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Generel Methods

Column chromatography was carried out with silica gel (200-300 mesh). Melting points were
measured with a XT-4 melting point apparatus without correction. 'H NMR spectra were
recorded with a Varian Mercury-plus 400 MHz spectrometer. Chemical shifts were reported in
ppm with the internal TMS signal at 0.0 ppm as a standard. The data are reported as follows:
chemical shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet or unresolved, br s = broad singlet), coupling constant(s) in Hz, and integration. °C
NMR spectra were recorded at 100 MHz. Chemical shifts are reported in ppm with the
internal chloroform signal at 77.0 ppm as a standard. Infrared spectra were obtained with a
Perkin Elmer Spectrum One spectrometer. The ESI-MS spectra were obtained with a Bruker
APEX IV mass spectrometer. Optical rotations were measured with Kriiss P8000 or WZZ-3
polarimeter at the indicated concentration with unit g/100 mL. The diastereomeric ratios and
enantiomeric excesses of the products were determined by chiral HPLC using an Agilent 1200
LC instrument with Daicel Chiralcel column (OD-H, OF) or Daicel Chiralpak columns (AS-H,
IB, TA). The absolute configurations of the known adducts were assigned by HPLC and
optical rotation comparisons with the reported data', and those of other adducts were assigned

by analogy.

Materials

Commercially available compounds were used without further purification, unless otherwise
stated. Nitroalkanes were obtained from commercial sources and used with distillation.
Nitroalkenes were prepared according to the literature procedures.” Racemic samples of
3a-3r and 6a-6b were prepared with 10 mol% EtN as the catalyst. The squaramide

organocatalysts 1-I1V°, V=VII1*, and IX—X were prepared following the reported procedures.

General procedure for the direct asymmetric addition of nitroalkanes to nitroalkenes

The mixture of nitroalkene 1 (0.2 mmol, 1.0 equiv) and catalyst IX (2 mol%) in
dichloromethane (0.5 mL) was stirred at —20 °C for 30 min. Then nitroalkene 2 (1.0 mmol,
5.0 equiv) was added. After stirring at —20 °C for 48-96 h, the reaction mixture was
concentrated and directly purified by silica gel column chromatography to afford the mixture

of the syn and anti diastereomer of chiral 1,3-dinitro compounds 3. The mixture was analyzed

S1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

to determine the diastereoselectivity and enantioselectivity of the reaction by chiral HPLC.
Then the syn diastereoisomer was obtained by another column chromatography separation on

silica gel, and used for characterization.

wNO,
O\j\/NOZ

[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3a) (Table 3, entry 1)

3a

The compound 3a (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (42.2 mg, 94% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (95:5 dr, 97% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak AS-H column, n-hexane/2-propanol = 90:10,
flow rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 29.6 min, tmajor = 31.3
min; anti diastereomer: tg=20.2, 21.8 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 78—80
°C. [a]p’ = —6.7 (c 0.42, CH,Cl,). '"H NMR (400 MHz, CDCl3): & = 7.35-7.32 (m, 3H),
7.16—7.15 (m, 2H), 4.97-4.90 (m, 2H), 4.82 (dd, J, = 13.6 Hz, J, = 8.4 Hz, 1H), 4.05-4.00 (m,
1H), 1.58 (d, J = 6.8 Hz, 3H).

ANO>
@LN%
F

3b

1-Fluoro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3b) (Table 3, entry 2)

The compound 3b (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (47.2 mg, 98% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 20.5 min, tmajor = 23.4 min;
anti diasterecomer: tg=15.4, 16.2 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p.
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125-127 °C. [a]p>’ = —8.0 (¢ 0.40, CH,Cl,). 'H NMR (400 MHz, CDCl3): § = 7.16-7.14 (m,
2H), 7.07-7.03 (m, 2H), 4.95-4.87 (m, 2H), 4.79 (dd, J; = 13.6 Hz, J» = 8.8 Hz, 1H),
4.03-4.00 (m, 1H), 1.58 (d, J = 6.4 Hz, 3H).

Cl

3c
1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3c) (Table 3, entry 3)
The compound 3c (the mixture of the syn and anti diastereomer) was obtained according to
the general procedure (48.9 mg, 95% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (92:8 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 23.3 min, tmajor = 33.3 min;
anti diastereomer: tg= 18.2 min.
The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 96-98
°C. [a]p*’= =7.2 (c 0.64, CH,ClL,). '"H NMR (400 MHz, CDCls): & = 7.34 (d, J = 6.4 Hz, 2H),
7.10 (d, J = 6.8 Hz, 2H), 4.94-4.88 (m, 2H), 4.79 (dd, J; = 12.4 Hz, J, = 8.4 Hz, 1H),
4.02-3.99 (m, 1H), 1.59 (d, J=4.8 Hz, 3H).

WNO2

SN0,
>4

3d
1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3d) (Table 3, entry 4)
The compound 3d (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (42.8 mg, 83% yield). It was analysed to determine the
diastereoselectivity and enantioselectivity of the reaction (88:12 dr, 95% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 16.2 min, tmajor = 27.4 min;
anti diastereomer: tg= 12.7 min.

The syn distereomer was purified by flash chromatography to afford a pale yellow oil. [o]p>’ =
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+10.1 (¢ 0.73, CH,CL). 'H NMR (400 MHz, CDCls): & = 7.46-7.44 (m, 1H), 7.29-7.27 (m,
2H), 7.21-7.13 (m, 1H), 5.18-5.14 (m, 1H), 4.95-4.85 (m, 2H), 4.76-4.70 (m, 1H), 1.62 (d, J
= 6.4 Hz, 3H).

WNO,
Br

3e
1-Bromo-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3e) (Table 3, entry 5)
The compound 3e (the mixture of the syn and anti diastereomer) was obtained according to
the general procedure (55.0 mg, 91% vyield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 85:15, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 18.4 min, tmajor = 29.0 min;
anti diasterecomer: tg= 14.8, 16.0 min.
The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 77-79
°C. [a]p’ = =5.2 (c 0.85, CH,CL,). '"H NMR (400 MHz, CDCl3): & = 7.53-7.48 (m, 2H),
7.09-7.03 (m, 2H), 4.94—-4.87 (m, 2H), 4.78 (dd, J, = 13.6 Hz, J, = 8.4 Hz, 1H), 4.01-3.96 (m,
1H), 1.58 (d, J = 6.4 Hz, 3H).

g
Me

3f
1-Methyl-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3f) (Table 3, entry 6)

The compound 3f (the mixture of the syn and anti diastereomer) was obtained according to
the general procedure (43.5 mg, 91% vyield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (91:9 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 17.2 min, tmajor = 40.7 min;
anti diasterecomer: tg=12.9, 14.3 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 50-52
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°C. [a]p**==11.2 (c 0.86, CH,Cl,). '"H NMR (400 MHz, CDCls): & = 7.14 (d, J = 7.2 Hz, 2H),
7.03 (d, J = 7.2 Hz, 2H), 4.94-4.87 (m, 2H), 4.79 (dd, J, = 13.6 Hz, J, = 8.4 Hz, 1H),
3.99-3.94 (m, 1H), 2.31 (s, 3H), 1.56 (d, J = 6.0 Hz, 3H).

