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1. General

All reactions were carried out using heat gun dried glassware under a positive pressure of dry argon
unless otherwise noted. Catalytic reactions were run under argon atmosphere. Air- and
moisture-sensitive liquids were transferred via a syringe and a stainless-steel needle. Reactions were
magnetically stirred and monitored by thin layer chromatography using Merck Silica Gel 60 F254
plates. All work-up and purification procedures were carried out with reagent-grade solvents under
ambient atmosphere. Flash chromatography was performed using silica gel 60N (spherical neutral,

particle size 40-50um) purchased from Kanto Chemical Co. Ltd.

2. Instrumentation

NMR was recorded on 500 MHz Bruker Advanced lll. Chemical shifts for proton are reported in parts
per million downfield from tetramethylsilane and are referenced to residual protium in the NMR
solvent (CDCl3: & 7.26 ppm). For 3C NMR, chemical shifts were reported in the scale relative to NMR
solvent (CDCls: 6 77.0 ppm) as an internal reference. NMR data are reported as follows: chemical
shifts, multiplicity (s: singlet, d: doublet, dd: doublet of doublets, dt: doublet of triplets, dq: doublet
of quarteds, t: triplet, td: triplet of doublets, tt: triplet of triplets, q: quartet, quin: quintet, sex: sextet,
sep: septet, m: multiplet, br: broad signal), coupling constant (Hz), and integration. Infrared (IR)
spectra were recorded on with Shimadzu IR Affinity-1S. High-resolution mass spectroscopy (HRMS)
was obtained with Waters ACQUITY UPLC®—LCT-Premier™ XE system and Bruker MicrOTOF II.

Ultraviolet and visible absorption spectrum was recorded on with Shimadzu UV-2600.

3. Materials

Toluene (dehydrated —super —) and acetonitrile (dehydrated —super —) were purchased from KANTO
Chemical Co., Inc. and stored in a dry box. FeCl; (sublimed grade, 299.9% trace metals basis) and
FeCl; (99.99% trace metals basis) were purchased from Aldrich and used as received and stored in a
dry box. Chlorobenzene was dried over MS4A. DTBP was purchased from TCl and used as received.

All other commercially available reagents, including alkylarenes, were used as received.
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4. Substrate Syntheses and Characterization
Procedure for synthesis of tris(4-methoxyphenyl)phosphine oxide (L11)*
OMe

/O

g

L
MeO OMe

To a solution of tris(4-methoxyphenyl)phosphine (5.0 mmol, 1.0 equiv.) in THF (25 mL, 0.20 M) was
added slowly 35% hydrogen peroxide in water (5.0 equiv.) at 0 °C. The cooling bath was removed
and the reaction mixture was stirred 4 h at room temperature. After removal of solvent under
reduced pressure, the resulting residue was purified by recrystallization to afford L11. : CAS Registry
Number 803-17-8; (White solid, 84% vyield); *H NMR (500 MHz, CDCl5) & 7.59-7.55 (m, 6H, ArH),
6.96-6.94 (m, 6H, ArH), 3.84 (s, 9H, OCHjs); 13C NMR (125 MHz, CDCl3) § 162.3 (d, J = 2.6 Hz), 133.9 (d,
J=11.1Hz), 124.6 (d, J = 110.9 Hz), 114.0 (d, J = 13.1 Hz), 55.3.

General procedure A for the synthesis of 2-acylimidazoles (la-1h, 1m)%* To a solution of
1-methylimidazole (1.0 equiv.) in dry THF (0.70 M) under argon atmosphere was added slowly 2.6 M
n-BulLi in n-hexane (1.1 equiv.) at =78 °C. The cooling bath was removed and the reaction mixture
was stirred at room temperature. After 0.5 h, the mixture was again cooled to —78 °C and indicated
ester or Weinreb amide was added. The cooling bath was removed and the reaction mixture was for
indicated time at room temperature. After it was quenched by 1 M HCl aq, sat. NaHCOs; aq was
added to the resultant residue and extracted with CH,Cl,. After removal of solvent under reduced
pressure, the residue was purified by silica gel flash chromatography to afford the desired

2-acylimidazole, which was used without further purification unless otherwise noted.

Me O
N\’)J\/Me
WA
1-(1-methyl-1H-imidazol-2-yl)propan-1-one (1a): CAS Registry Number 138536-16-0; (Colorless
liquid, 43% vyield); Following the general procedure A using methyl propionate (3.0 equiv.) and
stirring for 14 h, performing the distillation after silica gel flash chromatography. *H NMR (500 MHz,

CDCl5) 6 7.13 (s, 1H, imidazole), 7.02 (s, 1H, imidazole), 4.01 (s, 3H, NCHs), 3.15 (g, / = 6.0 Hz, 2H,
COCH,), 1.20 (t, J = 6.0 Hz, 3H, CH,CH3); 3C NMR (125 MHz, CDCl3) 6 193.9, 143.0, 128.9, 126.7, 36.2,
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32.3,8.1.

Procedure for the synthesis of 2-cyclopropyl-1-(1-methyl-1H-imidazol-2-yl)ethan-1-one (1b)>®

Me O
NM
WY

To a solution of 1-methylimidazole (17 mmol, 1.0 equiv.) in dry THF (26 mL, 0.70 M) under argon
atmosphere was added slowly 2.6 M n-Buli in n-hexane (18 mmol, 1.1 equiv.) at —=78°C. After 0.5 h,
2-cyclopropyl-N-methoxy-N-methylacetamide (18 mmol, 1.1 equiv.) was added and stirring for 17 h.
After it was quenched by acetic acid, sat. NaHCOs; aq was added to the resultant mixture and
extracted with CH,Cl,. After removal of solvent under reduced pressure, the resulting residue was
purified by silica gel flash chromatography to afford 1b. : CAS Registry Number 1509675-93-7;
(Colorless liquid, 38% vyield); *H NMR (500 MHz, CDCls) & 7.12 (s, 1H, imidazole), 7.02 (s, 1H,
imidazole), 4.02 (s, 3H, NCHs), 3.01 (d, J = 7.0 Hz, 2H, COCH.), 1.58-1.14 (m, 1H, CH(CH,),), 0.58-0.54
(m, 2H, CH(CH;)2), 0.23-0.22 (m, 2H, CH(CHz),); 3C NMR (125 MHz, CDCl5) 6 192.9, 143.1, 129.0,
126.9, 44.1, 36.2, 6.5, 4.3; IR (neat) 1670, 1460, 1402, 1381, 1287, 1223, 1155, 1016, 962, 935, 912,
831, 804, 768, 691 cm™!; HRMS (ESI, H) m/z calc’d for CsH1,N,0 (M + H)* 165.1022, found 165.1050.

Me o
N
WA

1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (1c): CAS Registry Number 1179358-90-7;
(Pale yellow liquid, 22% yield); Following the general procedure A using ethyl 3-phenylpropionate
(1.3 equiv.) and stirring for 5 h, performing the distillation after silica gel flash chromatography. *H
NMR (500 MHz, CDCls) § 7.29-7.26 (m, 4H, ArH), 7.19-7.18 (m, 1H, ArH), 7.12 (s, 1H, imidazole), 7.01
(s, 1H, imidazole), 4.00 (s, 3H, NCH3), 3.48 (t, J = 7.5 Hz, 2H, COCH,), 3.04 (t, J = 7.5 Hz, 2H, ArCH,); 13C
NMR (125 MHz, CDCls) 6 192.1, 143.0, 141.1, 129.1, 128.5, 128.4, 126.9, 126.0, 40.4, 36.2, 30.0.

Me o
NW
N
1-(1-methyl-1H-imidazol-2-yl)undec-10-en-1-one (1d): (Colorless liquid, 14% yield); Following the

general procedure A using methyl 10-undecenoate (1.3 equiv.) and stirring for 5 h, performing the

distillation after silica gel flash chromatography. *H NMR (500 MHz, CDCl3) 6 7.13 (s, 1H, imidazole),
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7.01 (s, 1H, imidazole), 5.85-5.77 (m, 1H, CH=CH), 5.01-4.91 (m, 2H, CH=CH), 4.00 (s, 3H, NCHs),
3.11 (t, J = 7.5 Hz, 2H, COCH,), 2.05-2.01 (m, 2H, CH,CH=CH,), 1.73-1.67 (m, 2H, COCH,CH.),
1.38-1.29 (m, 10H, (CH2)sCH,); 3C NMR (125 MHz, CDCls) & 193.5, 143.2, 139.3, 128.9, 126.8, 114.1,
39.1,36.2, 33.8, 29.4, 29.4, 29.3, 29.1, 28.9, 24.3; IR (neat) 2924, 2853, 2359, 2342, 1672, 1639, 1464,
1406, 1288, 1153, 993, 976, 912, 764, 696 cm™; HRMS (ESI, H) m/z calc’d for CisHauN20 (M + H)*
249.1961, found 249.1967.

Me 0

\

N
WA

2-cyclohexyl-1-(1-methyl-1H-imidazol-2-yl)ethan-1-one (1e): (White solid, 26% yield); Following the
general procedure A using methyl cyclohexylacetate (1.3 equiv.) and stirring for 22 h. *H NMR (500
MHz, CDCl5) 6 7.13 (s, 1H, imidazole), 7.01 (s, 1H, imidazole), 4.00 (s, 3H, NCHs), 2.99 (d, J = 7.0 Hz,
2H, COCH,), 2.03-1.95 (m, 1H, cyclohexyl), 1.75-1.62 (m, 5H, cyclohexyl), 1.33-1.24 (m, 2H, cyclohexyl),
1.21-1.14 (m, 1H, cyclohexyl), 1.09-1.01 (m, 2H, cyclohexyl); 3C NMR (125 MHz, CDCl5) § 193.1, 143.5,
128.9, 126.8, 46.5, 36.3, 34.5, 33.3, 26.3, 26.2; IR (neat) 3075, 2914, 2849, 1674, 1474, 1414, 1402,
993, 955, 920, 800, 754, 702, 691 cm™; HRMS (ESI, H) m/z calc’d for C1,H1sN,O (M + H)* 207.1492,
found 207.1509.

Procedure for the synthesis of

4-((tert-butyldimethylsilyl)oxy)-1-(1-methyl-1H-imidazol-2-yl)butan-1-one (1f)

Me O
N MOTBS
N

To a solution of 1-methylimidazole (0.10 mol, 1.0 equiv.) in dry THF (143 mL, 0.70 M) under argon
atmosphere was added slowly 2.6 M n-Buli in n-hexane (1.1 equiv.) at =78 °C. The cooling bath was
removed and the reaction mixture was stirred at room temperature. After 0.5 h, the mixture was
again cooled to —78°C and y-butyrolactone (0.13 mol, 1.3 equiv.) was added. The cooling bath was
removed and the reaction mixture was stirred for 3 h at room temperature. After it was quenched
by 1 M HCl aqg, sat. NaHCOs; aq was added to the resultant mixture and extracted with CH,Cl,. After
removal of solvent under reduced pressure, dry CH,Cl, (26 mL, 0.45 M), TBSCI (15 mmol, 1.3 equiv.)
and 1-methylimidazole (15 mmol, 1.3 equiv.) was added to the crude mixture
(4-hydroxy-1-(1-methyl-1H-imidazol-2-yl)butan-1-one, 12 mmol, 1.0 equiv.) under argon atmosphere

at 0 °C. The cooling bath was removed and the reaction mixture was stirred for 3 h at room
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temperature. After it was quenched by sat. NH4Cl aq. sat. NaHCOs aqg was added to the resultant
mixture and extracted with CH,Cl,. The residue was purified by distillation after silica gel flash
chromatography to afford 1f. : (Colorless liquid, 33% yield) *H NMR (500 MHz, CDCl3) & 7.13 (s, 1H,
imidazole), 7.01 (s, 1H, imidazole), 4.00 (s, 3H, NCH3), 3.70 (t, J = 7.0 Hz, 2H, CH,0TBS), 3.18 (t,/=7.0
Hz, 2H, COCH.), 1.94 (quin, J = 7.0 Hz, 2H, COCH,CH-), 0.87 (s, 9H, SiC(CHs)s), 0.30 (s, 6H, Si(CHs),); 3C
NMR (125 MHz, CDCl3) § 193.0, 143.1, 128.9, 126.7, 62.5, 36.2, 35.5, 27.4, 25.9, 18.3, -5.3; IR (thin
film, NaCl) 3021, 2955, 2931, 2859, 1674, 1416, 1254, 1215, 1103, 837, 772 cm™%; HRMS (ESI, H) m/z
calc’d for Ci14H26N,0,Si (M + H)* 283.1836, found 283.1836.

1-(1-methyl-1H-imidazol-2-yl)-2-phenylethan-1-one (1g): (Brown solid, 62% vyield); Following the
general procedure A using ethyl phenylacetate (2.5 equiv.) and stirring for 3 h. *H NMR (500 MHz,
CDCl3) 6 7.36-7.30 (m, 4H, ArH), 7.24 (t, J = 7.0 Hz, 1H, ArH), 7.19 (s, 1H, imidazole), 7.04 (s, 1H,
imidazole) 4.43 (s, 2H, COCH,), 3.97 (s, 3H, NCHs); 13C NMR (125 MHz, CDCls) 6 190.1, 142.8, 134.6,
129.9, 129.3, 128.5, 127.4, 126.8,45.4, 36.2.; IR (neat) 1663, 1420, 1398, 1277, 1244, 1016, 907, 799,
789, 733, 702, 694, 669, 637, 615, 511 cm™; HRMS (ESI, H) m/z calc’d for Ci;pH1N,O (M + H)Y
201.1022, found 201.1045.

1-(1-methyl-1H-imidazol-2-yl)-2-(thiophen-3-yl)ethan-1-one  (1h): CAS  Registry = Number
1519308-06-5; (Pale vyellow solid, 26% vyield); Following the general procedure A
using N-methoxy-N-methyl-3-thiopheneacetamide (1.0 equiv.) and stirring for 14 h. 'H NMR (500
MHz, CDCl3) & 7.29 (dd, J = 5.0, 3.0 Hz, 1H, ArH), 7.21 (m, 1H, ArH), 7.19 (s, 1H, imidazole), 7.10 (dd, J
= 5.0, 1.5 Hz, 1H, ArH), 7.06 (s, 1H, imidazole), 4.47 (s, 2H, COCH.), 3.99 (s, 3H, NCHs); 13C NMR (125
MHz, CDCls) & 189.5, 142.6, 134.1, 129.3, 129.0, 127.4, 125.4, 123.2, 39.9, 36.3.

General procedure B for synthesis of 2-acylimidazoles (1i-11, 1n)
To a solution of 1-methylimidazole (100 mmol, 1.0 equiv.) in dry THF (143 mL, 0.7 M) under argon
atmosphere was added dropwise 2.6 M n-Buli in n-hexane (1.1 equiv.) at =78 °C. The cooling bath

was removed and the reaction mixture was stirred at room temperature. After 1 h, the mixture was
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again cooled to —78°C and y-butyrolactone (200 mmol, 2.0 equiv.) was added. The cooling bath was
removed and the reaction mixture was stirred for 27 h at room temperature. After it was quenched
by 1 M HCl aqg, sat. NaHCOs; aq was added to the resultant mixture and extracted with CH,Cl,. After
removal of solvent under reduced pressure, the resulting residue was purified by silica gel flash
chromatography to afford the intermediate (4-hydroxy-1-(1-methyl-1H-imidazol-2-yl)butan-1-one) in
43% vyield as pale yellow solid. To a solution of 4-hydroxy-1-(1-methyl-1H-imidazol-2-yl)butan-1-one
(1.0 equiv.) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.3 equiv.), DMAP
(0.10 equiv.) in dry CH,Cl; (0.20 M) under argon atmosphere was added triethylamine (1.4 equiv.)
and indicated carboxylic acid. The reaction mixture was stirred at room temperature. To the
resultant mixture was added sat. NaHCOs; aqg and extracted with CH,Cl,. After removal of solvent
under reduced pressure, the residue was purified by silica gel flash chromatography to afford the
desired 2-acylimidazole, which was used without further purification unless otherwise noted. The

yield indicated bellow is condensation step.

Me; O
<\/, \(\NHBoc
N o)

4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl (tert-butoxycarbonyl)glycinate (1i): (Yellow liquid, 96%
yield); Following the general procedure B using N-(tert-Butoxycarbonyl)glycine (1.2 equiv.) and
stirring for 21 h. *H NMR (500 MHz, CDCls) 6 7.13 (s, 1H, imidazole), 7.04 (s, 1H, imidazole), 5.02 (br,
1H, NH), 4.24 (t, J = 6.5 Hz, 2H, OCH), 4.01 (s, 3H, NCHs), 3.90 (d, J = 5.5 Hz, 2H, COCH,NH), 3.23 (t, J
= 7.0 Hz, 2H, COCHCH,), 2.08 (quin, J = 7.0 Hz, 2H, COCH,CH,), 1.45 (s, 9H, COOC(CH3s)3); 3C NMR
(125 MHz, CDCls) 6 191.7, 170.4, 155.7, 142.8, 129.1, 127.1, 79.9, 64.7, 42.4, 36.2, 35.2, 28.3, 23.0; IR
(neat) 1748, 1713, 1674, 1514, 1408, 1366, 1288, 1250, 1157, 1053, 991, 914, 779 cm™%; HRMS (ESI,
H) m/z calc’d for C15H23N30s (M + H)* 326.1710, found 326.1710.

