Electronic Supplementary Material (ESI) for Faraday Discussions.
This journal is © The Royal Society of Chemistry 2019

Supplementary Information for

Understanding Electronic Effects on Carboxylate-Assisted C—H Activation
at Ruthenium, The Importance of Kinetic and Thermodynamic Control

Raed A Alharis,},? Claire L. McMullint,® David L. Davies, *,* Kuldip Singh,?
and Stuart A. Macgregor. *°

aDepartment of Chemistry, University of Leicester, Leicester, United Kingdom.

bInstitute of Chemical Sciences, Heriot-Watt University, Edinburgh, United
Kingdom, EH14 4AS.

TPresent address: Department of Chemistry, University of Bath, Bath, BA2
7AY, UK.



Contents

Pages
Fig S1 X-ray structures of selected complexes 3
Tables S1 Selected bond lengths and angles 4
General procedure for H/D exchange and Table S2 of results 4
Competition experiments Tables S3 and S4 of results 5-6
Figure S2 Hammett plot of log(kgr/ky) versus om+ and op+ 7
Experimental Procedures and Characterisation data 8-15
NMR spectra 16-49




X-ray structures

2-F

Fig. S1: Molecular structures of 1-OMe, 1-F, 1-CF3, 1-NO; and 2-F showing 50%
ellipsoids; H atoms are omitted for clarity.




1-F, 1-CF;3, 1-NO, and 2-F.

Table S1: Selected bond distances (A) and bond angles [°] for Ru complexes, 1-H, 1-OMe,

1-H* 1-OMe | I-F 1-CF, 1-NO, 2-F
Ru—C(9) 2.074(3) | 2.069(3) |2.067(4) |2.055(6) |2.058(8) | 2.082(3)
Ru—N(1) 2.066(3) |2.064(3) |2.061(4) |2.060(5) |2.068(6) |2.071(3)
Ru—CI(1) 2.420(1) | 2.418(1) |2420(1) |2427(1) |24312) |2.421209)
2.165(3) | 2.164(4) |2.166(5) |2.147(6) |2.172(7) |2.165(3)
2.185(3) |[2.172(3) |2.189(5) |2.181(6) |2.193(7) | 2.180(3)
Rui 2.187(3) |2.179(4) | 2.189(5) |2.194(6) |2.194(7) | 2.190(3)
u—ring 2.203(3) | 2.184(3) |2.205(5) |2.225(6) |2.220(7) |2.196(3)
2.252(3) |2.262(3) |2240(5) |2.241(6) |2.255(7) |2.252(3)
2243(3) | 2.292(3) |2.242(4) |2.261(6) |2.261(7) |2.288(3)
C(9)—Ru—N(1) | 77.38(12) | 77.56(13) | 77.53(17) | 77.60(2) | 77.23) | 77.46(11)

a The structure for 1-H has been published previously'

General procedure for the deuteration experiments
An NMR tube was charged with the selected ligand (0.25 mmol) followed by 0.25 ml of a d*-MeOD
solution of [RuCl,(p-cymene)], (7.7 mg.) followed by 0.25 ml of a d*-MeOD solution of NaOAc (0.05

mmol, 4.1 mg.). The percentage of deuteration was monitored and determined by '"H NMR spectroscopy

and the site of deuteration was confirmed by 2H NMR spectroscopy.

For L1-R %D in both ortho sites. For L2-R ratio A:B corresponding to formation of ortho

cyclometallated isomer and para cyclometallated isomer respectively.

Table S2 Results of the deuteration experiments.
L Time %D A:Bb

(Temp.)

L1-NMe, 16 days (r.t.) 15:15

53 days (r.t.) 32:32

L1-OMe 3 days (r.t.) N.D

10 days (r.t.) N.D

2 h.(rt) 8:50

L2-NMe; 5 days (r.t.) 92:95

L2-OMe 4h.(rt) 15:15

6 days (r.t.) 98:98

L2-Me 7 days (r.t.) 18:24

28 days (r.t.) 33:62

b: % D incorporation refers to each site

¢: mixture was not left longer to show further H/D exchange.

d: deuterium exchange experiment was not done.

ND = not detected.

Competition experiments




An oven-dried Schlenk tube equipped with a stirrer bar was degassed three times and left under N2
atmosphere. The reagents and solvent were added in the following order [RuCl,(p-cymene)], (7.7 mg,
0.0125 mmol), NaOAc (2.1 mg, 0.025 mmol), dry solvent (MeOH 1 ml + DCM 3 ml) and the mixture
was stirred for 5 minutes. Then ligand 1 (0.125 mmol) + ligand 2 (0.125 mmol) were dissolved in
DCM (1 ml) before adding them to Schlenk tube. The Schlenk tube was then sealed and left stirring at
r.t.. The reaction was monitored by integration of appropriate signals in the 'H NMR spectrum and/or
by ESI-MS (see below). After some time the reactions were heated to 50 °C and in some cases pivalic
acid was added to help establish equilibrium. Alternatively the reaction was repeated on the same
scale in TFE (5 ml) with pivalic acid (0.025 mmol) to try and ensure the reaction had reached
equilibrium. Five equivalents of ligand are used so that as the reaction progresses there is not a
significant change in overall concentration of either ligand. Hence measuring the overall product ratio
is a good approximation of the relative rate of the reaction of the two ligands. All the initial ratios
were measured after 15 minutes and are taken as indicative of kinetic selectivity. For entries 5 and 6

in Table S3 and 7 and 8 in Table S4 the reactions are very slow so the conversion to

products is too small to measure at very short reactions times.

Table S3: Results of competition experiments of meta- substituted Ru-complexes.
complex R R R/R, R:R,
Entry b
Rl R2 atr.t.2 atr.t. at 50 °Ce
1 H NMe, 1:2.3 1:2.1 2.7:1
2 OMe H 1:1.4 1:1.2 1.2:1
3 H Me 1:1.3 1:1.2 1.5:1
4 F H 1:7.8 1:5.7 2.5:1
5 CF, F 1:4.7 1:4.7 1.5:14
6 NO, CF, - 1:3.5 5.8:14

a: DCM:MeOH (4:1) after 15 min except entry 5 after 2 hours.
b: DCM:MeOH (4:1) after 24 hours.
¢: DCM:MeOH (4:1) after 3, 5, 4 and 12 days for entries 1, 2, 3 and 4 respectively.

d: TFE 5 ml + pivalic acid at 90 °C after 24 hours.

Table S4: Results of competition experiments of para- substituted Ru-complexes.




Entry complex R, vs p-Ry(0-R,) R, vs p-Ry(0-R,) R, vs p-Ry(0-R,)
R, R, atr.t? atr.t.b at 50 °Ce
1 Me NMe, 1:8.7 1.3:1 6.0:1
2¢ Me NMe, 1:20 - -
3 H OMe 1:1.8(2.3) 1.3:1(2.15) 7.2:1(1.7)
4 H Me 1:1.3 1:1.1 4.3:1
H F 12:1(3.8) 11:1(4) 3.1:1(42)
6f H CF, 10:1 9:1 -
6al e H CF, 9.6:1 7.8:1 -
7 CF, F - 1:4.0(12) 4.0:1(51)
8 NO, CF, - 1:2.7 5.0:14

a: DCM:MeOH (4:1) after 15 min.

b: DCM:MeOH (4:1) after 24 hours.

c: DCM:MeOH (4:1) after 7, 4, 3, 11 and 9 days for entries 1, 3, 4, 5 and 7 respectively.
d: TFE 5 ml + pivalic acid at 90 °C after 24 hours.

e: Different procedure, base (DABCO) was added to inhibit reverse reaction, this is the value used in the
Hammett plot.

f: Different conditions, M:L1-H:L-2CF; (1:1.5:7.5) therefore real ratio 1-H:3-CF3 = 48:1. Increased amount of
L2-CF3 used otherwise the ratio is too small to measure

g: Ratio according to the ESI-MS.

Due to the high reversibility of reaction with L2-NMe, (entry 1 Table S4 above) the reaction
was repeated using a base (DABCO) to inhibit the reverse reaction by reacting with the acetic
acid formed (entry 2). This did indeed alter the ratio from 1:8.7 (Me:NMe;) without base to

1:20 with base, hence the latter value was used in the Hammett plot

In the competition reaction between L1-H and L2-CFj3, using the usual conditions only the H
product (1-H) was observed hence the reaction was repeated with more of L2-CF; present
(entry 6 Table S4) and the ratio was measured by '"H NMR and ESI-MS spectrometry (entry
6a). Reactions with electron withdrawing groups have been heated at 50 °C (DCM/MeOH)

or at 90 °C (TFE + pivalic acid) to try and establish the equilibrium ratios.



14.0

12.0 L4

10.0 °

&
o
[ J

log (kR/kH)
a
[ ]
o

by
=

-NMe2
m I\Me.'.’,_Me
H

g
o
[ J

(4 X
) ) ° m-F

a_ P
Yo m-Uvie

0.0

0’1

2.0 °e0 o
-2 m-CF}o2

-2 -1.5 -1 0 0.5 1

-0.
o (et po)

Fig.S2: Hammett plot of log (kr/ky) for formation of meta and para-substituted complexes of

Ru against om*and op™.



Experimental Procedures and Characterisation Data
General synthesis of cyclometallated complexes

Two equivalents of ligand were added to a solution of one equivalent of [RuCly(p-cymene)], and two
equivalents of NaOAc in dry MeOH or a mixture of dry MeOH and dry DCM in a Schlenk tube and
stirred for several hours at room temperature, unless otherwise stated. The reaction was monitored
periodically by "H NMR spectroscopy until completion was reached. The solvent was then evaporated
on a rotary evaporator. The crude product was dissolved in DCM or THF and then filtered through
Celite. The filtrate was evaporated to dryness and was precipitated from DCM or THF\petroleum ether
to give pure cyclometallated products. If necessary, the cyclometallated products were purified by flash

chromatography.
Cyclometallation of 2-phenyl pyrazole (L1-H) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCly(p-cymene)], (50 mg.,
0.081 mmol), 2-phenyl pyrazole (23.5 mg., 0.163 mmol) and NaOAc (13.7
mg., 0.167 mmol) in dry MeOH (5 ml) and the mixture was stirred for 1 hour
at room temperature. The product was precipitated from DCM / petroleum
ether to give 1-H (53 mg., 79%) as brown/yellow crystals. "H NMR (400
MHz, CDCl;): 8 0.92 (d, 3H, J = 6.9 Hz, H""), 0.95 (d, 3H, J= 6.9 Hz, H¥"),
2.04 (s, 3H, HP), 2.43 (sept, 1H, J = 6.9 Hz, H), 5.07 (brd, 1H, J = 5.8 Hz,
H™9), 5.27 (dd, 1H, J= 0.9, 5.9 Hz, H™"), 5.54 (brd, 2H, J = 6.0 Hz, H™"4), 6.44 (t, 1H, J = 2.5 Hz,
HY), 7.01 (td, 1H, J = 1.3, 7.5 Hz, H¢), 7.09 (td, 1H, J= 1.3, 7.3 Hz, Hf), 7.15 (dd, 1H, J = 1.2, 7.7 Hz,
HY), 7.89 (brd, 1H, J = 2.8 Hz, H°), 8.04 (dd, 1H, J = 0.3, 2.1 Hz, H?), 8.13 (dd, 1H, J = 1.2, 7.3 Hz,
He) . BC{'H} NMR (125 MHz, CDCl;): 6 18.7 (CP), 21.9 (C¥"), 22.3 (C¥"), 30.6 (Ci), 82.1 (Cv9), 84.0
(Cmr), 88.1 (Cmnva) 88,5 (C™vma), 100.0 (Cs*°), 108.2 (CY), 111.4 (C9), 123.1 (C¢), 124.8 (C°), 125.8
(CH, 140.1 (C#), 141.8 (CY), 142.1 (C?), 161.8 (C") Accurate MS-ESI m/z 379.0752 and 420.1014
(calculated), 379.0763 and 420.1015 (found), [M—CIl]* and [M—-Cl + (MeCN)]* respectively
CoH,1N,12Ru and C,1H,4N;12Ru.

