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1. General Information

Unless otherwise noted, all commercial materials were purchased from Aladdin, Adamas and Energy
Chemicals and used without further purification. TLC were performed on silica gel Huanghai
HSGF254 plates and visualization of the developed chromatogram was performed by fluorescence
quenching of UV fluorescence (A = 254 nm). Flash chromatography was performed using Silica gel
(200-300 mesh) purchased fromed Qingdao Haiyang Chemical Co. 'H and '*C NMR were recorded on
a Bruker-DPX 400 spectrometer. Chemical shifts are reported in ppm from tetramethylsilane (TMS)
with the solvent resonance as the internal standard. The following abbreviations were used to designate
chemical shift multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, m
= multiplet, br = broad. All first-order splitting patterns were assigned on the basis of the appearance of
the multiplet. Splitting patterns that could not be easily interpreted are designated as multiplet (m) or
broad (br). °F NMR were recorded on a Varian NMR 400 spectrometer. Mass spectra were obtained
using electrospray ionization (ESI) mass spectrometer.



2. General Procedure for the Synthesis of Prochiral Enamides

General procedure I

0 N O g @)LNH
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To a dry round bottom flask equipped with a football shaped magnetic stir bar was charged
tetralone (10 mmol, 1.0 equiv) and toluene (6 mL). The flask was sealed with a rubber septum and a
nitrogen inlet needle was inserted in the septum. The resultant solution was stirred and cooled in an
ice/water bath. To the resultant cold stirring solution was added 7N NH3 in MeOH (15.0 mmol, 1.5
equiv) followed by dropwise addition of Ti(Oi-Pr)4 (20.0 mmol, 2.0 equiv). After 10 min, the ice/water
cooling bath was removed, and the solution was stirred at rt for 18-24 h. After that the reaction mixture
was then cooled in an ice/water bath (~5 °C) and treated with Et;N (40.0 mmol, 4.0 equiv) followed by
acyl chloride (20.0 mmol, 2.0 equiv). The cooling bath was then removed and the solution was stirred
at rt for 1-3 h. The reaction mixture was extracted with DCM and evaporated in vacuo. The desired

product was obtained by flash column chromatography on silica gel with hexane/EtOAc as the eluent.!

General procedure 11
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In a round-bottomed flask, ketoximes (10 mmol, 1.0 equiv), acid anhydride (25 mmol, 2.5 equiv),
KI (12 mmol, 1.2 equiv), and Cul (1 mmol, 10 mol%) were stirred in 1,2-dichloroethane at 120 °C
under an argon atmosphere. After completion of the reaction (detected by TLC), the reaction mixture
was cooled to room temperature, extracted with ethyl acetate, and washed with brine. The organic layer
was dried over anhydrous Na,SO4 and evaporated in vacuo. The desired iodoenamide was obtained by

flash column chromatography on silica gel with hexane/EtOAc as the eluent.?

General procedure 111
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To a solution of ketone 1 (10 mmol, 1.0 equiv) in MeOH (25 ml) was added hydroxylamine
hydrochloride (12 mmol, 1.2 equiv) and sodium acetate (12 mmol, 1.2 equiv) and this solution was



heated at 65 °C for 2 h. After this time, the solution was allowed to cool and water and EtOAc were
added. The layers were separated and the aqueous layer extracted with further EtOAc. The combined
organics were washed with brine, dried (Na;SO4) and evaporated in vacuo. This crude residue was
directly dissolved in THF (50 ml) and iron powder (50.0 mmol, 5.0 equiv) and benzoyl chloride (80
mmol, 8.0 equiv) were added. The reaction was stirred at rt for overnight before addition of saturated
NaHCOs solution. This was extracted twice with ethyl acetate and the organic layer was washed with
brine, dried (Na:SO4) and evaporated in vacuo. The crude residue was purified by flash column

chromatography to give the product 3.3*

General procedure IV
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Compound 1 (1.0 equiv) was added to a solution of NIS (1.2 equiv) in 2% TFA in CH>Cl; and
stirred at room temperature for overnight. The mixture was cooled in an ice bath to stir for a further
hour before tricthylamine was added slowly. The mixture was concentrated and taken up in CH2Cly,
washed with 1 M KHSO4, water and brine before concentrating and running down a column of silica to

obtain the target product 2.

General procedure V
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To a solution of N-(3,4-dihydronaphthalen-1-yl)benzamide (1.0 equiv) in CH2Cl, was added
dropwise bromine (1.1 equiv) at 0 °C. The reaction mixture was stirred for 5 min at 0 °C, subsequently
triethylamine (2.2 equiv) was added and stirred for 5 min at 0 °C. The resulting mixture was extracted
with EtOAc, and washed with saturated NaHSO; solution. The combined organic layer was dried
(Na2S04) and concentrated in vacuo. The crude residue was purified by flash column chromatography

to give the target compound.®

General procedure VI
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To a two-neck round bottom flask was added crushed magnesium (1.65 equiv), a small crystal of
I, and THF. While stirring, the appropriate aryl bromide (1.5 equiv) was added via a syringe. After
introduced aryl bromide, the mixture was heated to reflux in an oil bath under argon atmosphere for 1
hour and cooled down until room temperature. Cyclobutanone (1.0 equiv) dissolved in THF was added
dropwise to the Grignard solution under argon at 0 °C, and the reaction mixture was stirred for
overnight at room temperature. When cyclobutanone were completely consumed, the mixture was
quenched with NH4Cl (aq.). The aqueous layer was extracted with ethyl acetate. The combined organic
layers were dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure. After
removal of the solvent in vacuo, the crude material was purified by flash column chromatography on
silica gel to give the desired product 2. A solution of 1-(naphthalen-1-yl) cyclobutan-1-ol (1.0 equiv) in
a water—acetonitrile mixture was stirred in an open reactorat at 0 °C for 60 s. Subsequently, CAN was
added and the mixture was stirred at 0 °C for 60 s. Then, saturated sodium thiosulfate was added to
quench the reaction. Followed, the reaction mixture was extracted with ethyl acetate. Afterwards, the
combined organic phase was dried with sodium sulphate anhydrous, and the solvent was evaporated in
vacuo. The residue was purified by flash column chromatography on silica gel to yield the pure product
3. The desired compound 4 was acquired from 2,3-dihydrophenanthren-4(1H)-one through general

procedure I and V.6

General procedure VII
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A flame-dried two-neck round-bottom flask equipped with stir bar and reflux condenser was
charged with NaH (1.1 equiv) and THF under Ar. 2-methylcyclohexan-1-one (1.0 equiv) was added
and the reaction mixture was refluxed for 1.5 h. HMDS (0.15 equiv) was added and the solution was
refluxed for another 15 min. The reaction mixture was cooled to 0 °C and Mel (1.1 equiv) was added
dropwise. After addition was complete, the reaction mixture was allowed to reach room temperature
and then it was stirred for 3 h. The reaction mixture was evaporated at 20 °C to remove the solvent.
Then to the residue added hydroxylamine hydrochloride, sodium acetate and methanol directly. The
reaction mixture was refluxed for about three hours to afford the desired product 3 by flash column
chromatography on silica gel. The solution of the above oxime (1.0 equiv) in toluene was purged with
N> for 30 min. PPhs (1.2 equiv) in toluene was charged at room temperature. After stirring for 10 min,
benzoic anhydride (1.2 equiv) was added and the reaction heated to reflux. After 16 h, the reaction

mixture was cooled to room temperature and concentrated in vacuo. The residue was mixed with



methanol and excess KoCOs. After 1 h, methanol was removed in vacuo. The residue was dissolved in
EtOAc and washed with brine, concentrated and purified with flash column to afford the target white
solid 4.7-3

General procedure VIII
1
0 o) HN" Ph
Me Me
Mel, TBAS Me General procedure VI Me ‘
48% KOH, THF O
1 2 3

To the mixture of B-tetralone (1.0 equiv), TBAS (0.16 equiv) and methyl iodide (3.0 equiv) in
THF was rapidly added 50% KOH solution in H2O. The reaction mixture became warm and turned
blue. The reaction mixture was stirred for 30 min during which time the color changed from blue to
green and finally light brown. The reaction mixture was poured into water and extracted with EtOAc.
The combined organic layer was washed with sat. NH4Cl (aq.), dried over anhydrous MgSQy, filtered
and evaporated to give a crude oil. The oil was purified by column chromatography using hexane and
ethyl acetate as eluent to give compound 2 as a white solid. The desired product 3 was acquired from
1,1-dimethyl-3,4-dihydronaphthalen-2(1.H)-one through general procedure VIL.°

1b
N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1b)
According to the general procedure 11l and IV, 1b was obtained as a white solid.
'"H NMR (400 MHz, CDCl3) § 8.05 — 7.89 (m, 2H), 7.60 (t, J = 7.3 Hz, 1H), 7.52 (dd, J = 8.3, 6.7 Hz,
2H), 7.37 (s, 1H), 7.24 — 7.09 (m, 4H), 3.07 — 2.87 (m, J = 4.4 Hz, 4H).
3C NMR (101 MHz, CDCl3) 8 165.7, 136.9, 135.0, 133.8, 132.2, 130.8, 128.8, 128.1, 127.6, 127.4,
126.6, 123.3, 98.0, 37.9, 29.6.
HRMS (ESI) calced for [C17H15INO]J", m/z: 376.0193, found: 376.0198.

o]

1c
N-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-methoxybenzamide (1c)
According to the general procedure 11l and IV, 1¢ was obtained as a white solid.
'H NMR (400 MHz, CDCl3) § 7.96 (d, J = 8.4 Hz, 2H), 7.32 (s, 1H), 7.25 — 7.13 (m, 4H), 7.02 (d, J =
8.4 Hz, 2H), 3.91 (s, 3H), 3.00 (q, J= 4.6 Hz, 4H).
13C NMR (101 MHz, CDCl3) 6 165.2, 162.8, 137.1, 135.0, 130.9, 129.4, 128.0, 127.5, 126.6, 126.0,
123.4,114.0, 97.6, 55.5, 37.9, 29.6.



HRMS (ESI) calcd for [Ci1sH17INO2]", m/z: 406.0298, found: 406.0306.

0O

1d

N-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-methylbenzamide (1d)

According to the general procedure 111 and IV, 1d was obtained as a white solid.

'H NMR (400 MHz, CDCl3) § 7.89 (d, J = 7.9 Hz, 2H), 7.38 (s, 1H), 7.33 (d, J = 7.8 Hz, 2H), 7.25 —
7.12 (m, 4H), 3.09 — 2.92 (m, 4H), 2.47 (s, 3H).

13C NMR (101 MHz, CDCl3) 5 165.6, 142.7, 137.0, 135.0, 131.0, 130.8, 129.5, 128.0, 127.5, 127.5,
126.6, 123.4,97.8, 37.9, 29.6, 21.6.

HRMS (ESI) calcd for [Ci1sH17INO]", m/z: 390.0349, found: 390.0358.

4-fluoro-N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1e)

According to the general procedure 11l and IV, 1e was obtained as a white solid.

'H NMR (400 MHz, CDCl3) § 7.96 (dd, J = 8.4, 5.2 Hz, 2H), 7.37 (s, 1H), 7.22 — 7.13 (m, 6H), 3.08 —
2.85 (m, 4H).

13C NMR (101 MHz, CDCl3) 5 164.7, 163.9, 136.8, 135.0, 130.7, 129.9 (d, J = 9.2 Hz), 128.2, 127.6,
126.7,123.2,115.9 (d, J=22.0 Hz), 98.3, 37.9, 29.5.

F NMR (376 MHz, CDCl;) & -106.96.

HRMS (ESI) calcd for [C17H14FINO]", m/z: 394.0099, found: 394.0107.

4-bromo-/N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1f)

According to the general procedure I1I and IV, 1f was obtained as a white solid.

'H NMR (400 MHz, CDCl3)  7.85 (d, J = 8.1 Hz, 2H), 7.67 (t, J = 6.7 Hz, 2H), 7.37 (s, 1H), 7.25 —
7.16 (m, 4H), 3.21 — 2.90 (m, 4H).

13C NMR (101 MHz, CDCl3) § 164.8, 136.7, 135.0, 132.6, 132.1, 131.9, 130.6, 129.0, 128.2, 127.6,
126.7,123.2,98.3, 37.9, 29.5.

HRMS (ESI) calcd for [Ci7H14BrINO]*, m/z: 453.9298, found: 453.9299.



4-iodo-V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1g)

According to the general procedure III and IV, 1g was obtained as a white solid.

'"H NMR (400 MHz, DMSO-dq) 5 9.93 (s, 1H), 7.94 (d, J = 8.1 Hz, 2H), 7.79 (d, J = 8.1 Hz, 2H), 7.26
—7.13 (m, 3H), 7.09 (d, /= 7.5 Hz, 1H), 2.96 (d, /= 7.6 Hz, 2H), 2.90 (d, /= 7.7 Hz, 2H).

13C NMR (101 MHz, DMSO-ds)  164.8, 137.8, 137.4, 135.3, 133.9, 132.3, 130.0, 128.3, 127.9, 127.0,
123.3,101.7,99.9, 37.9, 29.3.

HRMS (ESI) calcd for [C17H131,NNaO]*, m/z: 523.8979, found: 523.8986.

4-(chloromethyl)-NV-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1h)

According to the general procedure I and IV, 1h was obtained as a white solid.

'"H NMR (400 MHz, CDCl3)  8.03 (d, J = 6.1 Hz, 2H), 7.68 — 7.54 (m, 2H), 7.49 (s, 1H), 7.24 (s, 4H),
4.72 (s, 2H), 3.05 (s, 4H).

13C NMR (101 MHz, CDCl3) § 165.1, 141.5, 136.8, 135.0, 133.8, 130.7, 128.9, 128.1, 127.9, 127.6,
126.7,123.3, 98.3, 45.4, 37.9, 29.5.

HRMS (ESI) calcd for [CisH1sCIINO]Y, m/z: 423.9960, found: 423.9966.