Me O Me
| N
<\/N O b
MeO Cl

4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl
2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate (1j): (Yellow solid, 61% yield);

Following the general procedure B using indometacin (1.3 equiv.) and stirring for 14 h. *H NMR (500
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MHz, CDCls) § 7.66 (d, J = 8.5 Hz, 2H, ArH), 7.47 (d, J = 8.5 Hz, 2H, ArH), 7.10 (s, 1H, imidazole), 7.03 (s,
1H, imidazole), 6.96 (d, J = 2.5 Hz, 1H, ArH), 6.87 (d, J = 9.0 Hz, 1H, ArH), 6.65 (dd, J = 9.0 Hz, 2.5 Hz,
1H, ArH), 4.19 (t, J = 7.0 Hz, 2H, OCH5), 3.99 (s, 3H, NCH3), 3.83 (s, 3H, OCHs), 3.65 (s, 2H, ArCH,), 3.19
(t, J = 7.0 Hz, 2H, COCH,), 2.37 (s, 3H, ArCH;), 2.06 (quin, J = 7.0 Hz, 2H, COCH,CH,); 3C NMR (125
MHz, CDCl; ) & 191.7, 170.8, 168.3, 156.0, 142.8, 139.2, 135.9, 133.9. 131.2, 130.8, 130.6, 129.1,
129.1, 127.0, 115.0, 112.6, 111.8, 101.0, 64.4, 55.7, 36.2, 35.3, 30.3, 23.0, 13.4; IR (neat) 1732, 1672,
1589, 1476, 1456, 1437, 1402, 1356, 1314, 1288, 1260, 1219, 1163, 1142, 1111, 1088, 1067, 1034,
1013, 991, 926, 914, 831, 799, 773, 752, 739, 691, 667, 648, 631, 602, 592, 561, 546, 480, 432, 419
cm™; HRMS (ESI, H) m/z calc’d for C27H26CIN3Os (M + H)* 508.1634, found 508.1634.

Me o N
\
NMOTIS &
"

N O CN
4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl
2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate (1k): (White solid, 76% yield);
Following the general procedure B using febuxostat (1.0 equiv.) and stirring for 17 h. *H NMR (500
MHz, CDCls) 6 8.16 (d, J = 2.5 Hz, 1H, ArH), 8.08 (dd, J = 9.0, 2.5 Hz, 1H, ArH), 7.14 (s, 1H, imidazole),
7.04 (s, 1H, imidazole), 7.01 (d, J = 9.0 Hz, 1H, ArH), 4.39 (t, J = 6.5 Hz, 2H, OCH,CH,), 4.00 (s, 3H,
NCHs), 3.90 (d, J = 6.5 Hz, 2H, OCH,CH), 3.31 (t, J = 7.5 Hz, 2H, COCH,), 2.75 (s, 3H, ArCHs), 2.20 (m
3H, COCH,CH>, CH(CHs)), 1.09 (d, J = 7.0 Hz, 6H, CH(CH3)2); 3C NMR (125 MHz, CDCl3) 6 191.6, 167.2,
162.5, 161.9, 161.3, 142.8, 132.5, 132.1, 129.1, 127.1, 126.0, 121.7, 115.4, 112.6, 102.9, 75.7, 64.7,

36.2, 35.3, 28.1, 23.1, 19.1, 17.5; IR (neat) 1682, 1603, 1431, 1414, 1350, 1329, 1300, 1292, 1275,
1132, 1111, 1043, 1013, 982, 914, 797 cm™; HRMS (ESI, H) m/z calc’d for CysH26N4O4S (M + H)*

o OT;dQ

Me

467.1748, found 467.1748.

Me

4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl
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4'-((1,7'-dimethyl-2'-propyl-1H,3'H-[2,5'-bibenzo[d]imidazol]-3'-yl)methyl)-[1,1'-biphenyl]-2-carbox
ylate (1l): Following the general procedure B using telmisartan (1.0 equiv.) and stirring for 15 h.
(White solid, 0.80g, 63% yield); 'H NMR (500 MHz, CDCls) & 7.81-7.77 (m, 2H, ArH), 7.51-7.47 (m, 2H,
ArH), 7.44 (s, 1H, ArH), 7.38 (dt, J = 7.5, 1.5 Hz, 1H, ArH), 7.35-7.33 (m, 1H, ArH), 7.29-7.24 (m, 5H,
ArH), 7.10 (s, 1H, imidazole), 7.08 (m, 2H, ArH), 6.96 (s, 1H, imidazole), 5.46 (s, 2H, ArCHAr), 4.11 (t,
J=6.5Hz, 2H, OCH>), 3.89 (s, 3H, NCH3), 3.78 (s, 3H, NCH3), 2.99-2,92 (m, 4H, COCH,, ArCH,CH,), 2.76
(s, 3H, ArCHs), 1.88 (sex, J = 7.5 Hz, 2H, ArCH,CH.), 1.80 (quin, J = 7.0 Hz, 2H, COCH,CH.), 1.05 (t, J =
7.5 Hz, 3H, ArCH,CH,CHs); 33C NMR (125 MHz, CDCl3) & 191.8, 168.2, 156.5, 154.8, 143.2, 142.9,
142.7, 141.8, 141.3, 136.7, 135.1, 134.9, 131.3, 130.7, 130.7, 130.0, 129.5, 129.1, 129.0, 127.4, 127.0,
126.0, 123.9, 123.9, 122.4, 122.3, 119.6, 109.5, 109.0, 64.3, 47.1, 36.1, 35.3, 31.8, 29.9, 22.9, 22.0,
16.9, 14.1; IR (neat) 1719, 1670, 1404, 1319, 1281, 1244, 1126, 1086, 991, 914, 849, 743, 428, 405
cm™; HRMS (ESI, H) m/z calc’d for C41H4oN6Os (M + H)* 665.3235, found 665.3210.

Me o
N O OEt

Y
ethyl (4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl) malonate (1n): (Colorless liquid, 61% vyield);
Following the general procedure B using monoethyl malonate (1.3 equiv.) and stirring for 14 h. 'H
NMR (500 MHz, CDCl3) 6 7.13 (s, 1H, imidazole), 7.04 (s, 1H, imidazole), 4.25-4.18 (m, 4H, OCH;CHj,
OCH,CH,), 4.01 (s, 3H, NCH3), 3.36 (s, 2H, COCH,CO), 3.23 (t, J = 7.5 Hz, 2H, COCH.CH,), 2.08 (quin, J
=7.5 Hz, 2H, COCH,CH>), 1.28 (t, J = 9.0 Hz, 3H, COCH,CHs); 3C NMR (125 MHz, CDCl3 ) § 191.7, 166.6,
166.5, 142.8, 129.1, 127.0, 64.8, 61.6, 41.6, 36.2, 35.2, 22.9, 14.1; IR (neat) 1744, 1726, 1672, 1464,
1408, 1368, 1331, 1288, 1267, 1182, 1150, 1098, 1030, 997, 970, 914, 779, 696, 685 cm™; HRMS (ESI,
H) m/z calc’d for C13H15N>Os (M + H)* 283.1288, found 283.1288.

Me 0]

\

N
A e
1-(1-methyl-1H-imidazol-2-yl)-2-phenylpropan-1-one (1m): (Brown solid, 67% yield); Following the
general procedure A using (+)-methyl 2-phenylpropanoate (2.5 equiv.) and stirring for 3 h. 'H NMR
(500 MHz, CDCls) & 7.43 (d, J = 8.0 Hz, 2H, ArH), 7.29 (t, J = 8.0 Hz, 2H, ArH), 7.20 (t, J = 8.0 Hz, 1H,
ArH), 7.14 (s, 1H, imidazole), 6.98 (s, 1H, imidazole) 5.28 (q, J = 7.0 Hz, 1H, COCH), 3.94(s, 3H, NCHj3),
1.54(d, J = 7.0 Hz, 3H,CHCH3); 3C NMR (125 MHz, CDCl3) 6 193.3, 142.6, 140.8, 129.2, 128.5, 128.3,
127.3, 126.8, 46.7, 36.2, 18.1; IR (neat) 1667, 1452, 1402, 1371, 1288, 1152, 995, 951, 910, 777, 752,
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704, 687, 662, 561, 503 cm™!; HRMS (ESI, H) m/z calc’d for Ci13H1aN,O (M + H)* 215.1179, found
215.1196.

Procedure for synthesis of 1-(1-methyl-1H-imidazol-2-yl)-4-phenylbutane-1,4-dione (10)
Me o
N
w8

To a solution of 1-methylimidazole (36 mmol, 1.0 equiv.) in dry THF (50 mL, 0.70 M) under argon
atmosphere was added slowly 2.6 M n-Buli in n-hexane (1.1 equiv.) at —78°C. After 1 h,
y-phenyl-y-butyrolactone (45 mmol, 1.3 equiv.) was added and stirring for 3 h. After it was quenched
by 1 M HCI, sat. NaHCO; aq was added to the resultant mixture and extracted with CH,Cl,. After
removal of solvent under reduced pressure, the resulting residue was purified by silica gel flash
chromatography. To 4-hydroxy-1-(1-methyl-1H-imidazol-2-yl)-4-phenylbutan-1-one (1.2 mmol, 1.0
equiv.) in dry CHyCl, (23 ml, 0.05 M) under argon atmosphere was added Dess-Martin periodinane
(1.3 mmol, 1.1 equiv.) at 0 °C. The cooling bath was removed and the reaction mixture was stirred
for 5 h at room temperature. To the resultant mixture was added sat. NaHCOs3 aq and extracted with
CH,Cl,. The residue was purified by recrystalization after silica gel flash chromatography to afford
10. : (Brown solid, 67% yield); *H NMR (500 MHz, CDCls) & 8.02 (d, J = 7.5 Hz, 2H, ArH), 7.57 (t, J = 7.5,
1H, ArH), 7.47 (t, J = 7.5, 2H, ArH), 7.17 (s, 1H, imidazole), 7.03 (s, 1H, imidazole), 3.98 (s, 3H, NCH5),
3.60 (t, J = 5.5, 2H, PhCOCH,CH.), 3.42 (t, J = 5.5, 2H, PhCOCH.); 3C NMR (125 MHz, CDCl5) & 198.4,
191.4, 142.9, 136.8, 133.1, 129.2, 128.6, 128.1, 126.8, 36.1, 33.1, 32.6; IR (neat) 1682, 1667, 1412,
1393, 1362, 1229, 989, 910, 791, 770, 729, 702, 692, 685, 513 cm™; HRMS (ESI, H) m/z calc’d for
C14H14N20;5 (M + H)* 243.1128, found 243.1145.

Procedure for synthesis of 3-(4-acetylphenyl)-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (1p)
Me )

N
N v
O
To a solution of AICl; (50 mmol, 3.3 equiv.) in dry CH,Cl, (75 mL, 0.20 M) under argon atmosphere
was added acetyl chloride (15 mmol, 1.0 equiv.) and
1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (1c, 15 mmol, 1.0 equiv.) at 0 °C. The cooling
bath was removed and the reaction mixture was stirred for 13 h at room temperature. After it was

qguenched by H,0, sat. NaHCO; aq was added to the mixture and extracted with CH,Cl,. After
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removal of solvent under reduced pressure, the resulting residue was purified by recrystallization
after silica gel flash chromatography to afford 1p. : (Brown solid, 1.7 g, 44% yield) *H NMR (500 MHz,
CDCl;) 6 7.88 (d, J = 8.5 Hz, 2H, ArH), 7.36 (d, J = 8.5 Hz, 2H, ArH), 7.13 (s, 1H, imidazole), 7.03 (s, 1H,
imidazole), 4.00 (s, 3H, NCHs), 3.51 (t, J = 7.5 Hz, 2H, COCH,), 3.10 (t, J = 7.5 Hz, 2H, PhCH,), 2.58 (s,
3H, COCHs); 3C NMR (125 MHz, CDCls) 6 197.9, 191.4, 146.9, 142.8, 135.2, 129.1, 128.7, 128.6, 127.1,
39.7, 36.2, 29.8, 26.6; IR (KBr) 3117, 1670, 1605, 1570, 1404, 1362, 1269, 1180, 1150, 1072, 980, 957,
914, 826, 787 cm™*; HRMS (ESI, H) m/z calc’d for CisH16N,0, (M + H)* 257.1285, found 257.1285.

Me o
N\,)&Me

Wl oo
1-(1-methyl-1H-imidazol-2-yl)propan-1-one-2,2-d, (1a(d?))’: To a solution of TBD (5.6 mmol, 0.22
equiv.) in dry CDCls (75 mL, 0.20 M) was added 1-(1-methyl-1H-imidazol-2-yl)propan-1-one (1a, 25
mmol, 1.0 equiv.) under argon atmosphere. The reaction mixture was stirred for 42 h at room
temperature. After removal of solvent under reduced pressure, the resulting residue was purified by
distillation after silica gel flash chromatography to afford 1a(d?). : (colorless liquid, 81% yield, 96%
deuterated); *H NMR (500 MHz, CDCls) 6 7.13 (s, 1H, imidazole), 7.02 (s, 1H, imidazole), 4.01 (s, 3H,
NCH;), 1.18 (s, 3H, CD2CHs); 3C NMR (125 MHz, CDCls) & 193.9, 142.9, 128.9, 126.8, 36.2, 31.8 (sex, J
= 19.5 Hz), 8.0; IR (neat) 1668, 1458, 1400, 1290, 1261, 1152, 1024, 1005, 941, 910, 837, 768, 671

cm™; HRMS (ESI, H) m/z calc’d for C;HgD,N,0 (M + H)* 141.0991, found 141.0984.

S11



Supporting information
Chemoselective Catalytic Dehydrogenative Cross Coupling of 2-Acylimidazoles:
Mechanistic Investigations and Synthetic Scope

5. General Procedure and Characterization of the Products

General procedure for catalytic oxidative cross coupling reaction about scope of alkylarenes: A 20
mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried
under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%) were added followed by the addition of alkylarene
(0.20 M) and 1a (30 L, 1.0 equiv.). Then DTBP (1.7 equiv.) was added to the reaction mixture. The
mixture was stirred under argon at 80 °C for 24 h and diluted with EtOAc. The diluted solution was
filtered through silica short column and washed with EtOAc. After evaporation of the organic solvent
under reduced pressure, the resultant mixture was purified by silica gel flash chromatography to

obtain cross coupling product (3aa-3ao, 3aa(d’)).

FeCl, + L11 FeCl, + L11 + toluene (0.64 ml)

FeCl, + L11 + toluene (0.64 ml) + 1a FeCl, + L11 + toluene (0.64 ml) + 1a + DTBP + toluene (0.5 ml)

80°C1h 80 °C 2h

80°C10h
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N Me

2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (3aa): (Colorless liquid,
n-Hexane/EtOAc = 9/1 to 4/1, 83% yield, 43.4 mg); *H NMR (500 MHz, CDCl3) § 7.25-7.22 (m, 4H,
ArH), 7.18-7.14 (m, 1H, ArH), 7.13 (s, 1H, imidazole), 7.00 (s, 1H, imidazole), 4.24-4.17 (m, 1H, COCH),
3.97 (s, 3H, NCH;), 3.15 (dd, J = 13.5, 6.5 Hz, 1H, ArCH,), 2.68 (dd, J = 13.5, 8.5 Hz, 1H, ArCH,), 1.19 (d,
J=7.0 Hz, 3H, COCHCH3); 3C NMR (125 MHz, CDCl5) 6 196.2, 142.6, 139.9, 129.2, 129.0, 128.2, 127.0,
126.0, 43.0, 39.0, 36.2, 17.0; IR (neat) 1670, 1452, 1404, 1288, 1153, 970, 912, 772, 745, 698, 673,
662,521, 484 cm™t; HRMS (ESI, H) m/z calc’d for C14H16N,O (M + H)* 229.1335, found 226.1335.

Me o
N Me
|
<\/N
Me
2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-(p-tolyl)propan-1-one (3ab): (White solid,

n-Hexane/EtOAc = 9/1 to 4/1, 88% yield, 48.6 mg); *H NMR (500 MHz, CDCls) 6 7.14 (s, 1H, imidazole),
7.11 (d, J = 7.5 Hz, 2H, ArH), 7.05 (d, J = 7.5 Hz, 2H, ArH), 7.00 (s, 1H, imidazole), 4.21-4.14 (m, 1H,
COCH), 3.97 (s, 3H, NCH3), 3.11 (dd, J = 13.5, 6.5 Hz, 1H, ArCH,), 2.64 (dd, J = 13.5, 8.0 Hz, 1H, ArCH,),
2.29 (s, 3H, ArCH3), 1.17 (d, J = 7.0 Hz, 3H, COCHCH;); *3C NMR (125 MHz, CDCls) 6 196.3, 142.6,
136.7, 135.4,129.1, 129.0, 128.9, 127.0, 43.1, 38.5, 36.2, 21.0, 16.9; IR (neat) 1668, 1514, 1458, 1435,
1404, 1288, 1155, 970, 910, 887, 810, 777, 768, 673, 658, 550, 513, 482 cm™; HRMS (ESI, H) m/z
calc’d for CisH1sN,0 (M + H)* 243.1492, found 243.1492.

