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1. Reagents and Materials
Commercial chemicals were used without further purification unless noted. N,N-dimethyl-4-nitrobenzamide,™
4-benzyloxynitrobenzene™ and benzyl 4-nitrophenylcarbamate!® were prepared following literature procedures.
1-Fluoro-4-nitrobenzene and 4-nitrobenzyl alcohol were purified by column chromatography before use.
Deionized water was used after degassing by Ar-bubbling. Flash column chromatography was carried out on
silica-gel (Merck; 230-400 mesh) as the stationary phase. 'H NMR and *C NMR spectra were recorded with

300 MHz instrument using TMS as internal standard and CDCl; as the solvent, unless otherwise noted.

2. Preparation of Au/Fe Oxide (1)

FeSO,-7H,0 (800 mg, 2.9 mmol) aqueous solution (A) (15 mL, 0.19 M) was prepared in a 50 mL round bottom

flask at r.t. The solution (B) of HAUCI;-xH,0 (30 mg, 49% Au) in water (5.0 mL) was basified by adding NaOH

solution (2.0 mL, 5.0 M) (pH >11). The solution (B) was quickly added to the solution (A) while vigorously
stirring (600 rpm) to obtain black suspension. The mixture was stirred under air for 4 hours with mild stirring
(200 rpm). After magnetic decantation, the resulting black solid was washed with water (2 x 20 mL) and ethanol
(2 x 20 mL) successively and dried under vacuum at 80°C overnight to give 1 as magnetic black solid catalyst
(260 mg; 5.7 wt% of Au).

3. General Procedure for Nitroarene Reductions

The catalyst 1 (1.0 mol%) was dispersed in ethanol (3.0 mL) with sonication and vigorous stirring (1100 rpm). A
nitro compound (0.30 mmol), a hydrosilane and p-cymene (30 pL, 0.19 mmol) as an internal standard were
added under argon. The reaction progress was monitored by GC. The catalyst was separated by magnetic
decantation, and the volatiles were removed by rotary evaporator. The resulting residue was purified by column

chromatography (silica gel; n-hexane/ethyl acetate).

4. Preparation of Au/Fe Oxide (2) from Commercial Iron Oxide

The catalyst was prepared by deposition-precipitation method following the procedure in the reference.™! Fe(ll,

I11) oxide nanopowder (<50 nm, Aldrich, 100 mg) was dispersed in H,O (3.5 mg/mL) by mechanical stirring.
HAuUCI,xH,O aqueous solution (0.29 mL, 0.1 M) was added dropwise to the suspension while vigorously

stirring, followed by addition of NaOH solution (0.2 M) to adjust pH value to 9. The mixture was stirred
overnight, washed with water and dried under vacuum at 100 C to give black solid catalyst. (102 mg; 4.8 wt%
of Au)
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5. Solvent Screening

Table S1 Solvent screening for nitrobenzene hydrogenation®

1 (0.50 mol%)
TMDS (0.68 mmol)

NO, NH,
H,0 (2.7 mmol)
r.t.

Entry Solvent Time (min) Conv. (%)° Yield (%)°
1 Toluene 720 14 6.3
2 THF 60 64 63
3 MeCN 60 31 31
4 Acetone 60 64 61
5 EtOAc 60 75 75
6° Methanol 15 >99 92
7° Ethanol 30 97 96
g8° 1-Propanol 30 93 90
9° 2-Propanol 30 72 45

# General conditions : nitrobenzene (0.30 mmol), 1 (0.50 mol%), solvent (3.0 mL), p-cymene (0.19 mmol),

water (2.7 mmol), TMDS (0.68 mmol) at r.t. under Ar balloon.  Determined by GC using p-cymene as an

internal standard. © The reaction was carried out without adding water.

6. Recycling Test

General recycling procedure: after designated time of the reaction, catalyst was isolated by magnetic decantation

using an external magnet. As washed with the solvent (3 x 3.0 mL), the catalyst was used for the next run.

Table S2 Recycling test for 1 in the reduction of nitrobenzene using MeOH as solvent.?

