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1. Preparation of Fe304/PVP#QDNH:

TECS
_

Fe;04/PVP Fe,C4/PVPISIO;

Fe304/PVPISIO.@MPTMS Fe;04/PVP#QDNH;

Fe304/PVP (0.25 g) was well-dispersed in 50 mL of ethanol under ultrasound irradiation, added aqueous
ammonia (1.5 mL, 23%) and tetraethyl orthosilicate (0.24 g, 1.2 mmol). After being stirred at room
temperature for 3 h, MPTMS (0.26 g, 1.3 mmol) was added slowly and stirred for another 24 h.
Fe304/PVP/SiO,@MPTMS (0.44 g) was obtained by being separated magnetically, washed with ethanol (25 mL
x 3) and dried at 60 °C under vacuum for 8 h. Under a N, atmosphere, a mixture of Fe304/PVP/SiO.@ MPTMS
(0.44 g), QDNH(0.32 g, 1.0 mmol) and AIBN (41.0 mg, 0.25mmol, once a day) in 15 mL of CHCl3 was refluxed
for four days and cooled to room temperature. The mousy Fe304/PVP#QDNH; (0.5 g) was separated
magnetically, washed with CHCI5 (20 mL x 3), ethanol (25 mL x 3) and dried at 50 °C under vacuum for 4 h.
Based on the nitrogen content determined by elemental analysis, the loaded capacity of QDNH; was 0.39
mmol g'l.

The molar ratio of QDNH;-attached thioether (—S-) and free sulfydryl (=SH) in the outermost shell of
various heterogeneous organocatalyst covered on TEOS-modified Fe304/PVP could be ascertained by the
contents of N and S elements and shown in Table s1.

Table S1 The molar ratio of QDNH,-attached thioether (-S—) and free sulfydryl (—SH) in the outermost shell of TEOS-modified
Fes304/PVP

Cat. N S Molar ratio® Weight loss
(%) (%) (m/n) (%"/%)
Fes04/PVP#QDNH,; 1.62 6.58 1/4.3 19.7/22.9
Fe304/PVP@QDNH;(1) 1.42 3.99 1/1.8 -
Fe304/PVP@QDNH>(2) 1.93 5.35 1/2.6 -
Fe304/PVP@QDNH»(3) 2.50 8.00 1/3.2 30.2/32.1
Fe304/PVP@QDNH,(4) 1.97 6.06 130 -

?Molar ratio of thioether and free sulfydryl based on elemental analysis of N and S. bWeight loss calculated from elemental
analysis. “Weight loss detected by TGA in the 150-800 °C range.

1. IR spectra

. mx/ ‘I‘-\ 1037

1 L 1 L 1 L 1 L 1 L
4000 3500 3000 2500 2000 . 1500 1000 500
Wavenumber / cm

Fig. S1 IR spectra of Fes04/PVP (a), Fes04/PVP/SiO.@MPTMS (b), Fe304/PVP#QDNH (c) and Fes04/PVP@QDNH:(3) (d)
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Fig. S2 Thermogravimetric curves of Fe304/PVP@QDNH3(3) (a), Fe304/PVP#QDNH, (b)

3. N:zadsorption-desorption isotherm
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5.

Table S2 The properties of (2R, 3S)-2-methyl-4-nitro-3-phenylbutanal and its derivatives

R Syn/Anti %ee Syn
Ph 937 >99
4-FPh 96:4 99
4-CIPh 96:4 >99
4-BrPh 95:5 >99
4-CH30OPh 99:1 >99
3-CH30Ph 96:4 98
3-CH3Ph 94:6 >99
2-CIPh 87:13 96
2-CH30OPh 92:8 98
2-CHsPh 94:6 99
1-Naphthyl 91:9 >99
2-Furyl 89:11 98
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(2R, 3S)-2-methyl-4-nitro-3-phenylbutanal: syn/anti = 93:7, >99% ee syn, %ee syn was determined by HPLC analysis
on Daicel Chiralpak OD-H column: heptane/i-PrOH = 80/20, flow rate 1.0 mL min'l, A=210
nm: tg = 28.8 min (minor), tz = 38.4 min (major); B NMR (600 MHz, CDCls, TMS, major

