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1. General information



Reactions were performed in the presence of nitrogen applying Schlenk line technique
unless otherwise statement. Commercially available reagents were used throughout
without further purification other than those detailed below. THF (AR) and toluene
were distilled over sodium benzophenone ketyl under nitrogen. EtOH was distilled over
magnesium sulfate. Methylene chloride was distilled over calcium hydride. 'H NMR
and 3C NMR spectra were recorded using Bruker Advance 400 operating at 400 MHz
for 'H NMR and '*C NMR at 100 MHz, or using Bruker 300 spectrometer at 300 MHz
for 'H NMR and '3C NMR at 75 MHz, or using Bruker Advance 500 spectrometer at
500 MHz for '"H NMR and *C NMR at 125 MHz. CDCl; was used as the solvent for all
samples. '"H NMR chemical shifts are reported using residual proton on non-deuterated
solvent (CDCls: 7.26 ppm), whereas '*°C NMR spectra are reported using the carbon
signals of the deuterated solvent (CDCls: 77.16 ppm). Product spots were visualized by
UV light at 254 nm, and subsequently developed using potassium permanganate
solution as appropriate. All chromatography was carried out using silica gel (300-400
mesh) obtained from Qingdao Puke company. The removal of solvent was performed
on a rotary evaporator in vacuum. IR spectra were recorded in the range of 4000-400
cm’!, on Perkin-Elmer Spectrum FT/IR spectrometer using a KBr pellet. Melting points
were determined using an Electrothermal melting point apparatus. High resolution mass
spectrometry was carried out on a New ultraflextreme equipped with
TOF/TOF/Ultimate 3000 Nano HPLC. Optical purity of the final compounds were
determined using a Agilent 1260 series HPLC system using a Daicel Chiralpak OD-H
4.6 mm x 250 mm, or Daicel Chiralpak AS-H 4.6 mm x 250 mm. Optical rotations
were measured on a Rudolph Autopoll digital polarimeter. Single crystal X-ray
crystallography was carried out on Bruker Apex-II CCD. Authentic racemic samples of
products for chiral HPLC assay determinations were obtained using [Rh(cod)Cl]> (1.5
mol %) as an achiral precatalyst, using room temperature stirring condition. (R)-3i and
(8)-3i were prepared according to the literature procedures, by employing EtAICI
catalysed Diels-Alder reaction of corresponding phelllandrene with ethyl propiolate,
then hydrolysis in basic condition and HCI (aq.) acidification."? (R)-3b, (R)-3¢ and
(R)-3e were prepared by phellandrene derived dienyl acid amidation with
corrresponding amines by HBTU or HOBt, according to Lam’s protocols.>** (R)-3d
was prepared by phellandrene derived dienyl acid Steglich esterification with 2-naphthol
and the data are consistent with Hayashi’s previous report.’

OH

(R)-3i (S)-3i



(R)-3b 45% (R)-3¢ 58% (R)-3d 75% (R)-3e 31%

2. Experimental procedures, characterisation data and HPLC traces of addition
adducts

(1R 4R,7R)-T-Isopropyl-N-((1R,4aS,10aR)-7-isopropyl-1,4a-dimethyl-1,2,3,4,4a,9,10,
10a-octahydrophenanthren-1-yl)-5-methylbicyclo[2.2.2]octa-2,5-diene-2-carboxami
de

Procedure A:

EDCI, Et3N, HOBt, 0O M
0 CH,Cl,, rt, overnight € Me
Me
Z OH  ihen Me H
HoN
(R)-3i (R)-3a

To a solution of (R)-3i (1.4 g, 6.8 mmol), EDCI (1.43 g, 7.48 mmol), and Et;N (1.88 mL,
13.6 mmol) in anhydrous CH:Cl> (40 mL) at room temperature was added
1-hydroxybenzotriazole (HOBt) (1.28 g, 9.52 mmol) in one portion, and the reaction
was stirred at room temperature for 5 h under nitrogen protection. Then dehydroabietic
decarbonyl amine (1.84 g, 6.8 mmol) in CH2Cl> (5 mL) solution was added. The
reaction was stirred at room temperature overnight, then diluted with brine and the
mixture was extracted with EtOAc. The combined organic layers were then dried
(MgSOs), filtered, and concentrated in vacuo. Purification of the residue by flash
chromatograph on silica gel (3.5 cm x 14 cm, eluted with petroleum ether/ethyl acetate
=100:1 then 50:1, R¢ (EtOAc/petroleum ether (1:10) = 0.57)) gave the product. Further
purification by recrystalization in n-hexane/CH2Cl> gave the pure product as amorphous
white solid (0.56 g, 18%); m.p. 81.4 C; 'H NMR (400 MHz, CDCl3) 6 0.82 (d, J = 6 Hz,
3 H), 0.92-0.97 (m, 1 H), 1.00 (d, J = 6 Hz, 3 H), 1.06-1.13 (m, 1 H), 1.211 (s, 3 H),
1.214 (s, 3 H), 1.23 (s, 3 H), 1.38 (s, 3 H), 1.47-1.53 (m, 1 H), 1.59 (ddd, J; = 12 Hz, J>
=9 Hz, J;=3 Hz, 1 H), 1.68-1.79 (m, 3 H), 1.83 (d, /=2 Hz, 3 H), 1.84-1.86 (m, 1 H),
2.00-2.08 (m, 1 H), 2.13-2.16 (m, 1 H), 2.23-2.26 (m, 2 H), 2.81 (q, J = 7 Hz, 1 H),
2.86-2.92 (m, 2 H), 3.32 (m, 1 H), 3.98 (dt, J: = 6 Hz, J>=2 Hz, 1 H), 5.41 (s, 1 H),
5.80 (d, J=6Hz, 1 H), 6.69 (dd, J; =6 Hz, J>=2 Hz, 1 H), 6.87 (s, 1 H), 6.98 (dd, J; =
8 Hz, J>=2 Hz, 1 H), 7.16 (d, J= 8 Hz, 1 H); *C NMR (75 MHz, CDCl3) J 19.1, 19.7,
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20.8, 21.5, 22.0, 24.1, 24.2, 25.1, 30.3, 32.1, 33.6, 34.0, 37.3, 37.8, 38.2, 40.2, 43.7,
474, 48.0, 57.5, 124.0, 124.36, 124.38, 126.9, 134.6, 136.7, 144.0, 145.8, 146.7, 146.8,
165.6; FT-IR (KBr) & 2958, 1638, 1609, 1519, 1463, 1380, 1035, 814 cm’!; HRMS
(ESI") m/z calcd for C3H46NO [M+H]* 460.3574 found 460.3568, [0]*°p = +33.45 (c 3,
CHClyp).

Procedure B:

0) oxalyl chloride
/ OH DMF (cat.), THF,
0°C

(R) -3i

n-BuLi (1.1 equiv.)
THF, -78 °C to -30 ©

To a solution of (R)-3i (1.4 g, 6.8 mmol), and DMF (1-2 drops) in anhydrous THF (40
mL) at 0 ‘C was added oxalyl chloride (0.86 mL, 10.2 mmol) dropwise over 2 min. The
mixture was stirred at 0 “C for 3 h to give a solution of the corresponding acyl chloride.

Me Me

(R)-3a

%

To another flamed-dried 50 mL Schlenk-flask was charged dehydroabietic decarbonyl
amine (1.84 g, 6.8 mmol) in anhydrous THF (20 mL) solution at -78 ‘C, followed by
n-BuLi (7.5 mmol) dropwise addition under nitrogen atmosphere. It was warmed up to
-30 °C and stirred for 1 hours to form lithium dehydroabietyl amide, followed cannula
transfer into dienyl acyl chloride solution at 0 ‘C. It was stirred at room temperature
overnight and quenched by saturated aqueous NH4Cl solution. Remove THF in rotovap
and the mixture was extracted with EtOAc three times. The combined organic layers
were then dried (MgSO0,), filtered, and concentrated in vacuo. Purification of the residue
by flash chromatograph on silica gel gave amorphous white solid as the corresponding
amidation product (0.78 g, 25%).

(18,4S5,7S5)-7-Isopropyl-N-((1R,4aS,10aR)-7-isopropyl-1,4a-dimethyl-1,2,3,4,4a,9,10,
10a-octahydrophenanthren-1-yl)-5-methylbicyclo[2.2.2]octa-2,5-diene-2-carboxami
de



($)-3g

Prepared according to procedure A from (S)-3i (0.26 g, 1 mmol) and deydroabietic
decarbonyl amine (0.27 g, 1 mmol); silica gel purification (2 cm x 14 cm, petroleum
ether/ethyl acetate = 100:1 then 50:1, Ry= 0.48 (EtOAc/PE = 1:10)) gave the product as
viscous beige oil (0.114 g, 25%); 'H NMR (400 MHz, CDCl3) 6 0.82 (d, J= 6 Hz, 3 H),
0.86-0.88 (m, 1 H), 0.95-0.96 (m, 1 H), 1.00 (d, J= 6 Hz, 3 H), 1.05-1.12 (m, 1 H), 1.21
(s, 6 H), 1.23 (s, 3 H), 1.37 (s, 3 H), 1.47-1.52 (m, 1 H), 1.59 (ddd, J; = 12 Hz, J. =9 Hz,
J; =3 Hz, 1 H), 1.72-1.74 (m, 2 H), 1.82 (d, J = 1 Hz, 3 H), 1.84-1.85 (m, 1 H),
2.04-2.11 (m, 3 H), 2.25 (dd, J; = 12 Hz, J> = 3 Hz, 2 H), 2.81 (q, J = 7 Hz, 1 H),
2.88-2.92 (m, 1 H), 3.30-3.32 (m, 1 H), 3.96 (dt, J; =6 Hz, J>=2 Hz, 1 H), 541 (s, 1
H), 5.80(d, /=6 Hz, 1 H), 6.68 (dd, J; =6 Hz, J>=2 Hz, 1 H), 6.87 (s, 1 H), 6.98 (d, J;
=8 Hz, J>=1Hz, 1 H), 7.16 (d, /= 8 Hz, 1 H); *C NMR (100 MHz, CDCl;3) 6 19.16,
19.19, 19.7, 20.9, 21.5, 22.0, 24.1, 24.2, 25.1, 30.2, 32.1, 33.6, 34.0, 37.3, 37.8, 38.2,
40.3, 43.7, 47.3, 48.0, 57.5, 124.0, 124.3, 124.4, 126.9, 134.6, 136.5, 144.1, 145.8,
146.7, 146.8, 165.6; FT-IR (KBr) 6 2964, 1638, 1506, 1381, 1138, 1094, 882, 814 cm’!;
HRMS (ESI") m/z calcd for C3HsgNO [M+H]* 460.3574 found 460.3569. [a]*’p = +
19.53 (¢ 1, CH2Cl).