NO, 1 (0.50 mol%) NH,
TMDS
MeOH, r.t

Run 1 2 3¢ 4°
Time (min) 15 15 45 45
Yield (%)° >99 61 >99 46

# General conditions : nitrobenzene (0.30 mmol), 1 (0.50 mol%), MeOH (3.0 mL) and TMDS (0.83 mmol) at r.t.

under Ar. ® Determined by GC using p-cymene as an internal standard. ©0.98 mmol of TMDS was used.
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7. Catalytic Activity Comparison

Table S2 Activity Comparison of the Catalysts®

NO, NH,
Catalyst (0.50 mol%)
TMDS
EtOH, r.t.

o (0]
Entry Catalyst Time (min) Conv. (%)° Yield (%)°
1 1 30 >99° 99°
2%° 2 30 88 35

 General conditions : 1-(4-nitrophenyl)ethanone (0.30 mmol), Au catalyst (0.50 mol%), EtOH (3.0 mL) and
TMDS (0.68 mmol) at r.t. 30 min under Ar. ® Determined by GC using p-cymene as an internal standard. ©
Catalyst was prepared from commercial Fe;O, support. ¢ Corresponding hydroxylamine and azoxy compound

were formed as side products (determined by *H NMR).
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8. TEM Images of Our Catalyst after Recycling Test

Fig. S1 TEM images of 1: (a) and (b) before recycling test; (c) and (d) after recycling test.

9. Large Scale Reaction

1 (110 mg, 5.5 wt%) was dispersed in ethanol (30 mL) uniformly by magnetic stirring and sonication in a round
bottom flask. 1-(4-nitrophenyl)ethanone (1.7 g, 10 mmol) and p-cymene (500 pL, 3.2 mmol) were added to the
flask. While vigorously stirring the solution under Ar, TMDS (3.3 mL, 18 mmol) was added portionwise (300

uL added every 10 min). The reaction progress was monitored by GC.
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10. Catalyst Systems for the Reduction of Nitroarenes

Substrate/ Cat Temp. | Time Yield
Ref. | Catalyst Substrate Reductant Solvent reductant ' Pressure ’ - Remarks
¥ (mmol/mmol) (mOI%) (OC) (mm) (%)
This . .
work 1 Nitrobenzene TMDS EtOH 0.3/0.68 1 ambient r.t. 10 99
[5] | Au-NAP-Mg Nitrobenzene NaBH, H,0 1.078/ 50 1 ambient rt. 60 91
[6] Au-Fe;0, 4-nitrophenol NaBH, H,0 Obogfg/ 4.85 ambient r.t. 600 >99
[7] | Au/TiO, Nitrobenzene HCOONH, EtOH 1/5 1 ambient 25 180 >99
[8] Q]lje-llli)e304-(core- 4-nitrophenol NaBH, H,0 1o 8/ 10 mg ambient 25 30 >99
. 2-
4’-Nitro 5~15 atm
[9] | Au/Fe(OH), acetophenone CO/H,0 ethoxgllethan 15/5~15atm 5 (CO) 100 150 >99
. . EtOH/H,0 _ 1~5atm 60~1
[10] | Au/TiO,- VS Nitrobenzene CO/H,0 @) 1/1~5atm 1 (CO) 25 80 >99
[11] | AuFe(OH)x 4"-nitro H, THF 12/10atm | 042 | 10am | 95 | 45 | 99
acetophenone
[12] | Au/TiO2 3-nitrostyrene H, Toluene 1/9 bar 0.23 9 bar 120 360 96
[13] | AgNP-CeO, 3-nitrostyrene H, dodecane 0.5/ 6 atm 19 6 atm 110 360 98
Cuor . ethylene .
[14] Colphthalocyanine Nitrobenzene N,H, H,0O glycol 0.67/1.34 0.5 ambient 70 120 93
[15] Fe(acac); Nitrobenzene N,H4 H,O MeOH 2/3.6 0.25 ambient 150 2 99 microwave
[16] | Fe(acac)s Nitrobenzene TMDS THF 2/3 10 ambient 60 1440 >99
. . Low selectivity for the alkene
[17] | FesOq4 Nitrobenzene N,H,4 H,O EtOH 1/4 20 ambient 80 60 99 functionality.
4- EtOH/H,0O .
[18] | FePc/FeSO4-7H,0 nitrobenzonitrile N,H,4 H,0O (1/1) 0.67/1.34 0.5 ambient 120 420 99
[19] Eﬁénamhro“n | Nitrobenzene | NoH, H,0 THF 0.5/2 1 ambient | 100 | 600 | 99