0 diastereomer): 6 1.00 (d, J = 7.3 Hz, 3H, CH3), 2.74-2.84 (m, 1H, CHCHj3), 3.79-3.85 (m, 1H,
NO, CHCH,), 4.77-4.81 (m, 2H, CH,), 7.16-7.21 (m, 2H, PhH), 7.27-7.30 (m, 1H, PhH), 7.32-7.35
H ) (m, 2H, PhH), 9.71 (d, J = 1.5 Hz, 1H, CHO); BCNMR (150 MHz, CDCl,;, major diastereomer):
6 12.3 (CHs), 44.3 (CHCH,), 48.6 (CHCH3), 78.3 (CH>), 128.2, 128.3, 129.2, 129.3, 136.8 (Ph),
202.3 (CHO).
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DADT E, Sig=210,4 Ret=360,100 (WU TADZ05-1-20-5.0)
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(2R, 3S)-3-(4-fluorophenyl)-2-methyl-4-nitrobutanal: syn/anti = 96:4, 99% ee syn, %ee syn was determined by HPLC
F analysis on Daicel Chiralpak AD-H column: heptane/i-PrOH = 95/5, flow rate 1.0 mL min'l, A=
210 nm: tg = 24.8 min (major), tr=32.9 min (minor); '"H NMR (600 MHz, CDCls, TMS, major
diastereomer): § 0.99-1.01 (m, 3H, CHs), 2.72-2.83 (m, 1H, CHCH3s), 3.79-3.82 (m, 1H, CHCH,),
O 4.72-4.80 (m, 2H, CH,), 7.01-7.05 (m, 2H, ArH), 7.14-7.27 (m, 2H, ArH), 9.69 (s, 1H, CHO); Bc
NQO, NMR (150 MHz, CDCl;, major diastereomer): & 12.3 (CHs), 43.6 (CHCH), 48.6 (CHCH3), 78.3
(CH,), 116.2, 116.3, 129.9, 130.0, 132.6 (Ar), 202.1 (CHO).

£2%2 2888 gk ag 12000
Ceoe 3553 485 Feps
ENN NN N7
111000
110000
F +9000
18000
o 7000
NO,
H L6000
+5000
14000
13000
12000
i M 11000
0
7 Y L My T 7
oD (=2 =] M~ = f= (=] @ N
88 23 55 8 8 3¢
(== el = — — — i . . r-1000
10.0 90 8.0 7.0 6.0 50 4.0 3.0 20 1.0 0.0
1 (ppm)

S8



(2R, 3S)-3-(4-chlorophenyl)-2-methyl-4-nitrobutanal: syn/anti = 96:4, >99% ee syn, %ee syn was determined by
HPLC analysis on Daicel Chiralpak AD-H column: heptane/i-PrOH = 95/5, flow rate 1.0 mL
min™, A = 210 nm: § = 26.2 min (major), t= 35.5 min (minor); "H NMR (600 MHz, CDC},
TMS, major diastereomer): 6 1.00 (d, J = 7.3 Hz, 3H, CHs), 2.73-2.83 (m, 1H,CHCH5),

(CHO).
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DADA E, Sig=210.4 Ret=360,100 (UTAD2015-3-18-3.0)
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, 35)-3-(4-bromophenyl)-2-methyl-4-nitrobutanal: syn/anti = 95:5, >99%ee syn, %ee syn was determined by
(2R, 35)-3-(4-b henyl)-2-methyl-4-nitrob I: syn/anti = 95:5, >99% % d ined b

Br HPLC analysis on Daicel Chiralpak AD-H column: heptane/i-PrOH = 95/5, flow rate 0.9 mL