WNO,
@“LN"Z
MeO

39
1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3g) (Table 3, entry 7)
The compound 3g (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (46.0 mg, 90% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 97% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 23.1 min, tymajor = 37.6 min;
anti diasterecomer: tg=17.4, 18.9 min.
The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 80—82
°C. [a]p*®=-12.0 (c 0.98, CH,Cl,). '"H NMR (400 MHz, CDCl;): & = 7.06 (d, J = 8.4 Hz, 2H),
6.86 (d, J = 8.4 Hz, 2H), 4.93-4.86 (m, 2H), 4.78 (dd, J; = 13.6 Hz, J, = 8.4 Hz, 1H),
3.97-3.92 (m, 1H), 3.77 (s, 3H), 1.56 (d, J = 6.8 Hz, 3H).

‘\\NOZ

OMe

3h
1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3h) (Table 3, entry 8)
The compound 3h (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (44.7 mg, 88% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (94:6 dr, 97% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow

rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 12.5 min, tmajor = 16.6 min;
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anti diastereomer: tg= 9.0, 9.6 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 64—66
°C. [a]p™=+4.5 (¢ 0.98, CH,Cl,). '"H NMR (400 MHz, CDCl;): & = 7.31-7.27 (m, 1H), 7.05
(d, J=17.2 Hz, 1H), 6.92—6.89 (m, 2H), 5.16 (dd, J; = 14.0 Hz, J, = 6.8 Hz, 1H), 4.88—4.86
(m, 2H), 4.30 (dd, J; = 14.0 Hz, J, = 6.8 Hz, 1H), 3.85 (s, 3H), 1.58 (d, J = 6.8 Hz, 3H).

WNO,
\U\/NO2
MeO

OMe

3i
1,2-Dimethoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3i) (Table 3, entry 9)
The compound 3i (the mixture of the syn and anti diastercomer) was obtained according to
the general procedure (40.5 mg, 71% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (88:12 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), Syn diastereomer: tyinor= 43.5 min, tmajor = 46.6 min;
anti diastereomer: tg= 30.6 min.
The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 85-86
°C. [a]p*®=-15.0 (c 0.96, CH,Cl,). '"H NMR (400 MHz, CDCl;): & = 6.82 (d, J = 8.4 Hz, 1H),
6.71-6.69 (m, 1H), 6.62 (s, 1H), 4.96—4.88 (m, 2H), 4.80 (dd, J, = 13.2 Hz, J, = 8.4 Hz, 1H),
3.96-3.92 (m, 1H), 3.85 (s, 6H), 1.58 (d, J = 6.4 Hz, 3H).

WNO,
U\/NOZ

3

1-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]naphthalene (3j) (Table 3, entry 10)
The compound 3j (the mixture of the syn and anti diastereomer) was obtained according to
the general procedure (43.3 mg, 79% yield). It was analyzed to determine the

diastereoselectivity and enantioselectivity of the reaction (92:8 dr, 95% ee for the major
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syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 85:15, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 21.2 min, tmajor = 78.8 min;
anti diastereomer: tg= 14.1, 17.1 min.

The syn distereomer was purified by flash chromatography to afford pale yellow oil. [o]p"=
+40.5 (¢ 0.82, CH,Cl,). "H NMR (400 MHz, CDCls): 6 = 8.17 (d, J = 7.2 Hz, 1H), 7.89 (d, J
= 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.65-7.62 (m, 1H), 7.55 (t,J = 7.2 Hz, 1H), 7.43 (t, J
=17.2 Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 5.15 (dd, J, = 12.4 Hz, J, = 6.4 Hz, 2H), 4.97 (d,J =
6.8 Hz, 2H), 1.56 (d, J = 6.4 Hz, 3H).

~NO3
\l/'\'oz
L

3k

2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]furan (3k) (Table 3, entry 11)
The compound 3k (the mixture of the syn and anti diastercomer) was obtained according to
the general procedure (27.4 mg, 64% vyield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (89:11 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralcel OD H column, n-hexane/2-propanol = 95:5 flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 29.3 min, tmajor = 30.6 min;
anti diastereomer: tg=21.6, 23.5 min.
The syn distereomer was purified by flash chromatography to afford yellow oil. [a]p™’=—-27.0
(c 0.40, CH,Cl,). "H NMR (400 MHz, CDCls): 6 = 7.39 (d, J = 1.2 Hz, 1H), 6.34 (d, J=1.2
Hz, 1H), 6.27 (d, J = 2.0 Hz, 1H), 4.93-4.81 (m, 3H), 4.31-4.24 (m, 1H), 1.61 (d, J = 6.8 Hz,
3H).

.\\NOZ
@:\\/NOZ
\ S

3l

2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]thiophene (3I) (Table 3, entry 12)

The compound 3l (the mixture of the syn and anti diastercomer) was obtained according to
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the general procedure (29.0 mg, 63% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (79:21 dr, 95% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), Syn diastereomer: tyinor= 19.6 min, tmajor = 29.7 min;
anti diastereomer: tg= 16.5 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 66—68
°C. [a]p’’= —54.7 (c 0.34, CH,CL). '"H NMR (400 MHz, CDCl;): & = 7.29 (s, 1H), 6.89 (d, J
=1.6 Hz, 1H), 6.92 (d, J = 1.6 Hz, 1H), 4.97-4.94 (m, 2H), 4.85-4.80 (m, 1H), 4.34-4.32 (m,
1H), 1.62 (d, J = 6.8 Hz, 3H). °C NMR (100 MHz, CDCls): & = 134.8, 127.4, 127.2, 126.2,
83.9, 76.7, 42.6, 16.6. IR (KBr): v 3110, 2918, 1551, 1432, 1377, 1361, 852, 708 cm™. HRMS
(ESI): m/z calcd. for CsH oN2NaO4S [M +Na]™ 253.02535, found 253.02543.

