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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).
Anhydrous toluene was distilled from sodium benzophenone ketyl prior to use.
Anhydrous DCM (Dichloromethane) was distilled from calcium hydride and stored
under argon. 'H NMR and **c NMR spectra were recorded on Bruker-Avance 400
MHz spectrometer. CDClz or CH30D was used as solvent. Chemical shifts (&) were
reported in ppm with tetramethylsilane as internal standard, and J values were given
in Hz. The enantioselective excesses were determined by Agilent 1260 Series HPLC
using Daicel AD-H. AS-H. OJ-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 performed
on a VG Autospec-3000 spectrometer. Column chromatography was performed with

silica gel (200-300 mesh) with petroleum ether and ethyl acetate as eluents.

B: Table S1. Reaction condition optimizations

e o Hg,aoco . B
by + weon oot .
1a 2a 3aa 4
sia S ORI
(R)Binep (Rysop () Ditiorphos (R < F)
Entry  Ligand Lewis acid Methanol Time -
amount (eq.)  (h) Yield (%)°  Ee(%)°  Yield (%)°  Ee(%)°
1 (R)-Binap AgBF, 3 8 89 92 5 -
2 (R)-P-Phos AgBF, 3 7 95 72 2
3 (R)-Segphos AgBF, 3 48 8 95 0 -
4 (R)-SDP AgBF, 3 3 63 70 29 59
5 (R,R)-BDPP AgBF, 3 48 68 75 13 46
6 (R,R)-DIOP AgBF, 3 1.5 60 0 36 4
7 (R)-Phanephos AgBF, 3 1 34 79 65 60
8 (R)-Difluorphos AgBF, 3 5 96 97 trace --
9 (R)-Difluorphos AgOTf 3 15 61 98 32 69
10 (R)-Difluorphos CuOTf 3 48 20 97 76 68
11 (R)-Difluorphos Cu(OTf), 3 8 83 97 16 70
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(R)-Difluorphos Zn(OTf), 3 26 42 96 55 71
(R)-Binap Zn(OTf), 3 48 30 90 38 38
(R)-Segphos Zn(OTf), 3 48 25 94 18 63
(R,R)-DIOP Zn(OTf), 3 3 45 8 61 3

(R)-SDP Zn(OTf), 3 1.5 67 81 trace
(R,R)-BDPP Zn(OTf), 3 48 76 85 8 81
(R)-P-Phos Zn(OTf), 3 9 20 90 79 68
(R)-Phanephos Zn(OTf), 3 0.6 trace 94 93
(R)-Phanephos Zn(OTf), 3 1.5 trace -- 94 96
(R)-Phanephos Zn(OTf), 3 5.5 7 97 89 94
(R)-Phanephos Zn(OTf), 5 0.7 trace -- 94 96
(R)-Phanephos Zn(OTf), 10 0.5 trace - 94 96
(R)-Phanephos Zn(OTf), 20 0.5 trace -- 94 95
(R)-Phanephos Zn(OTf), 2 ml 3 trace - 94 90

“Reaction conditions: Pd(OAc), (0.01 mmol), AgBF,(0.02 mol), and chiral ligand (0.012 mol) in toluene
(1 mL) was stirred at room temperature for 30 min under Ar. 1a (0.2 mmol) and 2a (0.6 mmol) were
added, and the reaction mixture was stirred at 60 °C for indicated period of time. ®Yields were
calculated based on ‘H-NMR using 1,3-benzodioxole as internal standard. ‘Determined by HPLC

analysis. “The reaction was performed at 40 °C. “The reaction was performed at room temperature.

C: Proposed mechanism for the divergent ARO reactions

On the basis of the deuterium labeling experiments, a proposed mechanism is outlined in figure S1.
The additional ARO catalytic cycle for the ring opening reaction is initiated by the coordination of
Pd(OAc), with (R)-difluorphos to generate the chiral complex A, which coordinates with
azabenzonorbornadiene (1a), CDsOH and silver ion to yield the complex B. The subsequently
intramolecular addition of B affords C, and the following rearrangement gives D, which then
disassociates to yield the additional ring opening product 3-D. And the reductive ARO catalytic cycle is
initiated by the coordination of Pd(OAc), with (R)-Phanephos to generate the chiral palladium
complex E, the following addition of E into the C-D bond of CD;OH affords the intermediate F.
Subsequently, the additionreaction between F and azabenzonorbornadiene (1a) generates
intermediate G, which then undergoes B-elimination to give the ring-opened species H. Finally, the
product 4-D is formed by disassociation. And the relative configuration of 4-D was confirmed by

two-dimensional NMR experiments.
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Figure S1. Proposed mechanism for the ARO reactions of azabenzonorbornadiene 1a with CD;OH.

D: Procedure for the reactions

Di: Typical procedure for the asymmetric ring opening reaction of

azabenzonorbornadienes: Pd(OAc), (2.3 mg, 0.01 mmol), (R)-Difluorphos (8.2 mg,
0.012 mmol) and 1.0 mL toluene were added to a Schlenk tube under argon
atmosphere. The resulting solution was stirred at room temperature for 30 min, then
AgBF; (3.9 mg, 0.02mmol) was added and stirred for additional 10 min, then a
solution of N-Boc-azabenzonorbornadiene 1a (48.6 mg, 0.2 mmol) in toluene (1.0 mL)
was added, and the mixture was stirred for additional 10 min. After the addition of
methanol 2a (24 uL, 0.6 mmol), the mixture was stirred at 40 °C under argon
atmosphere with TLC monitoring until the complete consumption of 1a. The residue
was purified by chromatography on a silica gel column to afford the desired product
3aa (53 mg, 96% yield).

D,: Typical procedure for the asymmetric transfer hydrogenation reaction of

azabenzonorbornadienes: Pd(OAc), (2.3 mg, 0.01 mmol), (R)-Phanephos (6.9 mg,
0.012 mmol) and 1.0 mL toluene were added to a Schlenk tube under argon
atmosphere. The resulting solution was stirred at room temperature for 30 min, then
Zn(OTf); (7.3 mg, 0.02mmol) was added and stirred for an additional 10 min, then a
solution of N-Boc-azabenzonorbornadiene 1a (48.6 mg, 0.2 mmol) in toluene (1.0 mL)
was added, and the mixture was stirred for additional 10 min. After the addition of
methanol 2a (40uL, 0.6 mmol), the mixture was stirred at 40 °C under argon
atmosphere with TLC monitoring until the complete consumption of 1a. The residue
was purified by chromatography on a silica gel column to afford the desired product
4 (46 mg, 95% vyield).

Ds: Preparing of (S)-1,2,3,4-Tetrahydro-1-naphthylamine (5)
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,Boc
HN NH,

“ Pd/C, H2 CF3SO3H

—_ >

EtOH r.t DCM, r.t
5-Boc 5

Compound 4a (98mg, 0.4mmol), 10% palladium on carbon (22 mg, 0.02mmol) and
ethanol (3 mL) were added into a Schlenk tube. After degassing and H,-filling
procedures, the reaction mixture was stirred at room temperature for 17 hours. The
resultant suspension was diluted with 10 mL ethanol, and filtered through a Celite
cake. The residues on Celite were washed with ethanol. The combined ethanol
solution was concentrated under reduced pressure to give compound 5-Boc (98mg,
99% vyield) as a yellow solid. 'H NMR (400 MHz, CDCl3) & 7.25 (d, 1H), 7.08 (d, 2H),
7.00 (s, 1H), 4.76 (s, 1H), 2.73 - 2.62 (m, 2H), 1.95 (s, 1H), 1.73 (s, 3H), 1.40 (s, 9H).

To a solution of compound 5-Boc (98mg, 0.4 mmol) in DCM (2 mL) at room
temperature was added dropwise a solution of CF3SO3sH (400 mg, 1.7 mmol) in DCM
(3 mL). The resulting mixture was then stirred at room temperature for 2 hours. A
solution of 5% NaOH was added and the mixture was stirred for an additional 5
minutes. After separation of the organic phase, the aqueous phase was
back-extracted with dichloromethane (2x5 mL) and the combined organic phases
were dried over anhydrous sodium sulfate. After filtration, the solvents were
removed under reduced pressure and the residue was chromatographed on silica gel
(petroleum ether : Ethyl acetate = 1 : 2) to afford
(S)-1,2,3,4-Tetrahydro-1-naphthylamine (51 mg , 88% vyield) as a yellow oil. *H NMR
(400 MHz, CDCl5) 67.32 (d, J = 2.8 Hz, 1H), 7.15 (d, 2H), 7.07 (s, 1H), 4.22 (s, 1H), 4.04
(s, 1H), 2.77 - 2.66 (m, 2H), 2.04 - 1.66 (m, 4H). The ee of 5 was determined by HPLC
analysis using Daicel Chiralcel AS-H column (25 cm x 0.46 cm ID), conditions
n-hexane/i-PrOH = 82/18, 1 mL/min, 254 nm; tmajor = 8.7 MiN, tminor = 9.9 Min. [a]D =
+5.3 (¢ =0.72, EtOH).
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E: Characterization Data of Products

,Boc
HN

o

tert-butyl ((1S,25)-2-methoxy-1,2-dihydronaphthalen-1-yl)carbamate (3aa)

White solid, 52.8 mg, 96% vield, 97% ee. [alp**= -212.1 (c = 1.02, CH,Cl,). 'H NMR
(400 MHz, CDCl3): & 7.26 (d, J = 6.8 Hz, 1H), 7.18-7.13 (m, 2H), 7.01 (d, J = 6.8 Hz, 1H),
6.50 (d, J = 9.6 Hz, 1H), 5.99 (dd, J = 9.6, 4 Hz, 1H), 4.91 (s, 1 Hz, 1H), 4.59 (d, J = 7.2
Hz, 1H), 3.93 (s, 1H), 3.36 (s, 3H), 1.37 (s, 9H). The ee of 3aa was determined by HPLC
analysis using two Daicel Chiralcel OD-H columns (2 x 25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 98/2, 1.0 mL/min, 254 nm; tmajor = 19.0 Min, tminor = 20.2 min.

_Boc
H

O

tert-butyl ((1S,2S5)-2-ethoxy-1,2-dihydronaphthalen-1-yl)carbamate (3ab)

nwz

Colorness oil, 53.8 mg, 93% vield, 97% ee. [a]p** = 252.7 (c = 0.86, CH,Cl,). *H NMR
(400 MHz, CDCl3): 6 7.28 (d, J = 6.4 Hz, 1H), 7.19 - 7.14 (m, 2H), 7.02 (d, J = 6.8 Hz,
1H), 6.49 (d, J = 9.6 Hz, 1H), 5.98 (dd, J =9.2, 3.6 Hz, 1H), 4.90 (s, 1H), 4.54 (d, /= 6.8
Hz, 2H), 4.03 (s, 1H), 3.63 (g, J = 7.2 Hz, 2H), 1.38 (s, 9H), 1.12 (t, J = 6.8 Hz, 3H).3C
NMR (CDCl;, 100MHz): 6 155.41, 134.17, 132.07, 129.64, 128.23, 127.05, 126.67,
79.63, 75.65, 64.28, 51.74, 28.41, 15.62. HRMS calcd for Cy17H,3NO5; [M]*: 289.1678.
Found: 289.1682. The ee of 3ab was determined by HPLC analysis using Daicel
Chiralcel OD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0
mL/min, 254 nm; tmajor = 5.3 MIN, tminor = 5.8 mMin.

_Boc
HN

Ly

tert-butyl ((1S,2S5)-2-(heptyloxy)-1,2-dihydronaphthalen-1-yl)carbamate (3ac)

White solid, 62.7 mg, 84% yield, 97% ee. Mp 62-64 °C. [a]p?* = 148.3 (c = 0.325,
CH,Cl,). *H NMR (400 MHz, CDCl3) & 7.27 (d, J = 7.2 Hz, 1H), 7.18 - 7.12 (m, 2H), 7.02
(d, J = 6.0 Hz, 1H), 6.48 (d, J = 10.0 Hz, 1H), 5.98 (dd, J = 9.6, 4.0 Hz, 1H), 4.92 (t, J =
6.4 Hz, 1H), 4.53 (d, J = 8.0 Hz, 1H), 4.01(s, 1H), 3.53 (t, J = 6.4 Hz, 2H), 1.47 (t, J = 4.4
Hz, 2H), 1.38 (s, 9H), 1.17 (s, 10H), 0.80 (t, J = 6.0 Hz, 3H). **C NMR (CDCl5, 100 MHz):
& 155.43, 134.35, 132.12, 129.54, 128.16, 128.04, 126.99, 126.87, 79.59, 175.92,
68.97, 51.83, 31.83, 30.09, 29.44, 29.25, 28.41, 26.10, 22.66, 14.10. HRMS calcd for
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C,3H3sNO3 [M]": 373.2617. Found: 373.2613. The ee of 3ac was determined by
HPLC analysis using Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 nm; tmajor = 12.9 min, tminor = 17.3 min.

