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X-ray structures

1b-Me 1b-CF3

Fig. S1: Molecular structures of 1a-OMe, 1a-Me, 1b-NMe,, 1b-OMe, 1b-Me, 1b-CF;

showing 30% ellipsoids; H atoms are omitted for clarity.
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3a-OMe

Fig. S2: Molecular structures of 3a-OMe, 3b-OMe, 3b-CF; and 3b-NQO; showing 30%

ellipsoids; H atoms are omitted for clarity.
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Table S1a: Selected bond distances (A) and bond angles [°] for Ir complexes 1a-OMe, and
1a-Me.
1a-OMe 1a-Me
I—C(9) 2.027(9) 2.052(10) 2.043(5)
I—N(1) 2.074(8) 2.073(8) 2.086(4)
I—CI(1) 2.410(3) 2.409(3) 2.4091(12)
2.130(9) 2.150(5)
2.135(10) 2.150(5)
I—Cp* 2.152(10) 2.150(5)
2.236(10) 2.230(5)
2.243(9) 2.253(5)
C(O)>—Ir—N(1) 77.3(3) 77.4(4) 77.76(18)

Note for 1a-OMe there are two unique molecules in the unit cell, data have been given for just one
molecule see cif for full data.

Table S1b: Selected bond distances (A) and bond angles [°] for Rh complexes 1b-NMe;, 1b-
OMe, 1b-Me and 1b-CF3.
1b-NMe, 1b-OMe 1b-Me 1b-CF;
Rh—C(9) 2.031(3) 2.028(3) 2.056(5) 2.032(3)
Rh—N(1) 2.093(2) 2.090(3) 2.082(5) 2.090(2)
Rh—CI(1) 2.4065(8) 2.3974(10) 2.4047(15) 2.4019(8)
2.133(3) 2.132(3) 2.136(5) 2.145(3)
2.146(3) 2.139(3) 2.152(5) 2.146(3)
Rh—Cp* 2.158(3) 2.147(3) 2.161(5) 2.163(3)
2.241(3) 2.263(3) 2.220(5) 2.235(3)
2.250(3) 2.263(3) 2.245(5) 2.247(3)
C(9)—Rh—N(1) 78.69(11) 78.27(12) 78.5(2) 78.50(10)

Note for 1b-OMe and 1b-Me there are two unique molecules in the unit cell, data have been given
for just one molecule see cif for full data.

Table Slc: Selected bond distances (A) and bond angles [°] for 3a-OMe, 3b-OMe, 3b-CF3,

and 3b-NO:.
3a-OMe 3b-OMe 3b-CF; 3b-NO;
M—C(9) 2.062(6) 2.049(3) 2.026(8) 2.039(4)
M—N(1) 2.075(5) 2.075(3) 2.083(7) 2.092(4)
M—CI(1) 2.4042(16) | 2.3996(9) 2.389(2) 2.4044(13)

2.146(6) 2.145(3) 2.106(9) 2.138(4)
2.151(6) 2.160(3) 2.170(8) 2.151(5)
M—Cp* 2.161(5) 2.175(3) 2.183(8) 2.166(4)
2.219(5) 2.225(3) 2.201(8) 2.223(5
2.229(6) 2.231(3) 2.240(8) 2.238(5)
C(9)—M—N(1) 77.3(2) 78.12(12) 78.3(3) 78.71(18)
Note for 3b-CF; there are two unique molecules in the unit cell, data have been given for just one
molecule see cif for full data.
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Deuteration Studies

The appropriate ligand was treated with [MCICp*]> (5 mol%) in the presence of NaOAc in d*-
methanol. The percentage deuterium incorporation was calculated from the relative integrations of the
ortho protons and other signals in the corresponding free ligand. The results are shown in the Table
below. For ligands L1-R the two ortho sites are equivalent whilst for L2-R sites A and B are
inequivalent with site A corresponding to formation of the ortho isomer and site B the para isomer

(see Scheme 4).

Table S2 Deuterium incorporation

Ir Rh
Ligand Time %D Time %D
(Temp) ’ (Temp)
i 3 days (50 °C)? 10 2 days (r.t.) 8
LI-NMe 22 days (50 °C)* 55 60 days (r.t.) 76
3 days (r.t.) 14
L1-OMe 10 days (r.t.) 2
%D A:B %D A:B
15min (r.t.) 76:33 15 min (r.t.) 44:62
L2-NMe; 6 days (r.t.) 76:39 24h.(rt) 95:97
30 min (r.t.) 41:25
L2-OMe - - :
5 days (r.t.) 100:95
L2-Me 3 days (60 C;C) N.D:20° 12 days (r.t.) 5:50
10 days (60°C) N.D:40" 30 days (r.t.) 50:90
L2-CF3 30 days (r.t.) N.D 30 days (r.t.) N.D
L2-NO; - 30 days (r.t.) N.D

2No exchange detected at r.t.
® For L2-Me the signals for A and B are very close so calculating an accurate ratio is not possible

ND = Not detected
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Competition experiments

Two substrates compete for reaction with a limiting amount of metal (5:5:1 ratio of

ligand:ligand:metal) (Scheme 5 in the paper). 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. Using a large excess of ligand can lead to problems since small product peaks may be

hidden by large excess ligand peaks, hence not all combinations work well.

Table S3: Competition experiments between L1-R to form meta-substituted complexes of Ir.
complex R R R, R, R ‘R,
Eniry 7R R - 50 °C.b £90 °C ¢
1 2 atr.t. . a
1 Me NMe, 1:2.3 1:1.5¢ -
2 OMe H 1:2.2 1:2.1 1.2:1
3 H Me 1:1.2 1:1.3 1.2:1
4 OMe Me 1:2.0 1:1.9 -
5 F OMe 1:5.7 1:5.6 2.4:1
6 CF, F 1:2.9 1:3.1 1.5:1
7 NO, CF, 1:5.3 1:5.2 5.4:1

a: DCM:MeOH (4:1) after 1 hour except entry 7 after 3 hours.

b: DCM:MeOH (4:1) after 48 hours except entries 2 and 6 after 24 and 96 hours respectively.
c: DCM:MeOH (4:1) after 24 hours at r.t.

d: In TFE (5 ml) + pivalic acid at 90 °C after 24 hours except entry 7 after 66 hours.

Table S4: Competition experiments between L2-R to form para-substituted complexes of Ir.
Ent complex Ri: p-R; (0-Ry) R; v.s. p-Ry (0-Ry) | Ry v.s. p-R; (0-Ry)
Y1 R | R atr.tl at 50 °C® at 90 °C ¢
1 NMe, | OMe 15:1(1.3)¢ 1:3.1(2.6) -
2 H OMe 1:2.8(3.3) 1:2.0(2.3) 7.1:1(2.2)
H Me 1:1.4(0.14) 1:1.4(0.14) 3.5:1(0)

44 H Me 1: 1.5 - -

5 H F 9.2:1(3.6) 6.8:1(4.7) 3.1:1(36)f

6 CF, 1:7.4(31) 1:6.8(35) 11:1(40)

74 CF, F 1:46 1:36 -

8 CF, - - 2.5:1

9 CF, NO, 2.8:1(0.51) 3.4:1(0.44) 1:4.0(trace)

a: DCM:MeOH (4:1) after 15 minutes except entries 1 and 7 after 1 hour.
b: DCM:MeOH (4:1) after 12 days, 1, 48 and 24 hours for entries 1,3, 7 and 9 and after 72 hours for entries 2

and 5.

c: TFE 5 ml + pivalic acid at 90 °C after 24 hours except entry 9 after 96 hours.
d: ratio monitored by ESI-MS after 15 minutes. Calibration curves for mixtures of the two complexes
were measured to establish their relative sensitivity
e: ratio changed over time and reached 8.6:1(1.1) after 24 hours at r.t.
f determined by '°’F NMR spectroscopy. Very similar results were determined by ESI-MS
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Table S5: Relative rates of formation of meta and para-substituted complexes of Ir.
Group NMe, | OMe Me H F CF; NO,
kr/k meta-complexes 2.8 0.45 1.2 1 0.082 | 0.028 | 0.0053
log kr/ki meta-complexes 0.45 -0.35 0.08 0 -1.09 | -1.55 -2.28
om -0.15 0.12 -0.07 0 0.34 0.43 0.71
2 X kg/ky para-complex 84 5.6 2.8 1 0.22 | 0.030 | 0.011
log (2 kr/kn) para-complex 1.92 0.75 0.45 0 -0.66 | -1.52 -1.96
op -0.83 | -0.27 | -0.17 0 0.06 0.54 0.78

Note for the para-substituted complexes the relative rates are multiplied by two, this is due to there
being two positions for C—H activation when R = H (unsubstituted ligand) compared with only one

position in case of formation of the para isomer.

3.0 y=-1.7x - 0.45

R>=0.89
2.0

2.0 15 -1.0 0.5 0.0 05 1.0
c (m*, p?)

Fig.S3: Hammett plot of log (kr/kz) for formation of meta and para-substituted complexes of Ir

against om'and op”.

om'and op” values.
o constant NMe: OMe Me H F CF; NO;
om’" -0.15 0.042 -0.066 0 0.352 0.52 0.674
op" -1.7 -0.778 | -0.311 0 -0.073 0.612 0.790
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Rh competition experiments

All the initial ratios at r.t. in Tables S6 and S7 were measured after 15 minutes except entry 7 in both

tables after 1 hour and so are taken as indicative of the kinetic selectivity.

Table S6: Results of competition experiments to form meta-substituted complexes of Rh.

Entry complex R/R, R/'R, R/'R,
R, R, atr.t.? atr.t.> at 50 °C ¢

1 Me NMe, 1:1.7 2.0:1¢ 1.8:1

2 OMe Me 1:1.7 1.1:1 1.7:1

3 H Me 1:1 1.4:1 1.8:1

4 OMe H 1:1.5 1:1.1 1.1:1

5 F H 1:5.0 1:3.3 4.0:1

6 CF, F 1:2.3 1:2.5¢ 1.3:1°

7 NO, CF, 1:3.5 1:3.2¢ 3.0:1f

a: DCM:MeOH (4:1) after 15 min except entry 7 after 1 hour.
b: DCM:MeOH (4:1) after 24 hours except entry 7 after 48 hours.

c: Ratio did not change with time even after 24 hours.
d: DCM:MeOH (4:1) for 24 hours except entries 1 after 1 hour and 5 after 72 hours.
e: reaction reached equilibrium at r.t. and heating for 24 hours did not change the ratio significantly.
f: DCM:MeOH (4:1) + pivalic acid at 50 °C after 7 days for entry 6 and 9 days for entry 7.

Table S7: Results of competition experiments to form para-substituted complexes of Rh.
complex R, vs p-Ra(0-R») R, vs p-Ra(0-R2) | R, vs p-Ra(0-R»)
Entry
R, R, at r.t.2 atr.t.b at 50°C¢
1 Me NMe, 1:29 2.2:1 2.2:1¢
2 H OMe 1:3.5(8.9) 6.2:1(1.3) 7.2:1(0.8)
3 H Me 1:1.20 4.0:1 4.0:1
4 H F 1% (2.7)" 1:* (4.1)" 1% (8.1)"
5i H F 1:2.9 1:3.3 1:6.7
6' CF; H 1:29 1:23 2.7:1¢
7 CF, NO, 4.6:1(5.0) 3.0:1(2.3) 1:3.4(0)f
7 CF, NO, 1:1.7 1:1.2 -

a: DCM:MeOH (4:1) after 15 min except entry 7 after lhour.
b: DCM:MeOH (4:1) after 24 hours.
c: Ratio did not change with time even after 24 hours.

d: DCM:MeOH (4:1) after 24 hours for entries 3 and 5, after 48 hours for entry 4, after 6 and 9 days for 2 and 8

respectively.

e: DCM:MeOH (4:1) + pivalic acid at 50 °C after 7 days.
f: TFE 5 ml + pivalic acid at 90 °C after 24 hours.

g: reaction reached equilibrium at room temperature and heating the mixture for 4 days did not change the ratio

significantly.

h: * trace of para isomer, ortho isomer is major.
i: Ratio measured by ESI-MS.
j: Only H-product observed by '"H NMR spectroscopy at 15 minutes so ratio determined by ESI-MS.

Some experiments were also monitored by ESI-MS as mentioned above with Ir. For H versus F (entry

Entry 4 the ratio was measured by 'H NMR spectroscopy, a separate experiment (entry 5) was
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monitored by ESI-MS. For entry 6 (CFs versus. H), the ratio from the same experiment was measured
by both methods due to the difficulty in integrating small peaks for the CF3 complex at short reaction
time. For entry 7, the ratio was also measured by two methods. In all cases the results obtained by

both methods showed reasonable agreement.

Table S8: Relative rates of formation of meta and para-substituted complexes of Rh.
Group NMe, | OMe Me H F CFs NO;
kr/kir m-complexes 1.7 0.66 1 1 0.20 | 0.087 0.025
log kr/ky m-complexes 0.23 -0.18 0 0 -0.7 -1.06 -1.60
kr/kn p-complexes 35 3.5 1.2 1 - 0.034 | 0.0074
2kr/kr p-complexes 70 7.0 2.4 1 - 0.068 0.015
log(2kr/k) p-complexes 1.85 0.85 0.38 0 - -1.17 -1.82
om -0.15 0.12 | -0.07 0 0.34 0.43 0.71
op -0.83 | -0.27 | -0.17 0 0.06 0.54 0.78

Note, in the case of para-complexes, R = F has been omitted from the order of reactivity because
when R = F the ortho isomer is strongly favoured over the para isomer and only a trace of the para

isomer is observed.
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Experimental Procedures and characterisation Data

Cyclometallation of 1-(4-N, N dimethylamine)-1H-pyrazole (L1-NMe,) with [IrCL,Cp'],

The general procedure was followed using [IrCl.Cp*], (50 mg., 0.063
mmol), 1-(4-N, N dimethylamine)-1H-pyrazole (23.5 mg., 0.125 mmol)
and NaOAc (12.8 mg., 0.156 mmol) in dry MeOH (5 ml). The mixture
was stirred for 1 hour at room temperature. The product was recrystallised
from THF / petroleum ether to give 1a-NMe; (54 mg., 78%) as yellow
crystals. "H NMR (400 MHz, CDCls): 8 1.74 (s, 15H, CsMes), 3.00 (s, 6H,
NMe,), 6.42 (dd, 1H, J = 2.7, 8.6 Hz, H®), 6.45 (t, 1H, J = 2.5 Hz, H"), 7.15 (d, 1H, J = 8.6 Hz, HY),
7.17 (d, 1H, J = 2.6 Hz, H®), 7.64 (dd, 1H, J = 0.5, 2.2 Hz, H*), 7.75 (dd, 1H, J = 0.5, 2.7 Hz, H°).
BC{'H} NMR (100 MHz, CDCls): § 9.1 (CsMes), 41.2 (NMey), 87.9 (CsMes), 107.3 (C?) 107.6 (C°),
111.0 (CY), 120.7 (C?), 123.6 (C°), 134.3 (C), 136.7 (C?), 146.6 (C"), 149.8 (CY). Accurate MS-ESI m/z
514.1834 (calculated), 514.1838 (found) [M—CI]" C21H27N3'**1r.

Cyclometallation of 1-(4-methoxyphenyl)-1H-pyrazole (L1-OMe) with [IrCL,Cp’]»

The general procedure was followed using [IrCL,.Cp*]> (50 mg., 0.063
mmol), 1-(4-methoxyphenyl)-1H-pyrazole (21.8 mg., 0.125 mmol) and
NaOAc (12.8 mg., 0.156 mmol) in dry MeOH (5 ml). The mixture was
stirred for 1 hour at room temperature. The product was recrystallised from
DCM / petroleum ether to give 1a-OMe (53 mg., 79%) as yellow crystals.
"H NMR (400 MHz, CDCls): & 1.74 (s, 15H, CsMes), 3.85 (s, 3H, OMe),
6.47 (t, 1H, J = 2.4 Hz, H"), 6.55 (dd, 1H, J = 2.6, 8.5 Hz, H®), 7.19 (d, 1H, J = 8.6 Hz, H%), 7.30 (d,
1H, J = 2.6Hz, He), 7.64 (brd, 1H, J = 2.0 Hz, H%), 7.79 (brd, 1H, J = 2.6 Hz, H%). *C{'H} NMR
(125 MHz, CDCl3): § 9.0 (CsMes), 55.4 (OMe), 88.1 (CsMes), 107.6 (C°) 107.7 (C¥®), 111.2 (CY),
121.8 (C?), 124.4 (C°), 136.9 (C'), 137.3 (C?), 147.3 (CM), 158.1 (CY). Accurate MS-ESI m/z 501.1518
(calculated), 501.1510 (found) [M—CI]" C20H24N>O'*Ir.

