area Height Area
H [min] [min] [mAT* =] [ral1r] %
e |-=== |- === ——- |-——m - e e |
1 10.404 EE 0.3052 4075.79419 Z05.68423 50.0871

2 11.629 BV 0.2945 4061.61353  211.99183 49,9129

Enantioenriched:
Peak RetTime Type Width Area Height Area
# [roin] [roin] [mAT* 5] [m&i1r] %
e R |-mmmmm | === |-=———-- |
1 10.433 VB 0.3043 169.04805 8.56326 7.3080
2 11.664 BE 0.29z8 2144.13745 112.2808Z 92,6920
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Supporting information

Racemic:
] P
S0 %@s@%-
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [m&ATT] %
e | === == |-m—m - |- - | —=——— - |
1 10.993 MM 0.94658 3783.79395 B6.61001 49.4539
214,877 MM 1.5477 3867.36108 41.64698 50.5461
Enantioenriched:
SAWDT A Wavelength=254 nm OWHWWH-0O-7 40003600 )
Peak RetTime Type Width Area Height Area
H [min] [min] [maT* =] [maTr] %
] EELEEE R e |---mmm oo |--=mmm - |- - |
1 10.979 vv 0.9092 9421.43750 160.41411 95,9682
2 14.834Z VE 1.45610 395.8125¢% 4.01284 4.0318
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Supporting information

3ak
Racemic:
AADT A O Wavelenoth=254 nm (ZLLZLL-3 9542210030 )
1 .,
Peak RetTime Type Width Area Height Area
# [min] [min] [tAT* =] [1oATr] %
S R |-=== === === |-——mmm - e e |
1 17.07Z BB 1.6876 3.25991e4 264.91742 50.5313
&2 27.939 EBE 2.4387 3.19136e4 112.766d46 49,4687
Enantioenriched:
DT &, Wavelengih=254 nim (ZL0 L4 GE000952 D
maALl ]
1?5—5
150
125
100—:
75
50
g
25 o ‘ﬁr_\@(—a
m®
o4 ——
5 1ID 1‘5 2|D 2|5 3ID 3|5 4ID min
Peak RetTime Type Width Area Height Area
H [min] [min] [maT* =] [maTr] %
sReelEEEEEES |-=== == e |-—m - | -——m - |
1 17.15Z BB 1.7152 2.45903e4 193.3718e 97.228¢6
2 28.393 MM 3.7632 T700.92371 3.10432 2.7714
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Supporting information

3bh
Racemic:
Peak RetTime Type Width Area Height Area
H [min] [min] [mAT* =] [1al1T] %
e |-=== |- === ——- |-—mm - e e |
1 0.825 VvV 0.4244 1.69996e4 E3Z.77795  51.8011

& 13.203 BV 0.6016 1.58174e4d 393.06970 45,1539

Enantioenriched:

SADT &, waavelen gif= 258 nm (PdH B H-S -0 -r 100302 07

ma | @«

400 —

=00 —

200 —

100 o

Peak RetTime Type Width Area Height Area
H [min] [min] [mAT* =] [1al1T] %

1 9.953 VB 0.4287 1.37722e4d 401.74847 95,6541
2 13.21%2 VB 0.5740 6£19.70782 l16.46855 4.3059

S42



Supporting information

3ch
Racemic:
D B, W avelen gt 254 nm (vdH W07 2000, (53]
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maTr] %
sReelEEEEERS B e |-—m - | -——m - |
1 8.07Z BV 0.2009 e457.71630 486.36526 50.8169

2 10.48% BEA 0.3165 6250.10059 304.483669 49,1831

Enantioenriched:

SADT A Wavelenoth=2%34 nm OWH WWH-0-7-200034 300
AL =

&
znu—:
175
150
125—-
1DD—:
75
=0 o

25 o

10481

Peak RetTime Type Width Area Height Area
# [min] [min] [maAT* =] [mat] %
aReTEEEEEES | === == R | === |- - |
1 8.059 BE 0.2002 2856.17236 216.03543 95,7903
2 10.481 BE 0.3272 125.51980 5.80604 4. zZo9av
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Supporting information

Racemic:

DT B, Wiarelengih= 254 nm (WH WA 09 -TX000202 D3

Ml | =

175

13878

'\SD*_
125 -
1E|Di
759
50—

25

T T
g 10 12 14 1B min

Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* 5] [mi1T] %
e | === |- | === |-——mm - | -—-—-—-- |
1 11.3el EE 0.3423 4400.12500 193.48693 S51.2677
2 13.878 BE 0.4223 4182 .52148 153.31763 48,7323
Enantioenriched:
_V\ND1 v avelength= 254 nm OveH WY 08 T HO00204 D1

=
o

200
175
150—:
125
mo—:

75

=0

13640

25

T T
8 10 12 14 16 min

Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mat] %
e e |-mmmmm - |- | -=—— - |
1 11.241 EBE 0.3262 458358.01221 216.49797 87.4862
2 13.640 BE 0.4072 656.255355 24.83994 12,5138
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Supporting information

Racemic:

T &, weavelengih= 254 nm (WH WYH-0 8- SR000205 T3

=
maL =

250 o

10.023

200 -

150

100 -

50 —

Peak RetTime Type Width Area Height Area

# [roin] [roin] [mAT* 5] [mi1r] %
e e e |-—mmmm oo e |---m - - |
1 8.103 BE 0.2179 4031.57886 285.19574 50,1223

2 10.0Z3 BE 0.2840 4011.90088 218.67828 49,8777

Enantioenriched:
VDT & wiavelengihe 254 nm (eeH WH -0 8 -SR000207 07
Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* =] [mi1T] %
e R e e | === e |
1 8.126 BV 0.z2198 v831.0224e 547.61230 92,0850
2 10.0820 BE 0.2864 £73.10333 J6.29638 7.9150
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Supporting information

Racemic:

WD A Wavelength=254 nm OAWH WVH-4-4000454 D)
mal | =3

5522

250 -

200 —

150

100 —

S0 —

Peak RetTime Type Width Area Height Area

1 14,337 BV 0.3266 £281.48926 293.396062 49,2060

£ 15.5ZZ VB 0.3529 6434 20557 Z80.2923Z 50.7940
Enantioenriched:

Peak RetTime Type Width Area Height Area

# [min] [min] [mAT* =] [mATT] %

1 14,331 BV 0.32c6 1068 .44165 a0.14924 3.7485
2 15.4590 VE 0.3620 2.74344e4 1159.783659 96.2Z515
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Supporting information

Racemic:

R R G S R SRS S kR
maL P N
200 ]
150
~o0
=0
o
: o o Py P B T o
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=] [maTr] %

1 10.025 BV 0.4858 8349.97852 Z68.51184 50.6795

2 12.08Z VE 0.5181 812Z6.07715 Z242.99557 49,3205
Enantioenriched:
DT A Wavelenogth=254 nm OWWH WWH-4 5154314201 7-01-13.0)
Peak RetTime Type Width Area Height Area
# [tin] [roin] [mATT* =] [mi1r] %

1 10.039 BV 0.48357 1.13993e4 J6T7.6B768 91,3030
2 1z.080 vv 0.5272 1085.70605 31.72812 8.6961
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Supporting information

3hh
Racemic:
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=] [maTr] %
-—— = [-——— |- [ |- [-———————~ I
1 5.259 VE 0.1504 Z832.49951 2Z88.908594 50.1551
2 6.031 EE 0.17e5 2814.98608 247.81114 49.5449
Enantioenriched:

DT &, Vavelen gths 254 nm (W H WWH -4 513 55- 20207 707 T 003
ALt =
200 —
175 —:
150
125 -
100 -
75 —:
s0

25 g

521

Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* 5] [m&ATT] %
e | === |- | === |-——mm - | -—-—-—-- |
1 5.271 VE 0.1536 TT.33765 T.ETET 3.0291

2 6.045 BY 0.1780 2475.7890e 215.61607 96,9709
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Supporting information

3ih
Racemic:
Peak RetTime Type Width Area Height Area
# [win] [min] [mAT* =] [mATT] %
e |-=== |- —m— - et | -—mmm oo e |
1 8.886 BV 0.2367 3186.72119 205.74065 50.511Z
2 0.783 VE 0.2647 3122.21411 179.71473 40,4888
Enantioenriched:
WD A Wavelength=254 nm (WWH BYH-4 -7 21 24-012017-01 -11 D)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mat] %

1 8.819 BV 0.2527 1989.19861 119.78371 96.7649
2 0.711 VE 0.2957 BE.504109 3.33363 3.2351
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Supporting information