ﬁ\\“' N02

3m
(3S,4S)-2-Methyl-4-nitro-3-(nitromethyl)pentane (3m) (Table 3, entry 13)
The compound 3m (the mixture of the syn and anti diastereomer) was obtained according to
the general procedure (6.1 mg, 16% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (67:33 dr, 80% ee for the major
syn-distereomer) by HPLC (Daicel Chiralcel OD H column, n-hexane/2-propanol = 95:5,
flow rate 0.5 mL/min, detection at 210 nm), syn diastereomer: tmajor= 27.1 min, tminor = 28.8
min; anti diastereomer: tg=22.3 min.
The syn distereomer was purified by flash chromatography to afford colorless oil. [o]p™ =
+4.0 (¢ 0.20, CH,Cly). "H NMR (400 MHz, CDCl3): & = 4.81-4.78 (m, 1H), 4.51-4.42 (m,
2H), 2.98-2.87 (m, 1H), 1.89—-1.86 (m, 1H), 1.56 (d, J = 5.2 Hz, 3H), 1.05 (d, J = 4.8 Hz, 3H),
0.92 (d, J=5.2 Hz, 3H).

‘\\NOZ
é\\j\/NOZ

3n
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[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3n) (Table 3, entry 14)

The compound 3n (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (37.8 mg, 79% vyield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (88:12 dr, 92% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 16.0 min, tmajor = 57.8 min;
anti diastereomer: tg= 12.0 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 51-53
°C. [o]p"= —9.8 (c 0.92, CH,CL,). "H NMR (400 MHz, CDCl;): & = 7.34 (s, 3H), 7.16 (s, 2H),
4.90-4.86 (m, 1H), 4.79-4.74 (m, 2H), 4.06-4.03 (m, 1H), 2.03—1.99 (m, 1H), 1.89-1.87 (m,
1H), 1.01 (t, J=6.8 Hz, 3H).

/IN/OZ
Cl
30

1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (30) (Table 3, entry15)

The compound 30 (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (48.0 mg, 88% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (89:11 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 0.5 mL/min, detection at 210 nm), syn diastereomer: tminor= 38.5 min, tmajor = 63.8 min;
anti diastereomer: tg = 25.5, 27.4 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 97-98
°C. [a]p*’= —4.4 (c 0.50, CH,CL,). '"H NMR (400 MHz, CDCls): & = 7.33 (d, J = 7.2 Hz, 2H),
7.10 (d, J = 7.6 Hz, 2H), 4.85 (dd, J; = 13.2 Hz, J, = 5.2 Hz, 1H), 4.76-4.70 (m, 2H),
4.04-3.99 (m, 1H), 2.04—1.97 (m, 1H), 1.89-1.84 (m, 1H), 1.02 (t, J = 6.4 Hz, 3H).
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NO2
/:k'\‘oz
>4
3p
1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3p) (Table 3, entry16)
The compound 3p (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (39.4 mg, 72% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (81:19 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 12.5 min, tmajor = 26.2 min;
anti diastereomer: tg= 9.4, 9.9 min.
The syn distereomer was purified by flash chromatography to afford a pale yellow oil. [o]p" =
+11.6 (¢ 0.91, CH,Cl,). '"H NMR (400 MHz, CDCls): § = 7.44 (d, J = 6.4 Hz, 1H), 7.28-7.25
(m, 2H), 7.16 (d, J = 6.4 Hz, 1H), 5.15-4.95 (m, 1H), 4.92—4.82 (m, 2H), 4.67-4.63 (m, 1H),
2.02—-1.95 (m, 2H), 1.02 (t, J = 6.4 Hz, 3H).

WNO,
MeO

3q

1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3q) (Table 3, entry17)

The compound 3q (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (34.6 mg, 64% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (92:8 dr, 97% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 19.0 min, tyajor = 34.5 min;
anti diastereomer: tg= 12.8 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 69-71
°C. [a]p*®=—=11.2 (c 0.64, CH,Cl,). '"H NMR (400 MHz, CDCl5): & = 7.06 (d, J = 8.4 Hz, 2H),
6.85 (d, J = 8.4 Hz, 2H), 4.84 (dd, J; = 13.2 Hz, J, = 6.0 Hz, 1H), 4.75-4.70 (m, 2H),
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4.00-3.94 (m, 1H), 3.78 (s, 3H), 2.04-1.96 (m, 1H), 1.88-1.83 (m, 1H), 1.01 (t, J = 7.2 Hz,
3H).

’\\NOZ
OMe

3r
1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3r) (Table 3, entry18)
The compound 3r (the mixture of the syn and anti diastercomer) was obtained according to
the general procedure (31.4 mg, 58% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (90:10 dr, 96% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 210 nm), syn diastereomer: tminor= 10.4 min, tyajor = 14.7 min;
anti diastereomer: tg= 7.7, 8.3 min.
The syn distereomer was purified by flash chromatography to afford colorless oil. [o]p" =
+9.2 (¢ 1.30, CH,Cl,). "H NMR (400 MHz, CDCls): § = 7.29 (t, J = 7.6 Hz, 1H), 7.04 (d, J =
6.4 Hz, 1H), 6.91-6.89 (m, 2H), 5.03—4.98 (m, 1H), 4.90-4.82 (m, 2H), 4.28-4.23 (m, 1H),
3.86 (s, 3H), 2.03-1.96 (m, 1H), 1.90—-1.85 (m, 1H), 0.99 (t, J = 6.4 Hz, 3H).

Further investigation of substrate scope

wNO,
X NO
? . ~_NO, 2 mol% IX \\\j\/Noz
R CH,Cl,, -20°C, 72 h
R

5 2a 6

6a: R =H 46% yield, 81:19 dr, 87% ee
6b: R = OMe 53% vyield, 76:24 dr, 90% ee

The mixture of nitrodiene 5 (0.4 mmol, 1.0 equiv) and catalyst IX (2 mol%) in
dichloromethane (1.0 mL) was stirred for 30 min. Then nitroethane 2a (72 pL, 2.0 mmol, 5.0
equiv) was added. After stirring at —20 °C for 72 h, the reaction mixture was concentrated and
directly purified by silica gel column chromatography to afford the mixture of the syn and anti
diastereomer of chiral 1,3-dinitro compounds 6. The mixture was analyzed to determine the

diastereoselectivity and enantioselectivity of the reaction by chiral HPLC. Then the syn
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diastereoisomer was obtained by another column chromatography separation on silica gel, and

used for characterization.

‘\\NOZ
Q/\LNOZ
6a
[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6a)

The compound 6a (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (46.4 mg, 46% yield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (81:19 dr, 87% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IB column, n-hexane/2-propanol = 90:10, flow
rate 1.0 mL/min, detection at 254 nm), syn diastereomer: tminor= 22.2 min, tmajor = 29.2 min;
anti diastereomer: tg= 19.2, 26.1 min.

