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I. General information.
'H and *C NMR spectra were recorded on a Bruker AFC 300 (300 MHz) or

AMX500 (500 MHz) spectrometer. Chemical shifts were reported in parts per million
(ppm), and the residual solvent peak was used as an internal reference: 'H
(chloroform & 7.26), **C (chloroform & 77.00). Data are reported as follows: chemical
shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br =
broad), coupling constants (Hz) and integration. For thin layer chromatography
(TLC), Merck pre-coated TLC plates (Merck 60 F254) were used, and compounds

were visualized with a UV light at 254nm.

I1. General procedure for transfer hydrogenation of imine

In a nitrogen-filled glovebox, a 4 mL oven-dried sample vial was charged with
imine (0.4 mmol), 2 (10.2 mg, 0.02 mmol), Fe(acac); (14.1 mg, 0.04 mmol), 1.0 mL
of isopropanol, and then sealed with a screw cap. The reaction mixture was taken
outside the glovebox and heated to 110 °C for 48 h, after which the mixture was
cooled to room temperature. All the volatiles were removed under vacuum.
Purification by flash chromatography (Hexane : EA = 20 : 1) afforded the target

products in pure form.



I11. Characterization of compounds
4-Methoxy-N-(1-phenylethyl)aniline’ Yellow oil, 88.1 mg, 97% yield. 'H NMR

Y™ (800 MHz, CDCl3) 8 1.53 (d, J = 6.7 Hz, 3H), 3.72 (s, 3H), 4.45 (g, J =
O - 67Hz, 1H), 6.51 (d, J = 8.9 Hz, 2H), 6.73 (d, J = 8.9 Hz, 2H), 7.26 (t, J =
7.2 Hz, 1H), 7.35 (t, J = 7.8 Hz, 2H), 7.40 (d, J = 7.2 Hz, 2H). *C NMR (125 MHz,
CDCl3) 6 25.1, 54.5, 55.8, 114.8, 114.9, 126.0, 126.9, 128.7, 141.5, 145.5, 152.1.
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4-Methoxy-N-(1-(4-methoxyphenyl)ethyl)aniline' Yellow oil, 100.7 mg, 98% vyield.

7™ "M NMR (500 MHz, CDCl3) § 1.49 (d, J = 6.7 Hz, 3H), 3.71 (s, 3H),
»  3.80 (s, 3H), 4.39 (g, J = 6.7 Hz, 1H), 6.50 (d, J = 8.9, 2H), 6.71 (d, J =
8.9, 2H), 6.87 (d, J = 8.7, 2H), 7.29 (d, J = 8.7, 2H). °C NMR (125 MHz, CDCl5) &
25.1, 53.8, 55.3, 55.8, 114.1, 114.8, 114.9, 127.1, 137.6, 141.6, 152.1, 158.6.

4-Methoxy-N-(1-p-tolylethyl)aniline* Yellow oil, 95.4 mg, 99% yield. *"H NMR
_&r™ (500 MHz, CDCly) § 1.53 (d, J = 6.8 Hz, 3H), 2.37 (5, 3H), 3.73 (s, 3H),
S a3 (q, J = 6.7 Hz, 1H), 6.53 (d, J = 8.9 Hz, 2H), 6.74 (d, J = 8.9 Hz,
2H), 7.17 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H). **C NMR (125 MHz, CDCl5)
§21.2,25.2,54.1,55.8, 114.7, 114.9, 125.9, 129.4, 136.4, 141.7, 142.5, 152.0.

4-Methoxy-N-(1-m-bromophenylethyl)aniline® Yellow oil, 53.7 mg, 44% yield. *H
~2r™ NMR (500 MHz, CDCl) 5 1.49 (d, J = 6.7 Hz, 3H), 3.71 (s, 3H), 4.37 (q,
* J=6.6 Hz, 1H), 6.46 (d, J = 8.6 Hz, 2H), 6.70 (d, J = 8.9 Hz, 2H), 7.18 (t,

J=17.8Hz, 1H), 7.30 (d, J = 7.7 Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.53 (s, 1H). *C
3



NMR (125 MHz, CDCls) 6 25.0, 54.1, 55.7, 114.7, 114.8, 122.8, 124.6, 129.0, 130.0,
130.2, 140.9, 148.0, 152.2.

4-Methoxy-N-{1-[4-(trifluoromethyl)phenyl]ethyl}aniline® Yellow oil, 64.9 mg, 44%
o yield. 'H NMR (500 MHz, CDCl3) & 1.51 (d, J = 6.8 Hz, 3H), 3.70 (s,
3H), 4.46 (q, J = 6.7 Hz, 1H), 6.43 (d, J = 8.9, 2H), 6.70 (d, J = 8.9, 2H),
7.49 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H). *C NMR (125 MHz,
CDCl3) & 25.1, 54.4, 55.8, 114.9, 115.0, 124.4 (q, Jcr = 270.2 Hz), 125.8(q, Jcr = 3.7
Hz), 126.4, 129.3 (g, Jcr = 32.1 Hz), 140.9, 149.7, 152.5. **F NMR (282 MHz, CDCl;)

5 -62.29 (3F).