(1R 4R,7R)-T-Isopropyl-N-(((1R,4aS,10aR)-7-isopropyl-1,4a-dimethyl-1,2,3,4,4a,9,1
0,10a-octahydrophenanthren-1-yl)methyl)-5-methylbicyclo[2.2.2]octa-2,5-diene-2-¢
arboxamide

Me

(R)-3f

Prepared according to procedure A from (R)-3i (0.082 g, 0.4 mmol) and dehydroabietyl
amine (0.114 g, 0.4 mmol); silica gel purification (2 cm % 14 cm, petroleum ether/ethyl
acetate = 100:1 then 50:1, Ry = 0.50 (EtOAc/PE = 1:10)) gave the product as colorless
0il (0.066 g, 35%); 'H NMR (400 MHz, CDCls) 6 0.80 (d, J = 6 Hz, 3 H), 0.88-0.93 (m,
1 H), 0.95 (s, 3 H), 0.96 (s, 3 H), 0.98 (s, 3 H), 1.04-1.13 (m, 1 H), 1.15-1.19 (m, 1 H),
1.22 (s, 6 H), 1.24 (s, 3 H), 1.33-1.37 (m, 1 H), 1.42-1.45 (m, 2 H), 1.55 (ddd, J; = 12
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Hz,J:=9 Hz, J;=3 Hz, 1 H), 1.64-1.77 (m, 4 H), 1.81 (d, J= 1 Hz, 3 H), 1.87-1.93 (m,
1 H), 2.27-2.30 (m, 1 H), 2.77-2.87 (m, 2 H), 2.93 (dd, J; = 17 Hz, J>= 6 Hz, 1 H), 3.16
(dd, J; =14 Hz, J>= 6 Hz, 1 H), 3.25-3.32 (m, 2 H), 4.01 (dt, J; =4 Hz, J>=2 Hz, 1 H),
5.67(t,J=6Hz 1 H),579(d,J=6Hz 1 H), 6.74 (dd, J; = 6 Hz, J> =2 Hz, 1 H), 6.90
(s, 1 H), 7.00 (d, J= 8 Hz, 1 H), 7.18 (d, J= 8 Hz, 1 H); *C NMR (100 MHz, CDCl;3) §
18.76, 18.83, 19.1, 21.5, 21.9, 24.09, 24.11, 25.5, 30.5, 31.9, 33.6, 33.9, 36.4, 37.67,
37.71, 38.5, 40.3, 43.7,45.9, 48.0, 49.9, 124.0, 124.2, 124.4, 127.0, 134.9, 137.5, 144.0,
145.3, 145.7, 147.3, 166.3; FT-IR (KBr) & 2958, 2920, 1637, 1608, 1534, 1455, 1378,
1092, 1049, 882 cm™'; HRMS (ESI*) m/z calcd for C33HagNO [M+H]" 474.3730 found
474.3727, [0]*p =+ 3.07 (¢ 2, CH2CL).

((R)-2-(Hydroxydiphenylmethyl)pyrrolidin-1-yl)((1R,4R,7R)-7-isopropyl-5-methyl
bicyclo[2.2.2]octa-2,5-dien-2-yl)methanone ((R)-3h)

HBTU (1.1 equiv.)
OH + HN
Et3N (1.1 equiv.)

CH3CN, reflux, 16 h

Procedure C:

To a solution of the carboxylic acid (R)-3i (83 mg, 0.40 mmol) and HBTU (167 mg,
0.44 mmol) in MeCN (8 mL) at room temperature was added Etz:N (70 uL, 0.44 mmol)
followed by (R)-(+)-2-(diphenylhydroxymethyl)pyrrolidine (84 mg, 0.33 mmol). The
mixture was heated at reflux for 16 h, cooled to room temperature, quenched with brine
(8 mL), and extracted with EtOAc (3 x 20 mL). The combined organic layers were
washed with HCI1 (2.0 M in H>O, 30 mL), saturated aqueous NaHCOs3 solution (30 mL),
and brine (30 mL). The organic layer was dried (MgSOs), filtered, and concentrated in
vacuo. Purification of the residue by column chromatography (2 cm x 14 cm, ethyl
acetate/petroleum ether = 1:40) gave the amide (R)-3h (56 mg, 31%) as a colourless oil.
Rr= 0.81 (EtOAc/petroleum ether = 1:9); '"H NMR (400 MHz, CDCl3) 6 0.75 (d, J = 6
Hz, 3 H), 0.81-0.87 (m, 2 H), 0.91 (d, J = 6 Hz, 3 H), 0.94-1.03 (m, 1 H), 1.21-1.31 (m,
2 H), 1.39-1.50 (m, 2 H), 1.72 (d, /=1 Hz, 3 H), 1.77-1.86 (m, 1 H), 1.98-2.07 (m, 1 H),
2.56 (dq, J1 =10 Hz, J> =3 Hz, 1 H), 3.20 (dt, J; = 6 Hz, J>=2 Hz, 1 H), 3.28 (td, J; =
10 Hz, J> =3 Hz, 1 H), 3.67 (dt, J; = 6 Hz, J> =2 Hz, 1 H), 5.18 (t, /= 8 Hz, 1 H), 5.65
(d,J=6Hz, 1 H), 6.15 (dd, J; = 6 Hz, J>=2 Hz, 1 H), 7.18-7.19 (m, 1H), 7.21-7.27 (m,
5 H), 7.34-7.37 (m, 2 H), 7.42 (dd, J; = 8 Hz, J> = 1 Hz, 2 H); 3*C NMR (100 MHz,
CDClz) 19.3,21.4, 22.0, 24.4, 29.7, 32.1, 34.1, 42.0, 43.7, 48.3, 51.2, 67.1, 82.6, 124.0,
127.2, 127.36, 127.38, 128.0, 128.3, 138.5, 143.2, 144.5, 144.6, 145.7, 172.2; FT-IR
(KBr) 0 3238, 2959, 2935, 2909, 2889, 2869, 1578, 1428, 1445, 1253, 1121, 1036, 874,
764 cm'; HRMS (ESI") m/z caled for CsoH3sNO2 [M+H]" 442.2741 found 442.2751;
[a]*p =+57.4 (c 1.5, CH2CL).

Rhodium catalyzed asymmetric 1,4-arylation to nitroolefins



NO,
[Rh(C,H4),Cll> (1.5 mol %)

B(OH),
RNz R
ligand (3.3 mol%), EtsN (50 mol %) @

EtOH, rt, N, 4 h
1 2 4

Procedure D:

To an oven-dried 10 mL Schlenk tube was charged [Rh(C,H4)>Cl]> (2.1 mg, 1.5 mol %),
(R)-3a (5.5 mg, 3.3 mol %) in EtOH (2 mL) solution. The mixture was stirred at rt
under nitrogen protection for 15 min to form Rh((R)-3a)OEt complex, then transferred
to another solution of nitroalkene (0.36 mmol) and aryl boronic acid (0.9 mmol) in
EtOH (2 mL) via syringe. This was followed by Et;N (0.18 mmol) injection. The
mixture was stirred at rt for 4 h. Upon completion monitored by TLC, removed EtOH in
vacuo and the residue was purified by flash chromatography on silica gel with
petroleum ether/ethyl acetate as an eluent to give the titled compound.

Procedure E:

To an oven-dried 10 mL Schlenk tube was charged [Rh(C,H4)>Cl]> (2.1 mg, 1.5 mol %),
(R)-3a (5.5 mg, 3.3 mol %) in EtOH (2 mL) solution. The mixture was stirred at rt
under nitrogen protection for 15 min to form Rh((R)-3a)OEt complex, then transferred
to another solution of nitroalkene (0.36 mmol) and aryl boronic acid (0.9 mmol) in
EtOH (2 mL) via syringe. This was followed by Et;N (0.18 mmol) injection. The
mixture was warmed up to 50 ‘C and stirred overnight. After completion monitored by
TLC, removed EtOH in vacuo and the residue was purified by flash chromatography on
silica gel with petroleum ether/ethyl acetate as an eluent to give the titled compound.

NO,

(S)-1-Methyl-4-(2-nitro-1-phenylethyl)benzene ((S)-42a)%

Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and phenylboronic acid (110 mg, 0.9 mmol); silica gel purification (2
cm x 14 cm, ethyl acetate/petroleum ether = 1:60, Rr= 0.32 (EtOAc/PE = 1:50)); yield:
90% (78 mg, slightly yellow oil); 'H NMR (400 MHz, CDCI3) 6 2.31 (s, 3 H), 4.85-4.89
(m, 1 H), 496 (dd, J; = 8 Hz, J: = 1 Hz, 2 H), 7.13 (s, 4 H), 7.23-7.27 (m, 3 H),
7.30-7.34 (m, 2 H); *C NMR (100 MHz, CDCl3) 6 21.1, 48.7, 79.4, 127.6, 127.7, 129.1,
129.8, 136.3, 137.4, 139.5 (one carbon peak is missing because of overlapping); FT-IR
(KBr) o 2924, 1556, 1458, 1376, 1261, 1090, 1048, 806, 700 cm'; HPLC [Daicel
Chiralpak OD-H, hexane/i-PrOH = 60/40, 254 nm, 1.0 mL/min. t; = 25.1 min (major), t>
= 25.6 min (minor)]; ee = 91%, [a]*’p =-0.71 (¢ 1.8, CH2CL,).