_Boc

nwz

H

T

tert-butyl ((1S,2S5)-2-isopropoxy-1,2-dihydronaphthalen-1-yl)carbamate (3ad)

White solid, 50.9 mg, 84% yield, 97% ee. Mp 117-119 °C. [a]p** = 161.9 (c = 1.22,
CH,Cl,). *H NMR (400 MHz, CDCl3) & 7.27 (d, J = 6.8 Hz, 1H), 7.15 - 7.14 (m, 2H), 7.01
(d, J = 6.8 Hz, 1H), 6.45 (d, J = 9.6 Hz, 1H), 5.93 (dd, J = 9.6, 4.0 Hz, 1H), 4.81 (t, J = 6.8
Hz, 1H), 4.52 (d, J = 7.6 Hz, 1H), 4.06 (t, J = 4.8 Hz, 1H), 3.85 (t, J = 6.0 Hz, 1H), 1.38 (s,
9H), 1.10 (t, J = 6.4 Hz, 6H)."*C NMR (CDCl;, 100 MHz): & 155.36, 134.13, 132.16,
129.15, 128.24, 128.17, 128.10, 127.56, 127.01, 79.55, 73.72, 70.82, 52.81, 28.42,
23.03, 22.71. HRMS calcd for C1gH25NO3 [M]*: 303.1834. Found: 303.1845. The ee
of 3ad was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm x
0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; tmajor = 6.9 Min,
tminor = 9.1 min.

tert-butyl ((1S,25)-2-(cyclohexyloxy)-1,2-dihydronaphthalen-1-yl)carbamate (3ae)

White solid, 50.8 mg, 74% yield, >>99% ee. Mp 102-104 °C. [a]p**= 212.6 (c = 0.94,
CH,Cl,). *H NMR (400 MHz, CDCl3) & 7.27 (d, J = 6.8 Hz, 1H), 7.17 - 7.11 (m, 2H), 7.00
(d, J = 7.6 Hz, 1H), 6.44 (d, J = 9.6, 1H), 5.93 (dd, J = 9.6, 3.6 Hz, 1H), 4.82 (t, J = 6.8 Hz,
1H), 4.54 (d, J = 8.0 Hz, 1H), 4.12 (t, J = 4.4 Hz, 1H), 3.46 (s, 1H), 1.83 (t, J = 9.6 Hz, 2H),
1.65 (s, 2H), 1.46 (s, 1H), 1.38(s, 9H), 1.27-1.08 (m, 5H). 3C NMR (CDCls, 100 MHz): &
154.34, 133.42, 131.19, 127.88, 126.00, 126.79, 125.87, 78.44, 72.75, 52.16, 32.03,
31.94, 27.38, 24.65, 23.25, 23.19. HRMS calcd for C,1H,9NO; [M]": 343.2147.
Found: 343.2152. The ee of 3ae was determined by HPLC analysis using Daicel
Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0
mL/min, 254 nm; tmajor = 6.3 Min.

tert-butyl ((15,25)-2-(benzyloxy)-1,2-dihydronaphthalen-1-yl)carbamate (3af)
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Transparent solid, 51.3 mg, 73% yield, 96% ee. Mp 88-90 °C. [a]p? = 215.2 (c =1.06,
CH,Cl5). *H NMR (400 MHz, CDCl3) & 7.27 - 7.11 (m, 8H), 7.00 (d, J = 7.2 Hz, 1H), 6.48
(d, J = 9.6 Hz, 1H), 5.95 (dd, J = 9.6, 3.6 Hz, 1H), 5.02 (t, J = 7.2 Hz, 1H), 4.65-4.53 (m,
3H), 4.11 (t, 1H), 1.38 (s, 9H). 3C NMR (CDCls, 100 MHz): & 154.37, 137.34, 133.11,
131.03, 128.75, 127.24, 126.96, 126.86, 126.51, 125.94, 125.43, 78.58, 74.22, 69.33,
50.90, 27.35. HRMS calcd for Cy,H,sNOs [M]*: 351.1834. Found: 351.1837. The ee of
3af was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm x
0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; tminor = 12.3
min, tmajor = 14.3min.

Boc
H

sopge

tert-butyl ((1S,2S)-2-phenethoxy-1,2-dihydronaphthalen-1-yl)carbamate (3ag)

i Z

White solid, 60 mg, 82% yield, 96% ee. Mp 80-82 °C. [a]p** = 197.5 (c = 1.18, CH,Cl,).
'H NMR (400 MHz, CDCl3) & 7.24 (d, J = 6.8 Hz, 1H), 7.19 - 7.09 (m, 7H), 7.01 (d, J =
6.8 Hz, 1H), 6.47 (d, J = 9.6 Hz, 1H), 5.92 (dd, J = 9.6, 4.0 Hz, 1H), 4.90 (t, J = 6.8 Hz,
1H), 4.51 (d, J = 8.0 Hz, 1H), 4.03 (s, 1H), 3.76 (t, J = 7.2 Hz, 2H), 2.79 (t, J = 6.8 Hz, 2H),
1.38 (s, 9H). 3¢ NMR (CDCl3, 100 MHz): & 154.33, 137.78, 133.12, 130.98, 128.68,
127.93, 127.24, 127.15, 127.04, 125.94, 125.48, 125.09, 78.58, 74.92, 68.65, 50.80,
35.64, 27.35. HRMS calcd for Co3H,7NO5 [M]*: 365.1991. Found: 365.1982. The ee
of 3ag was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm x
0.46 cm ID), conditions: n-hexane/i-PrOH = 98/2, 0.5 mL/min, 254 nm; tmajor = 22.6
min, tminor = 26.8 Min.

tert-butyl (1S5,25)-2-((4-methoxybenzyl)oxy)-1,2-dihydronaphthalen-1-yl)carbamate
(3ah)

White solid, 51.1 mg, 67% yield, 98% ee. Mp 85-87 °C. [a]p?2 = 223.5 (c = 0.78, CH,Cl,).
'H NMR (400 MHz, CDCl3) & 7.27 (d, J = 5.2 Hz, 1H), 7.21 - 7.11 (m, 4H), 7.01 (d, J =
7.6 Hz, 1H), 6.76 (d, J = 8.0 Hz, 2H), 6.47 (d, J = 9.6 Hz, 1H), 5.93 (dd, J = 9.6, 3.6 Hz,
1H), 5.00 (t, J = 7.2 Hz, 1H), 4.49-4.51 (m, 3H), 4.09 (t, J = 4.4 Hz, 1H), 3.70 (s, 3H),
1.39 (s, 9H).13C NMR (CDCl;, 100 MHz): 6 159.21, 155.47, 134.21, 132.14, 130.50,
129.75, 129.62, 128.23, 128.09, 127.02, 126.67, 113.75, 79.64, 74.84, 70.07, 55.27,
51.94, 28.45. HRMS calcd for C,3H,7NO4 [M]": 381.1940. Found: 381.1953. The ee
of 3ah was determined by HPLC analysis using Daicel Chiralcel OD-H column (25 cm x
0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; tminor =10.8
mMin, tmajor = 11.7 min.
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tert-butyl ((1S,2S5)-2-((4-chlorobenzyl)oxy)-1,2-dihydronaphthalen-1-yl)carbamate
(3ai)

White solid, 44.7 mg, 58% yield, 98% ee. Mp 96-98 °C. [a]p** = 203.2 (c = 0.9, CH,Cl,).
'H NMR (400 MHz, CDCls) 6 7.35 (t, J = 5.6Hz, 1H), 7.28 - 7.23 (m, 6H), 7.12 - 7.10 (m,
1H), 6.60 (d, J = 10.0 Hz, 1H), 6.03 (dd, J = 9.6, 4.0 Hz, 1H), 5.08 (dd, J = 8.4, 6.0 Hz,
1H), 4.71 - 4.59 (m, 3H), 4.17 (t, J = 5.2Hz, 1H), 1.46 (s, 9H). *C NMR (CDCls, 100MHz):
6 155.39, 136.95, 133.86, 133.31, 132.01, 130.12, 129.24, 128.45, 128.38, 128.25,
127.12, 126.02, 79.79, 75.25, 69.60, 51.72, 28.41. HRMS calcd for C;,H24CINOs [M]™:
385.1445. Found: 385.1460. The ee of 3ai was determined by HPLC analysis using
Daicel Chiralcel OD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
98/2, 0.5 mL/min, 254 nm; tminor = 16.7 Min, tmajor = 17.7 min.

tert-butyl ((1S,2S5)-2-((3-chlorobenzyl)oxy)-1,2-dihydronaphthalen-1-yl)carbamate
(3aj)

White solid, 47.0 mg, 61% yield, 99% ee. Mp 71-73 °C. [a]p>* = 249.7 (c = 6.4, CH,Cl,).
'H NMR (400 MHz, CDCl3) & 7.27 (d, J = 8.0 Hz, 2H), 7.19 - 7.14 (m, 5H), 7.03 - 7.01 (m,
1H), 6.51 (d, J = 9.6 Hz, 1H), 5.95 (dd, J = 9.6, 4.0 Hz, 1H), 5.00 (dd, J = 8.4, 6.0 Hz, 1H),
4.63 - 4.55 (m, 3H), 4.11 (t, J = 5.2 Hz, 1H), 1.38 (s, 9H). **C NMR (CDCls, 100 MHz): &
154.33, 139.48, 133.14, 132.84, 130.94, 129.04, 128.50, 127.28, 127.08, 126.78,
126.62, 126.03, 124.93, 124.77, 78.72, 74.42, 68.46, 50.72, 27.34. HRMS calcd for
C2,H24CINO; [M]*: 385.1445. Found: 385.1449. The ee of 3aj was determined by HPLC
analysis using two Daicel Chiralcel OD-H columns (2 x 25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 98/2, 0.5 mL/min, 254 nm; tminor = 24.0 MiN, tmajor = 25.2 min.

tert-butyl ((1S,25)-2-((2-chlorobenzyl)oxy)-1,2-dihydronaphthalen-1-yl)carbamate
(3ak)

Colorless oil, 28.5 mg, 37% yield, >99% ee. [a]p? = 250.2 (c =0.84, CH,Cly). 'H NMR

(400 MHz, CDCl3) 6 7.40 (t, J = 1.6 Hz, 1H), 7.29 (t, J = 4.8 Hz, 1H), 7.23 (d, J = 1.6 Hz,

1H), 7.18-7.09 (m, 4H), 7.03 (t, J = 3.6 Hz, 1H), 6.51 (d, J = 10.0 Hz, 1H), 6.04 (dd, J =
S9
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10.0, 4.0 Hz, 1H), 5.06 (t, J = 8.0 Hz, 1H), 4.74 - 4.67 (m, 2H), 4.59 (d, J = 8.4 Hz, 1H),
4.20 (t, J = 5.6 Hz, 1H), 1.38 (s, 9H). *C NMR (CDCls, 100 MHz): § 154.42, 135.01,
133.20, 131.87, 131.05, 128.10, 127.61, 127.22, 127.19, 126.73, 125.99, 125.67,
125.22, 78.65, 75.27, 66.70, 51.19, 27.36. HRMS calcd for CyH,4CINO; [M]':
385.1445. Found: 385.1434. The ee of 3ak was determined by HPLC analysis using
Daicel Chiralcel AS-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
98/2, 0.8 mL/min, 254 nm; tmajor = 16.8 min.

tert-butyl ((1S,2S)-2-((4-bromobenzyl)oxy)-1,2-dihydronaphthalen-1-yl)carbamate
(3al)

White solid, 58.4 mg, 68% vyield, 99% ee. [a]p?2= 188.5 (c = 1.14, CH,Cl,). *H NMR
(400 MHz, CDCl;) 6 7.34 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 5.6 Hz, 1H), 7.25 - 7.12 (m, 4H),
7.03 - 7.01 (m, 1H), 6.50 (d, J = 9.6 Hz, 1H), 5.93 (dd, J = 9.6, 4.4 Hz, 1H), 4.99 (dd, J =
8.4, 6.0 Hz, 1H), 4.61-4.53 (m, 3H), 4.09 (t, J = 4.8 Hz, 1H), 1.38 (s, 9H). The ee of 3al
was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm x 0.46
cm ID), conditions: n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 nm; tminor = 30.2 min,
tmajor = 30.9 min.

,Boc

tert-butyl ((1S,2S)-2-(benzo[d][1,3]dioxol-5-yImethoxy)-1,2-dihydronaphthalen-1-yl)
carbamate (3am)

White solid, 56.1 mg, 71% yield, >99% ee. Mp 77-79 °C. [a]p** = 196.5 (c = 1.0, CH,Cl,).
'H NMR (400 MHz, CDCl3) & 7.27 (d, J = 5.6 Hz, 1H), 7.17 - 7.13 (m, 2H), 7.05 (d, J =
6.8 Hz, 1H), 6.77 (s, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 6.47 (d, J =
9.6 Hz, 1H), 5.93 (dd, J = 9.6, 4.0 Hz, 1H), 5.82 (s, 2H), 4.99 (t, J = 7.2 Hz, 1H), 4.55 -
4.47 (m, 2H), 4.08 (t, 1H), 1.39 (s, 9H).3C NMR (CDCl;, 100 MHz): & 154.36, 146.62,
146.03, 133.02, 131.14, 131.01, 128.72, 127.16, 126.97, 125.94, 125.41, 120.53,
107.70, 106.89, 99.84, 78.61, 73.84, 69.16, 50.81, 27.34. HRMS calcd for C3H,5NOs
[M]": 395.1733. Found: 395.1735. The ee of 3am 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, 1 mL/min, 254 nm; tmajor = 16.4 min.
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_Boc
H

Br;“,l!OMe

Br

tert-butyl ((1S,2S5)-6,7-dibromo-2-methoxy-1,2-dihydronaphthalen-1-yl)carbamate
(3ba)

oz

White solid, 76.1 mg, 88% yield, 84% ee. Mp 50-52 °C. [a]p** = 75.5 (c = 0.74, CH,Cl,).
'H NMR (400 MHz, CDCl3) & 7.59 (s, 1H), 7.34 (s, 1H), 6.47 (d, J = 9.6 Hz, 1H), 6.16 (dd,
J=9.2,2.8 Hz, 2H), 4.91 (t, 1H), 4.70 (d, J = 8.0 Hz, 1H), 4.02 (s, 1H), 3.44 (s, 3H), 1.47
(s, 9H). 3¢ NMR (CDCls, 100 MHz): 6 155.27, 135.05, 133.00, 132.69, 131.53, 128.40,
127.93, 124.26, 123.79, 80.18, 56.54, 51.01, 28.36. HRMS calcd for Ci6H19Br,NO3
[M]*: 430.9732. Found: 430.9728. The ee of 3ba 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, 0.3 mL/min, 254 nm; tminor = 26.8MiN, tmajor = 30.9 min.

tert-butyl ((1S,25)-2-methoxy-6,7-dimethyl-1,2-dihydronaphthalen-1-yl)carbamate
(3ca)

White solid, 54.6 mg, 90% yield, 95% ee. Mp 43-45 °C. [a]p?2= 197.1 (c = 0.86, CH,Cl,).
'H NMR (400 MHz, CDCl3) § 7.04 (s, 1H), 6.81 (s, 1H), 6.48 (d, J = 9.6 Hz, 1H), 5.94 (dd,
J=9.2,4.0 Hz, 1H), 4.83 (t, 1H), 4.51 (d, J = 7.2 Hz, 1H), 3.88 (s, 1H), 3.36 (s, 3H), 2.15
(d, J = 8.8 Hz, 6H), 1.37 (s, 9H). 3C NMR (CDCls, 100 MHz): & 155.34, 136.84, 136.54,
131.26, 130.21, 129.98, 129.52, 128.46, 124.67, 79.57, 76.53, 56.36, 50.75, 28.42,
19.63, 19.38. HRMS calcd for CigH,5NO5 [M]*: 303.1834. Found: 303.1839. The ee
of 3ca 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, 1 mL/min, 254 nm; tmajor = 7.1 Min
tminor = 7.9 min.