The syn distereomer was purified by flash chromatography to afford a white solid, m.p. 57-59
°C. [a]p™®=—42.5 (¢ 0.71, CH,Cl,). '"H NMR (400 MHz, CDCl3): & = 7.33-7.30 (m, 5H), 6.62
(d, J=15.6 Hz, 1H), 5.90 (dd, J; = 15.6 Hz, J, = 10.0 Hz, 1H), 4.82-4.79 (m, 1H), 4.75-4.70
(m, 1H), 4.60-4.55 (m, 1H), 3.52-3.45 (m, 1H), 1.62 (d, J = 4.8 Hz, 3H).

ANO,
/@/\LN%
MeO

6b
1-Methoxy-4-[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6b)
The compound 6b (the mixture of the syn and anti diasterecomer) was obtained according to
the general procedure (59.3 mg, 53% vyield). It was analyzed to determine the
diastereoselectivity and enantioselectivity of the reaction (76:24 dr, 90% ee for the major
syn-distereomer) by HPLC (Daicel Chiralpak IA column, n-hexane/2-propanol = 97:3, flow
rate 1.0 mL/min, detection at 254 nm), syn diastereomer: tminor= 31.8 min, tmajor = 33.0 min;

anti diastereomer: tg= 35.3, 37.6 min.
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The syn distereomer was purified by flash chromatography to afford pale yellow oil. [o]p"=
—62.1 (¢ 0.82, CH,Cl,). "H NMR (400 MHz, CDCl3): § =7.27 (d, J = 7.2 Hz, 2H), 6.84 (d, J =
6.8 Hz, 2H), 6.54 (d, J=15.2 Hz, 1H), 5.74 (dd, J, = 15.2 Hz, J, = 9.6 Hz, 1H), 4.80—4.77 (m,
1H), 4.73—-4.96 (m, 1H), 4.58—4.53 (m, 1H), 3.80 (s, 3H), 3.47-3.42 (m, 1H), 1.59 (d, J = 6.0
Hz, 3H). >C NMR (100 MHz, CDCls): & = 159.9, 137.1, 128.0, 117.3, 114.0, 83.2, 76.4, 55.3,
45.7, 16.6. IR (KBr): v 2956, 2924, 2846, 1722, 1651, 1606, 1554, 1511, 1463, 1378, 1250,
1176, 1029, 970, 814, 761 cm'. HRMS (ESI): m/z caled. for C;3H;7N,Os [M + HJ"
281.11320, found 281.11331.

The gram-scale preparation and transformation of 3a

WNO,
Ph/\/Noz + ~_NO2 1 mol% IX \k/
CH,Cly, -20°C, 72h  pp >NO2

la 2a 3a

1.49 g, 10.0 mmol 1.84 g, 8.2 mmol
82% vyield, 94% ee and 92:8 dr
99% ee after a simple recrystallization

The mixture of nitroalkene 1a (1.49 g, 10.0 mmol) and catalyst IX (72.5 mg, 0.1 mmol, 1
mol%) in dichloromethane (25 mL) was stirred at —20 °C for 30 min. Then nitroalkene 2a (3.6
mL, 50.0 mmol) was added. After stirring at —20 °C for 72 h, the reaction mixture was
concentrated and directly purified by silica gel column chromatography to afford 183 mg of
the anti-adduct (8% yield) and 1.654 g of the syn-adduct (74% yield) , respectively.
Enantiomeric excess of the syn-adduct (94% ee, 99% ee after a simple recrystallization with

ethyl acetate/petroleum ether ) was determined by HPLC with Chiralpak AS-H column.

H
IN/OQ Pd(OH),/C, Hs Wﬂ*z CS, NYS
, EtOH, r.t,24h _ .L_ _NH 0 &
SN NO o 2 THF, 45°C.8h L _NH
8

3a 7
2.35 g, 10.5 mmol 1.13 g, 5.5 mmol
99% ee 52% vyield for two steps, 99% ee

To a solution of the syn-adduct 3a (2.35 g, 10.5 mmol, 99% ee) in EtOH (100 mL) was added
10 wt % Pd(OH),/C (1.47 g, 10 mol%). The mixture was placed under an atmosphere of H; in
a rubber balloon and stirred for 24 h at room temperature. After filtration, the filtrate was

concentrated in vacuo to afford the crude product (1,3-diamine compound 7) as colorless oil.

The colorless oil was dissolved in THF (50 mL), and CS;, (1.60 g, 21.0 mmol) was added.
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After stirring at 45 °C for 8 h, the reaction mixture was concentrated and directly purified by
silica gel column chromatography to afford 1.13 g of the thiourea 8 (52% yield) as a white
solid. m.p. 223-225 °C. Enantiomeric excess was determined by HPLC (Daicel Chiralcel OF
column, n-hexane/2-propanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm); major
enantiomer tg= 29.8 min, minor enantiomer tg= 38.6 min; 99% ee; [o]p> = — 127.8 (c 0.52,
CHCl3). "H NMR (400 MHz, CDCls): & = 7.35 (t, J = 7.2 Hz, 2H), 7.30 (d, J = 7.6 Hz, 1H),
7.16 (d, J=7.2 Hz, 2H), 6.84 (br s, 1H), 6.72 (br s, 1H), 3.85-3.82 (m, 1H), 3.62 (dd, J; = 6.0
Hz, J, =2.4 Hz, 2H), 3.24 (dd, J; = 10.8 Hz, J, = 6.0 Hz, 1H), 1.00 (d, J = 6.4 Hz, 3H).
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Copies of HPL.C profiles of Michael addition products

[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3a) (Table 3, entry 1)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW001068.D)

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

2.5795%e4 731.90820 27.8685

22.225 VB 0.6210 2.53574e4d 625.38293 27.3948

2.06440e4 372.00656 22.3027

2.07655e4 292.04581 22,4340

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002018 D)
mAU wNO2
500—; e _NO, -
4004 ©
300
] n
200 @ 2 32 2
100 & & o
] o ™~
O:"'\""Iw'_{—"\" '\"'w“‘w} S R N
15 175 20 225 2 75 30 325 35 375 min
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU*S] [MAU] %
1 20.185 BV 0.4864 2091.91064 65.88589 4,7268
2 21.758 VB 0.5411 239.63422 6.83388 0.5415
3 29.569 BV 0.7418 ©96.17700 14.45639 1.5731
4 31.279 VB 1.0643 4.12286e4 595.077%4 83.1587
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1-Fluoro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3b) (Table 3, entry 2)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002564.D)

mAU =T @

400—%

350—;

300—%

250—% % g

zooé p 8

150—%

WOOE

50—5

0-

I‘IIDI o I‘|2I.5‘ II I1‘5‘ C I‘ITIAS‘ o 2IO‘ I22I.5 C 2‘5‘ IZTI.E
(racemic)

