Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2016

Supporting Information

Copper-catalyzed S-methylation of sulfonyl hydrazides with
TBHP for the synthesis of methyl sulfones in water

Yu Yang, Yajie Bao, Qiangian Guan, Qi Sun, Zhenggen Zha and Zhiyong Wang

Hefei National Laboratory for Physical Sciences at Microscale, CAS Key Laboratory
of Soft Matter Chemistry and Department of Chemistry & Collaborative Innovation
Center of Suzhou Nano Science and Technology, University of Science and
Technology of China, Hefei, 230026, P. R. China. Fax: (+86) 551-360-3185; E-mail:
zwang3@ustc.edu.cn.

Contents:
General remarks S2
General procedures for the synthesis of Arylsulfonyl Hydrazides ...................... S2
GC-MS analysis for the TEMPO—CH; adduct 4......cccoevviiiniiiniiiiniiinicinnnnn S3
Characterization data of products S4
ReEfErenCe.....ccuuiieiiiiitiictiiiiintenntintiineecneesecaisssessesssssssnssssesssessssesssssssassssasssns S7

NMR Spectra of products S8



mailto:zwang3@ustc.edu.cn

General Remarks

All substrates were purchased commercially without further purification. The yields were
determined based on sulfonyl hydrazides.

'H and *C NMR spectra were recorded on a Bruker AC-300 FT spectrometer at 400 MHz and
100 MHz, respectively, with tetramethylsilane as an internal reference. Chemical shifts (8) and
coupling constants (J) were expressed in ppm and Hz, respectively. High resolution mass spectra
(HRMS) were recorded on a LC-TOF spectrometer (Micromass). GC-MS samples were recorded
on an Agilent Technologies 7890A-5975C GC-MS system.

General procedures for the synthesis of Arylsulfonyl Hydrazides

Arylsulfonyl hydrazides 2b-2s were prepared according to the literature procedure.lll To a solution
of an arylsulfonyl chloride (3.0 mmol) in tetrahyrdofuran (15 mL), was added hydrazine
monohydrate (375 mg, 7.5 mmol) dropwise under nitrogen at 0 °C. After vigorous stirring for 30
min at 0 °C, the reaction mixture was added ethyl acetate (60 mL), and washed with saturated
brine (3 x 10 mL). The organic layer was dried over sodium sulfate, filtered, concentrated and
added to hexane (12 mL) over 5 min. The mixture was filtered, and the collected solid was dried

in vacuum.



GC-MS analysis for the TEMPO—CH; adduct 4
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Characterization data of products
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1-methyl-4-(methylsulfonyl)benzene (3aa).[!] The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a white solid (88 % yield). '"H NMR (400 MHz, CDCls): 7.84-7.82 (d, 2H, J = 8.0 Hz), 7.38-
7.36 (d, 2H, J= 8.0 Hz ), 3.04 (s, 3H), 2.46 (s, 3H ); 13C NMR (100 MHz, CDCI3): 144.7, 137.7,
130.0, 127.3, 44.6, 21.6.
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1-methyl-2-(methylsulfonyl)benzene (3ba).[!l The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a light yellow oil (83 % yield). 'H NMR (400 MHz, CDCl;): 8.04-8.02 (m, 1H), 7.53-7.51 (m,
1H), 7.40-7.28 (m, 2H), 3.08 (s, 3H), 2.72 (s, 3H); 3C NMR (100 MHz, CDCls): 138.7, 137.5,
133.7,132.7,129.2, 126.7, 43.7, 20.3.
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methylsulfonylbenzene (3ca). [ The title compound was prepared according to the general
procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to give a light
yellow oil (78 % yield). 'H NMR (400 MHz, CDCl3): 7.97-7.94 (m, 2H), 7.69-7.65 (m, 1H), 7.60-
7.56 (m, 2H), 3.04 (s, 3H); 3C NMR (100 MHz, CDCl;): 140.6, 133.7, 129.4, 127.3, 44.5.
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1-methoxy-4-(methylsulfonyl)benzene (3da).[!! The title compound was prepared according to
the general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a light yellow solid (81 % yield). '"H NMR (400 MHz, CDCl;): 7.89-7.85 (m, 2H), 7.05-7.01
(m, 2H), 3.89 (s, 3H), 3.03 (s, 3H); 1*C NMR (100 MHz, CDCl5): 163.7, 132.3, 129.5, 114.5, 55.7,
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1-(methylsulfonyl)-4-(trifluoromethoxy)benzene (3ea).[?! The title compound was prepared
according to the general procedure and purified by column chromatography (Petroleum Ether:

EtOAc = 3:1) to give a light yellow oil (70% yield). 'H NMR (400 MHz, CDCl5): 3.07 (s, 3H),



7.41 (d, J = 8.1 Hz, 2H), 8.02 (d, J = 8.7 Hz, 2H); '*C NMR (100 MHz, CDCl;): 43.5, 120.2,
120.5 (q, J=258.3 Hz), 128.8, 137.8, 152.0 (q, /= 1.5 Hz).
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1-fluoro-4-(methylsulfonyl)benzene (3fa).[l] The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a light yellow o0il (90 % yield). 'H NMR (400 MHz, CDCl;): 8.00-7.96 (m, 2H), 7.28-7.24 (m,
2H), 3.07 (s, 3H); 3C NMR (100 MHz, CDCl;): 165.8 (d, J = 254 Hz), 136.7 (d, J = 3 Hz), 130.3
(d, J=10Hz), 116.7 (d, J=23 Hz), 44.7.
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1-chloro-4-(methylsulfonyl)benzene (3ga).l'! The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a white solid (84 % yield). '"H NMR (400 MHz, CDCl3): 7.91-7.88 (m, 2H), 7.57-7.54 (m,
2H), 3.06 (s, 3H); 3C NMR (100 MHz, CDCl;): 140.5, 139.1, 129.7, 128.9, 44.5.
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1-iodo-4-(methylsulfonyl)benzene (3ha).3! The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a white solid (58 % yield). '"H NMR (400 MHz, CDCl3): 7.96-7.94 (d, 2H, J = 8.0 Hz), 7.67-
7.65 (d, 2H, J = 8.0 Hz), 3.05 (s, 3H); 13C NMR (100 MHz, CDCls): 140.2, 138.7, 128.8, 101.6,
44.5.

1-(methylsulfonyl)-4-(trifluoromethyl)benzene (3ia).¥! The title compound was prepared
according to the general procedure and purified by column chromatography (Petroleum Ether:
EtOAc = 3:1) to give a white solid (73 % yield). '"H NMR (400 MHz, CDCl;): 8.12-8.10 (d, 2H, J
= 8.0 Hz), 7.87-7.85 (d, 2H, J = 8 Hz), 3.09 (s, 3H); *C NMR (100 MHz, CDCl3): 144.0, 135.6 (,
J=33Hz), 128.1, 126.6 (q, J=7 Hz), 123.1 (q, /=272 Hz), 44.3.
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4-(methylsulfonyl)benzonitrile (3ja). ¥} The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a white solid (56 % yield). '"H NMR (400 MHz, CDCl;): 8.03-8.01 (d, 2H, J = 8.0 Hz), 7.84-
7.82 (d, 2H, J = 8.0 Hz), 3.03 (s, 3H); 13C NMR (100 MHz, CDCly): 143.5, 132.2, 127.2, 116.6,