_Boc
H

MeO:“,l!OMe
MeO

tert-butyl ((1S,2S5)-2,6,7-trimethoxy-1,2-dihydronaphthalen-1-yl)carbamate (3da)

oz

White solid, 62.3 mg, 93% yield, 99% ee. Mp 40-42 °C. [a]p*2 = 202.1 (c = 1.22, CH,Cl,).
'H NMR (400 MHz, CDCl3) 6 6.83 (s, 1H), 6.57 (s, 1H), 6.46 (d, J = 9.6 Hz, 1H), 5.93 (dd,
S11
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J=8.4,3.6 Hz, 1H), 4.81 (s, 1H), 4.55 (d, J = 7.6 Hz, 1H), 3.86 (t, 1H), 3.80 (d, J = 11.6
Hz, 6H), 3.38 (s, 3H), 1.38 (s, 9H). *C NMR (CDCl;, 100 MHz): & 154.30, 147.85,
147.68, 128.98, 125.44, 123.65, 122.30, 111.17, 109.47, 78.66, 75.13, 55.40, 55.01,
54.98, 49.74, 27.34. HRMS calcd for CigH,5NOs [M]*: 335.1733. Found: 335.1754.
The ee of 3da was determined by HPLC analysis using 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
=10.5 min, tminor =12.2 min.

nwz

H

,Boc
oo™
@)

tert-butyl ((6S,7S)-7-methoxy-2,3,6,7-tetrahydronaphtho(2,3-b][1,4]dioxin-6-yl)
carbamate (3ea)

White solid, 58.6 mg, 88% yield, >99% ee. Mp 58-60 °C. [a]p?’ = 165.6 (c = 1.04,
CH,Cl,). *H NMR (400 MHz, CDCl3) & 6.87 (s, 1H), 6.62 (s, 1H), 6.47 (d, J = 9.6 Hz, 1H),
5.97 (dd, J = 9.2, 4.0 Hz, 1H), 4.86 (t, 1H), 4.62 (d, J = 7.6 Hz, 1H), 4.22 (s, 4H), 3.94 (s,
1H), 3.44 (s, 3H), 1.45 (s, 9H). 3C NMR (CDCl;, 100 MHz): & 155.28, 143.30, 143.18,
129.53, 127.44, 125.70, 124.14, 117.72, 115.98, 79.60, 76.51, 64.43, 64.35, 56.35,
50.74, 28.41. HRMS calcd for C1gH,3NOs [M]*: 333.1576. Found: 333.1585. The ee
of 3ea was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm x
0.46 cm ID), conditions: n-hexane/i-PrOH =80/20, 1 mL/min, 254 nm; tmajor = 13.5
min.

_Boc
HN
0 ! ! OMe
O

tert-butyl ((55,6S)-6-methoxy-5,6-dihydronaphtho[2,3-d][1,3]dioxol-5-yl)carbamate
(3fa)

White solid, 57.4 mg, 90% yield, 98% ee. Mp 55-57 °C. [a]p*2 = 181.7 (c = 1.08, CH,Cl,).
'H NMR (400 MHz, CDCl5) 6 6.78 (s, 1H), 6.52 (s, 1H), 6.40 (d, J = 9.6 Hz, 1H), 5.90 (dd,
J=8.8,3.6 Hz, 1H), 5.84 (d, J = 8.4 Hz, 2H), 4.79 (t, 1H), 4.58 (d, 1H), 3.86 (s, 1H), 3.36
(s, 3H), 1.37 (s, 9H). *C NMR (CDCls, 100 MHz): 6§ 155.27, 147.39, 147.30, 129.97,
126.09, 123.65, 109.46, 107.61, 101.14, 79.72, 76.33, 56.38, 51.15, 28.39. HRMS
caled for Cy7H,1:NOs [M]": 319.1420. Found: 319.1413. The ee of 3fa was
determined by HPLC analysis using 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 = 7.4 Min, tminor =
9.6 min.
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(S)-tert-butyl (1,2-dihydronaphthalen-1-yl)carbamate (4a)

Prepared following typical procedure B, using methanol as reductant. Colorless oil,
46.1 mg, 94% vield, 95% ee. [a]p** = -38.7 (c = 0.86, CH,Cl,). *H NMR (400 MHz, CDCl5)
67.33(d,J=6.8 Hz, 1H), 7.22 (m, 2H), 7.08 (dd, /= 7.2, 1.6 Hz, 1H), 6.52 (d, J = 9.6 Hz,
1H), 5.99 - 4.95 (m, 1H), 4.89 (t, 2H), 2.60 - 2.46 (m, 2H), 1.44 (s, 9H). The ee of 4a
was determined by HPLC analysis using Daicel Chiralcel OJ-H column (25 cm x 0.46
cm ID), conditions: n-hexane/i-PrOH = 98/2, 1 mL/min, 254 nm; tminor = 6.4 MiN, tmajor
=7.4 min.

_Boc
HN

0
Br
(S)-tert-butyl (6,7-dibromo-1,2-dihydronaphthalen-1-yl)carbamate (4b)

Prepared following typical procedure B, using methanol as reductant. Colorless oil,
60.4 mg, 75% yield, 90% ee. [a]p?? = -21.7 (c = 1.14, CH,Cl,). *H NMR (400 MHz, CDCls)
6 7.57 (s, 1H), 7.33 (s, 1H), 6.43 (d, J = 10.0 Hz, 1H), 6.08 - 6.04 (m, 1H), 4.84 (s, 2H),
2.58 - 2.40 (m, 2H), 1.45 (s, 9H). *C NMR (CDCls, 100 MHz): 6 155.02, 135.93, 133.87,
131.77, 131.04, 127.95, 126.12, 123.85, 122.92, 79.96, 46.87, 30.31, 28.38. HRMS
calcd for CisHy17BrNO, [M]*: 400.9626. Found: 400.9624. The ee of 4c was
determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm x 0.46 cm ID),
conditions: n-hexane/i-PrOH = 98/2, 0.5 mL/min, 254 nm; tminor = 17.4 min, tmajor =
19.3 min .

,Boc
HN

(S)-tert-butyl (6,7-dimethyl-1,2-dihydronaphthalen-1-yl)carbamate (4c)

Prepared following typical procedure B, using methanol as reductant. Colorless oil,
51.9 mg, 95% yield, 96% ee. [a]p>* = -26.7 (c = 1.02, CH,Cl,). *H NMR (400 MHz, CDCls)
6 7.10 (s, 1H), 6.87 (s, 1H), 6.48 (d, J = 9.6 Hz, 1H), 5.90 (t, / = 4.8 Hz, 1H), 4.83 (d, J =
9.6 Hz, 2H), 2.57 - 2.42 (m, 2H), 2.24 (d, J = 9.6 Hz, 6H), 1.44(s, 9H). *C NMR (CDCl,,
100 MHz): 6 155.12, 136.16, 136.05, 132.46, 130.83, 128.50, 127.80, 127.54, 124.81,
79.30, 47.25, 30.79, 28.45, 19.64, 19.43. HRMS calcd for C;7H,3NO, [M]*: 273.17209.
Found: 273.1729. The ee of 4b was determined by HPLC analysis using Daicel
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Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 1
mL/min, 254 nm; tminor = 11.2 mMin, tmajor = 12.6 min .

_Boc
HN

0
MeO
(S)-tert-butyl (6,7-dimethoxy-1,2-dihydronaphthalen-1-yl)carbamate (4d)

Prepared following typical procedure B, using methanol as reductant. Colorless oil,
50.1 mg, 82% yield, 95% ee. [a]p?’ = -57.8 (c = 0.82, CH,Cl,). *H NMR (400 MHz, CDCls)
6 6.81 (s, 1H), 6.55 (s, 1H), 6.36 (d, J = 9.6 Hz, 1H), 5.81 - 5.76 (m, 1H), 4.84 (d, /= 8.8
Hz, 1H), 4.74 - 4.69 (m, 1H), 3.80 (d, J = 6.8 Hz, 6H), 2.51 - 2.37 (m, 2H), 1.36 (s, 9H).
13C NMR (CDCls, 100 MHz): & 155.20, 148.53, 148.24, 127.67, 127.25, 126.07, 123.62,
111.04, 109.87, 79.40, 56.13, 56.02, 47.30, 30.55, 28.45. HRMS calcd for C;7H,3NO4
[M]*: 305.1627. Found: 305.1627. The ee of 4d was determined by HPLC analysis
using Daicel Chiralcel AS-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH
=90/10, 1 mL/min, 254 nmM; tminor = 13.7 min, tmajor = 14.7 min .

_Boc
HN
Q00
@)

(S)-tert-butyl (2,3,6,7-tetrahydronaphtho[2,3-b][1,4]dioxin-6-yl)carbamate (4e)

Prepared following typical procedure B, using methanol as reductant. Colorless oil,
50.3 mg, 83% yield, 96% ee. [a]p?? = -22.3 (c = 1.04, CH,Cl,). *H NMR (400 MHz, CDCls)
6 6.84 (s, 1H), 6.60 (s, 1H), 6.39 (d, J = 9.6 Hz, 1H), 5.87 - 5.83 (m, 1H), 4.85 (m, 2H),
4.23 (s, 4H), 2.55 - 2.37 (m, 2H), 1.44 (s, 9H). **C NMR (CDCl;, 100 MHz): § 155.08,
142.91, 142.70, 128.78, 127.06, 124.11, 116.06, 115.78, 79.33, 64.45, 64.40, 47.26,
30.58, 28.44. HRMS calcd for C17H,:NO4 [M]*: 303.1471. Found: 303.1472. The ee
of 4e was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm x
0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 0.5 mL/min, 254 nm; tmajor = 21.6
min, tminor = 24.3 Min.

_Boc
HN
0
A
@)

(S)-tert-butyl (5,6-dihydronaphtho[2,3-d][1,3]dioxol-5-yl)carbamate (4f)
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Prepared following typical procedure B, using methanol as reductant. Colorless oil,
46.3 mg, 80% yield, 94% ee. [0]p*2 = -49.5 (c = 0.56, CH,Cl,). *H NMR (400 MHz, CDCl5)
5 6.84 (s, 1H), 6.57 (s, 1H), 6.39 (d, J = 9.6 Hz, 1H), 5.92 (s, 2H), 5.85 (t, J = 4.8 Hz, 1H),
4.93 (d, J = 6.4 Hz, 1H), 4.75 (d, J = 6.8 Hz, 1H), 2.54 - 2.41 (m, 2H), 1.43 (s, 9H). *C
NMR (CDCls, 100 MHz): 6 155.06, 147.07, 146.63, 129.16, 127.47, 127.40, 123.71,
108.17, 106.98, 100.96, 79.40, 47.40, 47.60, 30.45, 28.42. HRMS calcd for
C16H19NO4 [M]*: 289.1314. Found: 289.1316. The ee of 4f was determined by HPLC
analysis using Daicel Chiralcel AS-H column (25 cm x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 90/10, 0.5 mL/min, 254 nm; tmajor = 15.0 Min, tminor = 20.2 min.

tert-butyl ((1R,2S)-2-deuterium-1,2-dihydronaphthalen-1-yl)carbamate (a-D3)

Prepared following typical procedure B, using CD3sOH as reductant. The relative
stereochemistry of 4-D* was determined by 2D NMR spectrums (page S42-43).
Colorless oil, 45.3 mg, 92% yield, 95% ee. [a]p?2= -70.4 (c = 0.72, CH,Cl,). *H NMR
(400 MHz, CDCl3) 67.33 (d, J = 6.8 Hz, 1H), 7.26 - 7.19 (m, 2H), 7.08 (d, J = 7.2 Hz, 1H),
6.52 (d, J=9.6 Hz, 1H), 5.97 (d, J = 9.2 Hz, 1H), 4.89 (t, 2H), 2.55 (s, 1H), 1.44 (s, 9H).
13C NMR (CDCls, 100 MHz): § 155.14, 134.00, 133.16, 128.03, 127.81, 127.69, 127.14,
126.47, 125.86, 79.43, 79.40, 47.43, 30.38, 30.18, 29.97, 28.44. HRMS calcd for
C16H1sDNO, [M]": 246.1479. Found [M]*+Na: 269.1370. The ee of 4-D* was
determined by HPLC analysis using Daicel Chiralcel OJ-H column (25 cm x 0.46 cm ID),
conditions: n-hexane/i-PrOH = 98/2, 1 mL/min, 254 nm; tyinor = 6.3 MiN, tmajor = 7.3
min.
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NMR Spectra of Products

F

viEL—

3
o
T
OMe

Boc

ppm

A R L

=)
I

Jaa
|, S N

U

\

_J‘ur

004}
Lbbh

veLL”
z8eL

G8S'e
£09°€
1z9°e
6£9°€
sz0r—"
SeSh~
sy —
G68 P~
o6y~

896G

116°G
Em.m%
0009
6.9
mom_mV
z10°2
620°L
va/
¥l L]
voL'L \“\
g8l L
€.z
682/

ppm

L

L

Boc
OEt

S16

A | S ) N
%

3ab

A

I 1§ |



Supporting information

S0’ 8C—

LG —

SLTY9—

059G —
6296L—

9899}
8v0'LCL
ceeseh —
0v9'6Cl -
¥

890°¢EL
mwr.wmw\

L0V’ GGL—

Boc

OEt

.N " 0
L

3ab

180 170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20 10

80

Boc

|
L
J

OyvM
9,

Ziw

3ac

|
| M

L J

A

S S N Y G

ppm

~9%¢
—100L
L6
~0k2Z

S17



Supporting information

€689

916'GL—
88G6L—

mnw@mv/
266'9C)
v¥0'8CL
_‘m_&mNPW
mmm.mmr\
w_‘r.Nmr\

6VEVEL

9y GGl —

Boc

OgvM
v

Z i

3ac

170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20 10

80

180

€80°L

SoL L\
zLL

ose'L"

ve8'e

8r8'e|
£98°c |
90y
mmoeW
0.0
LG~
Zesr—
06L7—
08y
zzst/
016G~

026'S
PE6'S—
vre's

v
8ov'9—
0002
JITTAN
ceLL
SrlL \
b1 2
ooz
Lzl

Boc

O _Me
e
Me

3ad

N

Ao LA

S

HU

ppm

S18



Supporting information

1208'C5—

¥280L —
aclLel—
YSG6L—

pLO2ZLy
£9G° /21|

LOL'8ZLA
w@vmﬁw
gez'8zL
wvvmmrﬁ
N@ﬁmmr,

LeLveL/

LGE°GGL —

Boc

Z

3ad

ppm

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100 90

180

3ae

ppm

—_200L
<Izc
~ 102

S19



Supporting information

LSLCG—

vSLCL—
LEV'8L

682921
966°9Z} -

Rmxﬁ\
S8l 1EL7/

ocreel

198'GZL /

EVEPYSL —

Boc

N " O
I

3ae

170 160 150 140

ppm

70 60 50 40 30 20 10

80

130 120 110 100 90

180

100003000 sec
1
CHANNEL T

6.€°L

R S

4

,JU\ R N N |

ppm

S20



Supporting information

66805 —

0€€'69
oLCyL—
8/G'8L—

SZh'SCh
6€6'GZ A
v159Ch

098'9Z 1|
956'921 |
zsL izl 7

9z 1zL)f
£5.'82L
szo'LeL )/
60L°EEL
8ee €L
LIEYSL—

Boc

z- ‘
T

3af

170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20 10

80

180

L8 —

0.1
mw&mv
508'C
ZvLe
09~
81t \
1207~
66Y v
BLG T\

6/8f
m%.qW
zLey
806G
816G
T€6'G)
Tre's
SSP'9
679
ooo.D%
JAYOWAN
180°L~\
10172
ozl
18127
SLLL
€6L°L
ez L]
8ve L]