T T T T T T T J T ¥ I T T T ] T T T T ] T
20 25 min 25 30  min

1% 2: DAD1 B, Sig=254,4 Ref=360,100 {58 2: DADL B, Sig=254,4 Ref=360,100
i CREARSA) A IR U TR AR I U TR A W [REEITE e TR W THTAR I 75 AR
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] 3
Nt T i ineunivin =SS = == === R forccrsmalfiasanis | e e | s |

1 24,137 BB 0.8231 5015.61816  92.72491 50.0036 1 25.153 MM 1.3186 3.78289%e4  478.15973 95.5413
2 26.391 BB 0.9103 5014.88721  84.27050 49.9964 2 26.567 MM 0.8112 1765.38843  36.26969  4.4587
ME 1.00305e4  176.99541 BE 3.95942e4  514.42942
NO,

IIIII\

(R)-1-Methyl-4-(2-nitro-1-phenylethyl)benzene ((R)-4a)

When employing (S)-3a, yield: 86% (74 mg); HPLC [Daicel Chiralpak OD-H,
hexane/i-PrOH = 80/20, 254 nm, 1.0 mL/min. t; = 26.9 min (minor), t2 = 28.5 min
(major)]; ee = -92%, [a]*’p =+ 1.87 (c 4, CH2Cl,).

{55 1: DADL A, Sig=254,4 Ref=360,100

I CREEETR] 268 TR I T AR Uy U THT AR
# [min] [min] [mAU*s] [mAU] %

1 26.895 MM 0.6818 130.63100 3.19316 3.8941
2 28.516 MM 0.9507 3223.98291 56.51992 96.1059

=6 = 3354.61391 59.71308

NO,

(R)-1-Methyl-2-(2-nitro-1-(p-tolyl)ethyl)benzene (4b)5?

Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and o-tolylboronic acid (123 mg, 0.9 mmol); silica gel purification (2
cm x 14 cm, ethyl acetate/petroleum ether = 1:50, Rr= 0.30 (EtOAc/PE = 1:50)); yield:



95% (87 mg, yellow oil); 'H NMR (400 MHz, CDCls) ¢ 2.32 (s, 3 H), 2.33 (s, 3 H),
492 (dd, J; =13 Hz, J>=8 Hz, 1 H), 4.98 (dd, J; = 13 Hz, J>=8 Hz, 1 H), 5.09 (t,J =
8 Hz, 1 H), 7.11 (dd, J; = 12 Hz, J>=8 Hz, 4 H), 7.19 (t, J =3 Hz, 2 H), 7.21-7.24 (m, 2
H); 3C NMR (100 MHz, CDCls) ¢ 19.8, 21.1, 44.8, 79.4, 125.8, 126.5, 127.5, 128.0,
129.8, 131.4, 135.8, 136.6, 137.3, 137.4; FT-IR (KBr) & 1555, 1452, 1385, 1094, 1031,
729, 685 cm’'; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 90/10, 230 nm, 1
mL/min. t; = 34.8 min (minor), t, = 60.4 min (major)]; ee = 94%, [a]*’p = -57.2 (¢ 3.4,
CHCly).

0
o
-
N
=
5]
L
7 - - . . T - - . : T - . . - | —
30 40 50 60 miny
{55 4: DAD1 D, Sig=230,4 Ref=360,100
W fRETRTE] S IR U TATFR U W THIFR T
¥ [min] [min] [mAU*s] [mAU] % e CREgmfiE 28 igEvE I T AR [le:5= W T AR
P [ e Em e | [fas s | # [min] [min] [mAU*s] [mAU] %
1 33.985 BB 1.3024 5.51437e4  621.93286 49.4787 ~~~~l-"=-=-- e e B i ———— e
2 57.418 BB 1.9258 5.63057e4  406.54495 50.5213 AbEL : 1.11449e5 1028.47781

> 34.820

T
30 40 50

{55 4: DAD1 D, Sig=230,4 Ref=360,100

U CREFINT(E] A IEhE U AR L U THI AR
# [min] [min] [mAU*s] [mAU] %
s || e i e
1 34.820 BB 1.0902 7278.39111 100.58480 3.2221
2 60.424 MM 3.9321 2.18609e5 926.61078 96.7779

WE LREFET A A DR W THI R W 2 U THI AR
# [min] [min] [mAU*s] [mAU] %
mronlmsmnere |====]===m-- | ====mmmmm- fimmmmmnnmes jmmsm=nns

BE 2.25888e5 1027.19558

NO,
o C
3 F
5 1

(R)-1-Fluoro-4-(2-nitro-1-p-tolylethyl)benzene (4¢)%?



Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and (4-fluorophenyl)boronic acid (126 mg, 0.9 mmol); silica gel
purification (2 cm x 14 cm, ethyl acetate/petroleum ether = 1:50, R,= 0.33 (EtOAc/PE =
1:50)); yield: 78% (73 mg, yellow oil); 'H NMR (400 MHz, CDCls) ¢ 2.33 (s, 3 H),
4.85-4.89 (m, 1 H), 4.95 (dd, J; = 8 Hz, J> = 2 Hz, 2 H), 6.99-7.05 (m, 2 H), 7.10-7.17
(m, 4 H), 7.19-7.24 (m, 2 H); '3C NMR (100 MHz, CDCls) ¢ 21.1, 48.0, 79.5, 116.0 (d,
Jer = 21 Hz, C?), 127.5, 129.3 (d, Jcr = 8 Hz, C%), 129.9, 135.3 (d, Jor = 3 Hz, C%),
136.1, 137.6, 162.1 (d, Jcr = 245 Hz, C'); FT-IR (KBr) o 1606, 1554, 1510, 1437, 1379,
1229, 1157, 1121, 1021, 818 cm!; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH =
60/40, 254 nm, 1.0 mL/min. t; = 15.8 min (minor), t = 27.2 min (major)]; ee = 93%,
[a]*p = +5.43 (c 2.1, CH:CL).

)
o
xS
P
(=] 3
g
T ' — Y T " J g 4 T J ' — T
18 20 25 min
{§5 1: DAD1 A, Sig=254,4 Ref=360,100
I {REFITRE] 8 W W AR Ui p U T AR
* [min] [min] [mAU*s] [mAU] %

e S R e e e [ \
1 15.702 MM 0.6847 1.38143e4 336.26801 49.8930
2 26.917 MM 1.2534 1.38736e4 184.48013 50.1070

BE : 2.76878e4 520.74814

&
6-
g o5
&
S
e
T = T e e e e e
15 20 25 30 min|

1% 1: DAD1 A, Sig=254,4 Ref=360,100

W CRETESE] ST 0 W THT AR 371 e THT A
# [min] [min] [mAU*s] [mAU] %

1 15.839 MM 0.6859 876.83966 21.30784 3.7542
2 27.223 MM 1.3385 2.2479%6e4 279.91901 96.2458

g 2.33565e4  301.22685
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I I Cl

(R)-1-Chloro-4-(2-nitro-1-p-tolylethyl)benzene (4d)®*

Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and (4-chlorophenyl)boronic acid (141 mg, 0.9 mmol); silica gel
purification (2 cm x 14 cm, ethyl acetate/petroleum ether = 1:50, R,= 0.31 (EtOAc/PE =
1:50)); yield: 58% (42 mg, colorless oil); 'H NMR (400 MHz, CDCI3) ¢ 2.32 (s, 3 H),
4.83-4.87 (m, 1 H), 4.94 (dd, J; = 8 Hz, J> = 1 Hz, 2 H), 7.08-7.11 (m, 2 H), 7.14-7.19
(m, 4 H), 7.29-7.32 (m, 2 H); 13C NMR (100 MHz, CDCl3) § 21.2, 48.1, 79.2, 127.5,
129.1, 129.3, 129.9, 133.6, 135.8, 137.7, 138.0; FT-IR (KBr) o 1554, 1491, 1435, 1378,
1123, 816, 730, 553 cm’!; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 60/40, 280
nm, 1.0 mL/min. t; = 21.6 min (minor), t = 31.9 min (major)]; ee = 95%, [a]*’p = -1.6
(c 1, CH2ClLy).

"—bq"@:‘
N
o Ge)
o) 5‘\3 x
M~ @ "]:]’
S o o
8 @,"‘3‘4
S
T T I T '| T T T '| T T
25 30 35 mir
{%% 2: DAD1 B, Sig=280,4 Ref=360,100
U CREFITE) SR 0EETE U T £R W U AT AR
# [min] [min] [mAU*s] [mAU] %

1 21.732 MM 1.0031 4392.08203 72.97330 48,8275

2 32.002 MM 1.5395 4422.48486 47.87780 50.1725
MR e 8814.56689 120.85111
Sl
S &
i
’{brb
b,;\'
o N
5 @
)
L T L T
E T T T T I T T T T '| T T T T |
20 25 30 35
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—

== 2: DADL B, Sig=280,4 Ref=360,100

U CRETESE M T I THT AR U 5 I THT X
# [min] [min] [mAU*s] [mAU] %

1 21.570 MM 0.8998 147.13269 2,72525 2.6056
2 31.957 MM 1.5598 5499.65820 58.76612 97.3944

HE i 5646.79089 61.49137

NO,

O O Br
(R)-1-Bromo-4-(2-nitro-1-(p-tolyl)ethyl)benzene (4¢)®"
Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and (4-bromophenyl)boronic acid (181 mg, 0.9 mmol); silica gel
purification (2 cm x 14 cm, ethyl acetate/petroleum ether = 1:60, R,= 0.30 (EtOAc/PE =
1:50)); yield: 83% (95 mg, colourless transparent crystal); m.p. 70.4 ‘C; 'H NMR (500
MHz, CDCl3) 6 2.33 (s, 3 H), 4.83-4.86 (m, 1 H), 4.95 (d, /= 8 Hz, 2 H), 7.10-7.12 (m,
3 H), 7.14-7.17 (m, 3 H), 7.45-7.47 (m, 2 H); 3C NMR (125 MHz, CDCIl3) 6 21.1, 48.1,
79.1, 121.6, 127.5, 129.4, 129.9, 132.2, 135.7, 137.7, 138.6; FT-IR (KBr) & 1514, 1552,
1487, 1433, 1375, 1262, 1074, 1012, 809 cm'; EI-MS m/z (%) 319.0 (M*, 1.10), 272.0
(100.00), 256.9 (14.00), 193.0 (31.58), 178.0 (57.9), 165.0 (23.1); HRMS (EI") m/z calcd for
CisHisBr [M-HNO:]" 272.0201 found 272.0197; HPLC [Daicel Chiralpak OD-H,
hexane/i-PrOH = 60/40, 254 nm, 1.0 mL/min. t; = 25.1 min (minor), t2 = 32.9 min
(major)]; ee = 93%, [a]*p = -2.37 (¢ 1.8, CH2CL,).