0]
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1i
N-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-(trifluoromethyl)benzamide (1i)
According to the general procedure III and IV, 1i was obtained as a white solid.
'H NMR (400 MHz, CDCl) 8 8.09 (d, J = 7.9 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.49 (s, 1H), 7.26 —
6.89 (m, 4H), 3.20 — 2.81 (m, 4H).
13C NMR (101 MHz, CDCl3) § 164.5, 137.1, 136.6, 135.0, 130.6, 128.3, 127.9, 127.7, 126.7, 125.9 (q,
J=3.5Hz), 123.1, 98.8, 37.9, 29.5.
F NMR (376 MHz, CDCl3) & -62.97.
HRMS (ESI) calcd for [Ci1sHi4F3INO]" , m/z: 444.0067, found: 444.0077.

o]

o
oot

1j
N-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-nitrobenzamide (1j)



According to the general procedure I and IV, 1j was obtained as a white solid.

'H NMR (400 MHz, CDCl) 8 8.33 (d, J = 8.4 Hz, 2H), 8.11 (d, J = 8.3 Hz, 2H), 7.48 (s, 1H), 7.25 —
7.09 (m, 4H), 3.04 — 2.94 (m, 4H).

13C NMR (101 MHz, CDCl3) § 163.8, 150.0, 139.3, 136.4, 135.0, 130.4, 128.6, 128.4, 127.8, 126.7,
124.0, 123.0, 99.1, 37.9, 29.5.

HRMS (ESI) calcd for [C17H14IN203]%, m/z: 421.0044, found: 421.0045.

o]

3-bromo-/N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1k)

According to the general procedure Il and IV, 1k was obtained as a white solid.

'H NMR (400 MHz, CDCl3) § 8.19 (s, 1H), 7.97 (d, J = 7.9 Hz, 1H), 7.80 (d, /= 8.0 Hz, 1H), 7.46 (dd,
J=17.7,9.8 Hz, 2H), 7.31 — 7.22 (m, 4H), 3.12 — 3.02 (m, 4H).

13C NMR (101 MHz, CDCl3) 5 164.3, 136.6, 135.8, 135.1, 135.0, 130.7, 130.6, 130.4, 128.2, 127.6,
126.7,125.9,123.2,123.0, 98.6, 37.9, 29.5.

HRMS (ESI) calcd for [Ci7H14BrINO]*, m/z: 453.9298, found: 453.9306.

11
N-(2-iodo-3,4-dihydronaphthalen-1-yl)-3-nitrobenzamide (11)
According to the general procedure III and IV, 11 was obtained as a white solid.
'H NMR (400 MHz, CDCls) & 8.82 (s, 1H), 8.46 (d, J = 8.6 Hz, 1H), 8.33 (d, /= 7.7 Hz, 1H), 7.74 (t,
J=79Hz, 1H), 7.51 (s, 1H), 7.27 — 7.08 (m, 4H), 3.06 — 2.96 (m, 4H).
13C NMR (101 MHz, CDCl:3) 5 163.4, 148.4, 136.4, 135.0, 133.5, 130.5, 130.2, 128.4, 127.7, 126.7,
126.7,123.0, 122.3,99.1, 37.9, 29.5.
HRMS (ESI) calcd for [C17H14IN203]%, m/z: 421.0044, found: 421.0046.

o

Me
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1im
N-(2-iodo-3,4-dihydronaphthalen-1-yl)-3,5-dimethylbenzamide (1m)
According to the general procedure I and IV, 1m was obtained as a white solid.
'"H NMR (400 MHz, CDCl3) & 7.55 (s, 2H), 7.30 (s, 1H), 7.22 — 7.08 (m, 5H), 3.11 - 2.78 (m, J = 4.4
Hz, 4H), 2.39 (s, 6H).
13C NMR (101 MHz, CDCl3) § 166.0, 138.6, 137.0, 135.0, 133.8, 133.8, 130.8, 128.0, 127.5, 126.6,
125.2,123.4,98.0, 37.9, 29.6, 21.3.
HRMS (ESI) calcd for [C19HisINNaO]*, m/z: 426.0325, found: 426.0325.

10
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N-(2-iodo-3,4-dihydronaphthalen-1-yl) propionamide (1n)
According to the general procedure I, 1n was obtained as a white solid.
'H NMR (400 MHz, CDCl3)  7.25 — 7.04 (m, 4H), 6.68 (s, 1H), 3.04 — 2.86 (m, 4H), 2.45 (q, J="7.2
Hz, 2H), 1.30 (t, /= 7.4 Hz, 3H).
13C NMR (101 MHz, CDCl3) § 172.3, 136.8, 135.0, 130.9, 128.0, 127.5, 126.6, 123.2, 98.2, 37.9, 30.0,
29.5,9.9.
HRMS (ESI) calcd for [Ci3H4INNaO]*, m/z: 350.0012, found: 350.0017.

N-(2-iodo-3,4-dihydronaphthalen-1-yl)-2-naphthamide (10)

According to the general procedure I and IV, 10 was obtained as a white solid.

'H NMR (400 MHz, CDCl3) & 8.49 (s, 1H), 8.04 — 7.84 (m, 4H), 7.57 (p, J = 6.8 Hz, 3H), 7.27 — 7.05
(m, 4H), 3.18 —2.72 (m, J = 4.2 Hz, 4H).

13C NMR (101 MHz, CDCl3) 5 165.8, 137.0, 135.1, 135.0, 132.6, 131.0, 130.9, 129.1, 128.8, 128.1,
128.0, 127.8, 127.6, 126.9, 126.7, 123.8, 123.4, 98.2, 37.9, 29.6.

HRMS (ESI) calcd for [CoiHi1sINNaO]*, m/z: 448.0169, found: 448.0186.

0
S NH
\ |
CrYy
1p

N-(2-iodo-3,4-dihydronaphthalen-1-yl)thiophene-2-carboxamide (1p)

According to the general procedure 11l and IV, 1p was obtained as a white solid.

'H NMR (400 MHz, CDCl3) § 7.75 (d, J= 3.7 Hz, 1H), 7.59 (d, J = 5.0 Hz, 1H), 7.32 — 7.14 (m, 4H),
3.26 — 2.68 (m, 4H).

13C NMR (101 MHz, CDCl3) 5 160.1, 138.0, 136.6, 135.0, 131.0, 130.8, 129.4, 128.1, 127.9, 127.5,
126.7,123.4,98.2,37.9, 29.5.

HRMS (ESI) calcd for [C1sH12INNaOS]" , m/z: 403.9576, found: 403.9583.

11



N-(2-iodo-3,4-dihydronaphthalen-1-yl)-2-naphthamide (1q)

According to the general procedure I and IV, 1q was obtained as a white solid.

'"H NMR (400 MHz, CDCl)  8.58 (d, J = 8.1 Hz, 1H), 8.00 (dd, J= 7.2, 4.0 Hz, 2H), 7.92 (d, J = 7.7
Hz, 1H), 7.67 —7.51 (m, 3H), 7.43 — 7.34 (m, 1H), 7.32 - 7.15 (m, 4H), 3.02 (dt, /= 11.0, 5.5 Hz, 4H).
13C NMR (101 MHz, CDCl3) §167.6, 136.7, 135.1, 133.9, 133.4, 131.5, 131.0, 130.5, 128.4, 128.2,
127.7,127.4,126.8, 126.6, 125.8, 125.5, 124.7, 123.1, 99.2, 38.1, 29.6.

HRMS (ESI) calcd for [C21H16sINNaO]", m/z: 448.0169, found: 448.0184.

N-(2-iodo-3,4-dihydronaphthalen-1-yl)cinnamamide (1r)

According to the general procedure 11l and IV, 1r was obtained as a yellow solid.

'H NMR (400 MHz, CDCl3) § 7.81 (d, J= 15.6 Hz, 1H), 7.61 (s, 2H), 7.46 (d, J = 4.6 Hz, 3H), 7.38 (s,
1H), 7.28 (s, 3H), 7.18 (s, 1H), 6.73 (d, J=15.6 Hz, 1H), 3.07 — 2.94 (m, 4H).

13C NMR (101 MHz, CDCl3) 5 164.4, 163.9, 142.9, 136.9, 134.9, 134.6, 130.9, 130.0, 128.9, 128.1,
127.5,126.6, 123.5, 119.8, 98.3, 37.9, 29.5.

HRMS (ESI) calcd for [Ci19HisINNaO]*, m/z: 424.0169, found: 424.0179.

o]

QL

1s
N-(2-bromo-3,4-dihydronaphthalen-1-yl)benzamide (1s)
According to the general procedure III and V, 1s was obtained as a white solid.
'H NMR (400 MHz, CDCl3) § 8.04 — 7.89 (m, 2H), 7.65 — 7.39 (m, 4H), 7.26 — 7.06 (m, 4H), 3.04 —
2.99 (m, 2H), 2.93 — 2.89 (m, 2H).
13C NMR (101 MHz, CDCl3) 5 166.5, 136.9, 134.9, 131.8, 131.7, 128.8, 128.0, 127.7, 127.1, 126.6,
120.6,119.8, 105.1,27.7, 22.3.
HRMS (ESI) calcd for [Ci7HisBrNO]J", m/z: 328.0332, found: 328.0342.

o

@NH

o
MeO O‘

1t

N-(2-iodo-6-methoxy-3,4-dihydronaphthalen-1-yl)benzamide (1t)
According to procedure Il and IV, 1t was obtained as a white solid.
'H NMR (400 MHz, CDCl3) § 7.95 (d, J= 7.5 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.49 (t, J = 7.5 Hz,
2H), 7.33 (s, 1H), 7.10 (d, J= 8.5 Hz, 1H), 6.75 — 6.56 (m, 2H), 3.77 (s, 3H), 2.97 — 2.89 (m, 4H).
13C NMR (101 MHz, CDCl3)  165.6, 159.4, 136.9, 136.6, 133.9, 132.1, 128.8, 127.4, 124.9, 124.0,
113.8,111.2,94.1, 55.3, 37.7, 30.0.
HRMS (ESI) calcd for [Ci1sH17INO2]", m/z: 406.0298, found: 406.0312.
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Me l I |
1u

N-(2-iodo-7-methyl-3,4-dihydronaphthalen-1-yl)benzamide (1u)

According to the general procedure I and IV, 1u was obtained as a white solid.

'"H NMR (400 MHz, CDCl3) § 8.23 (d, J = 7.4 Hz, 2H), 7.89 — 7.71 (m, 3H), 7.62 (s, 1H), 7.33 - 7.16
(m, 3H), 3.19 (dq, J=13.8, 6.8 Hz, 4H), 2.51 (s, 3H).

13C NMR (101 MHz, CDCl3) § 165.7, 136.9, 136.1, 133.9, 132.2, 132.0, 130.7, 128.8, 128.8, 127.5,
123.9,98.5, 38.2,29.2,21.3.

HRMS (ESI) calcd for [Ci1sHisINNaO]*, m/z: 412.0169, found: 412.0171.

o
@NH
Oy

1v

N-(7-fluoro-2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1v)

According to the general procedure III and IV, 1v was obtained as a white solid.

'"H NMR (400 MHz, CDCl3) § 7.96 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.7 Hz,
2H), 7.41 (s, 1H), 7.08 (t, J= 6.9 Hz, 1H), 6.89 (d, J=10.5 Hz, 2H), 3.13 — 2.74 (m, 4H).

13C NMR (101 MHz, CDCls3) § 165.8, 161.8 (d, J = 243.2 Hz), 136.4, 133.5, 132.3, 130.5 (d, J = 2.7

Hz), 128.9, 128.8 (d, J = 8.1 Hz), 127.6, 127.4, 114.5 (d, J = 21.5 Hz), 110.7 (d, J = 23.9 Hz), 99.9,
38.1, 28.8.

F NMR (376 MHz, CDCls) 5 -115.95.
HRMS (ESI) calcd for [C17Hi3FINNaO]*, m/z: 415.9918, found: 415.9926.

(0]
©ANH
Br l I |
1w

N-(7-bromo-2-iodo-3,4-dihydronaphthalen-1-yl)benzamide (1w)

According to the general procedure I1I and IV, 1w was obtained as a white solid.

'H NMR (400 MHz, CDCl3) § 8.00 (d, J= 7.6 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.55 (t, J = 7.6 Hz,
2H), 7.40 (s, 1H), 7.33 (d, J= 6.9 Hz, 2H), 7.03 (d, J = 7.9 Hz, 1H), 3.01 (t, /= 7.9 Hz, 2H), 2.92 (t, J
=7.9 Hz, 2H).

13C NMR (101 MHz, CDCl3) § 165.7, 136.0, 133.8, 133.5, 132.7, 132.3, 130.8, 129.1, 128.9, 127.5,
126.2,120.4, 100.0, 37.8, 29.0.

HRMS (ESI) calcd for [C17H14BrINO]", m/z: 453.9298, found: 453.9308.
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1x
N-(2-iodo-7-nitro-3,4-dihydronaphthalen-1-yl)benzamide (1x)
According to the general procedure I1I and IV, 1x was obtained as a white solid.
'H NMR (400 MHz, CDCls) § 8.08 — 7.93 (m, 4H), 7.62 (t, J = 7.5 Hz, 1H), 7.54 (d, J = 7.4 Hz, 3H),
7.28 (s, 1H), 3.04 (s, 4H).
13C NMR (101 MHz, CDCl3) 5 165.9, 147.2, 142.2, 135.8, 133.2, 132.5, 132.0, 129.0, 128.4, 127.5,
122.8,118.4,100.4,37.2, 29.5.
HRMS (ESI) calcd for [C17H13IN2NaOs]", m/z: 442.9863, found: 442.9863.

N-(3-iodo-2H-chromen-4-yl)benzamide (1y)

According to procedure III and IV, 1y was obtained as a white solid.

'"H NMR (400 MHz, CDCl3) § 7.95 (d, J = 7.6 Hz, 2H), 7.60 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.6 Hz,
2H), 7.28 (s, 1H), 7.20 (td, J= 7.8, 1.6 Hz, 1H), 7.13 (dd, J = 7.7, 1.6 Hz, 1H), 6.97 — 6.79 (m, 2H),
5.04 (s, 2H).

13C NMR (101 MHz, CDCl3) § 165.5, 153.9, 133.5, 132.4, 130.3, 129.5, 128.9, 128.3, 127.5, 123.6,
121.7,116.3, 88.3, 74.1.

HRMS (ESI) calced for [Ci6Hi3INO2]", m/z: 377.9985, found: 377.9995.