4-Methoxy-N-(1-(naphthalen-2-yl)ethyl)aniline’ Yellow oil, 109.7 mg, 99% vyield.

7™ *H NMR (500 MHz, CDCl3) & 1.60 (d, J = 6.8 Hz, 3H), 3.70 (s, 3H),
« 4.60 (q, J = 6.7 Hz, 1H), 6.56 (d, J = 8.9, 2H), 6.70 (d, J = 8.9, 2H),
7.44-754 (m, 3H), 7.81-7.85 (m, 4H). *C NMR (125 MHz, CDCl3) & 25.1, 54.8,
55.8, 114.9, 115.0, 124.5, 124.6, 125.6, 126.1, 127.8, 128.0, 128.6, 132.9, 133.7,
141.4,143.0, 152.2.

N-[1-(furan-2-yl)ethyl]-N-(4-methoxyphenyl)amine? Yellow oil, 81.6 mg, 94%
Cy™ yield. 'H NMR (500 MHz, CDCls) 6 1.54 (d, J = 6.7 Hz, 3H), 3.74 (s, 3H),

HN

\

O . 456(q,d=6.7 Hz, 1H), 6.15 (d, J = 3.2 Hz, 1H), 6.28-6.29 (m, 1H), 6.61
(d, J = 8.9 Hz, 2H), 6.77 (d, J = 8.9 Hz, 2H), 7.33-7.34 (m, 1H). *C NMR (125 MHz,
CDCls) & 21.0, 48.6, 55.8,, 105.2, 110.2, 114.9, 115.4, 141.2, 141.5, 152.6, 157.6.

4-Methoxy-N-(hexan-2-yl)aniline' Colorless oil, 76.2 mg, 92% yield. *H NMR (500

M@ MHz, CDCl3) & 0.91 (t, J = 7.1 Hz, 3H), 1.16 (d, J = 6.3 Hz, 3H),

1.31-1.43 (m, 5H), 1.55-1.59 (m, 1H), 3.37 (m, 1H), 3.75 (s, 3H), 6.56 (d,

J=8.9, 2H), 6.79 (d, J = 8.9, 2H). *C NMR (125 MHz, CDCls) § 14.2, 20.9, 22.9,
28.5,37.0, 49.5, 55.8, 114.7, 115.0, 142.0, 151.8.



4-Methoxy-N-(3-methylbutan-2-yl)aniline® Colorless oil, 74.9 mg, 97% yield. *H
™ NMR (500 MHz, CDCl5) 6 0.91 (d, J = 6.8 Hz, 3H), 0.97 (d, J = 6.9 Hz,

* 3H), 1.08 (d, J = 6.5 Hz, 3H), 1.84 (m, 1H), 3.26 (m, 1H), 3.75 (s, 3H), 6.56
(d, J = 8.9 Hz, 2H), 6.78 (d, J = 8.9 Hz, 2H). *C NMR (125 MHz, CDCls) § 16.6,

17.4,19.4,32.2,54.6, 55.9, 114.7, 115.0, 142.2, 151.8.

4-Methoxy-N-(1-p-tolylpropyl)aniline* Yellow oil, 101.0 mg, 99% yield. *H NMR
py (800 MHz, CDCls) 5 0.96 (1,0 = 7.4 Hz, 3H), 1.75-1.89 (m, 2H), 372 (5
7, 3H),3.80 (s, 3H), 4.14 (t, J = 6.7 Hz, 1H), 6.52 (d, J = 8.9, 2H), 6.73 (d,
J=8.9, 2H), 6.89 (d, J = 8.7, 2H), 7.28 (d, J = 8.6, 2H). *C NMR (125 MHz, CDCls)

0 10.9, 31.8, 55.3, 55.8, 60.0, 113.9, 114.6, 114.8, 127.6, 136.2, 142.0, 151.9, 158.5.

N-(4-methoxyphenyl)-1, 1-diphenylmethylamine®® Yellow oil, 43.7 mg, 38% vyield.
o 'H NMR (500 MHz, CDCl5) & 3.79 (s, 3H), 5.54 (s, 1H), 6.60 (d, J = 8.8,
0. 2H), 6.81(d, J=8.8,2H), 7.35 (t, J = 7.3, 2H), 7.42 (t, J = 7.9, 4H), 7.48
(d, J = 7.3, 4H). °C NMR (125 MHz, CDCls) & 55.6, 63.8, 114.6, 114.7, 127.2, 127.4,
128.6, 141.6, 143.2, 152.1.

N-benzyl-a-methylbenzylamine® Colorless oil, 81.9 mg, 97% yield. *"H NMR (500

. MHz, CDCls) & 1.44 (d, J = 6.6 Hz, 3H), 1.73 (br, 1H), 3.66 (d, J = 13.2 Hz,
o, 1H), 3.73 (d, J = 13.2 Hz, 1H), 3.88 (q, J = 6.6 Hz, 1H), 7.30-7.44 (m, 10H).
3C NMR (125 MHz, CDCls) 5 24.6, 51.7, 57.6, 126.8, 126.9, 127.0, 128.2, 128.4,
128.6, 140.7, 145.6.