9]
=
@
S
P
(b,
> ‘,\q
= +
— @36\3"
-— 17— 1
25 30 35 min 25
{%*%9 1: DAD1 A, Sig=254,4 Ref=360,100 {55 1: DAD1 A, Sig=254,4 Ref=360,100
e fRETIE) A IR U TR A e v LR AR e B <] D e < TR R I 2 I T A1
#  [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
i st et [rmeasemeas Jermm [t e [ R PR [ T [
1 25.834 VB 1.1898 1.90644e4  247.72464 49,6654 1 25.119 MM 1.0771 798.12848 12.35017  3.6236

2 32.918 BBA 1.5059 1.93213e4 200.21440 50.3346 2 32.877 MM 1.6393 2.12279%e4 215.82893 96.3764

SR 2eHS00I54  MTe93d0n MR 2.20260e4  228.17911
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NO,
O O OMe

(R)-1-Methoxy-4-(2-nitro-1-(p-tolyl)ethyl)benzene (4f)%*
Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and (4-methoxyphenyl)boronic acid (137 mg, 0.9 mmol); silica gel
purification (2 cm x 14 cm, ethyl acetate/petroleum ether = 1:50, R= 0.24 (EtOAc/PE =
1:50)); yield: 99% (97 mg, colorless oil); 'H NMR (500 MHz, CDCls) 6 2.32 (s, 3 H),
3.78 (s, 3 H), 4.85 (t, /=7 Hz, 1 H), 4.94 (dd, J; = 8 Hz, J> =2 Hz, 2 H), 6.86-6.88 (m,
2 H), 7.12-7.17 (m, 6 H); *C NMR (125 MHz, CDCls) ¢ 21.1, 48.0, 55.4, 79.7, 114.4,
127.5, 128.8, 129.8, 131.5, 136.6, 137.3, 158.9; FT-IR (KBr) & 1610, 1552, 1511, 1437,
1378, 1252, 1180, 1135, 1091, 1043, 880, 812 cm™'; HPLC [Daicel Chiralpak OD-H,
hexane/i-PrOH = 60/40, 254 nm, 1.0 mL/min. t; = 33.9 min (minor), t2 = 37.4 min
(major)]; ee = 46%, [a]*p = +8.0 (¢ 3.4, CH:Cl).

37

33.925

. 185 1: DADL A, Sig=254,4 Ref=360, 100
{55 1: DADLl A, Sig=254,4 Ref=360,100
W {REER IR SR UETEE U THI AL Wiy W THI A
# [min] [min] [mAU*s] [mAU] %
e B s [mm==lmmmmmmm [F=mrrmmnms e e s
1 33.925 BV 1.3065 3067.05859  36.27033 27.4164
1.4811 8119.88330 84.80549 72.5836

U PRETISTE] SR T UEETHI AR Uy U THIFR
# [min] [min] [mAU*s] [mAU] %

- _‘ ________
1 34.407 BV  1.4511 1.02310e4 110.20859 49.8463
2 37.753 VB 1.5301 1.02941ed  105.90062 50.1537 2 37.428 VBA

BE 2.05251e4 216.10921 155 1.11869e4 121.07582

NO,
I I OBn
(R)-1-(Benzyloxy)-4-(2-nitro-1-(p-tolyl)ethyl)benzene (4g)

Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and (4-(benzyloxy)phenyl)boronic acid (205 mg, 0.9 mmol); silica gel

13



purification (2 cm x 15 cm, ethyl acetate/petroleum ether = 1:50, R,= 0.31 (EtOAc/PE =
1:20)); yield: 98% (117 mg, white solid); m.p. 73.9 C; 'H NMR (400 MHz, CDCls) ¢
2.35(s,3 H),4.85(t,J=8 Hz, 1 H), 4.95 (dd, J; = 8 Hz, J> =2 Hz, 2 H), 5.05 (s, 2 H),
6.96 (d, /=9 Hz, 2 H), 7.13-7.19 (m, 6 H), 7.34-7.38 (m, 1 H), 7.40-7.46 (m, 4 H); '*C
NMR (100 MHz, CDCls) o 21.1, 48.0, 70.1, 79.6, 115.3, 127.49, 127.53, 128.1, 128.7,
128.8, 129.7, 131.8, 136.5, 136.9, 137.3, 158.1; FT-IR (KBr) o 2981, 2870, 1609, 1551,
1509, 1379, 1245, 1136, 1022, 810, 736 cm™'; EI-MS m/z (%) 313.2 (38.50), 300.1 (1.32),
281.0 (19.23), 207.0 (30.77), 91.0 (100); HRMS (EI*) m/z caled for CaoHaoO [M-HNO,]*
300.1514 found 300.1506; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 50/50,
254 nm, 1 mL/min. t; = 25.5 min (minor), t; = 38.2 min (major)]; ee = 77%, [a]*’b =
+6.24 (¢ 2.5, CH2CL).

o
o
&
o]
15}
J J
T T | T T T T | T T l T T T T | T T T T | T
30 40 20 30 40
f5%% 1: DADL &, Sig=254,4 Ref=360,100 {5 1: DAD1 A, Sig=254,4 Ref=360,100
W AREIININ SO W WETTA WewE  VETRl g fRegee) K% E%E WETRL WERG  WETETAY
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] o

R O - [ | === e . 1====1 \ | \ \
1 24,755 BB 1.2569 7655.16650 92.74763 49,9591 1 25.458 BB 0.8724 376.16946 5.19748 11.3150
2 36.922 BB 2.3275 7667.71436 38.63378 50.0409 2 38.232 BB 2.0708 2948.35620 16.69134 88.6850

EE 1.53229%9e4  131.38141 HE 3324.52567  21.88882

NO,
O O t-Bu

(R)-1-(tert-Butyl)-4-(2-nitro-1-(p-tolyl)ethyl)benzene (4h)%?

Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and (4-(tert-butyl)phenyl)boronic acid (160 mg, 0.9 mmol); silica gel
purification (2 cm x 14 cm, ethyl acetate/petroleum ether = 1:50, R,= 0.28 (EtOAc/PE =
1:50)); yield: 64% (68 mg, white crystal); m.p. 78.1 C; 'H NMR (400 MHz, CDCl;3) ¢
1.30 (s, 9 H), 2.32 (s, 3 H), 4.83-4.87 (m, 1 H), 4.97 (dd, J;= 8 Hz, J>= 1 Hz, 2 H),
7.13-7.18 (m, 6 H), 7.32-7.35 (m, 2 H); 3C NMR (100 MHz, CDCls) 6 21.2, 31.4, 34.6,
48.4, 79.5, 126.0, 127.3, 127.6, 129.8, 136.46, 136.50, 137.3, 150.5; FT-IR (KBr) o
3392, 2967, 1650, 1555, 1513, 1435, 1376, 1091, 1049, 879, 816, 715, 666 cm™'; HPLC
[Daicel Chiralpak OD-H, hexane/i-PrOH = 80/20, 254 nm, 1.0 mL/min. t; = 15.4 min
(minor), ;= 17.5 min (major)]; ee = 90%, [a]*’p = -2.48 (¢ 1.8, CH,Cly).
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L
o
=
<t
o
-
: T i |
I L]
T T I T T T T I T T T T T T I T T T T | T T T T
15 17.5 15 17.5
{55 1: DADL 2, 5ig=254,4 Ref=360,100 %% 1: DADL A, Sig=254,4 Ref=360,100
g fREAI (A Y T TR U 15 VEEIR W REINST M TR U TH W VT
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %

] et (| s [Eom [y e e L e s e e
1 15.599 BB 0.6082 3190.44385 80.87649 50.0613 1 15.441 BB 0.6720 455.57138 10.06675 5.211:2
2 17.393 BE  0.6084 3182.62427 81.00124 49.9387 2 17.479 BB  0.6592 8286.64648 196.03038 94.7888

MR 6373.06812 161.87772 RER 8742.21786 206.09713

A

NO,

(R)-1-(2-Nitro-1-p-tolylethyl)naphthalene (4i)%

Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and naphthalen-1-ylboronic acid (155 mg, 0.9 mmol); silica gel
purification (2 cm % 14 c¢m, ethyl acetate/petroleum ether = 1:100, Rr= 0.28 (EtOAc/PE
= 1:50)); yield: 93% (102 mg, yellow oil); '"H NMR (400 MHz, CDCls) 6 2.33 (s, 3 H),
5.06 (dd, J; =13 Hz, J> =9 Hz, 1H), 5.13 (dd, J; = 13 Hz, J>=7 Hz, 1 H), 5.76 (t, J= 8
Hz, 1 H), 7.15 (d, J = 8 Hz, 2 H), 7.24 (d, J = 8 Hz, 2 H), 7.39 (d, J = 7 Hz, 1 H),
7.47-7.58 (m, 3 H), 7.84 (d, /=8 Hz, 1 H), 7.90 (d, /=8 Hz, 1 H), 8.17 (d, /=8 Hz, 1
H); 3C NMR (100 MHz, CDCls) 6 21.1, 44.4, 79.2, 123.1, 124.2, 125.3, 126.0, 126.9,
127.9, 128.5, 129.2, 129.8, 131.2, 134.3, 134.9, 136.0, 137.4; FT-IR (KBr) # 3050, 2971,
2923, 2859, 1553, 1513, 1436, 1377, 1113, 780 cm’'; HPLC [Daicel Chiralpak OD-H,
hexane/i-PrOH = 90/10, 254 nm, 1.0 mL/min. t; = 73.9 min (minor), t = 97.7 min
(major)]; ee = 98%, [a]*p = -14.42 (¢ 6, CH,Cl).
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80 100 min 80 100 miny
{5% 1: DAD1 A, Sig=254,4 Ref=360,100 f§*%5 1: DADL A, Sig=254,4 Ref=360,100
WE (RS R ST IR W T AR W VTR W CREFIN[E] Y I E U THIAR Ui pe LESTE A
#  [min] [min]  [mAU*s] [mAU] 3 #  [min] [min]  [mAU*s] [mAU] %