Boc

Z e

3ag

T

ppm

S21



Supporting information

LveLC—

8€9°GE—

G6.°0S

£59'89—

0C6 V. —
8/G'8L—

060'GZL
mhv.mmé
76l |
0P LTh|
03.5%
8cz 12k 7
ze6' LT/
£89°82L /),
186°0¢L )/
LLLeeL

v8L LEL

9zE PSL—

Boc

Zime

3ag

ppm

70 60 50 40 30 20 10

170 160 150 140 130 120 110 100 90 80

180

Ole

el

| Ak

S | G

1 Ty

I

f

0

ppm

S22



Supporting information

€5Y'8C—

LE6°LG—
v.CGG—

G90°0L—
9E8Y.L—
Wo6L—

LSLELL
699°91 1\
610221+
680°'8ZL /
122821\
8LO'6ZL
vereL
66v°0L
geLzel
60z vEL/

L9¥V°GSL—
8LC6SL —

Olle

Boc

H
QL

Z

3ah

ppm

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100 90

180

¥8e’L —

Cl

| R

L

A

JJ\J‘ A n

ppm

S23



Supporting information

6LL1LG—

20969—
vSC'SL
68.6,L—

£52821 |
9/£'8ZL

£57'8ZL
162627
QSQN
200ZeL /][
soeeet
omm.mml\
056°9€L

68€'55L —

Cl

180 170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 3b 20 10

80

€88l —

P S N

Cl

ppm

968

NTY D

o
o
e

|

(o2}
(o}
‘ o

\r‘_\

~
(&}
s

S24



Supporting information

ppm
ppm

10

20

02L05—

Yov'89—
v vl —
6L.8L—

L.l vel
€e6'veh

\!

81,9k
180°/2L
S/¢ /el
0058k KN
cvo'6cl )
Lv6'0EL
9€8'CEL )
Nv_‘.mm_l\
L8y'eel
cee Vsl /

¥ l

60 50 40 30

70

A,,J‘IL&J

Cl
80

S25

33

J\ﬂ’J"L

o
-

1

170 160 150 140 130 120 110 100 90
1

180
12




Supporting information

98LLG—

10L'99—

99C'GL—
2598L—

NNNAmN;

|
|

62,92\ -
z6L 12k
02z 221\
019 /zL ¢
960824 7
oer'8zL /)

ooceel
600'GE
LIy ySL-

Boc )
(o]

Zum

Jak

“

ppm

30 20 10

70 60 50 40

170 160 150 140 130 120 110 100 90 80

180

e A i

S

S

£
a
a

10

S26



Supporting information

jetcion®

LS —

A A

fuLLPAU

ppm

-

926

0L

€180

29169
8 eL—
cL98L—

VP86~
$88'90L
869'L0L -\
62502}

Sov'seh /,

8E6'SZhA\\
mmm‘oﬁ%
65L°L2h—
1.8zl \
800'1e4/]
ovLLeL
zzoeel

£e0'opL 7/
ol9'opL

poe sl

Boc

I

3am

170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20 10

80

180

S27



Supporting information

L9V’ —

ppm

o

OMe

Boc

Br
Br

J:

dn

|

o
-

L

o

g

ppm

10

£9€'8C

clo'Ls
859G —

8/108—

181°€2h
A AN
286 L2\
56£'87L
VESLEL —
169'ZEL X
£00°€€l
ov0'SEL

0LC°GSL—

60 50 40 30 20

70

80

Boc
OMe
100 90
S28

3ba

Br.
Br

170 160 150 140 130 120 110

180




Supporting information

€Le°)

LeL T~
e6Lz—

c9e’e—
§/8€—

0LS 7~
625
LE8 Yy —

cLe's
€26'S
S€6'S
ov6'S

85y’ 9~
89
$08'9—
880, —

ppm

<
[}

&

|

8}
=
©

|

(

()

5 |

7

WL 05—
GGE9G—

0€G'9L—
995°6L—

vI9VZL-
LOY'8ZL A\

£25'6Z) //
786'6ZL —\
mom.om_‘\

8GcLEL
6€5°9¢L \\
yy8'9EL

EVeaSL —

Boc

OMe

Z e
k=

Me.

Me'

3ca

ppm

30 20 10

70 60 50 40

170 160 150 140 130 120 110 100 90 80

180

S29



Supporting information

S/EL

6.E°€—
08.°¢€
608~
£98°¢
€8¢

S~
€96y
808t —

S06°S
@E.m/
mmwm/
1€6°G
0579~
viv9—,
vi697
8289~

ppm

9€e’LC—

ZrL6r~
8675
50065
00v'SS

CeL'GL—
659'8L—

CLy'60L~_
SOLLLL—

162221

8v9'ezL
gev'szL—
vee'8zL

wa.mvr
0s8'LyL D
c0evSL —

Boc

OMe

Zm

MeO

MeO

3da

ppm

30 20 10

70 60 50 40

80

170 160 150 140 130 120 110 100 90

180

S30



Supporting information

vyl —

orvy'e

vree—
Slzy—
609~
8297
1587 —

ppm

i

o
=
Q

Boc

Jea

_J_LL“ AA\JJL ;1

0]
o]

968

ppm

10

90¥'82

r. 05—
SPE9S—
YSEP9

vaAvmv

S0G'9L—
86G'6L—

v86'SLL
8LL L
geL Tl
S60'czL
LSV 1TV
LES'6ZL

mmr,mv—.
secerl 7

18C°GGL —

60 50 40 30 20

70

Boc
O ‘ OMe
80
S31

3ea

[O

170 160 150 140 130 120 110 100 90

180




Supporting information

0LE°L —

€9e’c—

958'¢

9.5V —
88LY—

828'S
678G
¥88'G /
G68'G~
806G
IL6'G
78897
Y9 7
6159
6119

e

i

!

ppm

868

s

£6€'8C

€GLLG—
6,95 —

G2e'9L —
SLL6L—

LEL°L0L—
809'L0} —_
6SY'60L

ys9'ech

2609k M
LEL'BCL—
rhm.mww\

YOeLiL~
18¢€°LvL >
V1T GSL—

OlMe

Boc

Zwe

o

e}

3fa

ppm

30 20 10

70 60 50 40

170 160 150 140 130 120 110 100 90 80

180

S32



Supporting information

ppm

47

|

T

6L

9EV'8C—
69G°0€—

We'Ly—

SCyeL—

916'GCh
€9b'9CL
820°/ZLA\

619°/C) —
mmm.mmrw.
¥00'8Z}

8ol 'ech \

0S0°seL

6v1 'G5l —

Boc

HN'

170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20 10

80

180

S33



Supporting information

PSv'L—

movN/
eV T,
65¥'C /
wmmAN\
Nwm.m

ppm

N

Boc
HN
4b
o

Br.
Br

ppm

10

€8€'8C—
oLeoe—

0/8°9V—

GG66L—

22622
SY8'EZL\
CENFV/
SY6'LTL
0v0'LEL —
0121l

gog'eel //
9z6'sel

8L0GSL—

60 50 40 30 20

70

I\
80

Boc
HN
4b
100 90
S34

Br
Br

’M \“L

170 160 150 140 130 120 110

180




Supporting information

8eb'L
0€Z°21
svzT
mxmm%
YT\
Y
seve/
szszd
895°Z-

0Z8'7~_
ey

188'G

mmmAmW
S06'S

YSr9~_
879~
6989
S60°'L—

Boc

HN’

Me

Me

4c

A

I\

4 U__M

ppm

6vC Ly —

S6C6L—

L8 Vel
Ges'Lch
@mm.nwr///_r
S6v'8CL —
128°0€L -7

nmv.mmr
N@O@Mr
oL '9eL

8L1L'SSL

Boc

HN’

Me

Me

4c

180 170 160 150 140 130 120 110 100 90

ppm

70 60 50 40 30 20 10

80

S35



Supporting information

181

89,

6.EC
L6eC

AR aA
22y T
ver'e

£sY'T
09r'Z
19T

9%6vZ )
€052
Lz
T6LE~
608°€
8897+
Notﬁ/
A
€2Lp~
KLY f
8z8'v
0ssy/
¥9.'S
v11'S
985
86L'7/
608'S~

6v€9-7
€.€°9 “

vs9
mrw.w\

Boc

HN’

MeO.

MeO

4d

e

A

/

AN

UJ A

ppm

S’ 8C—
LyG0E—

L6CLY—

vmo.wm
mN_..mmv

86€6.—

€860 ~_
9E0bLL—

GLO'ETL-
£10°9ZL >
vz LTV 7
999'/21

v8C 8yl
8¢5 8rL P
961 °GGL—

Boc

HN

MeO

MeO

4d

ppm

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100 90

180

S36



ppm

Supporting information

(.

A

Boc

HN’

_J

-7

o
o
e

| |

o
o
e

©

5

o

il

_—

ppm

10

SEV'8C—
GLG0E—

SGCLY—

mmm&w
mv?vmv

€€€6L—

8LL°GLL~
850°9LL—
801 YT~
190" /2L —
z8L8zL

wmw.mvr
806°¢rL >

¥80°GGL —

20

60 50 40 30

70

HN'BDC
(1
80
S37

100 90

[e]

170 160 150 140 130 120 110

180




Supporting information

Q
o
@

HN’

o}

o}

4f

I

,J, A

|

S s

NN

ppm

20 15 10

30 25

3.5

50 45 40

5.5

80 75 70 65 60

85

9.0

LZy'8C—
€5y 0e—

09 Ly —

00’ 6L—

c96°00L —
L76'90L ~_
89L'80L

90.L°€Ch
Loy’ /2L W
o9y LCL 7
wm—ammw

L2999V~
€L0°LYL

§S0°GSL—

Boc

HN’

0]

(o]

4f

ppm

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100 90

180

S38



Supporting information

TLERSY 3 SIS HI 8§
NNOo OO = OOV o~ ™
~NINNN© < AN«
~ b N
NHBoc
5-Boc
P
; | i .
A I ol :
T T T T T 1
8 7 5 4 3 2 0 ppm
| |
NN © ‘O[ oo
Sl 3 ‘O S|9||e
~— ! IN — N /™M 0
loaomgcn 0 O
— O © — <
M@= e o N O
!
NH3
5
|
\' | |
‘\ I \ ‘Vﬁ
il [‘_;/J\ U |
LL\. s N e BV A
T T T T T T 1
8 7 5 4 3 2 0 ppm
0| TN K‘o) \co
e lioN o~ o -
olail [ 1(\1‘ <



Supporting information

©ONONO©M®N © D ON N M
NSO N O©WS @© DO oW
DO R0 RN © OO0
© © 1616 16 106 ~ aa oo
58%
Boc
(D) HN
4-D?

;_J\,__JJ’L - A My

Vi3

[}
@ o
%
e

A
PROBIO. $ mm PABBO 8B~
ROG 293

'
018101
8!

T T T

T T T T T T T T ¥y T T T T T
85 = 8.0 750N 700650 NE 0NN 55 5,08 4 5EUAGE 35883I0/ B 58500 850 1:00 055 ppm
) [ | ‘
g & Y 5 Y
I= =] - o o
e e
R
46% 5?...,..63:‘:': ........
Boc B e,
(D) AN B e
H e
oyl &
ap* 8%
| |
T T T I T T T T T T T T T T T T T T
800 /A5 7065 160 W55 N5 0NEA 5 250N 5 g 08 o EER 0.0 1. 5881 0l 05 ppm
IR, E
b= [ s = i

S40



Supporting information

[
|
NDVLDONNILINOITNOM NUNN © @ e vesm
LEEOINSRINRBESL NGO © 0 e T ‘
AN-- - - OO T RRRIR QRN 5 QB muh
NENNNNNNOCOOBBLIBLGY << N e B e
SN et |
08 2
e
Boo S g
HN £ e
H g e
-
Cr e
4D’ 89%
|
Lae ] L A A g
7] | AR ) T T T T T T T T T T T T T T j
85 NS 0N 758 70BN 6 560 5 bR 4 5E 4 0N S.6 A3 .0 8= 2.5 88D 0 R5E5) | 5108 105 ppm
#ee e "
=1t=1t=1t =l S (=) - «
—lail— ~| - [ I~ o
[ -4
Boc
HN
YF-7-15-C y\H
CLe
4D’ 89%
i£hae|
|
NNV \'%
| ll J I
180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 ppm

S41




Supporting information

2D NMR spectrums of 4-D*

p— t_ —

HMBCGPND CDC13

J U u&.iLIL_ v_JL

|

80 75 70 65 60

y =

HSQCGP CDCL13

‘

RT -
L**“"T"—‘*r***'ﬂﬂ*——'T‘*H
80 75

70 65 60

o T R R T ARG MR TR I TR U e

1.0 ppm

~100

120

- 60

- 70

- 80

= 90

~100

- 110
=120

£ 130

|140




Supporting information

ROESYPHSW CDC13

e

£ b1
C T e |
v g ‘
; ? - |
1 |

z
ey |
! }

T T T T T T T T T T T 23 l' T X

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm ‘

COSYGPSW CDC13

124899
i

LD

STEANASEE

S43



Supporting information

G: HPLC Spectra of Products
Note: All of the racemic products were prepared by using (£)-binap as ligand.