116.0, 43.2.
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1-(methylsulfonyl)-4-nitrobenzene (3ka).[!! The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a white solid (73 % yield). '"H NMR (400 MHz, CDCl;): 8.45-8.43 (d, 2H, J = 8.0 Hz), 8.18-
8.16 (d, 2H, J = 8.0 Hz), 3.13 (s, 3H); *C NMR (100 MHz, CDCl;): 150.9, 146.0, 129.0, 124.6,
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1-(methylsulfonyl)-3-nitrobenzene (3la). [ The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a light yellow solid (65 % yield). 'H NMR (400 MHz, CDCl3): 8.81 (s, 1H), 8.55-8.52 (m,
1H), 8.32-8.29 (m, 1H), 7.86-7.82 (m, 1H), 3.15 (s, 3H); 3C NMR (100 MHz, CDCl;): 148.5,
142.6, 133.0, 130.9, 128.3, 122.9, 44 4.
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2-fluoro-1-methyl-4-(methylsulfonyl)benzene (3na). The title compound was prepared
according to the general procedure and purified by column chromatography (Petroleum Ether:
EtOAc = 3:1) to give a colorless oil (77 % yield). '"H NMR (400 MHz, CDCls): 7.65-7.57 (m, 2H),
7.43-7.39 (m, 1H), 3.05 (s, 3H); 3C NMR (100 MHz, CDCl;): 160.9 (d, J = 249 Hz), 139.72,
132.5(d,J=6 Hz), 131.9 (d,J= 18 Hz), 122.9 (d, /=4 Hz), 114.3 (d, /=26 Hz), 44.5, 14.8 (d, J
=4 Hz). HRMS [M+H]" calcd. for CgH;(FO,S: 189.0386, found : 189.0388.
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1-bromo-3-(methylsulfonyl)-5-(trifluoromethyl)benzene (30a). [ The title compound was
prepared according to the general procedure and purified by column chromatography (Petroleum
Ether: EtOAc = 3:1) to give a white solid (68 % yield). '"H NMR (400 MHz, CDCls): 8.29 (s, 1H),
8.15 (s, 1H), 8.05 (s, 1H), 3.13 (s, 3H); '*C NMR (100 MHz, CDCl;): 143.4, 133.8, 133.7 (q, J =
68 Hz), 133.6 (q, J =3 Hz), 124.1, 123.2 (q, J= 3 Hz), 122.2 (q, J= 271 Hz), 44 4.

2-(methylsulfonyl)naphthalene (3pa). [8] The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a white solid (81 % yield). "H NMR (400 MHz, CDCls): 8.53 (s, 1H), 8.03-8.00 (m, 2H),
7.95-7.80 (m, 2H), 7.71-7.62 (m, 2H), 3.13 (s, 1H); 1*C NMR (100 MHz, CDCl;): 137.5, 135.3,
132.2,129.7, 129.42, 129.3, 129.1, 128.0, 127.8, 122.1, 44.6.



1-(methylsulfonyl)naphthalene (3qa). ! The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a light blue oil (59 % yield). '"H NMR (400 MHz, CDCl;): 8.74-8.72 (m, 1H), 8.35-8.33 (m,
1H), 8.14-8.12 (m, 1H), 7.99-7.97 (m, 1H), 7.74-7.70 (m, 1H), 7.65-7.58 (m, 2H), 3.22 (s, 2H);
3C NMR (100 MHz, CDCl3): 135.6, 135.2, 134.2, 129.7, 129.3, 128.8, 128.7, 127.1, 124.5, 123.9,
44.3.

2-(methylsulfonyl)thiophene (3ra).l’] The title compound was prepared according to the general
procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to give a light
yellow oli (69 % yield). '"H NMR (400 MHz, CDCl;): 7.73-7.71 (m, 2H), 7.17-7.15 (m, 1H), 3.19
(s, 3H); 3C NMR (100 MHz, CDCl;): 141.8, 133.7, 133.5, 127.9, 46.1.
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(methylsulfonylmethyl)benzene (3sa).’] The title compound was prepared according to the
general procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to
give a light yellow solid (71 % yield). '"H NMR (400 MHz, CDCl;): 7.40 (m, 5H), 4.25 (s, 2H),
2.75 (s, 3H); *C NMR (100 MHz, CDCl5): 130.9, 130.5, 129.2, 129.0, 61.3, 39.0.
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1-(methylsulfonyl)octane (3ta). ['9 The title compound was prepared according to the general
procedure and purified by column chromatography (Petroleum Ether: EtOAc = 3:1) to give a
white solid (62 % yield). 'H NMR (400 MHz, CDCly): 3.02-2.98 (m, 2H), 2.89 (s, 3H), 1.89-1.81
(m, 2H), 1.46-1.41 (m, 2H), 1.32-1.28 (m, 8H), 0.90-0.87 (m, 3H); '3C NMR (100 MHz, CDCl;):
549,404, 31.7, 29.0, 28.9, 28.4, 22.6, 22.5, 14.1.
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NMR Spectra of products