Peak RetTime Type Width Area Height Area
# [min] [min] (mAU*s] [maU] %

————|=——————- | -=—=]-====--= | -——————=—= | -—————————- | ——————== |
1 15.414 wW 0.369 0610%e4 446.78024 29.2202
2 16.185 VB 0.4131 1.2013%24 436.54669 33.0838
3 20.539% VB 0.4865 7004.3%062 218.21170 19.2886
4 23.804 BB 0.5203 6684.43115 196.8B0370 18.4075

DAD C. Sig=2108 Ref=360,100 (YW YWV DD2565.D)
mAU_—
1400 -] WNO;
1200 - NO,
1000
800 F
] 3b
600
400 =
] =
200 ¢ 3
2
i S\
———— [ [ " "~ [ I 1 1 1 I I
8 10 12 14 16 18 20 22 24 26 i
Peak RetTime Type Width Area Height Area
= [min] [min] [mAlU*s] [mall] L

1 15.414 WV 0.3729 4046.06641 168.04848 5.3996
2 16.204 VE 0.4552 815.51361 25.90995 1.0883
3 20.534 MM 0.4895 1505.77625 51.27092 2.0085
4 23.387 VB 0.6534 6.85651e4 1608.10059 91.5025
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1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3c) (Table 3, entry 3)

DAD1 C, Sig=210,8 Ref=360,100 (YW'YW002566.0)

mAU ] 2
400
350—5
300—;
250—§ X ,\’bb.\‘.\%
200—; 'Eiu&@*?*'
150
100—%
50—%
0
;D 1I5 ZID 2‘5 3I0 3|5 mir]
(racemic)
Peak RetTime Type Width Area Height Area
i [min) [min] [mAU*s] [mAal] %

1 18.149 VvV 0.6643 1.76241e4d 417.62024 54.2142
2 23.305 MM 0.5978 7542.48047 210.29138 23.2017
3 33.879 MM 0.7643 7341.72949 160.09258 22.5841

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002567.D)

mAU =
2000 wNO,

L no,

1500

1250—% C|/©

1ooo—§ 3¢

750—?

500—5 §

250—5 JL‘ %

10 ‘ ‘ ‘|I5 I ‘ 2‘0 2‘5 I ‘ I I SIO I I 3"5 I I m%ﬂ
Peak RetTime Type Width Area Height Area
# [min] [min] (mAU*s] [maU) %

P [ —— [ D —— [ [ —— P — |

1 18.221 vV 0.4648 1.,11553=4 360.71475 8.1774

2 23.304 VB 0.5328 2719.52051 76.85118 1.9835

3 33.280 BB 0.9111 1.22542=5 2080.75537 89.8291
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1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3d) (Table 3, entry 4)

DAD1 C, Sig=210,8 Ref=360,100 (YW\Y\W002655.D)
mAU ] Z
12007_
1000{
BOD—:
aoo—: §
400—: %
200{ /\
0 :
1I5 ‘ ZID ‘ ‘ I 2I5 I 3“0 3|5 min|
(racemic)
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAl] %
|- |==== | —=—=——- e e |———————= |
1 12.849 VB 0.4464 3,55272=4 1239,37842 56.5099
2 16.200 BB 0.4593 1.4527%e4 477 .07352 23,1083
3 28.389 BB 0.6378 1.28138e4 307.65827 20.3818
DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002656.D)
mAU 8
1 ‘D ‘ I I 1I5 I ZID 2I5 SID I mli n
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAaU] %
et | == | m— - | mm e e e |
1 2.741 MM 0.4182 1.96394e4 T782.66382 12.4378
2 16,199 MM 0.4402 3362.31030 127.29000 2.12684
3 27.388 BV 1.0645 1.34800e5 1975.83774 85.432¢
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1-Bromo-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3e) (Table 3, entry 5)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002572.D)

mAU o
250

N )
8 P
@ Ol
& B
u%'@' < "8‘

200
150
100

50+

29.085

miry

15 20 25 30 35
(racemic)
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAlU] %
] e e | —————————— | —————————— | ———————- |
1 14.853 MM 0.4486 /7456.26318 250.61475 28.8085
2 16.022 VB 0.4167 £314.208988 226.87080 26K.9617
3 18.459 MM 0.4681 5176.62305 184.31537 22.1042
4 29,085 BB 0.5911 5182.10986 135.23743 22,1276
DAD1 C, Sig=210,8 Ref=360,100 {YW\YW002573.0)
mAU o
1400 “NO, -
1200; I/NOZ
‘IOOO—f Q\
BDO*: Br
] 3e
500
400
200—5 @ E %
o VAN
‘IZ‘.SI 1I5 I WTI.SI 2ID 2£.5 2I5 27‘.5 3ID 32I.5 3I5 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAl] %
———— | ——————- | ——mm | mm - e e | —— - |
1 14,798 BV 0.3575 350.94824 15.18030 0.5559
2 15,950 v 0.4091 3730.29224 137.24399 5.8084
3 18.386 VB 0.4323 1614.28442 57.37154 2.5569
4 25,019 VB 0.6110 5.74397«4 1447.40149 90.978%9
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1-Methyl-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3f) (Table 3, entry 6)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002550.D)
mAU ] o E
soo—; . :
?oo—;
soo—é o
SDD—E : o
4oo—f © ‘.\%’P@
300—% g:geﬁ@%
2DD—§
28 i
0] ' ‘
0 45 a0 5 3 3 40 md
(racemic)
Peak RetTime Type Width Area Height Area
# [min] [min] (mAU*s] [mAU] %
el e e | —————————- | ———————— |
1 12.655 vV 0.3623 2.07270e4 881.71478 30.0401
2 14,478 vV 0.3869 2.12093e4 838.93195 30,7392
3 17.351 v 0.4281 1.3714ped 492.,12997 19.8768
4 40.778 MM 0.8615 1.33468=24  258.19855 19,3439

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002551.D)

750] 3f

500‘%

250—5 E

o A
10 15 20 25 30 35 40 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [(mAU*s] [mAU) 2

e | ———=|===———- | —————————- | —————————- | ———————- |
1 12.915 vv 0.4502 2665.20020 86.81057 1.6901
2 14,302 VV 0.3539 1.22419=4 537.14301 7.7630
3 17.173 VE 0.4235 3241,14380 116.87358 2.0553
4  40.706 WV 1.0958 1.39548e5 2005.44519 88.4917
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1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3g) (Table 3, entry 7)