Cyclometallation of 1-(4-methylphenyl)-1H-pyrazole (L1-Me) with [IrCL,Cp']»

The general procedure was followed using [IrCL.Cp*]. (50 mg., 0.063
mmol), 1-(4-methylphenyl)-1H-pyrazole (19.8 mg., 0.125 mmol) and
NaOAc (12.8 mg., 0.156 mmol) in dry MeOH (5 ml). The mixture was
stirred for 1 hour at room temperature. The product was recrystallised from
DCM / petroleum ether to give 1a-Me (46 mg., 70%) as yellow crystals. 'H
NMR (400 MHz, CDCl3): 6 1.73 (s, 15H, CsMes), 2.37 (s, 3H, Me), 6.48 (t,
1H, J = 2.4 Hz, H®), 6.80 (brd, 1H, J = 7.9 Hz, H®), 7.14 (d, 1H, J = 8.0 Hz, HY), 7.54 (brs, 1H, H®),
7.65 (d, 1H, J = 2.0 Hz, H?), 7.83 (d, 1H, J = 2.7 Hz, H°). BC{'H} NMR (100 MHz, CDCl5): & 9.0
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(CsMes), 21.4 (Me), 88.0 (CsMes), 107.8 (CY), 110.4 (C%), 123.4 (C*), 124.7 (C°), 136.2 (CY), 137.2
(C9), 137.5 (C?), 140.5 (C') 145.4 (C"). Accurate MS-ESI m/z 485.1569 (calculated), 485.1554 (found)
[M—Cl]+ C20H24N2193Ir.

Cyclometallation of 1-(4-fluoromethylphenyl)-1H-pyrazole (L1-F) with [IrC1.Cp*],
The general procedure was followed using [IrCLCp*], (50 mg., 0.063

a
h mmol), 1-(4-fluromethylphenyl)-1H-pyrazole (20.4 mg., 0.125 mmol) and
c
N’ Nif NaOAc (12.8 mg, 0.156 mmol) in dry MeOH (5 ml). The mixture was
\CI stirred for 1 hour at room temperature. The product was recrystallised from

DCM / petroleum ether to give 1a-F (63 mg., 95%) as yellow crystals. 'H
NMR (400 MHz, CDCls): 6 1.73 (s, 15H, CsMes), 6.48 (t, 1H, J = 2.4 Hz,
HP), 6.67 (dt, 1H, Juy = 2.7, Jur = 8.6 Hz, H®), 7.20 (dd, 1H, Ju.r= 4.6, Jun= 8.5 Hz, HY), 7.40 (dd,
IH, Jun = 2.7, Jur = 8.9 Hz, H®), 7.65 (brd, 1H, J = 1.9 Hz, H*), 7.81 (brd, 1H, J = 2.6 Hz, H°).
BC{'H} NMR (100 MHz, CDCls): 8 9.1 (CsMes), 88.3 (CsMes), 108.1 (C), 109.2 (d, 2Jcr = 25.1 Hz,
C%), 111.6 (d, *Jer = 8.4 Hz, CY), 122.4 (d, Jor = 19.1 Hz, C¥), 125.2 (C°), 137.8 (C?), 139.0 (CH,
148.3 (d, *Jer = 4.8 Hz, C"), 161.3 (d, Jcr = 247.4 Hz, C'). YF{'H} (376 MHz, CDCls): § -117.5 (s,
F). Accurate MS-ESI m/z 489.1318 (calculated), 489.1329 (found) [M—CI]" CioHai FN,!*Ir.

Cyclometallation of 1-(4-trifluoromethylphenyl)-1H-pyrazole (L1-CF3) with [IrCL,Cp'].

b a The general procedure was followed using [IrCL,Cp*]. (50 mg., 0.063
c // \}I mmol), 1-[(4-trifluoromethylphenyl)-1H-pyrazole (26.5 mg., 0.125 mmol)
N \Ir\ and NaOAc (12.8 mg., 0.156 mmol) in dry MeOH (5 ml). The mixture was

Cl

stirred for 1 hour at room temperature. The product was recrystallised from
DCM / petroleum ether to give 1a-CF3 (53 mg., 74%) as yellow crystals. 'H
NMR (400 MHz, CDCls): 6 1.73 (s, 15H, CsMes), 6.51 (t, 1H, J = 2.5 Hz,
HP), 7.22 (dd, 1H, J = 1.2, 8.2 Hz, H°), 7.28 (d, 1H, J = 8.2 Hz, HY), 7.70 (brd, 1H, J = 2.0 Hz, H?),
7.91 (brd, 1H, J = 2.8 Hz, H®), 7.96 (brd, 1H, J = 1.3 Hz, H#). 3C {'H} NMR (100 MHz, CDCl;): &
9.0 (CsMes), 88.5 (CsMes), 108.7 (CY), 110.5 (CY), 120.3 (q, *Jcr = 3.5 Hz, C°), 124.6 (q, Jcr = 272.7
Hz, CF3), 126.0 (C%), 128.1 (q, XJcr = 31.4 Hz, C'), 133.0 (q, *Jcr = 3.1 Hz, C¥), 138.7 (C?), 145.1
(CMh), 145.9 (CM). YF{'H} (376 MHz, CDCI3): & -61.6 (s, CF3). Accurate MS-ESI m/z 539.1286 and
580.1552 (calculated), 539.1290 and 580.1565 (found) [M—CI]" and [M—C1 + (MeCN)]" respectively
CaoHa1F3NL!'Ir and CpoHop4F3N3!%r,

Cyclometallation of 1-(4-nitrophenyl)-1H-pyrazole (L1-NO;) with [IrCL,Cp’].

The general procedure was followed using [[rCl,.Cp*], (100 mg., 0.126
mmol), 1-(4-nitrophenyl)-1H-pyrazole (47.4 mg., 0.251 mmol), NaOAc
(25.7 mg., 0.313 mmol) in dry MeOH (10 ml). The mixture was stirred for
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24 hours at room temperature. The product was recrystallised from DCM / petroleum ether to give 1a-
NO:; (97 mg., 70%) as yellow crystals. 'H NMR (CDCls, 400 MHz) = §1.77 (s, 15H, Cp*), 6.58 (dd,
1H, J = 2.4,2.7 Hz, HY), 7.33 (d, 1H, J = 8.7 Hz, HY), 7.76 (brd, 1H, J = 2.0 Hz, H%), 7.89 (dd, 1H,J
= 2.4, 8.7 Hz, H°), 7.96 (brd, 1H, J = 2.8 Hz, H°), 8.58 (d, 1H, J = 2.3 Hz, Hg). BC{'H} NMR
(CDCls, 125 MHz) = §9.0 (Cp*), 88.9 (Cp*), 109.4 (C®), 110.8 (C%), 119.4 (C°), 126.8 (C), 131.2
(C?®), 139.6 (C%), 146.0 (C'), 147.1 (C™), 147.2 (C™). Accurate MS-ESI m/ 516.1263 and 557.1529
(calculated), 516.1260 and 557.1528 (found) [M-CI]* and [M-Cl + (MeCN)]" respectively
C1oH21N302!%Ir and C,1H24N4O,'Ir.

Cyclometallation of 1-(4-N, N dimethylamine)-1H-pyrazole (L1-NMe,) with [RhCL,Cp'|.

The general procedure was followed using [Cp*RhCl,],» (50 mg., 0.081
mmol), 1-(4-N, N dimethylamine)-1H-pyrazole (30.3 mg., 0.162 mmol),
NaOAc (13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was
stirred for 3 hours at room temperature. The product was recrystallised
from THF / petroleum ether to give 1b-NMe; (46 mg., 62%) as orange
crystals. "H NMR (CDCls, 400 MHz) = §1.68 (s, 15H, CsMes), 3.01 (s, 6H,
NMe»), 6.44 (t, 1H, J = 2.4 Hz, HY), 6.44(dd, 1H, J = 2.6 , 8.6 Hz, H°), 7.06
(d, 1H, J = 8.6 Hz, HY), 7.18 (brd, 1H, J = 2.6 Hz, H®), 7.73 (brd, 1H, J = 2.0 Hz, H?), 7.82 (brd, 1H,
J = 2.5 Hz, H%). BC{'H} NMR (CDCls, 100 MHz) = 89.3 (CsMes), 41.2 (NMe.), 95.5 (d, J = 6.8 Hz,
CsMes), 107.3 (C%°), 108.2 (C¥®), 111.2 (CY), 121.3 (C®), 123.7 (C°), 133.5 (C'), 137.8 (C?), 149.5
(CY), 160.3 (d, Jri-c, =31.9 Hz, C"). Accurate MS-ESI m/z 424.1260 (calculated), 424.1253 (found)
[M—CI]* C21H27N3!%Rh.

NMe,

Cyclometallation of 1-(4-methoxyphenyl)-1H-pyrazole (L1-OMe) with [RhCl,Cp'|.

The general procedure was followed using [Cp*RhCl;]> (50 mg., 0.081
mmol), 1-(4-methoxyphenyl)-1H-pyrazole (28.2 mg., 0.162 mmol),
NaOAc (13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was
~ci stirred for 24 hours at room temperature. The product was recrystallised
from DCM / petroleum ether to give 1b-OMe (51 mg., 71%) as orange
crystals. 'H NMR (CDCls, 400 MHz) = 81.68 (s, 15H, CsMes), 3.86 (s,
3H, OMe), 6.45 (t, 1H, J = 2.4 Hz, H®), 6.56 (dd, 1H, J = 2.6, 8.5 Hz, H°), 7.11 (d, 1H, J = 8.6 Hz,
HY), 7.32 (d, 1H, J = 2.6 Hz, H#), 7.75 (brd, 1H, J = 2.0 Hz, H?), 7.86 (brd, 1H, J = 2.6 Hz, H").
BC{'H} NMR (CDCls, 100 MHz) = 9.2 (CsMes), 55.4 (OMe), 95.6 (d, J = 6.9 Hz, CsMes), 107.7
(C%), 108.3 (C°), 111.3 (CY), 122.6 (C?), 124.5 (C*), 136.2 (CH), 138.3 (C?), 157.7 (C?), 160.9 (d, Jrr-c =
323 Hz, C". Accurate MS-ESI m/z 411.0944 (calculated), 411.0941 (found) [M-CI]"
C20H24N,0'Rh.
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Cyclometallation of 1-(4-methylphenyl)-1H-pyrazole (L1-Me) with [RhC1.Cp’].

The general procedure was followed using [Cp*RhClz], (50 mg., 0.081
mmol), 1-(4-methylphenyl)-1H-pyrazole (25.6 mg., 0.162 mmol), NaOAc
(13.3 mg., 162 mmol) dry MeOH (5 ml). The mixture was stirred for 24
hours at room temperature. The product was recrystallised from DCM /
petroleum ether to give 1b-Me (45 mg., 65%) as orange crystals. '"H NMR
(CDCl;, 400 MHz) = 61.67 (s, 15H, CsMes), 2.38 (s, 3H, Me), 6.46 (t, 1H, J
=2.4 Hz, H"), 6.83 (dd, 1H, J = 1.1, 7.9 Hz, H.), 7.10 (d, 1H, J = 8.0 Hz, Ha), 7.55 (d, 1H, J = 1.0 Hz,
H®), 7.77 (brd, 1H, J = 2.0 Hz, H?), 7.90 (brd, 1H, J = 2.6 Hz, H°). *C{'H} NMR (CDCls, 100 MHz)
=39.2 (CsMes), 21.4 (Me), 95.5 (d, J = 6.6 Hz, CsMes), 107.8 (C*), 110.6 (CY), 124.0 (C°), 124.8 (C°),
136.1 (CF), 137.9 (C®), 138.5 (C%), 139.7 (CY), 159.0 (d, Jri-c = 31.8 Hz, C"). Accurate MS-ESI m/z
395.0995 (calculated), 395.0992 (found) [M—CI]* C20H24N,'**Rh.

Cyclometallation of 1-(3-fluoromethylphenyl)-1H-pyrazole (L1-F) with [RhCL,Cp’].

The general procedure was followed using [Cp*RhClz]> (50 mg., 0.081
mmol), 1-(3-fluromethylphenyl)-1H-pyrazole (26.2 mg., 0.162 mmol),
NaOAc (13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was
stirred for 24 hours at room temperature. The product was recrystallised
from DCM / petroleum ether to give 1b-F (49 mg., 69%) as orange crystals.
'"H NMR (CDCls, 400 MHz) = 51.68 (s, 15H, CsMes), 6.48 (t, 1H, J = 2.4
Hz, HY), 6.71 (dt, 1H, Jyn = 2.7 , Jur = 8.5 Hz, H%), 7.13 (dd, 1H, Jur =
4.4, Jyn = 8.6 Hz, HY), 7.44 (dd, 1H, Juy = 2.6, Jur = 8.4 Hz, H®), 7.78 (brd, 1H, J = 1.9 Hz, H?),
7.86 (brd, 1H, J = 2.7 Hz, H°). BC{'H} NMR (CDCl;, 125 MHz) = § 9.2 (CsMes), 95.8 (d, J = 6.5 Hz,
CsMes), 108.1 (CY), 109.9 (d, 2Jcr = 24.5 Hz, C°), 111.6 (d, *Jcr = 8.4 Hz, C%), 123.3 (d, 2Jcr = 19.5
Hz, C?), 125.1 (C°), 138.2 (C'), 138.8 (C?), 160.8 (d, 'Jcr= 248.6 Hz, C'), 162.0 (dd, *Jcr = 4.0, Jric =
33.1 Hz, C". PF{!H} (376 MHz, CDCls): & -117.0 (s, F). Accurate MS-ESI m/z 399.0744
(calculated), 399.0756 (found) [M—CI]* C1oH21FN,!%Rh.

Cyclometallation of 1-(4-trifluoromethylphenyl)-1H-pyrazole (L1-CF3) with [RhCLCp’].

The general procedure was followed using [Cp*RhCl;]» (50 mg., 0.081
mmol), 1-(4-triluromethylphenyl)-1H-pyrazole (34.3 mg., 0.162 mmol),
NaOAc (13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was
stirred for 72 hours room temperature. The product was recrystallised from

DCM / petroleum ether to give 1b-CF3 (48 mg., 61%) as orange crystals. 'H
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NMR (CDCls, 500 MHz) = §1.67 (s, 15H, CsMes), 6.46 (t, J = 2.4 Hz, 1H, HY), 7.19 (d, J = 8.3 Hz,
1H, HY), 7.23 (dd, 1H, J =1.2, 8.4 Hz, H¢), 7.80 (brd, 1H, J = 2.1 Hz, H?), 7.97 (brd, 1H, J = 2.8 Hz,
He), 7.98 (brs, 1H, H), *C{'H} NMR (CDCls, 100 MHz) = §9.20 (CsMes), 96.0 (d, J = 6.6 Hz,
CsMes), 108.9 (C?), 110.8 (CY), 121.0 (q, *Jer = 3.2 Hz, C%), 127.8 (q, YJer = 31.3 Hz, C), 121.9 (q,
Ucr = 275.0 Hz,CF3), 126.1 (C°), 133.8 (q, *Jer = 3.2 Hz, C¥), 139.6 (C¥), 144.3 (C'), 159.4 (d, Jre =
33.6 Hz, C"). F{'H} NMR (CDCl;, 376 MHz) = & -61.4 (s, 3F, CFs). Accurate MS-ESI m/z
449.0712 and 490.0977 (calculated), 449.0721 and 490.0987 (found) [M—CI]* and [M-CI +
(MeCN)]" respectively CaoH21N,F3!%Rh and C2oH,4N3F3!“Rh.

Cyclometallation of 1-(4-nitrophenyl)-1H-pyrazole (L75-NO;) with [RhC1,Cp'],

The general procedure was followed using [Cp*RhCl;]> (50 mg., 0.081
mmol), 1-(4-nitrophenyl)-1H-pyrazole (30.6 mg., 0.162 mmol), NaOAc
(13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was stirred for 6
hours at 60 °C. The product was recrystallised from DCM / petroleum ether
to give 75b-NO; (46 mg., 61%) as orange crystals. 'H NMR (CDCls, 400
MHz) = §1.72 (s, 15H, CsMes), 6.55 (t, 1H, J = 2.4 Hz, H®), 7.25 (d, 1H, J =
8.7 Hz, HY), 7.88 (brd, 1H, J = 2.0 Hz, H?), 7.90 (dd, 1H, J = 2.4, 8.7 Hz, H®), 8.02 (brd, 1H, J = 2.8
Hz, H°), 8.60 (brd, 1H, J = 2.4 Hz, H?). *C{'H} NMR (CDCl;, 100 MHz) = §9.3 (CsMes), 96.3 (d, J
= 6.4 Hz, CsMes), 109.5 (C?), 110.9 (CY), 120.1 (C°), 126.7 (C°), 132.1 (C¥), 140.5 (C?), 145.7 (CH),
146.3 (CY), 160.7 (d, Jric = 34.1 Hz, C"). Accurate MS-ESI m/z 426.0689 and 467.0954 (calculated),
426.0686 and 467.0956 (found) [M—CI]" and [(M—CI) + (MeCN)]" respectively C19H21N30,!%*Rh and
C21H24N40,!®Rh.

