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1. Discussion about the reaction of)-1-phenylpent-1-en-3-one and 4-phenyl-

1-nitro-1,3-butadiene in the presence of catalystunder optimized conditions.

It is worth mentioning that the reaction betweemphényl-1-nitro-1,3-butadiene andE){1-
phenylpent-1-en-3-one as enone under optimizediogaconditions with catalydtworked well
providing two diastereocisomeric produc® and 6 along with an unidentified minor
diastereoisomer in a ratio of 6:3:1 in a combineddyof 51% (Scheme 1). The diastereocisomer
3t could be obtained in pure form after careful chamgraphic separation while diastereocisomer
6 was contaminated with about 12% of the uniderdtifrénor diastereoisomer.

Scheme 1 Synthesis of tetrasubstituted cyclohexaremn
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The relative stereochemistry of prodttand 6 were assigned on the basis of NOE
interactions obtained from 2D-ROESY experimentsgg¢Fi 1 and 2). The absolute

stereochemistry of each of these products is asdigg analogy to adducsgy 3I/ 3nm/ 3s



Figure 1 Important'H-"H ROESY interactions to ascertain the relativeestenemistry of major

diastereoisomest
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Figure 2 Important'H-'H ROESY interactions to ascertain the relativeesiehemistry of minor
diastereocisomes

The formation of diastereoisomeric produ@tsand 6 can be explained by aendo
selective [4+2] cycloaddition of the dienophile Hepmyl-1-nitro-1,3-butadien®a with two
geometrical isomeric enamineR,Z)-7 and (E,E)-7, generatedn situ from the chiral primary
amine catalyst (R*NH;) and E)-1-phenylpent-1-en-3-one (Scheme 2). The formatibthe

enamine E,2)-7 would be favouretf over enamine &,E)-7. As shown in Scheme 2, major



enamine E,2)-7 leads to major diastereoisom8t while minor enamine E,E)-7 leads to
diastereoisomeB but could not be isolated due to its high energwfigoration. Like the
favourable isomerisation of axial nitro substitutéal to equatorial nitro substitute8a, this
diastereoisomeB presumably underwent epimerization of the nitrasbey centre from axial
nitro substituted® to equatorial nitro substituteéiwhere three substituent became equatorial.

Scheme 2 Plausible pathways for diastereocisomers&td 6
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2. General methods

Solvent removal was performed with a rotary evajporahat was connected to a dry ice
condenser. TLC (0.5 mm) was carried out using hoaussilica gel plates with fluorescence
indicator. Column chromatography was performedibeasgel (230-400 mesh). THel and**C
NMR spectroscopic data were recorded with 200 MHz MR: 200 MHz, **C NMR: 50
MHz), 500 MHz {H NMR: 500 MHz,**C NMR: 125 MHz) and 800 MHZ'l NMR: 800 MHz,
13C NMR: 200 MHz) Bruker spectrometers, and 500 MH IMR: 500 MHz,**C NMR: 125
MHz), 600 MHz {H NMR: 600 MHz,**C NMR: 150 MHz) Varian spectrometers. Th¢ and
3¢ chemical shifts are given in ppmi §cale) and are measured relative to GHZI27 ppm)
and CDC} (77.0 ppm), respectively, as internal standardghHesolution mass spectra were
recorded at 60-70 eV with a Waters Micromass Q-Kpe&ctrometer (ESI, Ar). Enantiomeric
excess €e) values were determined by HPLC analysis with é&8G8 (JASCOPU-2080)
instrument fitted with a Daicel Chiralpak AD-H catum/ Daicel Chiralcel OD-H and UV-2075
detector f fixed at 254 nm). Optical rotations were measuréth @ JASCO DIP polarimeter.
Melting points (mp) were measured in a Buchi B-Bfparatus. Elemental analyses (C, H, N)

were carried out by Elementar, varioMICRO CHNSnmstent.
Materials

Benzylidene acetonda was purchased from Spectrochem Private Limitedialn Other
arylidene acetoneswere synthesized from respective aryl aldehydesaaetbne following the
literature procedureb.Nitrodienes2 were prepared from substituted cinnamaldehydes and
nitromethane following the procedures reportedhie literature$:®> Organocatalyst&IV were

prepared according to literatfre.



3 General Procedures

(@) General Procedure A for the preparation of trisibstituted rac-cyclohexanone
derivatives

All the reactions were carried out in normal toleeand no special precautions were taken to
exclude water or air from the reaction flask. Pidine (0.1 mmol) and benzoic acid (6.0 mg,
0.05 mmol) were added to a stirred solution of iiteodiene2 (0.2 mmol) and enonek (0.4
mmol) in toluene (1 mL). Then the reaction mixtwas stirred at 50 °C for 2 d. After that, the
solvent was removed under reduced pressure anesh#ing residue was directly subjected to
column chromatography on silica gel to afford tberesponding productac-3a-3s

(b) General Procedure B for the preparation of trisubsituted chiral cyclohexanone
derivatives

All the reactions were carried out in double distilwater and no special precautions were taken
to exclude air from the reaction flask. Benzoiaa@i.5 mg, 0.06 mmol, 30 mol %) was added to
a heterogeneous mixture of the cataly$t3 mg, 0.04 mmol, 20 mol %) and water (0.5 mL).
The resulting heterogeneous mixture was stirred0atC for 10 min in a pre-heated oil bath.
After that, the mixture was brought to room tempae and enoné (0.4 mmol, 2 equiv) was
added, followed by the addition of nitrodie2€0.2 mmol, 1 equiv). The heterogeneous mixture
was stirred at 28 °C for 2 d. The reaction mixtwaes extracted with dichloromethane (3 x 10
mL) and the combined extract was washed with brdveed (MgSQ) and evaporated. The
residue was purified by column chromatography t¢inasusing hexane/EtOAc as eluent to give
3a-3s Except mentioned, each solid product was redtiggtd from hexane/EtOAc combined

solvent systems to give the corresponding enanticaily pure cyclohexanone.



(c) General Procedure C for the preparation of trisibstituted rac-cyclohexanone 4a and
rac-5

The reaction was carried out in double distilledevand no special precautions were taken to
exclude air from the reaction flask. Benzoic adicb(mg, 0.06 mmol, 30 mol %) was added to a
heterogeneous mixture of the cataly$6.5 mg, 0.02 mmol, 10 mol %) and catalijs{6.5 mg,
0.02 mmol, 10 mol %) in water (0.5 mL). The reqdtheterogeneous mixture was stirred at 40
°C for 10 min in a pre-heated oil bath. After th&e mixture was brought to room temperature
and then benzylidene acetofia (58 mg, 0.4 mmol, 2 equiv) was added, followed hg t
addition of nitrodien€a (35 mg, 0.2 mmol, 1 equiv). The heterogeneousuréxtvas stirred at
28 °C for 2 d and extracted with dichloromethane<(30 mL). The combined organic extract
was washed with brine, dried (Mg®Qand evaporated. The residue was purified by colum
chromatography on silica using hexane/EtOAc asnelicegiverac-4a andrac-5

(d) General Procedure D for the preparation of tetasubstituted rac-cyclohexanones3t and

6

The reaction was carried out in double distilledewaand no special precautions were taken to
exclude air from the reaction flask. Benzoic agicb(mg, 0.06 mmol, 30 mol %) was added to a
heterogeneous mixture of the cataly$6.5 mg, 0.02 mmol, 10 mol %) and catalijs{6.5 mg,
0.02 mmol, 10 mol %) in water (0.5 mL). The reqdtheterogeneous mixture was stirred at 40
°C for 10 min in a pre-heated oil bath. After th&e mixture was brought to room temperature
and then E)-1-phenylpent-1-en-3-on€64 mg, 0.4 mmol, 2 equiv) was added, followed gy t
addition of nitrodien€a (35 mg, 0.2 mmol, 1 equiv). The heterogeneousuréxtvas stirred at
28 °C for 3 d and extracted with dichloromethane<(830 mL). The combined organic extract

was washed with brine, dried (Mg®Cand evaporated. The residue was purified by colum



chromatography on silica using hexane/EtOAc as n¢lue give rac-3t and rac-6. The

diastereoisomarac-6 was contaminated with about 18% of an unidentifiedtereoisomer.

4. Optimization Table

Table 1.Catalyst screening using benzoic acid as an addiévn toluené

(0]
O Ph catalyst I-1V (20 mol %)
JI)J\CH3 \\  PhCO,H (30 mol %)
> + =
+ A\ toluene, 28 °C, 4 d T = Ph Ph : Ph

NO,

3a 4a

entry catalyst 3a/4e® vyield (%) of38°  ee (%) of3a

1 | 65:35 52 99
2 I 64:36 46 96
3 1l 44:56 35 98
4 \Y, 40:60 22 96

% Unless noted otherwise, all reactions were perfdrmsingla (0.4 mmol),2a (0.2 mmol),
catalyst (0.04 mmol) and benzoic acid (0.06 mmol}dluene (0.5 mL)" Determined by'H
NMR of the crude reaction mixturelsolated yield of diastereoisom8a after chromatographic
purification. ¢ Enantiomeric excess &a as determined by HPLC on chiral stationary phése.

Product formed with opposite enantioselectivityjcomplete reaction.



Table 2. Additive and solvent screening using catgsts | (20 mol%)*

[e) Ph catalyst | (20 mol %)
e G BEE i‘)w
Ph + \ solvent, 28 °C
O,N
la 4a
2a
entry additive solvent  time 3a/4 yield (%) ee (%)
of 3a¢ of 3a¢
1 benzoic acid toluene 4d 65:35 52 99
2 3,5-dinitrobenzoic acid toluene 5d 55:45 16 93
3 4-nitrobenzoic acid toluene 5d 50550 21 93
4 2-fluorobenzoic acid toluene 5d 60:40 35 96
5 acetic acid toluene 5d 6040 20 95
6 benzoic acid xylene 5d 5050 38 95
7 benzoic acid CHGI 5d 67:33 42 96
8 benzoic acid MTBE 5d 83:17 39 >99
9 benzoic acid THF 5d 50:50 41 92
10 benzoic acid MeOH 5d 50:50 32 94
11 benzoic acid O 2d 80:20 75 >98

& Unless noted otherwise, all reactions were perfdrmsingla (0.4 mmol),2a (0.2 mmol),
catalyst (0.04 mmol) and additive (0.06 mmol) ifveat (0.5 mL).” Determined byH NMR of
the crude reaction mixtur€. Isolated yield of diastereoisomeda after chromatographic
purification. ¢ Enantiomeric excess &a as determined by HPLC on chiral stationary phése.

Incomplete reaction.
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Table 3. Effect of the ratio of the enone 1a to mbdiene 2a on the [4+2] cycloaddition

reaction?
o Ph catalyst | (20 mol %) fo) 9
benzoic acid
/HJ\CHS N\ (30 mol %) . é\/\
Ph | T Ho:c Ph" > pn Pr” : e
O,N NO: e
la 2 3a 4a
2a
entry la/2a 3a/4é yield (%) of38°  ee (%) of3a”
1 1.0/1.0 87/13 45 95
2 1.2/1.0 83/17 50 96
3 1.5/1.0 81/19 62 96
4 2.0/1.0 80:20 75 >08

@Unless noted otherwise, all reactions were perfdromng nitrodien&a (0.2 mmol), catalyst
(0.04 mmol) and benzoic acid (0.06 mmol) ipCH(0.5 mL).? Determined byH NMR of the
crude reaction mixturélsolated yield of diastereoisom@a after chromatographic purification.