Racemic:

A

s0 —

40 -

20 —

=g

TEID B, wiawelenotn=2 54 nm (Pe -0 A O&1 81 30201 7039 1 53

a1

T
=0

T T
25 30 _min

Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* 5] [mATT] %
e e e el ECT SR PR |- —mmmmm - | -——m— - |
1 1Z2.449 EE 0.6704 421% 53301 85.17287 50.EBE20
2 20.177 BE 1.2812 4101.75293 53.360Z5 49,3320
Enantioenriched:
e rb“,\@%
Peak RetTime Type Width Area Height Area
# [min] [min] [tAT* =] [toATT] %
e |-=== |- === ——- |-—mm - e e |
1 1Z.382 EEBE 0.6909 gZ47.09570 137.27184 98,5212
2 20.240 MM 1.4008 03.76634 1.11561 1.4788
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Supporting information

Racemic:

VDT &, Wiavelen gihe 254 nm (AH WVH-3-511 2004201 7-01 6 D)
maLl P
140 4 2
= o
4 o
120 3 3
100 4
a0
&0
40
20
0 .
T T T T T T
10 11 12 13 14 15 min
Peak RetTime Type Width Area Height Area
# [rin] [rin] [mAT* =] [mi1r] %

1 10.917 BB 0.4653 4403.11914 145,353290 49,0634
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F: X-ray Crystallography of Compound 3aa

/

NN
/L\;i:f

CCDC 1571052

Crystal data for cu_qwh418a_0m: Ca3H,sN,0,, M = 364.47, a = 9.9707(2) A, b =
9.7555(2) A, ¢ = 10.8203(2) A, ¢ = 90 B = 107.7860(10)< y = 90 V = 1002.18(3)
A3, T =100(2) K, space group P21, Z = 2, u(CuKa) = 0.607 mm™, 10190 reflections
measured, 3044 independent reflections (Rin: = 0.0323). The final R; values were
0.0301 (I > 24(1)). The final wR(F?) values were 0.0777 (I > 24(l)). The final R;
values were 0.0302 (all data). The final wR(F?) values were 0.0778 (all data). The
goodness of fit on F* was 1.050. Flack parameter = -0.03(7).

View of a molecule of qwh418a with the atom-labelling scheme.

Displacement ellipsoids are drawn at the 30% probability level.
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View of the pack drawing of qwh418a.
Hydrogen-bonds are shown as dashed lines.

Table 1. Crystal data and structure refinement for cu_gqwh418a_0m.

Identification code cu_gwh418a_0Om

Empirical formula C23 H28 N2 O2

Formula weight 364.47

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system Monoclinic

Space group P2,

Unit cell dimensions a=9.9707(2) A o=90<
b =9.7555(2) A B=107.7860(10)<
c=10.8203(2) A y=90<

Volume 1002.18(3) A3

4 2

Density (calculated) 1.208 Mg/m3

Absorption coefficient 0.607 mm-1

F(000) 392

Crystal size 1.000 x 0.520 x 0.130 mm3

Theta range for data collection 4.291 to 70.246<

Index ranges -12<=h<=11, -10<=k<=11, -12<=I<=12

Reflections collected 10190

Independent reflections 3044 [R(int) = 0.0323]

Completeness to theta = 67.679° 98.0 %

Absorption correction Semi-empirical from equivalents
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Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

Table 2. Atomic coordinates

109)

Full-matrix least-squares on F2

3044 /17250
1.050

R1=0.0301, wR2 = 0.0777
R1=0.0302, wR2 = 0.0778

-0.03(7)
0.0242(17)

0.172 and -0.171 e.A3

(x 10%) and equivalent isotropic displacement parameters (A2x

for cu_qwh418a_0m. U(eq) is defined as one third of the trace of the orthogonalized U'l tensor.