min™, A = 210 nm: tg = 30.5 min (major), tg = 40.3 min (minor); "H NMR (600 MHz, CDCls,
TMS, major diastereomer): 6 0.99 (d, J = 7.3 Hz, 3H, CHs), 2.72-2.81 (m, 1H, CHCHs),
0 3.76-3.81 (m, 1H, CHCH,), 4.73-4.80 (m, 2H, CH,), 7.05-7.11 (m, 2H, ArH), 7.46-7.48(m, 2H,
NO, ArH),9.68(d,J=1.3 Hz, 1H, CHO); 3C NMR (150 MHz, CDCls, major diastereomer): § 12.3
(CHs), 43.7 (CHCH,), 48.4 (CHCH3), 78.0 (CH,), 122.3, 129.9, 130.0, 132.4, 135.9 (Ar), 201.9
(CHO).
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DADA E, €ig=210,4 Ref=380,100 (WU TAC2I16-1-24-1.0)
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(2R, 3S)-3-(4-methoxyphenyl)-2-methyl-4-nitrobutanal: syn/anti = 99:1, >99 %ee syn, %ee syn was determined by
OCH; HPLC analysis on Daicel Chiralpak OD-H column: heptane/i-PrOH = 80/20, flow rate 1.0 mL
min™, A = 220 nm: te= 30.3 min (minor), 31.7 min (major); 'H NMR (600 MHz, CDCl 6 0.98
(d, J=7.2 Hz, 3H, CHCH3), 2.70-2.79 (m, 1H, CHCH3), 3.73-3.76 (m, 1H, CHCH,), 3.78 (s, 3H,
O OCHs), 4.70-4.78 (m, 2H, CH>), 6.85-6.87 (m, 2H, ArH), 7.07-7.13 (m, 2H, ArH), 9.69 (d, J =
NO, 16 Hz, 1H, CHO); BCNMR (150 MHz, CDCl; major diastereomer): § 12.2 (CHCH ), 43.6
(CHCH,), 48.8 (CHCH3), 55.4 (OCH3s), 78.5 (CH>), 114.6, 114.7, 128.6, 129.3, 159.5 (Ar), 202.5
(CHO).
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(2R, 35)-3-(3-methoxyphenyl)-2-methyl-4-nitrobutanal: syn/anti = 96:4, 98 %ee syn, %ee syn was determined by
HPLC analysis on Daicel Chiralpak OJ-H column: heptane/i-PrOH = 80/20, flow rate 1.0 mL

OCH ;
* min ! X=220 nm: tg = 53.5 min (minor), tg= 56.0 min (major); "H NMR (600 MHz, CDCls,
TMS, major diastereomer): 6 1.00 (d, J = 7.3 Hz, 3H, CHCHs), 2.72-2.82 (m, 1H, CHCH3),
NO 3.75-3.81 (m, 4H, CHCH,, OCH3), 4.73-4.79 (m, 2H, CH,), 7.70-7.83 (m, 3H, ArH), 7.23-7.27
2
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(m, 1H, ArH), 9.69 (d, J = 1.6 Hz, 1H, CHO)

’

B3C NMR (150 MHz, CDCls, major diastereomer): & 12.3 (CHCHs), 44.3

(CHCH,), 48.6 (CHCH3), 55.4 (OCHs), 78.2 (CH,), 113.2, 114.5, 120.3, 130.2, 138.4, 160.2 (Ar), 202.3 (CHO).
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DAD1 B, $ig=220.4 Ret=350,100 (WUTADEO 15-3-25-4.0)

™A Entry  Time Area Height Wedth  Symmetry factor Aread 2
w0 |1 53545 333 4 5354 0672 0

= 56013 430154 4182 4321 0238 a1

HEE 61784 11236 15 2457 0.567 z
2s0-| 4 65407 B07.3 &5 5782 0838 1
OCH,
250
200 -

. NO,

180
100

] g £ b

M}\__ﬂ_ g 2 g

o = A
I T T T T T T T T
1 20 a0 a0 50 60 70 o min

(2R, 3S)-3-(3-methylphenyl)-2-methyl-4-nitrobutanal: syn/anti = 94:6, >99 %ee syn, %ee syn was determined by
HPLC analysis on Daicel Chiralpak OD-H column: heptane/i-PrOH = 80/20, flow rate 1.0 mL