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

[20] | FeBr, Nitrobenzene PhSiH; Toluene 175 10 ambient 110 960 85 Phosphine ligand required, 3-nitro
styrene is not available.
[21] | Fe(acac)s Nitrobenzene TMDS THF 2/8 10 ambient 60 1440 >99
. N,H; H,O-
Fe oxide . 242 . . reflux
[22] hydroxide Nitrobenzene 53‘%?3; ; i-PrOH 1/12 200mg | ambient (82°C) 44 98
[23] | FeCls-alumina Nitrobenzene N,H,4 H,O neat 10/ 30 5 ambient 108 7 89 Microwave
[24] | FeCl; 6H,0 Nitrobenzene H,N-NMe, MeOH 3/31.6 1.3 ambient 85 1080 89
[25] | Inl; Nitrobenzene TMDS CHCIy 0.6/1.2 5 ambient r.t. 900 99
4-
26] | MOsSsHa(AMPe)s] | porpyinitrobenz | HCOOH/EL | e 0.1/0.35 3 ambient | 70 | 600 | 99
BPh, ene N (5:2)
[27] | Ni-Fes04 Nitrobenzene glycerol glycerol 1/41 8.85 ambient 80 180 94 KOH (2 equiv.) required.
[28] | Ni-Fe mixed oxide | Nitrobenzene N,H,4 H,O i-PrOH 4.1/21 150 mg ambient (rSeEIOIg 89 93
[29] | Pd(0) silicaCat Nitrobenzene H, MeOH 2/ 1 atm 0.5 1atm r.t. 60 100 Dechlorination occurs.
[30] IF:SE% silica-lonic |\ openzene H, H,0 17.5/ 1 atm 0.028 1atm 30 480 100 | Dechlorination occurs.
[31] | Pdcl, Nitrobenzene | Et;SiH EtOH 1.62/6.48 10 ambient | rt | 10 | 100 | Noselectivity for carbonyl,
hydroxy! functionalities.
. - No selectivity for the alkene
[32] | Pd/AIO(OH) 2-nitroaniline | H, neat 0.2/ 1 atm 2 1 atm r.t. 5 99 functionality,
[33] | Pd-Fe,0, Nitrobenzene | H, EtOH 2/1atm | 0.203 1atm rt. | 60 g9 | Noselectivity for alkene, alkyne
functionalities.
[34] | Pd-NAP-Mg Nitrobenzene H, THF 1/1 atm 1.48 1atm r.t. 120 98 Alkene substance is not shown.
Alkene substance is not shown.
[35] Pd(OAc), 2-nitrotoluene PMHS THF 1/4 5 ambient r.t. 30 >99 Aromatic bromide, chloride is not
available.
2-
[36] | Pt/FesO, chloronitrobenze | H, neat 62/ 20 atm 0.099 20 atm 50 112 99
ne
[37] | Pt-polymer Nitrobenzene H, THF 1/1 atm 0.5 1atm r.t. 60 99 No selectivity for 3-nitro styrene.
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4-
[38] | PUCNF-H chloronitrobenze | H, EA 1/10 atm 0.077 10 atm r.t. 360 98
ne
4- L
[39] PUCarbon chloronitrobenze | H, EA 1/ 10 atm 0.082 10 atm r.t. 120 99 No selectivity for the alkene
nanofiber ne functionality.
[40] | RelO,(PPhs), Nitrobenzene PhMe,SiH Toluene 1/3.6 5 ambient 110 1440 95 I:OW _selec'_uwty for the alkene
unctionality.
[41] | Rh-polymer Nitrobenzene N,H,; H,O EtOH 1/2 0.1 ambient 60 60 99
[42] | Rh-Fe;0,4 Nitrobenzene hydrazine EtOH 1/2 1 ambient 80 60 99 ;\lo selectivity for the alkene
unctionality.
[{RUCI,(p- Ligand and base are required.
[43] 2P Nitrobenzene iPrOH iPrOH 0.5/solvent 25 ambient 100 900 98 Low selectivity for the alkene
cymene)};] functionalit
Y.
Rus(CO) diglyme/H,
[44] AN Nitrobenzene CO/H,0 0 5/ 20 atm 0.2 20 atm 150 120 99
N(Et);
(15/5)
[45] | Zn-phthalocyanine | Nitrobenzene N,H, H,0O PEG-400 1.34/ 2.68 1 ambient 100 480 96
[46] | reducedgraphene | nivonenzene | NaHiH,0 | NPeHRO 1081741 | 10wt% | ambient | 30 | 2880 | 97
oxide /H,0
11. Catalyst Systems for the Reduction of Nitroarenes with Hydrosilanes
Substrate/ Pressure ; ;
Cat. Temp Time Yield 1
Ref. Catalyst Substrate Reductant Solvent Reductant (Mol%) (C) (h) (%) TON TOF (h™)
(mmol/mmol)
VTVQ';‘( 1 1-(4-nitrophenyl)ethanone TMDS EtOH 10/18 03 | ambient | o 25 >99 333 130
s 1 Nitrobenzene " " " 03 | ambient | . 35 | >99 333 95
[16] Fe(acac)s TMDS THF 2/3 10 ambient 60 24 >99 10 0.42
[20] FeBr, PhSiH; Toluene 1/25 10 ambient 110 16 85 8.5 0.53
[25] Inly TMDS CHCI, 0.6/1.2 5 ambient r.t 15 99 20 1.3
[35] Pd(OAc), 2-Nitrotoluene PMHS THF 1/4 5 ambient r.t. 0.5 >99 20 40
[40] RelO,(PPh3), | Nitrobenzene PhMe,SiH Toluene 1/3.6 5 ambient 110 24 95 19 0.79