1 73.926 MM 255331 200111572 13.16626 142555
2 97.727 MM 5.3398 1.57388e5 491.23892 98.7445

1 70.775 MM 3.6275 9.57056e4 439.72415 49.6958
2 95.967 MM 4.5739 9.68771e4d 353.00354 50.3042

o4

JEE = 1.92583e5  792.72769 RsRn 1.59389¢5  504.40519

NO,
(R)-2-(2-Nitro-1-(p-tolyl)ethyl)naphthalene (4j)%*
Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and naphthalen-2-ylboronic acid (155 mg, 0.9 mmol); silica gel
purification (2 cm % 14 cm, ethyl acetate/petroleum ether = 1:100, Rr= 0.36 (EtOAc/PE
= 1:50)); yield: 91% (96 mg, yellow oil); '"H NMR (400 MHz, CDCls) ¢ 2.34 (s, 3 H),
5.03-5.12 (m, 3 H), 7.15-7.20 (m, 4 H), 7.34 (dd, J; = 9 Hz, J> = 2 Hz, 1 H), 7.46-7.53
(m, 2 H), 7.71 (s, 1 H), 7.80-7.83 (m, 3 H); *C NMR (100 MHz, CDCls) J 21.2, 48.8,
79.4, 126.0, 126.1, 126.3, 126.6, 127.8, 128.0, 129.0, 129.9, 132.7, 133.5, 136.2, 137.0,
137.5 (one carbon is missing due to overlapping); FT-IR (KBr) o 2925, 2859, 1636,
1555, 1458, 1378, 1121, 816, 749 cm™!; HPLC [Daicel Chiralpak AS-H, hexane/i-PrOH
= 80/20, 254 nm, 1.0 mL/min. t; = 9.4 min (major), t = 9.9 min (minor)]; ee = 84%,
[a]*p = -22.48 (¢ 2.2, CH:CL).

-893

9.930
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N o L .
&5 1: DADL A, Sig=254,4 Ref=360,100 {55 1: DADL A, Sig=254,4 Ref=360,100

N GOa 8BRS VR W g et 2B e Wm0 WER MmO
¥ [min] [min] [mAU*s] [mAU] % 4 [min] [min] [mAU*s] [mAU] P
el fiemm et == R R e SE L ] A O

: 9,358 BV 0.2457 5425.47754 340.88852 49.0721 it 9.373 BV 0.2528 6094.47314 372.63235 91.9000

2 9.893 VB 0.2753 5630.66211 313.92142 50.9279 2 9.930 VB 0.2646 537.16309 30.62756 8.1000

BE 1.10561e4 654.80994 B=h-- o 6631.63623 403.25992

NO,
(R)-4-(2-Nitro-1-p-tolylethyl)biphenyl (4k)®*

Prepared according to procedure D from (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7
mg, 0.36 mmol) and 4-biphenylboronic acid (124 mg, 0.625 mmol); silica gel
purification (2 cm % 15 c¢m, ethyl acetate/petroleum ether = 1:100, Rr= 0.25 (EtOAc/PE
= 1:50)); yield: 93% (79 mg, white solid): m.p. 80.2 C; '"H NMR (400 MHz, CDCI3) ¢
234 (s,3 H), 4.91-4.95 (m, 1 H), 5.01 (dd, J; = 8 Hz, J> = 2 Hz, 2 H), 7.15-7.20 (m, 4
H), 7.31-7.33 (m, 2 H), 7.35-7.37 (m, 1 H), 7.44 (dt, J; = 7 Hz, J> = 2 Hz, 2 H), 7.56 (d,
J =8 Hz, 4 H); *C NMR (100 MHz, CDCls) ¢ 21.2, 48.5, 79.4, 127.2, 127.6, 127.7,
127.8, 128.1, 128.9, 129.9, 136.3, 137.5, 138.6, 140.57, 140.59; FT-IR (KBr) # 1551,
1514, 1487, 1438, 1376, 817, 730, 693 cm'; HPLC [Daicel Chiralpak OD-H,
hexane/i-PrOH = 60/40, 230 nm, 0.8 mL/min. t; = 25.8 min (minor), t2 = 38.8 min
(major)]; ee = 81%, [a]*’p = -1.36 (¢ 2.4, CH2CL,).

39.213
)

25 30 35 40 miny 30 40
{5% 4: DAD1 D, Sig=230,4 Ref=360,100
U CREFESE] EAY IR U AR U Ui HI AR
#  [min] [min] [MAU*s] [mAU] 3
e i e | =====mmm= | ====mmm- |=====mm= !

1 25.366 MM 1.2140 1.94287e4 266.73453 49.6134
2 3%.213 MM 1.7955 1.97316e4 183.15643 50.3866

ME 3.91603e4  449.89096

17



—

Z5 4: DAD1 D, Sig=230,4 Ref=360,100

I CREFESTE) SR iERE g THI A W 7y U THT A
# [min] [min] [mAU*s] [mAU] %
e S [ersmis |nsmmiiis i i [ |
1 25.819 BB 1.0795 7582.95996 106.91373 9.4059
2 38.788 BB 1.6823 7.30363e4 654.30542 90.5941
BE 8.06193e4 76121915
NO,

AT T

(S)-1-Methoxy-4-(2-nitro-1-phenylethyl)benzene (41)%¢¢¢

Prepared according to procedure D from (£)-1-methoxy-4-(2-nitrovinyl)benzene (65 mg,
0.36 mmol) and phenylboronic acid (110 mg, 0.9 mmol); silica gel purification (2 cm x
14 cm, ethyl acetate/petroleum ether = 1:50, R, = 0.23 (EtOAc/PE = 1:50)); yield: 97%
(90 mg, colorless oil); 'H NMR (400 MHz, CDCls) 6 3.74 (s, 3 H), 4.82-4.86 (m, 1 H),
4.92 (dd, J; = 8 Hz, J> = 2 Hz, 2 H), 6.82-6.85 (m, 2 H), 7.12-7.15 (m, 2 H), 7.20-7.25
(m, 3 H), 7.28-7.32 (m, 2 H); 13C NMR (100 MHz, CDCls) ¢ 48.3, 55.3, 79.5, 114.5,
127.57, 127.64, 128.8, 129.1, 131.3, 139.6, 159.0; FT-IR (KBr) & 1610, 1553, 1512,
1455, 1378, 1303, 1252, 1181, 1137, 1033, 829, 700 cm!; HPLC [Daicel Chiralpak
OD-H, hexane/i-PrOH = 60/40, 254 nm, 1.0 mL/min. t; = 25.1 min (major), to = 30.8
min (minor)]; ee = 85%, [a]*’p = -8.21 (¢ 5.5, CH2CL).

o

@0
o
3]
o
w©
[
o2
T . T
T T T T T T I T T
e S N B S S s S S S .
25 30 35 25 30 min
=% 2: DAD1 B, Sig=254,4 Ref=360,100 -
e e RE~ {&%5 2: DAD1 B, Sig=254,4 Ref=360,100
IR <310 r = n o .

G (RERE RE BE  EREBH WeEn WEER o g dem wew MR R MR
# [min] [min] [mAU*s] [mAU] % ¥ [min] (] [mAU*s] [mAU] 4
s [ === | === [remmmmnne e [l I [ [ s e e S

1 24.734 BB 1.0004 1.53580e4 236.86832 36.3772 1 25.100 VB 1.0227 1.43831e4 218.87488 92.4525
2 29.826 BB 1.6957 2.68607e4 222.29951 63.6228 2 30.829 BB 1.1124 1174.18201 15.92070 T+5475
BE 4.22187e4  459.16783 BE 1.55573e4  234.79558
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(S)-N,N-Dimethyl-4-(2-nitro-1-phenylethyl)aniline (4m)®

Prepared according to procedure E from (E)-N,N-dimethyl-4-(2-nitrovinyl)aniline (69
mg, 0.36 mmol) and phenyl boronic acid (110 mg, 0.9 mmol); silica gel purification (2
cm % 14 cm, ethyl acetate/petroleum ether = 1:20, Ry = 0.5 (EtOAc/PE = 1:5)); yield:
52% (50 mg, yellow oil); 'TH NMR (500 MHz, CDCl3) 6 2.91 (s, 6 H), 4.81 (t,J = 8 Hz,
1 H), 4.90-4.98 (m, 2 H), 6.66-6.67 (m, 2 H), 7.08-7.10 (m, 2 H), 7.23-7.25 (m, 3 H),
7.29-7.32 (m, 2 H); *C NMR (125 MHz, CDCls) ¢ = 40.6, 48.3, 79.7, 112.8, 126.7,
127.4,127.7, 128.5, 129.0, 129.4, 140.1, 149.9; FT-IR (KBr) o 2926, 2868, 1613, 1521,
1552, 1450, 1379, 1137, 813, 699 cm!; HRMS (ESI") m/z calcd for CicHioN>O;
[M+H]" 271.1441 found 271.1437; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH =
60/40, 280 nm, 1.0 mL/min. t; = 18.6 min (major), t = 21.6 min (minor)]; ee = 96 %,
[a]*p =-13.0 (¢ 1.2, CH,Cly).

P~
1 5 3
< o
~— —
(]
Q.g
"1:5
0 N
ol ]
© 5
)
| 1 —
T T
T T T T | T
T r T T r
20 20
{5 2: DAD1 B, Sig=280,4 Ref=360,100 {55 2: DAD1 B, Sig=280,4 Ref=360,100
g fREFW A A R TR AR W W T AR U (BT TE] AL iR I TR AR U v U THT R
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
e s s it e [pEmmamen  woms [======= e [======--—- |=========- |=====-=
1 18.217 BB 0.7815 8326.95508 165.92062 50.8510 1 18.647 BB 0.8630 6.42521e4 1151.51550 98.1202
2 21.402 BB 0.9213 8048.24805 134.26984 49.1490 2 21.628 MM 0.8181 1230.95728  25.07742 1.8798
ME 1.63752e4 300.19046 ME 6.54831led4 1176.59292
NO,
MeO I I
OMe

(S)-1,2-Dimethoxy-4-(2-nitro-1-phenylethyl)benzene (4n)%?