4 Determined by HPLC on chiral stationary phase.
5. X-ray Crystallographic Studies

Single crystal X-ray diffraction data were colletten Agilent Supernova system equipped with
a microfocus Cu-source. € 1.54182'\) and a Titan CCD detector. The crystals were stedr
coated with paraffin oil and mounted on a loop Xeray diffraction data collection at specified
temperatures. The data reduction and analysis eareed out with CrysAlisPro software suit.
Analytical absorption correction using a multifaacrystal model based on expressions derived
by Clark & Reid and as implemented in the CrysAlisPro software wai carried out for all the
crystals. The structures were solved by direct pwthsing Shelxs and refined using ShelxI
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software8 using Olex2 interfac& All the non-hydrogen atoms were refined anisotalty and

hydrogens were generated at their idealized positiand refined isotropically according to

riding model.

6. Table of X-ray Crystallographic Data

Compounds 39 3l 3m 3s

Formula G1H18FNOs CooH1sCINO3 CooH1sBrNOs CooH17BroNO3
Formula Wt 389.36 355.80 400.26 479.17
Crystal System  Orthorhombic Monoclinic Monoclinic  Orthorhombic
Space Group P212121 P1211 P1211 P212121
T,K 293(2) 293(2) 293(2) 293(2)

Z 4 2 2 4

a, A 6.0481(3) 5.9375(5) 5.9479(5) 6.04125(16)
b, A 15.9843(8) 12.3627(14) 12.3464(13) 9.8526(4)

c, A 19.4099(10) 12.7571(11) 12.9363(12) 31.9892(11)
a, deg 90 90 90 90

B, deg 90 99.297(8) 99.635(8) 90

vy, deg 90 90 90 90

v, A3 1876.44(16) 924.12(15)  936.59(15) 1904.07(12)
pealc,mg/mn?  1.378 1.279 1.419 1.671

w, m/mmi* 0.955 1.977 3.138 5.566

6 range, deg 3.571-68.719 3.532-69.987 3.451-60.870 4.686-72.914
GOF (F) 1.049 1.003 0.981 1.073

R:® (WR"), %

0.0857 (0.2589) 0.0601 (0.17410.0619 (0.1960) 0.0629 (0.1745)
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7. X-ray Crystal Structures (50% ellipsoid contour percent probability):

Figure 1. X-ray structure o8g, CCDC No. 1450559

Figure 2. X-ray structure o8I, CCDC No. 1450560

13



Figure 3. X-ray structure oBm, CCDC No. 1450561

Figure 4: X-ray structure o8s CCDC No. 1450562
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8. Characterization data of products

@)

O .

(3S,4R,55)-4-Nitro-3-phenyl-5-styrylcyclohexanone 3a

Y
3a

The reactions were carried out in double distilleter and no special precautions were taken to
exclude air from the reaction flask. Benzoic agicb(mg, 0.06 mmol, 30 mol %) was added to a
heterogeneous mixture of the cataly$13 mg, 0.04 mmol, 20 mol %) and water (0.5 mL)eTh
resulting heterogeneous mixture was stirred at@@ot 10 min in a pre-heated oil bath. After
that the mixture was brought to room temperatuceeonela (58 mg, 0.4 mmol, 2 equiv) was
added, followed by the addition of nitrodie2& (35 mg, 0.2 mmol, 1 equiv). The heterogeneous
mixture was stirred at 28 °C for 2 d. The reactiurture was extracted with dichloromethane (3
x10 mL) and the combined extract was washed wittebdried (MgS@) and evaporated. The
residue was purified by column chromatography dinasuising hexane/EtOAc as eluent to give
3a(48 mg, 75%)4a (6 mg, 9%) an® (2 mg, 3%).

Data for 3a: White solid. mp: 209-210 °C; Thee was determined by HPLC using a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 14.05 mMiN,Tminor =
18.73 min, >98% eep[p?° = -69.9 € 2.00, CHC4, ee >99.99%)*H NMR (CDCk, 200 MHz):6
7.40-7.25 (m, 10 H), 6.46 (dd= 0.6, 15.8 Hz, 1 H), 6.10 (dd= 7.7, 15.9 Hz, 1 H), 5.30 (dd,

= 4.4, 9.4 Hz, 1 H), 3.99-3.86 (m, 1 H), 3.58-3(#7 1 H), 2.90-2.86 (m, 2 H), 2.83-2.61 (m, 2
H); 3C NMR (CDC}, 50 MHz): 6 205.97, 139.0, 135.8, 134.7, 129.2 (2 C), 128.6)2128.3,

128.0, 127.1 (2 C), 126.6 (2 C), 123.6, 90.4, 48302, 42.3, 41.5; IR (film)z 1715, 1542, 1493,
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1370, 1210, 1027, 968, 907, 757, 695 trAnal. calcd for GoH1NOs: C, 74.75; H, 5.96; N,

4.36; Found: C, 74.76; H, 6.14; N, 4.22.

(@]

NO,
4a

Data for (3S,4S,55)-4-nitro-3-phenyl-5-styrylcyclohexanone 4a:Yellow liquid. The ee was
determined by HPLC using a Daicel Chiralpak AD-Hanei-PrOH (90:10)]; flow rate 1.0
mML/Min; Tmajor = 17.74MiN, Tminor = 24.00 min, >97% een]p™ = -93.0 ¢ 0.91, CHC}, ee
>97.0%);'H NMR (CDCk, 500 MHz):d 7.38-7.29 (m, 8 H), 7.15 (d,= 7.5 Hz, 2 H), 6.61 (d]
=16 Hz, 1 H), 6.10 (dd] = 7.3, 15.8 Hz, 1 H), 5.07 @,= 5.0 Hz, 1 H), 3.79 (quird = 5.0 Hz, 1
H), 3.60 (quinJ = 6.0 Hz, 1 H), 3.40 (dd] = 10.8, 15.3 Hz, 1 H), 3.08 (dd= 6.0, 15.5 Hz, 1
H), 2.75 (dd,J = 5.5, 15.5 Hz, 1 H), 2.69 (dd,= 6.0, 16.0 Hz, 1 H)**C NMR (CDCE, 125
MHz): 6 207.3, 136.9, 135.8, 134.3, 129.1 (2 C), 128.C)2128.4, 128.4, 127.4 (2 C), 126.6 (2
C), 126.2, 90.3, 42.3, 41.7, 41.5, 41.0; IR (film)1711, 1541, 1492, 1372, 1210, 1027, 968,
907, 759, 697 cit; Anal. calcd for GoH1gNOs: C, 74.75; H, 5.96; N, 4.36; Found: C, 74.71; H,

6.11; N, 4.31.

Data for 5: Theee was determined by HPLC using a Daicel Chiralpak ADPhexane-PrOH

(90:10)]; flow rate 1.0 mL/MiNtmajor = 24.98MiN, tminor = 32.9 min, 60% eeH NMR (CDCl,
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500 MHz):6 7.60 (d,J = 16.5 Hz, 1 H), 7.57-7.55 (m, 2 H), 7.42-7.40 @), 7.35-7.34 (m, 2
H), 7.32-7.29 (m, 2 H), 7.26-7.15 (m, 1 H), 6.76¢ 16.0 Hz, 1 H), 6.58 (d = 15.5 Hz, 1 H),
6.15 (dd,J = 8.5, 16.0 Hz, 1 H), 4.69 (dd,= 6.0, 12.5 Hz, 1 H), 4.59 (dd,= 7. 5, 12.5 Hz, 1
H), 3.71-3.64 (m, 1 H), 3.00 (d,= 6.5 Hz, 2H);**C NMR (CDC}, 125 MHz): 196.8, 143.7,
136.2, 134.1, 133.4, 130.9, 129.0 (2 C), 128.6)21@8.4 (3 C), 128.0, 126.5 (2 C), 125.7, 78.8,

42.4, 37.4.

Ne @@

(35,4R,5S5)-3-(4-Chlorophenyl)-4-nitro-5-styrylcyclohexanone3b

Following the general procedure B, the product oisined in 70% yield (50 mg) as a white
solid. mp: 201-202 °C; Thee was determined by HPLC using a Daicel Chiralpak HAD-
[hexanel-PrOH (90:10)]; flow rate 1.0 mL/Mirmajor = 19.10 MiNTminor = 25.36 min, >94% ee;
[a]o?® = -217.9 € 1.54, CHC4, ee >99.99%)*H NMR (CDCk, 200 MHz):6 7.35-7.18 (m, 9 H),
6.47 (d,J= 15.8 Hz, 1 H), 6.07 (dd,= 7.8, 15.8 Hz, 1 H), 5.24 (dd= 4.6, 9.8 Hz, 1 H), 3.96-
3.83 (m, 1 H), 3.57-3.49 (m, 1 H), 2.89-2.85 (MH)2 2.79-2.56 (m, 2 H)**C NMR (CDCE, 50
MHz): 6 205.3, 137.4, 135.8, 135.0, 134.0, 129.4 (2 C3,8% C), 128.5 (2 C), 128.4, 126.7 (2
C), 123.2, 90.3, 45.1, 43.3, 41.6 (2 C); IR (film)1715, 1545, 1493, 1377, 1092, 1015, 969,
837, 750, 694 ciit; Anal. calcd for GoH1gCINOs: C, 67.51; H, 5.10; N, 3.94; Found: C, 67.46;

H, 4.84; N, 3.66.
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O

SO
Br 2

(3S,4R,55)-3-(4-Bromophenyl)-4-nitro-5-styrylcyclohexanone 8

Y
3c

Following the general procedure B, the product wlamined in 62% yield (50 mg) as a white
solid. mp: 169-170 °C; Thee was determined by HPLC using a Daicel Chiralpak KAD-
[hexanel-PrOH (90:10)]; flow rate 1.0 mL/Mirmajor = 19.36 MiNTminor = 25.80 min, >94% ee;
[a]o?® = -187.9 € 1.30, CHCY4, ee >99.99%)*H NMR (CDCk, 500 MHz):5 7.48 (d,J = 8.5 Hz,

2 H), 7.35-7.27 (m, 5 H), 7.15 (d= 8.5 Hz, 2 H), 6.47 (d] = 15.5 Hz, 1 H), 6.08 (dd},= 7.5,
15.5 Hz, 1 H), 5.25 (dd} = 4.5, 9.5 Hz, 1 H), 3.91-3.86 (m, 1 H), 3.58-3(88 1 H), 2.90-2.84
(m, 2 H), 2.83-2.79 (m, 1 H), 2.64 (d#i= 11.0, 15.5 Hz, 1 H)}**C NMR (CDC}, 50 MHz):6
205.3, 138.0, 135.8, 135.1, 132.4 (2 C), 128.8 J2128.6 (2 C), 128.4, 126.7 (2 C), 123.2,
122.1, 90.2, 45.0, 43.3, 41.7, 41.66; IR (film)1715, 1546, 1485, 1373, 1289, 1011, 968, 836,