N Me

Q\/IJ\J Me

2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-(m-tolyl)propan-1-one (3ac): (Colorless liquid,
n-Hexane/EtOAc = 9/1 to 4/1, 92% yield, 51.1 mg); *H NMR (500 MHz, CDCl3) & 7.15-7.12 (m, 2H,
imidazole, ArH), 7.05-7.01 (m, 3H, imidazole, ArH), 6.98 (d, J = 7.5 Hz, 1H, ArH), 4.22-4.15 (m, 1H,
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COCH), 3.98 (s, 3H, NCHs), 3.11 (dd, J = 13.5, 6.5 Hz, 1H, ArCH,), 2.63 (dd, J = 13.5, 8.5 Hz, 1H, ArCH.),
2.30 (s, 3H, ArCHs), 1.17 (d, J = 7.0 Hz, 3H, COCHCHs); 3C NMR (125 MHz, CDCls) & 196.3, 142.6,
139.8, 137.7, 130.0, 129.0, 128.1, 127.0, 126.8, 126.3, 43.0, 38.9, 36.2, 21.4, 16.9; IR (neat) 1670,
1458, 1404, 1375, 1288, 1153, 970, 912, 766, 741, 700, 662, 444 cm~*; HRMS (ESI, H) m/z calc’d for
CisH1sN,0 (M + H)* 243.1492, found 243.1492.

Me 0

\

N Me

!

Me
2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-(o-tolyl)propan-1-one (3ad): (Colorless liquid,
n-Hexane/EtOAc = 9/1 to 4/1, 74% vyield, 41.1 mg); *H NMR (500 MHz, CDCls) § 7.18-7.16 (m, 1H,
ArH), 7.12-7.10 (m, 2H, imidazole, ArH), 7.08-7.06 (m, 2H, ArH), 6.99(s, 1H, imidazole), 4.27-4.20 (m,
1H, COCH), 3.97 (s, 3H, NCHs), 3.13 (dd, J = 14.0, 6.5 Hz, 1H, ArCH,), 2.68 (dd, J = 14.0, 8.0 Hz, 1H,
ArCH,), 2.38 (s, 3H, ArCHs), 1.20 (d, J = 7.0 Hz, 3H, COCHCHS3); IR (neat) 1670, 1491, 1458, 1404, 1288,
1275, 1153, 970, 912, 760, 741, 689, 662, 453 cm™t; HRMS (ESI, H) m/z calc’d for CisH13N20 (M + H)*
243.1492, found 243.1492.

N Me

Br
3-(4-bromophenyl)-2-methyl-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (3ae): (White solid,
n-Hexane/EtOAc = 9/1 to 4/1, 82% yield, 57.1 mg); *H NMR (500 MHz, CDCls) 6 7.36 (d, J = 8.0 Hz, 2H,
ArH), 7.13 (s, 1H, imidazole), 7.11 (d, J = 8.0 Hz, 2H, ArH), 7.01 (s, 1H, imidazole), 4.21-4.14 (m, 1H,
COCH), 3.97 (s, 3H, NCH3), 3.10 (dd, J = 13.5, 7.0 Hz, 1H, ArCH,), 2.64 (dd, J = 13.5, 7.5 Hz, 1H, ArCH,),
1.18 (d, J = 7.0 Hz, 3H, COCHCH3;); 3C NMR (125 MHz, CDCl3) 6 195.7, 142.4, 138.9, 131.3, 130.9,
129.1,127.2,119.9, 42.9, 38.4, 36.2, 17.1; IR (neat) 1670, 1485, 1400, 1371, 1269, 1227, 1159, 1069,
1011, 968, 912, 810, 787, 756, 739, 687, 496 cm™%; HRMS (ESI, H) m/z calc’d for C14H1sBrN,O (M + H)*
307.0441, found 307.0432.
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Me O

\

N Me

! o

3-(3-bromophenyl)-2-methyl-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (3af): (Pale yellow liquid,
n-Hexane/EtOAc = 9/1 to 4/1, 78% yield, 54.3 mg); *H NMR (500 MHz, CDCls) 6 7.37 (d, J = 1.5 Hz, 1H,
ArH), 7.29 (dt, J = 6.5, 1.5 Hz, 1H, ArH), 7.17-7.10 (m, 3H, imidazole, ArH), 7.02 (s, 1H, imidazole),
4.21-4.14 (m, 1H, COCH), 3.98 (s, 3H, NCH3), 3.11 (dd, J = 13.5, 7.0 Hz, 1H, ArCH,), 2.65 (dd, J = 13.5,
8.0 Hz, 1H, ArCH>), 1.19 (d, J = 7.0 Hz, 3H, COCHCH3); *3C NMR (125 MHz, CDCl5) 6 195.6, 142.4, 142.3,
132.2, 129.8, 129.2, 129.1, 127.9, 127.2, 122.3, 42.9, 38.6, 36.2, 17.0; IR (neat) 1670, 1566, 1470,
1460, 1404, 1288, 1153, 1070, 972, 912, 766, 696, 685, 667, 438 cm™t; HRMS (ESI, H) m/z calc’d for

C14H15BrN,O (M + H)* 307.0441, found 307.0443.

N Me

Br
3-(2-bromophenyl)-2-methyl-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (3ag): (White solid,
n-Hexane/EtOAc = 9/1 to 4/1, 67% yield, 47.1 mg); *H NMR (500 MHz, CDCl5) 6 7.50 (dd, /= 7.5, 1.0
Hz, 1H, ArH), 7.27 (dd, J = 7.5, 1.5 Hz, 1H, ArH), 7.18 (dt, J = 7.5, 1.0 Hz, 1H, ArH), 7.12 (s, 1H,
imidazole), 7.18 (dt, J = 7.5, 1.5 Hz, 1H, ArH), 7.00 (s, 1H, imidazole), 4.35-4.28 (m, 1H, COCH), 3.98 (s,
3H, NCHs), 3.23 (dd, J = 14.0, 7.0 Hz, 1H, ArCH,), 2.91 (dd, J = 14.0, 7.0 Hz, 1H, ArCH,), 1.25 (d, /= 7.0
Hz, 3H, COCHCH3); 13C NMR (125 MHz, CDCl5) 6 195.8, 142.5,139.4, 132.8, 131.2, 129.1, 127.8, 127.1,
127.1, 125.1, 41.6, 38.4, 36.2, 17.6; IR (neat) 1672, 1470, 1439, 1404, 1288, 1153, 1040, 972, 910,
772,752, 723, 675, 658, 540, 451 cm™; HRMS (ESI, H) m/z calc’d for C14H1sBrN,O (M + H)* 307.0441,
found 307.0440.

N Me

Cl

3-(4-chlorophenyl)-2-methyl-1-(1-methyl-1H-imidazol-2-yl)propan-1-one  (3ah): (White solid,
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n-Hexane/EtOAc = 9/1 to 4/1, 83% yield, 50.0 mg); *H NMR (500 MHz, CDCls) § 7.21 (d, J = 7.5 Hz, 2H,
ArH), 7.16 (d, J = 7.5 Hz, 2H, ArH), 7.13 (s, 1H, imidazole), 7.02 (s, 1H, imidazole), 4.21-4.14 (m, 1H,
COCH), 3.97 (s, 3H, NCHs), 3.11 (dd, J = 13.5, 6.5 Hz, 1H, ArCH,), 2.65 (dd, J = 13.5, 7.5 Hz, 1H, ArCH,),
1.18 (d, J = 7.0 Hz, 3H, COCHCHS3); 3C NMR (125 MHz, CDCls) § 195.7, 142.4, 138.4, 131.8, 130.5,
129.1, 128.3, 127.2, 42.9, 38.3, 36.3, 17.1; IR (neat) 2359, 1670, 1458, 1400, 1371, 1269, 1159, 1088,
970, 912, 814, 787, 762, 689, 667, 500 cm™; HRMS (ESI, H) m/z calc’d for Ci4H1sCIN,O (M + H)*
263.0946, found 263.0943.

N Me

I
3-(4-iodophenyl)-2-methyl-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (3ai): (Pale yellow solid,
n-Hexane/EtOAc = 9/1 to 4/1, 78% yield, 63.3 mg); *H NMR (500 MHz, CDCls) 6 7.56 (d, J = 8.5 Hz, 2H,
ArH), 7.14 (s, 1H, imidazole), 7.02 (s, 1H, imidazole), 6.99 (d, J = 8.5 Hz, 2H, ArH), 4.21-4.13 (m, 1H,
COCH), 3.97 (s, 3H, NCH3), 3.09 (dd, J = 14.0, 7.0 Hz, 1H, ArCH,), 2.62 (dd, J = 14.0, 8.0 Hz, 1H, ArCH,),
1.18 (d, J = 7.0 Hz, 3H, COCHCH3); 3C NMR (125 MHz, CDCls) 6 195.7, 142.4, 139.6, 137.2, 131.3,
129.1, 127.2,91.3, 42.8, 38.4, 36.3, 17.2; IR (neat) 1672, 1483, 1454, 1402, 1287, 1005, 972, 910, 889,
793, 775, 671, 664, 617, 519, 490 cm™%; HRMS (ESI, H) m/z calc’d for C14H1sIN,O (M + H)* 355.0302,
found 355.0301.

e o
f\j Me

WA

M

OMe
3-(4-methoxyphenyl)-2-methyl-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (3aj): (Colorless liquid,
n-Hexane/EtOAc = 9/1 to 4/1, Toluene/EtOAc = 1/0 to 9/1, 51% vyield, 31.2 mg); byproduct (CH,0Ar)
mixture *H NMR (500 MHz, CDClz) 6 7.15-7.13 (m, 3H, imidazole, ArH), 7.00 (s, 1H, imidazole), 6.79 (d,
J=8.5 Hz, 2H, ArH), 4.19-4.12 (m, 1H, COCH), 3.97 (s, 3H, NCH3), 3.77 (s, 3H, OCHs), 3.08 (dd, J = 13.5,
6.5 Hz, 1H, ArCH,), 2.62 (dd, J = 13.5, 8.0 Hz, 1H, ArCH,), 1.17 (d, J = 7.0 Hz, 3H, COCHCH3); 3C NMR
(125 MHz, CDCls) 6 196.3, 157.9, 142.6, 131.9, 130.1, 129.0, 127.0, 113.6, 55.2, 43.2, 38.2, 36.2, 16.9;
IR (neat) 1670, 1611, 1510, 1462, 1402, 1244, 1177, 1153, 1034, 972, 912, 812, 557, 525 cm™; HRMS
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(ESI, H) m/z calc’d for CisH1sN20, (M + H)* 259.1441, found 259.1450.

Me
e d T
NW)J\/\
i 7

N Me

byproduct

N Me

OAc
4-(2-methyl-3-(1-methyl-1H-imidazol-2-yl)-3-oxopropyl)phenyl acetate (3ak): (Orange solid,
n-Hexane/EtOAc = 4/1 to 2/1, 40% yield, 26.1 mg); *H NMR (500 MHz, CDCl5) 6 7.23 (d, J = 8.5 Hz, 2H,
ArH), 7.13 (s, 1H, imidazole), 7.01 (s, 1H, imidazole), 6.96 (d, J = 8.5 Hz, 2H, ArH), 4.23-4.16 (m, 1H,
COCH), 3.97 (s, 3H, NCH3), 3.14 (dd, J = 14.0, 7.0 Hz, 1H, ArCH,), 2.67 (dd, J = 14.0, 8.0 Hz, 1H, ArCH.),
2.27 (s, 3H, COCH;), 1.20 (d, J = 7.0 Hz, 3H, COCHCH3;); 3C NMR (125 MHz, CDCl;) & 195.9, 169.6,
148.9, 142.4, 137.5, 130.1, 129.1, 127.1, 121.2, 43.0, 38.3, 36.3, 21.2, 17.2; IR (neat) 1755, 1670,
1506, 1460, 1404, 1368, 1215, 1188, 1165, 1016, 972, 912, 773, 550, 511 cm™; HRMS (ESI, H) m/z
calc’d for Ci6H1sN,03 (M + H)* 287.1390, found 287.1390.

N Me

OMe
@]

methyl 4-(2-methyl-3-(1-methyl-1H-imidazol-2-yl)-3-oxopropyl)benzoate (3al): (Pale yellow solid,
n-Hexane/Et,0 = 1/1 to 1/2, 59% yield, 38.5 mg); 'H NMR (500 MHz, CDCls) & 7.92 (d, J = 8.5 Hz, 2H,
ArH), 7.30 (d, J = 8.5 Hz, 2H, ArH), 7.14 (s, 1H, imidazole), 7.02 (s, 1H, imidazole), 4.27-4.20 (m, 1H,
COCH), 3.97 (s, 3H, NCHs), 3.89 (s, 3H, OCHs), 3.20 (dd, J = 13.5, 7.0 Hz, 1H, ArCH,), 2.74 (dd, J = 13.5,
8.0 Hz, 1H, ArCH>), 1.20 (d, J = 7.0 Hz, 3H, COCHCHj3); 13C NMR (125 MHz, CDCl3) 6 195.6, 167.2, 145.5,
142.4, 129.6,129.2,129.1, 128.0, 127.2, 52.0, 42.8, 39.0, 36.3, 17.2; IR (neat) 1715, 1670, 1611, 1458,
1433, 1404, 1273, 1179, 1107, 1020, 972, 912, 760, 704 cm™;, HRMS (ESI, H) m/z calc’d for
Ci6H1sN203 (M + H)* 287.1390, found 287.1406.
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Me; O
N Me
WA .
\ / Me

2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-(5-methylthiophen-2-yl)propan-1-one (3am): (Yellow
liquid, n-Hexane/EtOAc = 9/1 to 4/1, 50% yield, 28.2 mg); *H NMR (500 MHz, CDCls) & 7.15 (s, 1H,
imidazole), 7.02 (s, 1H, imidazole), 6.57 (d, J = 3.0 Hz, 1H, ArH), 6.51-6.50 (m, 1H, ArH) 4.20-4.13 (m,
1H, COCH), 3.99 (s, 3H, NCHs), 3.25 (dd, J = 15.0, 7.0 Hz, 1H, ArCH.), 2.88 (dd, J = 15.0, 7.0 Hz, 1H,
ArCH,), 2.39 (s, 3H, ArCHs), 1.25 (d, J = 7.0 Hz, 3H, COCHCH;); 3C NMR (125 MHz, CDCl;) 6 195.7,
142.5, 140.0, 137.9, 129.1, 127.1, 125.2, 124.6, 43.4, 36.3, 33.0, 17.5, 15.3; IR (neat) 1670, 1458,
1402, 1288, 1153, 970, 912, 795, 773, 665, 515, 490 cm™; HRMS (ESI, H) m/z calc’d for C13H16N,0S
(M + H)* 249.1056, found 249.1054.

Me 0]
N Me
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2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylbutan-1-one (3an): (White solid, n-Hexane/EtOAc
=9/1 to 4/1, 74% vyield, 40.7 mg, dr = 65/35); *H NMR (500 MHz, CDCls) (major) 6 7.32-7.16 (m, 5H,
ArH), 7.19 (s, 1H, imidazole), 7.07 (s, 1H, imidazole), 4.23-4.12 (m, 1H, COCH), 4.04 (s, 3H, NCH53),
3.14-3.08 (m, 1H, ArCH), 1.21 (d, J = 6.5 Hz, 3H, COCHCH3), 0.93 (d, J = 7.0 Hz, 3H, ArCHCH3); (minor)
6 7.32-7.16 (m, 4H, ArH), 7.09-7.06 (m, 2H, imidazole, ArH), 6.89 (s, 1H, imidazole), 4.23-4.12 (m, 1H,
COCH), 3.78 (s, 3H, NCH3), 3.26-3.20 (m, 1H, ArCH), 1.29 (d, J = 7.5 Hz, 3H, COCHCH3), 1.24 (d,J=7.0
Hz, 3H, ArCHCHs); 13C NMR (125 MHz, CDCl3) 6 197.2, 196.4, 145.7, 145.2, 143.3, 143.0, 129.1, 128.8,
128.4, 128.0, 127.8, 127.6, 127.4, 126.7, 126.3, 125.9, 47.5, 47.5, 43.2, 42.1, 36.4, 36.0, 21.2, 18.4,
17.0, 14.6; IR (neat) 1665, 1493, 1451, 1400, 1366, 1288, 1153, 964, 953, 910, 781, 766, 702, 691,
665, 546 cm™; HRMS (ESI, H) m/z calc’d for C1sH1sN,O (M + H)* 243.1492, found 243.1502.

N Me

Cl
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5-chloro-2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpentan-1-one (3ao): (Colorless liquid,
n-Hexane/EtOAc = 9/1 to 4/1, Toluene/EtOAc = 14/1, Cyclohexane/EtOAc/DCM = 15/1/4, 60% yield
(*H NMR yield), dr = 75/25); *H NMR (500 MHz, CDCl3) (major) & 7.35-7.32 (m, 2H, ArH), 7.28-7.23 (m,
3H, ArH), 7.19 (s, 1H, imidazole), 7.09 (s, 1H, imidazole), 4.27-4.20 (m, 1H, COCH), 4.06 (s, 3H, NCH3;),
3.28-3.11 (m, 3H, ArCH, CH.CIl), 2.09-1.95 (m, 2H, ArCHCH,), 0.92 (d, J = 7.0 Hz, 3H, COCHCHjs);
(minor) 6 7.21-7.16 (m, 4H, ArH), 7.11-7.07 (m, 2H, imidazole, ArH), 6.89 (s, 1H, imidazole), 4.32-4.26
(m, 1H, COCH), 3.73 (s, 3H, NCH;), 3.40-3.36 (m, 1H, ArCH), 3.28-3.21 (m, 1H, CHCI), 3.20-3.14 (m,
1H, CHCl), 2.33-2.29 (m, 1H, ArCHCH,), 2.09-2.03 (m, 1H, ArCHCH,), 1.32 (d, J = 7.0 Hz, 3H,
COCHCH;); 3C NMR (125 MHz, CDCls) (major) & 196.4, 143.0, 141.1, 129.3, 128.7, 128.5, 127.6, 126.9,
46.3, 46.1, 43.0, 37.7, 36.5, 17.1; (minor) & 195.6, 142.9, 141.7, 128.8, 128.3, 128.2, 126.9, 126.5,
46.3, 45.5, 42.9, 36.0, 35.4, 15.6; IR (neat) (major + minor + byproduct) 1668, 1452, 1402, 1368, 1287,
1155, 966, 912, 897, 775, 702, 665, 577, 561; (minor + major) 1668, 1493, 1452, 1404, 1287, 1153,
1078, 966, 912, 895, 762, 700, 665, 556 cm™*; HRMS (ESI, H) m/z calc’d for CigH1sCIN,O (M + H)*
291.1259, found (major + minor + byproduct) 291.1258; (minor + major) 291.1254.