Prepared according to procedure E from (£)-1,2-dimethoxy-4-(2-nitrovinyl)benzene (75
mg, 0.36 mmol) and phenyl boronic acid (110 mg, 0.9 mmol); silica gel purification (2
cm % 14 cm, ethyl acetate/petroleum ether = 1:30, Rr= 0.29 (EtOAc/PE = 1:5)); yield:
64% (66 mg, colorless oil); 'TH NMR (400 MHz, CDCls) ¢ 3.83 (s, 3 H), 3.85 (s, 3 H),

4.84-4.88 (m, 1 H), 4.96 (dd, J; = 8 Hz, J> = 1 Hz, 2 H), 6.72 (d, J = 2 Hz, 1 H),

6.79-6.84 (m, 2 H), 7.23-7.29 (m, 3 H), 7.32-7.36 (m, 2 H); 3C NMR (100 MHz, CDCls)
0 48.7, 55.99, 56.01, 79.5, 111.3, 111.5, 119.6, 127.66, 127. 69, 129.1, 131.7, 139.5,

148.6, 149.4; FT-IR (KBr) v 2931, 2844, 1551, 1515, 1454, 1378, 1261, 1025, 804, 701
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cm’!'; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 60/40, 280 nm, 1.0 mL/min. t
= 32.3 min (major), t; = 45.3 min (minor)]; ee = 97 %, [a]*’p =-2.2 (¢ 3.7, CH2CL,).

‘b.b
i
— '\rL
o o
] -"’*‘,{\1“
b
S ——
'I T T T T I T T T T I I T T T I T T T T I
30 40 m 30 40
=, ig= =
5% 2: DADL B, Sig=280,4 Ref=360,100 f5% 2: DADL B, Sig=280,4 Ref=360,100
W AREImEA K igE WETT R 75 TR U PREGRSE] M R I THI AR U iy Ve I
#  [min) [min] [mAU*s] [mAU] 3 # [min] [min] [mAU*s] [mAU] %
e B B | =mmmmmeee |mmmmmmmm oo |-=-m--- | === | === R e |-=mmmmm-
1 33.605 MM 2.1941 2.17476e4  165.19669 50.7360 1 32.309 MM 2.3312 7.27782e4  520.32202 98.2798
2 42,644 MM 3.0085 2.11166ed4  116.98259 49.2640 5 45.341 MM 1.5494 1273.85706 9.62928  1.7202
B ,
=& 4.28641ed.  282.17928 BE 7.40521ed  529.95131
NO,
4
F 3
2

(S)-1-Fluoro-4-(2-nitro-1-phenylethyl)benzene (40)%64

Prepared according to procedure D from (E)-1-fluoro-4-(2-nitrovinyl)benzene (60 mg,
0.36 mmol) and phenylboronic acid (110 mg, 0.9 mmol); silica gel purification (2 cm x
14 cm, ethyl acetate/petroleum ether = 1:50, R = 0.49 (EtOAc/PE = 1:10)); yield: 83%
(88 mg, white solid); m.p. 77.1 ‘C; 'TH NMR (500 MHz, CDCls) 6 4.88-4.91 (m, 1 H),
4.96 (dd, J; = 8 Hz, J> =2 Hz, 2 H), 7.00-7.04 (m, 2 H), 7.19-7.22 (m, 4 H), 7.26-7.29
(m, 1 H), 7.32-7.35 (m, 2 H); 3C NMR (125 MHz, CDCls) 6 48.4, 79.4, 116.1 (d, J = 21
Hz, C?), 127.7, 127.9, 129.3, 129.4 (d, J = 8 Hz, C?), 135.1 (d, J = 3 Hz, C%), 139.1,
162.2 (d, J =245 Hz, C"); FT-IR (KBr) o 1603, 1552, 1505, 1373, 1228, 1159, 832, 779,
712, 536 cm™!'; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 60/40, 254 nm, 1.0
mL/min. t; = 15.9 min (major), t, = 33.4 min (minor)]; ee = 73%, [a]*’p = -7.31 (¢ 2.6,
CHClyp).

15 20 25 30 35 min
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{5 1: DAD1 A, Sig=254,4 Ref=360,100

I PREEmITE] A YR U ] R U v U (A1 AR
# [min] [min] [mAU*s] [mAU] %

1 16.218 MM 0.6654 3374.13013 84.50789 49.5694
2 33.356 MM 1.4675 3432.74561 38.98698 50.4306

BE 6806.87573 123.49487
o)
]
@,
£y
)
ﬂ?f'\
P~ _'\‘3
Q.é\ﬁ“‘
e
L IJP\L‘
T S e
15 20 25 30 35
{5% 1: DAD1 A, Sig=254,4 Ref=360,100
I fREFITE] R I g ] AR lE-3=7 U T AR
# [min] [min] [mAU*s] [mAU] %

1 AF.082 M 0.7170 9756.38086 226.80142 86.4378
2 33.427 MM 1.4255 1530.79163 17.89792 13.5622

ME 1.12872e4  244.69934

NO,

BOR®

(S)-1-Chloro-4-(2-nitro-1-phenylethyl)benzene (4p)sa6c

Prepared according to procedure D from (E)-1-chloro-4-(2-nitrovinyl)benzene (66 mg,
0.36 mmol) and phenylboronic acid (110 mg, 0.9 mmol); silica gel purification (2 cm x
14 cm, ethyl acetate/petroleum ether = 1:100, Ry= 0.32 (EtOAc/PE = 1:50)); yield: 96%
(107 mg, white solid); m.p. 57.3 'C; '"H NMR (400 MHz, CDCls) 6 4.87 (dd, J; = 9 Hz,
J>=7Hz, 1 H),4.94 (dd, J; = 8 Hz, J>=2 Hz, 2 H), 7.15-7.21 (m, 4 H), 7.24-7.34 (m, 5
H); *C NMR (100 MHz, CDCls) ¢ 48.4, 79.1, 127.7, 127.9, 129.1, 129.27, 129.31,
133.6, 137.8, 138.8; FT-IR (KBr) o 1549, 1490, 1452, 1428, 1377, 1092, 830, 752, 703,
658 cm™'; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 60/40, 254 nm, 1.0 mL/min.
t1 = 22.1 min (major), t2= 40.0 min (minor)]; ee = 86%, [a]*’p = +0.26 (¢ 2.3, CH,CL,).
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20 25 30 35 40 min
{5 2: DAD1 B, Sig=254,4 Ref=360,100
g PREFRE] EHY 0g TR g 1] FR (e Ui TH FH
# [min] [min] [MAU*s] [mAU] 3

e L | === | == | —mmmm e | =mmmmmmm- | -=mmmm- |
1 21:923 BB 0.8927 1.36924e4 238.87305 49.9096
2 38.354 BBA 1.9107 1.37421e4 105.84609 50.0904

I8 2.74345e4  344.71914
{&%9 2: DAD1 B, Sig=254,4 Ref=360,100

U CREEES ) M IR EE T A5 e g U THI A
#  [min] [min]  [mAU*s] (mAU] %

e e | s=mmamnan | smmmmmmmae | smmmmmms
1 22.127 MM 0.9629 7312.94092 126.57405 92.8919
2 40.015 BB  1.3510 559.58936  5.83440  7.1081

BRE 7872.53027 132.40845

NO,

(R)-(1-Nitrohexan-2-yl)benzene (4q)°%

Prepared according to procedure D from (E)-1-nitrohex-1-ene (46 mg, 0.36 mmol) and
phenylboronic acid (110 mg, 0.9 mmol); silica gel purification (2 cm X 14 cm, ethyl
acetate/petroleum ether = 1:100, Ry = 0.44 (EtOAc/PE = 1:40)); yield: 64% (48 mg,
colourless oil); 'H NMR (500 MHz, CDCls) 6 0.84 (t, J = 7 Hz, 3 H), 1.15-1.23 (m, 2
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H), 1.29-1.33 (m, 2 H), 1.69 (q, J = 8 Hz, 2 H), 3.42-3.48 (m, 1 H), 4.52-4.60 (m, 2 H),
7.19-7.21 (m, 2 H), 7.26-7.29 (m, 1 H), 7.33-7.36 (m, 2 H); *C NMR (125 MHz, CDCl;3)
0 14.0, 22.5, 29.2, 32.9, 44.5, 81.2, 127.6, 127.7, 129.0, 139.7; FT-IR (KBr) o 2932,
1636, 1554, 1497, 1458, 1378, 1202, 1182, 1124, 906, 702; HPLC [Daicel Chiralpak
OD-H, hexane/i-PrOH = 90/10, 230 nm, 1.0 mL/min. t; = 7.1 min (major), t,= 10.4 min
(minor)]; ee = 61%, [a]*’p = +9.33 (c 0.8, CH,Cl).

2

7.098

%
d .

=
L] 1 I L I I L] I 1

? 9.884
10.390

7.5 10 g 10

=2 4. o= -
{2 4: DAD1 D, Sig=230,4 Ref=360,100 s’ 4: DAD1 D, S5ig=230,4 Ref=360,100

W R R e W TR L U iR U PREAMIE M IR UEETHI AR U v UETHI AR
[mAU] g # [min] [min] [mAU*s] [mAU] %

il 6.932 BB 0.1811 2733.96118 232.58972 52,1275 ¥ 7.098 BB 0.1800 2629.94287 222.41635 80.3226
2 9.884 BB 0.2776 2510.79663 139.78159 47.8725 2 10.390 BB 0.2711 644.28241 36.64083 19.6774

BE 5244.75781 372.37131 EE 3274.22528 259.05719

NO,

I I Br

(R)-1-Bromo-4-(2-nitro-1-phenylethyl)benzene (4r)%

Prepared according to procedure D from (E)-(2-nitrovinyl)benzene (53.6 mg, 0.36
mmol) and 4-bromophenylboronic acid (180.7 mg, 0.9 mmol); silica gel purification (2
cm % 14 cm, ethyl acetate/petroleum ether = 1:100, Rr= 0.36 (EtOAc/PE = 1:40)); yield:
91% (100 mg, white solid); m.p. 78.9 C; '"H NMR (400 MHz, CDCl3) 6 4.87 (dd, J; =9
Hz,J>=7Hz, 1 H), 495 (dd, J; =8 Hz, J>= 1 Hz, 2 H), 7.12 (dt, J; = 8 Hz, J> = 3 Hz,
2 H), 7.19-7.21 (m, 2 H), 7.25-7.29 (m, 1 H), 7.31-7.35 (m, 2 H), 7.45 (dt, J; = 8 Hz, J>
= 3 Hz, 2 H); 3C NMR (100 MHz, CDCls) ¢ 48.5, 79.0, 121.8, 127.7, 128.0, 129.3,
129.5, 132.3, 138.3, 138.7; FT-IR (KBr) o 1550, 1488, 1377, 1441, 1196, 1076, 1012,
703 cm™'; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 60/40, 280 nm, 1.0 mL/min.
ti = 22.9 min (minor), t= 32.4 min (major)]; ee = 82%; [a]*’p = +3.07 (¢ 1, CH,CL).