749, 694 crﬁl; Anal. calcd for GogH1gBrNOs: C, 60.01; H, 4.53; N, 3.50; Found: C, 60.35; H,

4.24; N, 3.36.
O
Y
0
el

(3S,4R,5S)-3-(4-Fluorophenyl)-4-nitro-5-styrylcyclohexanone3d
Following the general procedure B, the product whsined in 80% yield (54 mg) as a white

solid. mp: 216-218 °C; Theee was determined by HPLC wusing a Daicel
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Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 18.11 MIiN,Tminor =
23.46 min, >94% eep[p™ = -192.8 € 1.34, CHC}, ee >99.99%)*H NMR (CDCk, 200 MHz):

0 7.34-7.21 (m, 7 H), 7.08-6.99 (m, 2 H), 6.46J¢; 15.8 Hz, 1 H), 6.08 (dd,= 7.8, 16.0 Hz, 1
H), 5.24 (ddJ = 4.5, 9.7 Hz, 1 H), 3.97-3.84 (m, 1 H), 3.59-3(#8 1 H), 2.89-2.77 (m, 3 H),
2.63 (dd,J = 10.7, 15.5 Hz, 1 H)**C NMR (CDCk, 125 MHz):5 205.6, 162.2 (dJc-r = 248
Hz), 135.8, 134.9, 134.7 (d¢-r= 4 Hz), 128.8 (dJc-r = 8 Hz), 128.6 (2 C), 128.4, 126.7 (2 C),
123.3, 116.2 (djc-£ = 22 Hz), 90.6 , 45.2, 43.3, 41.6; IR (film)1715, 1544, 1509, 1373, 1224,
1160, 969, 842, 750, 695 cmAnal. calcd for GoH1gFNOs: C, 70.78; H, 5.35; N, 4.13; Found:

C, 70.67; H, 5.01; N, 3.95.

oﬁéf@

(35,4R,55)-3-(4-Methoxyphenyl)-4-nitro-5-styrylcyclohexanone3e

MeO

Following the general procedure B, the product oisined in 45% yield (32 mg) as a white
solid. mp: 138-140 °C; Theee was determined by HPLC wusing a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 18.51 MiN,tminor =
33.03 min, >95% eep]p® = -192.0 € 1.28, CHC}, ee >99.99%)'H NMR (CDCk, 200 MHz):

0 7.35-7.24 (m, 5 H), 7.22-7.14 (m, 2 H), 6.90-6(BR 2 H), 6.45 (dd,) = 0.8, 15.8 Hz, 1 H),
6.09 (ddJ= 7.7, 15.7 Hz, 1 H), 5.22 (dd= 4.4, 9.2 Hz, 1 H), 3.93-3.81 (m, 1 H), 3.76 (&)3
3.54-3.42 (m, 1 H), 2.89-2.78 (m, 3 H), 2.66 (d& 10.2, 15.6 Hz, 1 H)*C NMR (CDCk, 50
MHz): 6 206.2, 159.2, 135.9, 134.6, 130.9, 128.6 (2 C3,223 C), 126.6 (2 C), 123.8, 114.6 (2

C), 90.8, 55.3, 45.0, 43.2, 41.7, 41.3; IR (film)1715, 1550, 1514, 1368, 1252, 1180, 1032,
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964, 748, 695 cr’ﬁ; Anal. calcd for GiH>1NOy4: C, 71.78; H, 6.02; N, 3.99; Found: C, 71.61; H,

5.71; N, 3.88.

QW

(3S,4R,55)-3-(4-Nitrophenyl)-4-nitro-5-styrylcyclohexanone 3

O,N

Following the general procedure B, the product waimined in 65% yield (48 mg) as a yellow
solid. mp: 172-174 °C; Theee was determined by HPLC wusing a Daicel
Chiralpak AD-H [hexan&/PrOH (80:20)]; flow rate 1.0 mL/MiNtmajor = 53.09 MiN,Tminor =
68.35 min, >95% eep[p> = -158.0 € 0.92, CHC}, ee >95%)*H NMR (CDCk, 600 MHz):6
8.22 (d,J=8.4 Hz, 2 H), 7.47 (d] = 9.0 Hz, 2 H), 7.35-7.26 (m, 5 H), 6.50 (d+ 16.2 Hz, 1
H), 6.07 (ddJ = 7.8, 15.6 Hz, 1 H), 5.36 (dd,= 4.2, 10.2 Hz, 1 H), 4.06-4.01 (m, 1 H), 3.67-
3.65 (m, 1 H), 2.96-2.89 (m, 2 H), 2.80 (dds 4.8, 15.6 Hz, 1 H), 2.65 (dd~= 12.0, 15.6 Hz, 1
H); **C NMR (CDCE, 150 MHz):6 204.2, 147.5, 146.0, 135.5, 128.6 (3 C), 128.8,11.%2 C),
126.6 (2 C), 124.4 (2 C), 122.4, 89.7, 45.1, 48240, 41.7; IR (film)v 1719, 1596, 1550, 1520,
1347, 1252, 1016, 855, 748, 695 ¢rAnal. calcd for GoH1gN-Os: C, 65.57; H, 4.95; N, 7.65;

Found: C, 65.55; H, 5.11; N, 7.74.

o%

(35,4R,5S5)-3-(4-Trifluoromethylphenyl)-4-nitro-5-styrylcyclo hexanone 3g

FsC
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Following the general procedure B, the product alatsined in 70% yield (55 mg) as a colorless
solid. mp: 162-164 °C; Theee was determined by HPLC wusing a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 14.50 MiN,tminor =
18.66 min, >94% eep]p® = -194.0 ¢ 1.07, CHC}, ee >99.99%JH NMR (CDCk, 600 MHz):
§7.62 (dJ=7.2 Hz, 2 H), 7.40 (d] = 8.4 Hz, 2 H), 7.35-7.27 (m, 5 H), 6.49 (¢ 16.2 Hz, 1
H), 6.09 (ddJ = 7.8, 15.6 Hz, 1 H), 5.33 (dd,= 4.2, 10.2 Hz, 1 H), 4.00-3.96 (m, 1 H), 3.62-
3.59 (m, 1 H), 2.94-2.88 (m, 2 H), 2.82 (dd; 5.4, 15.6 Hz, 1 H), 2.67 (dd= 11.4, 15.6 Hz, 1
H): 1°C NMR (CDCk, 125 MHz):5 204.9, 142.9, 135.7, 135.3, 130.3 ¢+ = 32.6 Hz), 128.7
(2 C), 128.5, 127.6 (2 C), 126.7 (3 C), 126.3Xgs = 3.5 Hz), 122.9, 122.7 (de-r = 270 Hz),
90.0, 45.1, 43.4, 41.92, 41.85; IR (film):1717, 1544, 1373, 1327, 1252, 1168, 1131, 1069,
1018, 969, 846, 758, 694 ¢l HRMS (ESI): m/iz calcd. for GiHigFsNNaO;

[M + NaJ" 412.1131, found 412.1126.

u© <E\/\©

(3S,4R,55)-3-(3-Chlorophenyl)-4-nitro-5-styrylcyclohexanone3h

Following the general procedure B, the product wlained in 65% yield (46 mg) as a white
solid. mp: 170-172 °C; Theee was determined by HPLC wusing a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 14.54 mMiN,Tminor =
16.74 min, 87% eep]p?° = -218 € 1.07, CHC4, ee >99.99%)*H NMR (CDChk, 600 MHz):6
7.36-7.31 (M, 4 H), 7.29-7.26 (m, 4 H), 7.16-7.4% { H), 6.48 (dJ = 16.2 Hz, 1 H), 6.07 (dd,
J=8.4, 16.2 Hz, 1 H), 5.28 (dd,= 4.5, 9.9 Hz, 1 H), 3.92-3.87 (m, 1 H), 3.59-3(&Y, 1 H),

2.92-2.86 (m, 2 H), 2.82 (dd,= 5.4, 15.6 Hz, 1 H), 2.65 (dd,= 11.4, 15.6 Hz, 1 H)C NMR
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(CDCl, 150 MHz):¢ 205.2, 140.9, 135.7, 135.1, 135.0, 130.5, 128C)(228.4, 128.3, 127.3,
126.7 (2 C), 125.3,123.1, 90.1, 45.2, 43.3, 42.8); IR (film):v 1718, 1574, 1544, 1373, 1207,
1081, 969, 789, 749, 692 ¢ HRMS (ESI): mz calcd. for GoH:1sCINNaQ; [M + NaJ

378.0867, found. 378.0886.

O

Br K
\© NO,

(35,4R,55)-3-(3-Bromophenyl)-4-nitro-5-styrylcyclohexanone B

Y
3i

Following the general procedure B, the product ohisined in 75% yield (60 mg) as a white
solid. mp: 177-179 °C; Theee was determined by HPLC wusing a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 15.34 MiN,Tminor =
17.27 min, 93% eep]p®° = -183 € 1.09, CHC}, ee >99.99%)*H NMR (CDCk, 600 MHz):d
7.42-7.23 (m, 7 H), 7.22-7.18 (m, 2 H), 6.47 Jd; 15.6 Hz, 1 H), 6.07 (dd, = 7.8, 15.6 Hz, 1

H), 5.27 (ddJ = 4.2, 9.9 Hz, 1 H), 3.90-3.85 (m, 1 H), 3.59-3(66 1 H), 2.91-2.84 (m, 2 H),
2.80 (ddJ = 5.4, 16.2 Hz, 1 H), 2.63 (dd= 11.4, 15.6 Hz, 1 H}*C NMR (CDCE, 150 MHz):

0 205.1, 141.2, 135.8, 135.2, 131.3, 130.8, 13®@8,71(2 C), 128.4, 126.7 (2 C), 125.8, 132.3,
123.1,90.1, 45.2, 43.4,41.8 (2 C); IR (filna)1717, 1543, 1371, 1208, 1070, 968, 785, 771, 696
cm ; Anal. calcd for GoH1gBrNOs: C, 60.01; H, 4.53; N, 3.50; Found: C, 60.32; 264 N,

3.36.
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(3S5,4R,55)-3-(2-Chlorophenyl)-4-nitro-5-styrylcyclohexanones3]

Following the general procedure B, the product wlained in 70% yield (50 mg) as a white
solid. mp: 156-158 °C; Theee was determined by HPLC wusing a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 12.54 mMiN,Tminor =
16.37 min, >94% eep[p’’ = -92.0 € 1.00, CHC}, ee >99.99%)*H NMR (CDCk, 600 MHz):6
7.44-7.42 (m, 1 H), 7.32-7.26 (m, 8 H), 6.46 J& 15.6 Hz, 1 H), 6.09 (dd,= 7.5, 15.9 Hz, 1
H), 5.41 (m, 1 H), 4.46-4.427 (m, 1 H), 3.47-3.48 @ H), 3.02-2.94 (m, 2 H), 2.82 (d#i= 5.4,
15.6 Hz, 1 H), 2.69 (dd] = 9.0, 15.0 Hz, 1 H)**C NMR (CDCE, 150 MHz):6 206.2, 136.5,
135.9, 134.6 (2 C), 133.8, 130.7, 129.3, 128.6)(21€8.3, 127.8, 126.6 (2 C), 123.7, 88.0, 42.9,
42.7, 40.9, 39.5; IR (film)v 1718, 1574, 1544, 1438, 1372, 1207, 1082, 969, 789, 692

cm%; HRMS (ESI):mvVz calcd. for GoH1gCINNaO; [M + Na]* 378.0867, found. 378.0890.