X y z U(eq)
0(1) 9510(1) 11121(1) 7569(1) 22(1)
0(2) 8619(1) 9073(2) 7983(1) 27(2)
N(1) 14166(2) 6706(2) 7986(2) 36(1)
N(2) 8322(2) 9820(2) 5927(1) 20(1)
C@1) 14323(2) 5803(4) 9075(2) 54(1)
C(2) 12826(2) 6983(2) 7156(2) 26(1)
C@®3) 11625(2) 6343(2) 7312(2) 26(1)
C(4) 10294(2) 6632(2) 6481(2) 24(1)
C(5) 10082(2) 7553(2) 5458(2) 21(1)
C(6) 8625(2) 7889(2) 4562(2) 20(1)
C(7) 7693(2) 8566(2) 5295(2) 20(1)
C(8) 8808(2) 9923(2) 7237(2) 19(1)
C(9) 10316(2) 11388(2) 8939(2) 22(1)
C(10) 9334(2) 11478(2) 9766(2) 28(1)
C(11) 15312(2) 7625(3) 8007(3) 44(1)
C(12) 12621(2) 7890(2) 6110(2) 28(1)
C(13) 11277(2) 8155(2) 5287(2) 24(1)
C(14) 7877(2) 6641(2) 3836(2) 23(1)
C(15) 6481(2) 6579(2) 3371(2) 25(1)
C(16) 5587(2) 7705(2) 3539(2) 23(1)
C(17) 6177(2) 8751(2) 4431(2) 21(1)
C(18) 5350(2) 9840(2) 4573(2) 26(1)
C(19) 3930(2) 9908(3) 3827(2) 30(1)
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C(20)
c(21)
C(22)
C(23)

3342(2)
4162(2)
10983(2)
11437(2)

8873(3)
7777(2)
12777(2)
10292(2)

2964(2)
2819(2)
8872(2)
9409(2)

30(1)
28(1)
26(1)
30(1)

Table3.  Bond lengths [A] and angles [ for cu_gwh418a_0m.

0(1)-C(8)
0(1)-C(9)
0(2)-C(8)
N(1)-C(2)
N(1)-C(2)
N(1)-C(11)
N(2)-C(8)
N(2)-C(7)
N(2)-H(4)
C(1)-H(6)
C(1)-H(5)
C(1)-H(1)
C(2)-C(12)
C(2)-C(3)
C(3)-C(4)
C(3)-H(12)
C(4)-C(5)
C(4)-H(13)
C(5)-C(13)
C(5)-C(6)
C(6)-C(14)
C(6)-C(7)
C(6)-H(14)
C(7)-C(17)
C(7)-H(21)
C(9)-C(23)
C(9)-C(10)
C(9)-C(22)
C(10)-H(2)
C(10)-H(28)

1.353(2)
1.478(2)
1.211(2)
1.390(2)
1.441(3)
1.447(3)
1.354(2)
1.447(3)
0.8800
0.9800
0.9800
0.9800
1.401(3)
1.405(3)
1.386(3)
0.9500
1.391(3)
0.9500
1.390(3)
1.515(2)
1.516(3)
1.542(3)
1.0000
1.526(2)
1.0000
1.518(3)
1.518(3)
1.520(3)
0.9800
0.9800
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C(10)-H(3)

C(11)-H(9)

C(11)-H(7)

C(11)-H(8)

C(12)-C(13)
C(12)-H(11)
C(13)-H(10)
C(14)-C(15)
C(14)-H(20)
C(15)-C(16)
C(15)-H(19)
C(16)-C(21)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(18)-H(15)
C(19)-C(20)
C(19)-H(16)
C(20)-C(21)
C(20)-H(17)
C(21)-H(18)
C(22)-H(23)
C(22)-H(24)
C(22)-H(22)
C(23)-H(26)
C(23)-H(25)
C(23)-H(27)

C(8)-0(1)-C(9)
C(2)-N(1)-C(1)
C(2)-N(1)-C(11)
C(1)-N(1)-C(11)
C(8)-N(2)-C(7)
C(8)-N(2)-H(4)
C(7)-N(2)-H(4)
N(1)-C(1)-H(6)
N(1)-C(1)-H(5)
H(6)-C(1)-H(5)

0.9800
0.9800
0.9800
0.9800
1.388(3)
0.9500
0.9500
1.329(3)
0.9500
1.460(3)
0.9500
1.399(3)
1.404(3)
1.382(3)
1.401(3)
0.9500
1.379(3)
0.9500
1.383(3)
0.9500
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