N-benzyl-N-(a-methyl-p-methoxybenzyl)amine® Colorless oil, 92.5 mg, 96% yield.

e 'H NMR (500 MHz, CDCl3) § 1.36 (d, J = 6.6 Hz, 3H), 1.73 (br, 1H),
S 3.59 (d, J = 13.3 Hz, 1H), 3.66 (d, J = 13.3 Hz, 1H), 3.78 (q, J = 6.6 Hz,
1H), 3.82 (s, 3H), 6.90 (d, J = 8.7 Hz, 2H), 7.23-7.34 (m, 7H). *C NMR (125 MHz,
CDCls) 6 24.6, 51.7, 55.4, 56.9, 114.0, 127.0, 127.9, 128.3, 128.5, 137.7, 140.7,
158.7.



N-benzyl-1-(p-tolyl)ethanamine® Colorless oil, 84.6 mg, 94% yield. *H NMR (500

w~py MHZ CDCI5) 8 140 (d, J = 6.6 Hz, 3H), 1.70 (br, 1H), 239 (5, 3H), 3.62 (d

= J =131 Hz, 2H), 3.70 (d, J = 13.1 Hz, 2H), 3.83 (q, J = 6.6 Hz, 1H),

7.20-7.37 (m, 9H). B¥Cc NMR (125 MHz, CDCl3) & 21.2, 24.6, 51.7, 57.3, 126.7,
126.9, 128.3, 128.5, 129.3, 136.6, 140.8, 142.6.

N-benzyl-1-(4-(trifluoromethyl)phenyl)ethanamine® Colorless oil, 79.6 mg, 67%
O yield. *H NMR (500 MHz, CDCls) & 1.37 (d, J = 6.7 Hz, 3H), 1.70 (br,
« 1H), 3.59 (d, J = 13.2 Hz, 1H), 3.65 (d, J = 13.2 Hz, 1H), 3.89 (q, J = 6.6
Hz, 1H), 7.24-7.34 (m, 5H), 7.50 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 8.1 Hz, 2H). **C
NMR (125 MHz, CDCls) & 24.7, 51.8, 57.4, 124.4 (q, J = 270.3 Hz), 125.6 (q, J = 3.8
Hz), 127.1, 127.2, 128.2, 128.6, 129.4 (g, J = 32.1 Hz), 140.3, 149.9. °F NMR (282

MHz, CDCly) & -62.25 (3F).

1-(3-methylphenyl)-N-(phenylmethyl)ethanamine Colorless oil, 69.3 mg, 77%

@a“g yield. 'H NMR (500 MHz, CDCl3) 6 1.39 (d, J = 6.6 Hz, 3H), 1.70 (br, 1H),

" 2.37(s, 3H), 3.61 (d, J = 13.2 Hz, 1H), 3.67 (d, J = 13.2 Hz, 1H), 3.79 (q, J

= 6.6 Hz, 1H), 7.11-7.37 (m, 9H). **C NMR (125 MHz, CDCls) & 21.6, 24.6, 51.8,

57.6, 123.9, 126.9, 127.5, 127.8, 128.2, 128.5, 138.1, 140.8, 145.7. HRMS: calcd. for
(M+H)" m/z 226.1596, found (M+H)" m/z 226.1591.

1-(3-bromophenyl)-N-(phenylmethyl)ethanamine Colorless oil, 61.3 mg, 53%
L Yield 'H NMR (500 MHz, CDCl3) & 1.38 (d, J = 6.6 Hz, 3H), 1.62 (br,

“ 1H), 3.62 (d, J = 13.2 Hz, 1H), 3.69 (d, J = 13.2 Hz, 1H), 3.80 (g, J = 6.6
Hz, 1H), 7.22-7.57 (m, 9H). 3C NMR (125 MHz, CDCls) & 24.6, 51.8, 57.2, 122.8,
125.5, 127.1, 128.2, 128.5, 129.9, 130.1, 130.2, 140.5, 148.3. HRMS: calcd. for
(M+H)" m/z 290.0544, found (M+H)" m/z 290.0545.



N-benzyl-1-(2-Methoxyphenyl)ethanamine’ Colorless oil, 80.0 mg, 83% vield. *H
s~ NMR (500 MHz, CDCl3) § 1.47 (d, J = 6.7 Hz, 3H), 1.99 (br, 1H), 3.68 (d,

" J=12.9Hz, 1H), 3.74 (d, J = 12.9 Hz, 1H), 3.87 (s, 1H), 4.25 (9, = 6.7
Hz, 1H), 6.94-7.47 (m, 9H). *C NMR (125 MHz, CDCls) § 22.2, 51.6, 52.3, 55.1,

110.4, 120.6, 126.6, 127.1, 127.5, 128.1, 128.2, 133.1, 140.8, 157.1.

N-benzyl-1-(naphthalen-2-yl)ethanamine® Colorless oil, 101.3 mg, 97% vyield. *H
NMR (500 MHz, CDCl3) & 1.51 (d, J = 6.6 Hz, 3H), 1.81 (br, 1H), 3.69 (d,
< J =132 Hz, 1H), 3.75 (d, J = 13.2 Hz, 1H), 4.04 (g, J = 6.6 Hz, 1H),
7.29-7.91 (m, 12H). *C NMR (125 MHz, CDCls) & 24.6, 51.8, 57.7, 125.0, 125.5,
125.6,126.1, 127.0, 127.8, 127.9, 128.3, 128.4, 128.5, 133.0, 133.6, 140.7, 143.1.