Cyclometallation of 1-(3-N, N dimethylamine)-1H-pyrazole (L2-NMe;) with [IrCL.Cp’].

b a The general procedure was followed using [IrC1,Cp*]» (50 mg., 0.0627
c m mmol), 1-(3-methylphenyl)-1H-pyrazole (23.5 mg., 0.125 mmol) and
|N/ Ny NaOAc (12.8 mg., 0.156 mmol) in dry MeOH (5 ml). The mixture was
stirred for 1 hour at room temperature. The product was recrystallised
Me,N from THF / petroleum ether to give 3a-NMe; (52 mg., 76%) as yellow
crystals. 'H NMR (400 MHz, CDCl5): §1.74 (s, 15H, CsMes), 2.91 (s,
6H, NMe,), 6.47 (t, 1H, J = 2.4 Hz, H"), 6.69 (dd, 1H, J = 2.5, 8.1 Hz, Hf), 6.71 (d, 1H, J = 2.3 Hz,
HY), 7.57 (d, 1H, J = 8.1 Hz, H#), 7.67 (brd, 1H, J = 2.0 Hz, H?), 7.87 (brd, 1H, J = 2.7 Hz, H").
BC{'H} NMR (100 MHz, CDCl;): § 9.1 (CsMes), 41.5 (NMe.), 87.6 (CsMes), 97.4 (CY), 107.7 (CP),
114.0 (CY), 124.8 (C°), 131.5 (CM), 136.3 (C?), 137.7 (C?), 142.9 (CY), 147.9 (C°). Accurate MS-ESI m/z

514.1834 (calculated), 514.1838 (found) [M—CI]* C21H27N;'*Ir.
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Cyclometallation of 1-(3-methoxyphenyl)-1H-pyrazole (L2-OMe) with [IrCL,Cp’]..

. a b a The general procedure was followed using
Cm c@ [[rCl,Cp*]> (50 mg., 0.063 mmol), 1-(3-
N’ Ny iN \Ir\ methoxyphenyl)-1H-pyrazole (21.8 mg.,

g @( i d cl 0.125 mmol) and NaOAc (12.8 mg., 0.125
© gOM e |\/|eoe : 9 mmol) were added in dry MeOH (5ml).
f The mixture was stirred for 1 hour at room
temperature. The product was

2a-OMe 3a-OMe recrystallised from DCM / petroleum ether

to give 2a-OMe and 3a-OMe (40 mg., 60%) as yellow crystals. 'H NMR (400 MHz, CDCl;): 2a-
OMe 5 1.73 (s, 15H, CsMes), 3.84 (s, 3H, OMe), 6.48-6.50 (m, 1H, H®), 6.65 (dd, 1H, J=0.7, 7.7 Hz,
Hf), 6.96 (dd, 1H, J= 0.8, 7.8 Hz, HY), 7.01 (t, 1H, J = 7.8 Hz, H°), 7.68 (overlapping d, 1H, H?), 7.86
(overlapping d, 1H, H). *C {'H} NMR (100 MHz, CDCl;): & 9.3 (CsMes), 56.2 (OMe), 88.5
(CsMes), 104.9 (CY), 107.7/108.0 (C%), 109.4 (CY), 124.4 (C°), 125.2/125.5 (C°), 133.4 (Ch),
137.6/138.0 (C%), 142.8/143.0 (C'), 163.8 (C8). '"H NMR (400 MHz, CDCls): 3a-OMe & 1.73 (s, 15H,
CsMes), 3.80 (s, 3H, OMe), 6.48-6.50 (m, 1H, H), 6.77 (dd, 1H, J = 2.5, 8.2 Hz, H"), 6.87 (d, J=2.4
Hz, HY), 7.60 (d, 1H, J = 8.2 Hz, H?), 7.68 (overlapping d, 1H, H?), 7.86 (overlapping d, 1H, H°).
BC{'H} NMR (100 MHz, CDCl;5): & 9.0(CsMes), 55.6 (OMe), 87.8 (CsMes), 98.2 (CY), 107.7/108.0
(C%), 113.1 (C), 125.2/125.5 (C°), 135.1 (CM), 136.4 (C?®), 137.6/138.0 (C?), 142.8/143.0 (CH), 156.5
(C°), Accurate MS-ESI m/z 501.1518 (calculated), 501.1520 (found) [M—CI1]" C20H2aN>O'*Ir.

Cyclometallation of 1-(3-methoxyphenyl)-1H-pyrazole (L2-Me) with [IrC1.Cp’]..

b a b a The general procedure was followed
N el '\ using [IrCl.Cp*]> (50 mg., 0.063
N~ \ N™
i S i g mmol), 1-(3-methylphenyl)-1H-
q cl q Cl
e g e pyrazole (19.8 mg., 0.125 mmol) and
Me Me g .
f f NaOAc (12.8 mg., 0.156 mmol) in dry
MeOH (5 ml). The mixture was stirred
2a-Me 3a-Me for 1 hour at room temperature. The

product was recrystallised from DCM / petroleum ether to give 2a-Me and 3a-Me (57 mg.,
88%) as yellow crystals. 'H NMR (400 MHz, CDCls): 2a-Me § 1.66 (s, 15H, CsMes), 2.61
(s, 3H, Me), 6.50 (t, 1H, J = 2.5 Hz, H"), 6.94 (overlapping t, 1H, H®), 7.05 (overlapping d,
2H, HY), 7.71 (brd, 1H, J = 2.1 Hz, H?), 7.87 (overlapping d, 1H, H). 3C{'H} NMR (100
MHz, CDCl3): Assignment of the '*C NMR spectra of the ortho isomer is difficult due to low
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intensity and overlap with the peaks of the para isomer. '"H NMR (400 MHz, CDCl3): 3a-Me
8 1.74 (s, 15H, CsMes), 2.34 (s, 3H, Me), 6.50 (t, 1H, J = 2.5 Hz, H"), 6.94 (dd, /= 0.8, 7.5
Hz, 1H, HY), 7.09 (brs, 1H, HY), 7.61 (d, 1H, J = 7.6 Hz, H®), 7.68 (brd, 1H, J=2.1 Hz, H?),
7.87 (brd, 1H, J = 2.8 Hz, H%). *C{'H} NMR (100 MHz, CDCl5): § 9.0 (CsMes), 21.0 (Me),
87.9 (CsMes), 107.9 (C®), 111.7 (CY), 124.8 (C°), 128.2 (C"), 132.3 (C®), 136.3 (C?®), 137.7
(C%), 141.4 (C"), 142.6 (C'). Accurate MS-ESI m/z 485.1569 (calculated), 485.1567 (found)
[M—CI]" Ca0H24N2'I.

Cyclometallation of 1-(3-methoxyphenyl)-1H-pyrazole (L2-F) with [IrC1.Cp’]..

. a . a The general procedure was followed

{ \} / \} using [IrCLCp*]2 (50 mg., 0.063
el WL el WL g p g

i Ir\ i Ir\ mmol), 1-[(3-fluoromethylphenyl)-1H-

gijg cl g cl pyrazole (24.4 mg., 0.125 mmol) and

9

f F F f NaOAc (12.8 mg., 0.156 mmol) in dry

MeOH (5 ml). The mixture was stirred

2a-F 3a-F for 1 hour at room temperature. The

product was recrystallised from DCM / petroleum ether to give 2a-F and 3a-F (51 mg., 77%)
as yellow crystals. '"H NMR (500 MHz, CDCls): 2a-F § 1.78 (s, 15H, CsMes), 6.53 (t, 1H, J
= 2.5 Hz, H®), 6.83 (td, 1H, J = 0.9, 7.8 Hz, H'), 7.02 — 6.97 (m, 1H, H®), 7.10 (dd, 1H, J =
0.8, 7.8 Hz, HY), 7.71 (brd, 1H, J = 1.9 Hz, H?), 7.90 (brd, 1H, J = 2.7 Hz, H%). 3C {'H}
NMR (125 MHz, CDCl3): 8 9.3 (d, Jcr = 2.3 Hz, CsMes), 88.8 (CsMes), 107.2 (d, “Jcr = 2.4
Hz, C%), 108.1 (CY), 113.2 (d, %Jcr = 29.5 Hz, C"), 124.6 (d, *Jcr = 8.3 Hz, C°) 125.8 (C°),
129.6 (d, 2Jcr = 48.2 Hz, CP), 138.0 (C?), 144.1 (d, *Jcr = 18.3 Hz, CY), 167.1 (d, 'Jcr=234.2
Hz, C%). °F{'H} (376 MHz, CDCl3): § -93.5 (s, F). '"H NMR (500 MHz, CDCl;): 3a-F § 1.73
(s, 15H, CsMes), 6.53 (t, 1H, J = 2.5 Hz, H®), 6.88 (ddd, 1H, J = 2.5, 8.3, 9.4 Hz, Hf), 6.97 —
7.02 (m, 1H, HY), 7.64 (dd, 1H, J = 6.4, 8.2 Hz, H®), 7.70 (brd, 1H, J = 2.2 Hz, H%), 7.84
(brd, 1H, J = 2.8 Hz, H°). 13C {!H} NMR (125 MHz, CDCl): § 9.0 (CsMes), 88.0 (CsMes),
99.0 (d, 2Jcr = 25.6 Hz, C%), 108.4 (C), 113.8 (d, 2Jcr = 19.3 Hz, Cf) 125.4 (C°), 136.7 (d,
3Jcr=17.1 Hz, C®), 138.4(C?), 139.0 (d, “Jcr = 2.2 Hz, C"), 142.5 (d, *Jcr = 9.4 Hz, C), 160.1
(d, "Jer = 238.4 Hz, C°). '°F {'H} (376 MHz, CDCLs): § -121.7 (s, F). Accurate MS-ESI m/z
489.1318 (calculated), 489.1333 (found) [M—CI]" C1oH21FN2'%Ir.
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Cyclometallation of 1-(3-trifluromethylphenyl)-1H-pyrazole L2-CF3) with [IrCL,Cp’].

The general procedure was followed using [IrCl,Cp*]> (50 mg., 0.063

b a mmol), 1-[(3-trifluoromethylphenyl)-1H-pyrazole (26.5 mg., 0.125
CQ\ mmol) and NaOAc (12.8 mg., 0.156 mmol) in dry MeOH (5 ml). The

i lr\CI mixture was stirred for 6 hours at room temperature. The product was

g recrystallised from DCM / petroleum ether to give 3a-CF; (49 mg.,
FsC f ? 68%) as yellow crystals. '"H NMR (500 MHz, CDCls): & 1.74 (s, 15H,

CsMes), 6.55 (t, 1H, J = 2.5 Hz, HY), 7.33 (dd, 1H, J = 0.9, 7.9 Hz, HY),
7.45 (brs, 1H, HY), 7.71 (brd, 1H, J = 2.0 Hz, H?), 7.85 (d, 1H, J = 7.8 Hz, H®), 7.95 (brd, 1H, J = 2.6
Hz, H°). *C {'H} NMR (125 MHz, CDCl5): & 8.0 (CsMes), 87.7 (CsMes), 106.4 (q, *Jcr = 3.8 Hz, CY),
107.6 (C), 122.3 (q, *Jer= 3.3 Hz, C), 123.7 (q, 'Jer = 271.2 Hz, CF3) 124.1 (q, 2Jcr = 32.5 Hz, C°) ,
124.6 (C°), 135.8 (C®), 137.5 (C%), 141.8 (C"), 150.8 (CY)). F{'H} (376 MHz, CDCl5): & -61.7 (s,
CFs). Accurate MS-ESI m/z 539.1286 and 580.1552 (calculated), 539.1266 and 580.1567 (found)
[M—CI]" and [(M—CI) + (MeCN)]" respectively CaoHa1F3N2'**Ir and CooHosF3N3'Ir.

Cyclometallation of 1-(3-methoxyphenyl)-1H-pyrazole (L2-NQO2) with [IrCL,Cp]..

b a , a The general procedure was followed
c@\ I\ using [IrCL.Cp*]s (50 mg., 0.063
; dlr\m iN \Ir\CI mmol), 1-(3-nitrophenyl)-1H-pyrazole
e g Ce’ (23.7 mg., 0.125 mmol) and NaOAc
f NO; O2N f ° (12.8 mg., 0.156 mmol) were added in
dry MeOH (5ml). The mixture was
2a-NO2 3a-NO2 stirred for 24 hours at room

temperature. The product was recrystallised from DCM / petroleum ether to give 2a-NQO2 and
3a-NO2 (40 mg., 58%) as yellow crystals. "H NMR (400 MHz, CDCl3): 2a-NO2 & 1.63 (s,
15H, CsMes), 6.60 (dd, 1H, J=2.3, 2.8 Hz, H®), 7.10 (t, 1H, J= 7.9 Hz, H°), 7.42 (dd, 1H, J
=1.1,7.8 Hz, HY), 7.61 (dd, 1H, J= 1.1, 8.0 Hz, HY), 7.71 (dd, 1H, J=0.5, 2.2, H?), 7.95 (dd,
1H, J=0.5, 2.9 Hz, H%), *C{'H} NMR (125 MHz, CDCl3): § 9.00 (CsMes), 89.4 (CsMes),
109.1 (CP), 114.0 (CY), 122.7 (C"), 123.8 (C®), 126.4 (C°), 137.8 (CM), 139.2 (C?), 144.8 (C)),
158.7 (C%). '"H NMR (400 MHz, CDCls): 3a-NO2 § 1.75 (s, 15H, CsMes), 6.63 (dd, 1H, J=
2.3,2.8 Hz, HY), 7.74 (dd, 1H, J= 0.5, 2.2 Hz, H*), 7.90 (d, 1H, J = 8.3 Hz, H?), 7.97 (dd, 1H,
J=2.2,8.3 Hz, H), 8.05 (dd, 1H,J=0.5, 2.8 H), 8.11 (d, 1H, J=2.2 Hz, HY). *C{'H}
NMR (125 MHz, CDCl5): § 9.00 (CsMes), 89.3 (CsMes), 105.6 (C%), 109.2(C), 121.4 (C?),
126.2 (C°), 136.8 (C2), 139.0 (C?), 143.1 (C"), 144.3 (C'), 159.8 (C°). Accurate MS-ESI m/z
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516.1263 and 557.1529 (calculated), 516.1270 and 557.1532 (found) [M=CI]* and [(M—CI) +
(MeCN)]" respectively Ci19H21N30'*Ir and C21H24N4O'Ir.

Cyclometallation of 1-(3-N, N dimethylamine)-1H-pyrazole (L2-NMe;) with [RhCL,Cp].

The general procedure was followed using [Cp*RhCL], (50 mg.,

b a
A 0.081 mmol), 1-(3-N, N dimethylamine)-1H-pyrazole (30.3 mg.,
c
N” \Rh 0.162 mmol), NaOAc (13.3 mg., 0.162mmol) in dry MeOH (5 ml).
i
d \CI The mixture was stirred for 4 hours at room temperature. The product
M e2Ne g was recrystallised from THF / petroleum ether to give 3b-NMe; (34

mg., 46%) orange crystals. 'H NMR (CDCl;, 400 MHz): & 1.67 (s,
15H, CsMes), 2.91 (s, 6H, NMe»), 6.45 (t, 1H, J = 2.4 Hz, H®), 6.63 (d, 1H, J = 2.4 Hz, HY), 6.72 (dd,
1H, J = 2.5, 8.3 Hz, HY), 7.57 (d, 1H, J = 8.3 Hz, H#), 7.78 (brd, 1H, J = 2.0 Hz, H?), 7.94 (brd, 1H, J
= 2.6 Hz, H°). PC{'H} NMR (CDCls, 100 MHz) = §9.3 (CsMes), 41.4 (NMe>), 95.2 (d, J = 6.6 Hz,
CsMes), 97.6 (CY), 107.7 (C), 113.8 (CY), 124.8 (C°), 137.0 (C?), 138.8 (C?), 141.9 (C}), 144.2 (d, Jric
= 33.1 Hz, C"), 148.3 (C°). Accurate MS-ESI m/z 424.1260 (calculated), 424.1244 (found) [M—-CI]*
C21H,7N3!1%Rh.