_Boc
HY
3aa
Racemic:
WD & Wavelength=254 nm (YFWF-JIACHUN 0303300
maALl ] =+ o)
140
120 —
100 H
0 ]
B0+
40
20 4
o
15 1IB ‘1|?' 1|8 1;':! 2ID 2I1 2|2 2I3 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mATT] 2
e R [-—————=—- |-————————- |-———=——~ |
1 153.934 BV 0.3101 3291.27246 159.94156 49,5230
Z Z20.083 VE 0.3209 3354.67334 159.14153 50.4770
Enantioenriched:
VDT B, Wi avElenmih= 258 nm CTF o T -3 5 40 000054 0
mall [ia]
175+
150—5
125
100 ‘:
75
] &
50 o %-@@
25 T
] =
o] .
15 1;3 1I'r' 1|8 1|9 2ID 2|1 2|2 2|3 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [maT] %
e [-—— |- [-————————= |-——————=—= |-———————- I
1 13.968 BV 0.3046 402Z5.25488 2Z00.139e0 98.37313
& 20,170 M 0.3583 BE,.53922 3.09507 1.6262
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_Boc
HY
3ab
Racemic:
WD A Wavelength=254 nm (YFWWF-4-1BO0E283 D)
mAL = o
250 %
200 —-
150 —:
100
50 o
o
4 45 K 55 8 65 7 75 min
Peak RetTime Type Width Area Height Area
# [min] [min] [miU* =] [ma1] %

1 3.293 BV 0.1363 2397.55029 270.77722 49,2032
2 3.693 VE 0.1636 2475.19897 Z31.81474 50.796%8

Enantioenriched:

VWO B, Vavelen gih= 354 nim (VF WF 4 S AI0EI58 O
mall =

500 -
500
400 4
300 3
200 4

100 —

5 7E3

Peak RetTime Type  Width Area Height Area
H [min] [min] [MAT* =] [mi1] 2
e e e |-=—mmm - | -——-——-- |
1 5.288 BV 0D.1386 6217.960594 693.2844%Z S95.7454
a 3.763 VB 0.1742 79.00145 6.76842 1.254¢6
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_Boc
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Racemic:
WD A Wavelength=254 nm (YFUOWF-3-800006364 .00
0] A
300 _
250 — g
200
150 —:
100
a0 —:
0
1|3 1‘4 1|5 1;3 1|? 1|8 1|9 min
Peak RetTime Type Width Area Height Area
H [min] [min] [mAT* =] [mATI] %
- |[-=== === |-—==————- |——=—————- | ———————~- I
1 13.100 EE o.3010 7347.11133  372.65503 49,8612

Z 17.661 BBA 0.5164 73853.00342 Z2Z0.75735 50,1388

Enantioenriched:
WD A Wavelenoth=254 nm (YFWF-4 -1 04006 506 .0
mall ] w
1000 3
800
600 —
4004
200 &
. =
12 1‘4 1;3 1I8 2‘0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maAT*=] [mat] %
- [-—— === [-————————- [-————————= [-———=———- I
1 1Z.865 EBE 0.3014 Z.37874=4 1Z04.Z6758 985.5Z00
2 17.286 VE 0.5046 357.34863 10. 64645 1.4300
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_Boc
HN
50N
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Racemic:
VWD &, Wawelength= 254 nm (7F trF -3 B0C 006277 O
mALl w
200 —
150 §
100 7
50 4
0 d
H : g 7 g } 10 min
Peak RetTime Tvne Width Area Height Area
B [min] [min] [MmATT* =] [mi1r] %

1 B.8B86 BV 0.1803 2719.03369 232.70785 50,0522

2 9.033 EBE 0.3254 2713 .36401 129. 50873 49,9478
Enantioenriched:
D & VaelenGii=259 nm [7F W -4 20006287 0
maAlLl 3 e
400—f
350+
300 —f
250 4
200
150 o
100—;
50 §
03 =
i g g 7 g 3 10 1 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maT1r] %

eI EEEEEE e |-=mmmm - | == | —=———-—- |
1  6.895 BV  0.181% 5357.93262 453.42050 98.7482
2 9.052 BB 0.3382 £7.91901 3.09307 1.2518
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Racemic:

WD A Wiavelength=254 nm (YFWF-3-850B0062750)
mall ] ")
350 —:
300
250 — -
200 3 =
150 4
100
50
iE
i 8 8 10 12 14 min
Peak RetTime Type Width Area Height Area
- [min] [min] [mATT* =] [mATT] &
= === |=====—- |—======——- | === [-——————- I
1 6E.333 BE 0.1555 23755.21445 37Z.9Z151 49,9308
2 8.993 EE 0.3130 37e5.72363 186.962Z71 5S0.0892
Enantioenriched:
VDT &, Wavelendihe 254 nm (vF WWF-8 2C 006286 D)
mal «°
400—-
350—:
300
250 4
200
150—:
1DD‘:
50
0
4 é EIE 1ID 1|2 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* =] [mATT] %
il b el [-————————- |—=——————- |-——————- I
1 £.343 BB 0.1690 4959.19678 451.91023 100.0000
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3af
Racemic:
DT B, Wavelen =254 rm (Y VF- 3 TOANIE 35 D)
ma 2 @
o0 o o
o0 ]
60
40
20 4
0] .
: 7 : : I p I L w
Peak RetTime Type Width Area Height Area
# [min] [min] [ma1T* =] [mi1T] %
1I 11.995|BB ! D.3569|2819.QEEDE| IZD.QEEEE| 5D.D?EE|

£ 13.8939 EBEBA 0.4310 2811.34009 100.91968 49,9234

Enantioenriched:

WD A Wavelenogth=254 nm (vFWF-4-58006332 00
mall =
200
175 E
1450 E
125
100
?5—;
50 E
25 g
. o
1 g g 10 15 14 i
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [ma1r] &
Eimtaill Bl === === === |========= | —======= I
1 12.336 EE 0.3676 104.26031 4.36565 1.7056
2 14,311 EE 0.4320 s008.53955 215.02243 98,2044
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,Boc
HN
C 0
3ag
Racemic:
WD A Wavelength=254 nm (YFWF-4 -1 80084 53 D)
mald o [ b
400 9 &
350 3 g ,.ﬁ:-r‘?J
300 4 w’@
250 E
200
150 3
100 3
50
o4
10 15 20 25 B min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAaT* =] [mda1r] %
e R [———= === |[——————=——- |—==—————- |———=———= I
1 Z3.070 EEB 0.8406 Z2.37662e4d 439,71295 50,4330
& ZT7.Z15 MM 1.2591 Z.33563e4 I09.15561 49,5650
Enantioenriched:
YWD A Wavelength=254 nm (YFWF-4 82006454 D)
maAll ] [u,]
350
300 7
250—:
QDD—_
140 —_
100
SD—- §
i =
10 15 0 25 W min
Peak RetTime Type Width Area Height Area
# [tin] [tnin] [T+ =] [l 1] %
== [-—= == [-——————- |- |———————- I
1 2Z2.e809 EB 0.8302 2.01705e4 378.138042 97,9452
2 Zk.805 EBE 1.0164 423.16547 6.10692 2.0548
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3ah
Racemic:
DT B, Wavelengih= 258 nm (v w37 DC 006 285 O
e A 2
30 = =2
25 A
204
15 ]
10]
5]
1 T T I| T
10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maU* =] [maT] &
aRe EEEEEES |—=== == | = |-==-m - | -——m - |
1 10.723 BV 0.3959 8ZZ.36383 32.10005 49,3133

& 12.066 VB 0.4852 845.Z6660 Z6.56570 50,6867

Enantioenriched:
VDT B, Wavelengii=254 nm (vF WF -3 SO006354 0
miAlLl (=]
120 =
100 4
a0
&0
40
20 %
0 = r
1ID 1|2 1|4 1;3 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [1wATT] %
-——— | [-=——|—===—- [-========= [-=———=—=—= [ -====—=- I
1 10.84% EV 0.3598 43.48345 1.90174 i.0809

2 11.74Z VB 0.4703 3979.35303 1Z8.84181 95.9191
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3ai
Racemic:
DT B Wiavelengihe 258 nm (7 T -3-7 GAIUE 259 07
LET o b
140 T
120 —-
100 —-
an —-
B0 o
40 4
20 ]
0 3
1ID 12‘5 1I5 1?I 5 2:3 22‘.5 2‘5 2?‘.5 min
Peak RetTime Type Width Area Height Area
# [min] [toin] [maT* =] [mATT] %
- |[-===|—==——== [-—=———=—- [—————=——— |—————==- I
1 16.5342 BV 0.4386 4688.32715 163.953755 49,3200
2 17.799 VE 0.5010 4815.67139 147.47113 50.&700
Enantioenriched:
WD A CWavelength=254 nm (YFYYF-4-THOOE339 .0
7oo
gan 3
S00 —:
400
300
200
100 3 2
E =
1ID ‘12‘5 1‘5 1?I a 2‘0 22‘.5 2‘5 2?".5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mAT] %
el e [-——— |- |[————————= [-———————- |[———————- I
1 1le.881 BV 0.4297 Z24.32802 g.08283 0.900z2
& 17.888 VE 0.4932 Z.47012e4 T63.96924 99.0993
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3aj
Racemic:
DA &, Wavelengihe 258 nm (vF W37 SH006552 0]
™ % =
100
50
60
40 —
20 4
]
12.5 15 17.5 20 225 25 275 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [tal1T] %

1 Z3.598 BV 0.e360 5066.553811 117.75343 48.353301
2 Z5.119 VE 0.7247 5373 .46680 112Z.00275 51.4p090

Enantioenriched:

WD & Wavelength=234 nm (YFYF-4-9B00G8353 D)
il
50
40
30 7
o
10
o]
10 125 5 175 20 235 P i
Peak RetTime Type  Width Area Height Area
# [min] [toin] [mAT* =] [ma1T] 2

1 24,009 MM 0.5846 17.91962 5.10874e-1 0.68232
2 25.154 BEA 0.6799 Z608.79150 58.20523 99,3178
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3ak
Racemic:
WD A Wavelenogth=254 nm (YFWF-3-80A006406.0)
maAll ] o @
175 = §
150
125 E
100 E
73 —:
al ‘:
25 4
o3 }
g 8 10 12 14 16 18 0 22 mn
Peak RetTime Type Width Area Height Area
# [tin] [min] [maT* =] [1oR1T] %
e i |[==== === [====————=- | ——=————=== | —====——= I
1 1&.7Z7 EE 0.8829 1.13702e4d 195. 54770 49,5226

2 Z0.376 EBA 1.11839 1.15894e4 162.53705 50.4774

Enantioenriched:

WD A Wavelength=254 nm CYFUWF-4-11A00717 3.0
mall - b
160 ] S
140 9
120 —
100 —-
a0 —
60 —
40
20 —
0
6 8 10 12 14 15 18 20 22 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mi 1] %
- e e [-=——————- [-————————- [-——————- [
1 16.8337 EBE 0.9760 1.1376%=4 176.50842 100.0000
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3al
Racemic:
WD A Wavelength=254 nm (%F W F-3-70B006360.00

mALl ] @ 2
350 3 o
300 E
250
200
150
100

50

o T T T T
10 15 20 25 30 min
Peak RetTime Type Width Area Height Area

# [min] [min] [mAT* =] [maT1r] %

1 30.178 BV 0.7320 1.7365%=4 365.659983 49,3331
2 31.93F VEA 0.8286 1.78354e4 3Z29.96570 50.66ED

Enantioenriched:

'\u'WD1. A,_W-a\-'él;alﬂ.-gm:ésél nm (YFWF-4-7 A006359 D)
maAL _' o
300 4
250 o
200 —
150 —E
100
50 E
0 7 T
10 1% 20 29 30 39 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maT] 2

1 30.127 BE O0.e064 114.14535 2.85553 0.6092
2 31.91Z EE 0.7968 1.86223=4 356.89352 99,3908
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Supporting information

3am
Racemic:
WD A Wavelength=254 nm (YFF-4 3B00E4597 .0
maAll 1 o P
00 o 2
500
400 —
300 —:
200
100
o]
'1ID 1|2 1|4 1|5 1|8 ZID min
Peak RetTime Type  Width Area Height Area
# [min] [min] [mATU* =] [malr] %
- |[-———= |- |-———————= |- === |———————- I
1 13.979 EE 0.4372 2.02983e4d 712.93085 49,9932
2 18.317 EE 0.5281 2.03039=4 S88.0e8305 50.00648
Enantioenriched:
WD A Wavelength=254 nm (YFOF-4 8 C00E498 D)
maLl o
120 ]
100
50
60
40
20—_
o
g 8 10 12 14 16 15 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maATr] %
el |-——|-===——- |-————————- |————————— | ———————- I
1 16.363 BE 0.53240 4847 .,185994 147 ,08702 100.0000
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Supporting information

,Boc
Hy
Br;“, ! -OMe
Br
3ba
Racemic:
WD A Wavelength=254 nm (YFWF-4-1 9C3007394.0)

mall ] B ]
120 — o
100

&0

&0

a0

20

0]

15 1?"5 2‘0 22‘5 2‘5 2?".5 3‘0 32‘5 3‘5 |!nin
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maTr] %
- | [-—— |- [~ [-————————- [——————- I
1 Z6.663 VE 0.5311 5031.122Z207  144.9099s 49.8253

2 31.04Z2 BB 0.6360 5066.39990 121.11738 50.1747

Enantioenriched:

WD A Wavelenoth=254 nm (YFWF-4 340074260
mALl ] =
1000
&00 -
600
400 4
200 g
o —
13 1?" 3 2‘0 22I 3 2‘5 2?" 3 3‘0 32I 3 min
Peak RetTime Type Width Area Height Area
# [1oin] [1oin] [wAT* =] [toA1T] %
- |- [=========== === | ========= | ======== I
1 2Z26.763 VB 0.5642 4436.21875 119.74636 T.7935
2 30.934 EE 0.6597 5.24860e4 1213.20178 92,2065
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Supporting information

_Boc
HN
Me :“, l ! OMe
Me
3ca
Racemic:
WD A Wavelenogth=254 nm (YFIWYF-4 2442006494 0

mAll 2

500 ) g

500 4

400

300

200

100 —:

04 \\M,_\_'_,_,_,—r
5.5 é B.IS T-L ?.IS SI min
Peak RetTime Type  Width Area Height Area
# [min] [tmin] [mATT* 5] [mAT] 2
- |- |====|======= [=======—=- | =======——- | —======-
1 7.160 BE 0.1956 8852 .20605 695.02832Z6 49,6356

2 7.938 BV 0.2555 8982.17480 544.38635 450.3644

Enantioenriched:

AND A Wavelenoth=254 nm (YFWF-4-25B006501.0)

maALl [=]
400 5
300 H
200 4
100+

0 e

4 4.‘5 SI 5.‘5 b'l' B!S ?1 ?.IS SI min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [ta&1T] &

1 7.110 BV 0.1965 586Z.82666 457.5322Zg B97.5592
2 T.887 WV 0.2618 146.08231 8.56527 Z2.4408
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Supporting information

,Boc
H

MeO:“,!!OMe
MeO

3da

oz

Racemic:

SAND A Wavelength=254 nm (YFWF-4-1 54200718000
mAll
g0 E
70 E
[=i1] E
0 3
405
a0 3
20+
10 3
o]
g g 10 12 13 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mATU* =] [mi1] %