Me O "
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2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-(phenyl-ds)propan-1-one-3,3-d>  (3aa(d’)): (Colorless
liquid, n-Hexane/EtOAc = 2/1 (PTLC)); *H NMR (500 MHz, CDCl3) 6 7.14 (s, 1H, imidazole), 7.01 (s, 1H,
imidazole), 4.19 (q, J = 7.0 Hz, 1H, COCH), 3.98 (s, 3H, NCH3), 1.18 (d, J = 7.0 Hz, 3H, COCHCH;); *3C
NMR (125 MHz, CDCls) & 196.2, 142.5, 139.6, 129.0, 128.7 (t, J = 24.1 Hz), 127.7 (t, J = 24.1 Hz), 127.1,
125.5 (t, J = 24.4 Hz), 42.9, 38.1 (quin, J = 19.9 Hz), 36.3, 17.0; IR (neat) 2359, 2342, 1668, 1456, 1402,
1288, 968, 912, 772, 556, 538, 529, 446 cm™%; HRMS (ESI, H) m/z calc’d for Ci4HsD7N,0 (M + H)*
236.1775, found 236.1785.

S19



Supporting information
Chemoselective Catalytic Dehydrogenative Cross Coupling of 2-Acylimidazoles:
Mechanistic Investigations and Synthetic Scope

General procedure for catalytic oxidative cross coupling reaction about scope of 2-acylimidazole: A
20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%) were added followed by the addition of toluene
(0.20 M) and 2-acylimidazole (1.0 equiv.). Then DTBP (1.7 equiv.) was added to the reaction mixture.
The mixture was stirred under argon at 80 °C for 24 h and diluted with EtOAc. The diluted solution
was filtered through silica short column and washed with EtOAc. After evaporation of the organic
solvent under reduced pressure, the resultant mixture was purified by silica gel flash

chromatography to obtain cross coupling product (3ba-3la, 3aa(d?)).

2-cyclopropyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (3ba): (White solid,
n-Hexane/EtOAc = 9/1 to 4/1, 79% vyield, 39.5 mg); *H NMR (500 MHz, CDCls) § 7.20-7.19 (m, 4H,
ArH), 7.14-7.10 (m, 1H, ArH), 7.09 (s, 1H, imidazole), 6.98 (s, 1H, imidazole), 3.96 (s, 3H, NCHj),
3.49-3.44 (m, 1H, COCH), 3.21 (dd, J = 14.0, 8.5 Hz, 1H, ArCH,), 2.99 (dd, J = 14.0, 6.5 Hz, 1H, ArCH,),
1.04-0.97 (m, 1H, COCHCH), 0.52-0.47 (m, 1H, CH(CH.),), 0.39-0.34 (m, 2H, CH(CH.)), 0.13-0.08 (m,
1H, CH(CH>).); 3C NMR (125 MHz, CDCl5) 6 195.3, 143.4, 139.8, 129.2, 129.0, 128.1, 127.1, 125.9,
52.7,38.3,36.2, 13.9, 4.7, 3.5; IR (neat) 1667, 1452, 1433, 1404, 1292, 1020, 955, 910, 826, 783, 748,
725, 704, 685, 658, 532, 494 cm™1; HRMS (ESI, H) m/z calc’d for C16H1sN,O (M + H)* 255.1492, found
255.1489.

2-benzyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (3ca): (White solid, n-Hexane/EtOAc
= 9/1, 82% yield, 52.3 mg); *H NMR (500 MHz, CDCls) 6 7.23-7.18 (m, 8H, ArH), 7.14-7.11 (m, 2H,
ArH), 7.08 (s, 1H, imidazole), 6.92 (s, 1H, imidazole), 4.60-4.54 (m, 1H, COCH), 3.88 (s, 3H, NCHj3),
3.13 (dd, J = 13.5, 7.5 Hz, 2H, COCH(CH-Ar);), 2.77 (dd, J = 13.5, 6.5 Hz, 2H, COCH(CH.Ar);); 3C NMR
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(125 MHz, CDCls) 6 194.8, 143.0. 139.6, 129.1, 129.1, 128.2, 126.9, 126.0, 50.0, 37.5, 36.1; IR (neat)
1670, 1445, 1406, 1350, 1150, 1013, 951, 907, 785, 754, 745, 700, 687, 565, 521, 496 cm™; HRMS
(ESI, H) m/z calc’d for Ca0H20N,0 (M + H)* 305.1648, found 305.1644.

Me O]
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!

2-benzyl-1-(1-methyl-1H-imidazol-2-yl)undec-10-en-1-one (3da): (Colorless liquid, n-Hexane/EtOAc
= 9/1, 60% yield, 39.9 mg); *H NMR (500 MHz, CDCl5) & 7.23-7.19 (m, 4H, ArH), 7.14-7.12 (m, 1H,
ArH), 7.11 (s, 1H, imidazole), 6.97 (s, 1H, imidazole), 5.82-5.74 (m, 1H, CH=CH;), 4.99-4.94 (m, 1H,
CH=CH,), 4.92-4.90 (m, 1H, CH=CH,), 4.22-4.19 (m, 1H, COCH), 3.94 (s, 3H, NCHs), 3.06 (dd, J = 13.5,
7.5 Hz, 1H, ArCH,), 2.76 (dd, J = 13.5, 7.5 Hz, 1H, ArCH,), 2.02-1.97 (m, 2H, CH,CH=CH,), 1.78-1.74 (m,
1H, COCHCH,), 1.54-1.50 (m, 1H, COCHCH,), 1.33-1.22 (m, 10H, COCHCH,(CH>)s); *C NMR (125 MHz,
CDCl3) 6 196.2, 143.3, 139.9, 139.2, 129.1, 129.0, 128.1, 127.0, 125.9, 114.1, 48.3, 37.9, 36.2, 33.8,
31.8, 29.7, 29.2, 29.0, 28.9, 27.3; IR (neat) 2924, 2853, 1670, 1454, 1406, 1288, 1153, 993, 945, 910,
768, 745, 698, 665 cm™Y; HRMS (ESI, H) m/z calc’d for Ca2H3oN,0 (M + H)* 339.2431, found 339.2429.

2-cyclohexyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (3ea): (White solid,
n-Hexane/EtOAc = 9/1, 68% yield, 40.5 mg); *H NMR (500 MHz, CDCl3) & 7.16-7.12 (m, 4H, ArH),
7.07-7.03 (m, 2H, imidazole, ArH), 6.89 (s, 1H, imidazole), 4.17-4.13 (m, 1H, COCH), 3.86 (s, 3H, NCH;),
3.02-2.93 (m, 2H, ArCH,), 1.88-1.59 (m, 6H, cyclohexyl), 1.27-1.06 (m, 5H, cyclohexyl); 13C NMR (125
MHz, CDCls) 6 196.3, 144.1, 140.3, 129.0, 128.8, 128.0, 126.7, 125.7, 53.7, 41.0, 36.2, 34.7, 31.4, 30.2,
26.5, 26.5, 26.4; IR (neat) 2924, 1674, 1454, 1404, 1015, 945, 912, 905, 779, 750, 723, 700, 685, 675,
550, 523 cm™; HRMS (ESI, H) m/z calc’d for C19H24N,0 (M + H)* 297.1961, found 297.1961.
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2-benzyl-4-((tert-butyldimethylsilyl)oxy)-1-(1-methyl-1H-imidazol-2-yl)butan-1-one (3fa): (White
solid, n-Hexane/EtOAc = 19/1 to 9/1, 79% yield, 61.4 mg); *H NMR (500 MHz, CDCls) § 7.24-7.20 (m,
4H, ArH), 7.15-7.12 (m, 1H, ArH), 7.11 (s, 1H, imidazole), 6.97 (s, 1H, imidazole), 4.28-4.22 (m, 1H,
COCH), 3.94 (s, 3H, NCH;), 3.58 (t, J = 7.0 Hz, 2H, OCH.) 3.10 (dd, J = 13.5, 7.0 Hz, 1H, ArCH,), 2.75 (dd,
J =135, 8.0 Hz, 1H, ArCH,), 2.10-2.03 (m, 1H, COCH,CH,), 1.77-1.71 (m, 1H, COCH,CH,), 0.78 (s, 9H,
SiC(CHs)s), -0.07 (s, 3H, Si(CHs)z), -0.12 (s, 3H, Si(CHs),); 3C NMR (125 MHz, CDCl3) & 195.4, 143.1,
139.6, 129.2, 129.0, 128.2, 126.8, 126.0, 61.7, 45.9, 38.3, 36.2, 34.3, 25.8, 18.2, -5.5; IR (neat) 1672,
1404, 1250, 1086, 1053, 995, 955, 914, 843, 773, 752, 725, 700, 662, 527 cm™!; HRMS (ESI, H) m/z
calc’d for C1H32N»0,Si (M + H)* 373.2306, found 373.2306.

N

1-(1-methyl-1H-imidazol-2-yl)-2,3-diphenylpropan-1-one (3ga): (White solid, n-Hexane/EtOAc =
19/1 to 9/1, 49% yield, 28.6 mg); 'H NMR (500 MHz, CDCl5) 6 7.43 (d, J = 7.5 Hz, 2H, ArH), 7.28-7.25
(m, 2H, ArH), 7.20-7.17 (m, 5H, ArH), 7.12-7.11 (m, 1H, ArH), 7.09 (s, 1H, imidazole), 6.92 (s, 1H,
imidazole), 5.52-5.49 (m, 1H, COCH), 3.91 (s, 3H, NCH;), 3.52 (dd, J = 14.0, 8.5 Hz, 1H, ArCH,), 3.11
(dd, J = 14.0, 7.0 Hz, 1H, ArCH,); 3C NMR (125 MHz, CDCls) 6 191.8, 142.8, 139.6, 139.0, 129.3, 129.1,
128.8, 128.5, 128.2, 127.3, 127.0, 126.0, 54.2, 38.9, 36.2; IR (neat) 1667, 1452, 1398, 949, 910, 903,
791, 750, 739, 718, 696, 679, 665, 544, 521 cm~; HRMS (ESI, H) m/z calc’d for CisH1sN,O (M + H)*
291.1492, found 291.1510.
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1-(1-methyl-1H-imidazol-2-yl)-3-phenyl-2-(thiophen-3-yl)propan-1-one  (3ha): (Yellow solid,
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n-Hexane/EtOAc = 9/1 to 4/1, 47% yield, 27.9 mg); H NMR (500 MHz, CDCls) § 7.22-7.11 (m, 9H, ArH,
imidazole), 6.97 (s, 1H, imidazole), 5.66-5.63 (m, 1H, COCH), 3.93 (s, 3H, NCH5), 3.47 (dd, J = 13.5, 8.5
Hz, 1H, ArCH>), 3.12 (dd, J = 13.5, 7.0 Hz, 1H, ArCH,); 3C NMR (125 MHz, CDCl5) & 191.4, 142.6, 139.4,
139.1, 129.3, 129.1, 128.2, 127.8, 127.4, 126.1, 125.4, 122.7, 49.6, 38.7, 36.3; IR (neat) 1670, 1454,
1400, 1377, 949, 905, 785, 766, 754, 727, 704, 694, 681, 606, 542, 521 cm™Y; HRMS (ESI, H) m/z calc’d
for C17H16N20S (M + H)* 297.1056, found 297.1051.
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3-benzyl-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl (tert-butoxycarbonyl)glycinate (3ia): (White
liquid, n-Hexane/EtOAc = 4/1 to 2/1, 50% vield, 41.0 mg); *H NMR (500 MHz, CDCl3) & 7.26-7.20 (m,
4H, ArH), 7.16 (tt, J = 7.0, 1.5 Hz, 1H, ArH), 7.12 (s, 1H, imidazole), 7.02 (s, 1H, imidazole), 5.05 (br, 1H,
NH), 4.34-4.29 (m, 1H, COCH), 4.15-4.07 (m, 2H, OCH.), 3.97 (s, 3H, NCH;), 3.81 (dd, J = 18.0, 5.5 Hz,
1H, COCH,NH), 3.70 (dd, J = 18.0, 5.5 Hz, 1H, COCH,NH), 3.12 (dd, J = 13.5, 6.5 Hz, 1H, ArCH>), 2.75
(dd, J = 13.5, 8.0 Hz, 1H, ArCH,), 2.19-2.11 (m, 1H, COCHCH), 1.90-1.83 (m, 1H, COCHCH.), 1.44 (s,
9H, NHC(CHs)3); 3C NMR (125 MHz, CDCl5) 6 194.7, 170.1, 155.6, 142.8, 139.0, 129.3, 129.2, 128.4,
127.4, 126.3, 79.9, 63.5, 45.3, 42.3, 38.3, 36.3, 29.9, 28.3; IR (neat) 1749, 1711, 1668, 1508, 1454,
1406, 1366, 1285, 1250, 1194, 1155, 1055, 978, 912, 777, 731, 700 cm™%; HRMS (ESI, H) m/z calc’d for
C22H29N30s (M + H)* 416.2180, found 416.2176.
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3-benzyl-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl
2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate (3ja): (Yellow solid,
n-Hexane/Acetone = 9/1 to 4/1, 66% vyield, 77.5 mg); byproduct (O'Bu) mixture *H NMR (500 MHz,
CDCl3) 6 7.64 (d, J = 6.5 Hz, 2H, ArH), 7.44 (d, J = 6.5 Hz, 2H, ArH), 7.22-7.19 (m, 2H, ArH), 7.16-7.13
(m, 3H, ArH), 7.08 (s, 1H, imidazole), 6.99 (s, 1H, imidazole), 6.93 (d, J = 2.5 Hz, 1H, ArH), 6.84 (d, J =
9.0 Hz, 1H, ArH), 6.65 (dd, J = 9.0, 2.5 Hz, 1H, ArH), 4.32-4.27 (m, 1H, COCH), 4.08 (t, J = 6.5 Hz, 2H,
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OCH3>), 3.95 (s, 3H, NCH3), 3.81 (s, 3H, OCHs), 3.54 (d, J = 1.5 Hz, 2H, COCH.Ar), 3.10 (dd, J = 13.5, 6.5
Hz, 1H, PhCH>), 2.72 (dd, J = 13.5, 7.5 Hz, 1H, PhCH,), 2.32 (s, 3H, ArCH3), 2.18-2.11 (m, 1H, COCHCH5),
1.87-1.81 (m, 1H, COCHCH,); *3C NMR (125 MHz, CDCls) 6 194.7, 170.7, 168.3, 156.0, 142.8, 139.2,
139.0, 136.0, 133.9, 131.2, 130.7, 130.7, 129.3, 129.1, 129.1, 128.3, 127.3, 126.3, 115.0, 112.5, 111.8,
101.1, 63.2, 55.7, 45.3, 38.2, 36.3, 30.1, 29.9, 13.4; IR (neat) 1732, 1672, 1476, 1454, 1406, 1356,
1314, 1288, 1261, 1221, 1163, 1088, 1067, 1034, 1015, 910, 833, 754, 729, 700, 480 cm™1; HRMS (ESI,
H) m/z calc’d for C34H3>CIN3Os (M + H)* 598.2103, found 598.2061.
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3-benzyl-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl
2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate  (3ka): (Pale vyellow solid,
n-Hexane/EtOAc = 4/1 to 2/1, 84% vyield, 93.4 mg); byproduct (O!Bu) mixture *H NMR (500 MHz,
CDCl3) 6 8.12 (d, J = 2.5 Hz, 1H, ArH), 8.07 (dd, J = 9.0, 2.5 Hz, 1H, ArH), 7.27-7.23 (m, 4H, ArH),
7.20-7.17 (m, 1H, ArH), 7.13 (s, 1H, imidazole), 7.01 (d, J = 9.0 Hz, 1H, ArH), 6.99 (s, 1H, imidazole),
4.41-4.35 (m, 1H, COCH), 4.32-4.28 (m, 1H, OCH,CH,), 4.26-4.21 (m, 1H, OCHCH>), 3.91 (s, 3H, NCH3),
3.90 (d, J = 6.5 Hz, 2H, OCH.CH), 3.17 (dd, J = 13.5, 6.5 Hz, 1H, ArCH,), 2.78 (dd, J = 13.5, 8.5 Hz, 1H,
ArCH.), 2.67 (s, 3H, ArCHs), 2.35-2.27 (m, 1H, COCHCH.), 2.21 (sep, J = 6.5 Hz, 1H, OCH,CH) 1.98-1.91
(m, 1H, COCHCH,), 1.10 (d, J = 6.5 Hz, 6H, CH(CH3),); 3C NMR (125 MHz, CDCl5) 6 194.6, 167.1, 162.5,
161.7, 161.2, 142.8, 139.0, 132.5, 132.0, 129.4, 129.2, 128.4, 127.3, 126.4, 126.0, 121.7, 115.5, 112.6,
102.9, 75.7, 63.8, 45.7, 38.5, 36.2, 29.7, 28.2, 19.1, 19.1, 17.4; IR (neat) 1688, 1668, 1603, 1433, 1406,
1327, 1292, 1271, 1130, 1107, 1045, 1005, 991, 912, 827, 760, 737, 725, 698 cm™*; HRMS (ESI, H) m/z
calc’d for C31H32N404S (M + H)* 557.2217, found 557.2193.
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3-benzyl-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl

4'-((1,7'-dimethyl-2'-propyl-1H,3'H-[2,5'-bibenzo[d]imidazol]-3'-yl)methyl)-[1,1'-biphenyl]-2-carbox
ylate (3la): (White solid, n-Hexane/Acetone = 4/1 to 1/1, 63% yield, 47.4 mg); byproduct (O'Bu)
mixture 'H NMR (500 MHz, CDCls) 6 7.81-7.79 (m, 1H, ArH), 7.61 (dd, J = 7.5, 1.5 Hz, 1H, ArH),
7.46-7.45 (m, 3H, ArH), 7.36-7.13 (m, 12H, ArH), 7.04-7.02 (m, 3H, imidazole, ArH), 6.86 (s, 1H,
imidazole), 5.42 (s, 2H, ArCH-Ar), 4.29-4.23 (m, 1H, COCH), 4.11-4.06 (m, 1H, OCH.), 4.01-3.97 (m, 1H,
OCH>), 3.77 (s, 3H, NCHs), 3.71 (s, 3H, NCH3), 3.04 (dd, J = 13.5, 6.5 Hz, 1H, PhCH,), 2.94 (dd, J = 8.0,
6.5 Hz, 2H, ArCH,CH,), 2.77 (s, 3H, ArCHs), 2.67 (dd, J = 13.5, 8.5 Hz, 1H, ArCH;), 2.06-1.99 (m, 1H,
COCHCH,), 1.91-1.84 (m, 2H, ArCH,CH»CHs), 1.76-1.70 (m, 1H, COCHCH,), 1.06 (t, J = 7.5 Hz, 3H,
CH,CHs); 3C NMR (125 MHz, CDCls) 6 194.7, 167.5, 156.5, 154.8, 143.2, 143.0, 142.8, 142.0, 141.0,
139.0, 136.7, 135.0, 134.7, 131.3, 130.7, 130.5, 129.9, 129.5, 129.2, 129.1, 129.1, 128.3, 127.2, 127.2,
126.3, 125.8, 123.9, 123.9, 122.5, 122.3, 119.6, 109.6, 109.0, 63.3, 47.1, 45.6, 38.2, 36.0, 31.9, 30.0,
29.9, 22.0, 16.9, 14.1; IR (neat) 1721, 1670, 1452, 1406, 1321, 1281, 1244, 1128, 1084, 1005, 974,

912, 760, 735, 700 cm™%; HRMS (ESI, H) m/z calc’d for C4gH46NsO3 (M + H)* 755.3704, found 755.3572.
Me O
(0] R

NM
<\/{\l OBu \[O(

byproduct

2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one-2-d (3aa(d')): (Pale yellow liquid,
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n-Hexane/EtOAc = 9/1 to 4/1); *H NMR (500 MHz, CDCls) & 7.26-7.22 (m, 4H, ArH), 7.18-7.14 (m, 1H,
ArH), 7.14 (s, 1H, imidazole), 7.01 (s, 1H, imidazole), 3.97 (s, 3H, NCHs), 3.14 (d, J = 13.5 Hz, 1H,
ArCH,), 2.67 (d, J = 13.5 Hz, 1H, ArCH,), 1.18 (s, 3H, COCDCHs); 3C NMR (125 MHz, CDCl3) & 196.2,
142.5, 139.9, 129.2, 129.0, 128.2, 127.1, 126.0, 42.6 (t, J = 20.4 Hz), 38.9, 36.3, 16.9; IR (neat) 1667,
1452, 1396, 1153, 991, 974, 914, 893, 770, 743, 698, 662, 515, 482 cm™L; HRMS (ESI, H) m/z calc’d for
C14H1sDN2O (M + H)* 230.1398, found 230.1398.
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Construction of All-Carbon Quaternary Center

e
N
|
<\,N
Me I\/Ie

3-methyl-1-(1-methyl-1H-imidazol-2-yl)-2,3-diphenylbutan-1-one (8): A 20 mL schlenk flask
equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum.
After cooling down to room temperature, FeCl, (10 mol%) and tris(4-methoxyphenyl)phosphine
oxide (10 mol%), 1-(1-methyl-1H-imidazol-2-yl)-2-phenylethan-1-one (1g) (1.0 equiv.) were added
followed by the addition of cumene (0.20 M). Then DTBP (1.7 equiv.) was added to the reaction
mixture. The mixture was stirred under argon at 80 °C for 24 h and diluted with EtOAc. The diluted
solution was filtered through silica short column and washed with EtOAc. After evaporation of the
organic solvent under reduced pressure, the resultant mixture was purified by silica gel flash
chromatography to obtain cross coupling product (8). : (White solid, Toluene/EtOAc = 1/0 to 19/1,
34% yield, 21.8 mg); *H NMR (500 MHz, CDCl;) & 7.38 (dd, J = 8.0, 1.0 Hz, 2H, ArH), 7.33 (dd, J = 8.0,
2.0 Hz, 2H, ArH), 7.26-7.18 (m, 5H, ArH), 7.10 (tt, J = 7.0, 1.0 Hz, 1H, ArH), 7.02 (s, 1H, imidazole),
6.84 (s, 1H, imidazole), 5.70 (s, 1H, COCH), 3.80 (s, 3H, NCHs), 1.56 (s, 3H, ArC(CHs)z), 1.41 (s, 3H,
ArC(CHs);); *3C NMR (125 MHz, CDCls) 6 192.7, 147.8, 144.0, 135.8, 130.8, 128.7, 127.7, 127.6, 126.9,
126.9, 126.7, 125.8, 61.2, 42.0, 36.2, 27.6, 25.1; IR (neat) 1672, 1402, 1385, 1366, 1028, 914, 843,
804, 775, 756, 718, 694, 665, 613, 559 cm™t; HRMS (ESI, H) m/z calc’d for C;1H22N,0 (M + H)*
319.1805, found 319.1800.

B
N
W
MeMe
Br

3-(4-bromophenyl)-3-methyl-1-(1-methyl-1H-imidazol-2-yl)-2-phenylbutan-1-one (9): A 20 mL
schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried
under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%),
1-(1-methyl-1H-imidazol-2-yl)-2-phenylethan-1-one (1g) (1.0 equiv.) were added followed by the

addition of 4-bromocumene (0.20 M). Then DTBP (3.3 equiv.) was added to the reaction mixture. The
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mixture was stirred under argon at 80 °C for 24 h and diluted with EtOAc. The diluted solution was
filtered through silica short column and washed with EtOAc. After evaporation of the organic solvent
under reduced pressure, the resultant mixture was purified by silica gel flash chromatography to
obtain cross coupling product (9): (White solid, n-Hexane/EtOAc = 19/1 to 9/1, 56% vyield, 44.8 mg);
1H NMR (500 MHz, CDCl3) 6 7.33-7.30 (m, 4H, ArH), 7.26-7.22 (m, 5H, ArH), 7.03 (s, 1H, imidazole),
6.87 (s, 1H, imidazole), 5.67 (s, 1H, COCH), 3.82 (s, 3H, NCH3s), 1.52 (s, 3H, ArC(CHs),), 1.38 (s, 3H,
ArC(CHs)2); 3C NMR (125 MHz, CDCls3) 6 192.2, 146.9, 143.7, 135.4, 130.8, 130.6, 128.8, 128.6, 127.8,
127.1, 127.1, 119.7, 60.9, 41.6, 36.3, 27.8, 25.1; IR (neat) 1672, 1402, 1383, 1096, 1026, 1005, 914,
845, 831, 824, 773, 739, 727, 718, 696, 642, 557, 542 cm~%; HRMS (ESI, H) m/z calc’d for C3;H2:BrN,O
(M + H)* 397.0910, found 397.0909.

w0 ()

N

Q\,IJ“ Me

2-methyl-1-(1-methyl-1H-imidazol-2-yl)-2,3-diphenylpropan-1-one (10): A 20 mL schlenk flask
equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum.
After cooling down to room temperature, FeCl, (10 mol%) and
1-(1-methyl-1H-imidazol-2-yl)-2-phenylpropan-1-one (1m) (1.0 equiv.) were added followed by the
addition of cumene (0.20 M). Then DTBP (3.3 equiv.) was added to the reaction mixture. The mixture
was stirred under argon at 120 °C for 24 h and diluted with EtOAc. The diluted solution was filtered
through silica short column and washed with EtOAc. After evaporation of the organic solvent under
reduced pressure, the resultant mixture was purified by silica gel flash chromatography to obtain
cross coupling product (10). : (White solid, n-Hexane/EtOAc = 19/1 to 9/1, Toluene/EtOAc = 1/0 to
19/1, 41% yield, 24.9 mg); *H NMR (500 MHz, CDCls) § 7.29-7.26 (m, 2H, ArH), 7.21-7.17 (m, 3H, ArH),
7.15-7.08 (m, 3H, ArH), 6.96 (s, 1H, imidazole), 6.84 (s, 1H, imidazole), 6.68 (d, J = 6.5 Hz, 2H, ArH),
3.93 (s, 3H, NCHs), 3.85 (d, J = 13.5 Hz, 1H, ArCH.), 3.29 (d, J = 13.5 Hz, 1H, ArCH,), 1.72 (s, 3H,
COCHCH3); 3C NMR (125 MHz, CDCls) 6 194.6, 144.3, 142.0, 137.8, 130.7, 128.6, 128.2, 127.6, 126.4,
126.3, 126.2, 125.5, 55.6, 45.0, 36.8, 23.3; IR (neat) 1657, 1452, 1443, 1387, 1373, 974, 899, 781, 773,
748, 741, 698, 669, 644, 563, 527 cm™; HRMS (ESI, H) m/z calc’d for C30H20N20 (M + H)* 305.1648,
found 305.1644.
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2,3-dimethyl-1-(1-methyl-1H-imidazol-2-yl)-2,3-diphenylbutan-1-one (11): A 20 mL schlenk flask
equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum.
After cooling down to room temperature, FeCl, (10 mol%) and
1-(1-methyl-1H-imidazol-2-yl)-2-phenylpropan-1-one (1m) (1.0 equiv.) were added followed by the
addition of cumene (0.20 M). Then DTBP (3.3 equiv.) was added to the reaction mixture. The mixture
was stirred under argon at 120 °C for 24 h and diluted with EtOAc. The diluted solution was filtered
through silica short column and washed with EtOAc. After evaporation of the organic solvent under
reduced pressure, the resultant mixture was purified by silica gel flash chromatography to obtain
cross coupling product (11). : (White solid, n-Hexane/EtOAc = 9/1 to 4/1, n-Hexane/Et,0 = 4/1 to 2/1,
38 % yield, 25.3 mg); 'H NMR (500 MHz, CDCl;) 6 7.16-7.10 (m, 6H, ArH), 6.99 (br, 2H, ArH), 6.82 (d, J
= 7.0 Hz, 2H, ArH), 6.77 (s, 1H, imidazole), 6.73 (s, 1H, imidazole), 3.93 (s, 3H, NCH3), 2.03 (s, 3H,
COCHCH;3), 1.69 (s, 3H, ArC(CHs)z), 1.56 (s, 3H, ArC(CHs).); 3C NMR (125 MHz, CDCls) 6 194.8, 146.7,
142.7,141.5, 129.8, 129.2, 127.7, 126.7, 126.3, 126.2, 125.5, 124.8, 59.9, 45.4, 37.0, 25.8, 25.1, 21.0;
IR (neat) 1668, 1443, 1381, 1369, 1287, 1234, 955, 908, 806, 773, 758, 700, 667, 658, 598 cm™;
HRMS (ESI, H) m/z calc’d for C32H24N,0 (M + H)* 333.1961, found 333.1944.
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Chemoselective Benzylation

<\[\l I OWoEt

3-benzyl-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl ethyl malonate (3na): A 20 mL schlenk flask
equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum.
After cooling down to room temperature, FeCl, (10 mol%) and tris(4-methoxyphenyl)phosphine
oxide (10 mol%) were added followed by the addition of toluene (0.20 M) and ethyl
(4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl) malonate (1.0 equiv.). Then DTBP (1.7 equiv.) was added
to the reaction mixture. The mixture was stirred under argon at 80 °C for 24 h and diluted with
EtOAc. The diluted solution was filtered through silica short column and washed with EtOAc. After
evaporation of the organic solvent under reduced pressure, the resultant mixture was purified by
silica gel flash chromatography to obtain cross coupling product (3na). : (Colorless liquid,
n-Hexane/EtOAc = 4/1 to 2/1, 53% vyield, 39.4 mg); *H NMR (500 MHz, CDCl3) § 7.26-7.20 (m, 4H,
ArH), 7.16 (tt, J = 7.5, 2.0 Hz, 1H, ArH), 7.13 (s, 1H, imidazole), 7.01 (s, 1H, imidazole), 4.33-4.27 (m,
1H, COCH), 4.16 (q, J = 7.0 Hz, 2H, OCH,CHs), 4.11 (dt, J = 7.0, 1.5 Hz, 2H, OCH,CH,), 3.97 (s, 3H,
NCHs), 3.24 (s, 2H, COCH.CO), 3.13 (dd, J = 13.5, 6.5 Hz, 1H, ArCH.), 2.76 (dd, J = 13.5, 8.0 Hz, 1H,
ArCH;), 2.19-2.11 (m, 1H, COCHCH,), 1.90-1.84 (m, 1H, COCHCH,), 1.25 (t, J = 7.0 Hz, 3H, OCH,CH3);
13C NMR (125 MHz, CDCl5) 6 194.6, 166.5, 166.5, 142.8, 139.0, 129.3, 129.2, 128.3, 127.3, 126.3, 63.7,
61.5, 45.3, 41.5, 38.3, 36.3, 29.7, 14.0; IR (neat) 1748, 1728, 1668, 1454, 1406, 1368, 1329, 1267,
1184, 1148, 1030, 986, 912, 775, 745, 700 cm™; HRMS (ESI, H) m/z calc’d for CxoH24N20s (M + H)*
373.1758, found 373.1757.

Benzylation using KO'Bu and Benzyl bromide

To a solution of ethyl (4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl) malonate (1n) (1.0 equiv.) in dry
THF (0.20 M) under argon atmosphere was added potassium tert-butoxide (1.0 equiv.) in dry THF
(0.20 M) at 0 °C. The cooling bath was removed and the reaction mixture was stirred at room
temperature. After 2 h, the mixture was again cooled to 0 °C and benzyl bromide (1.7 equiv.) was
added. The cooling bath was removed and the reaction mixture was stirred for 1 h at room
temperature. After removal of solvent under reduced pressure, the residue was purified by silica gel

flash chromatography to obtain 12 and 13.
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1-ethyl 3-(4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl) 2-benzylmalonate (12): (Colorless liquid,
n-Hexane/EtOAc = 2/1 to 1/1, 55% vyield, 20.3 mg); *H NMR (500 MHz, CDCls) & 7.27-7.24 (m, 2H,
ArH), 7.20-7.16 (m, 3H, ArH), 7.12 (s, 1H, imidazole), 7.03 (s, 1H, imidazole), 4.19 (t, J = 6.5 Hz, 2H,
OCHCH,), 4.14 (dg, J = 7.5, 2.0 Hz, 2H, OCHCH3), 4.00 (s, 3H, NCH;), 3.65 (t, J = 8.0 Hz, 1H, COCHCO),
3.20 (d, J = 8.0 Hz, 2H, ArCH,), 3.15 (t, J = 7.0 Hz, 2H, COCH.), 2.00 (m, 2H, COCH,CH,), 1.19 (t,J=7.0
Hz, 3H, OCH,CH3); 3C NMR (125 MHz, CDCl;) 6191.7, 168.9, 168.8, 142.8, 137.8, 129.1, 128.8, 128.5,
127.0, 126.7, 64.8, 61.6, 53.8, 36.2, 35.2, 34.7, 22.9, 14.0; IR (neat) 1728, 1674, 1454, 1408, 1368,
1335, 1288, 1225, 1150, 1082, 1057, 1028, 989, 914, 777, 752, 698 cm™; HRMS (ESI, H) m/z calc’d for
Ca0H24N20s (M + H)* 373.1758, found 373.1751.