1-(furan-2-yl)-N-(phenylmethyl)ethanamine® Colorless oil, 75.6 mg, 94% yield. *H
CfC@ NMR (500 MHz, CDCl3) 6 1.45 (d, J = 6.6 Hz, 3H), 1.76 (br, 1H), 3.68 (d, J

= 13.1 Hz, 1H), 3.76 (d, J = 13.1 Hz, 1H), 3.91 (g, J = 6.6 Hz, 1H), 6.19 (d,
J = 3.2 Hz, 1H), 6.34-6.35 (m, 1H), 7.25-7.39 (m, 6H). *C NMR (125 MHz, CDCls)
0 20.5, 50.6, 51.2, 105.5, 110.0, 127.0, 128.3, 128.5, 140.4, 141.5, 157.9.

N-benzyl-a-ethylbenzylamine® Colorless oil, 88.2 mg, 98% yield. 'H NMR (500
4~ MHz, CDCl;) 8093 (t, J = 7.5 Hz, 3H), 1.75-1.90 (m, 3H), 3.65 (t, J = 7.6
“ Hz, 1H), 3.67 (d, J = 13.0 Hz, 1H), 3.77 (d, 13.2 Hz, 1H), 7.32-7.47 (m,
10H). *C NMR (125 MHz, CDCl3) § 10.7, 31.0, 51.5, 64.1, 126.7, 126.8, 127.3,
128.0, 128.2, 140.7, 144.0.

N-benzyl-3-methylbutan-2-amine® Colorless oil, 59.5 mg, 84% yield. *H NMR (500

5~y MHz, CDCly) 3 0.90 (d, J = 6.8 Hz, 3H), 0.92 (d, J = 6.8 Hz, 3H), 1.02 (d, J

" =65 Hz, 3H), 1.41 (br, 1H), 1.71-1.78 (m, 1H), 2.51-2.56 (m, 1H), 3.72 (d, J

= 13.1 Hz, 1H), 3.83 (d, J = 13.1 Hz, 1H), 7.24-7.27 (m, 1H), 7.31-7.35 (m, 4H). 2°C

NMR (125 MHz, CDCl3) ¢ 16.1, 17.4, 19.4, 32.3, 51.7, 57.7, 126.9, 128.2, 128.4,
141.2.



(p-methoxybenzyl)(1-phenylethyl)amine® Colorless oil, 95.4 mg, 99% vyield. *H

NMR (500 MHz, CDCls) & 1.38 (d, J = 6.6 Hz, 3H), 1.76 (br, H), 3.55 (d,
e J o129 h, 1H), 3.62 (d, J = 12.9 Hz, 1H), 3.81 (s, 3H), 3.82 (q, J = 6.6
Hz, 1H), 6.87 (d, J = 8.6, 2H), 7.22 (d, J = 8.5, 2H), 7.27-7.29 (m, 1H), 7.35-7.37 (m,
4H). 3C NMR (125 MHz, CDCly) § 24.6, 51.1, 55.4, 57.5, 113.9, 126.8, 127.0, 128.6,
129.4,132.9, 145.7, 158.7.

(1sobutyl)(1-phenylethyl)amine’ Yellow oil, 53.1 mg, 75% vyield. *H NMR (500
s~ MHz, CDCl3) 5 0.88 (d, J = 6.7 Hz, 3H), 0.89 (d, J = 6.7 Hz, 3H), 1.36 (d, J
= 6.6, 3H), 1.45 (br, 1H), 1.70 (m, 1H), 2.23 (dd, J = 11.4 Hz, = 7.3 Hz,
1H), 2.35 (dd, J = 11.4 Hz, J = 7.3 Hz, 1H), 3.75 (g, J = 6.6 Hz, 1H), 7.22-7.26 ( m,
1H), 7.30-7.34 (M, 4H). °C NMR (125 MHz, CDCls) 5 20.6, 20.8, 24.5, 28.5, 55.8,
58.3, 126.5, 126.7, 128.3, 146.0.

N-[(4-methoxyphenyl)methyl]-1,2,3,4-tetrahydronaphthalen-1-amine Yellow oil,

L, 993 mg, 93% yield. 'H NMR (500 MHz, CDCl3) § 1.57 (br, 1H), 1.79

* (m, 1H), 1.95 (m, 2H), 2.06 (m, 1H), 2.77 (m, 1H), 2.88 (m, 1H),

3.82-3.94 (m, 6H), 6.92 (d, J = 8.6 Hz, 2H), 7.12 (m, 1H), 7.17-7.19 (m, 2H),

7.35-7.40 (m, 3H). *C NMR (125 MHz, CDCls) § 19.0, 28.1, 29.3, 50.5, 54.5, 55.2,
113.7, 125.6, 126.5, 128.7, 128.9, 129.2, 133.0, 137.4, 139.3, 158.5.
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V. NMR Spectra

1§51
€51 >

e~
08¢ —

oy
(244
1444

o'y

679
O
L9~
cro/
€T,
A
vZ' L W
Sz'L)
9z'L
9z
9z'L
zeL
eeL
veL
seL
ses
8€°L
8€'L
()
(N

CH3

HN

CHs3

rloe
560

—0.%

0.0

1 (ppm)