(35,4R,55)-3-(Naphthalene-1-yl)-4-nitro-5-styrylcyclohexanoe 3k
Following the general procedure B, the product whsined in 65% yield (48 mg) as a white
solid. mp: 150-152 °C; Theee was determined by HPLC wusing a Daicel

Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 13.17 MIiN,Tminor =
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14.47 min, >89% eep]p’’ = -46.0 € 0.75, CHC4, ee >99.99%)'H NMR (CDCk, 600 MHz):d
8.15 (d,J= 8.4 Hz, 1 H), 7.91 (d] = 7.8 Hz, 1 H), 7.83 (d] = 8.4 Hz, 1 H), 7.66-7.63 (m, 1 H),
7.56 (t,J = 7.2 Hz, 1 H), 7.46 ( = 7.5 Hz, 1 H), 7.36-7.34 (m, 1 H), 7.30-7.27 (mH)} 7.26-
7.23 (m, 1 H), 6.40 (d] = 16.2 Hz, 1 H), 6.11 (dd},= 7.2, 15.6 Hz, 1 H), 5.40 (3,= 7.5 Hz, 1
H), 4.86 (q,J = 6.0 Hz, 1 H), 3.34-3.30 (m, 1 H), 3.16-3.12 (mH}Y 2.84-2.81 (m, 2 H)**C
NMR (CDCl, 150 MHz):6 207.1, 135.8, 135.3, 134.1 (2 C), 130.5, 129.4.9,2128.5 (2 C),
128.2, 127.3, 126.5 (2 C), 126.2, 125.3, 124.4,9,2822.1, 88.6, 43.1, 42.2, 40.0, 38.6; IR
(film): v 1714, 1549, 1367, 1210, 1019, 969, 776, 751, 684;HRMS (ESI):m/z calcd. for

C24H21NNaG; [M + NaJ™ 394.1414, found. 394.1414.

O

R Y
h Cl
S
3l

(35,4R,55)-3-(4-Chlorostyryl)-4-nitro-5-phenylcyclohexanones3|

Following the general procedure B, the product alatsined in 70% yield (50 mg) as a colorless
solid. mp: 180-182 °C; Thee was determined by HPLC using a Daicel Chiralcel BD-
[hexanel-PrOH (90:10)]; flow rate 1.0 mL/mingminor = 33.95 MiNTmajor = 52.47 min, 94% ee;
[0]o?® = -247.0 € 0.88, CHCY4, ee >99.99%)*H NMR (CDCk, 500 MHz):5 7.38-7.35 (m, 2 H),
7.31-7.26 (m, 7 H), 6.42 (d,= 16.2 Hz, 1 H), 6.09 (dd,= 7.7, 15.7 Hz, 1 H), 5.30 (dd= 4.5,
9.0 Hz, 1 H), 3.95-3.90 (m, 1 H), 3.54-3.50 (m, 1 193-2.84 (m, 3 H), 2.71 (dd~ 10.7, 15.2
Hz, 1 H);**C NMR (CDC}, 125 MHz):6 205.8, 138.9, 134.3, 134.1, 133.5, 129.3, 1288)(2
128.1, 127.9 (2 C), 127.1 (3 C), 124.3, 90.4, 4432, 42.3, 41.5; IR (filmy 1719, 1547, 1492,
1371, 1303, 1209, 1090, 1011, 970, 816, 773, 699;ckmal. calcd for GoH1sCINOs: C, 67.51;

H, 5.10; N, 3.94; Found: C, 67.62; H, 4.74; N, 3.73
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(3S5,4R,55)-3-(4-Bromostyryl)-4-nitro-5-phenylcyclohexanone &

Following the general procedure B, the product whkined in 62% yield (50 mg) as a as a
colorless solid. mp: 197-198 °C; Thee was determined by HPLC using a Chiralcel OD-H
[hexanel-PrOH (90:10)]; flow rate 1.0 mL/Miminor = 34.48 MiNtmajor = 52.01 min, 90% ee;
[a]p%® = -211.0 ¢ 0.86, CHC}, ee >97%)H NMR (CDCk, 500 MHz):5 7.44 (d,J = 8.0 Hz, 2
H), 7.38-7.35 (m, 2 H), 7.32-7.27 (m, 3 H), 7.20J¢& 8.0 Hz, 2 H), 6.40 (d] = 16.5 Hz, 1 H),
6.10 (dd,J = 7.75, 16.2 Hz, 1 H), 5.30 (dd= 4.5, 9.0 Hz, 1 H), 3.95-3.90 (m, 1 H), 3.54-3.50
(m, 1 H), 2.93-2.84 (m, 3 H), 2.71 (dil= 10.5, 15.2 Hz, 1 H):3C NMR (CDC}, 125 MHz):d
205.8, 138.9, 134.8, 133.8, 131.8, 129.3 (3 C), 278 C), 128.1, 127.1 (2 C), 124.5, 122.2,
90.3, 44.9, 43.2, 42.3, 41.5; IR (filmy):1720, 1546, 1487, 1370, 1303, 1210, 1070, 1008, 97
699 cm®; Anal. calcd for GoH1gBrNOs: C, 60.01; H, 4.53; N, 3.50; Found: C, 60.34; H¥% N,

3.18.

O

. Y
A NO,
© NO
3n

(3S5,4R,55)-3-(4-nitrostyryl)-4-nitro-5-phenylcyclohexanone 3

Following the general procedure B, the product wlamined in 60% yield (44 mg) as a white
solid. mp: 146-148 °C; Thee was determined by HPLC using a Daicel Chiralcel BD-

[hexanel-PrOH (80:20)]; flow rate 0.75 mL/MiMminor = 75.35 MiNtmajor = 99.22 min, >94%
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ee; 1o = -200.0 ¢ 0.70, CHCH4, ee >94%)*H NMR (CDCk, 500 MHz):6 8.19 (d,J = 9.0 Hz,

2 H), 7.49 (dJ = 9.0 Hz, 2 H), 7.39-7.36 (m, 2 H), 7.33-7.27 (mH}B 6.54 (d,J = 16.5 Hz, 1

H), 6.31 (dd,J = 8.0, 16.5 Hz, 1 H), 5.31 (dd,= 4.0, 8.8 Hz, 1 H), 3.97-3.92 (m, 1 H), 3.60-
3.55 (m, 1 H), 2.94-2.87 (m, 3 H), 2.75 (db)= 10.5, 15.5 Hz, 1 H)}*C NMR (CDCk, 125
MHz): 6 205.4, 147.5, 142.1, 138.7, 132.7, 129.3 (2 C3,2,2128.2, 127.3 (2 C), 127.1 (3 C),
124.1, 90.2, 44.8, 42.9, 42.5, 41.4; IR (film)1719, 1597, 1550, 1516, 1343, 1218, 1109, 864,
826, 745, 700, 637 ch Anal. calcd for GoH1gN-Os: C, 65.57; H, 4.95; N, 7.65; Found: C,

65.77; H, 4.93; N, 7.29.

O

W /
[ j NO,
30 B

(35,4R,55)-3-(3-Bromostyryl)-4-nitro-5-phenylcyclohexanone 8

r

Following the general procedure B, the product whsined in 64% yield (51 mg) as a white
solid. mp: 205-206 °C; Thee was determined by HPLC using a Daicel Chiralcel BD-
[hexanei-PrOH (90:10)]; flow rate 1.0 mL/Mirminor = 39.80 MiNTtmajor = 61.56 min, >95% ee;
[a]p?® = -212.0 € 0.83, CHC}, ee >99.99%)*H NMR (CDCk, 500 MHz):8 7.50 (br s, 1 H),
7.40-7.35 (m, 3 H), 7.31-7.24 (m, 4 H), 7.20-7.45 L H), 6.40 (dJ = 15.5 Hz, 1 H), 6.12 (dd,
J=8.0, 15.5 Hz, 1 H)%5.30 (dd,J = 4.2, 9.3 Hz, 1 H), 3.96-3.91 (m, 1 H), 3.54-3(62 1 H),
2.93-2.85 (m, 3 H), 2.71 (dd,= 10.5, 16.0 Hz, 1 H**C NMR (CDCk, 125 MHz):6 205.7,
138.8, 137.9, 133.4, 131.7, 130.1, 129.4, 129.8)2128.1, 127.1 (2 C), 125.4, 125.3, 122.8,
90.4, 44.9, 43.1, 42.3, 41.5; IR (film):1720, 1546, 1487, 1370, 1303, 1210, 1070, 1008, 97
699 cm™; Anal. calcd for GoH1gBrNOs: C, 60.01; H, 4.53; N, 3.50; Found: C, 60.30; 2% N,

3.38.

26



(3S,4R,5S5)-4-Nitro-3-phenyl-5-[(E)-1-phenylprop-1-en-2yl]-cyclohexanone 3p

Following the general procedure B, the product wlaisined in 74% yield (50 mg) as a gummy
liquid (47 mg, 74%). Theee was determined by HPLC using a Daicel Chiralcel B[kexanei-
ProOH (90:10)]; flow rate 1.00 mL/MiAminor = 26.81 MiNTmajor = 30.51 min, 96% eep]p®® =

17.0 € 1.11, CHC4, mixture of diasteroisomerstf NMR (CDCk, 500 MHz):d 7.36-7.33 (m, 5
H), 7.26-7.24 (m, 3 H), 7.14-7.13 (m, 2 H), 6.48€b1 H), 5.26 (dd] = 4.5, 7.5 Hz, 1 H), 3.87-
3.83 (M, 1 H), 3.45-3.41 (m, 1 H), 3.30 (dc; 9.0, 16.0 Hz, 1 H), 2.94-2.90 (m, 1 H), 2.82-2.73
(m, 2 H), 1.95 (s, 3 H*C NMR (CDC}, 125 MHz):5 207.6, 136.8, 136.6, 135.1, 129.3, 129.0
(2 C), 128.9 (2 C), 128.4, 128.2 (2 C), 127.6 (2 ©)7.1, 88.9, 45.8, 42.3, 41.9, 41.5, 16.5;

HRMS (ESI):mvz calcd. for GiH2:NNaQ; [M + NaJ* 358.1414, found. 358.1391.