22.908

©
©
1
o
bl

25 30 35
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{55 5: DAD1 E, Sig=280,4 Ref=360,100

g fREFIE A IR U TR A U 1 LESTIE
# [min] [min] [mAU*s] [mAU] %
S e e e e |=m—mmmrmm | s
1 22.908 BB 0.8116 986.52667 18.39730 49.9449
2 32.566 BB 1.0643 988.70313 13.16300 50.0551

MO 1975.22980 31.56031

b

32.441

\

\_

| >22,905

T~ ¢ = & % F & T ]
25 30 35

{55 5: DAD1 E, Sig=280,4 Ref=360,100

U LREFET(E] S W U THTRR U U THT R
# [min] [min] [mAU*s] [mAU] %
e | [l= sl e | e |
1 22.906 BB 0.6336 198.08969 3.91962 9.2409
2 32,441 BB 1,1772 1945,53967 23.61488 90,7591

MR 2143.62936 27.53450

O
N [Rh(C,H4),Cll, (1.5 mol %) © o
O O (R)-3a (3.3 mol %) ’/%
MeO Sa O O
PhB-E-OH)z FGN (07'2 fg”;v ,: =R Meo 6a
(2.5 equiv.)

(S)-3-(4-Methoxyphenyl)-1,3-diphenylpropan-1-one (6a)%f

Procedure F: To an oven-dried 10 mL Schlenk tube was charged [Rh(C2H4)2Cl]> (1.1
mg, 1.5 mol %), (R)-3a (2.8 mg, 3.3 mol %) in EtOH (1 mL) solution. The mixture was
stirred at rt under nitrogen protection for 15 min to form Rh((R)-3a)OEt complex, then
transferred to another solution of frans-4-methoxy-chalcone (43 mg, 0.18 mmol) and
phenyl boronic acid (55 mg, 0.45 mmol) in EtOH (2 mL) via syringe. This was followed
by EtsN (13 uL, 0.09 mmol) injection. The mixture was warmed up to 70 ‘C and stirred
for 5 h under nitrogen protection. Removed EtOH in vacuo and the residue was purified
by flash chromatography on silica gel (2 cm % 14 cm, ethyl acetate/petroleum ether =
1:60, Rr= 0.44 (EtOACc/PE = 1:10)); yield: 90% (51 mg, white solid); m.p. 93.3-94.5 C;
'"H NMR (400 MHz, CDCl3) 6 3.72 (d, J=7 Hz, 2 H), 3.76 (s, 3 H), 4.79 (t, /=7 Hz, 1
H), 6.80-6.84 (m, 2 H), 7.16-7.21 (m, 3 H), 7.26-7.28 (m, 4 H), 7.45 (t, /= 8 Hz, 2 H),
7.55 (t, J =7 Hz, 1 H), 7.93-7.95 (m, 2 H); 3C NMR (100 MHz, CDCl3) § 45.0, 45.3,
55.3, 114.1, 126.4, 127.9, 128.2, 128.67, 128.71, 128.9, 133.2, 136.4, 137.2, 144.7,
158.2, 198.3; FT-IR (KBr) o 3010, 2930, 2833, 1672, 1600, 1509, 1451, 1375, 1265,
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1210, 1034, 837, 740, 691 cm’'; HRMS (ESI') m/z caled for CxH20> [M+H]*
317.1536 found 317.1532; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 99.2/0.8,
230 nm, 1.0 mL/min. t; = 24.9 min (major), t = 31.9 min (minor)]; ee = 68%, [0]*’p =
+1.45 (¢ 2.6, CH,Cl).

od [ ()]
[Te]
M~
(=]
od
o
(97}
S
o
; L ; n/\v_\
T e S S B
25 30 min 25 30 35
{5 4: DAD1 D, Sig=230,4 Ref=360,100 .
B = {52 4: DAD1 D, Sig=230,4 Ref=360,100
W R K e W TR AL W E TR A b -
ki k. ML e R g dom gk WER W WEER
‘ [min] | | (min] ‘ L s | (maU] ‘ ¢ , t (min) [min]  [mAU*s] [mAU] p
""""""""""""""""""""""""""""" o e B i [
1 24.582 BB 0.9387 4.99668e4  B811.06812 50.0242 1 . go> By 1.0675 1.11494e5 1559 75801 841206
20 30,757 BB 1,1278 4.9918464  666.49451 49:9758 5 4 ois nn i 5197 5 1055904 267 65550, 15 E75

DAD 2016/3/29 20:29:59 F#&4t ) DAD 2016/3/30 10:38:48 &R

SCPF: C:\CHEM3Z\I\DATA\DEMO\ZYJ 2016-03-29 19-51-29\STGIU{ff: C:\CHEM32\1\DATA\DEMO\ZYJ 2016-03-30 09-57-45\61G10

ZFR: 33 (HFR: 33

U BT TR Y IR U THT AR U 5 VETHIAR % {REIITE KA WRTE U TH A W= W T AR
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %

i e [rmemmmrrmm [mmmmmmr s | rrmmm—m e | mmmmmm [imintn iniaianine e fjreemsssrs [ == [y I

BE 9.98852e4 1477.56262 BE 1.3246%e5 1822.59241

(8)-3-(4-(tert-Butyl)phenyl)-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (6b)

0 [Rh(C,H4),Cll, (1.5 mol %) O
OO0 .
t-Bu HO Ph,BNa (18 gcgtcjzlvfrf-dloxane
' t-Bu HO
5b ob

Compound 5b was prepared from 2-hydroxyacetophenone (1.2 mmol, 0.15 mL) and
4-tert-butylbenzaldehyde (1.2 mmol, 0.2 mL) according to Aldol condensation
protocol.” Ry = 0.60 (EtOAc/PE = 1:20); yield: 51% (171 mg, yellow solid); m.p.
77.2 °C; '"H NMR (400 MHz, CDCl3) 6 1.36 (s, 9 H), 6.95-6.98 (m, 1 H), 7.04 (d, /=8
Hz, 1 H), 7.47-7.52 (m, 3 H), 7.62-7.67 (m, 3 H), 7.92-7.95 (m, 2 H), 12.91 (s, 1 H); 1*C
NMR (100 MHz, CDCl3) ¢ 31.3, 35.1, 118.7, 118.9, 119.3, 120.2, 126.2, 128.7, 129.8,
132.0, 136.4, 145.6, 154.8, 163.7, 193.9; FT-IR (KBr) 0 2951, 1583, 1487, 1358, 1201,
829, 756 cm’'; HRMS (ESIY) m/z caled for CioH210, [M+H]" 281.1542 found
281.1536.

Procedure G: To an oven-dried 10 mL Schlenk tube was charged [Rh(C2H4)2Cl]2 (1.1
mg, 1.5 mol%), (R)-3a (2.7 mg, 3.3 mol%) in 1,4-dioxane (1 mL) solution. The mixture
was stirred at room temperature under nitrogen protection for 15 min, then transferred to
another solution of 5b (50.4 mg, 0.18 mmol) and sodium tetraphenylboron (61.8 mg,
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0.18 mmol) in 1,4-dioxane (1 mL) via syringe. The mixture was stirred at 80 ‘C for 4 h.
Upon completion monitored by TLC, removed 1,4-dioxane in vacuo and the residue
was purified by flash chromatography on silica gel (2 cm x 14 cm) with petroleum
ether/ethyl acetate = 1:100 as an eluent to give 6b; Rr= 0.52 (EtOAc/PE = 1:20); yield:
78% (50 mg, white solid); m.p. 84.1 C; 'H NMR (500 MHz, CDCls) 6 1.30 (s, 9 H),
3.78 (d,J=7Hz,2 H),4.80 (t, /=7 Hz, 1 H), 6.90 (dt,J1 =1 Hz, J» =7 Hz, 1 H), 6.98
(d, J =8 Hz, 1 H), 7.20-7.22 (m, 3 H), 7.30-7.33 (m, 6 H), 7.47 (dt, J1=1Hz, J>. =7
Hz, 1 H), 7.84 (dd, J1 = 1 Hz, J>» = 7 Hz, 1 H), 12.21 (s, 1 H); 3C NMR (125 MHz,
CDCls) 0 31.5, 34.5, 44.4, 45.5, 118.7, 119.0, 119.6, 125.7, 126.6, 127.4, 127.9, 128.7,
129.9, 136.5, 140.8, 144.0, 149.4, 162.6, 204.3; FT-IR (KBr) 0 3671, 2968, 1727, 1644,
1396, 1273, 1064, 758 cm™'; HPLC [Daicel Chiralpak OD-H, hexane/i-PrOH = 99/1,
254 nm, 1.0 mL/min. t; = 7.2 min (major), t2= 8.9 min (minor); ee = 90%; HRMS (ESI")
m/z caled for CosHz7O, [M+H]" 359.2011 found 359.2006, [a]*p = +57.4 (c 1.5,
CHClyp).