(e}
NH

Br

1z
N-(2-bromo-6,6-dimethylcyclohex-1-en-1-yl)benzamide (1z)
According to the general procedure VII and V, 1z was obtained as a white solid.
'H NMR (400 MHz, CDCl;) 5 7.64 (d, J = 8.1 Hz, 2H), 7.35 — 7.28 (m, 1H), 7.24 (t, J = 7.6 Hz, 2H),
6.73 (s, 1H), 2.44 (t, J = 6.2 Hz, 2H), 1.59 (dt, J=12.0, 5.9 Hz, 2H), 1.51 — 1.39 (m, 2H), 0.93 (s, 6H).
13C NMR (101 MHz, CDCl3) § 165.8, 137.4, 134.7, 131.6, 128.6, 127.2, 123.5, 38.6, 38.0, 36.5, 27.2,
20.7.
HRMS (ESI) calcd for [CisHisBrNNaO]*, m/z: 330.0464, found: 330.0470.

0
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N-(3-bromo-1,1-dimethyl-1,4-dihydronaphthalen-2-yl)benzamide (1za)

According to the general procedure VIII and V, 1za was obtained as a yellow solid.

'"H NMR (400 MHz, CDCl;3) § 7.93 — 7.85 (m, 2H), 7.56 — 7.50 (m, 1H), 7.46 (dd, J = 8.2, 6.6 Hz, 2H),
7.36 (dd,J=7.9, 1.4 Hz, 1H), 7.26 — 7.21 (m, 1H), 7.17 (td, J= 7.4, 1.4 Hz, 1H), 7.12 — 7.01 (m, 2H),
4.02 (d, J=2.0 Hz, 2H), 1.49 (s, 6H).

13C NMR (101 MHz, CDCl3) 5 166.2, 141.9, 135.7, 134.5, 131.9, 131.3, 128.7, 127.3, 127.3, 126.9,
126.4, 126.3, 120.6, 42.7, 40.1, 29.0.

HRMS (ESI) calcd for [CioH19BrNO]*, m/z: 356.0645, found: 356.0637.
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3. Experimental Procedure for the Organocatalytic Reactions

|
RS >
i )\( Pi
HN)J\R1 o) N R
L R 10% mol (DHQ),PHAL .
YT + BocO (o} IR
Rz—./ CH4CN, -25°C, 3AMS RZT/
X X
X=0, CH, X=0, CH,
1 2 4

To a reaction tube equipped with a magnetic stir bar was added enamide 1 (0.10 mmol), catalyst 3g
(0.01 mmol) and 3 A MS (40 mg). Then 1.0 mL of CH3CN was added. When the temperature of the
mixture was decreased to -25 °C, achiral MBH carbonate 2 (0.30 mmol) was added and the reaction
mixture was stirred at -25 °C. Upon the reaction completed, the resulting crude residue was purified

directly via column chromatography on silica gel to afford the product.

4ba
tert-butyl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4ba)
According to the general procedure, 4ba was obtained in 83% yield and 96.0:4.0 er as a white solid.
Specific rotation [a]*°p = +36.1 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl3) & 7.43 (d, J = 7.3 Hz, 2H), 7.24 — 7.11 (m, 4H), 7.07 (t, J = 7.7 Hz, 2H),
7.00 (d, J = 8.0 Hz, 1H), 6.30 (d, J = 1.7 Hz, 1H), 6.07 (d, /= 1.7 Hz, 1H), 4.59 (d, J = 14.4 Hz, 1H),
447 (d,J=14.4 Hz, 1H), 2.81 — 2.69 (m, 2H), 2.67 — 2.57 (m, 1H), 2.53 — 2.42 (m, 1H), 1.31 (s, 9H).
13C NMR (101 MHz, CDCl3) 5 170.6, 165.5, 143.2, 136.7, 136.1, 135.9, 132.5, 130.4, 130.2, 128.3,
127.8,127.7,127.3, 127.0, 123.8, 102.5, 80.7, 47.2, 39.0, 29.0, 28.0.
HRMS (ESI) calcd for [C25sH26INNaOs3]", m/z: 538.0850, found: 538.0861.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 95/5, flow rate = 1.0 mL/min,

UV =210 nm, tr = 8.2 min (major), tr = 11.7 min (minor).

4bb
methyl 2-((NV-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bb)
According to the general procedure, 4bb was obtained in 99% yield and 93.5:6.5 er as a white solid.
Specific rotation [a]?’p = +67.7 (¢ = 0.5, CH2Cly)
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'"H NMR (400 MHz, CDCl3) & 7.45 (d, J = 7.6 Hz, 2H), 7.24 — 7.13 (m, 4H), 7.08 (t, J = 7.5 Hz, 2H),
7.04 (d, J=5.8 Hz, 1H), 6.38 (s, 1H), 6.09 (s, 1H), 4.65 (d, J= 14.5 Hz, 1H), 4.41 (d, /= 14.5 Hz, 1H),
3.53 (s, 3H), 2.78 (ddd, /= 31.2, 17.0, 7.2 Hz, 2H), 2.67 — 2.44 (m, 2H).

13C NMR (101 MHz, CDCl3) § 170.6, 166.9, 143.1, 136.1, 136.0, 135.0, 132.3, 131.3, 130.3, 128.4,
127.9,127.8,127.3,127.0, 123.7, 102.8, 51.9, 47.7, 39.0, 29.0.

HRMS (ESI) calcd for [C22H20INNaOs]", m/z: 496.0380, found: 496.0401.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 95/5, flow rate = 1.0 mL/min,
UV =210 nm, tr = 18.0 min (major), tr = 24.3 min (minor).

i
7
HBCAOJ\( 0
N)\@
oYy

4bc
ethyl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bc)
According to the general procedure, 4be was obtained in 99% yield and 95.0:5.0 er as a white solid.
Specific rotation [a]*’p = +149.6 (c = 0.5, CH2Cl,)
'"H NMR (400 MHz, CDCl3) § 7.52 (d, J = 7.3 Hz, 2H), 7.32 — 7.20 (m, 4H), 7.16 (t, J = 7.7 Hz, 2H),
7.12 - 7.08 (m, 1H), 6.45 (d, J= 1.4 Hz, 1H), 6.16 (d, J = 1.4 Hz, 1H), 4.73 (d, J = 14.7 Hz, 1H), 4.52
(d, J=14.4 Hz, 1H), 4.06 (dd, J=7.1, 4.4 Hz, 2H), 2.92 — 2.76 (m, 2H), 2.75 — 2.66 (m, 1H), 2.56 (dt,
J=15.8,6.8 Hz, 1H), 1.19 (t, /= 7.1 Hz, 3H).
13C NMR (101 MHz, CDCl3) § 170.6, 166.4, 143.1, 136.1, 136.0, 135.4, 132.4, 131.0, 130.3, 128.4,
127.8,127.8,127.3,126.9, 123.7, 102.7, 60.9, 47.5, 39.0, 29.0, 14.1.
HRMS (ESI) calcd for [C23H22INNaOs]*, m/z: 510.0537, found: 510.0555.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 95/5, flow rate = 1.0 mL/min,
UV =210 nm, tr = 13.5 min (major), tr = 18.3 min (minor).

SEe

4bd
cyclohexyl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bd)
According to the general procedure, 4bd was obtained in 99% yield and 95.0:5.0 er as a white solid.
Specific rotation [a]*’p = +55.9 (¢ = 0.5, CH2Cly)
'H NMR (400 MHz, CDCl3) § 7.55 — 7.48 (m, 2H), 7.35 — 7.27 (m, 2H), 7.25 — 7.19 (m, 2H), 7.15 (4,
J=1.7Hz, 2H), 7.12 — 7.06 (m, 1H), 6.45 (d, J= 1.6 Hz, 1H), 6.15 (d, /= 1.4 Hz, 1H), 4.73 (d, J =
14.6 Hz, 2H), 4.52 (d, J = 14.4 Hz, 1H), 2.90 — 2.76 (m, 2H), 2.68 (ddd, J = 16.4, 12.5, 5.9 Hz, 1H),
2.62 —2.50 (m, 1H), 1.80 — 1.73 (m, 2H), 1.69 (dd, J = 8.4, 5.7 Hz, 2H), 1.44 — 1.16 (m, 6H).
13C NMR (101 MHz, CDCl3) 5 170.6, 165.8, 143.1, 136.1, 135.8, 132.4, 130.8, 130.3, 128.4, 127.8,
127.8,127.3,126.9, 123.7, 102.7, 100.0, 73.0, 47.3, 39.0, 31.4, 29.1, 25.4, 23.6.
HRMS (ESI) calcd for [C27H2sINNaOs]", m/z: 564.1006, found: 564.1021.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 95/5, flow rate = 1.0 mL/min,
UV =210 nm, tr = 10.3 min (major), tr = 14.5 min (minor).
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benzyl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4be)

According to the general procedure, 4be was obtained in 98% yield and 93.5:6.5 er as a colorless oil.
Specific rotation [a]*°p = +71.6 (¢ = 0.5, CH2Cl»)

'"H NMR (400 MHz, CDCl3) § 7.50 (d, J = 7.4 Hz, 2H), 7.34 — 7.24 (m, 7H), 7.23 — 7.18 (m, 2H), 7.15
(t, J=17.7Hz, 2H), 7.10 — 7.03 (m, 1H), 6.51 (d, J= 1.4 Hz, 1H), 6.22 (d, J= 1.4 Hz, 1H), 5.03 (s, 2H),
4.76 (d,J=14.4 Hz, 1H), 4.53 (d, J= 14.3 Hz, 1H), 2.80 — 2.60 (m, 3H), 2.55 — 2.44 (m, 1H).

13C NMR (101 MHz, CDCl3) § 170.6, 166.3, 143.0, 136.1, 135.9, 135.8, 135.1, 132.3, 131.9, 130.3,
128.5,128.4,128.1,127.9, 127.3, 127.0, 123.7, 102.9, 66.6, 47.5, 38.8, 28.9.

HRMS (ESI) calcd for [C2sH24INNaOs]", m/z: 572.0693, found: 572.0711.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,

UV =210 nm, tr = 7.3 min (major), tr = 9.5 min (minor).

Ph

0
Ph/koj\f 9
/KQ

N

|

4bf
benzhydryl 2-((NV-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bf)
According to the general procedure, 4bf was obtained in 91% yield and 96.0:4.0 er as a white solid.
Specific rotation [a]*’p = +80.8 (¢ = 0.5, CH2Cly)
'H NMR (400 MHz, CDCl3) § 7.50 (d, J = 7.3 Hz, 2H), 7.36 — 7.22 (m, 12H), 7.19 — 7.08 (m, 4H),
7.04 (d, J= 7.3 Hz, 1H), 6.82 (s, 1H), 6.61 (d, /= 1.4 Hz, 1H), 6.25 (d, /= 1.4 Hz, 1H), 4.87 (d, J =
14.3 Hz, 1H), 4.53 (d, J = 14.3 Hz, 1H), 2.64 (dd, J=11.5, 6.5 Hz, 3H), 2.48 — 2.34 (m, 1H).
13C NMR (101 MHz, CDCl3) § 170.7, 165.4, 142.6, 140.2, 140.2, 136.2, 136.0, 135.3, 132.4, 132.1,
130.3, 128.5, 128.5, 128.4, 127.9, 127.9, 127.8, 127.3, 127.3, 127.2, 127.0, 123.6, 103.0, 100.0, 77.6,
46.7, 38.9, 28.8.
HRMS (ESI) calcd for [C34sH2sINNaOs]", m/z: 648.1006, found: 648.1026.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,

UV =210 nm, tr = 7.3 min (major), tr = 8.5 min (minor).

CrrS
*.@

4bg
2-methylbenzyl 2-((N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bg)
According to the general procedure, 4bg was obtained in 96% yield and 95.5:4.5 er as a white solid.
Specific rotation [a]*°p = +99.2 (¢ = 0.5, CH2Cl»)
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'"H NMR (400 MHz, CDCl) 6 7.49 (d, J = 7.2 Hz, 2H), 7.31 — 7.23 (m, 3H), 7.21 (dd, J = 8.9, 4.5 Hz,
3H), 7.18 = 7.12 (m, 4H), 7.10 — 7.02 (m, 1H), 6.51 (s, 1H), 6.23 (s, 1H), 5.05 (s, 2H), 4.75 (d, J= 14.4
Hz, 1H), 4.53 (d, J = 14.4 Hz, 1H), 2.73 (ddd, J = 14.2, 11.2, 6.8 Hz, 1H), 2.62 (dd, J = 11.9, 4.7 Hz,
2H), 2.56 — 2.45 (m, 1H), 2.29 (s, 3H).

13C NMR (101 MHz, CDCl3) 3 170.6, 166.2, 143.0, 137.0, 136.1, 136.0, 135.1, 133.8, 132.3, 131.9,
130.3,129.2, 128.4, 128.4, 127.8, 127.8, 127.3, 126.9, 125.9, 123.7, 102.8, 65.1, 47.5, 38.8, 28.9, 19.0.
HRMS (ESI) calcd for [CaoHasINNaOs]*, m/z: 586.0850, found: 586.0848.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,

UV =210 nm, tg = 7.7 min (major), tr = 10.4 min (minor).

Saad:
*.@

4bh
2-chlorobenzyl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bh)
According to the general procedure, 4bh was obtained in 93% yield and 93.0:7.0 er as a white solid.
Specific rotation [a]*°p = +93.2 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl3) § 7.51 (d, J = 8.5 Hz, 2H), 7.37 — 7.33 (m, 2H), 7.30 — 7.24 (m, 3H), 7.24
—7.19 (m, 3H), 7.16 (t, J = 7.7 Hz, 2H), 7.11 — 7.04 (m, 1H), 6.55 (d, J= 1.4 Hz, 1H), 6.27 (d, J=1.3
Hz, 1H), 5.15 (s, 2H), 4.79 (d, J = 14.4 Hz, 1H), 4.53 (d, J = 14.4 Hz, 1H), 2.82 — 2.62 (m, 3H), 2.52
(dt,J=14.3, 6.0 Hz, 1H).
13C NMR (101 MHz, CDCl3) § 170.6, 166.1, 143.0, 136.2, 135.9, 135.0, 133.6, 133.5, 132.2, 132.1,
130.3,129.7, 129.5, 129.4, 128.4, 127.9, 127.3, 127.0, 126.8, 123.7, 102.8, 63.9, 47.4, 38.9, 28.9.
HRMS (ESI) calcd for [C2sH23CIINNaO3]", m/z: 606.0303, found: 606.0316.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,

UV =210 nm, tr = 7.5 min (major), tr = 10.1 min (minor).