s mer = - g
€ it ! x o
e B - o 7
Voo L

s

%

3aa

L_.._JIJ IS — | —

.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 ppm

P @ © @
& 2 & wee ° -
: s i) & o

- < & o B A
b - &8 Fre E o
= a i} FREE 3 a
by

§20150509-1
0

100.6228293 MHz
c
10.00 usee
32768
100.6127690 Miz

[]
1.00 Hz

T T T T T T T T
160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 ppm



S
S\\
(¢
e
i.CE?;Bfg sec
3b: 62.52& '.lfe:
* S50 o
1 UDCCUOE% sec
10.00 usec
65536
400.1300033 MH2
E
_J 1 AL
T T T T T T T T T T T T T T T T T T T
90 85 80 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
2 &
3 a
Erenan 8gsy & 5
RRES 2 i
yraosonze-1
1
i
20150617
0.15
%
s\
\U
3ba 297.4 K
2.00000000
R
?
8FOL 100.5976818 MHz
e £
100 875713 MHz
70
B 1.00 Hz
& (
& »
y " s "
T T T T N T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm



~weo ° o
Py 1 S
e e N - s

yy20151224-1
1

1
20150519
18.07

spe
Fm PAREO BB/
2g30

65536
coc13
e

0
8012.620 Hz
0.123266
40894366 sec
63.97
62.400 usec
6.50 usec

297.9
1.00000080 sec
1

- CHANNEL £1

400.0322002

9.28 usec
65536
400,0299939 MHz
24

o
o
~
@
(L]
-
w -
»n
-
o

ppm
<+ [o/a w0
al|ele i
&l lela P
s o rm
2 & 5o w0 @
: = o BEE 2
s 4 & o "
S & &5 Sew =
[ ]Il \/ pasisizse
PROCNO
3 20150520
0.58
\\S/
W
[o}
iz x
2.00000000 sec
3ca 0.03000000 sec
= CHANNEL f1 =smmmmes
100.5976818 Miiz
13t
9.00 usec
3278
100.5876240 MHz
o
1.00 Hz
o
40
1 L 4 ]

T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60

50 40 30 20 10  ppm



3.89
3.03
-0.00

y¥20151227-1
1

1
20150522
17.48

0
8012.620 Hz
0.123266 Hz

40894366 sec

3da

297,
1.00000000 sec
1

- CHANNEL £1 =

400.0322002
9.28 usec
£5536
4000299995 MKz
X

25 20 15 10 05 00  ppm

s o m o

£ e o mow
] 2 2 mas
o oo -
2 a8 = ]

—55.71
——44.84

v¥20151227-1
2

20150522
18.04

3da

Ha

c
9.00 usec

3216
100.5676240 MHz

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

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



3.07
0.06

y¥20160113-1
1

1
20150527
2.35

RN
5
N
o
BTt
F3CO 4.0833366 sec
82,27
62,400 usee
3ea 870 B°
1.00000080 sec
g o
5.28 uses
£5536
4000300074 MKz
Ex
L N
T T T T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
1Y S S
o o ©
oo o o rooo
g3 @ s 5%a% iy - 2
: ? LomEe BB & 8
V [\ A\ ——
20150527
2.5
ST
PROBHD 5 mm PABBO BB/
PULFROG 29p330
D 65536
O,
Ny~ 451 K
% i,
F3CO usec
se
3ea :
Mz