6v.6'vC —

E€SLEVS ~
¥199'6G

wmvﬁwm
oooo.nm W
LWSTLL

y6€9VLL
veLLyLL >

€128'STh~_

£681°92) —
Lissgzl

2sse vl —
8eTeESYL —

Shv6'LSL —

CHs

CHj3

80 70 60 50 40 30 20 10 -1C

90

110

130

150

170

190

210

230

1 (ppm)

10



nmﬁv.r
0oe6Y’L >

¥60L°€ ~
LveLe—

Nowmé
ommm.w
296€Y
£607'¥

CHj

HaC

ILE
550

F60

6L
681
681

El6L

10.0 9.5

10.5

8.86'VC —

0965
81158
198955/

wmvw.wﬁ
wmmm.mﬁ W
0vSTLL

6.26¢€LL \
6€59VL1L 7
mmoﬂcn:\

0v06'92) —

vi6eLEL —
€98Y'LyL —

2206161 —
ceLy8sL —

CHj3

HN

CHj

HaC

30 20 10 -1C

40

190 170 150 130 110 9 80 70 60 50

210

230

1 (ppm)

11



66151
ees'L

0.9€C—

9eLe—

34244
viev'y
80VY'Y

32144

€619'9

_‘hmm.oV
12€L'9—F
womn.w\

LegL’L
88L1'L 7
9687°L \
gg0ed

o

>

-

o

CH,

H3C

Hie

=96}

=€6')

6L
=€6'L

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.0

10.5

$066'0C —
€102 —

€LT6°€G ~
2259'95

09v.'9L
¥000°LL
s LL

mwmm.ﬁ‘_\
1669711 >

LA TA
Lgczeel —

Sl9z9EL —

6185LYL —
zosezoL

86€8'LGL —

CHs

12

40 30 20 10

50

[l
80 70 60

90

110

1 (ppm)

130

150

170

190

CH,
210

HN
230

H3C




Nmt\—
268Y°L >

YS0L' €~
0162 ¢~

mmvm.v
mwmm.v
€0.EY
LE8EY

oei\o
885¥'9 A
8969'9 —~
D\.:.o /

959", —
z181°2
29612
€092°2
6882°L
6£0¢L 4
zeve's
2rveL
657,
osveL
osse ]
665¢Z ]
91982 |
8€9€°L

1025°L

9€25°L

892G°L

CHs

HN

Br.

CHy

L'e
60

0.5

1)

7.0

10.0

10.5

2Le0'se —

LLOL'YS ~
¢r0L'SS —

2ovL9L
€000°LL W
mvmw.hn

1 (ppm)

S6L97LL
1G8LYLL >

9s/lcel —
6155Vl —

LLp06ZL
8286671
vozzoel /-

veYeovl —

0€00'87L —

geozest —

CHy

HN

Br.

CHy

30 25 20

50 45 40 35

8 80 75 70 65 60 55

90
1 (ppm)

145 135 125 115 105 95

155

13



2051
091G°L >

V10L°€~
GG6L'€ —

mvvv.v
mhmv&
[AYAa4
Ly8Y'y

€Lev'9

LS¥¥'9 AN
0v69'9 —~
w_._.n.o /

208v'L
S96V'4
€896, 7

Lv8g'L

HN

CHy

4.5 4.0

5.0
1 (ppm)

10.0 9.5

10.5

8EY6YC —

CLETYS ~
11966

mmvw,wm
vooo.hn W
S¥ST'LL

omeci_‘
6€087LL A

19/6'0C) —
91.8'G2L ba
6099'52} Ya
_‘mwn.wm_\

25eL0VL —

€Legeyrl —
€92eesL —

CHj

CHy

HN

10

20

190 170 150 130 110 90 80 70 60 50 40 30

210

230

1 (ppm)

14



v.82°C9-—

CHj

HN

CHy

30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
1 (ppm)

-20

-10

10

mhmm.—
L0191 >

LL0L'€—
0,68'€ —

1585V
166G
ScLoy

6529V

19¥5'9
mmom.oV
vLLL9
_‘mmn.ow

6257'L
v8LY'L /
s0552~"
0928

LB,
9658,

HN

CH,

_

E00'€

Tm,,o

.6}
6L

6L
16°0

E68€

0.0 -0.!