2-bromobenzyl 2-((NV-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bi)
According to the general procedure, 4bi was obtained in 96% yield and 95.0:5.0 er as a white solid.
Specific rotation [0]*’p = +97.9 (¢ = 0.5, CH,Cl,)

'H NMR (400 MHz, CDCl3)  7.51 (d, J = 8.5 Hz, 2H), 7.37 — 7.33 (m, 2H), 7.30 — 7.24 (m, 3H), 7.24
—7.19 (m, 3H), 7.16 (t, J = 7.7 Hz, 2H), 7.11 — 7.04 (m, 1H), 6.55 (d, /= 1.4 Hz, 1H), 6.27 (d,/=1.3
Hz, 1H), 5.15 (s, 2H), 4.79 (d, J = 14.4 Hz, 1H), 4.53 (d, J = 14.4 Hz, 1H), 2.82 — 2.62 (m, 3H), 2.52
(dt,J=14.3, 6.0 Hz, 1H).

13C NMR (101 MHz, CDCl3) 5 170.6, 166.0, 143.0, 136.2, 135.9, 135.2, 135.0, 132.8, 132.2, 130.3,
129.8, 129.6, 128.4,127.9, 127.4, 127.3, 127.0, 123.7, 123.3, 102.8, 66.1, 47.4, 38.9, 28.9.

HRMS (ESI) calcd for [C2sH23BrINNaOs]*, m/z: 649.9798, found: 649.9801.
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HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,

UV =210 nm, tr = 8.1 min (major), tr = 10.8 min (minor).

4bj
4-bromobenzyl 2-((N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bj)
According to the general procedure, 4bj was obtained in 99% yield and 96.0:4.0 er as a white solid.
Specific rotation [a]*’p = +83.5 (¢ = 0.5, CH2Cly)

"H NMR (400 MHz, CDCl3) 6 7.53 — 7.48 (m, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.29 — 7.25 (m, 2H), 7.24
—7.19 (m, 2H), 7.19 — 7.11 (m, 4H), 7.10 — 7.06 (m, 1H), 6.50 (d, J = 1.4 Hz, 1H), 6.23 (d, J= 1.4 Hz,
1H), 4.99 (s, 2H), 4.77 (d, J = 14.4 Hz, 1H), 4.50 (d, J = 14.4 Hz, 1H), 2.80 — 2.61 (m, 3H), 2.58 — 2.46
(m, 1H).

13C NMR (101 MHz, CDCl3) § 170.6, 166.1, 142.9, 136.1, 135.9, 135.0, 134.8, 132.2, 132.1, 131.6,
130.4, 129.9, 128.4,127.9, 127.3, 127.2, 127.0, 123.7, 122.2, 102.8, 65.8, 47.4, 38.9, 28.9.

HRMS (ESI) calcd for [C2sH23BrINNaOs]*, m/z: 649.9798, found: 649.9800.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,

UV =210 nm, tr = 9.0 min (major), tr = 11.1 min (minor).

4bk
furan-2-ylmethyl 2-((V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bk)
According to the general procedure, 4bk was obtained in 96% yield and 95.0:5.0 er as a white solid.
Specific rotation [a]*°p = +99.6 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl3) § 7.55 — 7.47 (m, 2H), 7.42 — 7.34 (m, 1H), 7.32 — 7.26 (m, 2H), 7.24 —
7.20 (m, 2H), 7.18 — 7.08 (m, 3H), 6.48 (d, J = 1.4 Hz, 1H), 6.42 — 6.30 (m, 2H), 6.20 (d, J = 1.3 Hz,
1H), 4.99 (s, 2H), 4.73 (d, /= 14.4 Hz, 1H), 4.48 (d, /= 14.4 Hz, 1H), 2.90 — 2.63 (m, 3H), 2.62 — 2.48
(m, 1H).
13C NMR (101 MHz, CDCl3) § 170.6, 166.0, 149.3, 143.1, 143.0, 136.2, 136.0, 134.9, 132.3, 131.9,
130.3, 128.4, 127.9, 127.8, 127.3, 127.0, 123.7, 110.7, 110.5, 102.9, 58.4, 47.6, 38.9, 29.0.
HRMS (ESI) calcd for [CasH22INNaO4]*, m/z: 562.0486, found: 562.0499.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,
UV =210 nm, tr = 7.2 min (major), tr = 9.3 min (minor).
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thiophen-2-ylmethyl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bl)
According to the general procedure, 4bl was obtained in 84% yield and 93.5:6.5 er as a white solid.
Specific rotation [a]*p = +83.9 (¢ = 0.5, CH2Cly)

'H NMR (400 MHz, CDCl3) § 7.50 (d, J= 7.2 Hz, 2H), 7.30 — 7.24 (m, 3H), 7.24 — 7.18 (m, 2H), 7.15
(t,J=17.7Hz, 2H), 7.11 — 7.06 (m, 1H), 7.02 (d, /= 3.3 Hz, 1H), 6.94 (dd, J = 5.0, 3.5 Hz, 1H), 6.49 (d,
J=1.4Hz, 1H), 6.21 (d, J= 1.3 Hz, 1H), 5.18 (s, 2H), 4.74 (d, J = 14.9 Hz, 1H), 4.50 (d, /= 14.4 Hz,
1H), 2.86 —2.60 (m, 3H), 2.59 — 2.44 (m, 1H).

13C NMR (101 MHz, CDCl3) 5 170.6, 166.1, 143.0, 137.7, 136.1, 135.9, 134.9, 132.3, 132.1, 130.3,
128.4,128.2,127.9,127.3, 127.0, 126.8, 126.8, 123.7, 103.0, 61.0, 47.5, 38.9, 29.0.

HRMS (ESI) calcd for [C26H22INNaOsS]*, m/z: 578.0257, found: 578.0263.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,
UV =210 nm, tr = 7.9 min (major), tr = 10.8 min (minor).
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4bm
adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4bm)
According to the general procedure, 4bm was obtained in 97% yield and 97.5:2.5 er as a white solid.
Specific rotation [a]*°p = +42.5 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl3) § 7.50 (d, J = 7.3 Hz, 2H), 7.33 — 7.29 (m, 1H), 7.29 — 7.20 (m, 3H), 7.15
(t,J=7.7Hz, 2H), 7.09 (d, J = 6.4 Hz, 1H), 6.37 (d, J = 1.7 Hz, 1H), 6.10 (d, /= 1.7 Hz, 1H), 4.67 (d,
J=14.4 Hz, 1H), 4.53 (d, J= 14.4 Hz, 1H), 2.91 — 2.78 (m, 2H), 2.76 — 2.64 (m, 1H), 2.61 — 2.49 (m,
1H), 2.12 (s, 3H), 2.04 (d, J=2.9 Hz, 6H), 1.63 (s, 6H).
13C NMR (101 MHz, CDCl3) § 170.6, 165.2, 143.1, 136.8, 136.2, 135.9, 132.5, 130.3, 130.2, 128.3,
127.8,127.7,127.3,127.0, 123.8, 102.7, 80.8, 47.1, 41.2, 39.0, 36.2, 30.8, 29.1.
HRMS (ESI) calcd for [C31H32INNaOs]", m/z: 616.1319, found: 616.1340.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 95/5, flow rate = 1.0 mL/min,
UV =210 nm, tr = 9.3 min (major), tr = 13.1 min (minor).
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4c
adamantan-1-yl 2-((V-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-methoxybenzamido)methyl)acrylate (4c)
According to the general procedure, 4c was obtained in 81% yield and 95.0:5.0 er as a white solid.
Specific rotation [a]*°p = +30.8 (¢ = 0.5, CH:Cl»)
'H NMR (400 MHz, CDCl3) 4 7.51 (d, J= 8.9 Hz, 2H), 7.35 — 7.28 (m, 1H), 7.23 (dd, J= 5.8, 2.1 Hz,
2H), 7.15 = 7.09 (m, 1H), 6.68 (d, J = 8.9 Hz, 2H), 6.36 (d, J = 1.8 Hz, 1H), 6.09 (d, J = 1.6 Hz, 1H),
4.65 (d, J=14.5 Hz, 1H), 4.47 (d, J = 14.5 Hz, 1H), 3.75 (s, 3H), 2.97 — 2.80 (m, 2H), 2.79 — 2.68 (m,
1H), 2.65 —2.58 (m, 1H), 2.13 (s, 3H), 2.05 (d, /= 2.9 Hz, 6H), 1.63 (s, 6H).
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13C NMR (101 MHz, CDCl3) 3 170.1, 165.3, 161.1, 143.3, 136.8, 136.1, 132.4, 130.1, 129.9, 128.4,
128.3,127.8,127.1, 123.8, 112.6, 102.5, 80.7, 55.2,47.2, 41.1, 39.1, 36.2, 30.8, 29.1.

HRMS (ESI) calcd for [C32H34INNaO4]*, m/z: 646.1425, found: 646.1443.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 90/10, flow rate = 1.0 mL/min,
UV =210 nm, tr = 10.4 min (major), tr = 23.8 min (minor).
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4d
adamantan-1-yl 2-((V-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-methylbenzamido)methyl)acrylate (4d)
According to the general procedure, 4d was obtained in 72% yield and 95.5:4.5 er as a white solid.
Specific rotation [a]*°p = +32.7 (¢ = 0.5, CH2Cl»)
'H NMR (400 MHz, CDCl3) 6 7.42 (d, J = 8.1 Hz, 2H), 7.34 — 7.29 (m, 1H), 7.25 — 7.17 (m, 2H),
7.13 -7.08 (m, 1H), 6.95 (d, J=7.9 Hz, 2H), 6.36 (d, /= 1.7 Hz, 1H), 6.09 (d, /= 1.7 Hz, 1H), 4.65 (d,
J=14.5 Hz, 1H), 4.50 (d, J = 14.5 Hz, 1H), 2.93 — 2.78 (m, 2H), 2.77 — 2.66 (m, 1H), 2.64 — 2.52 (m,
1H), 2.26 (s, 3H), 2.12 (s, 3H), 2.04 (d, J= 5.0 Hz, 6H), 1.63 (s, 6H).
13C NMR (101 MHz, CDCl3) § 170.6, 165.3, 143.2, 140.3, 136.8, 136.0, 133.3, 132.5, 130.2, 128.3,
128.0,127.9, 127.7, 127.0, 123.9, 102.6, 80.7, 47.2, 41.1, 39.0, 36.2, 30.8, 29.1, 21.4.
HRMS (ESI) calcd for [C32H34INNaOs]", m/z: 630.1476, found: 630.1484.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 90/10, flow rate = 1.0 mL/min,

UV =210 nm, tr = 7.5 min (major), tr = 10.5 min (minor).
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4e
adamantan-1-yl 2-((4-fluoro-N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4e)
According to the general procedure, 4e was obtained in 99% yield and 95.5:4.5 er as a white solid.
Specific rotation [0]*’p = +53.3 (¢ = 0.5, CH,Cl,)
'H NMR (400 MHz, CDCl3) § 7.52 (dd, J= 8.7, 5.5 Hz, 2H), 7.29 (d, J = 9.2 Hz, 1H), 7.23 (dd, J =
5.6,3.2 Hz, 2H), 7.14 - 7.08 (m, 1H), 6.84 (t, /= 8.7 Hz, 2H), 6.36 (d, /= 1.7 Hz, 1H), 6.08 (d, /= 1.6
Hz, 1H), 4.67 (d, J = 14.4 Hz, 1H), 4.49 (d, J = 14.3 Hz, 1H), 2.94 — 2.80 (m, 2H), 2.77 — 2.65 (m, 1H),
2.64 —2.53 (m, 1H), 2.12 (s, 3H), 2.03 (d, /= 6.0 Hz,, 6H), 1.63 (s, 6H).
13C NMR (101 MHz, CDCl3) § 169.5, 165.2, 163.7 (d, J = 250.0 Hz), 143.0, 136.7, 136.0, 132.3,
130.4, 130.1 (d, J=8.7 Hz), 128.5, 127.9, 127.1, 123.7, 114.4 (d, /= 21.7 Hz), 102.8, 100.0, 80.8, 47.2,
41.2,39.0,36.2,30.8, 29.1.
F NMR (376 MHz, CDCl;) 5 -109.66.
HRMS (ESI) calcd for [C31H31FINNaO;]*, m/z: 634.1225, found: 634.1224.
HPLC analysis: Daicel Chiralpak AD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,
UV =210 nm, tg = 9.5 min (minor), tr = 14.7 min (major).
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4f
adamantan-1-yl 2-((4-bromo-/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4f)
According to the general procedure, 4f was obtained in 97% yield and 96.5:3.5 er as a white solid.
Specific rotation [0]*p = +62.0 (¢ = 0.5, CH2Cl,)
'H NMR (400 MHz, CDCl3)  7.39 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 2.0 Hz, 1H), 7.28 (t, /= 2.0 Hz,
1H), 7.27 (d, J = 5.3 Hz, 1H), 7.26 — 7.20 (m, 2H), 7.15 — 7.08 (m, 1H), 6.36 (d, J = 1.7 Hz, 1H), 6.07
(d,J=1.6 Hz, 1H), 4.66 (d, J = 14.3 Hz, 1H), 4.49 (d, J= 14.3 Hz, 1H), 2.98 — 2.79 (m, 2H), 2.71 (ddd,
J=16.5,12.6, 6.0 Hz, 1H), 2.58 (dt, J=15.9, 7.0 Hz, 1H), 2.12 (s, 3H), 2.04 (d, /= 3.0 Hz, 6H), 1.63
(s, 6H).
13C NMR (101 MHz, CDCl3) § 169.5, 165.1, 142.8, 136.6, 136.0, 135.1, 132.2, 130.5, 129.4, 128.5,
127.9,127.1, 124.7, 123.7, 103.1, 80.9, 47.1, 41.2, 39.0, 36.2, 30.8, 29.0.
HRMS (ESI) calcd for [C31H3:BrINOs]", m/z: 672.0605, found: 672.0605.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 19.0 min (major), tr = 22.1 min (minor).
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4g
adamantan-1-yl 2-((4-iodo-N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4g)
According to the general procedure, 4g was obtained in 95% yield and 98.5:1.5 er as a white solid.
Specific rotation [a]*°p = +49.9 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl) 6 7.51 (d, J = 8.5 Hz, 2H), 7.31 — 7.25 (m, 2H), 7.23 (dd, J = 6.4, 2.5 Hz,
3H), 7.14 — 7.08 (m, 1H), 6.36 (d, /= 1.7 Hz, 1H), 6.07 (d, J = 1.7 Hz, 1H), 4.65 (d, J = 14.3 Hz, 1H),
448 (d,J=14.3 Hz, 1H), 2.96 — 2.79 (m, 2H), 2.71 (ddd, J=16.5, 12.7, 6.0 Hz, 1H), 2.58 (dt, J= 16.0,
6.9 Hz, 1H), 2.12 (s, 3H), 2.03 (d, /= 2.9 Hz, 6H), 1.63 (s, 6H).
13C NMR (101 MHz, CDCl3) § 169.7, 165.1, 142.7, 136.6, 136.5, 136.0, 135.7, 132.2, 130.5, 129.4,
128.5,127.9,127.1,123.7, 103.1, 97.0, 80.8, 47.1, 41.1, 39.0, 36.2, 30.8, 29.0.
HRMS (ESI) calcd for [C31H321oNOs3]", m/z: 720.0466, found: 720.0477.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV
=210 nm, tr = 20.6 min (major), tr = 26.0 min (minor).
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adamantan-1-yl 2-((4-(chloromethyl)-/V-(2-iodo-3,4-dihydronaphthalen-1-
yDbenzamido)methyl)acrylate (4h)