Cyclometallation of 1-(4-N,N-dimethylamine)-1H-pyrazole (L1-NMe,) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCly(p-cymene)], (50 mg.,
0.081 mmol), 1-(4-N,N-dimethylamine)-1H-pyrazole (30.5 mg., 0.163
mmol) and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml) and the
mixture was stirred for 3 hours at room temperature. The product was
precipitated from THF / petroleum ether to give 1-NMe, (47 mg., 62%) as
brown/yellow crystals. 'H NMR (400 MHz, CDCl;): 6 0.93 (d, 3H, J = 6.9
Hz, H¥"), 0.97 (d, 3H, J= 6.9 Hz, H""), 2.01 (s, 3H, HP), 2.46 (sept, 1H, J =




6.9 Hz, Hi), 3.01 (s, 6H, NMe,), 5.06 (brd, 1H, J = 5.7 Hz, H4), 5.26 (brd, 1H, J= 5.7 Hz, H™"), 5.47
(brd, 1H, J = 5.8 Hz, H"9), 5.53 (brd, 1H, J = 5.8 Hz, H™"), 6.37 (t, 1H, J = 2.3 Hz, HY), 6.41 (dd, 1H,
J=25,8.6 Hz, H¢), 7.04 (d, 1H, J= 8.6 Hz, HY), 7.55 (d, 1H, J = 2.6 Hz, H¢), 7.75 (brd, 1H, J = 2.5
Hz, H¢), 7.96 (brd, 1H, J = 1.9 Hz, H?). BC{'H} NMR (100 MHz, CDCI;): 6 18.8 (C?), 21.8 (C¥"), 22.5
(C¥1), 30.6 (C)), 41.3 (NMe,), 82.4 (C™a), 84.0 (C™r), 87.9 (CM4), 88.4 (C™r), 9.3 (C*), 99.8 (C°), 107.6
(CP), 108.1 (C¢), 111.6 (CY), 123.6 (C°), 123.8 (C¢), 133.6 (C'), 141.0 (C?), 148.7 (Cf), 162.8 (Ch)
Accurate MS-ESI m/z 422.1170 and 463.1436 (calculated), 422.1163 and 463.1431 (found), [M—CI]*
and [M—CI + (MeCN)]" respectively C,H¢N3'?Ru and Cyp3H,oN,'?Ru.

Cyclometallation of 1-(4-methoxyphenyl)-1H-pyrazole (L1-OMe) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCly(p-cymene)], (100 mg.,
0.163 mmol), 1-(4-methoxyphenyl)-1H-pyrazole (56.9 mg., 0.327 mmol)

HsC

afs

b[_\\ and NaOAc (26.8 mg., 0.327 mmol) in dry MeOH (10 ml) and the mixture
¢ N’N\ was stirred for 24 hours at room temperature. The product was precipitated
d | ( from DCM / petroleum ether to give 1-OMe (89 mg., 61%) as brown/yellow
e g crystals. '"H NMR (400 MHz, CDCls): 8 0.92 (d, 3H, J = 6.9 Hz, H¥), 0.95

OMe (d, 3H, J = 6.9 Hz, H), 2.03 (s, 3H, HP), 2.43 (sept, 1H, J = 6.9 Hz, Hi),
3.86 (s, 3H, OMe), 5.07 (brd, 1H, J = 5.9 Hz, H"9), 5.28 (brd, 1H, J= 5.7 Hz, H™"), 5.52 (brd, 2H, J =
5.9 Hz, H™"a), 6.40 (t, 1H, J = 2.4 Hz, HY), 6.53 (dd, 1H, J = 2.6, 8.5 Hz, H°), 7.08 (d, 1H, J= 8.5 Hz,
HY), 7.69 (d, 1H, J = 2.8 Hz, Hg), 7.80 (brd, 1H, J = 2.6 Hz, H¢), 7.99 (brd, 1H, J = 2.0 Hz, He). 3C{'H}
NMR (100 MHz, CDCLy): & 18.8 (CP), 21.9 (C¥1), 22.4 (C¥1), 30.6 (CJ), 55.5 (OMe), 82.3 (C"9), 84.2
(Cmr), 88.1 (Cmema), 88.5 (Cma) 99,9 (Cs), 100.0 (C°), 108.0 (CP), 108.0 (CP<), 111.7 (CY), 124.3
(C), 1254 (C?¢), 136.2 (Ci), 141.6 (C?), 156.9 (Cf), 163.5 (C"). Accurate MS-ESI m/z 409.0845,
450.1119 and 398.0555 (calculated), 409.0860, 450.1126 and 398.0526 (found), [M—CI]*, [M—CI +
(MeCN)]* and [M—CI — (p-cymene) + 3(MeCN)]'respectively C,oH,3N,0'?Ru, C,,H,¢N;O'”Ru and
Ci6H sN5O'92Ru.

Cyclometallation of 1-(4-methylphenyl)-1H-pyrazole (L1-Me) with [RuCl, (p-cymene)],.

The general procedure was followed using [RuCl,(p-cymene)], (50 mg.,
0.081 mmol), 1-(4-methylphenyl)-1H-pyrazole (26.0 mg., 0.164 mmol)
and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml) and the mixture
was stirred for 5 hours at room temperature. The product was precipitated
from DCM / petroleum ether to give 1-Me (37 mg., 53%) as brown/yellow
crystals. "H NMR (400 MHz, CDCl;): 6 0.93 (d, 3H, J = 6.9 Hz, H¥"), 0.94
(d, 3H, J = 6.9 Hz, H¥"), 2.05 (s, 3H, HP), 2.39 (s, 3H, Me), 2.42 (sept, 1H,
J=6.9 Hz, Hj), 5.09 (dd, 1H, J = 0.9, 5.8, HY9), 5.31 (dd, 1H, J = 1.0, 6.1, H™"), 5.54 (overlapping d,
2H, H™"a) 6.45 (t, 1H, J = 2.5 Hz, H®), 6.82 (dd, 1H, J = 1.1, 7.9 Hz, H®), 7.06 (d, 1H, J = 7.9 Hz,
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HY), 7.86 (dd, 1H, J = 0.5, 2.7 Hz, H), 7.94 (brd, 1H, J= 1.0, He), 8.03 (dd, 1H, J = 0.5, 2.2 Hz, H¥).
13C{'H} NMR (100 MHz, CDCl;): 5 18.8 (CP), 21.4 (Me) 22.0 (C¥"), 22.3 (C¥), 30.7 (Ci), 82.0 (C™9),
84.3 (C™'), 87.8 (Cm/rina), 88.8 (C™n/a), 99 8 (Cs*), 108.0 (C?), 111.0 (CY), 123.9 (C¢), 124.5 (CF), 135.2
(Cf), 139.6 (C), 140.6 (C¢), 141.8 (C?), 161.6 (C"). Accurate MS-ESI m/z 393.0905, 434.1170 and
382.0606 (calculated), 393.0911, 434.1178 and 382.0602 (found), [M—CI]*, [M—CI + (MeCN)]* and
[M—CI — (p-cymene) + 3(MeCN)]" respectively CyoHa3N»'?Ru , CoHogN3 1%2Ru and Ci6HgN; 12Ru.

Cyclometallation of 1-(4-fluoromethylphenyl)-1H-pyrazole (L1-F) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCl,(p-cymene)], (50 mg.,
0.081 mmol), 1-(4-fluoromethylphenyl)-1H-pyrazole
mmol) and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml) and the
mixture was stirred for 21 hours at room temperature. The product was
precipitated from DCM / petroleum ether to give 1-F (47 mg., 66%) as
brown/yellow crystals. 'HNMR (500 MHz, CDCl;): 6 0.91 (d, 3H,J = 6.9
Hz, H¥"), 0.94 (d, 3H, J = 6.9 Hz, H""), 2.05 (s, 3H, HP), 2.42 (sept, 1H, J
= 6.9 Hz, Hi), 5.07 (brd, 1H, J = 5.7 Hz, HY9), 5.29 (brd, 1H, J= 5.7 Hz, H™"), 5.53 (brd, 1H, J= 6.0
Hz, H™"4) 555 (brd, 1H, J= 6.0 Hz, H™"9), 6.42 (t, 1H, J = 2.4 Hz, H®), 6.67 (dt, 1H, J.;= 2.7,
Ju.r = 8.6 Hz, H°), 7.09 (dd, 1H, Jy.r = 4.5, Ju.y = 8.5 Hz, HY), 7.80 (brd, 1H, J = 2.7 Hz, H°), 7.82
(overlapping d, 1H, Hg), 8.01 (brd, 1H, J = 2.1 Hz, H?). BC{'H} NMR (125 MHz, CDCl;): & 18.8 (CP),
21.9 (C¥, 22.3 (C¥1), 30.6 (CV), 82.2 (Cv9), 84.5 (C™r), 88.1 (Cmr/n/a), 88.7 (C™ra), 100.3 (C*), 100.7
(C9), 108.0 (CP), 109.7 (d, 2Jcp = 24.4 Hz, C°), 112 (d, 3Jcr = 8.5 Hz, CY), 125.1 (C°), 125.9 (d, 2Jcr =
19.0 Hz, C¢), 138.2 (C'), 142.2 (C?), 160.0 (d, 'Jcr = 247.6 Hz, C"), 164.7 (d, 3Jr = 3.8 Hz, C"). PF{'H}
NMR (376 MHz, CDCl3): 6 -117.7 (s, F). '’F NMR (376 MHz, CDCl3): Accurate MS-ESI m/z 397.0654
and 438.0920 (calculated), 397.0661 and 438.0920 (found), [M—CIl]* and [M-Cl + (MeCN)]*
respectively CoH,0FN, '2Ru and C,H,3FN; 12Ru.