Ne @@

(3S5,4R,55)-3-(4-Chlorostyryl)-5-(4-chlorophenyl)-4-nitrocyclohexanone 3q

Following the general procedure B, the product wlamined in 65% yield (51 mg) as a white
solid. mp: 183-185 °C; Thee was determined by HPLC using a Daicel Chiralcel BD-
[hexanei-PrOH (90:10)]; flow rate 1.0 mL/Mirminor = 37.16 MiNTmajor = 60.82 min, 94% ee;
[a]p? = -254.0 € 0.87, CHC}, ee >98%)H NMR (CDCk, 500 MHz):6 7.35-7.33 (m, 2 H),
7.30-7.25 (m, 4 H), 7.22-7.20 (m, 2 H), 6.42Jd; 15.5 Hz, 1 H), 6.07 (dd, = 8.0, 15.5 Hz, 1

27



H), 5.29 (ddJ = 4.25, 9.75 Hz, 1 H), 3.92-3.87 (m, 1 H), 3.5533(f, 1 H), 2.88 (br s, 2 H),
2.82 (dd,J = 5.0, 16.0 Hz, 1 H), 2.65 (dd= 11.5, 15.5 Hz, 1 H)**C NMR (CDCk, 125 MHz):
 205.2, 137.3, 134.2, 134.1, 134.0, 133.8, 129.6)(2128.8 (2 C), 128.5 (2 C), 127.8 (2 C),
123.9, 90.2, 45.0, 43.2, 41.7, 41.6; IR (film)1717, 1592, 1545, 1491, 1407, 1372, 1213, 1093,
1013, 970, 835, 814, 757 ch Anal. calcd for GoH1/ClL,NOs: C, 61.55; H, 4.39; N, 3.59;

Found: C, 61.45; H, 4.38; N, 3.52.

O
W /
' Br
NO,
Br 3r

(3S,4R,55)-3-(4-Bromostyryl)-5-(3-bromophenyl)-4-nitrocyclohexanone 3r

Following the general procedure B, the product wlained in 70% yield (67 mg) as a white
solid. mp: 210-212 °C; Thee was determined by HPLC using a Daicel Chiralcel BD-
[hexanei-PrOH (90:10)]; flow rate 1.0 mL/Miminor = 47.62 MiNtmajor = 68.53 min, 92% ee;
[a]p?’ = -211.0 ¢ 0.97, CHC}, ee >99.99%)*H NMR (CDCk, 500 MHz):d 7.45-7.43 (m, 4 H),
7.25-7.20 (m, 4 H), 6.42 (d,= 16.0 Hz, 1H), 6.07 (ddl = 8.0, 16.0 Hz, 1 H), 5.29 (dd= 4.5,
10.0 Hz, 1 H), 3.90-3.85 (m, 1 H), 3.57-3.55 (nH). 2.88 (d,J = 5.0 Hz, 2 H), 2.81 (dd] =
5.2, 15.8 Hz, 1 H), 2.65 (dd,= 11.5, 15.5 Hz, 1 H)*3C NMR (CDCE, 125 MHz):6 205.0,
141.1, 134.7, 133.9, 131.8 (2 C), 131.4, 130.8,2,3028.2 (2 C), 125.8, 123.9, 123.3, 122.3,
90.0, 45.1, 43.2, 41.8, 41.8; IR (filmy:1717, 1592, 1548, 1497, 1373, 1207, 1071, 1008, 96
784, 691 crt; Anal. calcd for GoH1/Br:NOs: C, 50.13; H, 3.58; N, 2.92; Found: C, 50.43; H,

3.40; N, 2.91.
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(3S,4R,5S5)-3-(3-Bromostyryl)-5-(3-bromophenyl)-4-nitrocyclohexanone 3s

Following the general procedure B, the product alatsined in 58% yield (56 mg) as a colorless
solid. mp: 184-186 °C; Thee was determined by HPLC using a Daicel Chiralcel BD-
[hexanel-PrOH (90:10)]; flow rate 1.0 mML/MiMminor = 46.24 MiNTmajor = 70.03 min, >96% ee;
[a]o?® = -187.0 € 0.87, CHC}, ee >99.99%)'*H NMR (CDCk, 500 MHz):5 7.50 (s, 1 H), 7.44-
7.40 (m, 3 H), 7.27-7.17 (m, 4 H), 6.41 (= 16.0 Hz, 1 H), 6.10 (dd} = 7.75, 15.8 Hz, 1 H),
5.29 (ddJ=4.5, 9.5 Hz, 1 H), 3.91-3.86 (m, 1 H), 3.60-3(66 1 H), 2.88 (dJ = 5.0 Hz, 2 H),
2.83 (ddJ=5.5, 15.5 Hz, 1 H), 2.65 (dd= 11.5, 15.5 Hz, 1 H)*C NMR (CDCE, 125 MHz):

0 204.9, 141.1, 137.8, 133.8, 131.4, 131.2, 13038.2, 130.15, 129.4, 125.8, 125.4, 124.7,
123.3, 122.8, 90.0, 45.2, 43.3, 41.8 (2 C); IRn(filv 1718, 1592, 1547, 1476, 1372, 1208, 1072,
1013, 970, 758, 692 ¢ih Anal. calcd for GoH;7Br,NOs: C, 50.13; H, 3.58; N, 2.92; Found: C,

50.26; H, 3.30; N, 2.79.

(2R,3R,4S,55)-2-Methyl-4-nitro-5-phenyl-3-styrylcyclohexanone 8
The reactions were carried out in double distilleter and no special precautions were taken to

exclude air from the reaction flask. Benzoic agicb(mg, 0.06 mmol, 30 mol %) was added to a
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heterogeneous mixture of the cataly$13 mg, 0.04 mmol, 20 mol %) and water (0.5 mL)eTh
resulting heterogeneous mixture was stirred at@@ot 10 min in a pre-heated oil bath. After
that the mixture was brought to room temperature @mone E)-1-phenylpent-1-en-3-ong4
mg, 0.4 mmol, 2 equiv) was added, followed by ttidigon of nitrodiene2a (35 mg, 0.2 mmol,

1 equiv). The heterogeneous mixture was stirred8afC for 3 d. The reaction mixture was
extracted with dichloromethane (3 x10 mL) and tbenkined extract was washed with brine,
dried (MgSQ) and evaporated. The residue was purified by colehromatography on silica
using hexane/EtOAc as eluent to give a mixture iastdreoisomeric products (34 mg, 51%).
Careful chromatographic separation provided @irerhe diastereoisomé was contaminated
with about 12% of the unidentified diastereoisomer.

Data for 3t Yellow gum. The ee was determined by HPLC using a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/mirmajor = 21.01 min, >99.9% ee;
[a]p®® = -63.0 € 0.59, CHC}, ee >99.9%):H NMR (CDCk, 800 MHz): § 7.36-7.35 (m,
3H),7.33-7.28 (m, 4H), 7.27-7.25 (m, 1H), 7.05](& 4.0 Hz, 1 H), 6.50 (d] = 16.0 Hz, 2 H),
5.96 (dd,J = 8.8, 15.2 Hz, 1 H), 5.22 (dd= 5.6, 10.4 Hz, 1 H), 4.03 (d,= 5.6 Hz, 1 H), 3.11-
3.07 (m, 2 H), 2.96 (dd] = 6.4, 16.0Hz, 1 H), 2.54 (sex, 1 H), 1.26 Jd 6.4 Hz, 3 H)*C
NMR (CDClL, 125 MHz):5 208.0, 136.8, 136.0, 135.3, 128.9 (2 C), 128.6)2128.4, 128.1,
128.0 (2 C), 126.4 (2 C), 126.0, 91.1, 46.1, 46308, 42.5, 12.4; IR (film)v 1714, 1551, 1495,
1453, 1368, 969, 746, 697 CMHRMS (ESI):nmVz calcd. for G;HsNNaO; [M + NaJ* 358.1413,

found. 358.1371.

O

O,

CH3
7
6
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Data for 6: Thick yellow gum. Theee was determined by HPLC using a Daicel
Chiralpak AD-H [hexan&/PrOH (90:10)]; flow rate 1.0 mL/MiMtmajor = 12.86 MiN,Tminor =
14.65 min, 97.6% eeq]p* = -265.8 € 0.26, CHCA); *H NMR (CDCk, 500 MHz):6 7.36-7.26
(m, 10 H), 6.44 (dJ = 15.0 Hz, 1 H), 5.87 (ddl = 11.0, 16.0 Hz, 1 H), 5.47 (dd= 4.5, 11.5
Hz, 1 H), 3.95-3.89 (m, 1 H), 3.57-3.53 (m, 1 HN&3.03 (m, 1 H), 2.78 (dd,= 5.5, 15.0 Hz,

1 H), 2.70-2.65 (m, 1 H), 1.10 (d= 7.0 Hz, 1 H)**C NMR (CDCE, 125 MHz):6 206.8, 138.8,
137.5, 135.8, 129.1 (2 C), 128.6 (2 C), 128.3,0,2827.0 (2 C), 126.8 (2 C), 120.1, 91.2, 51.5,
46.9, 46.6, 42.3, 12.4; IR (filmy 1716, 1553, 1494, 1452, 1368, 968, 747, 697 chiRMS

(ESI): mvz calcd. for GiH21NNaGQs [M + Na]* 358.1413, found. 358.1369.
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10.HPLC traces

O
© \\‘@\@

NO,
rac 3a

Pt DET_A
F.0E+05]

2.5E+05—

2.0E+05]

1.5E+05—

1.0E+05—

5.0E+04~

0.0E+00 I
0000 15700 2000 [min]

File name : 1325.CH1
Injection Date :17-Mar-2015 14:13:18
Curr. Date : 17-Mar-2015 17:11:26

Control Method : RC

Name RT %Aree Area[uV.Sec
1 14.7( 52.26¢ 5863230.20
2 19.8¢ 47.73. 5354353.47

Total Area of Peak = =11217583.675 [uV.Sec]

32



TOE+0H

6.0E+05—

SOE+0—

4.0E+05H

F.0E+05—

2.0E+05—

1.0E+05

0.0E+00H

DET_1

SO0 100

15,00 ad.on

as.0n

[min]

File name : vgb-400170.CH1
Injection Date :18-Mar-2015 15:20:16
Curr. Date : 18-Mar-2015 18:25:12

Control Method : RC

Name RT %Aree
1 14.0¢ 99.22:
2 18.7: 0.77¢

Area[uV.Sec
30909469.50

242292.50
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W /
© NO,
3a
After single recrystallization
&
2.0E+05
G.000
1.5E+05—
1.0E+05
5.0E+04—
D.OE+0! i | J
B(Ti] 000 15700 2d.0n0 2500 .00 500 [rain]
File name : 1248.CH1
Injection Date :13-Jan-2004 10:32:10
Curr. Date : 13-Jan-2004 11:58:10
Control Method : RC
Name RT %Aree AreafuV.Sec
1 16.0Z 100.00( 5260316.69

Total Area of Peak = 5260316.690 [uV.Sec]
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rac 4a

pY

4 0E+05+

FOE+0—

2.0E+05—

10E+0—

DET_1

0.0E+ 0 "Ir\‘

000 1500 2000

asnn

[rain]

File name : vgb-414-minor-rac204.CH1
Injection Date : 6-Jan-2016 14:01:42
Curr. Date : 6-Jan-2016 16:16:16

Control Method :RC

Name RT %Arec
1 17.62 74.89:
2 23.7: 25.10¢

Total Area of Peak = 13435979.334 [uV.Sec]

Area[uV.Sec
10062386.68

3373592.64
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P

1.2E+05

1.0E+05

&.0E+0d4~

EE+04—

4.0E+04—

2.0E+04

0.0E+00

DET_1

1000 1500

2000

2500

[rain]

File name : VGB-415-MINOR 205.CH1
Injection Date : 6-Jan-2016 14:31:54
Curr. Date : 6-Jan-2016 16:20:10