According to the general procedure, 4h was obtained in 64% yield and 97.5:2.5 er as a white solid.
Specific rotation [a]*°p = +50.9 (¢ = 0.5, CH2Cl»)

'"H NMR (400 MHz, CDCl) 6 7.50 (d, J = 8.2 Hz, 2H), 7.33 — 7.28 (m, 1H), 7.23 (dd, J = 6.0, 2.6 Hz,
2H), 7.18 (d, J = 8.2 Hz, 2H), 7.13 — 7.07 (m, 1H), 6.37 (d, /= 1.7 Hz, 1H), 6.09 (d, J = 1.6 Hz, 1H),
4.66 (d, J=14.4 Hz, 1H), 4.55 — 4.45 (m, 3H), 2.91 — 2.79 (m, 2H), 2.69 (ddd, J = 16.7, 12.4, 5.9 Hz,
1H), 2.56 (dt, J=14.1, 6.9 Hz, 1H), 2.13 (s, 3H), 2.04 (s, 6H), 1.63 (s, 6H).

13C NMR (101 MHz, CDCl3) § 170.0, 165.2, 142.9, 139.3, 136.7, 136.2, 136.0, 132.4, 130.4, 128.4,
128.2,127.8,127.4,127.1, 123.8, 102.9, 80.8, 47.1, 45.6, 41.2, 39.0, 36.2, 30.8, 29.1.

HRMS (ESI) calcd for [C32H33CIINNaO3]*", m/z: 664.1086, found: 664.1095.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,
UV =210 nm, tr = 6.5 min (major), tr = 8.1 min (minor).
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4i
adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-
(trifluoromethyl)benzamido)methyl)acrylate (4i)
According to the general procedure, 4i was obtained in 63% yield and 96.5:3.5 er as a white solid.
Specific rotation [a]*°p = +47.6 (¢ = 0.5, CH,Cl»)
'"H NMR (400 MHz, CDCl3) § 7.62 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.33 — 7.28 (m, 1H),
7.27 —7.20 (m, 2H), 7.14 - 7.07 (m, 1H), 6.38 (d, /= 1.7 Hz, 1H), 6.09 (d, /= 1.6 Hz, 1H), 4.70 (d, J =
14.2 Hz, 1H), 4.53 (d, J = 14.2 Hz, 1H), 2.92-2.80 (m, 2H), 2.75 — 2.62 (m, 1H), 2.60 — 2.49 (m, 1H),
2.13 (s, 3H), 2.04 (d, J=2.9 Hz, 6H), 1.63 (s, 6H).
3C NMR (101 MHz, CDCl3) § 169.2, 165.1, 142.5, 139.6, 136.5, 136.0, 132.2, 131.8 (d, J = 32.6 Hz),
130.7, 128.6, 128.0, 128.0, 127.1, 124.3 (q, J = 3.4 Hz), 123.6, 103.3, 80.9, 47.1, 41.2, 38.9, 36.2, 30.8,
29.0.
YF NMR (376 MHz, CDCl;) & -62.88.
HRMS (ESI) calcd for [C3,H31F3INNaOs]*, m/z: 684.1193, found: 684.1200.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 50/10, flow rate = 1.0 mL/min, UV

=210 nm, tr = 14.8 min (major), tr = 19.7 min (minor).
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adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)-4-nitrobenzamido)methyl)acrylate (4j)
According to the general procedure, 4j was obtained in 86% yield and 97.5:2.5 er as a white solid.
Specific rotation [a]*°p = +47.7 (¢ = 0.5, CH2Cl»)
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'H NMR (400 MHz, CDCl:) & 8.02 (d, J = 8.8 Hz, 2H), 7.66 (d, J = 8.8 Hz, 2H), 7.28 (dt, J= 7.0, 4.0
Hz, 2H), 7.26 — 7.21 (m, 1H), 7.16 — 7.07 (m, 1H), 6.38 (d, /= 1.7 Hz, 1H), 6.08 (d, J = 1.6 Hz, 1H),
4.72 (d, J = 14.1 Hz, 1H), 4.54 (d, J = 14.1 Hz, 1H), 2.96 — 2.79 (m, 2H), 2.76 — 2.62 (m, 1H), 2.62 —
2.49 (m, 1H), 2.13 (s, 3H), 2.04 (d, J= 3.0 Hz, 6H), 1.63 (s, 6H).

13C NMR (101 MHz, CDCl:3) 5 168.4, 165.0, 148.5, 142.3, 142.2, 136.4, 135.9, 132.0, 131.0, 128.8,
128.7,128.1, 127.2, 123.5, 122.5, 103.6, 81.0, 47.1, 41.2, 38.9, 36.2, 30.8, 28.9.

HRMS (ESI) calcd for [C31H31IN2NaOs]", m/z: 661.1170, found: 661.1183.

HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 26.1 min (minor), tr = 29.7 min (major).

adamantan-1-yl 2-((3-bromo-/V-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4k)
According to the general procedure, 4k was obtained in 91% yield and 95.5:4.5 er as a white solid.
Specific rotation [0]*p = +32.3 (¢ = 0.5, CH2Cly)

'H NMR (400 MHz, CDCl3) § 7.70 (t, J= 1.6 Hz, 1H), 7.38 (dd, J = 15.9, 7.9 Hz, 2H), 7.26 — 7.19 (m,
3H), 7.13 = 7.07 (m, 1H), 7.00 (t, /= 7.9 Hz, 1H), 6.37 (d, J = 1.7 Hz, 1H), 6.08 (d, J = 1.6 Hz, 1H),
4.71 — 4.51 (m, 2H), 2.91 — 2.80 (m, 2H), 2.79 — 2.66 (m, 1H), 2.65 — 2.52 (m, 1H), 2.12 (s, 3H), 2.03
(d,J=2.9 Hz, 6H), 1.63 (t, J= 3.0 Hz, 6H).

13C NMR (101 MHz, CDCl3) 5 168.9, 165.1, 142.8, 137.9, 136.6, 135.9, 133.1, 132.3, 131.3, 130.6,
128.8, 128.5,127.8, 127.1, 125.9, 123.6, 121.3, 103.0, 80.9, 47.2, 41.1, 39.0, 36.2, 30.8, 29.0.

HRMS (ESI) calcd for [C31H31BrINNaOs]*, m/z: 694.0424, found: 694.0427.

HPLC analysis: Daicel Chiralpak AD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,
UV =210 nm, tr = 10.4 min (minor), tr = 12.2 min (major).

adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)-3-nitrobenzamido)methyl)acrylate (41)
According to the general procedure, 41 was obtained in 95% yield and 95.0:5.0 er as a white solid.
Specific rotation [0]*p = +61.1 (¢ = 0.5, CH,Cl,)

'H NMR (400 MHz, CDCl3) 5 8.43 (t, /= 1.9 Hz, 1H), 8.18 — 8.10 (m, 1H), 7.81 (d, J = 7.9 Hz, 1H),
7.35(t,J=8.0 Hz, 1H), 7.28 (s, 1H), 7.27 - 7.21 (m, 2H), 7.16 — 7.06 (m, 1H), 6.39 (d, /= 1.7 Hz, 1H),
6.10 (d,J=1.6 Hz, 1H), 4.71 (d, J=14.1 Hz, 1H), 4.57 (d, /= 14.1 Hz, 1H), 2.95 - 2.79 (m, 2H), 2.77
—2.49 (m, 2H), 2.13 (s, 3H), 2.03 (d, /= 3.1 Hz, 6H), 1.63 (t, J = 3.0 Hz, 6H).

13C NMR (101 MHz, CDCl3) 8 167.9, 165.0, 147.2, 142.4, 137.7, 136.4, 135.9, 133.4, 131.9, 131.0,
128.8,128.4,128.0, 127.2, 124.9, 123.5, 123.3, 103.6, 81.0, 47.2,41.2, 39.0, 36.2, 30.8, 29.0.

HRMS (ESI) calcd for [C31H32IN205]", m/z: 639.1350, found: 639.1352.
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HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 23.8 min (minor), tr = 27.5 min (major).
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4m
adamantan-1-yl 2-((V-(2-iodo-3,4-dihydronaphthalen-1-yl)-3,5-dimethylbenzamido)methyl)acrylate
(4m)
According to the general procedure, 4m was obtained in 65% yield and 96.5:3.5 er as a white solid.
Specific rotation [0]*p = +72.4 (¢ = 0.5, CH2Cly)
'H NMR (400 MHz, CDCl3) § 7.36 — 7.24 (m, 2H), 7.23 — 7.15 (m, 2H), 7.06 (d, J = 6.8 Hz, 2H), 6.89
(s, 1H), 6.38 (d, J= 1.7 Hz, 1H), 6.10 (d, J = 1.7 Hz, 1H), 4.60 (q, J = 14.6 Hz, 2H), 2.89 — 2.65 (m,
3H), 2.58 —2.47 (m, 1H), 2.12 (s, 9H), 2.03 (d, J= 3.0 Hz, 6H), 1.62 (d, /= 3.1 Hz, 6H).
13C NMR (101 MHz, CDCl3) § 171.0, 165.2, 143.6, 136.9, 136.6, 135.9, 135.7, 132.9, 131.7, 130.1,
128.2,127.5,126.8, 125.5, 123.9, 102.3, 80.8, 47.3, 41.1, 39.1, 36.2, 30.8, 29.1, 21.1.
HRMS (ESI) calcd for [C33H36INNaOs]*, m/z: 644.1632, found: 644.1626.
HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,
UV =210 nm, tr = 4.3 min (major), tr = 5.7 min (minor).
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adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)propionamido)methyl)acrylate (4n)
According to the general procedure, 4n was obtained in 41% yield and 84.0:16.0 er as a white solid.
Specific rotation [a]?’p = +50.7 (¢ = 0.5, CH2Cly)
'H NMR (400 MHz, CDCl3) § 7.26 — 7.07 (m, 3H), 6.97 (d, J = 7.8 Hz, 1H), 6.23 (d, /= 1.8 Hz, 1H),
592 (d, J=1.8 Hz, 1H), 4.52 (d, /= 13.9 Hz, 1H), 4.36 (d, /= 13.9 Hz, 1H), 3.02 (q, J = 2.9, 2.5 Hz,
2H), 2.10 (s, 3H), 1.96 (d, J=2.9 Hz, 6H), 1.61 (t,J=3.0 Hz, 6H), 1.11 (t,J = 7.4 Hz, 3H).
13C NMR (101 MHz, CDCl3) § 173.8, 165.1, 142.5, 137.3, 135.6, 131.9, 130.5, 128.4, 127.7, 127.1,
123.1, 103.8, 80.6, 46.2, 41.1, 38.8, 36.2, 30.8, 29.4, 27.1, 9.4.
HRMS (ESI) calcd for [C27H3:INNaOs]*, m/z: 568.1319, found: 568.1313.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 14.2 min (minor), tr = 18.9 min (major).
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adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)-2-naphthamido)methyl)acrylate (40)
According to the general procedure, 40 was obtained in 73% yield and 98.0:2.0 er as a white solid.
Specific rotation [a]*p = +68.4 (¢ = 0.5, CH2Cly)

"H NMR (400 MHz, CDCls) § 8.04 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 6.2 Hz, 3H), 7.45 —
7.34 (m, 3H), 7.27 (d, J = 6.6 Hz, 1H), 7.20 (t, J = 6.8 Hz, 1H), 7.05 (d, J = 7.3 Hz, 1H), 6.40 (d, J =
1.7 Hz, 1H), 6.15 (d, /= 1.6 Hz, 1H), 4.71 (d, J = 14.4 Hz, 1H), 4.61 (d, J = 14.4 Hz, 1H), 2.89 — 2.72
(m, 2H), 2.69 — 2.56 (m, 1H), 2.53 — 2.42 (m, 1H), 2.12 (s, 3H), 2.05 (d, J = 3.0 Hz, 6H), 1.62 (d, J =
3.0 Hz, 6H).

13C NMR (101 MHz, CDCl3) § 170.6, 165.3, 143.3, 136.8, 135.9, 134.0, 133.4, 132.6, 132.0, 130.4,
128.8, 128.4,128.1, 127.8, 127.5, 127.1, 127.1, 126.9, 126.1, 125.1, 123.9, 103.0, 80.8, 47.3, 41.2, 39.0,
36.2,30.8, 29.1.

HRMS (ESI) calcd for [C3sH34INNaOs3]", m/z: 666.1476, found: 666.1482.

HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 60/40, flow rate = 1.0 mL/min, UV

=210 nm, tr = 17.5 min (major), tr = 20.5 min (minor).

adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)thiophene-2-
carboxamido)methyl)acrylate (4p)

According to the general procedure, 4p was obtained in 93% yield and 86.5:13.5 er as a white solid.
Specific rotation [0]*p = -28.8 (¢ = 0.5, CH2Cly)

'"H NMR (400 MHz, CDCl3) § 7.51 (d, J = 4.4 Hz, 1H), 7.33 (d, J = 4.9 Hz, 1H), 7.24 — 7.19 (m, 1H),
7.18 — 7.09 (m, 3H), 6.88 (dd, J = 5.0, 3.8 Hz, 1H), 6.30 (d, J = 1.8 Hz, 1H), 6.06 (d, J = 1.7 Hz, 1H),
4.64 — 4.52 (m, 2H), 3.15 — 2.87 (m, 3H), 2.82 — 2.69 (m, 1H), 2.12 (s, 3H), 2.01 (d, J = 3.0 Hz, 6H),
1.62 (t,J=3.1 Hz, 6H).