Cyclometallation of 1-(4-trifluoromethylphenyl)-1H-pyrazole (L1-CF;) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCly(p-cymene)], (50 mg.,
0.081 mmol), 1-(4-trifluoromethylphenyl)-1H-pyrazole (34.7 gm., 0.164
mmol) and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml) and the

mixture was stirred for 79 hours at room temperature. The product was

CHs
d h \CI p  precipitated from DCM / petroleum ether to give 1-CF; (42 mg., 54%) as
e i 9 brown/yellow crystals.'"H NMR (400 MHz, CDCl;): 6 0.92 (d, 3H, J = 6.9
CF3 Hz, H¥"), 0.96 (d, 3H, J = 6.9 Hz, H¥"), 2.07 (s, 3H, HP), 2.42 (sept, 1H, J

=6.9 Hz, Hi), 5.10 (brd, 1H, J = 5.8 Hz, H™9), 5.32 (brd, 1H, J = 6.0 Hz, H™"), 5.58 (overlapping d,
2H, H™a), 6.50 (t, 1H, J = 2.4 Hz, H), 7.20 (d, 1H, J = 8.2 Hz, HY), 7.27 (brd, 1H, J = 8.2 Hz, H°),
7.94 (brd, 1H, J = 2.7 Hz, H¢), 8.08 (brd, 1H, J = 1.9 Hz, H?), 8.35 (brs, 1H, He). 13C{!H} NMR (125
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MHz, CDCLy): & 18.8 (CP), 22.0 (CX1), 22.3 (C*1), 30.7 (Ci), 82.0 (CMa), 84.5 (Cmr), 88.2 (C/n/a), 88.8
(Cmimiay 100.8 (CS), 101.0 (C°), 109.0 (C), 111.0(CY), 120.8 (q, *Jer = 3.8 Hz, C°), 122.5 (q, Jer =
275.9 Hz, CF3), 125.7 (C°), 127.2 (q, 2Jcr=31.4 Hz, C"), 136.4 (q, *Jcr = 3.3 Hz, C¢), 143.0 (C?), 144.3
(CP), 162.3 (Ch). F {H} NMR (376 MHz, CDCI3): § -61.4 (s, CF;) Accurate MS-ESI m/z 447.0622,
488.0888 and 436.0323 (calculated), 447.0652, 488.0907 and 436.0322 (found), [M—CI]*, [M—CI +
(MeCNO]* and [M—Cl — (p-cymene) + 3(MeCN)]* respectively C,gH,0F3;N,!92Ru, C,,H,3F3N3'%?Ru and
Ci6HisF3N5'?Ru .

Cyclometallation of 1-(4-nitrophenyl)-1H-pyrazole (L1-NO,) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCly(p-cymene)], (50 mg.,
0.081 mmol), 1-(4-nitrophenyl)-1H-pyrazole (30.8 mg., 0.163) and NaOAc
(13.7 mg., 0.167 mmol) in mixture of in dry MeOH (5 ml) and dry DCM (3
ml). The mixture was stirred for 96 hours at 40 °C. The product was
precipitated from DCM / petroleum ether to give 1-NO, (38 mg., 51%) as
brown/yellow crystals. '"H NMR (400 MHz, CDCls): 6 0.93 (d, 3H, J = 6.9
Hz, H¥Y), 0.96 (d, 3H, J = 6.9 Hz, H¥"), 2.11 (s, 3H, HP), 2.43 (sept, 1H, J =
6.9 Hz, Hj), 5.19 (dd, 1H, J = 0.7, 5.8 Hz, HY9), 5.38 (dd, 1H, J = 0.7, 6.0 Hz, H™), 5.62 (brd, 1H, J =
6.3 Hz, H™"a)_ 5,65 (brd, 1H, J = 6.2 Hz, H™"4), 6.56 (t, 1H, J = 2.4 Hz, H®), 7.24 (d, 1H, J = 8.6
Hz, HY) 7.93 (dd, 1H, J = 2.4, 8.6 Hz, H¢), 7.98 (brd, 1H, J = 2.7 Hz, H°), 8.14 (brd, 1H, J = 2.0 Hz,
H?), 8.96 (d, 1H, J = 2.4 Hz, H). BC{'H} NMR (125 MHz, CDCl3): § 18.8 (CP), 22.0 (C¥"), 22.3 (C¥"),
30.7 (C)), 82.4 (C™a), 84.9 (C™r), 88.2 (Cmra), 89,1 (C™ra), 101.1 (C¥°), 101.5 (C*°), 109.8 (C?), 111.0
(CY), 119.9 (C¢), 126.4 (C°), 134.6 (C2), 143.8 (C?), 144.9 (C'), 146.4 (C'), 163.5 (C"). Accurate MS-ESI
m/z 424.0599, 465.0864 and 413.0300 (calculated), 424.0585, 465.0865 and 413.0261 (found),
[M—CI]*, [M—CI + (MeCN)]* and [M—CI — (p-cymene) + 3(MeCN)]" respectively C;oH,)N;0,'?Ru,
C,,H,3N,0,192Ru and C,5H;sN¢O,2Ru.

Cyclometallation of 1-(3-N,N-dimethylamine)-1H-pyrazole (L.2-NMe,) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCl,(p-cymene)], (50
mg., 0.081 mmol), 1-(3-N,N- dimethylamine)-1H-pyrazole (30.5 mg.,
0.163 mmol) and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml).

The mixture was stirred for 5 hours at room temperature. The product

d h \ p  was precipitated from THF / petroleum ether to give 3-NMe;, (45 mg.,
g 60%) as brown/yellow crystals. '"H NMR (400 MHz, CDCl;) : 5 0.93

(d, 3H, J = 6.9, H¥"), 0.97 (d, 3H, J = 6.9 Hz, H¥"), 2.02 (s, 3H, HP),
2.45 (sept, 1H, J = 6.9 Hz, H), 2.90 (s, 6H, NMe,), 5.04 (brd, 1H, J = 5.7 Hz, H"9), 5.25 (brd, 1H, J =
5.8 Hz, H™"), 5.5 (d, 1H, J = 5.8 Hz H™9), 5.53 (d, I1H, J = 5.7 Hz H™), 6.43 (t, 1H, J = 2.4 Hz, HY),
6.63 (d, 1H, J = 2.4 Hz, HY), 6.67 (dd, 1H, J = 2.4, 8.5 Hz, H"), 7.89 (d, 1H, J = 2.7 Hz, H°), 7.94 (d,

oD
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1H, J = 8.2 Hz, He), 8.04 (d, 1H, J = 2.0 Hz, H%). 3C{'H} NMR (100 MHz, CDCl,): § 18.8 (C ), 21.9
(C5/1), 22.5 (CK), 30.7 (CJ), 41.4 (NMe,), 81.8 (Ca), 83.5 (Cm), 87.9 (C/n/a), 88.0 (Cn/a), 98.0 (CY),
99.2 (C*), 99.6 (C°), 107.9 (CP), 112.9 (Cf), 124.7 (C2), 139.7 (C%), 142.0 (C?), 142.0 (C™), 147.2 (C™)),
148.2 (C¢). Accurate MS-ESI m/z 422.1170 (calculated), 422.1156 (found), [M—CI]* C HysN;!Ru.

Cyclometallation of 1-(3-methoxyphenyl)-1H-pyrazole (L2-OMe) with [RuCl,(p-cymene)],
Isomer 2-OMe (ortho)

The general procedure was followed using [RuCly(p-cymene)], (50 mg.,
0.081 mmol), 1-(3-methoxyphenyl)-1H-pyrazole (28.6 mg., 0.164 mmol)
and NaOAc (13.7 mg., 0.167 mmol) were added in dry MeOH (10 ml). The
mixture was stirred for 21 hours at room temperature. The product was
precipitated from DCM / petroleum ether to give a mixture of 2-OMe and
3-OMe (41 mg., 56%) as brown/yellow crystals.'H NMR (400 MHz,
CDCl;): 6 0.82 (d, 3H, J= 6.9 Hz, H¥"), 0.84 (d, 3H, J = 6.9 Hz, H"), 2.11
(s, 3H, HP), 2.24 (sept, 1H, J = 6.9 Hz, Hi), 3.93 (s, 3H, OMe), 5.24 (dd, 1H, J = 1.2, 5.7 Hz, H™"q),
5.39 (dd, 1H, J = 1.0, 6.0 Hz, H™"), 5.80 (dd, 1H, J = 1.0, 6.0 Hz, H"9), 5.95 (dd, 1H, J = 1.1, 5.7 Hz,
H™"), 6.43 - 6.44 (m, 1H, H®), 6.72 (dd, J = 0.8, 8.0 Hz, 1H, Hf), 6.90 (dd. /= 0.9,7.8 Hz, 1H, HY), 7.03
(t, 1H, J=17.9 Hz, H?), 7.88 (dd, 1H, J=0.3, 2.7 Hz, H¢), 8.04 (overlapping d, H?). BC{'H} NMR (125
MHz, CDCl;): 8 19.0 (Cp), 22.2(C¥"), 22.3 (C¥), 30.8 (C)), 56.8 (OMe), 79.6 (C™"va), 85.6(C™),
86.1(C™r), 88.7 (CM4), 98.1 (C®), 103.1 (C®), 105.7 (CY), 108.2 (C?), 109.1 (CT), 124.5 (C?), 125.3 (C°),
142.2 (C®), 143.0 (CM), 148.4 (C™), 165.8 (C?). Accurate MS-ESI m/z 409.0845 and 450.1119
(calculated), 409.0849 and 450.1125 (found), [M—-CI]* and [M-Cl + (MeCN)]* respectively
Cy0H»3N,O'2Ru and Cp,Ho¢N;0!1%2Ru.

Isomer 3-OMe (para)

'"H NMR (400 MHz, CDCls): 8 0.91 (d, 3H, J = 6.9 Hz, H¥"), 0.96
(d, 3H, J = 6.9 Hz, H¥Y), 2.04 (s, 3H, HP), 2.43 (sept, 1H, J = 6.9
Hz, H), 3.78 (s, 3H, OMe), 5.03 (dd, 1H, J = 0.8, 5.9 Hz, H"9), 5.24
(dd, 1H, J = 1.2, 5.7 Hz, H™"4), 5,53 (overlapping d, 2H, H™"/a),
6.43 - 6.44 (m, 1H, H®), 6.75 (dd, 1H, J = 2.5Hz, 8.0, H'), 6.77 (d,
1H, J=2.4 HY), 7.86 (brd, 1H, J= 2.6 Hz, H¢), 7.98 (d, 1H, J = 8.0
Hz, He¢), 8.04 (overlapping d, H?). BC{'H} NMR (125 MHz, CDCl,):
5 18.8 (CP), 21.9 (C¥"), 22.4 (C¥/"), 30.7 (CJ), 55.6 (OMe), 81.7 (C™9), 83.6 (C™rn/a) 87.9 (Cmiva),
88.3 (Cmn/a) 98.9 (C¥T), 99.8(C%), 99.9 (C?), 108.3 (CP), 112.1 (C¥T), 125.1 (C®), 139.9 (Ct isomer
A), 141.8 (CM)), 142.3 (C?), 150.7 (C"), 156.8 (C?). Accurate MS-ESI m/z 409.0845 and 450.1119
(calculated), 409.0849 and 450.1125 (found), [M—CI]" and [M—CIl + (MeCN)]* respectively
Cy0Hp;3N,O'2Ru and Cp,H,¢N;0!102Ru.