N

- : : i P

T T e T T T | aaiadegas T T T T T T T T T

T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



comecrwonreonT s = <
SRRREGRERLE883T 5 g
NAME by320150828-1
EXEN( 10
PROCNO 1
Date_ 20150830
1.20
mm PABBO BB/
293
65536
N cocl3
S B
W 2
o 012,820 H2
0.122266 Hz
F 4.0894966 sec
67.16
62,400 usec
50 usec
3fa 295.7 X
1.00000000 sec
1
mmmemmee CHANNEL £1 =mm
4 24710
cs
B .00
. N S S R
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
- - 3
i GE AR 59 2ew @
oy se oo v Do 2
G3Z 58 B8 23 S -
a4 P b aq FER 3
NAvE by320150828-1
EXPNO 11
PROCNO 1
E 20150830
o 1.51
o
\\S/
A
0
E Wz
Hz
sec
3fa usec
usec
K
sec
sec
s
0 usec
SI 3271
se 1006127630 MHz
o EM
888 0
iy 1.00 Hz
GB 0
BC 1.40
(W L "
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10



mocomormwnnT® ® =
EEEEEEEEERERR 3 :
B o T
yy20151229-1
1
1
20130522
la.08
0,
N
3 8
N o
o 8012.820 Hz
0.123286 ha
cl 4.5833966 sec
82.27
62,480 usec
6.50 usec
3ga 297.8 K
1.00000080 sec
1
- CHANNEL £1 =
4000322002
9.28 usec
£5536
400.0300010 ¥z
Ev
Y, A al
T T T T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
H M H
Q& b=
P ©
wn e
53 B v -
: =8 nen 5
Sa Sa A i
ea 28 s -
1Y \/ pansizze
%
20150522
10.2
INSTRUM s
PROBHD 5 mm PABRO BB/
PULPROG 2apa3d
o D LEE
N sowveNT
W
o]
[ol]
3ga
sl A :
u s i

T T T T N
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



—7.27

_—17.96
=794
_—1.67
=7.65

3.05
0.00

¥¥20160111-1
10

©
PROCNO 1
.. 20150524
5.39

NSTRUM spect
PROBED 5 mm PABEC 2B/
PULPROG 2930
] ™ 65536
N SoLVENT cpe13
S NS B
0\ H
o 2,820 Hz
RES 22266 Hz
| 4.0634966 see
83.6:
62.400 usec
.50 usec
3ha 294.7
1.00000000 sec
== CHANNEL £1 =
400.1324710 »
1n
10.00
65526
400.1300049 »
0.30 Bz
1.00
T T T T T T T T T T T T T T T T T T T T
9.0 85 80 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm
© [
t=] S
o o
oo = a
a3 & 2 @00 =
1€ A : 358 ] o
Sa @ o e 2 S
] & s Secs - :
g b A ERER b G
¥¥20160111-1
11
20150824
.08
INSTRUM spect
PROBHD 5 rm PABBO BB/
BULEROG 299930
™ 65536
cpcL3
51
3
24038. 461
0, 0.366798
N r.30158
.81
s\\ 20.800 u
o 650
2952
2.00000000 sec
I 0.03000000 sec
1
==== CHANN
3ha sFo1 10
NUe1
31
s
sz 100.61
wow
ss8
s
s
ec
L l .. e A

T
160

T T T T T T
150 140 130 120 110 100

Q0

80

70 60 50



3.10

2
a
7

87
85
—7.27

INSTROM
BRGEHD
LPROG

0
8012.820 H
0.122266 H

W

S =

=z

40884966 sec
82.27

62400 usec
6.50 usec

K
00000000 sec
1

FC

3ia

- CHANNEL f1
40003220

T
9 8 7 6 5 4 3 2 1 0 ppm

ze g
o L
| N S\ \%

o =
LY
Y S

2.00060000 se:

0.03000000 sec

3ia CHANNEL £1 -

100.5976818 Mz
13C

9.00 usec
32766
100.5876240
[
LB 1.00
GB 1]
PC 1.40

i HJ " N

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



oo a - 2
R 8 3 .
A ! 2 &
ET TN ~ - 7
byj2o16011
1
20160114
18.16
0, spé
3 5 £m PABEO BB/
\S/ 2930
W 65536
o coc13
&
0
NC 8012.820 Hz
0122266 Hz
4.0833366 sec
i .75
3a 62,400 usee
6.50 usec
295.7 &
ey 1.00060080 sec
00 1
mmmemmme CHANNEL £1 mmsmmmes
sro1 4000322002 Mz
Nuel e
el 9.28 usec
s1 £5536
¥ 400.0300019 MKz
WD Ev
sse o
1B 0.00 Hz
s
sc 1.00
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
=) =]
Slo =
il = o
@ s o 8o
] & 8 &3 Do o B
3 + = Eer ERREts a g
- & = e TS H 2
< 8 & a2 868w “ 8
= - ol B & T
| | | ‘V‘ W by320160114-2
2
201601186
5.06
spe
S mm PABEO BB/
PULFROG 29p30
m 65536
SOLVENT coc1a
Q, NS 51z
N 05 4
B Swii
iM FIDRES
o AQ
NC
: 2.00000000 sec
3ja 0.03000000 sec
mesmmees CHANNEL fl msmmmenm
SF01 100.5976818 Miiz
NUCL
P1 9.00 usec
st 3
sF 100.58T7261 Mz
wow ]
ssB o
15 1.00 Kz
6B
PC 1.40

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



penmoecwe o 5 S
FEITERINAS ] o 2
2 t ! s
RO EoEs 0w [N " T
0,
g
S
K\
0
0N
3ka 296.0 ¥
ey 1.00000080 sec
00 1
- CHAMNEL £1 =
4000322002
9.28 usec
§5536
400,0300020 MKz
Ex
. W —
T T T T T T T T T T T T T T T
90 85 80 75 70 65 6.0 55 50 45 4.0 15 1.0 05 0.0 ppm
1 r'-
S
Nl |
° = = =
e 2 2 3338 2 8
2 = 3 32 ] - o
- = = FRER b I
] ] V2 e s
- Z
20150527
2.5
0,
5
N
o

n

MHz

T
160

150

Ty
140

130
"

T T T
120 110 100 Q0



81
81
81
55
55
5

54
53
53
5

52
32
32
3

31
30
30
30
29
26
84
82
27

3.15
0.00

by320160109-2
1

1
20160111
1.53

spe
Fm PAREO BB/
2g30

£5536
o coci3
N 0
02N S\\ 8012.820 Hz
S 0.123286 ha

40834366 sec

87.75
62.400 usec
6.50 usec

296.7
1.00000080 sec
1

- CHANNEL £1 =
400.0322002

9.28 usec
65536
400,0300022 MHz
E¥

10 9 8 7 6 5 4 3 2 1 0 ppm
ol (a2 [w <
af 1912 2 pl
- )
° o an@ o
L] 85 3 ] n =
E 2 P 2 EEELs B 3
s o acw o e ? :
2 g 288 & Feee B s
5 5 PR - FRERE ps 7
by 201601082
2
1
20160121
2.74
S om pABRO' B8/
29p3;
e 45336
0N EY e
L 12
[o} a
3la
0203000000 360
0 1
cocecese CHANNEL £1 sssses
srol 100.5976818 iz
Noet 13c
06 usec
32761
100.5876240 Mz
£
o
1.00 Hz
1.40
| m
¥ N Y ¥ g