DAD1 C, Sig=210.8 Ref=360,100 (YW YV 002556.0)
mAU 7 =
] > o
200
1?5—f
150—3
125—f
100 2
?5—5 8
50
25
04
—,——————————————————————————
10 15 20 25 30 35 40
(racemic)
Peak RetTime Type Width Area Height Area
# min min [mAU*s mAl %
1 17.877 VWV 0.4172 5807.565834 214,58361 31,3220
2 19,280 vV 0.4530% g1g7.3476g  Z07.43471 32,8853
323,424 MM 0,568l 2470.326208 102.185321 18,3552
4 328.10% EE 0.7230 23215.500898 70.45744 17.5788
DAD1 C, Sig=210.8 Ref=360,100 (YW 'Y\ 002557.0)
mAl 2
] WNO,
1000 —
1 W NOZ
800 —
1 MeO
600 —
39
400+
] 3
200 R 2
0 i ' :
L T T T T T T T T T T T T T T T T T T T T T T T
10 15 20 25 30 35 40
Peak RetTime Type Width Area Height Area
z [min] [min] [mAll*sg] [mAl] %
1 17.418 VE 0.3%32% 211.10324% 12.1818% 0.4500
Z 1B.BS%4 EE 0.4223 35290 77222 127.772&7 5.1061
3 Z32.07B EE 0.4%5% 10Z28.532g82 21.8280¢ 1.4875
4 27.550 EE D.Bleg £.4258%e4 1222.85833g 82,8580
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1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3h) (Table 3, entry 8)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002552.D)
mAU_| > 8
2000—:
1500{ 0 5
‘IOOO{
0: T L
1 T T T T T T T T T T T T T T T T T T
6 8 10 12 14 16 18 20 22 24 min|
(racemic)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

0.3612 5.53107=4 2470.89795 29.8567
9.469 VV 0.3840 5.98385e4 2458.26416 32.3008
0.3492 3.47356e4 1551.63721 18.7502
0.4356 3.53693=4 1259.58252 19.0823

=
1 'ga
12.500

T T T T T T T T T T T T T T T T T T T T T T
6 8 10 12 14 16 18 20 mir]

Peak RetTime Type Width Area Height Area
z [min] [min] [malU*s ] [mAT] %

1 B.961 WV 0.2822 43B2.54248 Z32B.EEBZ210 5.861%
2 9.583 WV 0.28%4 363.5296%9 19.15360 0.4945
3 1z2.B0% VW 0.3241 S£5%.28BZZ 45 383215 1.3185
4 16.604 VB 0.2027 £.7727¢ced 2024 ,43115 52 2245
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1,2-Dimethoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]benzene (3i) (Table 3, entry 9)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002736.D)

mAU o
500

400+
300+

200

100

o
|
?43 676
i fu«ﬁ

15 - 20 25 30 35 40 45 o 50 55 mir|
(racemic)
Peak RetTime Type Width Area Height Area
= [min] [min] (mAU=*s] [mAU] %
e | _———————— [, [ —— [ — [ — [ — |
1 30.575 EBR 0.7574 2.51719%e4 494,92450 61.7300
2 43.876 VB 1.0256 7724,61572 113.56469 18.9434
3 458,442 BB 1.3645 T7880.88770 86.05252 18.3266

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002734 D)
mAU |
1000

38

800}
600} MeO

\\“' N02

2 OMe
4DD—i = 3'
200—: =]
0 A
2|O I ‘ I I SID ‘ I I I 4‘ 0 I ‘ I ‘ 5IO BIO mir|
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %
cmemem | ——————— | [, [ —— [ —— [ — [ |
1 30.654 BB 0.7359 1.98411e4 399.16238 12.3003
2 43.510 BB 0.9117 2994,83789 50.51318 1.856¢6
3 46.638 BB 1.7829 1.38470e5 1041.85942 85,8430
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1-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]lnaphthalene (3j) (Table 3, entry 10)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YWO002618.D)
mul 8

17.368

8004
7004

600

21.561

500
4004

300

wozfi\__/ikrj k ‘

10 20 30

40 50

60 70 80 mir|
(racemic)
Peak RetTime Type Width Area Height Area
# [min] [min] [mEU=*s] [malU)] %
1 14,288 VB 0.3650 2.04378e4 860.79376 27.2197
2 17.368 VB 0.4105 2.05530e4 T772.23706 27.3732
3 21.561 BB 0.4849 1.70013e4 529.02228 22.6428
4 80.600 BB 1.5063 1.700924e4d 176.42852 22,7643
DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002619.D)
mAU 2
2000
1750
1500
1250
1000 ]
750 T é\@,}] 3J
500 o &
g
g =
250 b OF
I W
1b T ‘ ‘ 2][) ‘ T 3ID I I 4IO T 5‘0 I Bb TID HID rnlln
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s]) [mAU] %
1 14,142 BB 0.3669 1947 ,73486 81.47685 0.7364
2 17.106 BB 0.4038 1.8964pe4d 718.87689 7.1703
3 21.246 MM D.5164 BAEB87.62451 215.84418 2.5285
4 T8.839 BR 1.7989 2.38888e5 2082.81982 89.5648
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2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]furan (3k) (Table 3, entry 11)

DAD1 C, 8ig=2108 Ref=360, 100 (YW YW 002760.0)

60

3 3
& g8

T T T T T T T T T T T T T
15 20 25 30 35 40 min

(racemic)
Peak RetTime Type Width Area Height Area
# min min [mAU*s mAl %
1 21.5924 EE 0.53278 1448.26074 11.02682 15%.0850
2 232.%¢7 EE 0.258c4 16032.10853 40.088%88 21.125%5
328,750 WV 0.7161 2204.0954¢ 4, 23541 25,0453
4 31 ,ZB% VE 0.7730 2233,01123 45,14212 30,7441

DADT C. Sig=2108 Ref=360, 100 (YW YW D0Z761.D)
mAL
350
300
] \
250 \
2004
150
] (]
100 4 E
] N
50 o
] i
E g
0 . -
T T T T T ‘ T T T T T T T T T I T T T T T T T T T I
15 20 25 i) 35 40
Peak RetTime Type Width Area Height Area
z [min] [min] [mAU*s] [mAU] %
1 Z21.BB2 VE 0.2381 2252.11EB&%E g€2.9%020 10.0345
2 Z23.B12 BV 0.7255 211.84442 3.77070 0.243%
3 28,288 MM 0.8572 381.73734 2,8807% 1.7009
4 30.&827 VE 0.75%7 1.3%59%80e=4 IBT7.7085% B87.3207
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2-[(1S,2S)-2-nitro-1-(nitromethyl)propyl]thiophene (31) (Table 3, entry 12)

DADT C. Sig=210.8 Ref=360,100 (YW YV 002677.0)