Control Method :RC

Name RT %Aree
1 17.7¢ 98.86(
2 24.0( 1.14C

Area[uV.Sec

3420060.00

Total Area of Peak = 3459496.500 [uV.Sec]
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(@]
o
NO
cl 2
rac 3b
» DET_1

3.0E+05+

1.5E 1015+

1.0E+05

5.0E+04-

0.0E+0i0~

15.00 ad.on 25.00 .00 S5.00 4d.on 4500 [min]

File name : VGB 269-Major-(4-chloro)-rac422.CH1
Injection Date : 5-Jun-2015 17:53:50
Curr. Date : 5-Jun-2015 18:47:06

Control Method :RC

Name RT %Aree Area[uV.Sec
1 18.0¢ 49.45; 3918398.3
2 23.4( 50.54¢ 4005310.5

Total Area of Peak = 7923708.83 [uV.Sec]
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O
\\\\ /
NO,
Cl
3b
r DET_1
|
;
1
&.0E+05
£.0E+05
4.0E+0H
2005
(1LOE+D V\LT_—
1000 2000 000 4000 [min]

File name : vgb 291(4-chloro)-major hplc portion4541
Injection Date : 5-Jun-2015 12:55:48
Curr. Date : 5-Jun-2015 18:42:20

Control Method :RC

Name RT %Aree Area]uV.Sec
1 19.1( 97.14¢ 64859178.5
2 25.3¢ 2.85¢ 1907173.0

Total Area of Peak = 66766351.50 [uV.Sec]
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O
o :
NO
o 2
3b
After single recrystallization
r DET_1
4. 0E+05—
3.0E+05
2.0E+05
1.0E+05—
0.0E+00—
000 15.00 ad.on 2500 .00 [min]

File name : vgb 291
Injection Date :10-Jun-2015 17:33:08
Curr. Date : 10-Jun-2015 19:01:58
Control Method :RC
Name RT %Aree AreafuV.Sec

1 18.71 100.00( 19978552.7

Total Area of Peak = 19978552.75 [uV.Sec]
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\\\\ /
NO,
Br
rac 3c
£ Es05- MY DET_1
4 0E+05—
S.0E+05
2.0E+05—
N J_ [\
0.0E+D —
.00 00 1500 2d.on 2500 .00 500 [rain]

File name : VGB 268-Major-(4-bromo) -rac421.CH1
Injection Date :12-May-2015 17:10:44
Curr. Date : 10-Jun-2015 19:00:04

Control Method :RC

Name RT %Arec AreafuV.Sec
1 19.2¢ 50.22¢ 7517237.7
2 25.0¢ 49.77: 7448844.5

Total Area of Peak = 14966082.22 [uV.Sec]
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/© NO
Br 2

3c

p

5.0E+05

4. 0E+05—

J.0E+05—

2.0E+05—

10E+05—

0.0E+D )\'ﬁ

DET_1

o0 ad.on 4d.00 SOL00 [min]
File name : vgb 294
Injection Date :10-Jun-2015 16:36:08
Curr. Date : 10-Jun-2015 19:04:10
Control Method :RC
Name RT %Aree Area[uV.Sec
1 19.3¢ 97.22¢ 32892553.5
2 25.8( 2.77¢ 938354.5

Total Area of Peak = 33830908.05 [uV.Sec]
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O
o /
NO
Br 2
3c
After single recrystallization
5.0Ew05— MY DET_1
4.0E+05—
5.0E+05
2.0E+05—
1.0E+ 05
0.0E+00 T
BT 1000 1500 ad.on 2500 .00 [min]

File name : vgb 294
Injection Date :11-Jun-2015 14:05:12
Curr. Date : 11-Jun-2015 14:53:14
Control Method :RC
Name RT %Aree Area]uV.Sec

1 19.9( 100.00( 30125239.4

Total Area of Peak = 30125239.44 [uV.Sec]
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O
o
NO,
=
rac 3d
p DET_1

F0E0H

2.5E+05+

2.0E+05H

1.5E+05

10E+05—

5.OE+04

QLOE+00H

1000 13,00 ad.on 500 00 [min]

File name : vgb-304 (4-Fluoro)-rac023.CH1
Injection Date :30-Jun-2015 12:24:46
Curr. Date : 30-Jun-2015 16:57:58

Control Method :RC

Name RT %Aree Area[uV.Sec
1 17.2¢ 51.20: 6919653.0
2 22.2¢ 48.79¢ 6594804.2

Total Area of Peak = 13514457.34 [uV.Sec]
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O
\\\\ /
. NO,
3d
P DET_1
i
I
1.0E+0E—
§.0E+05
6.0E+05
4.0E+05
2.0E+05+
00E+D
000 15,00 a2d.on aron .00 FE00 [min]

File name : vgb-301- (4-fluoro) hplc-022.CH1
Injection Date :30-Jun-2015 11:17:42
Curr. Date : 30-Jun-2015 17:05:36

Control Method :RC

Name RT %Aree Area[uV.Sec
1 17.3( 97.23. 69703445.6
2 22.3¢ 2.76¢ 1984534.9

Total Area of Peak = 71687980.53 [uV]Sec
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O
o :
NO
= 2
3d
After single recrystallization
ped DET_1
1.0E+05—
S.0E+04—
E.0E+04—
4 .0E+04—
2.0E+04—~ J
0.0E+
14.00 16.00 12.00 ad.on ad.on a£.00 2600 ad.00 [rmin]

File name : RC-301 (4-fluoro)-crystal036.CH1
Injection Date : 1-Jul-2015 16:14.:28
Curr. Date : 1-Jul-2015 16:52:40

Control Method :RC
Name RT %Arec AreafuV.Sec

1 19.11 100.00( 4933468.2

Total Area of Peak = 4933468.25 [uV.Sec]
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OIS
MeO 2

rac 3e

P

4. 0E+05—

J.0E+05—

2.0E+05—

10E+05

0.0E+ 00—

DET_1

15700 ad.on 25,00 S0.00 3500

4d.on

4500 SOLon

[mwin]

File name : vgb 295 - 4-OMe Racemic469.CH1
Injection Date :10-Jun-2015 18:08:00
Curr. Date : 10-Jun-2015 19:06:36

Control Method :RC

Name RT %Aree
1 19.0¢ 51.17¢
2 34.21 48.82¢

Total Area of Peak = 30298598.41 [uV.Sec]
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Area[uV.Sec
15505495.5

14793102.9




JORA
MeO

3e

s

1.3E+05

1.0E+05

&.0E+Dd—

E.0E+D4—

4.0E+D4—

2.0E+D4—

0.0E+D0+

DET_1

J_QT_/\_&

15700

ad.on

2500

50.00 500 4d.00 45,00

[rain]

File name : vgb297

Injection Date :12-Jun-2015 19:07:06

Curr. Date : 13-Jun-2015 11:56:52

Control Method :RC

Name

1

2

RT

18.5]

33.0¢

%Aree Area[uV.Sec
97.60¢ 4605985.3
2.39¢ 113070.8

Total Area of Peak = 4719056.20 [uV.Sec]
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O
W /
MeO
3e
After single recrystallization
p DET_1
S.0E+05
2.0E+05
1.0E+05
0.0E+00——- | |
a0 2d.on Sd.on 4d.00 [rain]

File name : vgb297-(4-methoxy)crystal483.CH1
Injection Date :13-Jun-2015 12:59:26
Curr. Date : 13-Jun-2015 14:27:40
Control Method :RC
Name RT %Aree Area]uV.Sec

1 17.91] 100.00( 11077704.4

Total Area of Peak = 11077704.47 [uV.Sec]
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/© NO
O,N 2

rac 3f

p

2.0E+05

1.5E+05

1.0E+05—

52.067
67408

S.0E+04—]

DET_1

QOE+D0H

.00 50,00 ed.on a0

2000 [mind

File name : vgb-337-rac108.CH1
Injection Date :25-Jul-2015 14:44:40
Curr. Date : 25-Jul-2015 16:21:30

Control Method :RC

Name RT %Arec
1 52.0¢ 49.11(
2 67.4( 50.89(

Total Area of Peak = 13239076.14 [uV.Sec]
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Area[uV.Sec
6501692.6

6737383.5




W * /
NO,
O5N 3f
p DET_1
6.0E+04-]
5. 0E+04
4.0E+04-]
3.0E+04-]
2.0E+04-]
1.0E+04{
0.0+
I T
S0 B.00 0 E0.00 ECNT 0000 [min]

File name : vgb-323-(4-nitrochalcone)-317092.CH1
Injection Date :20-Jul-2015 17:51:06
Curr. Date : 27-Jul-2015 17:08:10

Control Method :RC

Name RT %Aree Area[uV.Sec
1 53.0¢ 97.69( 8493572.0
2 68.3¢ 2.31( 200827.5

Total Area of Peak = 8694399.50 [uV.Sec]
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P

4.0E+)5H

F0E+0H

3.0E+05+

1.0E+05

DET_1

0.0E+00

T T
5.00 100 15.00 ad.on

2500

000 [min]

File name : VGB-321-(4-CF3 )-RAC077.CH1
Injection Date :16-Jul-2015 18:19:16
Curr. Date : 16-Jul-2015 18:54:24

Control Method :RC

Name RT %Aree
1 15.2: 49.31¢
2 19.5¢ 50.68:

Total Area of Peak = 19979625.25 [uV]Sec
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Area[uV.Sec
9853843.5

10125781.7



JO IS
FsC 2

39

1.5E+05—

1.0E+05

S.0E+04-

0.0E+00H

B

IJ L

DET_1

I
BET 000 15100 ad.on

2500 50.00

[min]

File name : VGB-322-(4-CF3 )-hplc078.CH1

Injection Date :16-Jul-2015 19:05:08

Curr. Date : 16-Jul-2015 19:43:04

Control Method :RC

Name RT %Arec
1 14.5(C 97.11°¢
2 18.6¢ 2.88¢

Total Area of Peak = 5439971.50 [uV.Sec]
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Area[uV.Sec
5283025.0

156946.5




@]
oy /
NO,
F3C 3g
After single recrystallization
A DET_1
5.0E+05
2.0E+05—
1.0E+05
0.0E+00—
S0 000 15700 ad.on [min]

File name : vgb-322-(4-CF3-crystal)089.CH1
Injection Date :20-Jul-2015 15:22:12
Curr. Date : 20-Jul-2015 16:07:18

Control Method :RC

Name RT %Aree AreafuV.Sec

1 15.22 100.00( 11611182.7

Total Area of Peak =11611182.75 [uV.Sec]
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Cl
\© NO,

rac 3h

3.0E+0

2.5E+05—

2.0E+05+

1.5E+05—

1.0E+05—

5.0E+04—

10.0E 0+

pY

DET_1

000

2000

000

[GTi)

[rnin]

File name : vgb 319- (3-chloro)-rac065.CH1

Injection Date :16-Jul-2015 10:26:50

Curr. Date : 16-Jul-2015 13:16:50

Control Method :RC

Name

%Arec

49.96¢

50.03:

Total Area of Peak = 13142234.61 [uV.Sec]
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Area[uV.Sec
6567042.2