Me O O
N\,)J\/\/o OEt
" o ©

1-ethyl 3-(4-(1-methyl-1H-imidazol-2-yl)-4-oxobutyl) 2,2-dibenzylmalonate (13): (Colorless liquid,
n-Hexane/EtOAc = 2/1 to 1/1, 16% vyield, 7.3 mg); *H NMR (500 MHz, CDCl3) 6 7.27-7.24 (m, 4H, ArH),
7.22-7.19 (m, 2H, ArH), 7.18-7.16 (m, 4H, ArH), 7.11 (s, 1H, imidazole), 7.02 (s, 1H, imidazole),
4.12-4.06 (m, 4H, OCH,CH,, OCH,CH3), 4.00 (s, 3H, NCH3), 3.20 (s, 4H, COC(CH:Ar),), 3.10 (t, /= 7.0 Hz,
2H, COCH.), 1.95 (quin, J = 7.0 Hz, 2H, COCH,CH,), 1.14 (t, J = 7.0 Hz, 3H, OCH,CH3); *3C NMR (125
MHz, CDCl;) 6 191.7, 171.0, 170.9, 142.8, 136.3, 130.1, 129.1, 128.2, 127.0, 126.9, 64.7, 61.4, 60.3,
39.2, 36.2, 35.2, 22.8, 13.9; IR (neat) 1724, 1674, 1410, 1288, 1269, 1246, 1194, 1173, 1155, 1086,
1036, 989, 914, 768, 743, 698 cm™%; HRMS (ESI, H) m/z calc’d for C;7H30N,0s (M + H)* 463.2227, found
463.2228.
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2-benzyl-1-(1-methyl-1H-imidazol-2-yl)-4-phenylbutane-1,4-dione (30a): A 20 mL schlenk flask
equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum.
After cooling down to room temperature, FeCl, (10 mol%) and tris(4-methoxyphenyl)phosphine
oxide (10 mol%) were added followed by the addition of toluene (0.20 M) and
1-(1-methyl-1H-imidazol-2-yl)-4-phenylbutane-1,4-dione (1.0 equiv.). Then DTBP (1.7 equiv.) was
added to the reaction mixture. The mixture was stirred under argon at 80 °C for 24 h and diluted
with EtOAc. The diluted solution was filtered through silica short column and washed with EtOAc.
After evaporation of the organic solvent under reduced pressure, the resultant mixture was purified
by silica gel flash chromatography to obtain cross coupling product (30a). : (Pale yellow solid,
n-Hexane/EtOAc = 9/1 to 4/1, 51% yield, 33.7 mg); *H NMR (500 MHz, CDCls) 6 7.88 (d, J = 7.0 Hz, 2H,
ArH), 7.52 (t, J = 7.5 Hz, 1H, ArH), 7.40 (t, J = 7.5 Hz, 2H, ArH), 7.33-7.26 (m, 4H, ArH), 7.22-7.18 (m,
2H, imidazole, ArH), 7.03 (s, 1H, imidazole), 4.75-4.69 (m, 1H, PhCOCH,CH), 3.98 (s, 3H, NCHs), 3.63
(dd, J = 13.0, 10.0 Hz, 1H, COCH>), 3.34 (dd, J = 13.5, 5.0 Hz, 1H, ArCH.), 3.07 (dd, J = 13.0, 9.0 Hz, 1H,
COCH,), 2.71 (dd, J = 13.5, 10.0 Hz, 1H, ArCH,); 3C NMR (125 MHz, CDCl3) & 198.3, 194.2, 142.6,
139.0, 136.5, 133.0, 129.3, 129.2, 128.4, 128.4, 128.0, 126.9, 126.4, 44.3, 39.6, 37.9, 36.2; IR (neat)
1672, 1410, 1356, 1219, 997, 951, 910, 791, 770, 758, 743, 725, 698, 687, 669, 556, 492 cm™; HRMS
(ESI, H) m/z calc’d for C31H20N20, (M + H)* 333.1598, found 333.1598.

2-(4-acetylbenzyl)-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (3pa): A 20 mL schlenk
flask equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under
vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%) were added followed by the addition of toluene
(0.20 M) and 3-(4-acetylphenyl)-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (1.0 equiv.). Then DTBP
(1.7 equiv.) was added to the reaction mixture. The mixture was stirred under argon at 80 °C for 24 h
and diluted with EtOAc. The diluted solution was filtered through silica short column and washed
with EtOAc. After evaporation of the organic solvent under reduced pressure, the resultant mixture
was purified by silica gel flash chromatography to obtain cross coupling product (3pa). : (White solid,
Toluene/EtOAc = 1/0 to 4/1, 71% yield, 49.2 mg); 'H NMR (500 MHz, CDCls) 6 7.80 (d, J = 7.5 Hz, 2H,
ArH), 7.27 (d, J = 7.5 Hz, 2H, ArH), 7.25-7.20 (m, 4H, ArH), 7.15 (tt, J = 6.5, 1.5 Hz, 1H, ArH), 7.08 (s,

S32



Supporting information
Chemoselective Catalytic Dehydrogenative Cross Coupling of 2-Acylimidazoles:
Mechanistic Investigations and Synthetic Scope

1H, imidazole), 6.94 (s, 1H, imidazole), 4.63-4.57 (m, 1H, COCH), 3.89 (s, 3H, NCHs), 3.20-3.14 (m, 2H,
ArCH,), 2.82 (dd, J = 13.5, 6.5 Hz, 1H, PhCH,), 2.75 (dd, J = 13.5, 7.5 Hz, 1H, PhCH,), 2.54 (s, 3H,
COCHs); 3C NMR (125 MHz, CDCl5) 6 197.9, 194.2, 145.6, 142.9, 139.2, 135.2, 129.3, 129.2, 129.1,
128.4, 128.3, 127.1, 126.3, 49.7, 37.9, 37.2, 36.1, 26.5; IR (neat) 1672, 1605, 1404, 1356, 1265, 945,
908, 772, 745, 698, 677, 598, 584, 573 cm™%; HRMS (ESI, H) m/z calc’d for CyH2oN,0; (M + H)*
347.1754, found 347.1754.
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Dehydrogenative Cross Coupling using 2-Acylimidazole 1a

2-cyclohexyl-1-(1-methyl-1H-imidazol-2-yl)propan-1-one (15): A 20 mL schlenk flask equipped with
a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum. After cooling
down to room temperature, FeCl, (10 mol%) and tris(4-methoxyphenyl)phosphine oxide (10 mol%)
were added followed by the addition of cyclohexane (0.50 ml) and 1a (30 pL, 1.0 equiv.),
chlorobenzene (0.64 ml). Then DTBP (1.7 equiv.) was added to the reaction mixture. The mixture was
stirred under argon at 100 °C for 24 h and diluted with EtOAc. The diluted solution was filtered
through silica short column and washed with EtOAc. After evaporation of the organic solvent under
reduced pressure, the resultant mixture was purified by silica gel flash chromatography to obtain
cross coupling product. : (Colorless liquid, n-Hexane/EtOAc = 9/1 to 4/1, 29 % vyield, 14.8 mg); H
NMR (500 MHz, CDCls) 6 7.14 (s, 1H, imidazole), 7.02 (s, 1H, imidazole), 4.00 (s, 3H, NCH;s), 3.76 (quin,
J=7.5Hz, 1H, COCH), 1.79-1.71 (m, 3H, cyclohexyl), 1.67-1.59 (m, 3H, cyclohexyl), 1.27-0.98 (m, 8H,
COCHCHSs, cyclohexyl); 3C NMR (125 MHz, CDCls) § 197.8, 143.3, 128.9, 127.1, 46.4, 40.7, 36.4, 31.8,
29.4, 26.4, 26.4, 26.3, 14.0; IR (neat) 2922, 2851, 1667, 1449, 1402, 1287, 1153, 966, 914, 903, 891,
762,692, 665 cm™; HRMS (ESI, H) m/z calc’d for C13H20N,0 (M + H)* 221.1648, found 221.1651.

Me O
N Me
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O

2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenoxypropan-1-one (17): A 20 mL schlenk flask
equipped with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum.
After cooling down to room temperature, FeCl, (10 mol%) and tris(4-methoxyphenyl)phosphine
oxide (10 mol%) were added followed by the addition of anisole (0.20 M) and 1a (30 pL, 1.0 equiv.).
Then DTBP (1.7 equiv.) was added to the reaction mixture. The mixture was stirred under argon at
80 °C for 25 h and diluted with EtOAc. The diluted solution was filtered through silica short column
and washed with EtOAc. After evaporation of the organic solvent under reduced pressure, the

resultant mixture was purified by silica gel flash chromatography to obtain cross coupling product. :

(Colorless liquid, n-Hexane/EtOAc = 9/1 to 4/1, 29% yield, 16.1 mg); *H NMR (500 MHz, CDCl3) § 7.24
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(dd, J = 7.0, 1.5 Hz, 2H, ArH), 7.17 (s, 1H, imidazole), 7.04 (s, 1H, imidazole), 6.93-6.88 (m, 3H, ArH),
4.39-4.33 (m, 2H, ArCH;), 4.12-4.09 (m, 1H, COCH), 4.00 (s, 3H, NCHs), 1.33 (d, J = 6.5 Hz, 3H,
COCHCH;); 3C NMR (125 MHz, CDCls) & 193.9, 158.9, 142.6, 129.3, 129.2, 127.2, 120.7, 114.7, 69.7,
41.9, 36.2, 14.3; IR (neat) 1672, 1599, 1495, 1462, 1406, 1288, 1240, 1153, 1032, 974, 914, 752, 691,
509 cm™%; HRMS (ESI, H) m/z calc’d for C14H16N>O> (M + H)* 245.1285, found 245.1300.

Me 0]
C\HKI:MG
\_N
CN

3-methyl-4-(1-methyl-1H-imidazol-2-yl)-4-oxobutanenitrile (19): A 20 mL schlenk flask equipped
with a magnetic stirring bar and 3-way glass stopcock was flamed-dried under vacuum. After cooling
down to room temperature, FeCl; (10 mol%) and tris(4-methoxyphenyl)phosphine oxide (10 mol%)
were added followed by the addition of acetonitrile (0.05 M) and 1a (30 uL, 1.0 equiv.). Then
dicumylperoxide (3.3 equiv.) was added to the reaction mixture. The mixture was stirred under argon
at 100 °C for 24 h and diluted with EtOAc. The diluted solution was filtered through silica short
column and washed with EtOAc. After evaporation of the organic solvent under reduced pressure,
the resultant mixture was purified by silica gel flash chromatography to obtain cross coupling
product. : (Yellow liquid, n-Hexane/EtOAc = 9/1 to 2/1, 53% vyield, 21.5 mg); 'H NMR (500 MHz,
CDCl3) 6 7.18 (s, 1H, imidazole), 6.98 (s, 1H, imidazole), 4.20-4.13 (m, 1H, COCH), 3.90 (s, 3H, NCH3),
2.73 (dd, J=17.0, 6.5 Hz, 1H, COCH,CH>), 2.62 (dd, J = 17.0, 7.5 Hz, 1H, COCH,CH,), 1.42 (d, J = 7.0 Hg,
3H, COCHCH3); 3C NMR (125 MHz, CDCls) 6 192.0, 141.4, 129.7, 127.7, 118.3, 38.6, 36.3, 20.4, 17.6;
IR (neat) 1670, 1458, 1406, 1373, 1339, 1290, 1234, 1155, 1080, 978, 912, 885, 779, 691, 662, 623
cm™; HRMS (ESI, H) m/z calc’d for CoH11N3O (M + H)* 178.0975, found 178.0981.
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6. Transformation of the Product?

HO Me

2-methyl-3-phenylpropanoic acid (20): A 20 mL schlenk flask equipped with a magnetic stirring bar
and 3-way glass stopcock was flamed-dried under vacuum. After cooling down to room temperature,
2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (3aa, 0.12 mmol, 1.0 equiv.) and
CHsCN (2.0 mL, 0.10 M), methyl trifluoromethanesulfonate (0.30 mmol, 1.5 equiv.) were added.
After stirring for 2 h at room temperature, H,0 (0.44 ml, 203 equiv.) and DBU (1.2 mmol, 10 equiv.)
were added and the reaction mixture was stirred for 1 h. After it was quenched by 1 M HCl aq, it was
extracted with CH,Cl,. 2 N NaOH aq was added to the combined organic layers and extracted with
CHxCl;. 1 M HCl ag added to the combined organic layers and extracted again with CH.Cl,. After
evaporation of the organic solvent under reduced pressure, product 20 was obtained. : CAS Registry
Number 1009-67-2; (White solid, 75% vyield, Extraction, 14.7 mg); *H NMR (500 MHz, CDCl;) &
7.30-7.27 (m, 2H, ArH), 7.23-7.18 (m, 3H, ArH), 3.08 (dd, J = 13.5, 6.5 Hz, 1H, ArCH,), 2.81-2.74 (m,
1H, COCH), 2.68 (dd, J = 13.5, 8.0 Hz, 1H, ArCH.), 1.18 (d, J = 7.0 Hz, 3H, COCHCHSs); 3C NMR (125
MHz, CDCl3) 6 181.4, 139.0, 129.0, 128.4, 126.4, 41.1, 39.3, 16.5.

@]
M
©/\0 e

benzyl 2-methyl-3-phenylpropanoate (21): A 20 mL schlenk flask equipped with a magnetic stirring
bar and 3-way glass stopcock was flamed-dried under vacuum. After cooling down to room
temperature, 2-methyl-1-(1-methyl-1H-imidazol-2-yl)-3-phenylpropan-1-one (3aa, 0.12 mmol, 1.0
equiv.) and CH3CN (2.0 mL, 0.10 M), methyl trifluoromethanesulfonate (0.30 mmol, 1.5 equiv.) were
added. After stirring for 2 h at room temperature, BnOH (4.2 mmol, 35 equiv.) and DBU (1.2 mmol,
10 equiv.) were added and the reaction mixture was stirred for 1 h. After evaporation of the organic
solvent under reduced pressure, the resultant mixture was purified by silica gel flash
chromatography to obtain product 21. : CAS Registry Number 848613-18-3; (Colorless liquid,
n-Hexane/Et,0 = 1/0 to 9/1, 91% yield, 27.7 mg); *H NMR (500 MHz, CDCls) & 7.35-7.30 (m, 4H, ArH),
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7.27-7.24 (m, 3H, ArH), 7.21-7.18 (m, 1H, ArH), 7.15-7.13 (m, 2H, ArH), 5.07 (s, 2H, OCH>), 3.03 (dd, J

=13.5, 7.0 Hz, 1H, COCHCH,), 2.84-2.77 (m, 1H, COCH), 2.68 (dd, J = 13.5, 7.5 Hz, 1H, COCHCH;), 1.18

(d, J = 7.0 Hz, 3H, COCHCHs); 3C NMR (125 MHz, CDCl3) & 175.9, 139.3, 136.0, 129.0, 128.5, 128.4,
128.1, 128.1, 126.3, 66.1, 41.5, 39.7, 16.8.
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7-1. UV - Vis Spectrum of Iron Catalyst®
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Figure S1. UV - Vis spectrum of Fe species

(a) FeCls in DCE
Dichloroethane (1.0 mL) solution of FeCl; (0.020 mmol) was stirred for 0.5 h at 80°C under argon

Then the resultant mixture was subjected to the UV-Vis spectrum measurement.

(b) FeCls in CHsCN
Acetonitrile (1.0 mL) solution of FeCl; (0.020 mmol) was stirred for 0.5 h at room temperature under

argon Then the resultant mixture was subjected to the UV-Vis spectrum measurement.

(c) ‘BuO-FeCl; in CHsCN

To a solution of FeCl; (1.0 equiv.) in PhCI (1.0 mL) was added DTBP (5.5 equiv.) at room temperature
under argon atmosphere. The resulting mixture was stirred for 4 h at 120 °C. After removal of PhCl
under vacuum, to the residue was added acetonitrile and stirred for 1 h at 80 °C. Then the mixture

was subjected to the UV-Vis spectrum measurement (Figure S1).
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Figure S2. UV — Vis spectrum of FeCl; with Lewis bases (L11 and 1a)

(a) L11 in DCE

Dichloroethane (1.0 mL) solution of L11 (0.020 mmol) was stirred for 0.5 h at 80°C under argon Then
the resultant mixture was subjected to the UV-Vis spectrum measurement.

(b) 1a in DCE

Dichloroethane (1.0 mL) solution of 1a (0.020 mmol) was stirred for 0.5 h at 80 °C under argon Then
the resultant mixture was subjected to the UV-Vis spectrum measurement.

(c) FeCl; + L11 in DCE

Dichloroethane (1.0 mL) solution of FeCl; (0.020 mmol) and L11 (0.020 mmol) was stirred for 3 h at
room temperature under argon. Then the resultant mixture was subjected to the UV-Vis spectrum
measurement.

(d) FeCls + 1a in DCE

Dichloroethane (1.0 mL) solution of FeCls; (0.020 mmol) and 1a (0.020 mmol) was stirred for 3 h at
room temperature under argon. Then the resultant mixture was subjected to the UV-Vis spectrum
measurement.

(e) FeCl; + L11 + 1a in DCE

Dichloroethane (1.0 mL) solution of FeCls (0.020 mmol), L11 (0.020 mmol) and 1a (0.020 mmol) was
stirred for 3 h at room temperature under argon. Then the resultant mixture was subjected to the

UV-Vis spectrum measurement.
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Figure S3. UV - Vis spectrum of FeCl; with Lewis bases (1a and diethylmalonate)

(a) FeCls in DCE
Dichloroethane (1.0 mL) solution of FeCl; (0.020 mmol) was stirred for 0.5 h at 80°C under argon

Then the resultant mixture was subjected to the UV-Vis spectrum measurement.

(b) FeCls + 1a in DCE
Dichloroethane (1.0 mL) solution of FeCl; (0.020 mmol) and 1a (0.020 mmol) was stirred for 3 h at
room temperature under argon. Then the resultant mixture was subjected to the UV-Vis spectrum

measurement.

(c) FeCl; + diethyl malonate in DCE
Dichloroethane (1.0 mL) solution of FeClz (0.020 mmol), diethyl malonate (0.020 mmol) and 1a
(0.020 mmol) was stirred for 3 h at room temperature under argon. Then the resultant mixture was

subjected to the UV-Vis spectrum measurement.