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

12. Spectral Data of Aniline Derivatives

4-Chloroaniline (Table 2, entry 3):2%

Cl

'H NMR (300 MHz, CDCl): 8= 7.09 (d, J=8.7 Hz, 2H), 6.60 (d, J=8.7 Hz, 2H), 3.65 (bs, 2H); *C NMR (75
MHz, CDCl,): $=144.9, 129.1, 123.1, 116.2

4-Aminobenzylalcohol (Table 2, entry 5):1]

NH,

'H NMR (300 MHz, CDCI;)0: 8=7.14 (d, J=8.1 Hz, 2H), 6.65 (d, J=8.3 Hz, 2H), 4.53 (s, 2H), 3.42 (bs, 2H); **C
NMR (75 MHz, CDCl,): 8= 146.0, 131.0, 128.7, 115.1, 65.2

4-Aminophenol (Table 2, entry 6): B

©/NH2
HO

'H NMR (300 MHz, DMSO-dg): §=8.32 (s, 1H), 6.47 (d, J=8.7 Hz, 2H), 6.41 (d, J=8.7 Hz, 2H), 4.36 (bs, 2H);
13C NMR (75 MHz, DMSO-dg): 5= 148.2, 140.7, 115.5, 115.2

4-Aminoacetophenone (Table 2, entry 7): &

\H/©/NH2

O
'H NMR (300 MHz, CDCls,): 8= 7.81 (d, J=8.7 Hz, 2H), 6.64 (d, J=8.7 Hz, 2H), 4.18 (bs, 2H), 2.50 (s, 3H)
C NMR (75 MHz, CDCls): 8= 196.5, 151.1, 130.8, 127.8, 113.7, 26.0

4-Acetoxyaniline (Table 2, entry 8):°C)

: NH,
AcO

'H NMR (300 MHz, CDCls) : 8= 6.85 (d, J=8.7 Hz, 2H), 6.63 (d, J=7.8 Hz, 2H), 3.63 (bs, 2H), 2.24 (s, 3H)
3C NMR (75 MHz, CDCly) : = 170.2, 144.2, 142.7, 122.0, 115.5, 21.0
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N,N-dimethyl-p-aminobenzamide (Table 2, entry 9):!