2
1 M~ {\'\Q‘S\
] o
| ®
] T T T T T T
10 15 20 25 30 35 mir]
(racemic)
Peak RetTime Type Width Area Height Area
2 [min] [min] [mAlU*s [mAal %
1 1&8.BZ0 EBE 0.6282 Z2g45.732581 £8.58443 54,5435
2 15.853 EBE 4753 1108.28845 35.9%8270 Z22.B3%%
3 29,617 MM LET18 10597.45280 27.22373 z2z.e170
DADT C. Sig=2108 Ref=360.100 (YW YW 00Z705.D)
mALU
600 \Ql\fz
500
] \\\\" N02
400 \ S
] g
300 <
1 3l
200
100 8
] )
.
1 T I U I I '
10 15 20 2 30 35 min
Peak RetTime Type Width Area Height Area
2 [min] [min [mAU*s [mAl %
1 18.43838 VB 0.4338 7555.%2871 284.03371 21.0830
2 15.550 BE 0.4887 743.321531 22.882587 2.0758
3 29,588 BB L5429 2 .75343e4 £29.78188 T7&£.8352
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(3S,45)-2-Methyl-4-nitro-3-(nitromethyl)pentane (3m) (Table 3, entry 13)

DAD1 C, 5ig=210.8 Ref=360,100 (YW 1Y\ 0D2762.D)
mAL
200
175—3
150—5
125—3
100
?5—5
50
25
E
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
15 20 25 30 35 40 mir
(racemic)
Peak RetTime Type Width Area Height Area
2 mirn mirn [mAU*s mAll %
1 22.34B BB 0.4807 £715.84%12 208.011587 39,3022
2 27.287 BV 0.5743 432, 11328 121.2g227 27.2110
3 2B.93%1 VB 0.6581 5£%3,70801 118.1857%5 33,3048
DAD1 C, Sig=210,8 Ref=360,100 (YW \YW002763.0)
mALU
400
NGO,
300
R W\\\" NOZ
ZDD-_
3m
100+
.
T 1 " T T 1 T " 1 T T I T T T 1 T T T T T T T T T 1 T
16 18 20 22 24 26 28 30 32 mir]
Peak RetTime Type Width Area Height Area
2 [min] [min] [mAlU*s] [mAU] %
1 22.271 VB 0.47%1 8780.830137 304.17%88 32,7688
2 27,124 BV 0.6056 1.8074%e4 445 ,.25870 &0.5560
2 2B.B5& MM 0.81587 18%52,428%¢ 40.50911 £.6752

S29



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3n) (Table 3, entry 14)

DAD1 C, Sig=210.6 Ref=360, 100 (YW\Y\V 002560.D)
mAU =
N
350—_ .\‘bq?
1 Rj é\_fob
3004 T e
] &9@@
250
200
] ©
150—_ %
b i
100
SD_$ \(\_JJL_,_/\._M
0 4
. ———— . | .
10 20 30 40 50 60 min
(racemic)
Peak RetTime Type Width Area Height Area
= [min] [min] [mAlU*s] [mAl] &
1 12.030 Vv 0.2760 £742.04635% 371.06805 22.1018
2 12.38:% WV 0.3501 ©280.4208e Z2BE.42B01 Z21.7211
3 16.422 MM 0.42%¢ g818.60c845 258 ,70227 Z2Z2.8788
4 58.%2%% VE 1.088% g£562.98582 23.0448¢ 22.4882

DAD1 C. Sig=210.8 Ref=360,100 (YW \YW 002724.0)

10 20 30 40 50 B0 min
Peak RetTime Type Width Area Height Area
2 [min] [min] [mAU*s] [mAU] %
1 11.976 MM 0.2e40 727.2%708 45.91275 11.7671
2 15.9%78 MM 0.3285 212.8g8124 10.87028 32,4455
3 57.813 BB 1.0442 5240.51660 77.17812 84,7874
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1-Chloro-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (30) (Table 3, entry15)

DAD1 C, 5ig=210.8 Ref=360, 100 (YW YW 002667.0)
]

65.578

20 30 40 50 60 70 min
(racemic)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAlT] %

1 25.8g8% WV 430 29%£1.680278 71.53230 18.17%
2 Z27.5%g8 VE £0S%g8 ZBE41,75045 66.09180 17.4402
3 25 ,3%8 EE B574 5222.3085% 92 ,25040 Z2Z2.0
4 H5.578 BB 1.22689 52£8.,5727%8 £6.027758 32,3340
DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002670.D)
mAU | 5
1000{ ‘\\NOZ ‘
soo—: /él/NOZ
BOO—: Cl
. 30
400 ©

] : .

0]

20 I I I 3‘0 ‘ I I 4‘0 ‘ ‘ ‘ 5‘0 ‘ EIO I ‘ I TIO I I ‘ BIO mi}w
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU] %

cmmm |- | = === =-=====—-= | ========== | ========== | ——====—= |
1 25.476 VWV 0.6628 1.,12448e24 260,92331 10.3888
2 27.410 VB 0.7102 879.22180 18.64414 0.8123
3 38.502 MM 0.8506 1843.897168 36.13265 1.7036
4 B3.752 VB 1.3309 9.,42718e4 1087.89536 87.0853
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1-Chloro-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3p) (Table 3, entry16)

DAD1 C, Sig=210,8 Ref=380,100 (YW\YW002657.D)
q o
mAU 3 o
1 =
@

7004

12.478

600
500
400

3004

2004
100
0]

26.605

10 15 20 25

(racemic)
Peak RetTime Type Width Area
# (min] (min] [(mAU*s]

L3211 1.77539%4
.5328 1.81580e4

0

8.841 vV 0.3035 2.46118e4 1209.
0
0

DAD1C, Sig=210,8 Ref=360,100 (YW YW 002558.0)
mALl
1DDD—_
] ‘\\NOZ
800
] wS_NO,
500
] 5
1 e Cl
400
] _ N
] g o 3p
200 * o N
4 ll']‘@‘s'
1 O
o0 ‘ AN ‘
1 I | 1 U
10 15 20 25 an mir]
Peak RetTime Type Width Area Height Area
2 [min] [min] [mAl*s] [mAl %
1 9.421 VV 0.254% 37326.%0188 1995.17834 5.255¢
2 $.881 VV 0D.3451 S9760.6337% 423,243 13,7274
3 12.512 MM 0.3773 1245.,%3082 55.01082 1.7323
4 Z28.2Z& BB 0.7205 5.63600ed 1128.752583 75,2648
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1-Methoxy-4-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3q) (Table 3, entry17)
DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002558.0)
mAU 3