MeO

12



Cyclometallation of 1-(3-methylphenyl)-1H-pyrazole (L2-Me) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCl,(p-cymene)], (50
mg., 0.081 mmol), 1-(3-methylphenyl)-1H-pyrazole (26.0 mg., 0.164
mmol) and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml). The
mixture was stirred for 24 hours at room temperature. The product was
precipitated from DCM / petroleum ether to give 3-Me (39 mg., 55%)
as brown/yellow crystals. '"H NMR (400 MHz, CDCl;): & 0.92 (d, 3H,
J=6.9,H"),0.97 (d, 3H, J = 6.9 Hz, H¥"), 2.03 (s, 3H, HP), 2.33(s, 3H,
Me), 2.44 (sept, 1H, J = 7.0 Hz, Hi), 5.06 (brd, 1H, J = 5.4 Hz, HY9), 5.26 (brd, 1H, J = 5.8 Hz, H™"),
5.53 (overlapping d, 2H, H™"4), 6.44 (t, 1H, J = 2.4 Hz, H®), 6.93 (dd, 1H, J = 0.8, 7.5 Hz, Hf), 6.99
(brs, 1H, HY), 7.88 (brd, 1H, J = 2.7 Hz, H°), 7.99 (d, 1H, J = 7.6 Hz, H#), 8.03 (brd, 1H, J = 2.0 Hz,
H#). BC{'H} NMR (100 MHz, CDCl;): 6 18.8 (C?), 21.04 (Me), 21.9 (C¥"), 22.4 (C*/"), 30.7 (Ci), 82.1
(Ca), 83.8 (Cmr), 88.1 (Cmwa), 88.3 (C™ra), 99.5 (C*), 100.1 (C°), 108.1(CP), 112.3 (CY), 124.7 (C°),
127.1 (CY), 132.7 (C?), 139.7 (C?), 141.7 (C'), 142.0 (C?), 157.4 (Ch). Accurate MS-ESI m/z 393.0905
and 434.1170 (calculated), 393.0912 and 434.1178 (found), [M—CI]* and [M-CI + (MeCN)]*
respectively C,0Hp3N,!2Ru and C,,HpeN; 12Ru.

Cyclometallation of 1-(3-fluoromethylphenyl)-1H-pyrazole (L2-F) with [RuCl, (p-cymene)],

Isomer 2-F (ortho)

The general procedure was followed using [RuCly(p-cymene)]»(50 mg.,
0.081 mmol), 1-[(3-fluoromethyl]phenyl)-1H-pyrazole (26.4 mg., 0.163
mmol) and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml) . The

mixture was stirred for 5 hours at room temperature. The product was

d h \CI P precipitated from DCM / petroleum ether to give 2-F and 3-F (59 mg.,
e gF 84%) as brown/yellow crystals. Recrystallisation gave a sample of pure 2-

' F. '"H NMR (400 MHz, CDCl;): § 0.88 (d, 3H, J = 6.8 Hz, H"), 0.89 (d,

3H, J = 6.8 Hz, H¥"), 2.12 (s, 3H, HP ), 2.33 (sept, 1H, J = 6.9 Hz, Hj), 5.32 (brd, 1H, J = 5.8 Hz, H"9),
5.47 (brd, 1H, J = 6.0 Hz, H™"), 5.79 (brd, 1H, J= 5.9 HY4), 5.88 (brd, 1H, J=5.8 H™"), 6.47 (t, |H, J
= 2.5 Hz, HY), 6.83 — 6.90 (m, 1H, J = Hz, Hf), 6.97 — 7.02 (m, 2H, H%¥®), 7.90 (brd, 1H, J = 2.7 Hz,
H¢), 8.05 (brd, 1H, J = 2.0 Hz, H?). BC{'H} NMR (100 MHz, CDCl;): & 19.0 (CP), 22.1 (C¥"), 22.3
(C¥), 30.8 (CV), 79.8 (d, Jcr = 2.8 Hz, CM9), 85.5 (C™r), 85.7 (d, Jor = 3.8 Hz, C™/), 88.7 (C™9), 99.6
(C9), 102.5 (C°), 107.7 (C9), 108.6 (CP), 112.3 (d, 2Jcr = 30.5 Hz, CY), 124.7 (d, *Jcr = 8.7 Hz, C°), 125.6
(C©), 142.5 (C?), 143.6 (d, 2Jcr = 50.2, Hz, C"), 144.0 (d, 3Jcr = 19.4 Hz, C'), 169.0 (d, 'Jcr = 232 Hz,
Ce). PF{'H} NMR (376 MHz, CDCl;): 8 -91.5 (s, F). Accurate MS-ESI m/z 397.0654, 432.0343,
303.9824 and 345.0089 (calculated), 397.0670, 432.0364, 303.9826 and 345.0081 (found), [M—CI]",
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M]*, [M—Cl — (p-cymene) + (MeCN)] and [M—-Cl — (p-cymene) + 2(MeCN)]C;9HFN,!®Ru,
C19H20FN2102R11C1, C11H9FN3102R11 and C13H12FN4102R11,

Isomer 3-F

'H NMR (400 MHz, CDCLy): § 0.91 (d, 3H, J = 6.9 Hz, H¥"), 0.96 (d,
2HsC ' 3H, J = 6.9 Hz, H¥Y), 2.05 (s, 3H, HP ), 2.43 (sept, 1H, J = 6.9 Hz, H),
5.04 (dd, 1H, J = 0.8, 5.8 Hz, H"4), 5.26(dd, 1H, J = 0.8, 5.8 Hz, H™"),
5.55 (overlapping d, 2H, HY9™r), 6.46 — 6.48 (m, 1H, H®), 6.83 — 6.93
(m, 2H, J = Hz, H*Y), 7.85 (brd, 1H, J = 2.5 Hz, He), 8.20 (dd, 1H, Jy.»
g = 6.4, Ji.y = 8.2, Hz, He), 8.05 (overlapping d, 1H, H?). BC{'H} NMR

(100 MHz, CDCls): 6 18.8 (CP), 21.9 (C¥"), 30.7 (C)), 81.7 (C™9), 83.9
(Cmr), 88.0 (CMami) 88.5 (CMam) 99,6 (d, 2Jcr = 25.6 C¥T), 102.2 (C°), 100.5 (C*°), 108.7 (C?), 112.8
(d, 2Jcr = 19.1 Hz, C¥7), 125.3 (C°), 142.7 (C?), 143.9 (d, *Jcr = 19.1 Hz, C), C¥!, C¢, C2 and C" signals
are difficult to see due to hidden under major ortho isomer (2-F). P’F{!H} NMR (376 MHz, CDCl;): &
-121.3 (s, F). Accurate MS-ESI m/z 397.0654, 432.0343, 303.9824 and 345.0089 (calculated),
397.0670, 432.0364, 303.9826 and 345.0081 (found), [M—CI]*, [M]*, [M—CI — p-cymene + MeCN] and
[M—Cl — (p-cymene) + 2(MeCN)] CioHyFN,'%?Ru, CioHFN,!®?RuCl, C;HgFN;!?Ru and
Ci3H,FN,122Ru.

Cyclometallation of 1-(3-trifluoromethylphenyl)-1H-pyrazole (L2-CF;) with [RuCl, (p-

cymene)],

The general procedure was followed using [RuCl,(p-cymene)], (50
mg., 0.081 mmol), 1-[(3 trifluoromethyl]phenyl)-1H-pyrazole (34.7
CDN mg., 0.163 mmol) and NaOAc (16.4 mg., 0.2 mmol) in dry MeOH
(5 ml). The mixture was stirred for 85 hours at room temperature.
The product was precipitated from DCM / petroleum ether to give 3-
CF; (41 mg., 52%) as brown/yellow crystals. '"H NMR (400 MHz,
CDCl;): 6 0.93 (d, 3H, J = 6.9 Hz, H¥"), 0.97 (d, 3H, J = 6.9 Hz,
H¥Y), 2.06 (s, 3H, HP ), 2.44 (sept, 1H, J = 6.9 Hz, Hj), 5.10 (brd, 1H, J = 5.8 Hz, H"9), 5.32 (brd, 1H,
J = 5.8 Hz, H™"), 5.58 (overlapping d, 2H, J = 5.1, 5.4 H™"4) 6,52 (t, 1H, J = 2.3 Hz, H®), 7.32 (brd,
1H, J = 8.2 Hz, Hf), 7.35 (brs, 1H, HY), 7.97 (brd, 1H, J = 2.7 Hz, H¢), 8.08 (brd, 1H, J = 2.0 Hz, H?),
8.24 (d, 1H, J = 7.7, He). BC{'H} NMR (125 MHz, CDCl;): 8 18.7 (CP), 21.9 (C¥"), 22.3 (C¥"), 30.6
(Ch), 82.5 (Cv9), 84.6 (C™), 88.2 (C™rva), 88.9 (C™¥na), 100.7 (C?), 101.1 (C?), 107.7 (q, 3Jcr = 3.7 Hz,
C9), 108.9 (CP), 122.0 (q, *Jcr = 3.3 Hz, CY), 124.7 (q, 'Jor=271.4 Hz, CF3), 125.5 (q, 2Jcr = 32.4 Hz,
Ce), 125.5 (C¢), 141.9 (C'), 140.4 (C®), 142.9 (C?), 168.7 (C"). PF{'H} NMR (376 MHz, CDCl;): 5 -
61.7 (s, CF3). Accurate MS-ESI m/z 447.0622, 488.0888 and 436.0323(calculated), 447.0653, 488.0915
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and 436.0331 (found), [M—CI]", [M-Cl + (MeCN)]" and [M—Cl — p-cymene + 3xMeCN]" respectively
CaoH20F3N,'%2Ru , C5H,3F3N;3'?Ru and C¢H sF3N5'?Ru.