0.5

1.0

9.0

9.5

10.0

1 (ppm)

15



SE€S6VC —

LLLOYS ~
12965

SS¥.L'9L
966692 W
wmmNNn

owmm.ﬁz
G8T8VLL >

a
mmommﬁ
L0vp'vTL /
1

(3]
CH,

LTyl >
1008yl —T

¥8.02G1 — O

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

160

8LESL

-~
N_.mm.Pv

1686 —

60¥S'Y
eSSy
1195Y
118SY

fa24%°]
LLy1'9
S0S1'9
2€8C°9
8982'9 W —_—
§68C°9 —

665°9 — B
29’9 “ _
8682
8L€€°L
06€€°L —_—
ELYeL
veve'L

CH,

CHj

HN

60
£G6°0

=o0¢
861

=60

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.5

16



€098°0C —

£96€8Y —
SPy9'9G —

mwvh.wn
vooo.nn W
ST LL

10501 —
0510041 —

9LLLYLL —
omervr\

2600'LyL
68€ELYL >

£€8eyesl —
LL6€LS1L —

CH,

HN

CHj

40 30 20 10

190 170 150 130 110 9 80 70 60 50

210

230

1 (ppm)

2806°0
2126’0
£5€6'0
LLSLL —
60S€°L
vyse'L
L95€°L
€19¢L
eLerL
0sey’L

19/G6°L

SSPL'E—
99G€'€ —
€18€€ /
¥66L'€ —

womm.o
Sv.S'9 A
SL.L°9

Nmmm.o 7

o
I
o

d

HN

=]
;
-
=]
Fe
- Hoe | =
ES0'E
= Fsis |
FsoL [~
-
[ od
w
[ o
LS
- Tm,o -
h oL |
e
—  E¥6C
LS
-
-
[
w
-
[ <
—— 6L [ €
— EE6'}
o
[
I
=
-
[ o
w
o [ o
I
o
-
[ o
o
o
re
2
I
-

17



SLLoYL —

686902 —

126282 —

2818'9€ —

16G8€°6Y —
6€.9'G5 —

€SV.L9L
9666'9L
8€ST'LL

nmwmci_\
[444:34%% >

€6.8'LvL —
68.9'LGL —

o
I
o

d

HN

Ha

CHy

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

€506'0
88160
86960
mmmm._uV
mmﬁoé\
0260'L
8018l
cves’L
v.€8'L
08¥8'L
€198°L

266L'e
S8€C'E
60SC°E
§coT'e
oviee

€25L'€ —

6¥55°9

2.S'9 AN
LVLL9—
mmmm.o /

CHs

HN

Ha

CHj3

CHj

80
ol

Fooe

F66°L
EE6L

9.5

T
10.0

18



6E6£9L
18211 —
zz6L6L 7

6€102€ —

68SYVS ~
YLELGS

€9V.L9L
1000°2L
8YSTLL

Dummcn:
er4°1:2 491 >

6eV0TYL —

00L9'LSL —

CHs

HN

Ha

CHj3

CHj

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

0€960— —————————

137"
¥59.L°L
L6LL° L
1€6L°L
€081
15181
Leee’L
L628'L
8EY8’L
61581

e~ —
syoge—~ —

9RXYL'Yy —

trego
mm_ww
81999,

_.mwwﬂ\

HN

H;C

M

Hoe

Froe

=16¢C
=£6C

=00}

€6}
=06}
=06’}

30 25 20 1.5 10 05 00 -0t

35

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45
1 (ppm)

10.0

19



€eLL0L —

L€09'LE —

9.60'SS
81¥9'6S A
¥268'65 —

SSv.L9L
00002
€VSTLL

9v9LELL \
S8EVYLL 7
anw.ﬁz

yoov'L2l —

2L50'9€L —
L0L8'LvL —

6912161 —

169€'851 —

d

CHy

HN

HaC

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

_\_\mv.—
evvyL A

162L'L — AN

vomo.m
wwhw.m
(VAR

VEVL'E~E

9658'€ —=
8¢/8'¢ &

v

0988°€
2668'¢

9652°L 1
08622
200€°2
8Y0€°.
190€°L
611€/
z51€°L
111€°1 4
§22€°L
Y9ZE'L
R
£9€€°L
zeve L
y6ve L
6v5€°L
009€°/
099€°Z
€v.€'L
v21€L
168€°L
126¢°2
£96€°L

2507°L

160V'L >
[eraad T
orey'L
1287,
0L£%'L

CHj3

U

E€lg

Feo

fala
ox i~
caeQ
4.0

Fooor

30 25 20 1.5 10 05 00 -05

3.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5
1 (ppm)

10.0

20



€9ZYve —

L08GLG —
8LEVLS —

vah.on
wmmm.wn W
6€5T'LL

S$¥98'9¢1
590821
§68C'821
600¥'821

18€9'9C1L
092292} W

22SS0vL —
0z8y'syl —

CH3

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

vmmw.—
G89€’L >

€92L'L — /

228S'e
§809°€
16¥9'¢
29.9'¢
€€9.¢
§9..°€
968L°€
1208’
9228’

!

GE68'9~
60169~

02eTLE —0u
80vZ'L

8G¥C'L
L29T’L
16.C'L
2962,
€L0€°L
viee'L
29Ee’L

CHy

HaC

Wtu._\

0L
6'0
Ll
LT

30 25 20 1.5 10 05 00 -05

3.5

4.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5
1 (ppm)