6575192.3




O
cl %
NO,
3h
b DET_1
3.0E+05
2.0E+05
1.0E+05
0.OE+00- i ILJ/-\I
.00 500 20.00 2500 F0.00 FE00 [min]

File name : vgb 318-hplc (3-chloro)068.CH1
Injection Date :16-Jul-2015 12:22:12
Curr. Date : 16-Jul-2015 13:00:46

Control Method :RC

Name RT %Aree Area[uV.Sec
1 14.5¢ 93.52¢ 9230346.5
2 16.7¢ 6.47: 638696.7

Total Area of Peak = 9869043.25 [uV.Sec]
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S

Cl

3h

After single recrystallization

p DET_1
7.0E+05

E.0E+05—

5.0E+05+

4 .0E+05+

FOE+05H

20E+0H

1.0E+05+

0L0E-00 |—| .
T 000 a0 20,00 Z500 fmin]

File name : VGB-318-(3-chloro)-crystal081.CH1
Injection Date :17-Jul-2015 12:02:14
Curr. Date : 17-Jul-2015 12:51:10

Control Method :RC

Name RT %Aree AreafuV.Sec

1 14.31] 100.00( 28739350.6

Total Area of Peak = 28739350.60 [uV.Sec]
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O
Br S %
\© NO,
rac 3i
p DET_i

E0E 05

4.0E+)5H

2.0+

Q.0E+00H |
10000 ad.oo 30.00 4000 [min]

File name : vgb 312-(3-bromo) racemic
Injection Date :15-Jul-2015 13:12:26
Curr. Date : 15-Jul-2015 16:22:48

Control Method :RC

Name RT %Aree Area[uV.Sec
1 15.1¢ 35.95! 22479240.1
2 17.2¢ 36.27¢ 22682691.6
3 26.0¢ 13.93¢ 8713607.5
4 40.5:¢ 13.83% 8651957.1

Total Area of Peak = 62527496.42 [uV.Sec]
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Br =
o

3i

50205

4.0E+05

3.0E+05

2.0E+05

1.0E+05

QLOE+00—

DET_1

5.00 1000 1500 ad.oo

2500

000 [minl

File name : vgb 311-bulk(3-bromo)057.CH1
Injection Date :15-Jul-2015 14:03:06
Curr. Date : 15-Jul-2015 16:20:34

Control Method :RC

Name RT %Arec
1 15.3¢ 96.45¢
2 17.27 3.541

Total Area of Peak =19672702.48 [uV.Sec]
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Area[uV.Sec
18976071.9

696630.5




@]
Br = J
3i
After single recrystallization
[ DET_1
|
£.0E +05—
4 0E+05—
S.0E+05—
0.0E-0 500 1000 1500 ad.nn 2500 G0 [min]

File name : VGB-311-(3-bromo)-CRYSTALO71.CH1
Injection Date :16-Jul-2015 14:19:36
Curr. Date : 16-Jul-2015 18:26:40

Control Method :RC

Name RT %Aree Area]uV.Sec

1 15.5 100.00( 34245042.0

Total Area of Peak = 34245042.00 [uV.Sec]
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Cl

W /
NO,

rac 3j

4. 0E+05—

S.0E+05—

2.0E+05

1.0E+05

DET_1

0.0E+D

500 ) 15.00

2000 Tmin]

File name : vgb 314- 2-chloro -rac069.CH1
Injection Date :16-Jul-2015 13:08:22
Curr. Date : 16-Jul-2015 14:49:06

Control Method :RC

Name RT %Arec
1 12.31 50.50¢
2 15.9:7 49.49¢

Total Area of Peak = 14017689.25 [uV]Sec
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Area[uV.Sec
7079668.7

6938020.5




Cl

W\ /
NO,

3

P DET_I

E.0E+ 05—

5.0E+05—

4.0E+05—

3.0E+05

2.0E+05

10E+05

00E
s.00 [T 1500 ad.on 2500 [rain]

File name : vgb 314- 2-chloro -313070.CH1
Injection Date :16-Jul-2015 13:50:10
Curr. Date : 16-Jul-2015 14:50:16

Control Method :RC

Name RT %Aree Area[uV.Sec
1 12.5¢ 97.36: 17123974.0
2 16.31 2.631 463726.0

Total Area of Peak = 17587700.03 [uV]Sec
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3

After single recrystallization

p

1.OE+0E]

&.0E+05

B0E+05H

4 0E+05

2.0E+05

0.0+

DET_1

5.00

000

1300

ad.00

a5.00

[min]

File name : VGB-2-chloro-crystal082.CH1

Injection Date :17-Jul-2015 12:40:14

Curr. Date : 17-Jul-2015 13:07:26

Control Method :RC

Name

1

RT

12.0]

%Aree

100.00(

Total Area of Peak = 33723490.50 [uV.Sec]
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AreafuV.Sec

33723490.5




P

B.0E+05

5.0E+05H

4. 0E+05]

30E+05H

2.0E+05

1.0E+05

s

QOE+D0H

DET_1

000 1500 ad.o0 500 .00

500 4000 [min]

File name : vgb 309-rac (napthalene)060.CH1
Injection Date :15-Jul-2015 16:24:28
Curr. Date : 15-Jul-2015 19:14:48

Control Method :RC

Name RT %Arec
1 13.7(¢ 50.831
2 15.0¢ 49.16:

Total Area of Peak = 31314697.03 [uV]Sec
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Area[uV.Sec
15919428.1

15395268.9




3.5E+05

2.0E+05—

1.5E+05

1.0E+05

5.0E+04—

P

Q.0E+00-

lf\l

DET_1

00 fELT) 4700

1600 [min]

File name : vgb 308-hplc (napthalene)063.CH1

Injection Date :15-Jul-2015 18:51:44

Curr. Date : 15-Jul-2015 19:12:36

Control

Method :RC
Name RT %Aree
1 13.17 94.65¢
2 14.47 5.34¢

Total Area of Peak = 4553721.30 [uV.Sec]
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Area[uV.Sec
4310369.8

243351.5



After single recrystallization

5005 PY

4 0E+05+

FOE+0—

2.0E+05—

1.0E+05—

DET_1

0.0E 0

.00 [T 1500 2do0 Imind

File name : VGB-napthal-crystal083.CH1
Injection Date :17-Jul-2015 13:09:40
Curr. Date : 17-Jul-2015 13:44:36
Control Method :RC
Name RT %Aree AreauV.Sec

1 13.2¢ 100.00( 8745033.7

Total Area of Peak = 8745033.74 [uV.Sec]
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cl
NO,

rac 3l

1.2E+05H

1.0E+05H

5.0E«04-

5.0E+04-

4.0E+04-

2.0E+04

0.0E+00~

DET_1

sioo ad.oo SO000

60,00

[min]

File name : vgh346063.CH1
Injection Date : 3-Sep-2015 12:37:12
Curr. Date : 3-Sep-2015 15:56:06

Control Method :RC

Name RT %Aree Area[uV.Sec
1 31.1¢ 49.25: 9406829.0
2 52.31] 50.74¢ 9692934.0

Total Area of Peak = 19099763.00 [uV.Sec]
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W /
v ol
NO,
3l
S.0Es05*Y TET_
4.0E+05—
3.0E+05H
2.0E+05
1.0E+05—
Q.0E 00— |"r\". T
f0T) ad.on .00 A0.00 T Ed.on o0 [min]
File name : vgh348065.CH1
Injection Date : 3-Sep-2015 14:47:40
Curr. Date : 3-Sep-2015 16:00:54
Control Method :RC
Name RT %Aree Area[uV.Sec
1 33.9¢ 2.99¢ 1261510.0
2 52.4¢ 97.00: 40795939.0

Total Area of Peak = 42057449.00 [uV.Sec]
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Cl
NO,

3l

After single recrystallization

p DET_1

2.0E+05H

1.5E+05

10E+05—

5.OE+04

0.0E+00

I
10000 ad.on S0.00 40.00 5000 G000 [min]

File name : vgb348-crystal082.CH1
Injection Date :10-Sep-2015 14:53:20
Curr. Date : 10-Sep-2015 18:38:00

Control Method :RC

Name RT %Aree Area[uV.Sec

1 54.71 100.00( 27749478.5

Total Area of Peak = 27749478.50 [uV.Sec]
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Br
NO,

rac 3m

st ¥

2.0E+05

1.5E+05

10E+05

S.0E+04—

0LOE+00—

DET_1

ad.on 000 ad.0n

sOL00

E0.00  [min]

File name : vgh351063.CH1
Injection Date : 3-Sep-2015 12:37:12
Curr. Date : 7-Sep-2015 16:53:48

Control Method :RC

Name RT %Arec
1 31.1¢ 51.83¢
2 52.31] 48.16¢

Area[uV.Sec

Total Area of Peak = 17917251.50 [uV.Sec]
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9287164.2
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Y

a Br
NO,

3m

50205 DI

4.0E+05

3.0E+05

2.0E+05

1.0E+05

Q.OE+00- |-/-\"-. T
000 ad.oo G0.00 4d.00 0000 &d.00 [min]
File name : vgh350068.CH1
Injection Date : 5-Sep-2015 12:23:20
Curr. Date : 7-Sep-2015 16:48:50
Control Method :RC
Name RT %Aree Area[uV.Sec
1 34.4¢ 4.78¢ 1318367.0
2 52.01 95.21: 26207951.5

Total Area of Peak = 27526318.50 [uV.Sec]

70



NO,
NO,

rac 3n

P

FOE+05H

2.5E+05

2.0E+ 05—

1.5+ 05+

10E+05

5.0E«04~

LOE+00H

DET_1

6000 SO.00

10000 Imin]

File name : vgh330035.CH1
Injection Date :19-Aug-2015 9:25:04
Curr. Date : 19-Aug-2015 11:23:54

Control Method :RC1

Name RT %Aree
1 71.9¢ 50.85:
2 100.0( 49.14¢

Total Area of Peak = 45691511.60 [uV.Sec]

Area[uV.Sec
23235251.8

22456259.7
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NO,

2.0E+05

1.5E+05+

1.0E+05~

S.0E+D4-

0.0E+00H

B

DET_1

I
10d.00 12000 [min]

cd.0n Gd.on
File name : vgh329033.CH1
Injection Date :18-Aug-2015 15:14:58
Curr. Date : 19-Aug-2015 11:44:22
Control Method :RC1
Name RT %Aree Area[uV.Sec
1 75.3¢ 2.82( 1364743.7
2 99.21 97.18( 47022036.5

Total Area of Peak = 48386780.20 [uV.Sec]
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© NO
2 Br

rac 30

p DET_1

2.5E+05
2.0E+05
1.5E+05H
10E+05H

5.0E+04~ /\
I/\
1

0LOE+00-

ad.on 4000 &0.00 000 [min]

File name : vgh347061.CH1

Info : OD-H, ipa/hexane 10/90, flow rate 1.0 ml/min
Injection Date : 2-Sep-2015 15:26:44

Curr. Date : 2-Sep-2015 18:49:28

Control Method :RC

Name RT %Aree Area[uV.Sec
1 40.0¢ 50.11( 7660441.0
2 63.5] 49.89( 7626867.0

Total Area of Peak = 15287308.00 [uV.Sec]
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p