Cyclometallation of 1-(3-nitrophenyl)-1H-pyrazole (L2-NO,) with [RuCl,(p-cymene)],

The general procedure was followed using [RuCl,(p-cymene)], (50 mg.,
0.081 mmol), 1-[(3-nitrophenyl)-1H-pyrazole (31.0 mg., 0.163 mmol)
and NaOAc (13.7 mg., 0.167 mmol) in dry MeOH (5 ml). The mixture

was stirred for 85 hours at room temperature. The product was

d h \CI P precipitated from DCM / petroleum ether to give 3-NO, (39 mg., 52%)
o,N f g as brown/yellow crystals. 'H NMR (400 MHz, CDCls): 6 0.93 (d, 3H, J
= 6.9 Hz, H¥), 0.97 (d, 3H, J = 6.9 Hz, H¥"), 2.09 (s, 3H, HP), 2.44 (sept, 1H, J = 6.9 Hz, Hi), 5.14
(brd, 1H, J = 5.8 Hz, H"9), 5.35 (brd, 1H, J =5.9 Hz, H™"), 5.60 (brd, 1H, J = 5.9 Hz, H™"), 5.64 (brd,
1H, J = 6.0 Hz, H"9), 6.58 (t, 1H, J = 2.4 Hz, H), 7.95 (dd, 1H, J = 2.1, 8.2 Hz, Hf), 8.00 (d, 1H, J =
2.2 Hz, HY), 8.06 (brd, 1H, J = 2.8 Hz, H°), 8.10 (brd, 1H, J = 2.1 Hz, H?), 8.30 (d, 1H, J = 8.2 Hz, H?).
BC{'H} NMR (100 MHz, CDCl;): § 18.8 (C?), 22.0 (C¥"), 22.3(C¥"), 30.7 (Ci), 82.8 (C™9), 85.1 (C™),
88.6 (C™r), 89.5 (C™9), 101.9 (C*), 101.9 (C°), 105.6 (CY), 109.4 (C?), 119.8 (CT), 126.0 (C°), 140.3 (C?),
142.2 (C¢), 143.3 (C?), 144.8 (C¢Y), 177.6 (C"). Accurate MS-ESI m/z in MeCN 413.0300 (calculated),
413.0299 (found), [M—Cl — (p-cymene) + 3(MeCN)]" C;sH;sNsO,'?Ru whilst in MeOH 424.0599
(calculated), 424.0606 (found), [M—CI]* C;9H,N;0, 'Ru.

o
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F2 - Acquisition Parameters
Date_ 20161217
Time 16.49
INSTRUM Arx400
FPROBHD 5 mm QNP 1H/1
PULPROG 2530
TD 32768
SOLVENT cDC13
NS 16
DS 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
) 2.5559540 sec
RG 161.3
DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec

GH MCWRK 0.01500000 s=ec
d \ g CHANNEL £1
]

.00 dB
400.1324008 MHz

— Processing parameters

81 32768
SF 400.1300100 MHz
WDW EM
SSB 0
[' LB 0.30 Hz

GB 5}

FC 1.00
[ I I I I I I I I I I I I I I I I I !
g8.> 8.0 7.5 7.0 .5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 pem
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96
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NAME RAAALT72
2

EXPNO
PROCNO 1
Date_ 20161218
w© o W w S~ WD S Sear
~ -~ O SNWS W oo P~ 00 N T D D 00 W OV Thoann ¢ Bl EigheEias
v .. A NS NO A O @ e ™MW
— ™~ O 1 < o w — 0 R . T S . . + +« o PULPROG deptggpsp
) < < =t NN o o S Oy 00 00 0O o O [~ O o o o oo TP 32768
— — — — Y 00 00 00 0O 0O O I~ [~ [~ ™M ™M NN SOLVENT chCl3
NS 1000
N/ONIZT T TRV VT ;
SWH 32894.738 Hz
i FIDRES 1.003868 Hz
e p-Xe} 0.4981236 sec
1 RG 2050
DW 15.200 usec
DE 6.50 usec
TE 298.0 K
CNST2 145.0000000
CNST12 1.5000000
D1 4.00000000 sec
D2 0.00344828 sec
D1z 0.00002000 sec
D16 0.00020000 sec
TDO T
= = CHANNEL f1 == ==
13c
8.50 usec
2000.00 usec
120.00 dB
1.00 dB
PLOW 0.00000000 W
PL1W 58.06213379 W
sFol 125.7716224 MHz
SP2 10.57 dB
SPNAMZ Crpélcomp.4
SPOAL2 0.500
SPOFFS2 0.00 Hz
CHANNEL f2 =
waltzlé
1H
15.00 usec
10.00 usec
i 20.00 usec
ot TP 80.00 usec
PL2 0.00 dB
PL12 17.00 dB
PL2W 22.85816574 W
PLIZW 0.45608038 W
sFoz 500.1330008 MHz
====== GRADIENT CHANNEL
GPNAML SINE.100
GPNAMZ SINE.100
GPNAM3 SINE.100
GPZ1 31.00 %
GPZ2 31.00 %
GPZ3 31.00 %
Plé 1000.00 usec
ST 32768
sSF 125.7577934 MHz
it EM
| | \ | T \ T T T \ | | 1 | | RAMAAE-77 | H
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 églO Ppm 2'03 Hz
PC 1.40
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— — O 00O N €O \O =I' (\] Current Data Parameters
O W s T O S Y Oy O NAME RAAD137
T T + + + +EYPNO 8
M AN NN NN O O O O proOCNO 1
\N\/// \\// F2 - Acquisition Parameters
Date_ 20151119
Time 12.40
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
FULFPROG zg30
TD 32768
SOLVENT cpel3
NS 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 71.8
DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
== CHANNEL f1l == =
1H
13.00 usec
0.00 dB

400.1324008 MH=z

F2 - Processing parameters
SI 32768
SF 400.1300075 MHz
WDW EM
SS5B 0
LB 0.30 Hz
GB 0o
FC 1.00
T T T I T ! T T T T T T T T I T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
uw (] [ e oy — o o™
|| S| o (= [ D [ | O 3] o o —
| o~ — O
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Current Data Parameters

~ [Eo) o —~ o o ol DY NAME RAAAL37
r~ r~ = s} @ o N —w Yo O oo™ o wn wy © - EXPNO 9
s . % . .. O I e TR IR= S U Vo B e o] o W ) 0 [~ PROCNO 3
o~ ®w ™M™ o™ e I e A T T - e e .
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- — — — N A NS @ 0 W O~ = ™ o i 22 - fcaudaition Barameters
Date_ 20151119
R VARV VRV TN E
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROCG apt
! TD 32768
SOLVENT CDC13
NS 1000
Ds 4
SWH 26178.010 Hz
FIDRES 0.7%8889% Hz
AQ 0.62592188 sec
RG 11585.2
DW 19.100 usec
DE 6.00 usec
TE 300.1 K
CNST2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
dll 0.03000000 sec
d20 0.00689655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec
Pl 8.00 usec
CHANNEL f1
8.00 usec
16.00 usec
0.00 dB
100.6238364 MHz
== = CHANNEL f2 ==
CPDPRG2 waltzlé
Nucz2 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFo2 400.1320007 MH=z
F2 - Processing parameters
. Db \ ) | W ST il J . liin Wy Pl i " n Sk 16084
W W ' N L LM L e Y A b 2o u 100.6127690 MHz
WDW EM
SSB o
LB 2.00 Hz
GB o]
PC 1.40
L I I I I R I IS AR AR RS LA AL AARARAARANRARAREARES LARA I AARAAARAS RARRRRARLS & anaanazansaaas|
170 160 150 140 130 120 00, 100 90 80 70 60 50 40 30 20 10 ppm
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NAME RAARLO
=

OO MONAO O WS~ o WM HOWwm™M W TN o pypno
AN WO ONOCOWLUWWSTITIFOOLDNNOO [ee] TP FTTTTON O mﬁ\c\mPR0CNO 1
e . v e e s e e e s [T
el i i ol ol Sl S o Vo B Ve BN~ V- e e BV R T W Vo W T BT o BTN T o [ IS IR e EE N BN BN oM BN Dooo??tef 201483%§
ime .
\*v \ \M%’ \/ ‘/% \\%/ l\.\// INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg30
TD 32768
SOLVENT cDCl3
NS 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
a0 2.5559540 sec
RG 101.6
DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec
== CHANNEL f1l ==
1H
13.00 usec
0.00 dB
400.1324008 MHz
32768
400.1300058 MHz
EM
(o]
0.30 Hz
[s]
1.00

0‘99:
0.95
0.96
.9

9

9
2703
1.16
098
9
0.91
—_— I
.0
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NAME RAARLO
) 5 o o = © 0 EAENO e
n o v ™Mo C O OO T MW o ) M - o - PROCNO N
- . - - . . . NN S NS A < tel ) oy [~ Date_ 2013031
" W —  w o < R s & 08 5 om % e 8 e e 2 «  + + . Time 2.23
o W - ™ o™ — O YO 00w O D S N 00 INSTRUM drx400
— — — — — — o~ OV OY GO 0000~ e w ™ N N —{ PROBHD 5 mm QNP 1H/1
PULPROG apt
] YA RN | /%
SOLVENT cDCl3
NS 1000
i DS 4
raly SWH 26178.010 Hz
FIDRES 0.798889 Hz
AQ 0.6259188 sec
RG 11585.2
oW 192.100 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
dil 0.03000000 sec
dzo 0.00689655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
Pl 8.00 usec
== CHANNEL f1 =
13c
8.00 usec
16.00 usec
0.00 dB
100.6238364 MHz
CHANNEL f2 =
CPDPRG2 waltzlé
NUCZ 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFO2 400.1320007 MHz
sI 16384
SF 100.6127690 MHz
WDW EM
SsB 0
J A LB 2.00 Hz
o, 3 v o A ” A i A 0
el b st sy "
FC 1.40
R B o e o IAARASASSS B oA s e s na o s s sy na s s B S A e T R S A RARasansssl
150 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME RABAI1

T MW T 0O OOEDMONM A AN T OSSO M NN O OO WO TN OO~ W wy < ) o EXFNO 1
C OOV ME®OWOONOOMWOWOWWMWOCOCOEOTTIOWOMWLIIWLONOMOMM 4000 RS S ) M) O O OY OV OYPROCNO 1
- - - - - - - - . . - - . - - - - - . . - - . . - . . - - - - - - - - - . - - . . - . - - - *Date 20150514
QO CO M=M=~~~ WWWIWWIWWOWYLINWOLWLILWLWOLWLIOLWLWLWLW NN NN NN N O OO OTime 10.55
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30
TD 32768
SOLVENT cDC13
NS 16
DS 2
SWH 6410.256 E
FIDRES 0.195625
AQ 2.5559540 s
RG 32205
DW 78.000 1
DE 6.00 u
TE 289.9 F
D1 2.00000000
MCREST 0.00000000
MCWRK 0.01500000
== CHANNEL fl =====
1H
13.00 u
0.00 &
400,1324008 1t
32768
400.1300080
EM
o]
0.30 H
0
1.00

| | S [l N
| O [e21) Rea} w O] Sff o (] O [}
ol oo [e=) o

LL



NAME RAAALL

™ s A To I [oNe) g o, EXENO el
O M~ 0w~ ) o o O (@3] w oo NI—-w ™M ~ S < 0 ~ PROCNO 1
B . e e . . . P ~ ~r~—mMmoamor~ W N O s~ Date_ 20140312
— — O oD - ™M o © . (. . *» * * + + Time 0.04
‘o =+ = m N — o o Q0 [~ ' v [~ [~ \O O NN INSTRUM drx400
— — — — — [s)) W oW W~ ™ N ™ ™~ ppopED 5 mm QNP 1H/1
NN M TN | N/
TD 32768
SOLVENT CDC13
& NS 1000
g DS 4
SWH 26178.010 H=z
FIDRES 0.798889 Hz
AQ 0.6259188 sec
RG 11585.2
DW 12.100 usec
DE 6.00 usec
TE 300.0 K
CNSTZ 145.0000000
CNST11 1.0000000
Dl 2.00000000 sec
dll 0.03000000 =ec
d20 0.00689655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
Pl 8.00 usec
CHANNEL f1
8.00 usec
16.00 usec
0.00 4B
100.6238364 MHz