1 10.490 BV 0.5208 2980.07275 86.73942 50.8813
2 12.161 VE 0.6127 2876.78247 TZ2.53736 49,1182

Enantioenriched:
WD o Wavelength=254 nm (YFUYF-4-18B007178.0)
maAlLl o
100 o =1
SD—:
BD—:
40
o
20 . ‘ﬁ._\'\ﬁ
ol
0 -
5 5 7 8 5 10 1 12 13 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maTr] %

1 10.488 EE 0.5105 3503.63208 105.77065 O0,6GE6S
2 12,237 MM 0.3801 11.72240 5.1399%7=-1 0.3335
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Supporting information

_Boc
HN
SooM
O
3ea
Racemic:
YWD A, Wavelenogth= 254 nm (YFYF-4-1 SB20065030 )

o0 4
250 —-
200 —-
1350 —: E
100 —:

50

07

a3 ?IS ‘1ID 12|5 1|5 1?|.5 2ID 22| ] 2|5 min
Peak RetTime Type  Width Area Height Area
# [min] [tmin] [maT* =] [mATT] &

1 132.503 VE 0.4696 9434.62207 310.399Z0 49,6452
2 Z23.476 EBE 1.1221 9569.46777 131.94962 50.354%8

Enantioenriched:

WD & Wavelenoth=254 nm (YFIYF-4 21800650500
120 7
100
80
B0 o
40
20
0 :
SI ?IS ‘1‘0 12‘5 1|5 ‘1?‘.5 2ID 22‘5 2‘5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* =] [mATr] %
- [====|====—-= |======———= | === | =======- I
1 13.4837 BE 0.4678 3960.16431 130.57002 100.0000
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_Boc
HN
0 _OMe
S
3fa
Racemic:
WD A, Wavelenogth=234 nm (vFOYF-4-13C2006440.00
maLl o
120 - -
100—: 2
80 -
f0
40—:
204
0 :
4 S 5] 7 g 9 10 11 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* 5] [maT] %

1 7.468 BE 0.2393 2133.60889 136.533616 49.3366
2 9.572 BEB 0.3378 2147.60254 96.82796 50.1634

Enantioenriched:

YWD & Wavelenoth=254 nm (YFAYF-4 21B006471.0)
maLl u

140—5
120—5
100

&0

50

40—: Iq’(),?‘(\
20 a2 8
1 B
0 T
4 b'l‘ BI 1ID 1|2 1‘4 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maTr] %
il Rttt |====|======= [-=======-- | === | =======- I
1 7.425 BB 0.2370 2321.18042 150.41811 99,1258
2 0,630 MM 0.2719 20.47004 1.254838 0.874z2
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_Boc
HN
4a
Racemic:
YWD A Wavelength=254 nm (YFWF-4 350065760
250—- 4
200+
130 5
100
50
0 }
5 b'l' ?: SI EII min
Peak RetTime Type Width Area Height Area
B [min] [min] [mATT* =] [mATT] &
e B it [-——— |- [-————————- | === [-—=—————= [
1 BE.305 BE 0.1467 2661.73340 Z280.64432 49.973 4
2 7.279 BE 0.1344 2664 .57227 221.38438 S0.0266
Enantioenriched:
YWD A Wavelength=254 nm (YFWF-6-30B1003384 .0
mALl - i
BDD—-
SDD-:
400—_
300
200 4
100 §
D ] w
5 Enl' ?: BI QI min
Peak RetTime Type Width Area Height Area
H [mwin] [tmin] [tAT* =] [ma 1] %
—— |- | === ===~ |———— - | —————————- | ———————- |
1 6.42Z7 EBE 0.1523 199.81676 19.87626 2.z28z2z2
2 7.419 BV 0.1890 8555.73730 683.70776 97.7178
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_Boc
HN
i o9
Br
4b
Racemic:
WD A Wavelenogth=254 nm (YFIWF-4 46A0069450)
maLl b o
a0 +
B00
400
200—-
u]
SI ?IS 1ID 12‘5 1|5 1?"5 2‘0 Imln
Peak RetTime Type  Width Area Height Area
# [mmin] [toin] [aT* =] [mATT] %
el EEE T e |———— - | === === —- | ———————- |
1 17.772 EBW 0.6220 2.71309e=4 806.95337 49,1831
Z2  19.49% Vv 0.6413 2 .836434 0zf.13885 50.8169
Enantioenriched:
DT B, Wavelenmih=254 nm [1F wF-7 -1 2000637 2 0
mall 4 [
350 o
300
250 3
200
150 4
100 3 b
50 4 ~
0 ]
T T T T T T T T
g 10 12 14 16 15 20 22 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mmAaT] 2
———— [—=———|===———— [—————— === [ —————————- [ ———————= [
1 17.435 BV O.5844 £859_.58057 21.78228 4.8874
Z  19.303 VE 0.6260 1.67281ed 306.75577 O95.11z2¢6
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_Boc
HN
4c
Racemic:
YWD A \Wavelength=254 nm (YF WF-4 580008301 D)
maAl [=1
300 = 3
250 ﬂ
200 3
1503
100
50
0]
a 9‘5 ‘1ID 10‘5 1!1 11I5 1I2 12‘5 1I3 min
Peak RetTime Type Width Area Height Area
H [toin] [min] [mRT* =] [t 11] %
el e | === == | === | -=—————- |
1 11.040 BV 0.2693 5727.09229 323.10321 50.Z005
2 12.329 ¥V 0.3477 5681.33594 Z247.63959 49,7995
Enantioenriched:
YWD A Wavelength=254 nm (YFWF-7 -1 1A005347 00
mAL -
500
400—:
300
200—:
100
a
10 12 14 16 15 min
Peak RetTime Type Width Area Height Area
# [mmin] [mninmn] [AT* =] [mA 1T ] %
———— [———— |- === |————————— | —————————= | ———————— |
1 11.2Z50 MM 0.2490 346.26215 16.53514 2.2425
2 12.580 MM 0.4327 1.50940=4 521.45178 97.7575
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Supporting information

_Boc
HN
MeO li |!
MeO
4d
Racemic:
WD A Wavelength=254 nm (YFWF-4-458200657200)
mal ] a v
250 H ! :
200
150 —:
100 5
a0 —:
0 L
g E} 1ID 1|1 1|2 '1|3 1|4 1;5 1;3min
Peak RetTime Type Width Area Height Area
H [tmin] [min] [maT* 5] [ma1T] %
il R R | === | === | === |
1 13.763 BV 0.3953 e797.96143 Ze8.60135 49,7624
Z 14,753 WV 0.44536 68 6Z.87398 Z240.00993 a0,.2376
Enantioenriched:
WD A Wavelenoth=254 nm (YFWF-7-14008371 00
mALl 1 o
250
200—:
150 4
100
50 2
g ©
g 1ID 1|2 1:'1 1|5 1|8 2‘0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT*+ =] [m&ATT] %
—— = e | === | === = | ———————- |
1 13.669 BV 0.4141 252.320090 0.37283 Z.562%2
2 14.688 VE 0.5348 9595.91309 271.87543 97.4378
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_Boc
HN
C o9
(0]
4e
Racemic:
WD A Wavelenogth=254 nm (YFUWF-4 46C006914 D)
mAd i .\n.'J
500 - v
2"
400 4 P
300
200
‘100—-
u]
1I2 1I4 1IB 1I3 QID 2‘2 2‘4 QIB min
Peak RetTime Type Width Area Height Area
# [min] [roin] [maU* =] [a1r] %
e EEE ST |———=|-=————- |———— - | === - | ———————- |
1 z2z1.761 BV 0.6631 2.24345e4 528.68958 50.1713
2 Z24.130 MM 0.9356 2Z.2281Ze4 306.91205 49,8287
Enantioenriched:
WD A Wavelength=2524 nm (YFWF-7-118005349.0
mal ]
100
a0 -
B0
40
] o
[ anS:
20 I ..
& &
o
0 -—
1IEI 1 2‘.5 1I5 1?‘.5 2‘0 22‘.5 2‘5 2?‘.5 min
Peak RetTime Type Width Area Height Area
H [raim] [min] [maT* =] [1A 1T ] %
el EEEE T T | === === e | ——— - | ———————- |
1 Z1.602 MM 0.7071 50082 .09521 123.538325 07.80473
2 24,287 MM 1.1759 13z.63789 1.57988 z.1957
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Supporting information

,Boc
HN
C1U
(0]
4f
Racemic:
VDT B, Wavelendih= 258 nm (v T -4 & GA00G J5E 07
mAlL s
50
40
] ]
30 4 S
il
20
10 4
0 . T T
T T T T T T T T T .
5] 10 12 14 16 18 20 22 24 min
Peak RetTime Type Width Area Height Area
# [mmin] [roin] [maT* =] [raa1T] %
———— [———— | ——————~— [—————————= | —————————— | ———————~-— [
1 15.01Z BE 0.4625 1594 . 50757 51.74400 50.3654
2 Z0.188 EE 0.8914 1571.37048 26.51523 49.5346
Enantioenriched:
YWD A Wavelength=254 nm (YFWwF-7 -1 2400536400
maAll ] [sr]
175 4
150 4
125—_
1DD—:
75
a0
-
254 &
=
o
o] . .
g 1ID 1|2 1|4 1;3 1|8 2‘0 2‘2 2‘4 min
Peak RetTime Type Width Area Height Area
# [rmin] [min] [maAT* =] [tnA 1T ] %
———— e |- ————————~- [—————————— |———————— [
1 14.953 BE 0.4708 5689.51104 182Z.46301 97.9674
2 20.207 EBE 0O.7113 118 .04913 Z.38574 2.0326
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Supporting information

_Boc
HN
C
4-p3
Racemic:
WD A Wavelenoth=254 nm (YFIWF-2-50008500.0)
mALl - o
250 — §
200 —
150 —
100 —
50 —
U _:
5 g 7 3 5 min
Peak RetTime Type Width Area Height Area
# [1oin] [toin] [maU* =] [t ] %

1 £.379 BV 0.1500 2987.78003 303.02535 49,8470
2 T.429 VEBA 0.1931 300e.00781 235.25735 50.1521

Enantioenriched:

VDT B, Wavelengin= 258 nm (vF -7 -1 5008366 D 1
mall 3
300
250
200
150
100
50 2
o : : = : : :
5 E 7 g ] min
Peak RetTime Type Width Area Height Area
# [min] [toin] [maT* =] [tal1T] %
- |- === === |[=======—- | ===———=——- | ======= I
1 6.330 EE 0.1615 05.16880 g2.08788 2.1302
2 7.285 BE 0.1891 4372.47168 349.07401 97.8698

S68



Supporting information

NH,

5 (derived from 4a)

Racemic:

Note: Racemic 5 was derived from the racemic 4a, which was prepared by following
the typical procedure B, using (+)-Binap as ligand.

DT B, e elengih= 2 50 N CvF rE -6 -5 Oa00G 200 0
mall ]
] 2 8
300 - pd
250
200
150—:
100—-
a0 o
04
8.‘5 EII 9 !5 1 ID 1 DI A 1 I‘1 1 1I A min
Peak RetTime Type Width Area Height Area
H [min] [min] [maTT* =] [maT1T] %
- |- | —===|===—=—- |———— - | —————————- | ———————- |
1 8.E662 VE 0.2215 49063 .88086 331.85876 50.5641
z 9.885 BV 0.2640 4853 .12646 276.26273 40.4350

Enantioenriched:

WD A Wavelength=234 nm (YFWF-5-20B005396.0)
mALl <
100+
0
&0
40—_ ‘ggga
204 o &
o
D_ ]
8!5 EII 9.‘5 ‘1ID 1DI.5 min
Peak RetTime Type Width Area Height Area
H# [min] [min] [maTT* =] [toATT] %
———— = |====l======= |—————————- | =———————— | == === [
1 8.747 MM 0.3110 2162.11938 115.88654 07.3458
z 9.910 MM 0.2519 58.95088 3.89969 Z.6542
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Supporting information

NH,

5 (purchased)
(R)-1,2,3,4-tetrahydronaphthalen-1-amine (purchased from J&K corporation):

VDT &, Wavelengihe 250 nm (vF (R )-OBHJAN08 211 D)
mall ]
400 3 =
350 E
300
280 E
200 E
150
100 o
50 3
o
g 8.‘5 EII 9.‘5 1ID 10‘.5 1I1 11‘.5 min
Peak RetTime Type Width Area Height Area
# [min] [mmin] [maAT* 5] [ A TT] 3
———— - e === | === === | === |
1 9.856 BE 0.2913 8299.33887 429.69309 100.0000

(5)-1,2,3,4-tetrahydronaphthalen-1-amine (purchased from J&K corporation):

AIDT &, Wavelengtihe 250 nm (7F (S rBEH JAN0E21 207
mAlLl o
500—:
400 J
300
200
100 4
o3
& 83 5 03 10 105 11 115 min
Peak RetTime Type Width Area Height Area
# [roin] [roinm] [maT* =] [roa17] %
e R === |——————— |-————————— | —————————- | ———————— |
1 8.628 BW 0.z2328 8991 .7841%8 577.07391 100.0000

S70



Supporting information

H: X-Ray Crystallography of Compound 3ae

The absolute configuration of the ring opening products was determined by crystallization of 3ae.
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Supporting information

Table 1.

Identification code

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density

Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Limiting indices

Reflections collected / unique

Completeness to theta = 69.45

Crystal data and structure refinement for yf412.

cu_yf412_Om

C21H29N O3

343.45

100(2) K

1.54178 A

P21

Monoclinic,

a=12.0136(3) A  alpha =90 deg.

b=8.8743(2) A  beta = 92.8950(10) deg.

c=18.0879(4) A

gamma =90 deg.

1925.93(8) A3

4, 1.184 Mg/m”"3

0.621 mm~*-1

744

1.35x0.58 x 0.38 mm

2.45 to 69.45 deg.

-14<=h<=14, -10<=k<=10, -21<=Ik=21

18477 / 6242 [R(int) = 0.0403]

96.5 %
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Supporting information

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7981 and 0.4876
Refinement method Full-matrix least-squares on F/2

Data / restraints / parameters 6242 /1 /457

Goodness-of-fit on FA2 1.118

Final R indices [I>2sigma(l)] R1=0.0422, wR2 =0.1102

R indices (all data) R1=0.0423, wR2 =0.1104
Absolute structure parameter 0.13(14)
Largest diff. peak and hole 0.260 and -0.440 e.A"-3

Table 2.  Atomic coordinates ( x 10”*4) and equivalent isotropic
displacement parameters (A*2 x 1073) for yf412.