2.0E+05

1.5E+05

1.0E+05

S.0E+04—

QLOE+DH

E 38.800

DET_1

61.558

S0.00 dd.on SO0

I
6000 7LD [min]

File name : vgh349062.CH1
Injection Date : 2-Sep-2015 17:36:28
Curr. Date : 3-Sep-2015 14:28:48

Control Method :RC

Name RT %Arec
1 39.8( 2.33¢
2 61.5¢ 97.66¢

Area[uV.Sec
691239.0

28914044.5

Total Area of Peak = 29605283.50 [uV.Sec]
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After single recrystallization

Wi DET_1

2.5E+00

2.0E+05

1.5E+05

1.0E+05

S.0E+04—

0.0 E+00—

ad.on ad.on [T 000 [min]

File name : vgb349-crystal083.CH1
Injection Date :10-Sep-2015 16:15:44
Curr. Date : 10-Sep-2015 18:41:12

Control Method :RC

Name RT %Aree Area[uV.Sec

1 61.5¢ 100.00( 23136671.0

Total Area of Peak = 23136671.05 [uV.Sec]
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\\\\ /
© NO, CHs

rac 3p

p DET_1
40041

3.0E+04

2.0E+04~

1.0E+04

0.0E+00

-1.0E+04~

20,00 2500 .00 3500 [min]

File name : vgb-324-Racemic96.CH1 Alpha methyl dien
Injection Date :22-Jul-2015 18:00:28
Curr. Date : 23-Jul-2015 11:50:26

Control Method :RC

Name RT %Aree Area[uV.Sec
1 27.1( 48.22: 1160101.2
2 30.6¢ 51.77¢ 1245705.5

Total Area of Peak = 2405806.75 [uV.Sec]
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p DET_1

2.5E+0

2.0E+05H

1.5E+05H

1.0E+05+

5.0E+04-

0.0E+0H |

|
2000 S5O0 [T 500 4000 4500 [min]

File name : vgb-324-bulk097.CH1
Injection Date :23-Jul-2015 10:07:48
Curr. Date : 23-Jul-2015 17:54:46

Control Method :RC

Name RT %Aree Area[uV.Sec
1 26.81 2.07: 277442.2
2 30.5( 97.92: 13106343.5

Total Area of Peak = 13383785.75 [uV.Sec]
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o) :
N
Cl %

5.0s05- MY DET_1

4 .0E+05+
F.0E+05H
2.0E+05+

1.0E+05H

0.02.00__J—L‘_‘AN| /\,

ad.oo 4d.00 60.00 §0.00  [min]

File name : vgh356079.CH1
Injection Date : 9-Sep-2015 12:03:14
Curr. Date : 9-Sep-2015 14:59:54

Control Method :RC

Name RT %Aree Area[uV.Sec
1 36.9¢ 35.12° 5224066.5
2 63.8¢ 36.46: 5422503.7
3 73.5( 11.89¢ 1768977.5
4 78.5z 16.51¢ 2456269.4

Total Area of Peak =14871817.17 [uV.Sec]
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o C'
NO
Cl 2

pi DET_{

4.0E+05

F.0E+05

2.0E+05

1.0E+05H

QL OED e |
zd.o0 1000 &0.00 FI00 [min]

File name : vgh354080.CH1
Injection Date : 9-Sep-2015 13:40:30
Curr. Date : 9-Sep-2015 15:21:42

Control Method :RC

Name RT %Aree Area[uV.Sec
1 37.1¢ 3.07¢ 1862940.2
2 60.82 96.92: 58663000.7

Total Area of Peak = 60525941.00 [uV.Sec]
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o C'
NO
Cl 2

After single recrystallization

P DET_1

F.0E+05—

63483

2.0E+05—

10E+05

0000 ad.on S0.00 40.00 S0.00 &d.00 00 [min]
File name : vgb354-crystal088.CH1
Injection Date :11-Sep-2015 15:06:42
Curr. Date : 11-Sep-2015 16:22:08
Control Method :RC
Name RT %Aree Area[uV.Sec
1 38.7¢ 0.99¢ 368566.5
2 63.4¢ 99.00: 36549202.9

Total Area of Peak = 36917769.42 [uV.Sec]
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Br
NO,

[ DET_1
1.2E+05]

1.0E+05—
&.0E+0d—
E.0E+0d—]
4.0 04—
2.0E+04—

D.DB-DD—U\A |K

000 zd.o0 adoo 44,00 50,00 &d.oo 000 [min]

File name : vgh357075.CH1
Injection Date : 8-Sep-2015 14:47:20
Curr. Date : 8-Sep-2015 19:32:20

Control Method :RC

Name RT %Aree Area[uV.Sec
1 46.7¢ 48.29; 4999168.2
2 67.5( 51.70: 5351625.0

Total Area of Peak = 10350793.28 [uV.Sec]
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Br

© NO,

3r

Br

2.0E+05—

1.5E+05

1.0E+05

5.0E+04—

0.0 E+ 00—

p

DET_1

o —

ad.on ad.on &d.00 20,00 [min]

File name : vgh355077.CH1

Injection Date : 8-Sep-2015 17:54:40

Curr. Date : 8-Sep-2015 19:31:04

Control Method :RC

Name

1

2

RT %Aree Area[uV.Sec
47.61 4.19¢ 1352370.0
68.5: 95.80¢ 30885096.5

Total Area of Peak = 32237466.50 [uV.Sec]
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Br
NO,

Br 3r

After single recrystallization

p DET_1

4.0E+05

F0E+0H

2.0E+05

1.0E+05H

0.0E+0

2d.00 40,00 60,00 000 [min]

File name : vgb355-crystal089.CH1
Injection Date :11-Sep-2015 16:31:56
Curr. Date : 19-Sep-2015 13:20:30

Control Method :RC

Name RT %Aree Area[uV.Sec

1 68.7¢ 100.00( 87481429.7

Total Area of Peak = 87481429.75 [uV.Sec]
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(@]
\‘\\ /
NO,
Br
Br rac 3s
ny DET_1
2.0E+05]
1.5E+05
1.0E+05
SOE+04-]
0OEspgt——! L"f\“—ﬁ\‘—‘— |
ad.on 4000 e0.00 Trwin]

File name : vgh353074.CH1
Injection Date : 7-Sep-2015 15:08:26
Curr. Date : 7-Sep-2015 16:38:40

Control Method :RC

Name RT %Arec
1 46.8( 49.49°
2 67.3¢ 50.50:

Total Area of Peak = 24125434.25 |

Area[uV.Sec

nV.Sec]
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11941348.5

12184085.7




NO
2 Br

Br 3s

pi DET_1

2.0E+05

1.5E+05

10E+05

S.0E+04—

QOB+ A |

ad.on 4d.on ed.an 100 [min]

File name : vgh351073.CH1
Injection Date : 7-Sep-2015 13:41:00
Curr. Date : 7-Sep-2015 16:43:44

Control Method :RC

Name RT %Aree Area[uV.Sec
1 46.2¢ 1.82¢ 678818.2
2 70.0: 98.17- 36488559.5

Total Area of Peak = 37167377.75 [uV.Sec]
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NO
2 Br

Br 3s

After single recrystallization

p

1.4 E+ 05

1.2E+05

1.0E+05

SE+D4—

5.0 E+ 04~

4.0E+D4—

2.0E+ 04~

D.DE+DD—_IIL

DET_1

ad.on 40.00

&d.00

S0.00

[rwin]

File name : vgb351-crystal087.CH1
Injection Date :11-Sep-2015 13:42:16
Curr. Date : 19-Sep-2015 13:14:24
Control Method :RC

Name RT %Aree

1 71.1] 100.00(

Area[uV.Sec

18058443.2

Total Area of Peak = 18058443.25 [uV.Sec]
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£.0Es05 Y DET

4.0E+05
3.0E+05
2.0E+05

1.0E+05

.0E+00 e e e r |/\

Bi [T 15700 ad.o0 2500 I [min]

File name : vgb-474-4th spot428.CH1
Injection Date :12-Apr-2016 11:31:48
Curr. Date : 12-Apr-2016 12:05:04

Control Method :RC

Name RT %Area Area[uV.Sec]
1 21.55 78.074 10309142.00
2 27.27 21.926 2895186.50

Total Area of Peak = 13204323 1V.Sec]
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© NO,

3t
r DET_1
B.0E+05
E.0E+05—
5.0E+05
2.0E+05
1.0E+05—
0.0E+0 |'|
s00 1000 5000 ad.an 2500 50.00 S5.00 [min]
File name : vgb-473-4th spot429.CH1
Injection Date :12-Apr-2016 12:05:58
Curr. Date : 12-Apr-2016 12:42:06
Control Method :RC
Name RT %Area Area[uV.Sec]
1 21.01 100.000 44500176.00

Total Area of Peak = 44500176.00 .[pact]
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p DET_1

1.5E+05—

1.0E+0]

5.0E+04-]

oar.oo] l/‘\l
550 T = T =00 T T

File name : vgb-474-3rd spot430.CH1

Injection Date :12-Apr-2016 12:44:38

Curr. Date : 12-Apr-2016 15:11:26

Control Method :RC

Name RT %Aree Area[uV.Sec

1 13.1% 47.51¢ 22479240.1
2 14.8( 34.16¢ 22682691.6
3* 24 .9¢ 18.31¢ 8713607.5

Total AreBPeak = 4752049.92 [uV.Sec]

* Peak with RT 24.99 is due to unidentified diastésomer.

89



e

4.0E+05H

3.0E+05

2.0E+05

1.0E+05—

DET_1

o . |/\|
50 50 0 T %00 e
File name : vgb-473-3rd spot431.CH1
Injection Date :12-Apr-2016 14:39:10
Curr. Date : 12-Apr-2016 15:13:14
Control Method :RC
Name RT %Aree Area[uV.Sec
1 12.86 87.627 16817696.3
2 14.65 1.03¢ 199369.6
3* 24.6¢ 11.33¢ 2175305.0

Total Area of Peak®192371.00 [uV.Sec]

* Peak with RT 24.65 is due to unidentified diastésomer.
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5005 * DETA

4 0E+05

F0E0H

2.0E+05

1.0E+05H

0.0E+00H

000 ad.og 0,00 40,00 5000 [min]

File name : vgb-41%ac-linear product238.CH1
Injection Date :15-Jan-2016 13:44:50
Curr. Date : 1-Feb-2016 14:39:30

Control Method :RC

Name RT %Aree Area[uV.Sec
1 24.8¢ 55.86¢ 18345720.11
2 32.6¢ 44.13¢ 14494032.50

Total Area of Peak = 32839752.621 [uV]Sec
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p DET_I

&.0E+05—

B.0E+05—

4. 0E+05—

2.0E+05—

O.OE+0H r\_ﬂ,_,_,,k_lﬂ\_u_ﬂ__/(\ | J\

0ton ad.on =0.00 40.00 [min]

File name : RC-546-linear product239.CH1
Injection Date :15-Jan-2016 14:42:24
Curr. Date : 1-Feb-2016 14:40:32

Control Method :RC

Name RT %Aree Area[uV.Sec
1 24.9¢ 79.64¢ 45557076.19
2 32.9( 20.35: 11641050.00

Total Area of Peak = 57198126.195 [uV.Sec]
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