'H NMR (300 MHz, CDCls) : 8= 7.27 (d, J=8.4, 2H), 6.63 (d, J=8.4, 2H), 3.92 (bs, 2H), 3.05 (s, 6H)
B3C NMR (75 MHz, CDCl3) : 8= 171.9, 148.0, 129.2, 125.5, 114.0, 39.8, 35.7

4-Cyanoaniline (Table 2, entry 10): B

NC

'H NMR (300 MHz, CDCl,) : =7.42 (d, J=8.7, 2H), 6.65 (d, J=8.7, 2H), 4.15 (bs, 2H)
13C NMR (75 MHz, CDCl,) : 8= 150.4, 133.7, 120.1, 114.4, 100.0

3-Vinylaniline (Table 2, entry 11): [

NH.
/\@/ 2

'H NMR (300 MHz, CDCly) : 8= 7.11 (t, J=7.8, 1H), 6.82 (d, J=7.8, 1H), 6.72~6.56 (m, 3H), 5.68 (d, J=17.4,
1H), 5.20 (d, J=10.8, 1H), 3.63 (bs, 2H)
3C NMR (75 MHz, CDCl,) : 5=146.4, 138.6, 136.9, 129.4, 116.8, 114.7, 113.6, 112.7

4-Benzyloxyaniline (Table 2, entry 12): %

BnO

'H NMR (300 MHz, CDCly) : 8= 7.42~7.21 (m, 5H), 6.80 (d, J=6.6, 2H), 6.6 (d, J=6.6, 2H), 4.96 (s, 2H), 3.38
(bs, 2H)
3C NMR (75 MHz, CDCly) : 8= 151.8, 140.2, 137.4, 128.4, 127.7, 127.4, 116.2, 115.9, 70.6

Benzyl-4-aminophenylcarbamate (Table 2, entry 13): &

/©/NH2
CbzHN

'H NMR (300 MHz, CDCls) : 8= 7.39 (m, 5H), 7.13 (d, J=7.2, 2H), 6.60 (m, 3H), 5.16 (s, 2H), 3.55 (bs, 2H)
3C NMR (75 MHz, CDCls) : 5=153.8, 142.7, 136.2, 129.0, 128.5, 128.3, 128.1, 121.0, 115.5, 66.7

10
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1H-pyrazol-4-amine (Table 2, entry 14):

"= NH
Hn‘:} z
'H NMR (300 MHz, DMSO-dg) : 8= 11.77 (bs, 1H), 6.99 (s, 2H), 3.42 (bs, 2H)
B3C NMR (75 MHz, DMSO-dg) : 8= 130.1, 122.7
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NN
NH,
Cl
Table 2, entry 3
T T (i\ 8 T T : T T T T
9 8 7 6 5 4 3 2 1 ppm
P \/
NH»
Cl
Table 2, entry 3
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0

ppm

13

INSTRUM
PROBHD
PULPROG

D
SOLVENT

PSH11-135
2

1
20120328
9.23

spect
5 mm PABBO BB-
30

PSH11-135
13

1
20120328
9.28

4
18028.846
0.27509

1.8175818

8.75835800
0.09128989
0.06957011

300.1312005

32768
75.4677525
EM

0

1.00

0

1.40

MHz
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WV Voo
NH,
HO
Table 2, entry 5
T T - T 8 T T ~ T T T T
9 8 7 6 5 4 3 2 1 ppm
T o
NH,
HO
Table 2, entry 5
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

14

NAME PSH 11-155
EXPNO 6

PROCNO

1
20120422
22.41

spect
5 mm PABBO BB-

8.75835800

SFOL 300.1318534
sI 327

SF 300.1300068
WDW EM
55B 0
1B 0.30
GB

PC

NAME PSH 11-155
EXPNO 13
PROCNO 1
Date 20120422
Time 23.14
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
™ 65536
SOLVENT cpcl3
NS 162

DS 1
SWH 18028.846 Hz
FIDRES

20

RG

oW

DE .