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



—3.05
2.38
2.38

-0.00

=

y¥20151224-2
1

1
20150521
a.27

Q
\Y
F N

298.0 &
1.00000080 sec
1

- CE

ANNEL £1 =
400.0322002 MHz
9.28 usec
65536
400,0300009 MHz
24

T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 3
gas

T T
.0 25 20 15 1.0 05 0.0 ppm

~ )
© b=
= o
o oo somo mo  wo
nz 2% 5%8z 2% 54 e - ne
1 : A B3y 2 25
o o GF dedd Nd  ww 2 ;
g3 &% 9888 §¥g =3 fow < i
b pufuiuchuti SR B =RE 3 a5
i FRNYRVIRY \p e N
e H
20150521
4.57
Lo}
4
E N 24036461 He
£ 198 Hiz
) 1.3831988 sec
1
20.$00 usec
6.50 usec
3na
\ l il L

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



3.13

s
T

—8.29

——8.15
——8.05
gAY

Br. )

U ‘ N J

0 ppm

1.04
1.07 =
1.00/
301>

3

77.34
77.02
76.70

44.40

N

INSTRUM

O
Br \S\\/ e
% 8 sec
CFy
3oa

9.00 usec

T T T N T T T T N
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10  ppm



0,
NP

3pa

3.13

——0.08
—-0.00

yy20151227-2
1
1

20150521
5.02

- CE

AL £1 =
400.0322002
9.28 usec

65536
400,0300061 MHz
EX

9.5 9.0

=] ©
=] S
- o

=
e

0,
N
S
o

3pa

77.35
77.03
76.71

05 ppm

44.57
-0.01

yy20151227-2
2

20150521
5.32

MHz

Lot

T T
150 140 130

| i T T
120 110 100 90 80

70

60

50

40 30 20 10



o
DTN N O PN T M AN HONN T MM AN O ® D o 2
B R e N R T e e & 2
..... 2 8
B N e R LA AT - T

0=§=0
6-123566 Hs
4.0894966 sec
3ga

AL £1 =
400.0322002
9.28 usec

65536
400,0300062 MHz
E¥

25 20 15 10 05 00 ppm

amarToomnan
ZENERARELES een @
b EE-g &
P T T 25 d
2323338883V Sed =
W N S
H
20150528
10,50
ST v
PROBHD 5 mm PABBO BB/
L PULEROG 29pa30
0=s=0 D 65536
461 1
iz
sec
usec
3a o
se
Milz
e . ) y el —
o ¥ i Y " " A ki u ™ "
I

T T T . .
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



1.13
7.73
7.1
7.28
7.17
7.16
7.15
3.19
-0.00

<
<

y¥20160107-2
10

1
20150524
6
3ra
J e R S J
T T T T T T T T T T T T T T T T T T T T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm

- 8

o - )

——141.78
77.39
77.28
77.07
76.76
46.14
0.02

<

133.71
133.50
——127.93

¥¥20160107-2

20150524
6.12

24036461 He

0.366798 Hz

1.3631988 sec
211.87

T T T T T T =] T T T T T T

T T T T
160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10  ppm



R w @
o B "
“: T i i
¥¥20160104-1
10
1
0 )
£~
0
3 6123286 A
4.0833366 sec
£7.16
62,400 usee
6.50 usec
293.9 ¥
ey 1.00000000 sec
00 1
T T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 ppm
rm ) ‘c
< = <
I o o)
e
gmaan Ry a g
22338 e - o
e FRER ] B
G/ NVZ \ e
EXP 20
20150525
22.36
2 HANNEL £] mmmmmmes
100.6228293 Miiz
13
10.00 usec
327,
100.6127690 Miiz
Ha
JJJw s ' i o I
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100

20 80 70

60 50 40 30 20 10  ppm



7.27

STy
37~
o
ine
3a 3 550 uses
|
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 -1 ppm
oo v folo] (1
88 8 82| 8
ciles «l e m
mRas & 2 BE5T BE E =
] - s A B® oo - S
e mERR b3 S AR88 A 5 7
i \'4 I AW Y
20130825
22.0¢

spect
nn PABEO BB/
29pg30
65536

988 sec

7 o
usec
usec

2
0.03000000 sec

o
100.6228293 Mz

.00 usec
32768
100.6127690 MHz

B

T T T T N T ™
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