400—5
350—5
300—2
250—f

200

19.243

150

34.198

100

0

77— 7T T | T T T
10 15 20 25 30 35 40 mir|

(racemic)

Peak RetTime Type Width Area Height Area
# [min] [min] [(mAU~*s] [mAU)] %

1 12.8%4 VB 0.3366 9360.00195 425.55746 54.5418
2 19.243 BB 0.4329 3810.50049 138.72722 22.7869
3 34.198 BB 0.6601 3890.64697 91.50182 22.6712

DAD1 C, Sig=2108 Ref=350, 100 (YW YW 002559.D)

X
[=

1
35

600 2 3q
ol

400—_ "
200 /\ E

. NA AN

R T T T T

Peak RetTime Type Width Area Height Area
2 [min] [min] [mAU*s ] [mAl] %

1 12,773 VB 0D.3272 B320:z.14258 251.,832437 B.3810

2 18,037 BV LAZ4E 1812.83788 58.70742 1.8273

3 24,335 BE 9134 B.91771led 1540.33868 895.%317
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1-Methoxy-2-[(1S,2S)-2-nitro-1-(nitromethyl)butyl]benzene (3r) (Table 3, entry18)

DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002554.D)
mAU ] - E
1200—5 ©
1000 . <
BDD—j E
600
400—2
200{
o] :
é lli ‘IID 1I2 ‘!‘4 1IE ‘IIB 2‘0 ﬂ’lil“l
(racemic)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
mmm |- | ———= | m == T T | - |
1 7.711 WV 0.2973 2.66671=4 1380.98596 28.5507
2 8.355 vV 0.2951 2.47724=24 1295.15588 26.5222
3 10.476 WV 0.3237 2.11907=4 1014.38397 22.6875
4 15.041 VB 0.4082 2.07725=4 796.74072 22.2397
DAD1 C, Sig=210,8 Ref=360,100 (YW\YW002555.0)
mAU ] o
2000—2 ,\\NOZ
/\\\k/ NO>
‘ISDDi
] OMe
1000 —
| 3
500 ——/\‘_/P\h\ -
.

lli I ‘ ‘ é I ‘ ‘IID 7|2 7‘4 ‘IIB WIB 2ID miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAll*s] [mAl] %

———|—————- T e | —————————- | m————————- | ———————- |
1 T.679 WV 0.2797 1.06288=4 581.22729 9.6402
2 8.304 VB 0.3080 720.74457 34.46310 0.6537
3 10.427 vV 0.3065 2266.71606 114.74529 2.0559
4 14.670 VvV 0.6574 9.66387=4 2381.38428 87.6502
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[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6a)

DADT A, 8ig=254 .4 Ref=360,100 (YW\YW002700.0)
mAL - E _
200 2 8
150—:
mo{
50—:
o]
10 125 15 17.5 20 25 25 276 30 mir
(racemic)
Peak RetTime Type Width Area Height Area
2 [min] [min] [mAU*s] mAlU] %
1 18.283% BV 0.4228 ©718.28887 23g.21274 23,1913
2 22.3Ze VB 0.4842 7688.968%24 243.8331¢ 28.32408
3 Zg.217 BV 0. 8819.81259% 180.%24%¢ 23.32407
4 28.891 VvV 0.5848 7742.9%3530e 203.1%8472 28.7271
DAD1 A, Sig=254,4 Ref=360,100 (YW\YW002701.0)
mAU 1
700
600 \Q\I/OZ
500—2 N NO,
4oo—f ©/\
300—5 6a
200—2 _
100—5 § S
0
10‘ I 12‘,5I I ‘1‘5‘ ] 1TI.5 ZIO ZZIS I 2I5 27‘5 SIO o ‘32I.5 m‘irl
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s3] [mAl] %
e e e e | === |
1 19.221 VB 0.4390 1127.67395 30.75204 2.46584
2 22.201 vV 0.4931 2388.38354 T4.,658344 5.2301
3 26.081 MM 0.6630 7600.62988 191.05316 6.6438
4 29,213 VB 0.6723 3.45487=4 T40.48212 T5.6567
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1-Methoxy-4-[(1E,3S,4S)-4-nitro-3-(nitromethyl)-1-penten-1-yl]benzene (6b)

DAD1 A, Sig=254,4 Ref=360,100 (YW\YWO002777.0)
mAU o g £
ZDD-E
175—f
150
125-3
100
75—5
50
25
0
T L T T T T T
15 20 25 30 35 40 45 min|
(racemic)
Peak RetTime Type Width Area Height Area
2 [min] [min] [mAU*s] [mAU %
1 31.820 BV 0.8440 9402.88770 219.4215% 2g£.5%9&4
2 33.115 wv 0.7102 1.02483e4 214,.19907 28.9845%5
3 35.082 wv 0.B217 BO024.64883 141.,48724 22.8%95¢
4 37.8532 WV 0.8475 7680.5%5801 131.87&22 Z21.7Z23%
DAD1 A, Sig=254.4 Ref=360,100 (YW \YW0D02778.0)
mAU
7004
600
] \W:T?Z
SDD—_
300—:
MeO
200 6b
100
04 :
— — . : — . -——
15 20 25 30 35 40 45 min
Peak RetTime Type Width Area Height Area
2 [min [min [mAU*s ] [mAU %
1 31.751 BV 0.5854 17%5.37449 46.62074 3.,8453
2 23,002 WV 0.7172 3.58262e4d 724 ,346%8 72,7158
3 35,250 wv 0.%3532 2515.,7432¢&% 37.4721¢8 =.10&82
4 37.550 Vv 0.814¢% 9130.84668 164.75151 18.5327

S36



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

(4R,5R)-tetrahydro-4-methyl-5-phenyl-2(1H)-pyrimidinethione (8)

DAD1 A, Sig=254 4 Ref=360,100 (YW\YWO002897.D)
mALU ]
250—: = ~
200—: 8
150{
100%
50—:
15 R T R Y
(racemic)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 5
———— | ——————- | ———— | ——————- | —— - I | —— e |
1 30.046 BB 1.8559 3.15755=4 261 .65881 50.15687

2 38.282 BB 2.4094 3.13782e4 201.43040 49,8433

DAD1 A, Sig=254,4 Ref=360,100 (YW\YW002896.D)
mAU w
500 e
400—:
] H
300 ta,, NYS
200 Ph‘\\‘L/NH
100—: 8
é
15 2IO 2I5 SIO 3I5 4IO 4I5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] (mAU*s] [mAU] %
———m |- | === | —=————- | —————————- | ~————————- | ———————-
1 29.815 BV 1.9526 6.7444124 546.18695 99,6260
2 38.655 BB 1.7122 253.20485 1.74981 0.3740
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