TE 298.6 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1

CHANNEL £

NUC
Pl
PL1 .00 dB
PL1W 18.97366524 W
SFO1 75.4752953 MHz
CHANNEL
waltzl6
18

1 MHz
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3 ahas 2 oS S NAME PSH11-49
™ ERRRs o @ ) EXPNO 4
; ; . ; PROCNO 1
< Lo N 7 N Date 20120501
Time 21.57
INSTRUM spect
PROBHD ~ 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT DMSO
NS 16
DS 2
SwH 6188.119 Hz
FIDRES 0.094423 Hz
20 5.2953587 sec
RG 228
oW 80.800 usec
N H2 DE 9.00 usec
TE 298.4 K
D1 1.00000000 sec
DO 1

HO

Table 2, entry 6

— o —
= S =
<
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
< o o0
S8 5 Seanming
« 2 ) mo~bAo o PSH11-49
© o w0 P 13
s < S8 Soaoo oo H
503 pap B R E-
20120501
| V N

PULPROG

TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

NH,

2

2.00000000

0.03000000 sec
1

HO wer

PL1 -1.00 dB
PLIW 18.97366524 W
SFOL 5.4752953 MHz
CHANNEL £2
Table 2 entry 6 CPDPRG2 waltzl6
! Nuc2 18
PCPD2 95.00 usec
PL2 00 dB
PLI2 82 dB
PL13 19.00 dB
PL2W 8.75835800 W
PL12W 0.09128989 W
PL13W 0.06957011 W
5F02 300.1312005 MHz
sI 32768
SF 75.4677835 MHz
wWow B
5B 0
LB 1.00 Hz
GB 0
BC 1.40

180 160 140 120 100 80 60 40 20 ppm

15
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Vool
NH,
o
Table 2, entry 7
I\ A 1
N'N'j“;f";
9 8 7 6 5 4 3 2 1 ppm
| N \/
NH,
o
Table 2, entry 7
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

16

NAME PSH11-121
EXPNO 1
PROCNO 1
Date_ 20120313
Time 23.29
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 6188.119
FIDRES 0.094423
AQ 5.2953587
RG 128
DW 80.800
DE 9.00
TE 296.6
D1 1.00000000
TDO 1
== CHANNEL fl =
NUC1 1H
Pl 10.10
PL1 -2.00
PL1W 8.75835800
SFO1 300.1318534
ST 32768
SF 300.1300040
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
NAME PSH11-121
EXPNO 13
PROCNO 1
Date_ 20120313
Time 23.34
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 135
DS 4
SWH 18028.846
FIDRES 0.275098
AQ 1.8175818
RG 456
DW 27.733
DE 9.00
TE 296.7
Dl 2.00000000
D11 0.03000000
TDO 1

Hz
Hz
sec

usec
usec

sec

Hz
Hz
sec

usec
usec

sec
sec

PL1 -1.00
PL1W 18.97366524
SFO1 75.4752953

== CHANNEL f2 ==

CPDPRG2

waltzl6
NUC2 1H
PCPD2 95.00
PL2 -2.00
PL12 17.82
PL13 19.00
PL2W 8.75835800
PL12W 0.09128989
PL13W 0.06957011
SFO2 300.1312005
SI 32768
SF 75.4677531
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40
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NWYY N
z’Jl\()
Table 2, entry 8
] )
H A A I ﬁiﬁﬁ“‘ L\\WQ(//Jwar
9 8 7 6 5 4 3 2 1 ppm
\/ || \/
/’Jl\()
Table 2, entry 8
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