Cyclometallation of 1-(3-methoxyphenyl)-1H-pyrazole (L2-OMe) with [RhCL,Cp]..

b a b a The general procedure was followed
I3 cl using [Cp*RhCL]; (50 mg., 0.081
el N AN g [Cp I ( g
i RA i Rh\ mmol), 1-(3-methoxyphenyl)-1H-
Cl d
gi}g e g cl pyrazole (28.2 mg., 0.162 mmol),
MeO
¥~ ~OMe M NaOAc (13.3 mg., 0.162mmol) in dry
MeOH (5 ml). The mixture was stirred
2b-OMe:2 3b-OMe for 20 hours at room temperature and

2b-OMe and 3b-OMe were observed. The product was recrystallised from DCM / petroleum
ether to give only 3b-OMe (44 mg., 61%) orange crystals. The 'H NMR signals for the ortho
isomer 2b-OMe have been assigned from the crude mixture. '"H NMR (CDCls, 400 MHz) 2b-
OMe § 1.68 (s, 15H, CsMes), 3.88 (s, 3H, OMe), 6.52-6.50 (m, 1H, H®), 6.70 (brd, 1H, J =
7.8, Hz, HY, 6.92 (dd, 1H, J = 0.8, 7.8 Hz, HY), 7.07 (t, 1H, J = 7.9 Hz, H°), 7.84
(overlapping d, 1H, H*), 7.96 (brd, 1H, J = 2.6 Hz, H®). This isomer was not characterised by
3C NMR. 'H NMR (CDCls, 500 MHz) : 3b-OMe & 1.67 (s, 15H, CsMes), 3.79 (s, 3H,
OMe), 6.46 (t, 1H, J = 2.5 Hz, H%), 6.79 (d, 1H, J = 2.4, Hz, HY), 6.81 (dd, 1H, J = 2.5, 8.1
Hz, HY), 7.61 (d, 1H, J = 8.0 Hz, H®), 7.79 (brd, 1H, J = 2.1 Hz, H%), 7.93 (brd, 1H, J = 2.6
Hz, H). BC{'H} NMR (CDCls, 100 MHz) : § 9.2 (CsMes), 55.6 (OMe), 95.4 (d, J = 6.5 Hz,
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CsMes), 98.5 (CY), 108.1 (CY), 113.0 (CY), 125.2 (C°), 137.2 (C?), 139.0 (C?), 141.8(C'), 147.9
(d, Jri-c = 32.8 Hz, C"), 157.0 (C°). Accurate MS-ESI m/z 411.0944 (calculated), 411.0946
(found) [M—CI]* C20H24N,O'**Rh.

Cyclometallation of 1-(3-methylphenyl)-1H-pyrazole (L2-Me) with [RhCL,Cp'|.

The general procedure was followed using [Cp*RhCl:], (50 mg., 0.081

CZ_\a\l mmol), 1-(3-methylphenyl)-1H-pyrazole (25.6 mg., 0.162 mmol),

iN/ \Rh NaOAc (13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was

d \CI stirred for 4 hours at room temperature. The product was recrystallised
Mee 9 from DCM / petroleum ether to give 86b-Me (40 mg., 62%) as orange

crystals. '"H NMR (CDCls, 400 MHz): § 1.68 (s, 15H, CsMes), 2.34 (s,
3H, Me), 6.48 (t, 1H, J = 2.4 Hz, H"), 6.99 (brd, 1H, J = 7.7 Hz, H'), 7.02 (brs, 1H, HY), 7.63 (d, 1H, J
= 7.6 Hz, H®), 7.80 (brd, 1H, J = 1.9 Hz, H?), 7.94 (brd, 1H, J = 2.6 Hz, H°). *C{!H} NMR (CDCls,
100 MHz): § 9.2 (CsMes), 21.0 (Me), 95.5 (d, J = 6.9 Hz, CsMes), 107.9 (C°), 112.0 (CY), 124.9 (C°),
128.1 (C), 132.9 (C°), 137.0(C?), 138.8 (C?), 141.7 (C?), 154.8 (d, Jri-c = 32.0 Hz, C"). Accurate MS-
ESI m/z 395.0995 (calculated), 395.0993 (found) [M—CI]" CooH24N,!Rh.

Cyclometallation of 1-(3-fluromethylphenyl)-1H-pyrazole (L2-F) with [RhCL,Cp],

The general procedure was followed using [RhCLCp*]; (50 mg., 0.081 mmol), 1-[(3-
fluoromethylphenyl)-1H-pyrazole (26.2 mg., 0.162 mmol) and NaOAc

a
Z/—_\N (13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was stirred for 2
c
N’ \R h% hours at room temperature. The product was recrystallised from DCM /
d ! \CI petroleum ether to give 2b-F (51 mg., 73%) as orange crystals. 'H NMR
e

(400 MHz, CDCL): 5 1.73 (s, 15H, CsMes), 6.53 (t, 1H, J = 2.5 Hz, HY),
6.83 — 6.89 (m, 1H, H'), 7.07 — 7.01 (m, 2H, H), 7.83 (brd, 1H, J = 2.1
Hz, H*), 7.97(brd, 1H, J = 2.7 Hz, H°). 3C {'H} NMR (125 MHz, CDCL;): § 9.5 (d, J = 2.2 Hz,
CsMes), 96.4 (d, J = 6.8 Hz, CsMes), 107.5 (d, “Jcr = 2.1 Hz, C%), 108.2 (C*), 113.4 (d, Jcr = 29.7 Hz,
CY, 125.1 (d, *Jer = 8.1 Hz, C°) 125.7 (C°) , 139.1 (C?), 141.4 (dd, 2Jcr = 35.2, Jrnc 50.3 Hz, CM),
143.5 (d, 3Jer = 19.4 Hz, CY), 167.8 (d, Jer = 233.6Hz, C%). “F{'H} (376 MHz, CDCls): 5 -92.7 (s,
F). Accurate MS-ESI m/z 399.0744 (calculated), 399.0727 (found), [M—CI]* C1oH2 FN,!Rh.

g
F

Cyclometallation of 1-(3-trifluromethylphenyl)-1H-pyrazole (L2-CF;) with [RhCL,Cp'].

The general procedure was followed using [Cp*RhCl,]> (50 mg., 0.081

b a
c // \} I mmol), 1-(3-triluromethylphenyl)-1H-pyrazole (34.3 mg., 0.162mmol),
iN/ \Rh NaOAc (13.3 mg., 0.162 mmol) in dry MeOH (5 ml). The mixture was
d \CI stirred for 18 hours at 60 °C. The product was recrystallised from DCM /
e
g
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petroleum ether to give 3b-CF3 (42 mg., 54%) as orange crystals. '"H NMR (CDCls, 400 MHz): § 1.69
(s, 15H, CsMes), 6.55 (t, J = 2.4 Hz, 1H, HP), 7.38 (s, 1H, HY), 7.39 (brd, 1H, J = 7.8 Hz, Hf), 7.84
(brd, 1H, J = 2.0 Hz, H?), 7.88 (d, 1H, J = 7.6 Hz, H®), 8.02 (brd, 1H, J = 2.7 Hz, H®). BC{'H} NMR
(CDCls, 125 MHz): § 9.2 (CsMes), 96.1 (d, J = 6.7 Hz, CsMes), 107.5 (q, *Jcr = 3.6 Hz, C%), 108.7
(CY, 123.0 (q , *Jcr = 3.1 Hz, C), 125.6 (C°), 124.6 (q, 'Jcr = 271.5 Hz,CF3), 125.9 (q, 2Jcr = 32.5
Hz,C°), 137.7 (C?), 139.5 (C* CH), 141.9 (C)), 165.8 (d, Jrr-c= 33.1 Hz, C"). YF{'H} NMR (CDCls,
376 MHz) = & -61.8 (s, 3F, CF3). Accurate MS-ESI m/z 449.0712 and 490.0977 (calculated),
449.0711 and 490.0975 (found) [M—CI]" and [M—CIl + (MeCN)]" respectively C20H2iN2F3!%*Rh and
C2oH24N3F5!%Rh.

Cyclometallation of 1-(3-methoxyphenyl)-1H-pyrazole (L2-NO2) with [RhCL,Cp]..

b a The general procedure was followed

N
i
d

e

AN
Rh

AN

g
NO,

Cl

! b

«Q

using [RhCLCp*]> (50 mg., 0.081
mmol), 1-(3-nitrophenyl)-1H-pyrazole
(46.0 mg., 0.243 mmol) and NaOAc

(13.3 mg., 0.162 mmol) were added in
dry MeOH (5ml). The mixture was

stirred for 96 hours at room

2b-NO2 3b-NO2

temperature.  The  product
recrystallised from DCM / petroleum ether to give 2b-NO2 and 3b-NO:2 (44 mg., 58%) as
orange crystals. 'H NMR (500 MHz, CDCl;): 2b-NO2 & 1.59 (s, 15H, CsMes), 6.54 (t, 1H, J
=2.5 Hz, H), 7.14 (t, 1H, J= 7.9 Hz, H°), 7.38 (dd, 1H, J = 1.0, 7.8 Hz, H%), 7.73 (dd, 1H, J
= 1.0, 8.0 Hz, HY), 7.84 (brd, 1H, J = 2.0, H?), 8.04 (brd, 1H, J = 2.8 Hz, H°), *C{'H} NMR
(125 MHz, CDCl3): & 9.3 (CsMes), 89.3/89.4 (CsMes), 109.3 (C®), 114.7 (C9), 123.1 (C"),
124.6 (C°), 126.6 (C°), 140.5 (C?), 144.2 (C), 152.2 (d, Jrs-c = 37.7 Hz, CM), 159.5 (C?).). 'H
NMR (500 MHz, CDCl3): 3b-NO2 § 1.70 (s, 15H, CsMes), 6.61 (t, 1H, J = 2.5 Hz, H), 7.86
(brd, 1H, J = 2.0 Hz, H?), 7.94 (dd, 1H, J= 1.2, 7.3 Hz, HY), 8.02 — 8.0 (m, 2H, H%®), 8.11 (d,
1H, J = 2.75 Hz, H%). *C{'H} NMR (125 MHz, CDCls): § 9.2 (CsMes), 89.3/89.4 (CsMes),
105.5 (C¥8), 109.3(C"), 120.7 (C¥®), 126.2 (C°), 137.6 (CY), 139.9 (C?), 142.2 (CY), 145.1
(C%, 174.1 (d, Jrw-c = 34.0 Hz, C". Accurate MS-ESI m/z 426.0689 and 467.0954
(calculated), 426.692 and 467.0957 (found) [M—CI]" and [M—-Cl + (MeCN)]" respectively

Ci19H21N30,'%Rh and C21H24N40,'PRh.

was

S23



WO W A O A0 WD WS S ™) ] o < <Qurrent Data Parameters
[ e T X = RN e SN N T B B B A A R LS L SRS () - NAME RABAZ 32
. - EXPNG 10
~r-r-r~r- - -~ - e O WO KO WO WO OO o7 ~— PROCNO 1
k\w \ \// \J% F2 - Bcoguisition Parameters
Date_ 20160602
Time 22.01
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
" PULPROG zg30
N, ™D 32768
|:} @ 1-\:5: & SOLVENT cDC13
[ T NS 16
/I B ﬂ DS 2
N o SWH 6410.256 Hz
AN / — FIDRES 0.195625 Hz
M g Y 2o 2.5559540 sec
. /ll - b RG 143.7
|J_ . DW 78.000 usec
P Cl DE 6.00 usec
dr= TE 300.0 K
| D1 2.00000000 sec
gl A0 MCREST 0.00000000 sec
" T MCWRE 0.01500000 sec
[r 1a-NMe; = CHANNEL f1 =
Mie- NUCl 1H
o Pl 13.00 usec
PL1 0.00 dB
sFol 400.,1324008 MHz
F2 - Processing parameters
s1 32768
r sF 400.1300098 MHz
WDW EM
SS5B a
LB 0.30 Hz
B 0
CHCl; peak £C 1.00
U | J B
R B T B e A I T A e B LA S B L L S B B L O B e T B o S R
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 0.5 ppm
of [Tp) < fes) ™
o o [es} o ~ o
— — & [ry)
—
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~ oo o~ o~ 0O oy =N Current Data Parameters
O~ [NeR¥eN| [Nea\s) o O™ £ g@)gﬁ a mNAME RAARD 32
o w 0 oo — - . R . © Frocno E
= ™M™ [N — o o ~ ~ o — .
— — — — w ~ o~ = N
F2 - Acguisiticn Parameters
‘ ’ \ / ‘ / \ \/ ‘ \‘/ Time” BTt
Time 22.47
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG apt
. D 32768
% SOLVENT €DCL3
b a kN r NS 1000
Ds 4
f; - -
f :'.. T 3&% SWH 26178.010 Hz
it . z
y . % FIDRES 0.798889 H
[ N — g 0.6259188 sec
M S 5 RrG 11585.2
g % DW 13.100 usec
. I
|l s h\"x\ DE 6.00 usec
o Cl TE 300.0 K
dr=" ™ - CHST2 145.0000000
| CNST11 1.0000000
- D1 2.00000000 sec
£ e 13-NM di1 0.03000000 sec
a- e dz20 0.00689655 sec
[[ 2 D21 0.00100000 sec
MM MCREST 0.00000000 sec
':-2 MCWRE 0.01500000 sec
Pl 8.00 usec
CHANNEL f1 ==
NUCl 13cC
PO 8.00 usec
P2 16.00 usec
PL1 0.00 dB
sFol 100.6238364 MHz
CPDPRGZ
Nucz2
PCPDZ 925.00 usec
PL2 0.00 dB
PL12 15.47 dB
sFo2 400.1320007 MHz
At A Abibii bt [P i i o " fym A Lot i, e, Lk
d i - A " TP RN r ccessing parameters
ST 16384
SF 100.6127690 MHz
WhW EM
S55B o]
LB 2.00 Hz
GB 0
PC 1.40
T T T T T T T I T T T T T T T 1
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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b s /
K
(sl -
Y - '\\ \ —
i,T SN

d [ﬁ’* H‘|~ Cl

[ E?T#f g
OMe  1a-OMe

3.85

1.74

NAME
EXPNC
PROCHNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
RO

RG

DWW

DE

TE

D1
MCREST
MCWRE

5 mm QNP

RARR20_2
2

1
20140701
9.30
drx400
1H/1
zg30
32768
CcDCl13
16
2
6410.256 Hz
0.195625 Hz
2.5559540 sec
114
78.000 usec
6.00 usec
300.0 K
2.00000000 sec
0.00000000 =ec
0.01500000 sec

13.00 usec
0.00 dB

SFOLl 400.1324008 MHz
ST 32768
SF 400.1300083 MHz
WDW EM
S5B 9]
1B 0.30 Hz
GB 0
PC 1.00
CHCl3 peak
) &ﬂ i - U
e
g.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 0.5 ppm
= Lo
[ev] an] oo [S)] e [Ep]
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— 158,14

—147.29

_—137.2¢6

136,92

—124.42
121,77

_—111.23
107.73

ok

107.65

<

—88.08

77.36
77.11

76.85

e
N

55.36

9.03

MNAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
Ns

CPDPRG2
NUC2
PCPDZ2

raaa20

1
20140701
15.11
spect

5 mm PABBC BB—
zgpg30
32768
CDC13

128

2
32894.738
1.003868
0.458123¢
2050
15.200
6.50

z298.0
1.5000000Q0
0.03000000
1

CHANNEL f1 =
13<C

8.50

1.00
58.06213379
125.7716224

CHANNEL f2 ==
waltzlé
1H

PLZ
PL12
PL13
PLZW
PL12W
PL13W
SFO2
5T

SE
WOW
S558B
1B

GB

PC

l
170

160

I
150

140

130

I
120

l
110

100

S27

80.00
0.00

17.