10.0

21



6LLYvC —

618515 —
2L8T55 —
129295

mmvn,wn
oooo.hn W
sl

0808¢€LL —

wm_,w.wm_.
160L'L¢cL V
Leersel
v.€€°82)
60S°LEL —
S0L50VL —

6199851 —

CHs3

HaC

o

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

220 210 200

wwwm.P
866€'L A

L9t —

268€'C—

Ly19'€

LIv9'€

¥89'¢
~E

LoLLe

0L08'¢
34%:5
€.28'¢

0v8'e

L061°L

E00'€

Fert

6°0

60
Bge0

6L
L9

0.5

0.0

10.0 9.5

10.5

22



1Sv0'le —
6.,9v'vC —

16.G°LG —

PATAWA R

29v.L'9L \
€000°LL 7
mvmw.nn

Sviveyl

H;C

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

160

mvwm.F
o:.m._.W.
SLLE)L

€v09'L —

0Ly9'e
€L99'€ —

0L.8°€
1¥88°€
€.68'€

S0L6'E

€6.5°€
1509'€ W

Eo0e

Feri

Fooz
860

10

6L
6L
Be6'l

1 (ppm)

23



€005vC —

8899'LG —

012G —

L9V.L'9L
1000°2L W
vsTLL

ezeolel —
oeel ezt —
9gg€e'seh

NNNv.mN_\
mmwv.mm_.
€¥90°L2)
mmﬁo.wNv

96.1°0vL —

180261 —

CHj

95 90 85 8 75 70 65 60 55 50 45 40 35 30 25 20 15

145 135 125 115 105

155

1 (ppm)

825229 —

CHy

30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
1 (ppm)

-20

-10

10

24



€L9€°L >

S08€’L

650L'L —

8LLEC—

0.89'¢

8€6.°€
0L08'¢

38.“
2980°L y
(25008
v29L'L o
69L1°LA
082Z'L A
2€ET LA
6212 L
8252, -
16522
2€82°2
1962
19082 4

8265

1619°€

1099
~E

v.9.°€
908L'€ N

oo;i
8;.@
LpeeL

—_—
N ——
_

,W )
I
&)

P

I
®
I

=0lL€

g3

160
2107
Sz
6

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.0

66.¥'Lc —
06€€YC —

YS19'1G —

YL9v' LG —

LS¥L°9L

A

166692
L€ST'LL

§99.'€2l —

§6598'9CL —
006€'22}
69127221

shse8eh

28¥0'8€L —
LELYOVL —

LOEE'SY L —

CHy

HN

Ha

90 85 8 75 70 65 60 55 50 45 40 35 30 25 20 15

95

105

115

125

135

145

1 (ppm)

25



mmom.—
818¢€'L A

829l —

0€09°€
629
§6.9'€ \

6L0L€—
006.'¢
2€08'€
m@—m.m

81121
£6£2°2
88v2'L
165221
19171 1
8062°L
18621+
5Z08L
990€°.
160€°

i/

I

651€°L
128
0.€€'L
80vE"L ]
€16€°L
099¢°/
£207'L ]
1v0v'L
€90v°2 1
v80v'L ]
08LvZ]
vozY'L
6L2v'L
Lvey'L
2996°L
9695°2
0£45°2

Br.

CHy

-

AW 'S

=€0'€

o

(A
0°L
=€60

10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.5

eovyve —

610916 —

9880°'L5 —

S9v.L'9L \
S000°LL 7
wmeNm

v€0922L —
LLyESel —
8€68'9C)
§920'821
vese8eh
Lyas6clL

26z ovl —

80LL'8YL —

Br.

CHg

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

145 135 125 115 105

155

1 (ppm)

26



nmmv.—
L9L¥'L >

G886'L —

1899
SV69'€
€9CL'€ 7
025’ 7
92.8°€
ey
08¥e'y
viozy
JAZXA4

26€6'9
906’9
§G9G6'9
6956’9
1G€0°L
9.€0°L
S0S0°L
¥2S0'L

v€8T'L —
0,82°L)
66822
v862L 4
210824
0£0€"Z 1
$50€°L
890¢°/
r1eLd
6.1€
91/¢
08€L |
GSSY'L

88GY'L

S0LY'L

8eLY'L

CHj3

[
10')
6T

Foo'b

26610
8610
60T
Mmo.m

16°0

0.5

0.0

10.0 9.5

10.5

1 (ppm)

Lgee—

9L
0€CS AS
066 —

SL9L
00°2L W
mNNn

roLL —

190ZL —
65921

SLlzL V
8/l M
me.mﬂr\

6.0V —

€L’LSL —

CH3

30 20

40

151 140 130 120 110 100 90 80 70 60
f1 (ppm)

160

170

27



moom.—
LyLGL A

918l —

05.9'¢
v10L°€
_.Nmn.m/

S€9L'€ —

€veoy
SLEOY
90S0'Y

890y

2092’
9962°L
vileL
16LEL
10S€°L
68G€'L
989€°L
€08€'L
L26e’L
0881,

202s'L

8€€8’L
GGE8'L
188,
€V88°L
€168,
£€668°L
VL6,

e RN

O

e

ESGLE

Rz

0°L
0

=00}

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.0

€e0v've —

LOv9'LS —

VLvSLS —

29v.L'9L
¥000°LL W
VST LL

zL A
0LGTBZAN
w\m.mﬁ/

v

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

145 135 125 115 105 95

155

28



_.wvv.P
9Lov’'L A

08G.'L —

wmom.m
wmmw.m /
N_‘mN.m
8LLL°€ V

9688'¢
L€06°€
o9le'e

10€6'€

0z8l'9
€881'9
€6€€°9
62v€'9
9G¥€'9
€6v€'9

e6v2L
€15zL
1521
00922/ w
919z'2
9922 1
2692'L
90222
(AR
z8z8L
85e€, |
18£¢°/ |
298¢, ]
£88€°2 |
€06€°Z {
61662