119.83(14)
119.35(19)
119.3(2)
118.52(19)
121.49(16)
119.3
119.3
109.5
109.5
109.5
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N(1)-C(1)-H(2)
H(6)-C(1)-H(2)
H(5)-C(1)-H(1)
N(1)-C(2)-C(12)
N(1)-C(2)-C(3)
C(12)-C(2)-C(3)
C(4)-C(3)-C(2)
C(4)-C(3)-H(12)
C(2)-C(3)-H(12)
C(3)-C(4)-C(5)
C(3)-C(4)-H(13)
C(5)-C(4)-H(13)
C(13)-C(5)-C(4)
C(13)-C(5)-C(6)
C(4)-C(5)-C(6)
C(5)-C(6)-C(14)
C(5)-C(6)-C(7)
C(14)-C(6)-C(7)
C(5)-C(6)-H(14)
C(14)-C(6)-H(14)
C(7)-C(6)-H(14)
N(2)-C(7)-C(17)
N(2)-C(7)-C(6)
C(17)-C(7)-C(6)
N(2)-C(7)-H(21)
C(17)-C(7)-H(21)
C(6)-C(7)-H(21)
0(2)-C(8)-0(1)
0(2)-C(8)-N(2)
0(1)-C(8)-N(2)
0(1)-C(9)-C(23)
0(1)-C(9)-C(10)
C(23)-C(9)-C(10)
0(1)-C(9)-C(22)
C(23)-C(9)-C(22)
C(10)-C(9)-C(22)
C(9)-C(10)-H(2)
C(9)-C(10)-H(28)

109.5
109.5
109.5
121.24(19)
121.48(19)
117.27(17)
120.93(19)
1195
1195
122.03(18)
119.0
119.0
116.76(17)
121.11(17)
122.13(17)
112.40(16)
111.98(14)
109.40(15)
107.6
107.6
107.6
113.25(16)
111.29(14)
112.03(14)
106.6
106.6
106.6
125.98(16)
124.58(18)
109.43(15)
109.33(16)
110.53(15)
112.62(17)
102.79(14)
110.87(16)
110.27(17)
109.5
109.5
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H(2)-C(10)-H(28)
C(9)-C(10)-H(3)
H(2)-C(10)-H(3)
H(28)-C(10)-H(3)
N(L)-C(11)-H(9)
N(1)-C(11)-H(7)
H(9)-C(11)-H(7)
N(1)-C(11)-H(8)
H(9)-C(11)-H(8)
H(7)-C(11)-H(8)
C(13)-C(12)-C(2)
C(13)-C(12)-H(11)
C(2)-C(12)-H(11)
C(12)-C(13)-C(5)
C(12)-C(13)-H(10)
C(5)-C(13)-H(10)
C(15)-C(14)-C(6)
C(15)-C(14)-H(20)
C(6)-C(14)-H(20)
C(14)-C(15)-C(16)
C(14)-C(15)-H(19)
C(16)-C(15)-H(19)
C(21)-C(16)-C(17)
C(21)-C(16)-C(15)
C(17)-C(16)-C(15)
C(18)-C(17)-C(16)
C(18)-C(17)-C(7)
C(16)-C(17)-C(7)
C(17)-C(18)-C(19)
C(17)-C(18)-H(15)
C(19)-C(18)-H(15)
C(20)-C(19)-C(18)
C(20)-C(19)-H(16)
C(18)-C(19)-H(16)
C(19)-C(20)-C(21)
C(19)-C(20)-H(17)
C(21)-C(20)-H(17)
C(20)-C(21)-C(16)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
120.62(18)
119.7
119.7
122.35(19)
118.8
118.8
121.66(18)
119.2
119.2
121.83(18)
119.1
119.1
119.14(18)
121.61(18)
119.25(16)
119.75(17)
122.38(17)
117.65(17)
120.31(19)
119.8
119.8
120.1(2)
120.0
120.0
119.94(17)
120.0
120.0
120.75(19)
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C(20)-C(21)-H(18)
C(16)-C(21)-H(18)
C(9)-C(22)-H(23)
C(9)-C(22)-H(24)
H(23)-C(22)-H(24)
C(9)-C(22)-H(22)
H(23)-C(22)-H(22)
H(24)-C(22)-H(22)
C(9)-C(23)-H(26)
C(9)-C(23)-H(25)
H(26)-C(23)-H(25)
C(9)-C(23)-H(27)
H(26)-C(23)-H(27)
H(25)-C(23)-H(27)

119.6
119.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters  (A2x 103) for cu_gwh418a_0m. The anisotropic

displacement factor exponent takes the form:

22 h2 a*2Ull + .