MHz
16384
100.6127690 MHz
EM
o]
2.00 Hz

0
1.40

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

23



AA NN AOCOO AONOAN@MSWWN NN AW O W0 W® O M NO oW n TN O
COMOWOOAATOOLCWOOOOWILTIIOOOLILONNS S ST M O o o o O
0 O M= = = [~ [~ [~ [~ [~ [~ O \Q O O WO O W0 WLWLWOLWLWLWLWLWwwwmw SRS S I K IS oS I cooo

B T T e

J
N
A
X

NAME raaal35
EXPNO ks

PROCNO 1
Date_ 20150612
Time 15.13
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULFROG zg

TD 32768
SOLVENT CcDCl3

NS 4

DS 2
SWH 5000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2768500 se:
RG 57

DwW 100.000 us¢
DE 6.50 use
TE 298.0 K
D1l 6.00000000 se
TDO 1

== CHANNEL fl ==

10.25 use
0.00 dB
22.85816574 W
500.1322506 MH
32768
500.13000%8 MH
EM

]
0.20 Hz
¢}

1.00

—_— @
0

= Gl
.0

.01

.0

1.06 <

2.05

1.04

1.00

.9

216

.0

24

Ppm



164.68
164.65
—161.01
™-159.05
—142.18
—138.23
108. 41
100.66
100. 30
88.71
£8.07
_~84.45
—82.22
77.39
¥7..13
76.88
—30.64

L
X

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULFPROG
TD
SOLVENT

TE
CNST2
CNST11
D1
D11
D20
D21

= CHANNEL f1

raaal35

1

20150612
16.05

spect

5 mm PABEC BB—
apt

32768

CDC13

256

3

32894.738
1.003868
0.4%981236
2050

15.200

.50

298.0
145.0000000
1.0000000
.00000000
.03000000
.00689655
.00005000
8.50

1

cooN

Hz
Hz
sec

usec
usec
K

sec
sec
sec
zec

usec

13c
8.50 usec
17.00 usec
1.00 dB
58.06213379 W
125.7716224 MHz
CHANNEL £2
CPDPRG2 waltzl6
Nucz2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.00 dB
PLZW 22.85816574 W
PL12W 0.45608038 W
S M500.1330008 MHz
sI 32768
SF 125.7577890 MHz
WDW EM
SSB [s)
LB 2.00 Hz
GB 0
PC 1540

10 ppm



Current Data Parameters

: NAME RAAA13S5
i . EXPNO 22
. —~ PROCNO 1
i F2 - Acquisition Parameters
g Date_ 20150612
| Time .
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zgfhigen
TD 32768
SOLVENT CDC13
NS 128
DS 4
SWH 64102.562 Hz
FIDRES 1.956255 Hz
AQ 0.2556404 sec
RG 2298.8
DW 7.800 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
d11 0.03000000 sec
dilz 0.00002000 sec
CHANNEL f1 = -
19F
14.60 nasc
-3.00 dB
376.4701166 MHz
sncsnsss CHANNEL £2 mmnnnn
CPDPRG2 waltzlé
Nucz 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFOz 400.1324008 MHz
F1 - Acquisition parameters
NDO 2
TD 1zg
SFO1 100.6238 MHz
FIDRES 204.515701 Hz
W 260.157 ppm
FnMCGDE QF
F2 - Processing parameters
SI 3276
SF 376.49283540 MHz
WDW EM
S5B 0
LB 2.00 Hz
GB o
PC 1.00
F1 - Processing parameters
SI 1024
MCz QF
SF 100.6127690 MHz
WDW QSINE
SSB 5
LB 0.00 Hz
GE o
—
T T T T T I T T T T I T T T T T
-85 =80 =05 -100 —-105 -110 =115 =120 =128 —130 -135 —-140 —-145 -150 —-155 ppm



6.51
6.50
6.49

2,48
2.46
2.44
2,42
2,41
2.39
2,37
2.07

/

NAME
EXPNOC
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

Dw

DE

TE

D1
MCREST
MCWRK

0.97
0.85
D::93
0,91

/
X

0.95

1. 03

RAARTO
2

1

20141015
11.19

drx400

5 mm QNP 1H/1
zg30

32768

CDC13

16

2
6410.256
0.195625

2.5559540
456.1
78.000 usec
6.00 usec

300.0 K
2.00000000 sec
0.00000000 sec
0.01500000 sec

Hz
Hz
sec

usec
. dB

400.1324008 MHz

32768

400.1300089

EM

[s]

0.30

MHz

0
1.00



NAME raaas5s
EXPNO
PROCNO 1
Date_ 20140712
™ H@OONOWOMWOWM T KWW OO Time 10.03
o MNP TN OO>W T AN OO0Ww®OMN ™o N O O 0O INSTRUM spect
b LR I N L S I B R B e R R s (R e o ™ O [~ prOBHD 5 mm PABBO BB-
o TFTNOOE~@UOUMN AOCONODNOO =+ =+ = = =+ =+ = = . * * * LULPROG Saptidpen
\<] TFTOONNNNNNANNNAACO OO T N0 o o~ @ o &Lt
— A A A A A — 0 0 O~~~ ™ NN o oeT Seens
e N —ar N R N V= | N/ g
DS 8
SWH 32894.738
FIDRES 1.003868
5 AQ 0.4981236
RG 2050
DW 15.200
DE 6.50
TE 298.0
CNST2 145.0000000
CNST12 1.5000000
D1 1.50000000
D2 0.00344828
D12 0.00002000
D16 0.00020000
TDO 1
== CHANNEL f1 ==
13C
8.50
2000.00
120.00
1.00
0.00000000
58.06213379
125.7716224
10.57
SPNAMZ Crpé0comp.4
SPGALZ 0.500
SPOFFS2 | 0.00
[ T r L == == CHANNEL f2
CPDPRGZ waltzlé
NUC2 1H
PO 15.00
P3 10.00
P4 20.00
PCPD2 80.00
PL2 0.00
PL12 17.00
PL2W 22.85816574
PL12W 0.45608038
SFo2 500.1330008
GRADIENT CHANNEL
GPNAML SINE.100
GPNAM2 SINE.100
GPNAM3 SINE.100
GPZ1 31.00
GPZ2 31.00
GPZ3 31.00
P16 1000.00
ST 32768
SF 125.7577896
e T ) R it A ng
170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 110 ppm 2.00
GB

o]
PC 1.40

Hz
Hz
sea

usec
usec

sec
sea

sec
zec

usec
usec
dB

dB

MHz
dB

useac
usec
usec
usec

usec

MHz



NAME RAAASS
" o) EXPNO 10
it st PROCNO 1
% Date_ 201408627
o Time 16,39
| INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zgfhiggn
TD 32768
SOLVENT CcDC13
NS 128
Ds 4
SWH 64102 .563 Hz
FIDRES 1.956255 Hz
a0 0.2556404 sec
RG 5160.6
DW 7.800 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
dill 0.03000000 sec
diz 0.00002000 sec
= CHANNEL f1 =
19F
14.60 usec
-3.00 dB
376.4701166 MHz
CHANNEL £2
CPDPRG2 waltzlé
Nucz 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFO2 400.1324008 MHz
NDO 2
D 128
SFOL1 100.6238 MHz
FIDRES 204.515701 Hz
SW 260.157 ppm
FnMODE QF
sI 3z768
SF 376.4983540 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.00
ST 1024
MC2 QF
SF 100.6127690 MHzZ
WDW QSINE
SS8B 5
LB 0.00 Hz
GBE 0
1]
e R B M B T e B e T e
-10 -20 =30 —-40 =5p —-60 =70 —-80 —-90 —-100 -110 —=1.20 rrm



2.48
2.47
2.45
2.43
2.41
2,40
2.38
2Ll

/
\

0.97
0.95
0.94
0.93

%

NAME
EXPNO
PROCNOC
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

o 0

0.90

1.00

6

B

1.00

1

FPpm

ftel
—
O

RAAALOQS
10

1
20150510
18.48
drx400

5 mm QNP 1H/1
zg 30
32768
CDC13

16

2
6410.256
0.195625
2.5559540
512

Hz
Hz
sec

78.000

6.00

289.6
2.00000000
0.00000000
0.01500000

uszec
usec

sec
sec
zec

1H
13.00

0.00
400.1324008
32768
400.1300064
EM

Q
0.30
[o]
1.00

CHANNEL f1
usec
dB

MHz

MHz



NAME RAAALT
EXPNO 8
PROCNO 1
Date_ 20140704
w oy T —HO W Iime 21m53
Lol = O\ @ [Ts) - 0 o~ 1 Do OO W~ - o — uy INSTRUM spect
5 T E H ¥ . - e L. OO T NO M ~ & O o PROBHD 5 mm PABBO EB-
o O = ) p O o — o — e e e e e e = . « « o+ PULPROG deptyggpsp
X=] RS AES WS ™ o~ | — O SO Oy O N~ O (=] ™l N o TD 32768
— — — — — — — o~ @ O o o ™~~~ o™ ™ N — SOLVENT €DC13
NS 8000
NP2 R VAR VAN RV PN E a
SWH 328%4.738 Hz
FIDRES 1.003868 Hz
| AQ 0.4981236 sec
A RG 2050
L DW 15.200 usec
DE 6.50 usec
TE 298.0 K
CNSTZ 145.0000000
CNST12Z 1.5000000
D1l 1.50000000 sec
Dz 0.00344828 sec
D12 0.00002000 sec
D16 0.00020000 sec
TDO 1
CHANNEL £f1 =
13¢
8.50 usec
2000.00 usec
120.00 dB
1.00 dB
PLOW 0.00000000 W
PL1W 58.06213379 W
SFO1 125.7716224 MHz
SP2 10.57 dB
SPNAMZ CrpéQcomp. 4
SPOALZ 0.500
SPOFFS2 0.00 Hz
== CHANNEL f£2
CPDPRG2 waltzlé
“ “ Nuc2 1H
PO, 15.00 usec
™ P T 10.00 usec
P4 20.00 usec
PCPDZ 80.00 usec
PL2 0.00 dB
PL12 17.00 dB
PL2W 22.85816574 W
PL12W 0.45608038 W
SFOZ 500.1330008 MHz
GRADIENT CHANNEL
GPNAML SINE.100
GPNAMZ SINE.100
GPNAM3 SINE.100
GPZ1 31.00 %
GPZ2 31.00 %
GPZ3 31.00 %
Plé 1000.00 usec
SI 32768
SF 125.7577893 MHz
WDW EM
R I B AR I RS IR AR RS T A T T TR EE T o
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 L2100 ppm 200 Bz