13C NMR (101 MHz, CDCl3) § 165.1, 162.6, 142.5, 137.0, 136.7, 135.8, 132.2, 131.9, 130.9, 130.8,
128.5,127.8,127.1, 126.6, 123.9, 105.5, 100.0, 80.7, 47.5, 41.1, 39.2, 36.2, 30.8, 29.2.

HRMS (ESI) calcd for [C29H30INNaO3S]*, m/z: 622.0883, found: 622.0880.

HPLC analysis: Daicel Chiralpak AS, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tg = 5.5 min (major), tr = 7.7 min (minor).

@Oif Sy

4q
adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)-1-naphthamido)methyl)acrylate (4q)
According to the general procedure, 4q was obtained in 67% yield and 99.0:1.0 er as a white solid.
Specific rotation [a]?p = +20.0 (¢ = 0.5, CH2Cly)
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'H NMR (400 MHz, CDCls) § 8.30 (d, J = 8.4 Hz, 1H), 7.91 (dd, J = 13.4, 8.3 Hz, 1H), 7.66 (d, J =
8.1 Hz, 2H), 7.46 — 7.35 (m, 3H), 7.12 (d, J = 7.7 Hz, 1H), 6.97 (dd, J = 5.3, 3.4 Hz, 2H), 6.90 — 6.80
(m, 1H), 6.47 (d, /= 1.8 Hz, 1H), 6.25 (d, /= 1.7 Hz, 1H), 4.91 (d, /= 14.2 Hz, 1H), 4.79 (d, J = 14.2
Hz, 1H), 2.81 (td, J = 10.9, 5.5 Hz, 1H), 2.76 — 2.66 (m, 1H), 2.56 (dt, J = 14.1, 6.9 Hz, 1H), 2.43 —
2.35 (m, 1H), 2.10 (s, 3H), 2.00 (d, /= 2.9 Hz, 6H), 1.61 (d, J = 3.0 Hz, 6H).

13C NMR (101 MHz, CDCl3) 5 169.9, 165.2, 143.5, 137.4, 135.3, 133.5, 132.8, 132.6, 131.0, 130.8,
130.0, 128.0, 127.9, 127.2, 127.1, 126.6, 126.2, 125.8, 124.0, 123.9, 123.4, 102.2, 80.9, 47.2, 41.1, 39.2,
36.1,30.8, 29.1.

HRMS (ESI) calcd for [C3sH34INNaOs]*, m/z: 666.1476, found: 666.1479.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,

UV =210 nm, tr = 5.7 min (major), tr = 6.8 min (minor).
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adamantan-1-yl 2-((/V-(2-iodo-3,4-dihydronaphthalen-1-yl)cinnamamido)methyl)acrylate (4r)
According to the general procedure, 4r was obtained in 75% yield and 78.0:22.0 er as a white solid.
Specific rotation [0]*p = -19.6 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl3) § 7.82 (d, J = 15.4 Hz, 1H), 7.36 (dd, J = 6.5, 3.1 Hz, 2H), 7.32 — 7.27 (m,
3H), 7.25 - 7.11 (m, 3H), 7.04 (d, /= 7.7 Hz, 1H), 6.44 (d, J = 15.4 Hz, 1H), 6.25 (d, J = 1.8 Hz, 1H),
5.97 (d, J= 1.7 Hz, 1H), 4.53 (s, 2H), 3.24 — 2.96 (m, 3H), 2.86 — 2.68 (m, 1H), 2.12 (s, 3H), 2.01 (d, J
=2.9 Hz, 6H), 1.62 (t, /= 3.0 Hz, 6H).
13C NMR (101 MHz, CDCl3) § 166.3, 165.1, 143.3, 142.0, 137.1, 135.7, 135.3, 132.2, 130.4, 129.6,
128.7,128.5, 128.0, 127.6, 127.2, 123.3, 118.5, 104.2, 80.8, 46.2, 41.1, 39.0, 36.2, 30.8, 29.5.
HRMS (ESI) calcd for [C33H34INNaOs]*, m/z: 642.1476, found: 642.1486.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 13.6 min (minor), tr = 18.6 min (major).
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4s

adamantan-1-yl 2-((/V-(2-bromo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate (4s)
According to the general procedure, 4s was obtained in 74% yield and 91.0:9.0 er as a white solid.
Specific rotation [a]*°p = +45.3 (¢ = 0.5, CH:Cly)

'H NMR (400 MHz, CDCl3) 8 7.50 — 7.45 (m, 2H), 7.30 (dd, J = 12.6, 7.5 Hz, 2H), 7.26 — 7.20 (m,
2H), 7.15 (t, J = 7.7 Hz, 2H), 7.09 (d, J = 7.2 Hz, 1H), 6.34 (d, J = 1.6 Hz, 1H), 6.05 (d, J = 1.6 Hz,
1H), 4.74 (d, J = 14.5 Hz, 1H), 4.44 (d, J = 14.5 Hz, 1H), 2.99 — 2.81 (m, 1H), 2.75 — 2.51 (m, 3H),
2.13 (s, 3H), 2.05 (d, J= 2.6 Hz, 6H), 1.62 (s, 6H).

28



13C NMR (101 MHz, CDCl3) 3 170.9, 165.2, 137.7, 136.8, 136.2, 135.3, 132.5, 130.1, 129.8, 128.2,
127.8,127.3,127.3,127.1, 124.8, 123.6, 80.8, 46.9, 41.1, 36.2, 34.4, 30.8, 28.6.

HRMS (ESI) calcd for [C31H3:BrNNaQOs]*, m/z: 568.1458 found: 568.1459.

HPLC analysis: Daicel Chiralpak OD-H, hexane/isopropyl alcohol = 15/1, flow rate = 1.0 mL/min,

UV =210 nm, tr = 8.2 min (major), tr = 11.9 min (minor).

G 5

4t
adamantan-1-yl 2-((/NV-(2-iodo-6-methoxy-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate
(4t)
According to the general procedure, 4t was obtained in 94% yield and 98.0:2.0 er as a white solid.
Specific rotation [a]*°p = +58.8 (¢ = 0.5, CH2Cl»)
'H NMR (400 MHz, CDCl;) § 7.52 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 7.9 Hz, 1H), 7.24 (d, J = 8.6 Hz,
1H), 7.16 (t, J = 7.4 Hz, 2H), 6.74 (d, J = 8.6 Hz, 1H), 6.65 (s, 1H), 6.36 (d, J = 1.5 Hz, 1H), 6.09 (s,
1H), 4.65 (d, J = 14.4 Hz, 1H), 4.52 (d, J = 14.4 Hz, 1H), 3.80 (s, 3H), 2.88 — 2.74 (m, 2H), 2.65 (ddd,
J=16.9,12.3, 5.8 Hz, 1H), 2.52 (dt, J = 15.0, 6.7 Hz, 1H), 2.13 (s, 3H), 2.05 (d, J = 2.8 Hz, 6H), 1.64
(t, J=2.9 Hz, 6H).
13C NMR (101 MHz, CDCl3) 5 170.5, 165.2, 159.5, 142.8, 137.9, 136.8, 136.2, 130.2, 130.2, 127.8,
127.2,125.7,125.4,114.0, 111.5, 99.0, 80.8, 55.3, 47.1, 41.2, 38.8, 36.2, 30.8, 29.5.
HRMS (ESI) calcd for [C3:H34INNaO4]*, m/z: 646.1425 found: 646.1440.
HPLC analysis: Daicel Chiralpak AD-H, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min,
UV =210 nm, tr = 15.0 min (minor), tr = 18.3 min (major).
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4u
adamantan-1-yl 2-((/V-(7-methyl-2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate
(4u)
According to the general procedure, 4u was obtained in 57% yield and 89.5:10.5 er as a white solid.
Specific rotation [a]*°p = +61.6 (¢ = 0.5, CH,Cl»)
'"H NMR (400 MHz, CDCl3) § 7.51 (d, J = 7.1 Hz, 2H), 7.29 (d, J = 7.4 Hz, 1H), 7.16 (t, J = 7.7 Hz,
2H), 7.11 (s, 1H), 7.00 (q, J = 7.6 Hz, 2H), 6.38 (d, /= 1.7 Hz, 1H), 6.12 (d, /= 1.7 Hz, 1H), 4.73 (d, J
= 14.4 Hz, 1H), 4.46 (d, J = 14.4 Hz, 1H), 2.88 — 2.74 (m, 2H), 2.73 — 2.60 (m, 1H), 2.57 — 2.46 (m,
1H), 2.33 (s, 3H), 2.12 (s, 3H), 2.03 (d, J=2.9 Hz, 6H), 1.62 (t, /= 3.0 Hz, 6H).
13C NMR (101 MHz, CDCl3) § 170.5, 165.2, 143.1, 136.9, 136.5, 136.2, 133.0, 132.2, 130.3, 130.2,
128.9,127.8,127.6, 127.2, 124.5, 102.7, 80.7,47.1, 41.1, 39.2, 36.2, 30.8, 28.7, 21.4.
HRMS (ESI) calcd for [C3:H34INNaOs]*, m/z: 630.1476, found: 630.1472.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tg = 13.5 min (major), tr = 14,8 min (minor).
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adamantan-1-yl 2-((/V-(7-fluoro-2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate
4v)

According to the general procedure, 4v was obtained in 91% yield and 95.5:4.5 er as a white solid.
Specific rotation [a]*’p = +73.7 (¢ = 0.5, CH2Cly)

'H NMR (400 MHz, CDCl3) § 7.52 — 7.45 (m, 2H), 7.29 (d, J = 7.4 Hz, 1H), 7.17 (t, J = 7.6 Hz, 2H),
7.06 — 6.98 (m, 2H), 6.88 (td, J = 8.3, 2.6 Hz, 1H), 6.39 (d, /= 1.7 Hz, 1H), 6.14 (d, J = 1.6 Hz, 1H),
4.61 (s, 2H), 2.89 — 2.81 (m, 1H), 2.80 — 2.66 (m, 2H), 2.59 — 2.46 (m, 1H), 2.13 (s, 3H), 2.04 (d, J =
2.9 Hz, 6H), 1.62 (d, J = 3.0 Hz, 6H).

13C NMR (101 MHz, CDCl3) 6 170.5, 165.2, 161.8 (d, J = 243.9 Hz), 142.6, 136.8, 136.0, 134.3 (d, J
=7.4 Hz), 131.3 (d, J = 3.1 Hz), 130.7, 130.3, 129.0 (d, J = 7.9 Hz), 127.6, 127.3, 114.8 (d, J=21.4
Hz), 111.1 (d, J=24.0 Hz), 104.3, 80.9, 47.0, 41.1, 39.2, 36.2, 30.8, 28.2.

F NMR (376 MHz, CDCl;) 5 -114.73.

HRMS (ESI) calcd for [C31H31FINNaOs]*, m/z: 634.1225 found: 634.1214.

HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 13.8 min (major), tr = 21.8 min (minor).
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4w
adamantan-1-yl 2-((/V-(7-bromo-2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate
(4w)
According to the general procedure, 4w was obtained in 87% yield and 95.0:5.0 er as a white solid.
Specific rotation [a]*°p = +52.3 (¢ = 0.5, CH,Cly)
'"H NMR (400 MHz, CDCls) § 7.50 — 7.45 (m, 2H), 7.41 (d, J = 1.8 Hz, 1H), 7.33 — 7.27 (m, 2H), 7.18
(t, J=7.6 Hz, 2H), 6.95 (d, J = 8.0 Hz, 1H), 6.41 (d, J = 1.7 Hz, 1H), 6.19 (d, /= 1.6 Hz, 1H), 4.66 (d,
J=14.3 Hz, 1H), 4.54 (d, J = 14.2 Hz, 1H), 2.89 — 2.66 (m, 3H), 2.57 — 2.45 (m, 1H), 2.12 (s, 3H),
2.03 (d, J=2.9 Hz, 6H), 1.63 (d, J=3.1 Hz, 6H).
13C NMR (101 MHz, CDCl3) 5 170.4, 165.2, 142.2, 136.8, 135.9, 134.7, 134.3, 131.0, 130.8, 130.3,
129.3,127.6, 127.4, 126.7, 120.6, 104.2, 80.9, 47.0, 41.1, 38.8, 36.2, 30.8, 28.5.
HRMS (ESI) calcd for [C31H31BrINNaOs]*, m/z: 694.0424 found: 694.0412.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV
=210 nm, tg = 12.2 min (major), tr = 16.6 min (minor).
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4x
adamantan-1-yl 2-((/V-(2-iodo-7-nitro-3,4-dihydronaphthalen-1-yl)benzamido)methyl)acrylate
(4x)
According to the general procedure, 4x was obtained in 98% yield and 94.0:6.0 er as a white solid.
Specific rotation [a]*°p = +32.1 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl) § 8.13 (d, J = 2.1 Hz, 1H), 8.04 (dd, J=8.2,2.1 Hz, 1H), 7.46 (d,J=7.3
Hz, 2H), 7.29 (d, J= 7.5 Hz, 1H), 7.23 (d, /= 8.3 Hz, 1H), 7.16 (t, /= 7.7 Hz, 2H), 6.45 (d, J= 1.6 Hz,
1H), 6.30 (d, J= 1.6 Hz, 1H), 4.68 (d, /= 14.2 Hz, 1H), 4.58 (d, /= 14.3 Hz, 1H), 2.99 — 2.89 (m, 2H),
2.79 (dt, J=12.2, 6.2 Hz, 1H), 2.67 (td, J = 13.7, 8.4 Hz, 1H), 2.10 (s, 3H), 1.95 (d, /= 2.8 Hz, 6H),
1.60 (t, J= 3.2 Hz, 6H).
13C NMR (101 MHz, CDCl3) 5 170.4, 165.3, 147.2, 143.0, 142.2, 136.7, 135.8, 133.8, 131.2, 130.4,
128.6, 127.5, 122.9, 118.6, 105.4, 80.9, 46.9, 41.1, 38.4, 36.1, 30.8, 29.0.
HRMS (ESI) calcd for [C31H32IN205]", m/z: 639.1350 found: 639.1348.
HPLC analysis: Daicel Chiralpak AS, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 6.6 min (major), tr = 9.2 min (minor).

adamantan-1-yl 2-((/V-(3-iodo-2 H-chromen-4-yl)benzamido)methyl)acrylate (4y)

According to the general procedure, 4y was obtained in 95% yield and 95.5:4.5 er as a white solid.
Specific rotation [a]*p = +16.0 (¢ = 0.5, CH:Cl»)

'H NMR (400 MHz, CDCl3) § 7.56 — 7.50 (m, 2H), 7.31 (t, J= 7.4 Hz, 1H), 7.26 — 7.15 (m, 4H), 6.99
(t,J=7.6 Hz, 1H), 6.81 (d, J= 7.5 Hz, 1H), 6.39 (d, J = 1.7 Hz, 1H), 6.12 (d, /= 1.6 Hz, 1H), 4.84 (d,
J=14.5 Hz, 1H), 4.67 (dd, J = 30.6, 14.4 Hz, 2H), 4.49 (d, J = 14.3 Hz, 1H), 2.12 (s, 3H), 2.06 — 1.98
(m, 6H), 1.63 (t, J=3.0 Hz, 6H).