CH min™, A =210 nm: tg= 17.7 min (minor), tg=19.5 min (major); 'H NMR (600 MHz, CDCls,
o major diastereomer): § 0.99 (d, J = 7.3 Hz, 3H, CHCH3), 2.33(s, 3H, ArCHs), 2.72-2.81 (m, 1H,
CHCHs), 3.74-3.80 (m, 1H, CHCH>), 4.72-4.79 (m, 2H, CH>), 6.95-7.00 (m, 2H, ArH), 7.08-7.09
H NO, (m, 1H, ArH), 7.20-7.23 (m, 1H, ArH), 9.70 (d, J = 1.7 Hz, 1H, CHO); *C NMR (150 MHz, CDCls,

major diastereomer): § 12.3 (CHCH3), 21.6 (ArCHs), 44.3 (CHCH,), 48.7 (CHCH3), 78.3 (CH,),
125.1,125.2, 129.0, 129.1, 136.7, 138.9 (Ar), 202.5 (CHO).
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DAD1 E, $ig=210.4 Ret=360,100 (WUTAC2015-1-28-1.0)

| Entry  Time Aaea Height Wedth _Symmetry factor _ireal
S 19.064 B4E25 1683 0.4884 0E27 29.680
2 21.251 5505.4 1664 0.5082 077 29.912

13 22435 7515 93.2 0.5895 0.766 20.383
ZEDT 4 25.331 36655 85.2 0.7209 0,686 20.024
200 CH3

] T _
150 a 4

i O - a

DADA E, Sig=210.4 Rei=300,100 (WUTADS015318-5.0)

U By Time Area Height Wedth  Symmetry factor Azt
(1[4 7862 1735 3 04782 963 441
[z 9491 369047 1175 05504 765 93.895

000 -| [ 1247 11223 266 0.7034 ) 555
e 5415 11036 303 06071 143 08
CHj
3
200
00|
- NO,
400
200

(2R, 3S)-3-(2-chlorophenyl)-2-methyl-4-nitrobutanal: syn/anti = 87:13, 96 %ee syn, %ee syn was determined by
HPLC analysis on Daicel Chiralpak AD-H column: heptane/i-PrOH = 95/5, flow rate 1.0 mL
min™, A = 210 nm: tz= 18.6 min (major), tz= 21.8 min (minor); "H NMR (600 MHz, CDCls,

0 Cl TMS, major diastereomer): 6 1.03 (d, J = 7.4 Hz, 3H, CHs), 2.94-3.02 (m, 1H,CHCH3s),

NO, 4.32-4.52 (m, 1H, CHCH,), 4.75-4.88 (m, 2H, CH>), 7.20-7.43 (m, 4H, ArH), 9.73 (d, /= 1.4 Hz,
1H, CHO); *C NMR (150 MHz, CDCls, major diastereomer): & 12.4 (CHs), 40.1 (CHCH,), 48.0
(CHCH3), 76.9 (CH,), 127.6, 128.5, 129.4, 130.7, 134.3, 134.8 (Ar), 202.0 (CHO).

H

v o
&g sz
H hld 25000
20000
o cl
H NO, 15000
10000
i 5000
1 : L, A S
EEY ) & T oy 4
53 = & 5 S S8
23 b a2 = I
10.0 20 8.0 7.0 6.0 40 30 20 1.0 0.0

5.0
1 (ppm)

S16



o= = § = o
RSl Lk 22
[ NFTT 7 25000
20000
(o] 1
H NO> 15000
10000
‘ {5000
‘ l “ ‘_M\ A II o
o 3 R N »
S < o = = o0
DS = = 2 = T8
ER ~ PN = ==
10.0 2.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)
DAD1 E, Sig=210,4 Ref=350,100 (WUTADZ015-1-30-5.D)
™7 Bty Time Azea Height Wedth  Symmetry factor Aveaths
B 1302 236328 B41.7 05868 0.543 32.025
oo | 2 22546 25971.4 E72 0.5789 0.7 28.068
= 24343 13213 4315 0.7421 0.763 20.764
4 2711 1724 JE7 0.8286 0.e 19142

700 —f
00 —f
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100 - |
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mAl 7| Entry  Time hre Height Wedth S ymumetry factor Avexs 3

I 18.64 LA 1963.2 577, 0.538 B84.841 H
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b 4 26.045 311358 554 207 0.652 3623
1500
1250 |
1000

. NO,

750-|
00|
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(2R, 3S)-3-(2-methoxyphenyl)-2-methyl-4-nitrobutanal: syn/anti = 92:8, 98 %ee syn,
HPLC analysis on Daicel Chiralpak AS-H column: heptane/i-PrOH = 98/2, flow rate 0.9 mL

0 OCH;

NO,
H -

124.7,129.4, 130.4, 157.5 (Ar), 202.9 (CHO).