CHy

U“L

g4%

—

=60'€
EELL

=160
=60

100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.5

918€0C —

OFbr0S ~
LL20S

VS 9L
9666'9L
6€5CLL

808€'S0L —
9€08'60} —

G.€8'9C1 \
80c1'8Zh 7
ompm.wm_\

69220YL ~
68LELYL

v6CLLGL —

CH3

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

29



16160
Nvmm.ow
vmvm.o

L0SL'L
€29/LL
0S9/.°'L
0LLL'L
00821
026.L'L
0.08°L
Lyy8L
9€.8L

16€9€
8059
6759
6999'¢
19/9'¢
1v9L°€
L16L'€

€eee’L
Y9EE’L
0.6€'L
600¥°L
9ELY'L
Shiv'L
LOSY'L
L9Sv'L
PAYA A

Fese

2.5

3.0

10.0

1 (ppm)

2899°0L —

01070 —

2e9YLG —

S601Y9 —

LSV.L9L
9666'9L
8€GCLL

1£19'9¢h
L€L8'9ZL
vece el —
2ve08eh
Leozszl

650071 —
98.6€Vl —

CH3

-10

30 20 10

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

220

1 (ppm)

30



16/8°0
8888°0
99680

€016°0
0966°0
6800°L
€88€'L —

VE0L'L —=
0LzL'L

ZyvlL
I€6vC

850S'C
8G15°C
9815C
9825
143K

ovile

Novm.mV
25e8' -7
m_\mm.m\

vsee L
G0€TL
8L€T°L
€00€L
croe’L
€9LEL
0gzeL
€62€°L
LIveEL

N/\©
CHy

CHj3

U

E.60

el
Bgoe

9.5

10.0

1 (ppm)

G968°GL
6.0T°LL — -
€6.261L 7

€691°2€ — -

966Y'LG — -

2L0g'LS — _ .

Bﬁ.ﬁ
0vSTLL

80,921 \

wmmo.mw_\ \
1/8282L 7

LLE0°MYL — —

CHj3

CHj3

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

31



wv\.m.—
088€’L >

99G/.'L — — -

Levse

6895°€ /

5£09°

pozes ¢ = uﬁ
6,08 ————— - —
z828°¢

PLv8E

9198'9~_
18189

NBNs /j ﬂ
Zvee s f — = _

€092C°L

5997/
cele L
L111T°L
6€87'L
G68C°L
SovE'L
YOSE'L
089€'L
089€'L
6€LE°L

o
I
o

/O
w ma

0L
6'0
BrLe

8L
8L

0L
Rege

10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.5

oLlvve —

609605 —
1S02°6S —
9vee’ LG

vmvh.wn
mmmm.mn W
6€5C°LL

YSLLeLL —

6958'9Z 1
60L¥'821 ~=

€80LCEL —

§€99'9¢} /

€999'gvL —

6816851 —

_~CHs

CH3

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

32



11880
8988°0
05680
10060

ese’L —

5089'L —
sozs'L
1802C
zeeT
SLEze

09ve'e \
0.€€7C
Seve'e
665€°C

vicl'e
90vL'e
8€G.'€
0.9.'¢

ceee’s
6622,
€EeT'L
L6ETL
€8YC'L
695¢C°L
S092'L
evee’L
0geeL

CHy

CH3

CHg

0l
568

0.0

10.0

1 (ppm)

mmwmdm
¥25.°02 A
Se8yve —
L€GY'8C —

Y0v¥8'GS —
€9¥€'8G —

mmvn,on
vooo.nn W
YySTLL

meoSV
169'9ZL
9s0e8zL 7

89€09YVL —

CHy

HN

CH3

CHg

-10

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

200

1 (ppm)

33



To;
Feot
6'L
0'L

60
0}

rogl
569

Ei8e

7.0

o

8.0

1 (ppm)

§8006L —

88€1°82 ~
§82€'6C

018705 —

12575 —
za8L s

8G¥.'9L \
6666'9L 7
mvaHN

Py69¢€LL —

1569'8C1
v.€6'821
LLizect —

8./6CEL —

8cl9'seh
vnwm.om_\/

S6€°LEL —
9862°6€L —

9005851 —

~CHy

|

30 20 10

60 40

140 130 120 110 100 90 80
1 (ppm)

150

160

34



268L'€ —

16€5°'G —

¥865'9
09199 A
€808'9
81289 7
eSveL
L8YEL W
16G€°L
9L0¥'L
€L L
2e8eyL
ozey'L
00L¥'L
ov8y’L
€L8Y'L

r/
R —
——

o
I
o

%

o6’
E86'L

8L
1L°€
8'€

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

10.0

6529'G5 —
L¥11€9—

omvﬁom
mmmm.wn W
€VSTLL

m_\_‘wcn:\
mNoN.v:.v.

mBNNNFV
185121
zeeoszl /-

VECOLYL ~
ce9LeyL

9/¢lesl —

CHs

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

220 210 200

1 (ppm)

35