(d) FeCl; + diethyl malonate + 1a in DCE
Dichloroethane (1.0 mL) solution of FeCl; (0.020 mmol) and diethyl malonate (0.020 mmol) was
stirred for 3 h at room temperature under argon. Then the resultant mixture was subjected to the

UV-Vis spectrum measurement.
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7-2. Control Experiments

Effect of Lewis Bases

@] FeCl, (10 mol%) 0
N%/H . H/\CL DTBP (1.7 equiv.) R Ne
<\/N\ Me Me 120°C,1h <\/N_ Me
Me Me Me
1a 2b 3ab: 4% yield

with 3aa (1.0 equiv.) 36% yield

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and 3aa (0 or
1.0 equiv.) were added followed by the addition of toluene (0.20 M) and 1a (30 pL, 1.0 equiv.). Then
DTBP (1.7 equiv.) was added to the reaction mixture. The mixture was stirred under argon at 120 °C
for 1 h and diluted with EtOAc. The diluted solution was filtered through silica short column and
washed with EtOAc. After evaporation of the organic solvent under reduced pressure, the resultant
mixture was analyzed by 'H-NMR to determine chemical yield using 1,2,4,5-tetramethyl benzene as

an internal standard.

FeCl, (10 mol%)

@] o)
N H H DTBP (1.7 equiv.) N
~ + - ~
Q\/N, Me Me 90°C, 24 h Q\,N‘ Me
Me Me Me

1a 2b 3ab: 4% yield
with 3aa (10 mol%) 36% vield
L11 (10 mol%) 92% vield

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and 3aa (10
mol%). L11 (10 mol%) or none were added followed by the addition of toluene (0.20 M) and 1a (30
uL, 1.0 equiv.). Then DTBP (1.7 equiv.) was added to the reaction mixture. The mixture was stirred
under argon at 90 °C for 24 h and diluted with EtOAc. The diluted solution was filtered through silica
short column and washed with EtOAc. After evaporation of the organic solvent under reduced
pressure, the resultant mixture was analyzed by 'H-NMR to determine chemical yield using

1,2,4,5-tetramethyl benzene as an internal standard.
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Effect of Lewis Bases in C—H Bond Cleavage

DTBP (0.22 mmol)
2 H Ph ~ Phpy
2a(@54mmoy  NCL(1-02mD
a (Y. mmo °
TC3N 12804 N.D.

120 0.006 mmol

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, toluene (1.02 ml) and PhCl
(1.02 ml) were added followed by the addition of DTBP (0.22 mmol). The mixture was stirred under
argon at 80 °C or 120 °C for 3 h and diluted with EtOAc. After evaporation of the organic solvent
under reduced pressure, the resultant mixture was analyzed by *H-NMR to determine chemical yield

using 1,2,4,5-tetramethylbenzene as an internal standard.

FeCl, (0.10 mmol)
L11 (x mmol)
DTBP (0.22 mmol)
2 H Ph - Phpy
PhCI (1.02 ml)
2a (9.54 mmol) 80°C,3h

x=0 4 N.D.
1.0 0.011 mmol

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (0.10 mmol) and
tris(4-methoxyphenyl)phosphine oxide (0 or 0.10 mmol) were added followed by the addition of
toluene (1.02 ml) and PhCl (1.02 ml). Then DTBP (0.22 mmol) was added to the reaction mixture. The
mixture was stirred under argon at 80 °C for 3 h and diluted with EtOAc. The diluted solution was
filtered through silica short column and washed with EtOAc. After evaporation of the organic solvent
under reduced pressure, the resultant mixture was analyzed by *H-NMR to determine chemical yield

using 1,2,4,5-tetramethylbenzene as an internal standard.

Detection of 2-Acylimidazole-derived Enolate

0] FeC|2OTBU (10 mol%) M 0] OH
Me O L11 (10 mol<%) 8
Nﬁ)KrH + H N ’
| o
Ol e 80 °C, 24 h L Mo
1a 5 .
(49 equiv.) 6: 22% yield
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A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (0.023 mmol) and
tris(4-methoxyphenyl)phosphine oxide (0.023 mmol) were added followed by the addition of
benzene (1.14 ml) and DTBP (0.054 mmol). The mixture was stirred under argon at 80 °C for 2 h.
After evaporation of the organic solvent under reduced pressure, benzaldehyde (1.14 ml) and 1a
(0.23 mmol) were added to the residue. The mixture was stirred under argon at 80 °C for 24 h and
diluted with EtOAc. The diluted solution was filtered through silica short column and washed with
EtOAc. After evaporation of the volatiles under reduced pressure, the crude mixture was analyzed by

'H-NMR to determine chemical yield.

FeCl, (10 mol%)
L11 (10 mol%)

Me @) _ Me 0]
\ DTBP (1.7 equiv.) \
N H 4+ { N I
L /\© 80 °C, 24 h A
1b 2a

3ba: 79% yield

A 20 mL sdhlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%) were added followed by the addition of toluene
(0.20 M) and 1b (1.0 equiv.). Then DTBP (1.7 equiv.) was added to the reaction mixture. The mixture
was stirred under argon at 80 °C for 24 h and diluted with EtOAc. The diluted solution was filtered
through silica short column and washed with EtOAc. After evaporation of the organic solvent under
reduced pressure, the resultant mixture was purified by silica gel flash chromatography to obtain

cross coupling product.

FeCl,OBu (100 mol%)
Me O L11 (100 molo) ~ Me @ Me '\f/\>
N NN
| toluene </’ ‘
<\/N Me 80°C, 24 h \ N Me O Me
1a 7: Not detected
A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was

flamed-dried under vacuum. After cooling down to room temperature, FeCl, (0.23 mmol) and

tris(4-methoxyphenyl)phosphine oxide (0.23 mmol) were added followed by the addition of benzene
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(1.14 ml) and DTBP (0.11 mmol). The mixture was stirred under argon at 80 °C for 3 h. After
evaporation of the organic solvent under reduced pressure, toluene (1.14 ml) and 1a (0.23 mmol)
were added to the residue. The mixture was stirred under argon at 80 °C for 24 h and diluted with
EtOAc. The diluted solution was filtered through silica short column and washed with EtOAc. After

evaporation of the volatiles under reduced pressure, the crude mixture was analyzed by *H-NMR.

S44



Supporting information
Chemoselective Catalytic Dehydrogenative Cross Coupling of 2-Acylimidazoles:
Mechanistic Investigations and Synthetic Scope

7-3. Initial Kinetic Studies

Initial Rates of Varying Concentrations of Catalyst

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (5.0, 7.5, 10, 12.5
mol%) and tris(4-methoxyphenyl)phosphine oxide (5.0, 7.5, 10, 12.5 mol%), 2-methoxynaphthalene
(0.18 mmol) as an internal standard were added followed by the addition of toluene (0.20 M) and 1a
(50 pL, 0.53 mmol, 1.0 equiv.). The mixture was stirred under argon at 80 °C for 3 h to dissolve FeCl,.
Then DTBP (1.7 equiv.) was added to the reaction mixture. At the specified period, an aliquot of
reaction mixture was extracted via a syringe filled by dry toluene with a stainless-steel needle from
the test tube and diluted with EtOAc. The diluted solution was filtered through silica short column
and washed with EtOAc. After evaporation of the volatiles under reduced pressure, the crude
mixture was analyzed by *H NMR to determine chemical yield by the integration value of a peak at
2.68 ppm (3aa: H-CHAr) and 3.93 ppm (2-methoxynaphthalene: ArOCH;). The results were

summarized in the Table S1 and Figures S4-S6.

Table S1. Initial Rates of Varying Concentrations of FeCl, and L11

Catalyst (mol%) | [Catalyst] (M) | In([Catalyst]) d[3aa]/dt (M*min) In(d[3aa]/dt)
5 0.010 -4.61 0.000380 -7.88
7.5 0.015 -4.20 0.00100 -6.91
10 0.020 -3.91 0.00134 -6.62
12.5 0.025 -3.69 0.00245 -6.01
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Figure S4. (a) Initial rate kinetic experiments for Catalyst. (b) Plot of In (d[3aa]/dt) versus In

([Catalyst]).
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Figure S5. Plot of In (d[3aa]/dt) versus In ([Catalyst]?).
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Figure S6. Plot of In (d[3aa]/dt versus In ([Catalyst]? that the fit passes through zero when

[catalyst]=0).)
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Initial Rates of Varying Concentrations of 2-Acylimidazole

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (0.053 mmol) and
tris(4-methoxyphenyl)phosphine oxide (0.053 mmol), 2-methoxynaphthalene (0.18 mmol) as an
internal standard were added followed by the addition of toluene (2.66 ml) and 1a (0.42 mmol, 0.53
mmol, 0.65 mmol, 0.76 mmol). The mixture was stirred under argon at 80 °C for 3 h to dissolve FeCl..
Then DTBP (0.90 mmol) was added to the reaction mixture. At the specified period, an aliquot of
reaction mixture was extracted via a syringe filled by dry toluene with a stainless-steel needle from
the test tube and diluted with EtOAc. The diluted solution was filtered through silica short column
and washed with EtOAc. After evaporation of the volatiles under reduced pressure, the crude
mixture was analyzed by 'H NMR to determine chemical yield by the integration value of a peak at
2.68 ppm (3aa: H-CHAr) and 3.93 ppm (2-methoxynaphthalene: ArOCH;). The results were

summarized in the Table S2 and Figure S7.

Table S2. Initial Rates of Varying Concentrations of 2-Acylimidazole (1a)

1a (mmol) | [1a] (M) | In[1a] | d[3aa]/dt (M min?) In(d[3aa]/dlt)
0.42 0.16 -1.83 0.00185 -6.29
0.53 0.20 -1.61 0.00196 -6.23
0.65 0.24 -1.43 0.00194 -6.24
0.76 0.29 -1.24 0.00220 -6.12
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Figure S7. (a) Initial rate kinetic experiments for 1a. (b) Plot of In (d[3aa]/dt) versus In ([1a]).
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Initial Rates of Varying Concentrations of DTBP

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%), 2-methoxynaphthalene (0.18 mmol) as internal
standard were added followed by the addition of toluene (0.20 M) and 1a (70 pL, 0.53 mmol, 1.0
equiv.). The mixture was stirred under argon at 80 °C for 3 h to dissolve FeCl,. Then DTBP (1.7, 2.3,
2.8, 3.3 equiv.) was added to the reaction mixture. At the specified period, an aliquot of reaction
mixture was extracted via a syringe filled by dry toluene with a stainless-steel needle from the test
tube and diluted with EtOAc. The diluted solution was filtered through silica short column and
washed with EtOAc. After evaporation of the volatiles under reduced pressure, the crude mixture
was analyzed by *H NMR to determine chemical yield by the integration value of a peak at 2.68 ppm
(3aa: H-CHAr) and 3.93 ppm (2-methoxynaphthalene: ArOCHs). The results were summarized in the
Table S3 and Figure S8.

Table S3. Initial Rates of Varying Concentrations of DTBP

DTBP (equiv.) | [DTBP] (M) | In[DTBP] | d[TM]/dt (M-min") | In(d[TM]/dt)
1.7 0.34 -1.08 0.00134 -6.62
2.3 0.45 -0.80 0.00120 -6.73
2.8 0.56 -0.58 0.00135 -6.61
33 0.68 -0.39 0.00160 -6.44

S50



Supporting information

Chemoselective Catalytic Dehydrogenative Cross Coupling of 2-Acylimidazoles:
Mechanistic Investigations and Synthetic Scope

©0.34 (M)
0.04 y = 0.001338 x + 0.001935
R? =0.992481 O
0.035 e
o' ‘
0.03 045 (W)
= +*  y=0.001200 x + 0.001000
O 0.025 T R2 = 0.993103 [
=
= 002 A0.56 (M)
S y = 0.001350 x + 0.003000
0.015 R? =0.991837 O
0.01 ®0.68 (M)
. y = 0.001600 x + 0.003000
0.005 R? = 0.987654 [
0
0 5 10 15 20 25
Time (min)O
75
-7 y = 0.2588x - 6.4129
a R2 = 0.420820
5 B s
% ----- B neeneeneenne T L
865
Z
£
-6
5.5
-0.2 0.4 0.6 0.8 -1 1.2
In[DTBP]O

Figure S8. (a) Initial rate kinetic experiments for DTBP. (b) Plot of In (d[3aa]/dt) versus In ([DTBP]).
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7-4. Kinetic Isotope Effect Experiments

Toluene/Toluene-d®

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%), 2-methoxynaphthalene (0.18 mmol) as internal
standard were added followed by the addition of toluene or toluene-d® (0.20 M) and 2-acylimidazole
(70 pL, 0.53 mmol, 1.0 equiv.). The mixture was stirred under argon at 80 °C for 3 h to dissolve FeCl,.
Then DTBP (1.7 equiv.) was added to the reaction mixture. At the specified period, an aliquot of
reaction mixture was extracted via a syringe filled by dry toluene with a stainless-steel needle from
the test tube and diluted with EtOAc. The diluted solution was filtered through silica short column
and washed with EtOAc. After evaporation of the volatiles under reduced pressure, the crude
mixture was analyzed by *H NMR to determine chemical yield by the integration value of a peak at
4.19 ppm (3aa-d’: COCH) and 3.93 ppm (2-methoxynaphthalene: ArOCH;). The results were

summarized in the Figure S9.
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Figure S9. Kinetic Isotope Effect Experiments using toluene/toluene-d?®
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2-Acylimidazole 1a/1a-d?

A 20 mL schlenk flask equipped with a magnetic stirring bar and 3-way glass stopcock was
flamed-dried under vacuum. After cooling down to room temperature, FeCl, (10 mol%) and
tris(4-methoxyphenyl)phosphine oxide (10 mol%), 2-methoxynaphthalene (0.18 mmol) as internal
standard were added followed by the addition of toluene (0.20 M) and 1a or 1a-d? (70 uL, 1.0
equiv.). The mixture was stirred under argon at 80 °C for 3 h to dissolve FeCl,. Then DTBP (1.7 equiv.)
was added to the reaction mixture. At the specified period, an aliquot of reaction mixture was
extracted via a syringe filled by dry toluene with a stainless-steel needle from the test tube and
diluted with EtOAc. The diluted solution was filtered through silica short column and washed with
EtOAc. After evaporation of the volatiles under reduced pressure, the crude mixture was analyzed by
IH NMR to determine chemical yield by the integration value of a peak at 2.68 ppm (3aa-d': H-CHAr)

and 3.93 ppm (2-methoxynaphthalene: ArOCHs). The results were summarized in Figure S10.
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Figure S10. Kinetic Isotope Effect Experiments using 1a/1a-d?
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7-5. ESI-mass Analysis

The premixed solution of FeCl; and 1a was subjected to the ESI-mass analysis (Figure 11).
FeCls species

calc’d: m/z = 197.8080, 195.8109, 199.8050, 201.8021

found: m/z = 197.8087, 195.8115, 199, 8054, 201.8022
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Figure S11. ESI-mass Spectrum of FeCls/1a (Negative Mode)

S54



8. Full Data of Optimization Study

Table S4. Optimization of Reaction Conditions

Supporting information
Chemoselective Catalytic Dehydrogenative Cross Coupling of 2-Acylimidazoles:
Mechanistic Investigations and Synthetic Scope

Catalyst
(0] Ligand 0
N %/ HoH /\@ DTBP N
<\/N‘ Me <\’N~ Me
Me Me
1a 2a Jaa
47 equiv.
(0.20 M)

Entry Catalyst (mol%) Ligand (mol%) DTBP (equiv.) temp.(°C) time (h) yield (%)
1 FeCl, (10) L7 (20) 3.3 120 4 74
2 FeCl, (10) L7 (20) 3.3 120 4 70
3 FeBrs (10) L7 (20) 3.3 120 4 54
4 Fe(OAc), (10) L7 (20) 3.3 120 4 8
5 Fe(acac); (10) L7 (20) 3.3 120 4 10
6 Fe(acac), (10) L7 (20) 3.3 120 4 8
7 Fe(OTf); (10) L7 (20) 3.3 120 4 40
8 Fe(OTf), (10) L7 (20) 3.3 120 4 32
9 CoCl, (10) L7 (20) 3.3 120 4 4
10 NiCl, (10) L7 (20) 3.3 120 4 11
1" CuCl, (10) L7 (20) 3.3 120 4 N.D.
12 CuCl (10) L7 (20) 3.3 120 4 N.D.
13 ZnCl, (10) L7 (20) 3.3 120 4 3
14 AICI; (10) L7 (20) 3.3 120 4 30
15 FeCls (10) L7 (10) 1.7 80 8 79
16 FeCls (5) L7 (10) 1.7 80 26 78
17 FeCl; (20) L7 (10) 1.7 80 8 66
18° FeCl, (10) L7 (10) 1.7 80 8 82
19° FeCl, (10) L7 (10) 1.7 80 8 55

4 Yields were determined by 'H-NMR analysis using 1,2,4,5-tetramethylbenzene as an internal

standard. © Reaction concentration was 0.10 M. ¢ Reaction concentration was 0.50 M.
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Table S5. Evaluation of Oxidant

FeCl; (10 mol%)
0 L11 (20 mol%) o
Oxidant (3.3 equiv.)