min™, A = 220 nm: tg = 56.2 min (minor), tx = 58.2 min (major); "H NMR (600 MHz, CDCls,

s

10

15

20 25 a0 min

%ee syn was determined by

TMS, major diastereomer): 6 0.93 (d, J = 7.3 Hz, 3H, CHCH3), 2.92-3.01 (m, 1H, CHCH3), 3.83

(s, 3H, OCHs), 4.02-4.07 (m, 1H, CHCH,), 4.72-4.88 (m, 2H, CH.), 6.88-6.92 (m, 2H, ArH),

7.06-7.12 (m, 1H, ArH), 7.25-7.28 (m, 1H, ArH), 9.70 (d, J = 1.8 Hz, 1H, CHO); *C NMR (150
MHz, CDCls, major diastereomer): § 12.2 (CHCH3), 40.7 (CHCH,), 47.3 (CHCH3), 55.5 (OCHs), 77.1 (CH,), 111.3,121.1,
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(2R, 3S)-3-(2-methylphenyl)-2-methyl-4-nitrobutanal: syn/anti =94:6, 99 %ee syn, %ee syn was determined by
HPLC analysis on Daicel Chiralpak OD-H column: heptane/i-PrOH = 80/20, flow rate 1.0 mL
min™, A =210 nm: tg = 22.2 min (minor), tg=25.6 min (major); 'H NMR (600 MHz, CDCls,

O CHz  TMS, major diastereomer): § 0.96 (d, J = 7.3 Hz, 3H, CHCHs), 2.39 (s, 3H, ArCHs), 2.73-2.82
NO, (m, 1H, CHCH3), 4.09-4.13 (m, 1H, CHCH,), 4.63-4.81 (m, 2H, CH,), 7.09-7.22 (m, 4H, ArH),
H 9.72 (d, J=1.9 Hz, 1H, CHO); BCNMR (150 MHz, CDCls, major diastereomer): 6 12.4 (CHCH3),
19.9 (ArCHs), 38.9 (CHCHz), 49.4 (CHCH3s), 78.3 (CH,), 126.1, 126.9, 127.8, 131.3, 133.6, 137.2 (Ar), 202.6 (CHO).
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9
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DADA B, 5ig=210,4 Ref=360,100 (WU TANR015-3-15.9.0)

mAU | Ewtry  Time Area Height Wedth  Symumetwy factor Avea3s
1 z2182 1661 58 158 0.950 554
S 2 2563 280828 BE3.9 455 0.674 93663
8007 73 | =208 BE0.E 10.2 732 1.018 203
4 40.286 10735 161 581 0.401 580
s00-|
wor o) CH,

(2R, 3S)-2-methyl-3-(naphthalen-1-yl)-4-nitrobutanal: syn/anti = 91:9, >99 %ee syn, %ee syn was determined by

H

122.6,124.2,125.5,126.2, 127.0, 128.8, 129.4, 131.3, 133.6, 134.3 (N

L

NO,

min™, A = 220 nm: tg = 40.0 min (minor), ta = 41.7 min (major); 'H NMR (600 MHz, CDCls,
TMS, major diastereomer): § 0.97 (d, J = 7.3 Hz, 3H, CHs), 2.96-2.99 (m, 1H, CHCH3),
4.75-4.94 (m, 3H, CHCH,, CHa), 7.34 (d, J = 7.1 Hz, 1H, ArH), 7.41-7.59 (m, 3H, ArH),

HPLC analysis on Daicel Chiralpak AS-H column: heptane/i-PrOH = 90/10, flow rate 1.0 mL

7.78-7.80 (m, 1H, ArH), 7.87 (d, J = 8.1 Hz, 1H, ArH), 8.10-8.13 (m, 1H, ArH), 9.74 (d, J= 1.5
Hz, 1H, CHO); *C NMR (150 MHz, CDCls, major diastereome): & 12.6 (CHs), 37.7 (CHCH,), 49.1 (CHCHs), 78.1 (CHa),

4937
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aphth), 202.5
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DAD1 B, Sig=220,4 Ret=360,100 (WU TACZ015-1-20-4.0)

mil—| Entry  Time Area Height Wedth  Symumstry factor_Area
It 50.866 17409.4 24239 1.0841 1.104 25418
z 52235 23086.1 2787 1.235 0.783 32706
P | ] 66.811 131427 124 1.6047 0652 19.189
e 80.957 14854.1 101.6 21145 0.647 21.687
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DAY £, SI9=220,4 HEeT=SEU, UL (UL ALGT0-5-25-0.0)