17

NAME
EXPNO

PROCNO

Date_
Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

FIDRES

AQ
RG
DW

NAME
EXPNO

PROCNO

Date_
Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

CPDPRG2

NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

CHANNEL f1 =

CHANNEL f1 ==

CHANNEL f2 ==

PSH11-125
2

1
20120317
16.32
spect

5 mm PABBO BB-

2930
65536
CDC13

16

2
6188.119
0.094423
5.2953587
80.6
80.800
9.00
297.1
1.00000000
1

11

10.10
-2.00
8.75835800

300.1318534

32768

300.1300081

EM

0
0.30
0

1.00

PSH11-125
13

1
20120317
16.37
spect

5 mm PABBO BB-

zgpg30
65536
CDC13
49

4
18028.846
0.275098
1.8175818
812

27.733
9.00

297.1
2.00000000
0.03000000
1

13C

10.20

-1.00
18.97366524
75.4752953

waltzl6

8.75835800
0.09128989
0.06957011
300.1312005
32768
75.4677580
EM

0
1.00

0
1.40

Hz
Hz
sec

usec
usec

sec

Hz

Hz
Hz
sec

usec
usec

sec
sec
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Vo o
NH»
I
N
O
Table 2, entry 9
R A
NN - NS - S \
9 8 7 6 5 4 3 2 ppm
| I \% |
NH,
I
_N
O
Table 2, entry 9
- v koA oA bk
260 léO léO 140 1£o 160 85 65 45 25 ppm

18

NAME
EXPNO

PROCNO

Date_
Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NAME
EXPNO

PROCNO

Date_
Time

INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS
SWH

FIDRES

AQ
RG

CPDPRG2

NUC2
PCPD2
PL2
PL12
PL13
PL2W

PL12W
PL13W

SFO2
ST
SF
WDW

CHANNEL fl =

CHANNEL f1 ==

CHANNEL f2 ==

PSH11-119
2

1
20120315
11.30
spect

5 mm PABBO BB-

zg30
65536
CDC13

16

2
6188.119
0.094423
5.2953587
90.5
80.800
9.00

296.0
1.00000000
1

10

10.10
-2.00
8.75835800

300.1318534

768

300.1299988

EM

0
0.30
0

1.00

PSH11-119
13

1
20120315
11.35
spect

5 mm PABBO BB-

zgpg30
65536
CDC13

758

2
18028.846
0.275098
1.8175818
14.2
27.733
6.50

296.3
1.50000000
0.03000000

-1.00

18.97366524

75.4752953

waltzl6

8.75835800
0.09128989
0.06957011

300.1312005

768
75.4677553
EM

0

1.00

0

1.40

Hz
Hz
sec

usec
usec

sec

Hz
Hz
sec

usec
usec

sec
sec
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NAME
EXPNO
PROCNO
Date_

4.147
0.000

= 7.403

_~7.432
——7.263
__—6.662
~~—6.633

Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

NH»

NC

Table 2, entry 10

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD

——150.386
—133.737
—120.114
——114.368
——100.029
77.423
76.999
76.576

-
\

SOLVENT

NH,
NC

Table 2, entry 10

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

180 160 140 120 100 80 60 40 20 ppm

19

= CHANNEL f1

PSH11-107
5

1
20120312
1.12

spect

5 mm PABBO BB-
2930

65536

CcDC13

16

2

6188.119
0.094423
5.2953587
322

80.800
9.00

296.6
1.00000000
1

1H

10.10

-2.00
8.75835800
300.1318534
2768
300.1300055
EM

0
0.30
0

1.00

PSH11-107

14

1

20120312

22.21

spect

5 mm PABBO BB-
2gpg30

65536

CDC13
150

4
18028.846
0.275098
1.8175818
912

27.733
9.00

296.9
2.00000000
0.03000000
1

CHANNEL f1

13C

10.20

-1.00
18.97366524
75.4752953
CHANNEL f2 ==
waltz16

8.75835800
0.09128989
0.06957011
300.1312005
32768
75.4677547
EM

0
1.00

0
1.40

Hz
Hz
sec

usec
usec

=

sec

Hz
Hz
sec

usec
usec

sec
sec
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I
= NH,
Table 2, entry 11
J A
L
9 8 7 6 5 4 3 1 ppm
AN \/
Z NH,
Table 2, entry 11
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 prpm

20

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

PSH11-131
3

1

20120321
20.19

spect

5 mm PABBO BB-
zg30

65536

CDC13

16

2

6188.119
0.094423
5.2953587
80.6
80.800
9.00
296.9
1.00000000
1

~2.00

Hz
Hz
sec

usec
usec

sec

PL1 . dB
PL1W 8.75835800 W
SFO1 300.1318534 MHz
ST 32768

SF 300.1300159 MHz
WDW EM
SSB 0

LB 0.30 Hz
GB 0

PC 1.00
NAME PSH11-131
EXPNO 13
PROCNO 1
Date_ 20120321
Time 9.48
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 78