13C NMR (101 MHz, CDCl3) § 170.4, 165.0, 154.5, 141.4, 136.6, 135.7, 130.9, 130.6, 130.5, 127.8,
127.5,123.9,122.0, 121.5, 116.5, 92.0, 81.0, 74.8, 46.8, 41.0, 36.2, 30.8.

HRMS (ESI) caled for [C30H30INNaO4]*, m/z: 618.1112, found: 618.1104.

HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tg = 22.5 min (major), tr = 26.2 min (minor).
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4z
adamantan-1-yl 2-((/V-(2-bromo-6,6-dimethylcyclohex-1-en-1-yl)benzamido)methyl)acrylate (4z)
According to the general procedure, 4z was obtained in 37% yield and 77.0:23.0 er as a colorless oil at
-10 °C.
Specific rotation [0]*p = -9.6 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl3) § 7.62 (d, J = 8.0 Hz, 2H), 7.40 — 7.31 (m, 3H), 6.37 (s, 1H), 5.79 (s, 1H),
4.81 (d, J=17.3 Hz, 1H), 4.03 (d, J = 17.3 Hz, 1H), 2.64 (t, J= 6.3 Hz, 2H), 2.17 (s, 9H), 1.78 (d, J =
11.2 Hz, 2H), 1.68 (s, SH), 1.41 (dt, J = 8.5, 4.7 Hz, 1H), 1.30 (d, J = 15.3 Hz, 2H), 1.05 (s, 3H), 0.47
(s, 3H).
13C NMR (101 MHz, CDCl3) § 170.6, 165.2, 147.1, 137.0, 136.5, 130.0, 128.1, 127.7, 126.7, 125.1,
81.1,52.7,41.3, 39.5, 39.1, 37.0, 36.2, 30.9, 28.4, 27.5, 20.2.
HRMS (ESI) calcd for [C20H36BrNNaQOs]*, m/z: 548.1771 found: 548.1763.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 16.5 min (minor), tr = 20.5 min (major).

4za
adamantan-1-yl 2-((/V-(3-bromo-1,1-dimethyl-1,4-dihydronaphthalen-2-
yl)benzamido)methyl)acrylate (4za)
According to the general procedure, 4za was obtained in 77% yield and 90.5:9.5 er as a colorless oil at
-10 °C.
Specific rotation [0]*p = -38.5 (¢ = 0.5, CH2Cly)
'"H NMR (400 MHz, CDCl3) § 7.58 — 7.53 (m, 2H), 7.24 — 7.10 (m, 6H), 7.06 (d, J = 7.2 Hz, 1H), 6.40
(d, /=13 Hz, 1H), 5.96 (d, /= 1.5 Hz, 1H), 4.67 (d, /= 16.3 Hz, 1H), 4.39 (d, /= 16.3 Hz, 1H), 3.97
(d, J=20.9 Hz, 1H), 3.80 (d, /= 21.0 Hz, 1H), 2.16 (s, 3H), 2.13 (d, J = 2.8 Hz, 6H), 1.66 (d, J=3.2
Hz, 6H), 1.39 (s, 3H), 1.06 (s, 3H).
13C NMR (101 MHz, CDCl3) § 170.8, 165.3, 145.6, 144.1, 136.5, 136.2, 132.4, 130.2, 128.3, 128.1,
127.6,127.3,127.1, 126.1, 124.6, 123.9, 81.1, 51.0, 43.8, 41.3, 41.1, 36.2, 30.9, 29.7, 26.1.
HRMS (ESI) calcd for [C33H37BrNOs]Y, m/z: 574.1951 found: 574.1946.
HPLC analysis: Daicel Chiralpak AD-H, hexane/isopropyl alcohol = 90/10, flow rate = 1.0 mL/min,

UV =210 nm, tr = 8.2 min (major), tr = 9.8 min (minor).
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4. Large Scale Experiment

o ( ; Q )\(
NH CO,Ad 10 mol% (DHQ),PHAL
+ BOCO/\W
Br O‘ | CH3CN, -25°C, 3AMS “/

1f, 1 mmol 2m, 3 mmol 4f, 0.63 g, 94% yield, 96.0:4.0 e.r.

To a 100 mL round-bottom flask equipped with a magnetic stir bar was added achiral MBH
carbonate 2m (3 mmol), enamide 1f (1 mmol) and 3 A MS (400 mg). Then the solvent CH;CN (10 mL)
was added. When the temperature of the mixture was decreased to -25 °C, biscinchona alkaloid 3g was
added and the reaction mixture was stirred at -25 °C. Upon the reaction completed, the mixture was
extracted with DCM and concentrated under reduced pressure. The resulting crude residue was purified

via flash column chromatography on silica gel to afford the product 4f (0.63 g, 94% yield, 96.0:4.0 e.r.).

5. Experimental Procedure for the Transformation of Axially Chiral

Enamides
B4 Byp,
)\(*@ h

. 92% yield, 1.4:1d.r.,
4,96.0:4.0er. 95.5:4.5 e.r./95.0:5.0 e.r.

To a vial containing the compound 4f (0.10 mmol) was added the freshly prepared CH2N> ether
solution (1.0 mL). Then the reaction mixture was stirred at 25 °C for less than 10 min on a magnetic
stirrer. Upon the reaction completed, the resulting crude residue was purified directly via column

chromatography on silica gel to afford the desired product 5 as a white solid.
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adamantan-1-yl 3-((4-bromo-N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)-4,5-
dihydro-3H-pyrazole-3-carboxylate (5)

Specific rotation [a]*°p = +59.6 (¢ = 0.5, CH2Cl»)

'"H NMR (400 MHz, CDCl;3) § 7.41 — 7.26 (m, 7H), 7.20 (dd, J = 8.7, 5.1 Hz, 1H), 5.38 — 4.58 (m, 2H),
4.58 —3.75 (m, 2H), 3.36 — 2.66 (m, 3H), 2.66 — 2.07 (m, 7H), 1.96 (s, 5H), 1.63 (d, /= 26.0 Hz, 6H).
13C NMR (101 MHz, CDCl3) § 170.6, 166.8, 142.7, 137.3, 134.6, 131.6, 130.5, 129.6, 128.8, 127.2,
125.3,123.8,104.7, 100.5, 83.0, 79.6, 50.2, 40.9, 39.5, 36.0, 30.8, 28.9, 26.0, 25.4.
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HRMS (ESI) calcd for [C32H33BrIN3NaOs]*, m/z: 736.0642 found: 736.0658.
HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 50/50, flow rate = 1.0 mL/min, UV

=210 nm, tr = 12.3 min (minor), tr = 20.3 min (minor), tr = 41.1 min (major), tr = 51.4 min (major).

TR
Z 0 cl
0)\( | < N NEt,
N * N _—
| DCM
O‘ "

4f 96.0:4.0 er.

74% yield, 1.4:1 d.r.,
93.56.5er./93.56.5er.

The compound 4f (0.10 mmol) and nitrilimine (0.15 mmol, 1.5 equiv) were dissolved in
dichloromethane (1.0 mL), and then Et;N (0.15 mmol, 1.5 equiv) was added. After stirring at room
temperature for 3 h, the mixture was purified by flash column chromatography on silica gel to furnish

the desired product 6 as a white solid.'°

adamantan-1-yl 5-((4-bromo-N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)methyl)-1,3-
diphenyl-4,5-dihydro-1H-pyrazole-5-carboxylate (6)

Specific rotation [0]*p = -8.4 (¢ = 0.5, CH,Cl,)

'H NMR (400 MHz, CDCl3) § 7.71 (dd, J = 37.3, 8.4 Hz, 2H), 7.43 — 7.33 (m, 5H), 7.29 — 7.17 (m,
4H), 7.05 (dd, J = 7.4, 2.7 Hz, 1H), 6.97 — 6.62 (m, 6H), 5.17 (dd, J = 52.7, 15.3 Hz, 1H), 4.61 — 4.21
(m, 1H), 4.20 — 4.03 (m, 1H), 3.67 (dd, J=47.1, 17.8 Hz, 1H), 2.63 — 1.98 (m, 7H), 1.93 - 1.76 (m, 6H),
1.53 (d, J=19.5 Hz, 6H).

13C NMR (101 MHz, CDCl3) 5 171.1, 170.4, 147.7, 144.5, 142.7, 138.0, 134.5, 133.0, 131.8, 130.6,
130.4, 128.6, 128.5, 128.3, 128.0, 127.2, 126.0, 125.7, 124.8, 124.2, 119.8, 114.6, 104.5, 82.7, 72.7,
49.2,44.6,40.9,39.4, 36.0, 30.8, 28 .4.

HRMS (ESI) calcd for [C44H41BrIN3NaOs]", m/z: 888.1268 found: 888.1274.

HPLC analysis: Daicel Chiralpak IC, hexane/isopropyl alcohol = 75/25, flow rate = 1.0 mL/min, UV

=210 nm, tr = 4.9 min (major), tr = 6.1 min (minor), tr = 8.8 min (major), tr = 9.7 min (minor).

A N

O,
=~

° 1 D il
KMnO,4, TEBAC o)

N N

| ' | Br Acetone | I | Br

O ‘ O ‘ 7

. 46% yield, >19:1 d.r.
4f,96.0:4.0 err. . ;
96.0:4.0 e 96.0:4.0 e.r.
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TEBAC (0.12 mmol, 1.2 equiv) and KMnOg4 (0.12 mmol, 1.2 equiv) were mixed in acetone (1.0
mL), and the mixture was stirred at rt for 3 h then cooled to 0 °C. The compound 4f (0.10 mmol) was
added to the solution while the internal temperature was kept at 5 °C or below. After stirring for a
further 30 min, the mixture was purified by flash column chromatography on silica gel to acquire the

desired product 7 as a white solid.!!

Byt
e

N

I Br

,
adamantan-1-yl 3-(4-bromo-/N-(2-iodo-3,4-dihydronaphthalen-1-yl)benzamido)-2-hydroxy-2-
(hydroxymethyl)propanoate (7)
Specific rotation [a]*°p = +23.7 (¢ = 0.5, CH2Cl»)
'"H NMR (400 MHz, CDCl3) § 7.40 — 7.28 (m, 5H), 7.28 — 7.22 (m, 2H), 7.13 (d, J= 6.3 Hz, 1H), 4.42
(s, 1H), 4.23 (d, J= 14.2 Hz, 1H), 3.83 (d, J = 14.3 Hz, 1H), 3.75 — 3.67 (m, 2H), 2.99 — 2.84 (m, 2H),
2.75-2.67 (m, 1H), 2.66 — 2.54 (m, 1H), 2.23 — 1.98 (m, 9H), 1.64 (s, 6H).
13C NMR (101 MHz, CDCl3) § 171.7, 143.2, 136.4, 134.2, 131.5, 130.6, 129.7, 128.8, 128.0, 127.1,
125.2,124.0, 102.5, 83.1, 77.8, 66.7, 52.5, 41.0, 39.4, 36.1, 30.9, 28.9.
HRMS (ESI) calcd for [C31H34BrINOs]", m/z: 706.0660 found: 706.0677.
HPLC analysis: Daicel Chiralpak IF, hexane/isopropyl alcohol = 50/50, flow rate = 1.0 mL/min, UV =

210 nm, tr = 12.4 min (major), tr = 15.0 min (minor).
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6. The Racemization Experiments

Barriers to racemization of 4¢

Fractions collected and racemized by incubation at 40 °C in isopropyl alcohol.

@xf :

iPrOH ?
st St
313.15K
I OCHj OCH;
single enatiomer racemic
t/(s) er M/P (1+(M/P))/(1-(M/P)) In
0 91.212:8.788 0.09635 1.21324 0.19329
2100 84.818:15.182 0.17900 1.43604 0.32444
4200 79.686:20.314 0.25493 1.68430 0.44919
6300 75.683:24.317 0.32130 1.94681 0.57393
8400 71.879:28.121 0.39123 2.28530 0.69867

1
Kent = E Krac

0.74

0.6

0.54

0.4+

In[(1-+-M/P)/(1-M/P)]

0.34

0.24

R*=0.99986

y =6.00114E-5x + 0.19586

o4

ken = 5 slope =3.00057x10°

AG;=1In

x

T T
2000 4000
t/s

) RT=103.97 kJ mol!
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Barriers to racemization of 4d

Fractions collected and racemized by incubation at 40 °C in isopropyl alcohol.

: RS
>
0)\( 2 iProH OJ\f Q
/K@ 313.15K /\Q
DS DO

single enatiomer racemic

t/(s) er M/P [1+(M/P)]/[1-(M/P)] In

0 93.670:6.330 0.06758 1.14495 0.13536
900 92.289:7.711 0.08355 1.18234 0.16750
1800 90.714:9.286 0.10237 1.22808 0.20545
2700 89.273:10.727  0.12016 1.27314 0.24149
3600 87.722:12.278 0.13996 1.32549 0.28178
4500 86.267:13.733 0.15919 1.37866 0.32111
5400 84.746:15.254  0.18000 1.43901 0.36396
6300 83.636:16.364  0.19566 1.48650 0.39643

1
Kent = E Krac

0.40

y =4.2289E-5x + 0.13092
0.35

R*=0.99881

o

w

=}
1

In[(1+M/P)/(1-M/P)]

o

i

o
1

0.15

0.10 T T T T T T T 1
-1000 0 1000 2000 3000 4000 5000 6000 7000

t/s

ken = 5 slope = 2.11445x10°

AG;=1In

x

) RT = 104.85 kJ mol’!
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Barriers to racemization of 4f
Fractions collected and racemized by incubation at 40 °C in isopropyl alcohol.