Nele}

Qo

22.85816574
0.45608038
0.45608038

500.1320005

32768

125.75778%0

EM

[s]
2.00
o]
1.40

Hz
Hz
sec

usec

usec

K
sec
sec

usec

dB
W
MHz

usec
dB
dB

W
W
MHz

MHzZ

Hz



O Oy WD) W) L ) o Oy 00 00 ™ [l ™M Current Data Parameters
GO GO ANO O D (N v 00 S s S o™ ™ NAME RABAST
. « EXPNO 3
[ e e T ol V- RV RN eI R Vo) o~ —  PROCNG 1
\ \/ / \ \/ \/ \% F2 - Acquisition Parameters
Date_ 20140717
Time 16.48
\ INSTRUM drx400
b N, . PROBHD 5 mm QNP 1H/1
2] PULPROG zg30
f ":". o D 32768
.-'."I N SOLVENT cpel3a
[l - Ng 16
*N’ i \ el D 2
\l : N, SWH 6410.256 Hz
: LN FIDRES 0.195625 Hz
[ .. \\-{—\ aQ 2.5559039% sec
[ e T 2 RG 90.5
oW 78.000 usec
DE 6.00 usec
5 L, TE 300.0 K
S
9 D1 2.00000000 sec
f MCREST 0 sec
¥ MCWRK 0.01500000 sec
vie
1a'Me —= CHANNEL £1
NUCl
Pl 13.00 usec
PL1 0 dB
SFO1 400.1324008 MHz
F2 — Processing parameters
5T 32768
SF 400.1300111 MHz
WDW EM
8B s}
LB 0.30 Hz
GB 0
PC 1.00
CHCls peak
T T T T T T T 1
8.0 7.5 7.0 6.5 2.5 1.5 1.0 0.5 ppem
| ™~ — o oy
o o > o = o o o™
—| oo — o o
—



—145.43

140,50

137.19

136,22

T-123.43
—110.40
—107.78

_——124.70
—87.99

77.44
77.12

76.380

yd
N

—21.35
—9.01

NAME
EXFNC
PROCNO
Date_
Time
INSTRUM
PRCBHD
PULPROG
D
SOLVENT
s

DS

SWH
FIDRES
2D

RG

RAAAST
5

1

20140717
18.03

drx400

5 mm QNP 1H/1
apt

32768

CDC13

1000

4

26l178.010
0.798889%
0.6259188
11585.2
19.100

6.00

300.0
145.0000000
1.0000000
.000000Q0
.03000000
-00689655
.0Q0100000
.0Q0000000
.01500000
8.00

coooowN

Hz
Hz
seac

usec
usec

sec
sec
sec
sec
sec
sec
usec

usec
usec
dB
MHz

CPDPRGZ
nucz
PCPD2
PL2
FL12
SFO2

ST

SF

WDW

S5B

SB
PC

130

80

50 40 30

S29

l
10 pem

15.47
400.1320007

16384
100.612769%0
EM

o]

2.00

o]

1.40

usec

dB

dB
MHz

MHz



Current Data Parameters

N AN A0 NO WS N o o ~ o
W00 OO MM N NN O o @ < ~ NAME RRARIZS
. EXPNO 12
[ e e e Sl Sl S e e el e e (= Rt 0w 0 @ — PROCNO 1
\\\N // mﬂ%/) F2 — Rcquisition Parameters
Date_ 20150612
Time 9.0z
INSTRUM drx400
PROBHD 5 mm QNP 1H/L
PULPROG zg 30
. ™D 32768
b %, SOLVENT CDel3
a £y ra NS 16
( - Ds 2
/| :'., - ;ﬂ SWH 6410.256 Hz
N N A, FIDRES 0.195625 Hz
Ch o N / — a0 2.5559540 sec
N . -1 RG 101.6
. Ir.. | oW 78.000 usec
|l A DE 6.00 usec
o ,l"'l TE 300.0 K
d = o D1 2.00000000 sec
| MCREST 0.00000000 sec
. |L MCWRK 0.01500000 sec
B
rl’ = CHBNNEL f1 ==
NUCL 1H
I Pl 13.00 usec
PLL 0.00 dB
1la-F SFOL 400.1324008 MHz
F2 — Processing parameters
5T 32768
SE 400.1300075 MHz
WD EM
S5B o]
LB 0.30 Hz
GB o]
PC 1.00
CHCl; peak
A/ e J
T T T T — — — — — — — — — T e
3.5 3.0 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 0.5 pem
6\7 OW ﬁw :
o | | || o ol o 0
o ja] | O =
—
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NAME RAAD1IZS
38

Nelen] — e o wn OO o O o O EXPNO
W MmN O —H 0N O oY =y O PROCNO L
.. .- .. e e e e e e e o~ < @ © Date_ 20150610
~N o w o O~ O N Y O 00 . S\ Time 8.02
NelNe) SIS oy o NN N A H S OO [ee) ™~ ™~ O + INSTRUM drx400
— — = o o w o~~~ 0 PROBHD 5 mm QNP 1H/1
PULFROG apt
D 32768
SOLVENT CcDC13
RE 1000
Ds 4
% SWH 26178.010 Hz
, FIDRES 0.798889 Hz
b a h! . 2O 0.6259188 sec
’I,- 1". — -"‘-{ RG 11585.2
i \\} DW 19.100 usec
WL M N DE 6.00 usec
*N' kS / \ Bl TE 300.0 K
\l : , CNST2 145.0000000
l FLLEN : CNST11 1.0000000
L \-{—... D1 2.00000000 see
d e 2 dil 0.03000000 sec
azo 0.00689655 sec
[ | D21 0.00100000 sec
s | MCREST 0.00000000 sec
e MCWRK 0.01500000 sec
[[ 1la-F Pl 2.00 usec
F == CHANNEL fl1 =
NUCl 13¢
PO 8.00 usec
B2 16.00 usec
PL1 0.00 dB
arol 100.6238364 MHz
== —— CHANNEL £2
CPDPRGZ waltzlé
NUCZ 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
S5B o]
" " " — “ " . o Vo LB 2.00 Hz
‘ ' [ ] o " L ] 5
j=1e] 1.40
l l l l l l l l I l l l l l l l l !
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 rem
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Current Data Parameters

NAME RARAIZS
EXPNO 16
PROCNO 1
Ly
= F2 — ARcquisition Parameters
- Date_ 20150612
— Time 9.092
— INSTRUM drx400
| PROBHD 5 mm QNP 1H/1
PULPROG zgfhiggn
D 32768
SOLVENT cDel3
NS 1238
b o DS 4
SWH 64102 .562 Hz
f - }‘ﬁ FIDRES 1.556255 Hz
| ' o0 0.2556404 szec
[y — RG 2048
N \.\ " DW 7.800 usec
X ||'~ % DE 6.00 usec
|l / TE 300.0 K
e {'\l D1l 1.00000000 sec
d |r:f' = dii1 0.03000000 sec
daiz 0.00002000 sec
B b g — CHANNEL f1 =
o
19F
[r 14.60 usec
I -3.00 dB
376.4701166 MHz
1a-F CHANNEL f2 =
a- CPDPRGZ waltzlé
NUC2 1H
PCPDZ 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SF02 400.1324008 MHz
Fl - Acguisition parameters
NDO 2
D 128
SFO1 100.6238 MHz
FIDRES 204.515701 Hz
sW 260.157 ppm
FnMODE OF
F2 - Processing parameters
ST 32768
SF 376.4983540 MHz
WDW EM
55B 0
LB 2.00 Hz
GB 0
PC 1.00
Fl — Processing parameters
ST 1024
MC2 oF
sSF 100.61276%0 MHz
. WOW OSINE
SSB 5
LB 0.00 Hz
GB 0
T s B e e e e s e e B s e B
-85 -390 —35 —100 —-105 —-110 —-115 —-120 —-125 —130 —135 —140 —145 —-150 —155 ppm
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NAME RAAA2]
R R I e I = IR e A N T o g g oy EXPNO 11
SOV O NN N W0 r~ PROCNO 1
C e e e e e e e e e e - Date 20140626
[ R e e e e e e S Co Vo —~  Time 13.44
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG 2g30
D 32768
SOLVENT CcDCL13
NS 16
5 Ds 2
N, SWH 6410.256 Hz
@ h A FIDRES 0.195625 Hz
0 = 5O 2.5559540 sec
.',l'I l'l. RG 143.7
! DW 78.000 usec
CN *N\ / . - DE 6.00 usec
N \l - LY TE 300.0 K
. P I“M * D1 2.00000000 sec
| . MCREST 0.000000080 sec
d el I MCWRE 0.01500000 sec
5 Lo | 1H
-~
e Hﬁ: " 13.00 usec
[r PL1 0.00 dB
sFol 400.1324008 MHz
CFy;  1a-CFs &
sF 400.1300085 MHz
WDW EM
S55B o}
LB 0.30 Hz
GB Q
PC 1.00
CHCl; peak
L &K | e ]
I I I I I I I I I I I I I I I I 1
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 0.5 ppm
| wl oy ) o
| | o O oo o o
olo|lo [Ts)
—
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(o)
N

145.92
145,10
138.72
133.04
133,00
128.69
128.60
128.29
127.67
126.04
125.97
123.27
120.56
120.31
120.28
110.51
108.74

—~
[QV)
—

IESSS s e —a—

s
=
g
A
-
!

—88.50

77.38
77.06
76.74

v
N

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

bs

SWH
FIDRES
AQ

RG

oW

DE

TE
CNST2
CNSTLLl
ol

d11

dz o

D21
MCREST
MCWRE
Pl

8.94

SFOL1

CPDPRG2
NuUC2
PCPD2
PL2
PL12
SFO2

ST

SE

WDW

S5B

rw‘ T" e

T e

PC

150 140 130 120 110 100

g0

80

70

&0

20

S34

40

30

20

10 ppm

CHANNEL f1 ==

CHANNEL f2 ==

RARRA21
4

1

20140429

Q.09

drx400

5 mm QNP 1H/1
apt

32768

CDCl13

1000

4
26178.010
0.79888%

0.625%188

11585.2

19.100

6.00

300.0
145.0000000
1.0000000
.00000000
03000000
.00689655
.00l00000
.o0oooooQo
.01500000

8.00

ogoooN

15.47
400.1320007
16384
100.61276%0
EM
o]
2.00
o]
1.40

usec
dB

dB

MHzZ

MHz

Hz



NAME RAAA21
EXPNO 10
Q PROCNO 1
. Date_ 20140429
— Time 2.54
[\e) INSTRUM drz400
b r | PROBHD 5 mm QWP 1H/1
PULPROG zgfhiggn
f 1". — h‘ﬂ D 32768
! L .. SOLVENT cpcl3
[l ] — NS 128
\\ \ DS 4
%, SWH 64102 .563 Hz
v FIDRES 1.956255 Hz
. Cl BO 0.2556404 sec
dr: . ¥l RG 1149.4
DW 7.800 usec
[ | DE 6.00 usec
B N, TE 300.0 K
- D1 1.00000000 szec
ail 0.03000000 sec
aiz 0.00002000 sec
4 CHANNEL f£1
19F
14.60 usec
-3.00 dB
1a—CF3 376.4701166 MHz
CPDPRGZ2 waltzl6
NUC2 1H
PCPD2 95.00 usec
PL2 0.00 4B
PL12 15.47 dB
SFOZ 400.1324008 MHz
NDO 2
D 128
SFOL 100.6238 MHz
FIDRES 204.515701 Hz
W 260.157 ppm
FnMODE oF
ST 32768
SF 376.4983540 MHz
WDW EM
sSB 0
LB 2.00 Hz
GB s}
PC 1.00
ST 1024
MC2 oF
SF 100.6127690 MHz
WDW QSINE
s55B 5
LB 0.00 Hz
GB o
I T T T T T T T I I T T T T T
-25 —-30 —-35 —-40 -45 =50 =55 —-60 —-65 =70 =75 —-80 -85 -90 —35 ppm

S35



1.77

Current Data Parameters

NAME RARAGS
EXPNC 1
PROCNO 1

F2 - Acguisgition Parameters
Date_ 20161217
Time 1l6.06
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30

TD 32768
SOLVENT CDCl3

Ns 1¢

DS 2

SWH 6410.256 Hz
FIDRES 0.195625 Hz
a0 2.5559540 =ec
RG 181

DWW 78.000 usec
DE .00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

= CHANNEL fl1 =

NO; b -
PL1 0.00 4dB
SFOL 400.1324008 MHz
F2 - Processing parameters
5T 32768
S5F 400.1300068 MHz
WDW EM
SSB o]
1B 0.30 Hz
GB [o]
PC 1.00
CHCl; peak
f M ﬂl [ . |
L o s L s B B e B B I e |
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 0.5 ppm
o DN O~ — o (&)
o | T o o ~
- olo|g| |4 = o
—

S36



1a-NO2

NAME RARAGS
EXPNO 2
PROCND 1
- o oy o @ ~ O w pate 2012%21%;
N — O e L oy ~ =t [Te] o] O .

. e . . . . . . . fee) ™M O o — INSTRUM spect
e~ O oy — o N o O - . - - & PROBHD 5 mm PABBC BB—
= = =T [SeEEE N — — o] ~ o~ o + PULPROG deptagpsp
e — — — o O~~~ S D 32768

SOLVENT CDC13

A R I N Y N =

Ds 8
SWH 32894.738
FIDRES 1.003868
:-Xe] 0.4981236
RG 2050
DW 15.200
DE 6.50
TE 298.0
CNSTZ 145.0000000
CNST12 1.5000000
T Dl 4.00000000
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
Crpé60comp. 4
0.500
0.00
CHANNEL f2 ==
waltzlé
1H
15.00
. A . 10.00
T 20.00
80.00
0.00
17.00
22.85816574
0.45608038
500.1330008
GRADIENT CHANNEL
GPNAMI1 SINE.l10Q
GPNAMZ2 SINE.100
GPNAM3 SINE.100
GPZ1 31.00
GPZ2 31.00
GPZ3 31.00
Plé 1000.00
ST 32768
H"H‘“w“‘H“‘w".”..‘w‘“H“‘w"‘”...r"‘H“‘w"‘H‘“w‘.‘H“‘w‘“H‘“w"‘”...w"‘H‘“w"‘H...P“‘H"‘w“‘H“‘w“.”“‘w“yﬁ““ 125.75778%0
WDW EM
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 sprem 0
LB 2.00
GB o]
PC 1.40

S37

Hz
Hz
sec

usec
uszec
K

sec
sec
sec
sec

usec
usec
dB
dB
W

MHz
dB

Hz

usec

MHz

Hz



™~
o)
~

7.81
7.73
7.73
7.73
7.27
7.18
7.18
7.07
7.05
6.45
6.44
6.44
6.43
6.43
6.43
6.42

CHCIs peak

3.01

1.68

Current Data Parameters

NAME RRRA136
EXFNO 27
PROCNO 1

F2 - Acguisition Parameters
Date_ 20151201
Time 17.22
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30

TD 32768
SOLVENT CDC13

NS 16

Ds 2

SWH 6410.256 Hz
FIDRES 0.195625 Hz
:Xe) 2.5559540 =zec
RG 101.6

DWW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

= CHANNEL fl ==

1H
Pl 13.00 usec
PL1 0.00 dB
SFOl 400.1324008 MHz
F2 - Processing parameters
ST 32768
SF 400.1300064 MHzZ
WDW EM
SSB Q
1B 0.30 Hz
GB o]
PC 1.00

S38

6.12

15.81



o~ © © < O — = oy Current Data Parameters
= — = = ™~ o — N o o o) O o~ NaME RAAAL36
.. . - .- . o = = o~ ™~ OV EXPNO 29
SO e ~ ™ o) — 00 [~ <. . ™ PROCNO 1
o o <+ o ™M [QVIRaN) — O O W M~ D~ o — .
— — — — — & Oy N = OY F2 - Rcguisition Parameters
Date_ 20151201
Time 22.12
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG apt
D 32768
SOLVENT €DCl3
NS 1000
Ds 4
SWH 26178.010 Hz
FIDRES 0.798889 Hz
RO 0.6259188 sec
RG 11585.2
DW 13.100 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
dil 0.03000000 sec
dz20 0.00689655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
Pl 2.00 usec
== CHANNEL f£1
PO 8.00 usec
P2 16.00 usec
PL1 0.00 dB
SFO1 100.6238364 MHz
= == CHANNEL f2z ==
CFDPRGZ waltzlé
NUC2 10
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SFO2 400.1320007 MHz
F2 - Processing parameters
i i ) N o e e i p FJ & 16384
V SF 100.6127690 MHz
WOW EM
898 0
LB 2.00 Hz
GB 0
PC 1.40
I I I I I I I I I I I I I I I I 1
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 pprm

S39



CHCIs peak

3.86

1.68

Current Data Parameters

NAME RAAAIZS

EXPNO 3

PROCNO 1

F2 - Acquisition Parameters

Date_ 20150527

Time 6.25

INSTRUM drx400

PROBHD 5 mm QNP 1H/1

PULPROG zg30

TD 32768

SOLVENT CDC13

NS 16

D3 2

SWH 6410.256 Hz

FIDRES 0.195625 Hz

2O 2.5559%039 sec

RG 80.6

DW 78.000 usec

DE 6.00 usec

TE 300.0 K

D1 2.00000000 sec

MCREST 0 sec

MCWRK 0.01500000 sec
== CHANNEL fl =

NUCl 1H

Pl 13.00 usec

PL1 0 dB

SFO1 400.1324008 MHz

F2 — Preocessing parameters

ST 32768

SE 400.1300005 MHz

WDW EM

SSB a

LB 0.30 Hz

GBE o]