PC 1.40




Current Data Parameters

O HO-WLTNO®N o \© = O\ NAME RAAA2Z24

oV SO oY Y OV O) EXPNO 8

b B, T e > 2t _*PROCNO 1

AN AN NN NN NN £ e
F2Z - Rcquisition Parameters
Date_ 20160403
Time 12.45
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg30
TD 32768
SOLVENT CcDCl3
NS 16
Ds 2z
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 114
DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

== CHANNEL f1 == ==
NUC1l 1H
Pl 13.00 usec
PL1 0.00 dB
SFOl1 400.1324008 MHz
F2 - Processing parameters
ST 32768
SF 400.1300091 MHz
WDW EM
55B 0
LB 0.30 Hz
GE 0
PC 1.00
J M - -
L o e e B B e o I Iy e By s L L B L B B B sy B |
8.5 8.0 7.5 7.0 .5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
O OV O | | O (e || O —i O [an] ™~
| O O (el el Bl —[| — (e oy (e}

32



NAME RARRZ2Z24

WO~ — OV — ~ o~ < EXPNO 10
— O oY~ w0 A G Mmoo OO mmMm o O < o 0 4 ¢o PROCNO 1
I T . . - O+ O O o = w0 <r oy ~ Date_ 20160403
W~ — O < o~ ~ . e e D . . « s+« Time 17.48
T ™M ™~ — [e] CYOY O I~~~ [~ \O — (] ™ — oo INSTRUM drx400
o — — — O OV OV OO OO O e (32] ™ N — PROBHD 5 mm QNP 1H/1
N | TN NN | N
TD 32768
SOLVENT CcDC13
g NS 1000
] Ds 4
Cl SWH 26178.010 Hz
FIDRES 0.798889 Hz
AQ 0.6259188 sec
RG 11585.2
DwW 12.100 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
CNST11 1.0000000
D1l 2.00000000 sec
dll 0.03000000 =ec
dz20 0.0068%655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
Pl 8,00 usec
CHANNEL f1 = =
13c
8.00 usec
16.00 usec
0.00 dB
100.6238364 MHz
=i == CHANNEL f2
CPDPRGZ2 waltzlé
NUC2 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFOZ 400.1320007 MHz
ST 16384
SF 100.6127690 MHz
WDW EM
" " " B " Lo 0 L " " i o A " A - 338 v o
" T k53 hadne g ranae il oy had L funh 4 L Lt bk gl e 1 T Lyag W b ok | 2.00 Hz
GB 0
PC 1l.40
L I B I B B B I L I I I I I A R IR RS I R Ay R A a s
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

33



4.5 4.0 x5 30 Z:5 2.0
o= Y| O O[S
| = | O |
il = ol Al el
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NAME
EXPNOC
PROCNO
Date_
Time
INSTRUM
FROBHD
PULPROG
TD
SOLVENT
NS

Ds

= CHANNEL f1 =

RARAD
15

1

20150521
21.58

drx400

5 mm QNP 1H/1
zg30

32768

cDCl3

16

2
6410.256 Hz
0.195625 Hz

2.5559540 sec

143.7
78.000 usec
6.00 usec
300.0 K

2.00000000 sec
0.00000000 sec
0.01500000 =sec

1H
13.00 usec
0.00 dB
400.1324008 MHz
32768
400.1300086 MHz
EM

o]
0.30 Hz
0

1.00



NAME raaa®
2

OO TINOOOOMO OO M TaENa 2
OO WANA0ONOT AAN NS A O OO T MM WD S N O SN~ AN O
e e e e e e e e e s e e s e e e s s~ OAONDN AW WO M A W LN MO oY o o Date 20150508
NWoOOANNO AR TN =+ v s s = s = 4 s o s s s+ s . L o Ve miw " s i s a4 Time 13.43
OWW T TTFTONNN OO OO WWWWME0OU M O™~ WOWwwn OO NANNAN@ INSTRUM spect
AA A A A A A" A A A A A A~ A~ WWWPXW WP =W 3 NN NN — PROBHD 5 mm PABBO BB-
PULPROG zgpg 30
NSNS RSSO e S\ N\~ B £
SOLVENT cpels
NS 128
k k DS 2
g - SWH 32894.738 Hz
FIDRES 1.003868 Hz
a0 0.4981236 sec
RG 2050
DW 15.200 usec
DE 6.50 usec
TE 298.0 K
D1 1.50000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
8.50 usec
1.00 dB

58.06213379 W
125.7716224 MHz

CHANNEL £f2 ==

CPDPRG2 waltzlé
Nucz 1H
PCPD2 80.00 usec
PLZ 0.00 dB
PL12 17.00 dB
PL13 17.00 dB
PLZW 22.85816574 W
PL1lZW 0.45608038 W
PL13W 0.45608038 W
SFO2 500.1320005 MH=z
SI 32768

SF 125.75778%0 MHz
WDW EM

SSB [¢]

LB 2.00 Hz
GB [s}

PC 1.40

T T I T T T I T T T I T T T I T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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5.54
553
5abl,

28

2.

26

07

05
2.50
2.48
2.46
2,44
2.43
2,41
239
2.33
2,03
0.97
0.96
0.93
0.91

/
\
é
{
y:
<

NAME
EXPNC
PROCNO
Date_
Time
INSTRUM
FROBHD
PULPROG
D
SOLVENT

0.92
0.92
0.98
0.97
0.98
0
2.07
1.41
1.01
0.95
2.98
3.07
.0

36

opm

RAARAS
6

1
20140723
92.05
drx400

5 mm QNP 1H/1
zg 30
32768
CDC13

16

2
6410.256
0.195625
2.5559540

2.00000000
0.00000000
0.01500000

0.00
400.1324008
32768
400.1300092

EM

8]
0.30
o]

1.00
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NAME raaa48
EXPNO
™ TN 0 O (=3} ol PROCNO A
< o~~~ W A [ ol HW oSO o0 © W OO ® pate 20140723
. . e . .- SN0 MO0 ™M ®© I R = P
~ N o oy = ~ © IR R T
o e B B S R o oo @omao >~ W O o — —f o INSTRUM spect
- — o — - — oY W~ ™M ™ NN — PROBED 5 mm PABBO BB-
PULPROG zgpyg 30
N TN NNV | N B
SOLVENT CDC13
NS 128
DS 2
sWH 32894.738
FIDRES 1.003868
290 0.4881236
RG 2050
W 15.200
DE 6.50
TE 298.0
D1 1.50000000
D1l 0.03000000
TDO 1
CHAMNEL f1 =
13¢
8.50
1.00
58.06213379
125.7716224
CPDPRGZ
Nucz 1H
PCPD2 80.00
PL2 0.00
PL12 17.00
PL13 17.00
PL2W 22.85816574
PL12W 0.45508038
PL13W 0.45608038
sFOZ 500.1320005
51 32768
SF 125.7577890
WDW EM
5SB )
LB 2.00
GB o]
PC 1.40
el e Y \“MWWWMWWWW
T I T I I I T I I I T I
160 140 130 110 100 90 80 70 60 50 40 30 20 10 ppm

Hz
H=z
sec

usec
usec

sec
sea

usec

dasB

W
MHz

MH=z



CHANNEL fl1 ==

Current Data Parameters

NAME RAAAS]
EXPNO 17
PROCNO 1

F2 - Acquisition Parameters
Date_ 20141212
Time 22.24
INSTRUM drx400
PRCBHD 5 mm QNP 1H/1
FULFROG zg30

TD 32768
SOLVENT cpCl3

Ns 16

Ds 2

SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 287.4

DW 78.000 usec
DE 6.00 usec
TE 0.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

1H
13.00 usec
0.00 dB
400.1324008 MH=z

F2 — Processing parameters
SI 32768
SF 400.1300091 MH=z
WDOW EM
SE8B ]
LB 0.30 Hz
GB o]
PC 1.00
T T T I T T T I I T T T T I T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
o O — o~ O W | | | Wl wn| co
o™ O o o) OOl ™M (58] k=] Keal ™~
o o -+ - . of o o e < - o - - .
—i| | O ™~ — | ol | Ol Oo|O | O] O
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A DO ENMW T 4NN 0O O Current Data Parameters
HOO A N A MEYWAaAET AOCOODENN AANYO - ONn MO0 TmMm ™M O 0 W) ¢y [~ O NAME RAAASL
L 0 A e Vo U = S Yo B e B s o Js S B 3 o B e B W O ™M — OV OY [~ EXPNO 18
O~ NN NOOWW T FANNCNNDDODSECNOOD ¢+ v s 4 s s o s+ + o s o = + + o+ + + + + DROCNO 1
Y 9T NNNNAAAAOC OO OO NWMM -0 O O NN W
oA A A A A A A A A A A A A A A A A OYOYOY 0O GO 00 OO mmNNN'_"_'FZVAcquls1tlonParameters
Date_ 20141212
Time 23.10
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG apt
& | TD 32768
iR Ll SOLVENT cpCl3
Ns 1000
Ds 4
SWH 26178.010 Hz
FIDRES 0.79888% Hz
AQ 0.6259188 sec
RG 11585.2
DW 19,100 usec
DE 6.00 usec
TE 0.0 K
CNST2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
dll 0.03000000 sec
dzo 0.00689655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
Pl 8.00 usec
CHANNEL £1
16.00 usec
0.00 dB
100.6238364 MHz
== = CHANNEL f2 ==
CPDPRGZ waltzlé
NUC2 1H
PCPD2 95.00 usec
PLZ 0.00 dB
PL12 15.47 dB
SFO2 400.1320007 MHz
F2 - Processing parameters
SI 16384
SF 100.6127690 MHz
WDW EM
S8B o]
LB 2.00 Hz
GB 0
PC 1.40
T I T T T T T I T T T T T T T T I 1
1770 1e0 150 140 130 1:2:0: 40 100 90 80 70 60 50 40 30 20 10 ppm



NAME RAARAS1L
Py EXPNOC 16
) o~ PROCNO b
< . Date_ 20141212
. — Time 13.32
— (o] INSTRUM drx400
N — PROBHD 5 mm QNP 1H/1
| | PULPROG zgfhigan
TD 32768
SOLVENT cDC13
NS 1zs
Ds 4
SWH 64102 .563 Hz
i ) FIDRES 1.956255 Hz
d i a0 0.2556404 sec
R I RG 7298.2
DwW 7.800 usec
DE 6.00 usec
TE 0.0 K
D1 1.00000000 sec
dil 0.03000000 sec
dlz 0.00002000 sec
CHANNEL f
-3.00 dB
376.4701166 MHz
= = CHANNEL f2
CPDPRG2 waltzlé
NUC2 1H
PCPDZ 95.00 usec
PLZ 0.00 dB
FL12 15.47 4B
SFO2 400.1324008 MHz
NDO 2
D 128
SFOl 100.6238 MHz
FIDRES 204.515701 Hz
SwW 260.157 ppm
FnMODE QF
81 32768
SE 376.4983540 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB o]
PC 1.00
sT 1024
MC2 QF
SE 100.6127690 MHz
WDW QSINE
SSB 5
LB 0.00 Hz
GB o]
T T T I
-80 -90 -120 -140 -150 ppm