Tyl

| -

{&% 2: DAD1 B, Sig=254,4 Ref=360,100

9.417

I T . . . | . . . I
10 8 10

{5 2: DAD1 B, Sig=254,4 Ref=360,100

e PRETETE) A e e T AR U ey LA

GRS MW KR W R i fmbeel Dl :

# [min] [min] [mAU*s] [mAU]

1 7.232 VB 0.2510 1.28095e4 774.21973 95.1055
2 8.943 MM 0.3393 659.22516 32.38042 4.8945

1 7.585 VB 0.2644 1.19231e4 680.45123 50.0470
2 9.417 BB 0.3353 1.19007e4 539.63751 49.9530

LE
BE 2.38239%4 1220.08875 e 1.34687=4  806.60015

3. Kinetic control experiment

To an oven-dried 10 mL Schlenk tube was charged [Rh(C2H4)2Cl]2 (2.1 mg, 1.5 mol %),
(R)-3a (5.5 mg, 3.3 mol %) in EtOH (2 mL) solution. The mixture was stirred at rt
under nitrogen atmosphere for 15 min to form Rh((R)-3a)OEt complex, then transferred
to another solution of (E)-1-methyl-4-(2-nitrovinyl) benzene (58.7 mg, 0.36 mmol) and
phenylboronic acid (110 mg, 0.9 mmol) in EtOH (2 mL) via syringe. This was followed
by EtzN (0.18 mmol) injection. The mixture was stirred at rt and 0.4 mL samples were
taken, the first after 15 min and the others after 15 min intervals, and concentrated in
vacuo to remove EtOH. CDCIs dissolved the residue into the NMR tube with final
addition of 4'-Methylacetophenone (24 pL, 0.18 mmol) as an external standard and
submitted to "HNMR for calibration. The results expressed as a percentage of 4a are

26


http://www.chemicalbook.com/javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB5852945&postData3=EN&SYMBOL_Type=A');

reported herein. (S)-3g kinetic experiment was using the same procedure as described

above.

100

yield versus time curves

%0 o — ——— - g
&0 Il;;:-. ~
50 (—ff
a0 |- f
30 [f
0 Hf
10 -
0%
0 50 100 150 200 Yrmin
(R)-3a —— —  (9-3g
4. Optimization table for asymmetric 1,6-addition to dienone
R
0 O
[Rh(C,H4),Cll (1.5 mol %)
ArM + - ;
BUX L* (3.3 mol%), Ny, 3.5 h n-Bu
8a,R=H
8b, R = OMe
entry PhM (equiv.) L* T solvent yield (brsm) (%)* ee (%)
()
1 p-OMe-CsHsB(OH)2/  (R)-3a 80 EtOH N.R. -
Et:N (2/0.5)
2 p-OMe-CsHsB(OH)2/  (R)-3a 80 EtOH - -
KHF> (2/4)
3 p-OMe-ZnBr/TMSCI  (R)-3a  r.t. THF N.R. -
(1.4/1.5)
4 NaBPhs (2) (R)-3a 80  1,4-dioxane 94 35
5 NaBPhy/TMSCI (2/1) (R)-3a 80  1,4-dioxane =€ -
6 NaBPhs (2) (R)-3d 80  1,4-dioxane 26 (38) 15
7 NaBPhs (2) (R)-3f 80  1,4-dioxane 28 (69) 9
8 NaBPhs (2) (R)-3a  50¢ 1,4-dioxane 93 91
9 NaBPhs (2) (R)-3b  50¢ 1,4-dioxane 69 81
10 NaBPhs (2) (R)-3¢  50¢ 1,4-dioxane 28 41
11 NaBPhs (2) (R)-3d  50¢ 1,4-dioxane 4 56

27



12 NaBPhs (2) (R)-3e 50¢ 1,4-dioxane 69 83
13 NaBPhs (2) (R)-3h  50¢ 1,4-dioxane 87 93

¥ isolated yield after 3 h at 80 °C unless specified; brsm = based on staring matierial’s yield; ® 1,4-, and

1,6-adducts mixed complex; @ slow conversion after 7 h stirring; 9 16 h.

(S)-3-(2-Phenylhexyl)cyclohex-2-en-1-one (82a)%

Prepared according to procedure G at 50 ‘C for 16 hours from
3-((E)-hexenyl)-2-cyclohexenone®®®  (32.1 mg, 0.18 mmol) and sodium
tetraphenylboron (123 mg, 0.36 mmol); silica gel purification (2 cm x 14 cm, ethyl
acetate/petroleum ether = 1:30, Ry = 0.51 (EtOAc/PE = 1:10)); yield: 93% (43 mg,
yellow oil); '"H NMR (400 MHz, CDCI3) 6 0.82 (t, J = 7 Hz, 3 H), 1.08-1.18 (m, 2 H),
1.20-1.30 (m, 2 H), 1.58-1.66 (m, 2 H), 1.82-1.88 (m, 2 H), 2.07 (dt, J; =18 Hz, J>= 6
Hz, 1 H), 2.17 (dt, J; = 18 Hz, J> = 6 Hz, 1H), 2.23-2.27 (m, 2 H), 2.44 (dd, J; = 14 Hz,
J2=9Hz, 1 H),2.55(dd, J; = 14 Hz, J: = 6 Hz, 1 H), 2.78 (tt, J; =9 Hz, J>= 6 Hz, 1 H),
5.76 (s, 1 H), 7.11 (d, J =7 Hz, 2 H), 7.18 (t, J= 7 Hz, 1 H), 7.27 (t, J= 8 Hz, 2 H); 13C
NMR (100 MHz, CDCl3) o 14.1, 22.72, 22.74, 29.7, 30.0, 36.4, 37.3, 44.5, 45.8, 126.5,
127.49, 127.53, 128.5, 144.3, 165.0, 199.9; FT-IR (KBr) o 2956, 2929, 1728, 1670,
1623, 1454, 1374, 1254, 968, 886, 701 cm’'; HPLC [Daicel Chiralpak OJ-H,
hexane/i-PrOH = 95/5, 230 nm, 0.5 mL/min. t; = 19.5 min (major, (S)-enantiomer), t> =
30.5 min (minor, (R)-enantiomer)]; ee = 91%; HRMS (ESI") m/z calcd for CigH250
[M+H]" 257.1900 found 257.1899.

When employing (R)-3h at 50 ‘C for 16 hours, yield: 87% (40 mg); HPLC [Daicel
Chiralpak OJ-H, hexane/i-PrOH = 95/5, 230 nm, 0.5 mL/min. t; = 20.1 min (major,
(S)-enantiomer), t2= 31.3 min (minor, (R)-enantiomer)]; ee = 93%, [a]*’p = +33.2 (¢ 2.8,
CHxClp).

PDA Multi 2 230nm, 4nm

PDA Multi 2 230nm, 4nr

20. 071

31.468

‘2'0”"2‘5'“rsio""a%'”'{o <0 4 ) min
PDA Ch2 230nm PDA Ch2 230nm
g5 | fR B s i A% = | PR B ] T A%
1 21. 345 48. 425 I 20. 071 96. 686
2 31. 468 51. 575 2 31. 272 3. 314
b 100. 000 15841 100. 000
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When employing (R)-3a at 50 ‘C for 16 hours, yield: 93% (43 mg); HPLC [Daicel
Chiralpak OJ-H, hexane/i-PrOH = 95/5, 230 nm, 0.5 mL/min. t; = 19.5 min (major,
(8)-enantiomer), t2 = 30.5 min (minor, (R)-enantiomer)]; ee = 91%.

PDA Multi 2 230nm, 4n

00
)
=)

PDA Ch2 230nm

WS | OR B B A] T #51%
1 19. 488 95. 520
—— 2 30. 459 4. 480
20 25 30 i E,“ﬂ 100. 000
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7. X-ray crystal structures
NO,
T,
(R)-1-Bromo-4-(2-nitro-1-(p-tolyl)ethyl)benzene (4e)

Colourless crystal, crystalization in n-hexane/chloroform. CIF files of this compound
has been uploaded to the Cambridge Crystallographic Database with codes CCDC
1470002.

Br1

(displacement ellipsoids are drawn at the 45% probability level).
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Compounds 4e
CCDC 1470002
Formula CisH14BrNO;
Mr 320.18
Crystal system Orthorhombic
Space group P21212;
a (A) 5.4842 (15)
b (A) 15.284 (4)
c(A) 16.885 (5)
o (deg) 90
B(deg) 90
y(deg) 90
V(A3 1415.4 (7)
Z 4
D¢ (g cm™) 1.503
M(mm™) 2.901
F(000) 648.0
GOF 1.030
Ri“ 0.0356(2300)
WR>* 0.0881(2905)

Selected bond lengths and angles for compund 4e

Br1—Cl12
O1—NI1
0O2—N1
N1—C15
Cl1—C2
C1—C7
C2—C3
C3—C4
C3—C5
C5—Cé6

O1—N1—02
Ol—N1—C15
02—NI1—C15
C2—Cl1—C7
C1—C2—C3

1.906 (3)
1.207 (4)
1.208 (4)
1.497 (4)
1.375 (5)
1.389 (5)
1.391 (5)
1.508 (5)
1.377 (5)
1.379 (5)

123.8 (4)
117.6 (3)
118.6 (3)
121.7 (3)
121.2 (3)

C6o—C7
C7—C8
Cc8—C9
C8—C15
C9—Cl10
C9—Cl14
C10—Cl11
Cl11—C12
C12—C13
C13—Cl14

Co—C8—C7
C9—C8—C15
C10—C9—C8
C10—C9—Cl14
C14—C9—C8

1.376 (5)
1.526 (5)
1.523 (4)
1.529 (5)
1.377 (4)
1.390 (5)
1.372 (5)
1.370 (5)
1.365 (5)
1.391 (5)

112.9 (3)
114.3 3)
119.5 (3)
117.6 (3)
122.7 (3)
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C2—C3—C4
C5—C3—C2
C5—C3—C4
C3—C5—Co6
C7—C6—C5
C1—C7—C8
Co—C7—Cl1
Co—CT7T—C8
C7—C8—C15

121.7 (3)
116.8 (3)
121.5 (3)
122.0 (3)
121.4 (3)
119.4 (3)
116.9 (3)
123.7 (3)
108.4 (3)

C11—C10—C9
C12—CI11—CI10
Cl11—Cl12—Brl
C13—C12—Brl
C13—Cl12—C11
C12—C13—C14
C9—C14—C13
N1—C15—C8

121.9 (3)
119.3 (3)
120.2 (3)
118.8 (3)
121.0 (3)
119.1 (3)
121.0 (3)
110.6 (3)
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