PC 1.00

1.06

540

3.01

15.38



NAME RAADIZS

EXPNO 4

It o ov 0 o O i 201505217

o~ o~ IS =0 MM AN~ D@ 0 n ™M ™~ —

1] Ml ym A e® il a oy Time 7.11

= o~ 0o O N o o e~ .. e . ] TNSTRUM Arx400

W0 O O ™ N == T} =~ 0~ 0 5 . PROBHD 5 mm QNP 1H/1

— — — P A ~ o~ o~ T O\ PULPROG apt.
™ 32768

NV VR VANV VRN
NS 1000
DS 4
SWH 26178.010 Hz
FIDRES 0.796889 Hz
I 0.6259188 sec
RG 11585.2
oW 19.100 usec
DE 6.00 usec
TE 300.0 X
cNsT2 145.0000000
CcNST11 1.0000000
D1 2.00000000 sec
aii 0.03000000 sec
azo 0.00629655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
Pl 8.00 usec

CHANNEL f1 =

Ol e 1b-OMe Nucl 13c

PO 8.00 usec
e2 16.00 usec
PL1 0.00 dB
SFCl 100.6238364 MHz
CPDPRGZ2
Nuc2
PCPD2 95.00 usec
PLZ2 0.00 dB
FL1Z 15.47 dB
SFOZ 400.1320007 MHzZ
5T 16384
SF 100.6127490 MHz
WD EM
SSB o
LB 2.00 Hz
GB a
PC 1.40

W ) . i et -~ —

w--u ¥ y W o Pty ok K ¥ *

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME RARA1Z4
H O @SS O jos] ™~ EXPNO 3
Y YIS Ny O O oe o s o o) S PROCNO 1
e e e e e e T .. .- . . - Date. 20150526
[ A T Bl e e S S e RN e BN SN« e ] NeapNe) [aN) — Time 19,39
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30
D 32768
SOLVENT CDC1l3
\ Ne 16
kY DS 2
a a SWH 6410.256 Hz
1". . Pnng.{" FIDRES 0.195625 Hz
iy A 20 2.5559540 see
ol ot RG 71.8
" - ., ., DW 78.000 usec
N - Y - DE 6.00 usec
. Rh TE 300.0 K
Ll . e, Dl 2.00000000 sec
T 'C| MCREST 0.00000000 sec
d [-"' |f“ MCWRE 0.01500000 sec
o L CHANNEL £l ==
g 4 18
fT 13.00 usec
0.00 dB
Wi 400.1324008 MHz
Me 1b-Me 32768
400.1300029 MHz
EM
0
0.30 Hz
0
1.00
CHCls peak
M i M [ J__AJ " J
I I I I I I I I I I I I I I I I 1
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 0.5 ppm
[ee] e [aN] fe] fe] Ly
| Oy o N o () — [t
ol o | — o™ <+
—

542



NAME
EXPNO
PROCHNO
Date_
Time

139.70
138.54
137.89
136.05
95.58
95.51
77.49
77.17
76.86

PROBHD

124,77
T-124.02
——110.63
—107.81
—21.39

Ly <
— O
[s)INee]
oy
—

<
v
N

TD

—9.22

NS
Ds
SWH

AQ

RG

DW

DE

TE
CHNST2
CHNST11
D1

411
d2.0
D21
MCREST
MCWRE
Pl

SFO1

NUC2
PCPD2
PLZ2
PL12
SEFO2
ST
SE
WDW
S5B
1B
GB
PC

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

543

INSTRUM

PULPROG

SOLVENT

FIDRES

CPDPRGZ

RARRIZ24
4

20

5 mm QNP

261

0.758889

1
150526
20.24
drx400
1H/1

apt
32768
CDC1l3
lo00

4
78.010

0.6259188

1

145.0000000
1.0000000
.00000000
.03000000

fpels]

cocooCN

= CHANNEL f1

400.1

100.6

1585.2
19.100
6.00
300.0

689655

.00l00000
.00000000
.01500000

8.00

15.47
320007
16384
127690

EM
o]
2.00
o]
1.40

Hz
Hz
sec

usea
usec

sec
sec
sec
sec
sec
sec
usec

usec
usec
dB
MHz

usec
dB
dB
MHz

MHz



1b-F

CHCls peak

1.68

Current Data Parameters

NAME RAZRI 30
EXPNO 12
PROCNO 1

F2 - Beguisition Parameters
Date_ 20150612
Time 8.46
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg30

TD 32768
SOLVENT cDCl1l3

NS 16

Ds 2

SWH 6410.256 Hz
FIDRES 0.195625 Hz
p-Xe] 2.555%540 sec
RG 128

DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 =ec
MCWRE 0.01500000 sec

= CHANNEL fl1 ==
1H
13.00 usec
0.00 dB
400.1324008 MHz

F2 - Processing parameters
ST 32768

SE 400.1300056 MH=z
WDW EM

SSB 0

1B 0.30 Hz

GB 0

PC 1.00

.9
.9

1.00
0.95

14.56

S44



NAME raaal30
4

—H o o m — = ST QNN N T EXPHO
— O w w © w ™ —H N0 N O WA WO oY = PROCNO 1
[ .oe e LT e o~ ™ O — Date_ 20150612
N Oy w o D O O @ - . .. o Time 14.18
[NSENCIN- IV} ™ NN O S 0w ] * INSTRUM spect
— — B e B I B B B> N ~ e~ S\ PROBHD 5 mm PABBG BE—
PULPROG apt
™D 32768
SOLVENT [SeTehiE]
Ne 256
Ds ]
SWH 32894.738 Hz
FIDRES 1.003868 Hz
Y] 0.4981236 sec
RG 2050
DW 15.200 usec
DE 6.50 usec
TE 298.1 K
CNSTZ2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
D11 0.03000000 sec
Dz0 0.00689655 sec
D2l 0.00005000 sec
Pl 2.50 usec
TDO 1
= CHANNEL £l
17.00 usec
1.00 dB
58.06213379 W
125.7716224 MHz
CFPDPRGZ waltzleé
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 4B
PL12 17.00 4B
PL2W 22.85816574 W
PL12W 0.45608038 W
SFC2 500.1330008 MHz
EEs 32768
SF 125.75778%0 MHz
WDW EM
. & " i, " " " ™ L SSE o
y X el " v oy ey i g h n 2.00 Hz
l‘l [ as o
pC 1.40

170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm

545



1b-F

-116.98

Current Data Parameters

NAME RARA130
EXPNO 15
PROCNO 1

F2 - Acquisition Parameters
Date_ 20150612
Time 8.53
INSTRUM dr=400
PROBHD 5 mm QNP 1H/1
PULPROG zgfhiggn

TD 32768
SOLVENT CDC13

NS 128

DS 4

SWH 64102.562 Hz
FIDRES 1.956255 Hz
AQ 0.2556404 sec
RG 2896.3

DW 7.800 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
a1l 0.03000000 sec
diz 0.00002000 sec

CHANNEL f£1 =
12F
14.60 usec
—3.00 dB
376.4701166 MHz

= CHANNEL f2
CPDPRGZ waltzlg

NUCz 1H
PCPD2 $5.00 usec
PLZ2 0.00 dB
PL12 15.47 dB
SEOZ 400.1224008 MHz

Fl - Acquisition parameters
NDO 2

546

TD 128

SFO1 100.6238 MHz

FIDERES 204.515701 Hz

SW 260.157 ppm

EFnMCDE QOF

F2 - Processing parameters

ST 32768

SF 376.4983540 MHz

WDW EM

SSB 0

LB 2.00 Hz

GE 0

BC 1.00

Fl - Processing parameters

ST

MC2 QF

SE 100.6127690 MHz

WDW QSINE

SSB 5

LB 0.00 Hz

GB 0
—150 jeelul



1.67

s

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

D3

SWH
FIDRES
5]

RG

Dw

DE

raaall®

1
20150513
11.27

spect

5 mm PABEO BB—
zg

32768

cDC13

8

2

6009.615
0.183399
2.7263477

45.2

83.200

6.50

298.0
8.00000000

1

Hz
Hz
sec

usec

usec

K
sec

PL1W 22.85816574 W
3 SEOLl 500.1325007 MHz
ST 32768
1b_CF3 SE 500.1300053 MHz
WDW EM
S58B Q
LB 0.30 Hz
GB Q
PC 1.00
CHCl; peak
L { il . .J\Jw J
——— ][]
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 0.5 ppm
[ o uy o [an]
S| o S o ™
; « - B
—

547



Mo

~159.59

T-159.26

144,33
139.62
133.80
133.77
128.23
127.91
127.60
127.29

|
%
§

-
",

" ¥

126.13
126.01
123,30
121.05
121.01
120.60
117.81
110.78
108.85

95.96

9.21

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
nNs

Ds

SWH
FIDRES
pte)

RG

DwW

DE

TE
CNST2
CNST11
D1

d1l1l

dzo

D21
MCREST
MCWRE
Pl

SFOL

CFPDPRGZ
NUC2
PCPD2
PL2
PL12
SFOZ
5T

SE
WDW
S5B
LB

GB

PC

L

160

150

140

130

120

110

100

90

80

70

548

60

50

40

30

20

10

ppm

CHANNEL f1 =

CHANNEL f2 ==

RARAILS
2

1
20150513
1.46
drx400
1H/1
apt
32768
cDol3
1000

5 mm QNP

4
26178.010 Hz
0.7%888% Hz
0.6259188
11585.2
19.100
6.00 usec

220.6 K
145.0000000
l.0000000
.0o0QoQo0
.03000000
.00689655
.00l100000
.00000000
.01500000
8.00

cocooON

13C

8.00

16.00

0.00 dB
100.6238364

waltzlé

1H

95.00

0.00 dB

15.47 dB
400.1320007
16384
100.6127690
EM

o]
2.00 Hz
o]

1.40



Current Data Parameters
TNAME RAART

~ 19
S5 EXPNO 7
. PROCNG 1
—
O F2 - Acquisition Parameters
| Date_ 20150513
Time 3.15
INSTRUM drxzd00
PROBHD 5 mm QNP 1H/1
PULPROG zgfhigan
D 32768
SOLVENT CDC13
NS 128
Ds 4
SWH 64102.562 Hz
FIDRES 1.956255 Hz
AQ 0.2556404 sec
RG 912.3
DW 7.800 usec
DE 6.00 usec
TE 290.2 K
D1 1.00000000 sec
d11 0.03000000 sec
daiz 0.00002000 sec
CHANNEL £1
19F
1b—CF3 14.60 usec
-2.00 <B
376.4701166 MHz
CHANNEL £2
CPDPRG2 waltzlé
NUC2 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL1Z 15.47 4B
SFO2 400.1324008 MHz
Fl - Acquisition parameters
NDo 2
D 128
SEOL 100.6238 MHz
FIDRES 204.515701 Hz
S5W 260,157 ppm
FnMODE oF
F2 - Processing parameters
sI 32768
SF 376.4983540 MHz
WDW EM
SSB o
LE 2.00 Hz
B o
PC 1.00
Fl - Processing parameters
ST 1024
MC2 CF
SE 100.6127690 MHz
WDW COSINE
SSB 5
LE 0.00 Hz
GB o
I I I I I I I I I I I I
-10 -20 —30 —40 —-50 —60 =70 -80 -390 —100 -110 —-120 Tpm



\O L = o Current Data Parameters

L W ~ NAME RAZARKNOZ

. M M * EXPNOC 1

O e RO — PROCNO 1

\\L// F2 - Acquisition Parameters
Date_ 20161227
Time 18.46
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30
TD 32768
SOLVENT cDC1l3
NS 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.1%5625 Hz
20 2.5559%9540 =ec
RG 203.2
DWW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1l 2.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

F2
51
SF
WDW
SSB
1B

- Pr

CHClI; peak

GB
FC

JJJ'/

I

CHANNEL f£1

1H
13.00 usec
0.00 dB
400.1324008 MHz

ccessing parameters
32768
400.1300062 MHz
BEM
9]
Q.30 Hz
[o]

1.00

$.0 8.5 8.0 7.5 7.0
= les] o
(o) SN SN oy
o S| -

15.00

S50



O o = o0 O L o o o O
0 W o o = o~ o [selTs] o W0 Current Data Parameters
.. .. . . - - .. ™ N o) NAME RARARRNOZ
O O O O o] O o o O L ™ EXPNO 2
o0 = == ™ ™ ™~ — O OO 1 PROCNO 1
— — — — — — — [SA RN [o}
F2 — Acquisition Parameters
Date_ 20161227
Time 19.32
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG apt
D 32768
SOLVENT CDC13
NS lo00
Ds 4
SWH 26178.010 Hz
FIDRES 0.7%888% Hz
AQ 0.6255188 sec
RG 11585.2
DW 19.100 usec
DE 6.00 usec
TE 300.0 K
CNSTZ 145.0000000
CNST11l 1.000Q000
D1 2.00000000 sec
d11 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
SFO1 100.6238364 MHz
h TP " ) " " . n . 5 [
Laasie dul) e f (ki ot s el Lk L Lk W kb L L L e e s ! sl b i pHY
ﬂ' ‘ NUC2 10
I PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SEFO2 400.1320007 MHz
FZ - Processing parameters
ST 16384
SE 100.6127690 MHz
WDW EM
S5B Q
LB 2.00 Hz
GB 0
PC 1.40
R B R I B B R R R B N R R N LR RS LR AN LR RN RSN AR AR
170 160 150 140 130 120 110 100 g0 80 70 60 50 40 30 20 10 ppm
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2.91

1.74

Current Data Parameters

NAME RAARDD 33
EXPNO 2
FROCNO 1

F2 - Acquisition Parameters
Date_ 20160121
Time 16.52
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30

TD 32768
SOLVENT CDC13

NS 16

Ds 2

SWH 6410.256 Hz
FIDRES 0.155625 Hz
:Xe) 2.5559540 =ec
RG 71.8

DWW 78.000 usec
DE 6.00 usec
TE 299.9 K
D1l 2.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL fl =

Nucl 1H
Pl 13.00 usec
PL1 0.00 4dB
33-NM€2 SFOL 400.1324008 MHz
F2 - Processing parameters
5T 32768
SF 400.1300106 MHzZ
WDW EM
SSB o
1B 0.30 Hz
o]
CHCls peak ez Lod
J [d L L Jt |
L L B ey B S Sy B T T T T L L e S B 7 L B I e e e
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 0.5 ppm
— o & (@) o~ =
je=l| Ran] Na] o (e} o —
| ] [ o |~ o <
—

S52



~ (&I NN s BN eN| o~ ~ o Current Data Parameters
0w O~ N D o) ) ~ [Ce) o~ = oy =) NAME REAB233
- . - . . . - - o O = - OO = O EXPNO 4
~ N - \O = o ~ M M i M v - O PROCHNO 1
= = oo oM [Q\] — jan] [l [l O~~~ \O — N
o — — — N <o D Sl O F2 - Acquisition Parameters
Date_ 20160121
Time 18.3¢
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG apt
TD 32768
SOLVENT CDC13
NS 1000
D3 4
SWH 26178.010 Hz
FIDRES 0.798889 Hz
o] 0.6259188 sec
RG 11585.2
DW 19.100 usec
DE 6.00 usec
TE 300.0 K
CNSTZ2 145.0000000
CNST11 1l.0000000
Dl 2.00000000 sec
dll 0.03000000 sec
dzo 0.00689655 sec
Dz1 0.00100000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
Pl 8.00 usec
= CHANNEL f1
16.00 usec
0.00 dB
100.6238364 MHzZ
== = CHANNEL f2 ==
CPDPRG2 waltzlé
NUC2 1H
PCFDZ2 95.00 usec
PLZ 0.00 dB
PL12 15.47 dB
SFO2 400.1320Q0007 MHz
e L. = Processing parameters
ST 16384
SE 100.6127690 MHz
WDW EM
SSB o]
LB 2.00 Hz
GB o]
PC 1.40
L L L L I I B B L I L B S R A AR AR R
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME RAAASS

= o ™) EXPNO 5
o~ ™ pRrRoCNC 1
A " Date 20140717
oM = Time 16.56
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30
TD 32768
SOLVENT CcDC13
NS 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.1925625 Hz
o) 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
MCWRK 0.01500000 sec

== CHANNEL fl1 ==

1H
13.00 usec
FPL1 0.00 dB
SFC1 400.1324008 MH=z
ST 32768
=y 400.1300083 MHz
WDW EM
SSB o
LB 0.30 Hz
GB a
PC 1.00