™| Eryy Time Areas Height Welth  Symunstry factor_deea¥%
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H ?
750 |
5UD;
| o
250 o & @
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| T T T T
Q 10 20 30 40 a0 g0 o min

(2R, 3R)-3-(furan-2-yl)-2-methyl-4-nitrobutanal: syn/anti = 89:11, 98 %ee syn, %ee syn was determined by HPLC
_ analysis on Daicel Chiralpak AS-H column: heptane/i-PrOH = 90/10, flow rate 0.8 mL min'l, A
a0 =210 nm: tg= 33.6 min (minor), tg = 36.3 min (major); 'H NMR (600 MHz, CDCl3, TMS, major
diastereomer): 6 1.07 (d, J = 7.3 Hz, 3H, CHs), 2.78-2.84 (m, 1H, CHCH3s), 4.07-4.11 (m, 1H,
CHCH,), 4.68-4.77 (m, 2H, CH>), 6.13-6.21(m, 1H, =CH), 6.29-6.32(m, 1H, =CH), 7.34-7.36 (m,
1H, =CH), 9.70 (d, J = 0.8 Hz, 1H, CHO); **C NMR (150 MHz, CDCls, major diastereomer): &
11.1 (CHs), 37.9 (CHCH,), 47.3 (CHCHs), 76.0 (CH;), 108.9, 110.6, 142.8, 150.2 (=CH), 201.7 (CHO).
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DAD1 E, Sig=210,4 Ref=360,100 (WU TAQRZO15-3-25-6.0)
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6. The NMR and HPLC characterization of a-amination products

(1) Di-iso-propyl-1-[(2S,
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3S)-2-methyl-4-nitro-1-oxo-3-phenylbutan-2-yl]Jhydrazine-1, 2-dicarboxylate
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DADA E, Sig=210,4 Ref=380, 100 (WUTADZ015-3-18-1.5)
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DAD1 E, Sig=210.4 Ref=360,100 (WU TACZ015-1-20-8.0)

mA | Entry  Time iirea Height Wedth  Synumetry factor Ares¥s
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(3) Di-iso-propyl-1-[(2S, 3S)-2-methyl-4-nitro-1-oxo-3-(4-chlorophenyl)butan-2-yllhydrazine-1,
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(6) Di-iso-propyl-1-[(2S,
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(7) Di-iso-propyl-1-[(2S, 3S)-2-methyl-4-nitro-1-oxo-3-(3-methylphenyl)butan-2-yl]hydrazine-1, 2-dicarboxylate
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(8) Di-iso-propyl-1-[(2S,
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(9) Di-iso-propyl-1-[(2S,
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(10) Di-iso-propyl-1-[(2S,
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(11) Di-iso-propyl-1-[(2S, 3S)-2-methyl-4-nitro-1-oxo-3-(naphthaen-1-yl)butan-2-yl]hydrazine-1, 2-dicarboxylate
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(12) Di-iso-propyl-1-[(2S, 3S)-2-methyl-4-nitro-1-oxo-3-(furan-2-yl)butan-2-yllhydrazine-1, 2-dicarboxylate
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(13) Di-iso-propyl-1-[(2S, 3S)-2-propyl-4-nitro-1-oxo-3-(furan-2-yl)butan-2-yllhydrazine-1, 2-dicarboxylate
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7. Determination of diastereoselectivity of a-amination products

According to the reference (Org. Biomol. Chem., 2011, 9, 994-997), the syn/anti values of a-amination

products were determined by 'NMR. It was found that there are four peaks in the 9.35-9.62 ppm range, which was
attributed to hydrogen in —CHO attached to two pairs of enantiomers. Using

di-iso-propyl-1-[2-methyl-4-nitro-1-oxo-3-(4-fluorop-henyl)butan-2-yllhydrazine-1, 2-dicarboxylate as an example
shown in the following figure, the similar results of syn/anti were achieved by 'H NMR and HPLC on Phenomenex
column. The others were shown in above-mentioned ESIt.
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