@o)\f @o /Olﬁ&

o
| iPrOH
N)\Q
313.15K
coy T ®

single enatiomer racemic

t/(s) er M/P [1+(M/P)]/[1-(M/P)] In

0 93.031:6.969 0.07491 1.16195 0.15010
1800 91.731:8.269 0.09014 1.19815 0.18078
3600 90.046:9.954 0.11054 1.24856 0.22199
5400 88.524:11.476 0.12964 1.29789 0.26074
7200 87.062:12.938 0.14861 1.34909 0.29943
9000 85.792:14.208 0.16561 1.39696 0.33430
10800 84.336:15.664 0.18573 1.45620 0.37583

0.40

y =2.07408E-5x +0.14962
0.35

R’ =0.99941

0.30

0.25

In[(1+-M/P)/(1-M/P)]

0.20

0.15

T T T T T T 1
0 2000 4000 6000 8000 10000 12000
t/s

1
Kent = E Krac

ken = 5 slope = 1.03704x10°

AG.=Tn ) RT=106.71 kJ mol"!

x

38



Barriers to racemization of 4i
Fractions collected and racemized by incubation at 40 °C in isopropyl alcohol.

@ IO @ i
Z 0 o
0)\( | /PrOH o |
313.15K
‘ | CF3 O‘ | CF;

single enatiomer racemic
t/(s) er M/P [1+(M/P)]/[1-(M/P)] In

0 94.603:5.397 0.05705 1.12100 0.11422
1200 93.853:6.147 0.06550 1.14017 0.13118
2400 93.009:6.991 0.07516 1.16255 0.15061
3600 92.257:7.743 0.08393 1.18324 0.16825
4800 91.453:8.547 0.09346 1.20619 0.18746
6000 90.698:9.302 0.10256 1.22856 0.20584
7200 90.144:9.856 0.10934 1.24552 0.21955
9000 89.298:10.702  0.11985 1.27233 0.24085

0.26

0.24

y = 1.437E-5x + 0.11582

0.22
R”=0.99599

o

N

=]
1

0.16

In[(1-+-M/P)/(1-M/P)]

0.14

0.12

0.10

T T T T )
0 2000 4000 6000 8000 10000
t/s

kent = % krac
ken = 5 slope =7.185x 100

AG*=1n

) RT = 107.66 kJ mol!

x
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Barriers to racemization of 4j
Fractions collected and racemized by incubation at 40 °C in isopropyl alcohol.

@ I @ i
Z 0 o]

0)\( | /PrOH o |
N)\g\ N)\@\
313.15K

O‘ | e O‘ | "

single enatiomer racemic
t/(s) er M/P [1+(M/P)]/[1-(M/P)] In

0 97.013:2.987 0.03079 1.06354 0.06160
2400 96.067:3.933 0.04094 1.08538 0.08193
4800 95.099:4.901 0.05154 1.10867 0.10316
7200 93.742:6.258 0.06676 1.14307 0.13371
9600 92.840:7.160 0.07712 1.16713 0.15455
12000 91.680:8.320 0.09075 1.19962 0.18200

0.20 4

0.18
y = 1.01243E-5x + 0.05875

0187 R®=0.99564

0.14

In[(1I+M/PY/(1-M/P)]

0.10

0.08

0.06

T T T T T T T
0 2000 4000 6000 8000 10000 12000
t/s

kenl = g krac
kon= 3 slope = 5.06215x 10

AGH=1n

) RT = 108.57 kJ mol! = 25.94 kcal/mol

x
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Barriers to racemization of 41
Fractions collected and racemized by incubation at 40 °C in isopropyl alcohol.

S s
X S 3
N)\Q iPrOH N/\@
' NO, 31315 K ' NO,

single enatiomer racemic

t/(s) er M/P [1+(M/P)]/[1-(M/P)] In

0 94.991:5.009 0.05273 1.11133 0.10556
2400 93.526:6.474 0.06922 1.14874 0.13866
4800 92.262:7.738 0.08387 1.18310 0.16813
7200 91.301:8.699 0.09528 1.21062 0.19114
9600 89.945:10.055 0.11179 1.25172 0.22452
12000 89.128:10.872 0.12198 1.27786 0.24518

0.26 -

0.24
y=1.1651E-5 x + 0.10896

0.22+ R?=0.99502

0.20

o

e

[}
L

0.16

In[(1+-M/P)/(1-M/P)]

0.14 4

0.12 1

0.10 1

T T T T T T T
0 2000 4000 6000 8000 10000 12000
t(s)

kent = g krac
kent = gslope =5.8255%10

AG,=Tn (—

) RT=108.21 kJ mol! = 25.85 kcal/mol
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Barriers to racemization of 4bm
Fractions collected and racemized by incubation at 40 °C in isopropyl alcohol.

@oiq

e O
A5 T LT

single enatiomer racemic

t/(s) er M/P [1+(M/P)]/[1-(M/P)] In
0 82.495:17.505  0.21220 1.53870 0.43094
1200 81.319:18.681 0.22973 1.59651 0.46782
2400 80.054:19.946  0.24916 1.66370 0.50904
3600 73.839:21.161 0.26840 1.73370 0.55026
4800 77.675:22.325  0.28741 1.80666 0.59148
6000 76.558:23.442  0.30620 1.88268 0.63270

1
kent = 5 krac

0.65

y =3.38331E-5x + 0.42887
0.60

R’ =0.99961

o
13
@

In[(1+M/P)/(1-M/P)]

0.45

0.40

T T T T T T T
0 1000 2000 3000 4000 5000 6000
t/s

ko= 3 slope = 1.691655x10°

AG*=1n

x

) RT=105.39 kJ mol
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Barriers to racemization of 4n
Fractions collected and racemized by incubation at 60 °C in isopropyl alcohol.

@ I @ i
Z 0 o)
o 0
)\( M e, /PrOH )k( A ens
N N
| 333.15K |

single enatiomer racemic

t/(s) er M/P [1+(M/P)]/[1-(M/P)] In
0 81.994:18.006 0.21960 1.56279 0.44647
1500 81.890:18.110 0.22115 1.56789 0.44973
3000 81.788:18.212 0.22267 1.57292 0.45293
4500 81.605:18.395 0.22542 1.58203 0.45871
6000 81.387:18.613 0.22870 1.59302 0.46563
7500 81.322:18.688 0.22980 1.59674 0.46802
9000 81.149:18.851 0.23230 1.60519 0.47324
10500 81.054:18.946 0.23375 1.61010 0.47630
12000 80.857:19.143 0.23675 1.62038 0.48266
13500 80.721:19.279 0.23883 1.62755 0.48708
15000 80.625:19.375 0.24031 1.63265 0.49021
16500 80.506:19.494 0.24214 1.63902 0.49410

0.50

0494 y =2.99339E-6x + 0.44573

R’ =0.99537

In[(1+M/P)/(1-M/P)]

o

»

[}
1

0.45

0.44 T T T T T T T T T 1
2000 O 2000 4000 6000 8000 10000 12000 14000 16000 18000

t/s

1
kent = E krac

k= 5 slope = 1.496695x10°

AGL=1In ) RT = 119.06 kJ mol! = 28.44 kcal/mol’!

x
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Barriers to racemization of 4za
Fractions collected and racemized by incubation at 80 °C in isopropyl alcohol.

RS IR
7
e s
PrOH
N)K@ iPro| N)KQ
I Br ' Br

353.15K
® o
single enatiomer racemic

t/(s) er M/P [1+(M/P)]/[1-(M/P)] In

0 88.687:11.313  0.12756 1.29242 0.25652
720  78.761:21.239 0.26966 1.73847 0.55300
1440  69.985:30.015 0.42888 2.50188 0.91704
2160  64.644:35.356 0.54693 3.41437 1.22800
2880 61.157:38.843 0.63514 4.48149 1.49996
3600 58.113:41.887 0.72079 6.16295 1.81856
4320  56.129:43.871 0.78161 8.15794 2.09899

2.0
y =4.28643E-4x + 0.27014

R?=0.99851

In[(1-M/P)/(1-M/P)]

o
o
1

0.0 T T T T T 1
0 1000 2000 3000 4000 5000

1
kent = 5 krac

kon= 3 slope =2.14315x10*

AGL=1In ) RT = 111.80 kJ mol! =26.71 kcal/mol!

x
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The linear relationship between rotational barriers and Hammett constant ¢

109

y =4.23215x + 105.41236

- =
108 4 R*=0.97821

107

(kJ/mol)

106
§

AG

105

104 4

-0.4 -0I.2 070 0!2 of4 016 0.8
Hammett substituent constant o

Proposed transition state

e

n—7 interaction

’
A Ad/omk\o
FETT o

o
% hindered

favored disfavored
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7. X-Ray Crystallographic Data

The X-ray single crystal structure of 4j
Crystal data and structure refinement for r20211010b

Identification code r20211010b

Empirical formula C31H31IN205

Formula weight 638.48

Temperature/K 113.15

Crystal system monoclinic

Space group P21/c

a/A 9.2462(3)

b/A 13.0571(3)

c/A 23.0265(7)

o/° 90

pre 96.045(3)

v/° 90

Volume/A3 2764.50(14)

4 4

pcalcg/cm? 1.534

wmm'! 1.202

F(000) 1296.0

Crystal size/mm? 0.22 x0.17 x 0.13
Radiation MoKoa (A= 0.71073)

20 range for data collection/° 4.732 t0 52.744

Index ranges -10<h<11,-16<k<16,-28<1<28
Reflections collected 20680

Independent reflections 5642 [Rint = 0.0452, Rgigma = 0.0392]
Data/restraints/parameters 5642/0/353
Goodness-of-fit on F? 1.061

Final R indexes [[>=2c (I)] R1=10.0377, wR>=0.0785
Final R indexes [all data] R1=0.0461, wR2 = 0.0829
Largest diff. peak/hole / e A7 1.96/-0.69
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The X-ray single crystal structure of 4f

Crystal data and structure refinement for r20210720b.

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

a/lA

b/A

c/A

o/°

pre

/e

Volume/A3

Z

pcalcg/cm?

wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®
Index ranges

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

Final R indexes [[>=20c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A7

r20210720b

C31H31BrINO3

672.38

113.15

triclinic

P-1

14.3867(9)

14.4019(8)

16.0728(8)

82.079(4)

69.450(5)

61.749(6)

2745.2(3)

4

1.627

2.655

1344.0

0.22 x0.2 x0.16

MoKoa (A= 0.71073)
3.212 to 65.876

21 <h<21,-21<k<21,-24<1<24
41517

18410 [Rine = 0.0847, Rsigma = 0.1339]
18410/0/667

0.987

R =0.0568, wR2=0.0907
Ri=0.1171, wR>,=0.1145
1.43/-1.16
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8. NMR Spectra and HPLC Spectra of Products
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Peak# Ret. Time Area Height Area % Height %
1 8.167 4956443 183443 96.142 96.642
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Peak# Ret. Time Area Height Area % Height %
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1 17.961 85801074 1317153 93.500 93.997
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Totall 91766226 1401269 100.000 100.000
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Totall 30042185 694340 100.000 100.000

93



mV

] Det.A Ch1
400+
4 ©
1 8
) O%: i
300+
] “C 3 :
4 <
i N)\Q &
N 4bd
100+
o Y A
— — ——— ——T —— T —— ——— T — T
0.0 29 5.0 V] 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.568 10672618 306536 49.857 57.111
2 14.788 10733885 230205 50.143 42.889
Totall 21406503 536741 100.000 100.000
mV
A Det.A Ch1
1000
] &
] W .
] _ o) 2
7504 0)\( |
o N
] I
CO
] 4bd
250+
] 3
i =
' k3
& T
—7 7 T T T T — —T
0.0 25 5.0 7.5 10.0 12.5 15. 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
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1 7.239 12157855 612969 49.961 58.262
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Total 24334668 1052086 100.000 100.000
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1 7.690 7767541 341350 50.686 60.491
2 10.307 7557418 222950 49.314 39.509
Total 15324960 564300 100.000 100.000
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1 7531 25022812 1076487 93.124 95.216
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1 8.516 13128361 468635 49.672 59.648
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1 8.121 12325105 500871 94.790 96.082
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Total 13002548 521296 100.000 100.000
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1 7.512 22480977 878244 49.483 55.552
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1 8.020 20442078 879980 49316 58.292
2 10.856 21008827 629623 50.684 41.708
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1 7.942 25450563 1075426 93.440 94.968
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Total 27237372 1132405 100.000 100.000
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Total| 10569224 288654 100.000 100.000
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2 5.680 442484 28333 3.435 2.833
Totall 12880718 1000212 100.000 100.000

114



™V 4000

| Det.A Ch1
-1 n
. o 3
1 b4
750 e} (?
j )\/CHB
& N
] | =
CO
] 4n
250
0 - Lo 4
e — — 77— ‘ -
0 5 10 15 20 25
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
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1 5474 12699639 619157 50431 70.926
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Total 18688113 804746 100.000 100.000
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1 5.733 6947378 292159 50.155 68.167
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2 11.863 3044193 89910 8.929 7.430
Totall 34093226 1210126 100.000 100.000
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Total| 17616123 464454 100.000 100.000
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1 13.392 4619669 157222 49.582 51.028
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Total 9317210 308111 100.000 100.000
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1 13.472 24339482 795675 89.493 89.390
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1 13.293 22681704 800333 49.584 66.068
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Total 45744335 1211385 100.000 100.000
mV
200 DetA Chi
1 w
1500-| Q P 5
4 o«
] o)\( Q =
g N
1000i E |
500 4v
] e
o i )
T T
— T — r — — T
0 5 10 15 20 25
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 13.816 43108935 1308226 95.566 97.479
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Totall 45108999 1342053 100.000 100.000
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1 6.562 13167138 436464 49.939 63.965
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Total 18404829 1186500 100.000 100.000
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1 12.298 393332 11558 2.089 8.366
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Totall 18826355 138157 100.000 100.000
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1 12276 6360512 204757 50.347 87.152
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Totall 12633351 234941 100.000 100.000
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