CHCls peak

0.99

1.00

2.01
1
1

2.13
2.04
0.90
0.93\
0.93
1.02

32.29
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NAME
EXPNG

™) Date_
O Time

—163.80
—156.50
143.00
142.7¢
138.01
137.61
136.40
135.07
133.42
125.51
124.37
——113.11
_——109.43
108,04
107.73
104.90
98,22
77.42
77.10
76.78

~
\\\
T-87.80
_-56.20
55,61

_—88.50

e
\

NS
D3
SWH

X
N

g
AL

AQ
RG
DW
DE
TE
CNST2

D1

d11
d20
D21

MCWRE
Pl

nNuc2
PCPD2
PLZ
PL1Z
SFOZ2
SI

SE
WDW

SS5B
AR A A At oawaialint ”

At AL I
Akl WY Y Ll ) ¥ Wi ity M AY i
.l g

170 1e0 150 140 130 120 110 100 90 80 70 60 50 40 30 20 rrm

S55

PROCNO

INSTRUM
PROBHD

D Oy
PULPROG
TD
SOLVENT

FIDRES

CNST11

MCREST

CHANNEL £1

CPDPRG2

RAAASS
-

1
20140717
21.38
drx400
1H/1
apt
32768
cDC13
1000
4
26178.010
0.798889
0.6259188
11585.2
19.100
6.00
300.0
145.0000000
1.0000000
.00000000
.03000000
.00689655
.00100000
.00000000
.01500000
8.00

5 mm QNP

coocoQnN

16.00
.00
100.6238364

15.47
400.1320007

16384
100,6127690
EM

o]

2.00

o]

1.40

Hez
Hz
sec

usec
usec

sec
sea
sec
sec
sec
sec
usec

usec
usec
dB
MHz

usec
dB

dB

MHzZ

MHz



Hz
Hz
sec

usec
usec

sec
sec
sec

NEME RARRZ 5
L e e S I = R e T BT B B B R o o — = <O EXPNO 1a
00 OO ™ ™ WO WO W W O O O O O Y Oy Oy OY Oy oy = O o ~—~ O PROCHNO 1
.. - v Dare 20140701
R N e e e e T T Ve Rt R Ve R VR Ve BVt o @ o™ — e 15 0o

INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg 30
™ 32768
SOLVENT opels
N W Ns 16
h D5 2
LY
b a ’*c-»(”/ b a SWH 6410.256
Iy ":'l. — T — FIDRES 0.195625
,-||"I 3\ .l'l ' O 2.5559540
cN, ,N — cs ] _— RG 128
., W - oW 78.000
Ir * I¥ DE 6.00
IL - ‘L |~-.\ TE 300.0
S, “{-\l 1 - D1 2.00000000
|:| o - d e C MCREST 0.00000000
| MCWRE 0.01500000
e ", g; -
- R
e r|’-1e M B ey g NUCl 1H
f f Pl 13.00
PLL 0.00
SFOL 400.1324008
ST 32768
2a-Me 10% 3a-Me 90% T
55B 0
LB 0.30
GB Q
PC 1.00
CHClI; peak

Lﬂ ) [ s UL |
—_———— ] ——— —— —— — —— —— — —_— T
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 0.5 ppm

| | D = (e () [} [e)] N

|~ o | — o | ol ™

| | — — ol | |

—
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usec

dB
MHzZ

MHzZ



NAME
EXPNO
PROCNC
o Date_
< Time
INSTRUM
Sy O PROBHD
PULPROG
AV

SOLVENT

142,57
141.39
138.37
137.73

—136.27

——-132.25

_128.15
127.71

§§i125.44

1\\124‘83
123.01

_—111.69

_-108.05
107.76

_~88.44

T-87.93
77.39
77.07
76.75

—21.02

i
N

|fw K TE
. cNST2
[ CNST11

o1

a1l

dz0
.,
e D21

MCREST
MCWRE
Pl

CPDPRG2
Nucz
PCPD2
PLZ2
PL1Z
SFO2

WD

i l S5B

b LN . i . bt » AT ) o
i potkiny et Pelmores : oty i o

150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm
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CHANNEL f1 =

CHANNEL f2

RRAAZS
24

1

20140718

21.15

drx400

5 mm QNP 1H/1

apt

32768

CDC13

1000

4

26178.010 Hz
0.798889 Hz

0.6259188 sec

11585.2
19.100 usec
©.00 usec

300.0 K

145.0000000

1l.0000000
.00000000 sec
.03000000 sec
.00689655 sec
.00100000 sec
.00000000 sec
-01500000 sec
8.00 usec

cooooN

13cC
8.00 usec
16.00 usec
0.00 dB
100.6238364 MHz

95.00 usec
0.00 dB
15.47 dB
400.1320007 MH=z
16384
100.61276%0 MHz
EM
o]
2.00 Hz
o]

1.40



Ch e
N

cl'iélh

el

2a-F

_—1.78
T~1.73

NAME
EXPNO
PROCHNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

CHANNEL f1 =

raaass
1

1
20150427

11.34

spect

5 mm PABBO BB-—
zg

32768

cDC13

8

2

5000.000
0.152588
3.2768500

1238

100.000

6.50

298.0
2.00000000

1

1H

10.25

0.00
22.85816574
500.1320005
32768
500.1300124
EM

[o]

.20

o]

1.00

OOy s O OO s MO O O OO H O O OO oo
DN WO 00O O D OO D O OO0 oY
[ e O Sl S el el e e [ T i ol S ol Vo R Ve V)
v L L L L L L
\
o
™ A"
Ir- \
\-\.
Cl
P
3a-F
CHCl; peak
N
11 10 9 8 7
DX O| O] | DO O Y =
S | O | O | | O
O O | O | | | &
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Hz
Hez
sec

usec

usec

K
sec

Hz



"

—~
o
—
&
—

143.99

139.03

137.95

-

129.78

129.39

| ‘M.‘ b

W L)

-

L e

NAME
EXPNO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
Hs

bs

SWH
FIDRES
AQ

RG

D

DE

TE

CPDPRGZ
nNucz
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFOo2
5T

SF
WDW
S5B
LB

GB

PC

—_—

180 170

160

130

I
100 90

S59

Ppm

= CHANNEL f1

= CHARNNEL f2 ==

raaagh

1
20150427
12.53
spect

5 mm PABBO BB—
zgpg 30
32768
CDC1l3
1000

2
32894.738
1.003868
0.4981236
2050
15.200
6.50

298.0
1.50000000
0.03000000

58.06213379
125.7716224

waltzl6

22.85816574
0.45608038
0.45608038

500.1320005%

32768
125.75775%05
EM

o]

2.00

o]
1.40

Hz
Hz
sec

usec
usec

sec
sec

MHz

Hz



-93.46

o

~

~—

™~

—
|

MAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

TE

RARDSS
44

1
20150425
22.39
drx400

5 mm QNP 1H/1
zgfhigan
32768
cDC13

128

4

64102 .563
1.956255
0.2556404
4096

7.800

6.00

289.8
1.00000000
0.03000000
0.00002000

Hz
Hz
sec

usec
usec

sec
sec
sec

Ch - -
M '
, \
S “cl
dr=" = = CHANNEL f2 ==
| CPDPRGZ2 waltzleé
E ["'\-\. NUC2 1H
e PCPD2 95.00 usec
PLZ 0.00 dB
f PL12 15.47 4B
sFO2 400.1324008 MHz
NDO 2
D 128
3a-F SFOL 100.6238 MHz
2a-F FIDRES 204.515701 Hz
SW 260.157 ppm
FnMODE oF
ST 32768
SE 376.4983540 MHz
WOW EM
S55B o]
LB 2.00 Hz
GB o]
PC 1.00
ST 1024
MC2 QF
SF 100.6127690 MHz
WDW QSTINE
38B 5
LB 0.00 Hz
GB 0
J.ML Iy
T — e — : T T e e R e A A
—60 =70 —-80 -390 —100 —110 =120 130 —140 —-150 PP
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1.74

CHCIs peak

HNAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

bs

SWH
FIDRES
AQ

RG

oW

DE

TE

D1

TDO

RAADZ 4
1

1

20140710
20.14

spect

5 mm PABBC BB—
zg

32768

CDC13

32

2

6510.417
0.198682
2.5166323
57

76.800

6.50

298.0
10.00000000
1

CHANNEL f1 =
1H

10.25

0.00
22.85816574
500.1327507
32768
500.1300122
EM

o]

0.30

o]

1.00

Hz
Hz
sec

usec
usec

sec

usec
dB
W
MHz

MHz

1.00
15.69

S61



=
oo
o
Lo
—

b

141,75
/.

137.49

Z—135,88

124.74
124,65
124,19

123.93
122.58

\

122,35

122.33
_—107.62

AN

106.40

106.37

—87.64

76.31
76.05
75,80

L
AN

el b

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
RO

RG

DwW

DE

TE

Dl

D11

TDO

7.96

CFDFRGZ
NuC2
PCPD2
PL2
PL12
PL13
PLZ2W
PL12W
PL13W
SFO2
5T

SF
WDW
SE5B
LB

GB

PC

YRRy

L

At Y W L i

I I
160 150

I
140

I
130

120

110

80

S62

CHANNEL f1

== CHARNNEL f2

RARRAD 4
4

1

20140710
21.11

spect

5 mm PABBC BB—
zgpg 30

32768

CDC13

128

2
32854.738
1.003868
0.4%81236
2050
15.z00
6.50
2928.0
1.50000000
0.03000000

58.06213379%
125.7716224

waltzlé
1H
80.00
0.00
.00
17.00
22.85816574
0.45608038
0.45608038
500.1320005
32768
125.757%189%
EM
Q
2.00

o]
1.40

Hz
Hz
sec

usec

usec

K
sec
sec

MH=z

MHz

Hz



NAME RAADZ 4

) EXPNO 15
o PROCNO 1
. Date_ 20140502
— Time 2.14
& INSTRUM drx400
| PROBHD 5 mm QNP 1H/1
PULPROG zgfhiggn
TD 32768
SOLVENT CDC13
NS 1z8
Ds 4
SWH 64102 .563 Hz
FIDRES 1.956255 Hz
Yol 0.2556404 sec
RG 1149.4
DW 7.800 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
dll 0.03000000 sec
dlz 0.00002000 =ec
CHANNEL f1 ==
19F
_ 14.60 usec
3a CF3 —3.00 dB
376.4701166 MHz
= CHANNEL f2 ==
CPDPRGZ2 waltzlé
NUC2 10
PCPD2 95.00 usec
PL2 0.00 dB
PL1Z 15.47 dB
SFOZ 400.1324008 MHz
NDO 2
TD 128
SFOL1 100.6238 MHz
FIDRES 204.515701 Hz
5w 260.157 ppm
FnMODE QF
ST 32768
SF 376.4983540 MHz
WDW EM
SSB o
LB 2.00 Hz
GB o]
PC 1.00
5T 1024
MC2 oF
SF 100.61276%20 MHz
WDW QOSINE
S5B 5
LB 0.00 Hz
GB o
. Al
T I T T T T T T I T I T
-10 20 -30 40 -50 —60 -70 -80 -90 ~100 -110 -120 ppm
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NAME RRARZ3
2

LD ™M EXPNO

r~ \© PROCNO 1

M * Date_ 20150527

— 1 Time 8.46
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg30
TD 32768
SOLVENT CDC13
NS le
s 2
SWH €410 .256 Hz
FIDRES 0.135625 Hz
AQ 2.5559540 sec
RG 181
oW 78.000 use
DE 6.00 use
TE 300.0 K
ol 2.00000000 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec

= CHANNEL f1 =

Nucl 1H
Pl 13.00 use
PL1 0.00 dB
SFO1 400.1324008 MHz
ST 32768
SF 400.1300064 MHz
WDW EM
S5B 9]
2a-NO; 3a-NO, LB 0.30 Hz
B Q
PC 1.00

CHCl; peak

MUUJJJH I

I I I I I I I I I I I I !
1z 11 10 g 3 7 3 5 4 3 2 1 rem

[ o[ o] | H| o] H| o] © | o
NN N o | o H oy o] olo 7|~
| | o | ] ] ] O | | A o[ Ly

|
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NAME RAAAD3
]

EXPNO
PROCNO 1
Date_ 20161218
M~ Y W) s < o ™M OY oMW OO O WO "lI:Ii]rSn"?RUM 20'05
O~ NN M~ 0 OO Wn o ™ pec
oo™ 4y PROBHD 5 mm PABBO BB-
N W ST O W00 M N oY O D LR <& PULPROG deptagpsp
W TN A OO S N - TD 32768
B B M B B B B B B B B B e T e R | o o O\ SOLVENT cDel3
NS 6000
VOIS N N Y o: :
SWH 32894.738 Hz
FIDRES 1.003868 Hz
BO 0.4981236 sec
b a RG 2050
I3 = DWW 15.200 usec
.l|ll '.‘III DE 6.50 usec
c ! N TE 298.0 K
g CNST2 145.0000000
N -, CNST12 1.5000000
. | D1 1.50000000 sec
|l 4 D2 0.00344828 sec
e D12 0.00002000 sec
D16 0.00020000 sec
TDO 1

CHANNEL f£1 =
13¢C
8.50 usec
2000.00 usec
120.00 4B

1.00 dB
PLOW 0.00000000 W
2a-NO; 3a-NO; PL1W 58.06213379 W
sFOl 125.7716224 MHz
sP2 10.57 dB
SPNRAM2 Crpslcomp. 4
SPOAT2 0.500
SPOFFES2 0.00 Hz
) P ) bl
) T al F T
”‘ l r CPDPRG2
NUC2
PO
B3
P4
PCPD2
PL2
PL1Z
PL2W 22.85816574 W
PL12W 0.45608038 W
SFOZ2 500.1330008 MHz

GRADIENT CHANNEL

GPNAML SINE.100
GPNAMZ SINE.100
GPNAM3 SINE.100
Pzl 31.00 %
cPzZ 31.00 %
P23 31.00 %
pls 1000.00 usec
s1 32768
SF 125.7579181 MHz
i DI EM
A A >
160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 EBpm 2-Og Hz
pc 1.40
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NAME RRABZ225
E

s 00 GO 00 OO ) 00D W S — ~ EXPNC

[ I e T2 BRTS TR M el ol e U BN S > O PROCNO 1
. - Date_ 20160121
e e [N C-INI- V- NI Co 3N+ ™ — Time 17.16

~
INSTRUM drx400
PROBHD 5 mm QNP 1H/1

PULPROG zg30

TD 32768
SOLVENT CDCLl3

Ns 1é

DS 2

SWH €410.256 Hz
FIDRES 0.195625 Hz
o) 2.5559540 =zec
RG 50.8

D 78.000 usec
DE 6.00 usec
TE 300.0 K

D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec

== CHANNEL fl ==

NuUcl 1H

1 13.00 usec

PL1 0.00 dB

sFO1 400.1324008 MHz

ST 32768

SF 400.1300056 MHz

WDW EM

SS5B Q
3b'NMe2 LB 0.30 Hz

sB Q

PC 1.00

CHCl; peak

.0 7.5 7.0 &.5
[l e e] Naw) ™
S| S| [ OY [<)] Reh] Nen] ™~ o~
ol | < o|lo| > 10
—
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Current Data Parameters