+2hka*b*U2]

Ull U22 U33 U23 U13 U12
0(1) 24(1) 19(1) 19(1) -2(1) 4(1) -5(1)
0(2) 36(1) 24(1) 23(1) 0(1) 10(1) -9(1)
N(1) 21(1) 41(1) 42(1) 5(1) 3(1) 2(1)
N(2) 24(1) 15(1) 21(1) 1(1) 6(1) -3(1)
c(1) 28(1) 81(2) 47(1) 21(2) 3(1) 12(1)
c() 23(1) 25(1) 30(1) -6(1) 7(1) 4(1)
C(3) 28(1) 25(1) 26(1) 2(1) 10(1) 4(1)
c(4) 23(1) 25(1) 27(1) 0(1) 12(1) -1(1)
C(5) 23(1) 17(1) 23(1) -4(1) 8(1) 1(1)
Cc(6) 21(1) 20(1) 21(1) 0(1) 8(1) -1(1)
c(7) 20(1) 17(1) 21(1) 0(1) 6(1) -2(1)
C(8) 19(1) 18(1) 21(1) -2(1) 6(1) -1(1)
C(9) 24(1) 21(1) 19(1) -2(1) 2(1) -4(1)
C(10) 34(1) 25(1) 26(1) -5(1) 10(1) -6(1)
Cc(11) 24(1) 38(2) 60(2) -1(1) -2(1) 1(1)
C(12) 21(1) 27(1) 38(1) -1(1) 11(1) -3(1)
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C(13) 26(1) 20(1) 28(1) 2(1) 10(1) 0(1)
C(14) 26(1) 21(1) 23(1) -2(1) 10(1) 0(1)
C(15) 27(1) 21(1) 26(1) -5(1) 8(1) -5(1)
C(16) 22(1) 24(1) 24(1) 2(1) 8(1) -3(1)
c(17) 21(1) 21(1) 22(1) 2(1) 8(1) -2(1)
C(18) 24(1) 26(1) 28(1) -2(1) 9(1) 0(1)
C(19) 27(1) 31(1) 34(1) 4(1) 12(1) 8(1)
C(20) 19(1) 38(1) 31(1) 2(1) 6(1) 1(2)
C(21) 24(1) 32(1) 27(1) -2(1) 7(1) -3(1)
C(22) 27(1) 24(1) 25(1) -2(1) 6(1) -6(1)
C(23) 26(1) 29(1) 31(1) 2(2) 2(2) -1(1)
Table 5.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (A2x 10 3)

for cu_qwh418a_0m.

X y z U(eq)
H(4) 8389 10532 5450 24
H(6) 13868 6212 9672 81
H(5) 15326 5663 9528 81
H(1) 13880 4919 8765 81
H(12) 11728 5703 7996 31
H(13) 9502 6188 6615 29
H(14) 8739 8562 3904 24
H(21) 7661 7916 6000 24
H(2) 8568 12120 9367 42
H(28) 9860 11803 10637 42
H(3) 8940 10570 9830 42
H(9) 15391 7710 7130 66
H(7) 16194 7259 8591 66
H(8) 15127 8529 8316 66
H(11) 13410 8327 5963 34
H(10) 11170 8769 4582 29
H(20) 8420 5883 3710 27
H(19) 6053 5780 2917 30
H(15) 5746 10546 5179 31
H(16) 3371 10667 3917 36

S60



Supporting information

H(17) 2376 8913 2468 36
H(18) 3751 7066 2224 33
H(23) 11642 12697 8365 39
H(24) 11490 13088 9752 39
H(22) 10245 13441 8456 39
H(26) 10984 9400 9410 45
H(25) 12026 10512 10292 45
H(27) 12023 10255 8830 45
Table 6. Torsion angles [ for cu_gwh418a_0m.