U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.
X y z U(eq)

0(1) 2010(1) 4428(2) 4123(1) 28(1)
0(2) 4280(1) 2558(1) 2383(1) 26(1)
0(3) 1346(1) 2295(2) 3548(1) 31(1)
0(4) 1610(1) 9082(1) 1302(1) 27(1)
0O(5) 3971(1) 9364(2) 3271(1) 26(1)
0(6) 3391(1) 7131(1) 2762(1) 23(1)
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Supporting information

2338(1)
3762(1)
1872(2)
1449(1)
1853(1)
2353(1)
3491(1)
5342(1)
6206(2)
7351(2)
7338(2)

203(2)
1398(1)

411(1)
-470(2)
-358(2)

616(2)
1510(2)
2562(2)
3482(2)
6457(2)
5315(2)
1816(2)

-1247(2)
-1344(2)

-198(1)

565(1)
2371(1)
3543(1)
3676(1)
3723(1)
2473(1)
4342(2)
4170(2)
4442(1)

4050(2)
9200(2)
2709(3)
4149(2)
3477(2)
3224(2)
3383(2)
3283(2)
2078(2)
2802(3)
3978(3)
4152(4)
3662(2)
4252(2)
4551(2)
4243(3)
3624(2)
3340(2)
2746(2)
2772(2)
5163(3)
4436(2)
5487(3)

9291(3)

9715(2)
10035(2)

8677(2)

7862(2)

8541(2)

8440(2)

9009(2)

8863(2)

7609(3)
10394(3)

7424(2)

S74

2945(1)
2066(1)
5172(1)
4814(1)
3538(1)
2256(1)
1922(1)
2504(1)
2698(1)
2855(2)
3457(1)
4659(1)
1704(1)
1929(1)
1417(1)
675(1)
445(1)
952(1)
708(1)
1145(1)
3277(1)
3122(1)
5288(1)
2584(1)
1769(1)
1470(1)
1590(1)
1235(1)
1342(1)
2707(1)
4040(1)
4100(1)
4312(1)
4442(1)
1125(1)

23(1)
21(1)
43(1)
27(1)
23(1)
23(1)
24(1)
26(1)
40(1)
51(1)
43(1)
52(1)
25(1)
30(1)
39(1)
41(1)
36(1)
29(1)
32(1)
29(1)
36(1)
33(1)
48(1)
43(1)
34(1)
28(1)
25(1)
23(1)
22(1)
20(1)
26(1)
27(1)
35(1)
35(1)
22(1)



Supporting information

C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
c(41)
C(42)

5508(1)
6327(2)
6088(2)
5027(2)
4205(2)
3074(2)
2229(1)

680(2)
-462(2)

7440(2)
6464(2)
5475(2)
5467(2)
6439(2)
6427(2)
7087(2)
8286(3)
7949(3)

1459(1)
1224(1)
646(1)
300(1)
531(1)
179(1)
500(1)
2410(1)
2714(1)

26(1)
32(1)
33(1)
31(1)
26(1)
29(1)
28(1)
33(1)
42(1)

Table 3. Bond lengths [A] and angles [deg] for yf412.

0(1)-C(3)
0(1)-C(2)
0(2)-C(5)
0(2)-c(6)
0(3)-C(3)
0(4)-C(26)
0(4)-C(25)
0(5)-C(28)
0(5)-C(29)
0(6)-C(28)
N(1)-C(3)
N(1)-C(4)
N(1)-H(1)
N(2)-C(28)
N(2)-C(27)
N(2)-H(2)
C(1)-C(2)
C(1)-H(1A)
C(1)-H(1B)
C(1)-H(1C)
C(2)-C(10)

1.359(2)
1.470(2)
1.432(2)
1.435(2)
1.214(2)
1.426(2)
1.428(2)
1.343(2)
1.470(2)
1.216(2)
1.346(2)
1.447(2)
0.8800

1.350(2)
1.447(2)
0.8800

1.510(3)
0.9800

0.9800

0.9800

1.509(3)
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C(2)-c(21)
C(4)-C(5)
C(4)-C(11)
C(4)-H(4)
C(5)-C(18)
C(5)-H(5)
C(6)-C(20)
C(6)-C(7)
C(6)-H(6A)
C(7)-C(8)
C(7)-H(7A)
C(7)-H(7B)
C(8)-C(9)
C(8)-H(8A)
C(8)-H(8B)
C(9)-C(19)
C(9)-H(9A)
C(9)-H(9B)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-C(12)
C(11)-c(16)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(17)-C(18)
C(17)-H(17)
C(18)-H(18)

1.518(3)
1.528(2)
1.533(2)
1.0000
1.507(2)
1.0000
1.517(3)
1.520(2)
1.0000
1.531(3)
0.9900
0.9900
1.510(4)
0.9900
0.9900
1.515(3)
0.9900
0.9900
0.9800
0.9800
0.9800
1.377(3)
1.402(3)
1.397(3)
0.9500
1.383(3)
0.9500
1.376(3)
0.9500
1.399(3)
0.9500
1.459(3)
1.325(3)
0.9500
0.9500
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C(19)-C(20) 1.529(3)
C(19)-H(19A) 0.9900
C(19)-H(19B) 0.9900
C(20)-H(20A) 0.9900
C(20)-H(20B) 0.9900
C(21)-H(21A) 0.9800
C(21)-H(21B) 0.9800
C(21)-H(21C) 0.9800
C(22)-C(23) 1.521(3)
C(22)-C(42) 1.530(3)
C(22)-H(22A) 0.9900
C(22)-H(22B) 0.9900
C(23)-C(24) 1.531(2)
C(23)-H(23A) 0.9900
C(23)-H(23B) 0.9900
C(24)-C(25) 1.523(2)
C(24)-H(24A) 0.9900
C(24)-H(24B) 0.9900
C(25)-C(41) 1.523(3)
C(25)-H(25) 1.0000
C(26)-C(40) 1.499(3)
C(26)-C(27) 1.534(2)
C(26)-H(26) 1.0000
C(27)-C(33) 1.532(2)
C(27)-H(27) 1.0000
C(29)-C(32) 1.513(3)
C(29)-c(31) 1.516(3)
C(29)-C(30) 1.517(2)
C(30)-H(30A) 0.9800
C(30)-H(30B) 0.9800
C(30)-H(30C) 0.9800
C(31)-H(31A) 0.9800
C(31)-H(31B) 0.9800
C(31)-H(31C) 0.9800
C(32)-H(32A) 0.9800
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C(32)-H(32B)
C(32)-H(320)
C(33)-C(34)
C(33)-C(38)
C(34)-C(35)
C(34)-H(34)
C(35)-C(36)
C(35)-H(35)
C(36)-C(37)
C(36)-H(36)
C(37)-C(38)
C(37)-H(37)
C(38)-C(39)
C(39)-C(40)
C(39)-H(39)
C(40)-H(40)
C(41)-C(42)
C(41)-H(41A)
C(41)-H(41B)
C(42)-H(42A)
C(42)-H(42B)

C(3)-0(1)-C(2)
C(5)-0(2)-C(6)
C(26)-0(4)-C(25)
C(28)-0(5)-C(29)
C(3)-N(1)-C(4)
C(3)-N(1)-H(1)
C(4)-N(1)-H(1)
C(28)-N(2)-C(27)
C(28)-N(2)-H(2)
C(27)-N(2)-H(2)
C(2)-C(1)-H(1A)
C(2)-C(1)-H(1B)
H(1A)-C(1)-H(1B)

0.9800
0.9800
1.389(2)
1.403(3)
1.394(3)
0.9500
1.383(3)
0.9500
1.392(3)
0.9500
1.391(3)
0.9500
1.471(3)
1.330(3)
0.9500
0.9500
1.533(3)
0.9900
0.9900
0.9900
0.9900

120.35(13)
114.57(13)
114.77(13)
121.90(13)
121.33(14)
119.3
119.3
123.88(14)
118.1
118.1
109.5
109.5
109.5
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C(2)-C(1)-H(1C)
H(1A)-C(1)-H(1C)
H(1B)-C(1)-H(1C)
0(1)-C(2)-C(10)
0(1)-C(2)-C(1)
C(10)-C(2)-C(1)
0(1)-C(2)-C(21)
C(10)-C(2)-C(21)
C(1)-C(2)-C(21)
0(3)-C(3)-N(1)
0(3)-C(3)-0(1)
N(1)-C(3)-0(1)
N(1)-C(4)-C(5)
N(1)-C(4)-C(11)
C(5)-C(4)-C(11)
N(1)-C(4)-H(4)
C(5)-C(4)-H(4)
C(11)-C(4)-H(4)
0(2)-C(5)-C(18)
0(2)-C(5)-C(4)
C(18)-C(5)-C(4)
0(2)-C(5)-H(5)
C(18)-C(5)-H(5)
C(4)-C(5)-H(5)
0(2)-C(6)-C(20)
0(2)-¢(6)-C(7)
C(20)-C(6)-C(7)
0(2)-C(6)-H(6A)
C(20)-C(6)-H(6A)
C(7)-C(6)-H(6A)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7A)
C(8)-C(7)-H(7A)
C(6)-C(7)-H(7B)
C(8)-C(7)-H(7B)

109.5
109.5
109.5
109.66(15)
110.42(15)
112.94(19)
102.50(15)
111.13(19)
109.70(17)
125.15(17)
125.14(16)
109.70(14)
110.12(13)
113.05(14)
111.99(14)
107.1
107.1
107.1
109.43(14)
107.59(13)
111.76(14)
109.3
109.3
109.3
111.27(13)
108.15(15)
110.06(16)
109.1
109.1
109.1
110.16(18)
109.6
109.6
109.6
109.6
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H(7A)-C(7)-H(78B)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8A)
C(7)-C(8)-H(8A)
C(9)-C(8)-H(8B)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(8)-C(9)-C(19)
C(8)-C(9)-H(9A)
C(19)-C(9)-H(9A)
C(8)-C(9)-H(9B)
C(19)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(2)-C(10)-H(10A)
C(2)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(2)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
C(12)-C(11)-C(16)
C(12)-C(11)-C(4)
C(16)-C(11)-C(4)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(15)-C(16)-C(11)

108.1
112.42(18)
109.1
109.1
109.1
109.1
107.9
110.91(18)
109.5
109.5
109.5
109.5
108.0
109.5
109.5
109.5
109.5
109.5
109.5
119.37(16)
122.06(16)
118.39(16)
120.68(19)
119.7
119.7
119.96(19)
120.0
120.0
119.86(18)
120.1
120.1
120.65(19)
119.7
119.7
119.44(18)
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C(15)-C(16)-C(17)
C(11)-C(16)-C(17)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(16)-C(17)-H(17)
C(17)-C(18)-C(5)
C(17)-C(18)-H(18)
C(5)-C(18)-H(18)
C(9)-C(19)-C(20)
C(9)-C(19)-H(19A)
C(20)-C(19)-H(19A)
C(9)-C(19)-H(19B)
C(20)-C(19)-H(19B)
H(19A)-C(19)-H(198B)
C(6)-C(20)-C(19)
C(6)-C(20)-H(20A)
C(19)-C(20)-H(20A)
C(6)-C(20)-H(20B)
C(19)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(2)-C(21)-H(21A)
C(2)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
C(2)-C(21)-H(21C)
H(21A)-C(21)-H(21C)
H(21B)-C(21)-H(21C)
C(23)-C(22)-C(42)
C(23)-C(22)-H(22A)
C(42)-C(22)-H(22A)
C(23)-C(22)-H(22B)
C(42)-C(22)-H(22B)
H(22A)-C(22)-H(22B)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23A)
C(24)-C(23)-H(23A)

120.99(18)
119.56(16)
121.53(17)
119.2
119.2
121.93(16)
119.0
119.0
110.93(18)
109.5
109.5
109.5
109.5
108.0
111.59(15)
109.3
109.3
109.3
109.3
108.0
109.5
109.5
109.5
109.5
109.5
109.5
110.95(17)
109.4
109.4
109.4
109.4
108.0
111.20(16)
109.4
109.4
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C(22)-C(23)-H(23B)
C(24)-C(23)-H(23B)
H(23A)-C(23)-H(23B)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24A)
C(23)-C(24)-H(24A)
C(25)-C(24)-H(248B)
C(23)-C(24)-H(24B)
H(24A)-C(24)-H(24B)
0(4)-C(25)-C(24)
0(4)-C(25)-C(41)
C(24)-C(25)-C(41)
0(4)-C(25)-H(25)
C(24)-C(25)-H(25)
C(41)-C(25)-H(25)
0(4)-C(26)-C(40)
0(4)-C(26)-C(27)
C(40)-C(26)-C(27)
0(4)-C(26)-H(26)
C(40)-C(26)-H(26)
C(27)-C(26)-H(26)
N(2)-C(27)-C(33)
N(2)-C(27)-C(26)
C(33)-C(27)-C(26)
N(2)-C(27)-H(27)
C(33)-C(27)-H(27)
C(26)-C(27)-H(27)
0(6)-C(28)-0(5)
0(6)-C(28)-N(2)
0(5)-C(28)-N(2)
0(5)-C(29)-C(32)
0(5)-C(29)-C(31)
C(32)-C(29)-C(31)
0(5)-C(29)-C(30)
C(32)-C(29)-C(30)

109.4
109.4
108.0
110.43(16)
109.6
109.6
109.6
109.6
108.1
106.44(14)
111.93(14)
110.03(15)
109.5
109.5
109.5
112.26(14)
106.23(13)
110.75(14)
109.2
109.2
109.2
113.30(13)
113.36(13)
111.57(14)
106.0
106.0
106.0
125.93(16)
125.49(16)
108.57(14)
101.34(14)
111.32(14)
110.69(15)
109.58(13)
111.25(15)

S82



Supporting information

C(31)-C(29)-C(30)
C(29)-C(30)-H(30A)
C(29)-C(30)-H(30B)
H(30A)-C(30)-H(30B)
C(29)-C(30)-H(30C)
H(30A)-C(30)-H(30C)
H(30B)-C(30)-H(30C)
C(29)-C(31)-H(31A)
C(29)-C(31)-H(31B)
H(31A)-C(31)-H(31B)
C(29)-C(31)-H(31C)
H(31A)-C(31)-H(31C)
H(31B)-C(31)-H(31C)
C(29)-C(32)-H(32A)
C(29)-C(32)-H(32B)
H(32A)-C(32)-H(328B)
C(29)-C(32)-H(320)
H(32A)-C(32)-H(32C)
H(32B)-C(32)-H(32C)
C(34)-C(33)-C(38)
C(34)-C(33)-C(27)
C(38)-C(33)-C(27)
C(33)-C(34)-C(35)
C(33)-C(34)-H(34)
C(35)-C(34)-H(34)
C(36)-C(35)-C(34)
C(36)-C(35)-H(35)
C(34)-C(35)-H(35)
C(35)-C(36)-C(37)
C(35)-C(36)-H(36)
C(37)-C(36)-H(36)
C(38)-C(37)-C(36)
C(38)-C(37)-H(37)
C(36)-C(37)-H(37)
C(37)-C(38)-C(33)