NAME

NTOOWNA—TAANA =NV ~WOWDTE OO OO WA O NOC WMo O®E OO0 W~ EXPNO
COMANNOOOO OO 0 O C S <F<"EOEOoWIM< Mo MMM O W W pROCNO
Bl R B i e B e R T R e e T R B R T s e L T T vy

OO W YWOPOOWOYWYWOWOOUYWOUYOMOOWWWWWW NNNNNNNNNN OO O O o=

EEEEESS arar——— a TS\

D

SOLVENT

NS

i DS

SWH
FIDRES
AQ

RG

DW

DE

TE

Dl
MCREST
MCWRK

il

940 8w5 820 w8 730 6.5 6.0 Bu5 5:0 4.5 4:0 F:5 350 28 2.0 145 140 ppm
@W| O rnﬁ [e2] [e=] W Ol | 0| D [en]| R) ¥
N O O O DA | OO ol & (9]
ol= Sl |4 ol ol ol = | P ©
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INSTRUM
PROBHD

PULPROG

5 mm QNP

CHANNEL f1l =

RBARSE
37

1
20150306
2.09
drx400
18/1
zg30
32768
CDC13
16

2
6410.256
0.1925625

2.5559540
161.3
78.000
6.00
300.0

2.00000000
0.00000000
0.01500000

1H
13.00
0.00

400.1324008

32768

400.1300090

EM
[o]
0.30

[¢]
1.00

Hz
Hz
sea

usec
usec

sec
sec
sec

usec
dB
MHzZ

MHz

Hz



—170.11
T167.80

|"'.':i

144.15
143.95

143.90
143.40

142,53

125..56

b
=
£

124,73

124.65
1.12 .42

112.11
_—108.59
] 072
—102.51
—99.61

88.70
85.73
85.69

85.53

/
g
k

79.83
79.80
7738
77.06
76.74

—30.83

NAME
EXPNO
3 5, procuo
+ o Date
oy oo Time
& — INSTRUM

PROBHD 5
\N/ /J PULPROG
TD

SOLVENT

212:.38

MCREST
MCWRK
Pl

NUCl
PO
P2
PL1
SFO1

CH.

NUC2
PCPD2
FL2
PL12
SFO2
SI
SF
WDW
S58B
LB
GB
PC

I ) L I L I B I I I B S R A I L RA AR SRS AN LA SAS RS RS AR Ss RaRAR R ARS|

180

170

160

150

140

130

120

110

100

90

80
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70

60

50

40

30

20 10 ppm

RAAREG
38

ik

20150306
2.55

drx400

mm QNP 1H/1
apt

32768

cDC13
1000
4

26178.010
0.7%8889
0.62592188
192
19.100
6.00
300.0
145.0000000
1.0000000
2.00000000
0.03000000
0.00689655
0.00100000
0.00000000
0.01500000
8.00

ANNEL f1 =
13¢C
8.00

0.00
100.6238364

ANNEL f£f2
waltzlé

15.47
400.1320007

16384
100.6127690
EM

o]

2.00

[¢]
1.40

Hz
Hz
sec

usec
usec

sec
zec
sec
sea
sec
sec
usec

usec
usec
dB
MHzZ

usec

dB

dB
MHz

MHz



NAME RAAAZG

EXPNO 45
D PROCNO 1
, = Date_ 20150306
L. — Time 4.59
i
2} INSTRUM drx400
| PROBHD 5 mm QNP 1H/1
PULPROG zgfhiggn
TD 32768
SOLVENT CDC13
NS 128
Ds 4
SWH 64102 .563 Hz
FIDRES 1.956255 Hz
AQ 0.2556404 sec
RG 3649.1
DW 7.800 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
dll 0.03000000 sec
d1l2 0.00002000 sec
== CHANNEL fl ==
19F
14.60 usec
=3.00 dB
376.470116¢6 MH=z
== CHANNEL f2
CPDPRGZ2 waltzlé
NuUC2 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFO2 400.1324008 MHz
NDO 2
TD 128
SFOLl 100.6238 MHz
FIDRES 204.515701 H=z
SW 260.157 ppm
FnMODE QF
SI 32768
8F 376.4983540 MH=z
WDW EM
S5B Q
LB 2.00 H=z
GB o]
PC 1.00
ST 1024
MC2 oF
SF 100.6127690 MHz
WDW QEINE
SSB 5
LE 0.00 Hz
GB 0
" I
I T I T T T T T T T T l
-50 -60 -70 -80 -390 -100 -110 -120 -130 -140 -150 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

TN N fen) =~ = ™ oy
| O O [ea} o | | || S (o)} (o2 —
[en] Naw] an] i i [en] | Raw) ™~ w
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RAAASE
7

1
20140724
8.36
drx400
5 mm QNP 1H/1
zg 30
32768
CDC13
16
2
6410.256 Hz
0.195625 Hz
2.5559540 sec
362
78.000 usec
6.00 usec
300.0 K
2.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL £1

13.00 usec
0.00 dB
400.1324008 MHz
32768
400.1300094 MHz
EM
o]
0.30 Hz
o]

1.00



NAME RARAS6E
EXPNO )
PROCNO 1
Date_ 20140712
Time 5.27
o O oM T AN OO W N M ®© St RSP, il
~ CATOAN OO M ANONFTAMCI- O TN 00 OoWw A N o =r
+ T e i Y e e I =) © ™ o~ EULPROG deptagpsp
w0 N A= OWOWWWOME A O + + s s e e e .. . .+ . TD 32768
O T ANNNNNNNNNNCNOOCOCmEY WS o0 =) o — oo SOLVENT CcDE13
— A A A~~~ O~ ™ ol O — NS 8000
Ds 8
\\N’ /‘%‘ /// \////%‘/) | \/ / SWH 32894.738 Hz
FIDRES 1.003868 Hz
a0 0.4981236 sec
RG 2050
& DW 15.200 usec
DE 6.50 usec
TE 298.0 K
CNST2 145.0000000
CNST12 1.5000000
D1 1.50000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
D16 0.00020000 sec
TDO 1
== CHANNEL f1
NUC1 13C
Pl 8.50 usec
B2 2000.00 usec
PLO 120.00 d&B
PL1 1.00 4B
PLOW 0.00000000 W
PL1W 58.06213379 W
SFOL 125.7716224 MHz
SP2 57 dB
SPNAMZ Crpé60comp.4
SPOALZ 0.500
SPOFFS2 0.00 Hz
CHANNEL £2
CPDPRG2 waltzlé
NUC2 1H
PO 15.00 usec
P3 10.00 usec
P4 20.00 usec
PCPD2 80.00 usec
PL2 0.00 dB
PL12 17.00 dB
PL2W 22.85816574 W
PL12W 0.,45608038 W
SFO2 500.1330008 MHz
Al : e 4 J ====== GRADIENT CHANNEL
T 1 T SENAMI . SINE.100
GPNAM2 SINE.100
GPNAM3 SINE.100
GPZ1 31.00 %
GPZ2 31.00 %
GPZ3 31.00 &
Plé 1000.00 usec
ST 32768
sF 125.7577918 MHz
WDW EM
SSB o
] I I T T I I I T T I I T T I I TE T 1 2.00 H=z
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 §210 ppm 1.48
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NAME RAAASE

— EXPNO 8
o~ PROCNO 1
. Date_ 20140724
4 — Time 8.40
F O INSTRUM drx400
| PROBHD 5 mm QNP 1H/1
PULPROG zgfhiggn
TD 32768
SOLVENT CDC13
NS 128
Ds 4
SWH 64102 .563 Hz
FIDRES 1.956255 Hz
AQ 0.2556404 sec
RG 3251
DW 7.800 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
dll 0.03000000 sec
dlz 0.00002000 sec
== CHANNEL fl ==
19F
14.60 usec
=3.00 dB
376.470116¢6 MH=z
== CHANNEL f2
CPDPRGZ2 waltzlé
NuUC2 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFO2 400.1324008 MHz
NDO 2
TD 128
SFOLl 100.6238 MHz
FIDRES 204.515701 H=z
SW 260.157 ppm
FnMODE QF
SI 32768
8F 376.4983540 MH=z
WDW EM
S5B Q
LB 2.00 H=z
GB o]
PC 1.00
ST 1024
MC2 oF
SF 100.6127690 MHz
WDW QEINE
SSB 5
LE 0.00 Hz
GB 0
I T T T I T T T I T T T
-10 =20 -30 —-40 —&0 —-60 =70 -80 -90 -100 -110 —-120 pem
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

= CHANNEL f1 ==

3.5 3.0 2.5 2.0 1.5 1.0
~ w
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RARASO

9

1
20140722
18.22
drx400

5 mm QNP 1H/1
zg 30
32768
C¢DC13

16

2
6410.256
0.195625
2.5559540
456.1
78.000

2.00000000
0.00000000

0.01500000

400.1324008
32768
400.1300084
EM

4]

0.30

o]
1.00

Hz
Hz
sec

usec
usec

sec
z=ec
sec

usec
dB
MHz

MHz



NAME RRAASY
' ) M O W B — < <P 0 N EXPNO 18
0 W M o @ TOND OO OO ™M WO O PpRroOCNO 1
. . e e s . . s e e e WD A0 O ~ ™M O @ pate_ 20140724
-~ T ™M N O n oy O o~ L - * .+ Time .56
= N < s o~ — o O oo oy O W) (N [~ ™~ O o NHOJINSTRUM drx400
— — — — — — — — ©O CO G C [™ [ [~ LS TR T T cfing S mm NP 1H/1
T T TV N | Nl ="
TD 32768
SOLVENT cDCl3
NS 1000
DS 4
SWH 26178.010 Hz
FIDRES 0.798889 Hz
- AQ 0.6259188 sec
iR RG 11585.2
DW 19.100 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
di1 0.03000000 sea
dz20 0.00689655 =sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
Pl 8.00 usec
= CHANNEL f1 =
NUC1 13¢C
PO 8.00 usec
p2 16.00 usec
PL1 0.00 dB
SFOl 100.6238364 MHz
CPDPRGZ waltzlé
NUC2 1H
d 95.00 usec
0.00 dB
15.47 dB
400.1320007 MHz
16384
100.61276%0 MHz
EM
o}
2.00 Hz
o]
1.40
] T T I T T I I I I I T I I T ] T I 1
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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