DS 4

SWH 18028.846 Hz
FIDRES 0.275098 Hz
AQ 1.8175818 sec
RG 724

DW 27.733 usec
DE 9.00 usec
TE 296.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

NUC1 13C

Pl 10.20 usec
PL1 -1.00 dB
PL1W 18.97366524 W
SFO1 75.4752953 MHz
= CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 95.00 usec
PL2 -2.00 dB
PL12 17.82 dB
PL13 19.00 dB
PL2W 8.75835800 W
PL12W 0.09128989 W
PL13W 0.06957011 W
SFO2 300.1312005 MHz
SI 32768

SF 75.4677581 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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NAME

7.419
7.414
0.000

6.594
6.587
—4.962
3.379

BnO

Table 2, entry 12

4.95
—=_
00
1.97
1.94

U1 2,00

ppm

NAME
EXENO
PROCNO
Date
Time ™
INSTRUM
PROBHD
PULPROG

——151.848

——140.176
128.411
127.408
77.422
76.998

——137.422
76.574
——70.646

__—116.248
TT—115.948

-
~
s
~—

T
SOLVENT
S

NH,

BnO

Table 2, entry 12

Lt

180 160 140 120 100 80 60 40 20 ppm

21

PSH11-185
2

20120416
9.01

6188.119
0.094423
5.2953587
64

80.800
9.00

296.6
1.00000000

CHANNEL £1

300.1318534
327

768

300.1300223
EM

0
0.30
0

1.00

PSH11-185
14

1
20120416
9.06

Hz

sec

-1.00

18.97366524

75.4752953
CHANNEL £2

waltzl6

1H

19.00

8.75835800

0.09128989

957011

300.1312005

32768

75.4677602

EM

0

1.00

0

1.40

usec
dB
dB
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O DOMO M T T =) ~ o
AEVNOO AT TN O R D © < S NAME
MOMOMNMOH® 000w N — ) o EXPNO
N A e I CRCRCRLRCY 0 o IS ngCNO
ate
Time
INSTRUM
PROBHD

PULPROG
D

VENT

soL

CbzN

Table 2, entry 13

T T \‘\ - T - T T ‘ T T T
9 8 7 6 5 4 3 2 1 ppm
NH,
CbzN
Table 2, entry 13
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST
SF
WDW
SSB
LB
GB
PC
‘ i L X .
T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

22

== CHANNEL f2

'SH11-179
20120411
9.31

spect

2
6188.119
0.094423

5.2953587
10

0.800
9.00

297.0 K
1.00000000

CHANNEL f1 =

1H

10.10
-2.00
8.75835800

300.1318534

32768
300.1300113
EM

0
0.30

0
1.00

PSH11-179
14

1

20120411

10.47

spect

5 mm PABBO BB-
zgpg30

65536

cpcl3

272

4
18028.846
0.275098
1.8175818
812

297.5
2.00000000
0.03000000

1

CHANNEL £1 =
1

3¢
10.20

-1.00
18.97366524
75.4752953

waltzl6
1H

95.00
00
17.82
19.00
8.75835800
0.0

sec

Hz
Hz
sec

usec

usec
K
sec
sec

usec
dB
dB
dB
W

89 W

0.06957011
300.1312005
32768

3276
75.4677586
EM

0
1.00
0
0

W
MHzZ

MHz
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6.993

11.

N=

HN- 2

Table 2, entry 14

.

—3.786

—3.417
5

T T T T T T T T T T T T T

14 13 12 11 10 9 8 7 6 5 4 3 ppm
1 p—NH; | N
HN
Table 2, entry 14
T T T T T
160 140 120 100 ppm

AN by o oo Y f Y i

T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

23

N; PSH11-171
E: 4
2 1
D: 20120430

13.41
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG

SOLVENT
NS

NAME PSHI1-171
EXPNO 14
PROCNO 1
ate 20120430
Time 13.49
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG

SOLVENT
NS

18.97366524
75.4752953 Miiz

CHANNEL 2