112.16(16)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.13(16)
121.91(15)
118.76(15)
120.68(17)
119.7
119.7
120.20(17)
119.9
119.9
119.53(17)
120.2
120.2
120.64(18)
119.7
119.7
119.79(17)
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C(37)-C(38)-C(39) 121.30(17)
C(33)-C(38)-C(39) 118.88(16)
C(40)-C(39)-C(38) 121.12(17)
C(40)-C(39)-H(39) 119.4
C(38)-C(39)-H(39) 119.4
C(39)-C(40)-C(26) 122.25(16)
C(39)-C(40)-H(40) 118.9
C(26)-C(40)-H(40) 118.9
C(25)-C(41)-C(42) 110.78(15)
C(25)-C(41)-H(41A) 109.5
C(42)-C(41)-H(41A) 109.5
C(25)-C(41)-H(41B) 109.5
C(42)-C(41)-H(41B) 109.5
H(41A)-C(41)-H(41B) 108.1
C(22)-C(42)-C(41) 110.43(19)
C(22)-C(42)-H(42A) 109.6
C(41)-C(42)-H(42A) 109.6
C(22)-C(42)-H(42B) 109.6
C(41)-C(42)-H(42B) 109.6
H(42A)-C(42)-H(42B) 108.1

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A*2 x 1073) for yf412.
The anisotropic displacement factor exponent takes the form:

-2 pif2[h"2a*M2 Ull+...+2hka*b*U12]

U1l u22 u33 u23 u13 u12
0(1) 32(1) 30(1) 23(1) -2(1) 6(1) -8(1)
0(2) 22(1) 21(1) 35(1) 5(1) -1(1) 1(1)
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0(3)
0(4)
0(5)
0(6)
N(1)
N(2)
(1)
c(2)
C(3)
c(4)
c(5)
c(6)
c7)
c(8)
c(9)
C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
Cc(27)
C(28)
C(29)

34(1)
19(1)
30(1)
23(1)
24(1)
21(1)
61(1)
28(1)
17(1)
23(1)
24(1)
22(1)
30(1)
24(1)
30(1)
28(1)
26(1)
25(1)
27(1)
39(1)
45(1)
36(1)
45(1)
33(1)
30(1)
26(1)
70(2)
37(1)
24(1)
24(1)
19(1)
20(1)
22(1)
15(1)
26(1)

25(1)
22(1)
25(1)
19(1)
19(1)
16(1)
40(1)
29(1)
22(1)
18(1)
18(1)
25(1)
32(1)
48(1)
48(1)
79(2)
18(1)
27(1)
32(1)
31(1)
31(1)
20(1)
25(1)
22(1)
37(1)
34(1)
41(1)
51(1)
37(1)
26(1)
25(1)
21(1)
20(1)
20(1)
28(1)

33(1)
39(1)
24(1)
26(1)
25(1)
26(1)
27(1)
25(1)
28(1)
27(1)
30(1)
30(1)
59(1)
79(2)
50(1)
50(1)
31(1)
37(1)
56(1)
51(1)
32(1)
31(1)
26(1)
32(1)
40(1)
39(1)
33(1)
44(1)
43(1)
35(1)
30(1)
28(1)
23(1)
25(1)
22(1)
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-1(1)
4(1)
-2(1)
2(1)
0(1)
0(1)
5(1)
2(1)
1(1)
0(1)
2(1)
2(1)
-5(1)
-14(1)
1(1)
-4(1)
2(1)
0(1)
-1(1)
3(1)
2(1)
0(1)
-2(1)
0(1)
-7(1)
-3(1)
-6(1)
-1(1)
-3(1)
-2(1)
-3(1)
2(1)
3(1)
-2(1)
0(1)

4(1)
0(1)
0(1)
-2(1)
1(1)
0(1)
9(1)
7(1)
-1(1)
-1(1)
0(1)
3(1)
0(1)
-2(1)

-12(1)

10(1)
-5(1)
-3(1)
-8(1)

-24(1)
-14(1)

-5(1)
5(1)
7(1)

-8(1)

-3(1)

14(1)

11(1)
1(1)

-6(1)

-3(1)

-1(1)
0(1)
0(1)

-2(1)

-8(1)
1(1)
-6(1)
0(1)
-3(1)
-1(1)
15(1)
0(1)
2(1)
0(1)
0(1)
1(1)
8(1)
11(1)
5(1)
11(1)
-5(1)
-2(1)
2(1)
-6(1)
-7(1)
-6(1)
-4(1)
0(1)
4(1)
9(1)
-14(1)
16(1)
8(1)
2(1)
0(1)
1(1)
0(1)
1(1)
0(1)
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C(30) 26(1) 27(1) 27(1) -2(1) -1(1) 1(1)
C(31) 35(1) 41(1) 30(1) -1(1) -6(1) 13(1)
C(32)  33(1) 40(1) 32(1) -8(1) 0(1) -5(1)
C(33)  24(1) 20(1) 24(1) 5(1) 5(1) -1(1)
C(34) 22(1) 27(1) 29(1) 1(1) 4(1) -3(1)
C(35) 23(1) 34(1) 40(1) 8(1) 5(1) 1(1)
c(36)  31(1) 28(1) 41(1) 3(1) 16(1) 6(1)
c(37)  38(1) 25(1) 31(1) -2(1) 12(1) -3(1)
C(38) 30(1) 23(1) 24(1) 4(1) 6(1) -3(1)
C(39) 37(1) 28(1) 23(1) -2(1) -2(1) -5(1)
c(40)  28(1) 26(1) 29(1) 4(1) -7(1) -4(1)
c(41)  29(1) 40(1) 30(1) 2(1) -2(1) 9(1)
C(42) 40(1) 50(1) 38(1) 8(1) 12(1) 15(1)
Table 5. Hydrogen coordinates ( x 10*4) and isotropic
displacement parameters (A*2 x 1073) for yf412.
X y z U(eq)
H(1) 2652 4945 2977 27
H(2) 3962 10153 2091 25
H(1A) 1630 1847 4866 64
H(1B) 1571 2611 5664 64
H(1C) 2687 2733 5221 64
H(4) 2254 2135 2377 27
H(5) 3709 4470 1919 29
H(6A) 5542 3799 2037 31
H(7A) 6245 1357 2283 48
H(7B) 5987 1515 3141 48
H(8A) 7896 2008 3003 61
H(8B) 7598 3275 2395 61
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H(9A) 8078
H(9B) 7184
H(10A) -16
H(10B) -171
H(10C) -14
H(12) 328
H(13) -1146
H(14) -952
H(15) 683
H(17) 2589
H(18) 4155
H(19A) 6665
H(198B) 6419
H(20A) 5076
H(20B) 4763
H(21A) 2630
H(21B) 1483
H(21C) 1572
H(22A) -1994
H(22B) -962
H(23A) -1820
H(23B) -1705
H(24A) -282
H(24B) 138
H(25) 245
H(26) 2256
H(27) 3570
H(30A) 2100
H(308B) 2298
H(30C) 2214
H(31A) 4013
H(31B) 4283
H(31C) 5128
H(32A) 4973
H(32B) 4031

4466
3488
5064
4131
3261
4458
4965
4458
3387
2330
2395
5745
5870
3940
5228
5486
5416
6422
9032
10164
10621
8882
10268
10922
7796
7115
9392
9728
8836
7931
6719
7515
7689
10477
10310
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3513
3933
4384
5129
4366
2439
1577
324
-63
226
962
2838
3698
3577
2983
5359
5771
5042
2754
2877
1703
1482
935
1727
1307
1638
981
3859
4624
3858
4066
4849
4197
4381
4970

52
52
78
78
78
36
47
50
44
38
35
43
43
40
40
71
71
71
52
52
41
41
34
34
30
28
26
40
40
40
53
53
53
52
52
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H(32C) 3794 11292 4237 52
H(34) 5681 8123 1853 31
H(35) 7051 6478 1461 39
H(36) 6645 4805 488 40
H(37) 4862 4793 -98 38
H(39) 2945 5939 -285 35
H(40) 1511 7067 254 33
H(41A) 1030 9140 2686 40
H(41B) 1170 7395 2481 40
H(42A) -787 7045 2465 51
H(42B) -373 7735 3251 51

Table 6. Torsion angles [deg] for yf412.

C(3)-0(1)-C(2)-C(10) -59.6(2)
C(3)-0(1)-C(2)-C(1) 65.4(2)
C(3)-0(1)-C(2)-C(21) -177.76(17)
C(4)-N(1)-C(3)-0(3) -4.0(2)
C(4)-N(1)-C(3)-0(1) 176.38(13)
C(2)-0(1)-C(3)-0(3) -6.9(2)
C(2)-0(1)-C(3)-N(1) 172.74(14)
C(3)-N(1)-C(4)-C(5) -138.70(15)
C(3)-N(1)-C(4)-C(11) 95.20(18)
C(6)-0(2)-C(5)-C(18) 98.66(16)
C(6)-0(2)-C(5)-C(4) -139.72(14)
N(1)-C(4)-C(5)-0(2) 69.77(17)
C(11)-C(4)-C(5)-0(2) -163.53(14)
N(1)-C(4)-C(5)-C(18) -170.07(14)
C(11)-C(4)-C(5)-C(18) -43.37(19)
C(5)-0(2)-C(6)-C(20) 82.87(18)
C(5)-0(2)-C(6)-C(7) -156.13(15)
0(2)-C(6)-C(7)-C(8) -178.36(17)
C(20)-C(6)-C(7)-C(8) -56.6(2)
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C(6)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(19)
N(1)-C(4)-C(11)-C(12)
C(5)-C(4)-C(11)-C(12)
N(1)-C(4)-C(11)-C(16)
C(5)-C(4)-C(11)-C(16)
C(16)-C(11)-C(12)-C(13)
C(4)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(11)
C(14)-C(15)-C(16)-C(17)
C(12)-C(11)-C(16)-C(15)
C(4)-C(11)-C(16)-C(15)
C(12)-C(11)-C(16)-C(17)
C(4)-C(11)-C(16)-C(17)
C(15)-C(16)-C(17)-C(18)
C(11)-C(16)-C(17)-C(18)
C(16)-C(17)-C(18)-C(5)
0(2)-C(5)-C(18)-C(17)
C(4)-C(5)-C(18)-C(17)
C(8)-C(9)-C(19)-C(20)
0(2)-C(6)-C(20)-C(19)
C(7)-C(6)-C(20)-C(19)
C(9)-C(19)-C(20)-C(6)
C(42)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(26)-0(4)-C(25)-C(24)
C(26)-0(4)-C(25)-C(41)
C(23)-C(24)-C(25)-0(4)
C(23)-C(24)-C(25)-C(41)
C(25)-0(4)-C(26)-C(40)
C(25)-0(4)-C(26)-C(27)
C(28)-N(2)-C(27)-C(33)

S89

56.2(3)
-55.0(3)
-25.4(2)

-150.54(17)

159.52(15)
34.4(2)
-0.9(3)

-175.93(17)

0.5(3)
0.9(3)
-1.8(3)
1.4(3)

-177.31(19)

0.0(3)
175.19(16)
178.70(17)

-6.1(2)
165.36(18)
-13.3(3)

1.4(3)

146.74(17)
27.7(2)
54.2(3)

177.42(16)
57.5(2)

-56.3(2)

-55.8(3)
57.0(2)

-168.71(14)

71.04(19)

-179.50(15)

-58.0(2)
89.06(17)

-149.76(14)

71.75(18)
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C(28)-N(2)-C(27)-C(26)
0(4)-C(26)-C(27)-N(2)
C(40)-C(26)-C(27)-N(2)
0(4)-C(26)-C(27)-C(33)
C(40)-C(26)-C(27)-C(33)
C(29)-0(5)-C(28)-0(6)
C(29)-0(5)-C(28)-N(2)
C(27)-N(2)-C(28)-0(6)
C(27)-N(2)-C(28)-0(5)
C(28)-0(5)-C(29)-C(32)
C(28)-0(5)-C(29)-C(31)
C(28)-0(5)-C(29)-C(30)
N(2)-C(27)-C(33)-C(34)
C(26)-C(27)-C(33)-C(34)
N(2)-C(27)-C(33)-C(38)
C(26)-C(27)-C(33)-C(38)
C(38)-C(33)-C(34)-C(35)
C(27)-C(33)-C(34)-C(35)
C(33)-C(34)-C(35)-C(36)
C(34)-C(35)-C(36)-C(37)
C(35)-C(36)-C(37)-C(38)
C(36)-C(37)-C(38)-C(33)
C(36)-C(37)-C(38)-C(39)
C(34)-C(33)-C(38)-C(37)
C(27)-C(33)-C(38)-C(37)
C(34)-C(33)-C(38)-C(39)
C(27)-C(33)-C(38)-C(39)
C(37)-C(38)-C(39)-C(40)
C(33)-C(38)-C(39)-C(40)
C(38)-C(39)-C(40)-C(26)
0(4)-C(26)-C(40)-C(39)
C(27)-C(26)-C(40)-C(39)
0(4)-C(25)-C(41)-C(42)
C(24)-C(25)-C(41)-C(42)
C(23)-C(22)-C(42)-C(41)
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56.71(19)
62.53(17)

-175.31(14)
-168.12(13)

-45.97(19)
-15.4(2)
165.41(13)

-1.3(2)
177.93(13)

-177.69(14)

64.59(19)
-60.1(2)
-20.8(2)

-150.16(15)

164.43(14)
35.1(2)
-1.8(3)

-176.53(16)

0.7(3)
0.3(3)
-0.3(3)
-0.8(3)

-178.94(17)

1.8(2)
176.71(15)

-179.99(16)

-5.1(2)
164.41(18)
-13.8(3)

-0.7(3)
149.73(17)

31.2(2)
176.60(16)

58.5(2)

55.6(3)
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C(25)-C(41)-C(42)-C(22) -57.2(2)

Symmetry transformations used to generate equivalent atoms:

Table 7. Hydrogen bonds for yf412 [A and deg.].

D-H..A d(D-H) d(H..A)  d(D..A)  <(DHA)
N(1)-H(1)...0(6) 0.88 2.18 3.0382(18) 165.9
N(2)-H(2)...0(2)#1 0.88 2.23 3.0915(19) 167.4

Symmetry transformations used to generate equivalent atoms:

#1 x,y+1,z
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