C(1)-N(1)-C(2)-C(12) 177.9(2)
C(11)-N(1)-C(2)-C(12) 17.3(3)
C(1)-N(1)-C(2)-C(3) -3.6(3)
C(11)-N(1)-C(2)-C(3) -164.1(2)
N(1)-C(2)-C(3)-C(4) 179.7(2)
C(12)-C(2)-C(3)-C(4) -1.7(3)
C(2)-C(3)-C(4)-C(5) 0.4(3)
C(3)-C(4)-C(5)-C(13) 1.3(3)
C(3)-C(4)-C(5)-C(6) -178.93(18)
C(13)-C(5)-C(6)-C(14) 118.65(19)
C(4)-C(5)-C(6)-C(14) -61.1(2)
C(13)-C(5)-C(6)-C(7) -117.7(2)
C(4)-C(5)-C(6)-C(7) 62.5(2)
C(8)-N(2)-C(7)-C(17) 120.48(17)
C(8)-N(2)-C(7)-C(6) -112.24(17)
C(5)-C(6)-C(7)-N(2) 58.8(2)
C(14)-C(6)-C(7)-N(2) -175.88(15)
C(5)-C(6)-C(7)-C(17) -173.23(16)
C(14)-C(6)-C(7)-C(17) -47.9(2)
C(9)-0(1)-C(8)-0(2) 9.6(3)
C(9)-0(1)-C(8)-N(2) -171.28(14)
C(7)-N(2)-C(8)-0(2) -9.2(3)
C(7)-N(2)-C(8)-0(1) 171.65(15)
C(8)-O(1)-C(9)-C(23) 59.5(2)
C(8)-0(1)-C(9)-C(10) -65.1(2)
C(8)-0O(1)-C(9)-C(22) 177.28(15)
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N(1)-C(2)-C(12)-C(13) 179.89(19)
C(3)-C(2)-C(12)-C(13) 1.3(3)
C(2)-C(12)-C(13)-C(5) 0.4(3)
C(4)-C(5)-C(13)-C(12) -1.7(3)
C(6)-C(5)-C(13)-C(12) 178.51(18)
C(5)-C(6)-C(14)-C(15) 156.31(17)
C(7)-C(6)-C(14)-C(15) 31.3(2)
C(6)-C(14)-C(15)-C(16) -0.4(3)
C(14)-C(15)-C(16)-C(21) 165.63(19)
C(14)-C(15)-C(16)-C(17) -13.5(3)
C(21)-C(16)-C(17)-C(18) -0.8(3)
C(15)-C(16)-C(17)-C(18) 178.31(17)
C(21)-C(16)-C(17)-C(7) 173.99(16)
C(15)-C(16)-C(17)-C(7) -6.9(3)
N(2)-C(7)-C(17)-C(18) -20.5(2)
C(6)-C(7)-C(17)-C(18) -147.35(19)
N(2)-C(7)-C(17)-C(16) 164.88(16)
C(6)-C(7)-C(17)-C(16) 38.0(2)
C(16)-C(17)-C(18)-C(19) -0.3(3)
C(7)-C(17)-C(18)-C(19) -174.84(18)
C(17)-C(18)-C(19)-C(20) 1.2(3)
C(18)-C(19)-C(20)-C(21) -1.0(3)
C(19)-C(20)-C(21)-C(16) -0.2(3)
C(17)-C(16)-C(21)-C(20) 1.1(3)
C(15)-C(16)-C(21)-C(20) -178.06(19)

Symmetry transformations used to generate equivalent atoms:

Table 7. Hydrogen bonds for cu_gwh418a_0m [Aand 9.

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
C(23)-H(26)...0(2) 0.98 2.41 3.007(2) 1185
C(10)-H(3)...0(2) 0.98 2.42 2.983(3) 116.3
C(23)-H(26)...0(2) 0.98 2.41 3.007(2) 1185
C(10)-H(3)...0(2) 0.98 2.42 2.983(3) 116.3
C(23)-H(26)...0(2) 0.98 2.41 3.007(2) 1185
C(10)-H(3)...0(2) 0.98 2.42 2.983(3) 116.3

S62



Supporting information

C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)
C(10)-H(3)...0(2)
C(23)-H(26)...0(2)

0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98

241
2.42
241
2.42
241
2.42
241
2.42
241
2.42
2.42
241
2.42
241
2.42
241
2.42
241
2.42
241

3.007(2)
2.983(3)
3.007(2)
2.983(3)
3.007(2)
2.983(3)
3.007(2)
2.983(3)
3.007(2)
2.983(3)
2.983(3)
3.007(2)
2.983(3)
3.007(2)
2.983(3)
3.007(2)
2.983(3)
3.007(2)
2.983(3)
3.007(2)

1185
116.3
1185
116.3
1185
116.3
1185
116.3
1185
116.3
116.3
1185
116.3
1185
116.3
1185
116.3
1185
116.3
1185

S63