O WO oy S Oy [Ce) o [
N O ON [~ oY Pt = o oY~ ~ MAME RARA22S5
. . . O o o - .y EXPNO 11
QO o= o W O -— o [~ . o PROCHNO 1
st 00 N — () = — -
A B e B e B | — — — Y O ~r @ F2 - Acguisition Parameters
Date_ 20160121
Time 21.00
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG apt
D 32768
SOLVENT CDC13
NS lo00
Ds 4
SWH 26178.010 Hz
FIDRES 0.7%8889% Hz
AQ 0.6255188 sec
RG 11585.2
DW 19.100 usec
DE 6.00 usec
TE 300.0 K
CNSTZ 145.0000000
CNST11 1.0000000
Dl 2.00000Q00 =ec
d11 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 =
8.00 usec
16.00 usec
0.00 dB
100.6238364 MHz
CPDPRGZ2 waltzlé
NUC2 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL12 15.47 dB
SEFO2 400.1320007 MHz
F2 - Processing parameters
L J ST 16384
w v b 100.61276%0 MHzZ
" WDW EM
SSB Q
LB 2.00 Hz
GB o]
PC 1.40
L B I L B B I L B B L B L R RS R AR R R AR AR
150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm
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O WO T NN AN T TN O WD ST oMo o Oy O 0000w O ©
AN OI OO MMM OMMENNNNNCCNO OO 00 0000 G M OLwWWLwW W s <<t 0w 0 O 0
P = D= P P D e s e e s D s D D s e W00 W0 W0 W0 W00 W0 W00 W00 W W0 W0WW0 0 W00 WO M
— 4444444444%
Current Data Parameters
NAME RARA122
EXPNOC 2
PROCNG 1
F2 - Bcquisition Parameters
Date_ 20150518
Time 11.31
INSTRUM drx400
PRCOBHD 5 mm QNP 1H/1
PULPROG zg 30
TD 32768
SOLVENT CDC13
NS 64
D3 2
SWH 6410.256| Hz
FIDRES 0.1925625 Hz
o) 2.5552540Q| sec
RG 812.7
DW 78.000 usec
DE 6.00| usec
TE 289.2 K
D1 2.00000000 sex
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
= CHANNEL f1 ==
: 1H
ortho + para isomers 13.00] usec
. 0.00| dB
para 1somer 400.132400§ MHz
F2 - Processing paramefiers
ST 32768
SF 400.1300071 MH=z
. . WDW EM
Starting material ssB o
LB 0.30| Hz
GB o]
PC 1.00
IR ‘ LY J
e s o e L B B L s e o B B |
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 0.5 ppm
~ oo r~| | | cof = | o o
N N[ | | | | N | N
=1 olo||ol o [SN|KaN] ©
—
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NAME raaal2z
(o)) M~ EXPNO 1
—~ \O  PROCNC 1
- + Date_ 20150527
e — Time .54
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG zg
TD 32768
SOLVENT CDC13
NS 38
Ds 2
SWH 5000.000 Hz
FIDRES 0.152588 Hz
A 3.2768500 sec
RG 3é
DW 100.000 usec
DE 6.50 usec
TE 298.0 K
D1 5.00000000 s=ec
TDO 1
== CHANNEL fl
10.25
22.85816574 W
500.1322506 MHz
32768
500.1300049 MHz
EM
o
0.20 Hz
a
1.00
CHCl; peak
i | ke .
l I l l l I l l l l l l l l I !
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 0.5 ppm
ol oo o~ r~ e )
DN || @ — [ (] =
OO ™~ o o ip)
—
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NAME RAARI22
© 0@ o o o @ e o
N (= e R [9N) o jan] o= = o0 o)
. ... . R . 1 = o =~ — @ NS oy Date_ 20150526
Ne] @~ Oy~ L oy 00 s e e . e . . o Time 22.51
15} o= s o ™M o~ — O e TS NTo} ~ G 1S . INSTRUM Arx400
— o — — — oY Oy O r— r— [Ip) OY PROBHD 5 mm QNP 1H/1
PULPROG apt
BN A A N S VAN :
SOLVENT CDC13
NS 1000
Ds 4
SWH 26178.010 Hz
FIDRES 0.79%88289% Hz
Xeo) 0.625%188 sec
RG 11585.2
DWW 19.100 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.00000Q00
CNST11 1.000Q0000
D1 2.00000000 sec
d11 0.03000000 sec
d20 0.00689655 sec
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
Pl 8.00 usec
= CHANNEL fl ==
13C
3b-OMe 8.00 usec
16.00 usec
0.00 dB
100.6238364 MHz
= CHANNEL f2 ==
CPDPRGZ2 waltzlé
NUCz2 1H
PCPD2 95.00 usec
PL2 0.00 dB
PL1Z 15.47 dB
SFO2 400.1320007 MHz
ST 16384
SF 100.6127690 MHz
WDW EM
S55B o
1B 2.00 Hz
GB o
" \ w PC 1.40
M P AM A ""“ W iy i "’.".‘M ol ity ~ T TR W g S . Wy
I I I I I I I I I I I I I I I I 1
160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 ppm
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Current Data Parameters

OY OV 00 00 O WO N O O oY D) o= oy O NAME RAARISL
. - . . - . . - . . . . - - - EXPNO 7
O e e T S S S VR - RV R Ve ™~ —  PROCNO 1
NNV EARNEZRNY o e P
Date_ 20151115
Time 19.34
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
. PULPROG 2930
" D 32768
b a % Iy SOLVENT cDCl3
A Ne 16
I,l".' W% T— ?EF\T\ Da 2
N ., SWH 6410.256 Hz
T, N A — FIDRES 0.195625 Hz
o N W ) 2.5559540 sec
. Rh A} RG 161.3
|L . . DW 78.000 usec
o ﬁ ., DE 6.00 usec
dr= | TE 300.0 K
- D1 2.00000000 sec
. MCREST 0.00000000 sec
A e MCWRK 0.01500000 sec
Me -
f' CHANNEL £1
3b-Me 1n
13.00 usec
0.00 dB
400.1324008 MHz
F2 - Processing parameters
sT 32768
SF 400.1300077 MHz
WDW EM
S2B 0
LB 0.30 Hz
GB 0
CHC|3 peak PC 1.00
L J I ) )
—————— T T T T T T T T T T T T T
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 0.5 ppm
oo| ol — o
o[ | O o () o <
o| o] o rs}
—
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™ W S O OV O Current Data Parameters
o o O~ o O o @ =~ w ™~ W0 — NEME RABAR1ST
. . v e e e e e . e o s o O © ) BxPNO 8
= = — o~ oy = — A M PROCNO 1
[EaTs oo o o0 o oY — o [EolTol ™~ ~ o — N
— — o — - [sale O~ - ™ & .
F2 - Roguisition Parameters
VoA Y N | | Bace-
Time 20.19
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
Y PULPROG apt
b a y r D 32768
: y SOLVENT CDCl3
T ——— ?“f:;-\ NS 1000
|I|l.|l W '\-\.} Ds 4
! [ — SWH 26178.010 Hz
) s —
N \\ % FIDRES 0.79888%9 Hz
\ RO 0.6259188 sec
‘L Rh RG 11585.2
_| # Y DW 15.100 usec
d o ‘ﬁ "‘{-\l DE 6.00 usec
] TE 300.0 K
[ ] CNSTZ2 145.0000000
gle g cNSTI1 1.0000000
e~ o Dl 2.00000000 sec
f dil 0.03000000 sec
dzo 0.00689655 sea
D21 0.00100000 sec
MCREST 0.00000000 sec
MCWREK 0.01500000 sec
3b_Me Pl 8.00 usec
CHANNEL f1
8.00 usec
16.00 usec
0.00 dB
100.6238364 MHz
CHANNEL f£2
CPDPRGZ2 waltzlé
NUC2 1H
i M@W 95.00 usec
0.00 dB
PL12 15.47 dB
SFO2 400.1320007 MHz
F2 - Processing parameters
ST 16384
SF 100.6127690 MHz
WDW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.40
O L L e L B B R AR R R RS Aa R
160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 ppm
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CHCls peak

[T

1.73

NAME RARDS4
EXPNO 34
PROCNO 1
Date_ 20150424
Time 2.57
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG 2930
D 32768
SCLVENT ©DCL3
i 16
D8 2
SWH 6410.256
FIDRES 0.195625
AG 2.5559540
RG 322.5
DW 78.000
DE 6.00
TE 300.0
Dl 2.00000000
MCREST 0.00000000
MCWRE 0.01500000

400.1324008

9.0 8.5 8.0 7.5 7. 6.5 6.0 5.5 5.0 4.5
—
| @) Oy (@)
slo | EE

S73

14.93

SEFO1 MHzZ
ST 32768

SE 400.1300084 MHz
WDW EM

S558B Qa

LB 0.30 Hz
GB o]

PC 1.00
e
1.5 1.0 rrm



—168.69
T—166.83

i

)

) 00 O N NC O 0O NG OO

I O~ s ™M O OO W Do oY ™y O
D T - e ] N O~

M A~ H AW 0O e . . v .

ST T T ) NN OO O NN\ e~ NG

R B B B B s s B e M I B B B B IR SR TR e~ o~

[ . [T

NAME
EXPNO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULPRCG
TD
SOLVENT
NS

Ds

SWH
FIDRES
20

RG

DW

DE

TE

9.44

CPDPRG2
NUC2
FPCPD2
PL2
PL1Z
PL13
PL2W
PL12W
PL13W
SFOZ
ST

SF
WDW
SSB
LB

GB

FC

" w

el G . Y PR TP Pl el by s

170

160 150 140 130 120 110 100 g0 80 70

S74

60 50 40 30 20 10 ppm

= CHANNEL f1

CHANNEL f£2

raaasd

1

20150424
13.49

spect

5 mm PABBO BB—
zgpg30

32768

CDC1l3

1000

2
32854.738
1.003868
0.4%81236
2050
15.200
6.50
298.1
1.50000000
0.03000000
1

13¢C

8.50

1.00
58.06213379
125.7716224

waltzlé

1H

80.00

0.00

17.00

17.00
22.85816574
0.45608038
0.45608038

500.1320005

32768
125.7577890
EM

o]

2.00

o]

1.40

Hz
Hz
sec

usec
usea

sec
sec

Hz



NAME RRARS4
< EXPNO 43
~—~ PROCNO 1
\ . Date 20150424
b , ~ Time 5.57
a . o TNSTRUM drx400
n"I,- -.".II T | PROBHD 5 mm QNP 1H/1
Iy, '-N PULPROG zgfhiggn
L \v;q_ TD 32768
e “'N" , o = SOLVENT cDCl13
¥ *, NS 128
l Rh Ds 4
LW SWH 64102 .563 Hz
dr= + ~C FIDRES 1.956255 Hz
-+ RO 0.2556404 sea
L | RG 7298.2
B L oW 7.800 usec
o
< F DE 6.00 usee
TE 300.0 K
o1 1.00000000 sec
a1 0.03000000 sec
aiz 0.00002000 sec
2b-F
= —— CHANNEL f2 =
CPDPRGZ waltzlé
NuUC2 18
PCPD2 95.00 usec
PI2 0.00 aB
PL12 15.47 4B
SFo2 400.1324008 MHz
NDO 2
™D 128
SFol 100.6238 MHz
FIDRES 204.515701 Hz
SW 260.157 ppm
FnMODE oF
ST 32768
SF 376.4983540 MHz
WOW M
5SB 0
B 2.00 Hz
GB o]
PC 1.00
ST 1024
M2 oF
SF 100.6127690 MHz
WD QSTINE
s8R 5
B 0.00 Hz
cB o
i
I I I I I I I I I I I I I
—40 —-50 —60 —70 —80 —50 —100 —-110 -120 —130 —140 —150 rem
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Current Data Parameters

o NaME RARA1G2

., EXPNO 1

— PROCNO 1
F2 — RAcguisition Parameters
Date_ 20161217
Time 15.30
INSTRUM drx400
PROBHD 5 mm QNP 1H/1
PULPROG zg30
TD 32768
SOLVENT cDCl3
NE 16
Ds 2
SWH 6410.256 Hz
FIDRES 0.195625 Hz
20 2.5559540 sec
RG 181
DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1l 2.00000000 sec
MCREST 0.00000000 sec
MEWREK 0.01500000 sec

CHANNEL f1

1H
13.00 usec
0.00 dB
400.1324008 MHz
F2 — Preocessing parameters
ST 32768
SF 400.1300072 MHz
WDW EM
SSB o
LB 0.30 Hz

GB

CHCl; peak ec 1.00

0

9
2.04

.0
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MNAME RARADIS2
2

EXPNO
PROCNO 1
Date_ 20161217
Time 21.39
o S N T A DY OO D INSTRUM spect
NW NN OM~ 0N O~ OO N MDD W LW N O PROBHD 5 mm PABBC BB-—
. . e e e e e e e e e e e e e e e e e e O )OO — PULPROG deptagpsp
OLW OO WO WWLWM NN~ 0 e e e e o TD 32768
OO e M M NN NN NN NN OO OO DA * SOLVENT CDC13
L T T e T I T T T T I B T s B B B e e B B B e s IR S B D N e T ) N g 1000
Ds 8
SWH 32894.738 Hz
FIDRES 1.0038¢68 Hz
AQ 0.4581236 sec
RG 2050
DW 15.200 usec
DE 6.50 usec
TE 298.0 K
CNSTZ 145.0000000
CNST12 1.5000000
D1l 6.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
D16 0.00020000 sec
TDO 1
CHANNEL f1 =
13C
8.50 usec
2000.00 usec
120.00 4B
1.00 4B
PLOW 0.00000000 W
PL1W 58.0621337%9 W
SFO1 125.7716224 MHz
Spz 10.57 dB
SPNAM2 Crp60comp. 4
SPORL2 0.500
SPOFFS2 0.00 Hz
CPDPRGZ
NUC2
PO
i 23 J
i T T il ear
H '“'T PCPDZ
PLZ
PL1Z2
PLZW 22.85816574 W
PL12W 0.45608038 W
SFO2 500.1330008 MHz
GRADIENT CHANNEL
GPNAM1 SINE.100
GPNAMZ SINE.100
GPNAM3 SINE.100
GPZ1 31.00 %
GPZ2 31.00 %
GP23 31.00 %
Plé 1000.00 usec
5T 32768
SE 125.75778%7 MHz
WD EM
R R R O N I R R R L RN N R R R RN R LR R RN R R R AR N AR AN AR AR RRRC = | 9]
LB 2.00 Hz
170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 GEOM 0
PC 1.40
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Current Data Parameters

7S NAME RARALSZ
—~ EXPNO 2
\ . PROCNC 1
—
N F2 - Acquisition Parameters
| Date_ 20161217
Time 15.34
INSTRUM drxzd400
PROBHD 5 mm QNP 1H/1
PULPROG zgfhigan
D 32768
SOLVENT CDC13
NS 1z8
Dg 4
SWH 64102.562 Hz
FIDRES 1.956255 Hz
AQ 0.2556404 =ec
RG 1448.2
bW 7.800 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec
d11 0.03000000 sec
d1z 0.00002000 sec
CHANNEL £1
3b'CF3 19F
14.60 usec
-3.00 dB
376.4701166 MHz
CHANNEL £2
waltzlé
1H
95.00 usec
0.00 dB
15.47 dB
400.1324008 MHz
Fl - Acquisition parameters
NDo 2
D 128
SEOL 100.6238 MHz
FIDRES 204.515701 Hz
SW 260.157 ppm
FnMODE QOF
F2 - Processing parameters
SI 32768
SF 376.4983540 MHz
WDW EM
SSB o
LE 2.00 Hz
GB 0
PC 1.00
Fl - Processing paramsters
ST 1024
MC2 oF
SE 100.6127690 MHz
WDW OSINE
55B 5
LE 0.00 Hz
GB 0
=
I I I I I I I I I I I
—-10 20 —30 —40 -50 -60 =70 -80 —-30 —100 —110 —120 rem
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—1.70
T 1.59

NAME raaal2s
EXPNOC 1

PROCNO 1
Date_ 20150601
Time 2.27
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG zg

TD 32768
SOLVENT CDC13

NS 8

DS 2

SWH 5000.000 Hz
FIDRES 0.152588 Hz
:\e) 3.2768500 sec
RG 80.6

DWW 100.000 usec
DE 6.50 usec
TE 298.0 K
D1 7.00000000 sec
TDO 1

== CHANNEL fl1 =
1H
10.25 usec
0.00 dB
22.85816574 W
500.1322506 MHz

32768
500.1300060 MH=zZ
EM
o]
0.20 Hz
2b-NO; + 3b- NO, 1.00
CHCI; peak
AU;M i
I I I T I 1
10 S 8 7 5 1 rem
o o~ o[ | o] o] ol e ™ [Ne2 ]
| co| 0o s P OY| O] O] O —~| oo
T S P P PO P [ P $ 3
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_—174.23

~173.96

2b-NO; + 3b- NO,

120.69
114.73

NAME
EXPNO

Time

109.34
109.28
105.49
96.85
96.79
96.63
96.58
32
‘§:77.07
76.82
%<:9.29
9.24

TD

SOLVENT

NS
DS
SWH

AQ
RG
Dl
DE
TE
CNST2

Dl
D11

PROCNO
Date_

INSTRUM
FROBHD
PULPROG

FIDRES

CNST11

CHANNEL f1

raaal23
2

1
20150601
9.30
spect

5 mm PABBC BB—

apt
32768
CDCl13
760

8
32894.738
1.003868
0.4281236
2050
15.200
&.50
298.0

145.0000000

1.0000000
2.00000000
0.03000000
0.00689655
0.00005000

8.50

8.50
17.00

1.00
58.06213379
125.7716224

== CHANNEL f2 ==

CPDPRGZ waltzlé

NUC2 1H

PCPD2 80.00

PI2 0.00

PL12 17.00

) . . J g 1 22.85816574

Al " ]f T i ! i ! v PL12W 0.45608038

SFO2 500.1330008

ST 32768

SF 125.7577890

WD EM

8B 0

LB 2.00

GB s}

pC 1.40
I I I I I I I I I 1
180 160 140 120 100 80 60 40 20 rem
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usec
usec
dB

MHz

usec
dB
dB

MH=z

MHz

Hz