N\W)KKH . H/\© N
<\/N Me 120 °C, 4 h &N Me

‘Me ‘Me
1a 2a 3aa
47 equiv.
0.20 M
Entry Oxidant Yield (%)
1 DTBP (Di-tert-butyl peroxide) 74
2 TBPB (tert-Butyl peroxybenzoate) 25
3 DCP (Dicumyl peroxide) 42
4 AIBN (2,2'-Azobis(isobutyronitrile)) 0
5 TEMPO (2,2,6,6-Tetramethylpiperidine 1-oxyl free radical) 0
6 BQ (1,4-Benzoquinone) 0
7 DDQ (2,3-Dichloro-5,6-dicyano-1,4-benzoquinone) 0
8 O, (1 atm, balloon) 0
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10. NMR Spectra of New Compounds
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TDO 1
======== CHANNEL f1l ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

i h PN

——143.481

—128.879
——126.821

77.268
77.014
76.760

—46.517

— 34.484

T~33.288
—<::

—36.257

26.280
26.156

—-0.008

Ay

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

*C NMR

ppm
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Current Data Parameters

NAME TKS214dist

EXPNO 10

PROCNO 1 _<_m, o)

F2 - Acquisition Parameters N oTBS

Date_ 20170120 %_

Time 20.11 N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 300.1 K

D1 1.00000000 sec o

TDO 1 [

wn

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

ST 65536

SF 500.1700118 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

W S VR
9 7 4 3 2 1 0 ppm

O o (42] - 0 -~ [Te)
|0 o - o o [=2] AN
S Q9 I~ I~ Q <
ol|o ™ N N N » ©
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Current Data Parameters

NAME TKS214dist

EXPNO 11

PROCNO 1

Me o

F2 - Acquisition Parameters

Date_ 20170120 N OoTBS

Time 20.18 |

INSTRUM spect / N

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

D 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 300.1 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO02 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzlo

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

R I I I I e e I I I I I AN IR RN MR RARARARA) RAARARRARY RAREARARY NAARARRA RARAAREARY REAARARAY RAAARARN) RAARAA
N 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
"C NMR
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Current Data Parameters

7.362
7.359
7.345
7.333
7.329
7.319
7.316
7.306
7.303
7.262
7.258
7.249
7.245
7.241
7.231
7.187
7.186
7.037

Z%\

NAME acylimidazole Ph
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160823

Time 13.05
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.2 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 w

F2 - Processing parameters
SI 65536

SF 500.1700128 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

4.433

3.965

1.672

-0.000

'H NMR

4.070
310
021
985

2.001

3.000

S72
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Current Data Parameters

NAME acylimidazole Ph

EXPNO 21

PROCNO 1

F2 - Acquisition Parameters

Date_ 20160823

Time 13.08

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 300.2 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL f1l ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

——— . _ A\

—-0.001

S73
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"C NMR
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7.092
7.056
4.470
3.990
—-0.000

Current Data Parameters

NAME TKS524TM
EXPNO 10
PROCNO 1 Me 0 S

F2 - Acquisition Parameters

Date_ 20180115 |
Time 22.22 / N

S74

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zg30

D 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 292.8 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

ST 65536

SF 500.1700115 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

I ,¥L b; m
[ T I I I T I I I T I I
9 8 7 6 5 4 3 2 1 0 ppm

VoI |0|© Tl (=]
DO IN[O|O o o
Q22| < <
[=]{=] =]kl N ™

'H NMR
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Current Data Parameters

NAME TKS524TM

EXPNO 11

PROCNO 1

Me O \ S

F2 - Acquisition Parameters Z \\

Date_ 20180115

Time 22.25 A/\\

INSTRUM spect N

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 292.8 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL f1l ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzlo

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678501 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

B e I I I I I ) A I AN IR ALY AR RARARARA) RALRARRARY EARARARY MARARARRA RARAARAAR] REAARARAY RAAARARN) RAARARR
N 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"C NMR

S75
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Current Data Parameters
NAME kyk140-2
EXPNO 10 Me O
\
PROCNO 1 N 0
F2 - Acquisition Parameters | J_\/ZIWOO
Date_ 20180116 / N o)
Time 16.23
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.8 K
D1 1.00000000 sec Ne)
TDO 1 o~
wn
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700094 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
_ N %f o L
[ T T T I T I Tttt I T [
9 8 7 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME kyk140-3

EXPNO 11

PROCNO 1 Me (@)

F2 - Acquisition Parameters Z

Date_ 20180117 AW\\~

Time 9.37

INSTRUM spect / N

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 293.0 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL f1l ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzlo

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

N 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
"C NMR

——0.018

o%z_._moo

10 0 ppm
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Current Data Parameters Me (@) Me

F2 - Acquisition Parameters

NAME TNK-695 TM \ o

EXPNO 10 N O

PROCNO 1 A\iﬁ\/\ = N
\_N o)

Date_ 20171221

Time 18.32
INSTRUM spect
PROBHD 5 mm CPPBBO BB MeO Cl
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.9 K

D1 1.00000000 sec
TDO 1

======== CHANNEL fl ========

S78

SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
S | CCCK ! J
[ I I T I I TTTTT I [ I I T I
9 8 7 6 5 4 3 2 1 0 ppm
< | —|[O[DN]|N]| ol|lo|o| [Te] = (=]
e IE=I Lk R 23k =] IE=d0== L N~ N~ (*2]
(=] nvﬁwﬂm (MO oe|o|m (=] (=) (=]
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Current Data Parameters
NAME TNK-695 TM
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters 7>ﬂ o Me
Date_ 20171221 N e} 0O
Time 18.36 A\N = N
INSTRUM spect \
PROBHD 5 mm CPPBBO BB Z O
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 73 MeO Cl
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 292.9 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233
NUC1 13C
P1 10.00
PLW1 65.00000000
======== CHANNEL f2 ========
SFO2 500.1720007
NUC2 1H
CPDPRG[2 waltz1l6
PCPD2 80.00
PLW2 13.50000000
PLW12 0.30375001
PLW13 0.19440000
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
, ) " i |

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm

*C NMR



8.167
8.162
8.095
8.090
8.077
8.073

A \'Zg

Current Data Parameters

NAME TKS508recrystalized
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180110

Time 15.35
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.6 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

P1 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
ST 65536

SF 500.1700115 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

—2.753
2.236
2.222
2.209
2.194
2.181
2.166

—1.560
-0.000

'H NMR

0.995

0.991

o0 -

1.012
0.992
1.018

1.998

3.000

F g

2.001

3 2 1 0 ppm
(o] N o N~
& e 3 3
- (3¢} 32} ©
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Current Data Parameters
NAME TKS508TM
EXPNO 11
PROCNO 1
o Me N Me
F2 - Acquisition Parameters 7>m A\
Date_ 20171221
Time 15.23
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 292.3 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W
F2 - Processing parameters
SI 32768
SF 125.7678470 MHz
WDW EM
V bkl L vy

N 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"C NMR
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7.810
7.807
7.794
7.792
7.789
7.784
7.780
T.777
7.771
7.506
7.504
7.488
7.476
7.473

Current Data Parameters

0 W MW < o N O O O < <
— O O O O o [~ O 1N T N O
— — O O~ Oy O)Y OY O O~
LN AN ANANNNNAN

-0.000

'H NMR

NAME TKS509TM3

EXPNO 10

PROCNO 1 Me (@]

F2 - Acquisition Parameters N (0]

Date_ 20180117 ~

Time 19.14 \ N o

INSTRUM spect

PROBHD 5 mm CPPBBO BB N

PULPROG 2930 Me

TD 65536

SOLVENT CDC13

NS 1

DS 0 N

SWH 8012.820 Hz \/¥/ Me

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29 Me

DW 62.400 usec

DE 10.00 usec

TE 293.0 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

ST 65536

SF 500.1700106 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

I I T T T [

9 8 7 4 3 2 1 0 ppm

%5Jjj1 o ol o]0 M=) < | o
AN (O (N[(T (O M o (S| | (s 1B ™
cleee|e|a(e(x e < el Q| el <
NN ™|||O|r|[v=]| v N AN <™ AN (9p]
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Current Data Parameters
NAME TKS509TM3
EXPNO 11
PROCNO 1 0]
Me

F2 - Acquisition Parameters Z (@)

Date_ 20180117

Time 19.19 A%\\§

INSTRUM spect N 0] N

PROBHD 5 mm CPPBBO BB \_N
PULPROG z2gpg30 "Me
TD 65536
SOLVENT CDC13
NS 128
DS 0 N
SWH 29761.904 Hz
Me

FIDRES 0.454131 Hz 117
AQ 1.1010048 sec

RG 189.66 Me
DW 16.800 usec

DE 11.00 usec

TE 292.9 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltz1l6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

S |
A A o AR Dy b s o N A . AT o s e S o Ao s

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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7.440
7.438
7.434
7.423
7.422
7.418
7.304
7.300
7.289
7.276
7.273

@
L
N
~

7.215
7.212
7.209
7.201
7.197
7.193
7.185
7.183
7.137
7.136
6.982

To=s\\e——

Current Data Parameters

NAME acylimidazole Ph Me
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160908

Time 19.57
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.2 K

D1 1.00000000 sec
TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 w

F2 - Processing parameters
ST 65536

SF 500.1700130 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0
PC 1.00

5.258
3.943
-0.000

(e
o ]
~ —

2.019
2.045
1.012
0.991

'H NMR

0.995

(3]
i
N
-k

0 ppm

1.003
3.000
3.038

S84



193.259

Current Data Parameters

NAME acylimidazole N-Ph Me
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160908

Time 20.05
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 300.1 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 w
PLW12 0.30375001 W
PLW13 0.19440000 W

F2 - Processing parameters
SI 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

—142.620
T 140.844

a
N\

129.190

128.504

128.294
127.339

126.808

77.286

76.778

—46.660

—36.208

—18.077

o

o

o

o
|

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

*C NMR

80

20
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1.263
—-0.000

_—17.286
<
N
X .
__—3.364
~_~3.246
<—3.231
\3 216

Current Data Parameters

S86

NAME TNK-694 TM
EXPNO 10 Me (@]
PROCNO 1 \
N (0] OEt
F2 - Acquisition Parameters | /j\\//j\
Date_ 20171220 \ N O O
Time 21.30
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 293.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1699993 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
LI S A
I T I T I T I I I I T I I
9 8 7 6 5 4 3 2 1 0 ppm

(N - o< [2¢] [+

|0 - [0 ] By AN (2]

QR -2 el < <
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191.665

Current Data Parameters

NAME TNK-694 TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20171220

Time 21.33
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 64

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 293.1 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

166.634
166.526

e

——142.766

—129.066
——127.030

77.320
77.065
76.811

d//”

—64.809
——61.561

——41.575

—36.195

TT—35.215

—22.875

—14.061

—0.001

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

*C NMR

80
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40
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8.027
8.012
8.010
7.583
7.581
7.578
7.566
7.554
7.551
7.549
7.485
7.470
7.458
7.455
7.262
7.166
7.164
7.028

S

Current Data Parameters

NAME TKS243recrystalized
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170223

Time 23.25
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.1 K

D1 1.00000000 sec
TDO 1

======== CHANNEL fl ========

3.616
3.604

_—3.984

3.601
3.591
3.429
3.419
3.415
3.404

X

-0.000

SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700126 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
UL
L L I I
9 8 7
©o MM [N
- | ANl N[O
< Q|| (ee
N || |~]|O

'H NMR

3.000

2.016

2.013

S88
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Current Data Parameters

NAME TKS243recrystalized

EXPNO 20

PROCNO 1 Me O

\

F2 - Acquisition Parameters N

Date_ 20170224 ‘

Time 1.36 \ N o

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.2 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 w

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40
by it {iii%tii, i T t%?i(i%;i&}

; 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"CNMR

S89



Current Data Parameters

NAME TKS299TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170503
Time 21.19
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.6 K
D1 1.00000000 sec
TDO 1

======== CHANNEL fl ========

—3.997

2.582

—1.607
-0.000

ﬂ/\? Me

SFO1 500.1730010 MHz

NUC1 1H

P1 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

ST 65536

SF 500.1700106 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00
T T

9

'H NMR

1.971

1.980

2.029

2.019

2.984

S90
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Current Data Parameters

NAME TKS300column3

EXPNO 21

PROCNO 1

F2 - Acquisition Parameters 7>ﬂ o

Date_ 20170503 N

Time 21.22

INSTRUM spect AMV\N

PROBHD 5 mm CPPBBO BB N Me

PULPROG zgpg30

TD 65536 0O

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 292.7 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

P1 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678502 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

N 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"C NMR

S91



7.260
7.250
7.246
7.233
7.218
7.174
7.170
7.164
7.162
7.157
7.151
7.144
7.140
7.133
7.131
6.999

,%%

Current Data Parameters

NAME TKS52TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170309

Time 22.06
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

D 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.1 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
ST 65536

SF 500.1700139 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

4.242
4.228
4.214
4.212
4.200
4.198
4.184
4.170
3.970
3.170
3.157
3.142
—-0.000

2 WY v

N Me

4.355
2.011
0.996

'H NMR

.
=
N
—h

[=1N[=] N~ [oe] »
[elll=] o oy oy
ol (e o o o
|| - - (5}

0 ppm

S92



196.173
129.207
129.039
128.206
127.023
126.021
77.286
77.032
76.778

— 142.563
—139.893

£
X
<

Current Data Parameters

NAME TKS52TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170309
Time 22.10
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 300.2 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz
NUC1 13C
P1 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz1l6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

X ) ) . ot A o "

—43.043
——39.007
— 36.229
——17.008
—0.007

S93
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Current Data Parameters

NAME TKS459TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20171222

Time 0.45
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.9 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
ST 65536

SF 500.1700114 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

7.263
7.254
7.250
7.237
7.234
7.222
7.179
7.174
7.169
7.166
7.161
7.155
7.148
7.136
7.008

3\l=

4.241
4.227
4.214
4.198
4.184
4.170
3.974

£
N

—1.178
——-0.000

S94

'H NMR

8 7
[CI=1Rad b
N O
| olme
Skl l=1k

i .

0.135
3.000

1.020
1.019

1 0 ppm

3.049
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Current Data Parameters

NAME TKS459TM

EXPNO 11

PROCNO 1 Me o)

\ D

F2 - Acquisition Parameters N

Date_ 20171222 | Me

Time 0.49 \ N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 292.9 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

P1 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 w

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SFE' 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40 A L r

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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Current Data Parameters

NAME TKS397TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180220

Time 6.11
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.8 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 w

F2 - Processing parameters
SI 65536

SF 500.1700118 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

—1.591

-0.000

" Lﬁr

'H NMR

1.019
1.013

0.989
3.000

3.064

S96
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Current Data Parameters
NAME TKS397TM3
EXPNO 10
PROCNO 1 Me (o)
C o \ M
F2 - Acquisition Parameters N e
Date_ 20180220 p& D
Time 13.34
INSTRUM spect \ N D
PROBHD 5 mm CPPBBO BB D D
PULPROG zgpg30
TD 65536
SOLVENT CDC13 D D
NS 974 D
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 292.0 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 w
PLW12 0.30375001 w
PLW13 0.19440000 w
F2 - Processing parameters
ST 32768
SF 125.7678515 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40 ;f
I ) J

. 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"C NMR
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Current Data Parameters

NAME TKS368TM

EXPNO 10 _<_m, )

PROCNO 1 Z Me

F2 - Acquisition Parameters A%V\_

Date_ 20170816 N

Time 19.20

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG 2930 Me

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 292.6 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 w

F2 - Processing parameters

SI 65536

SF 500.1700111 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

[ ?F’\F L g :: h ) ;.Lﬁ

©
oo
.
»
i
w
N
—h

0 ppm

1.003
3.000
1.004
2.998
2.982

1.001

'H NMR
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Current Data Parameters

NAME TKS368TM

EXPNO 11

PROCNO 1 _<_m, 0]

F2 - Acquisition Parameters N Me

Date_ 20170816 |

Time 19.25 \ N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536 Me

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 292.9 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678503 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR

S99



Current Data Parameters

NAME kyk018 tm
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170607

Time 10.45
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.1 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 w

F2 - Processing parameters
SI 65536

SF 500.1700122 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

7.029
7.014
7.006
7.005
6.983
6.968

4.222
4.209
4.206
4.196
4.195
4.192
4.182
4.179
4.178
4.168
4.165
4.151
3.976
2.636
2.626
2.609
—2.303
1.577
-0.000

N Me

AV\T Me

'H NMR

~ -

2.049
4.174

i
N
—h

0 ppm
ol(o o | [~ I
I =] =] Al o o
of|o =] o| |© o
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Current Data Parameters
NAME TKS216TM
EXPNO 20
PROCNO 1 Me
\
F2 - Acquisition Parameters N Me
Date_ 20170120 |
Time 21.54 ,/ N Me
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 91
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 300.1 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 w
PLW12 0.30375001 w
PLW13 0.19440000 w
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40 A A —
| " | | )

B I Il Il Il I I I I I L I I L R RS LAY RS RS LAY R AR AR AR
ppm

210 200 190 180 170 160 150 140 130 120 110 100 90 &80
*C NMR

40

20

0
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7.257
7.178
7.172
7.169
7.166
7.165
7.160
7.118
7.116
7.112
7.109
7.102
7.084
7.076
7.069
7.066
7.058
6.990

%

Current Data Parameters

4.272
4.258
4.245
4.242
4.231
4.228
4.215
4.201
3.970

_/_1.210
TT—1.196

——-0.000

NAME kyk022 tm
EXPNO 10
PROCNO 1 Me o
N Me
F2 - Acquisition Parameters
Date_ 20170613 AV\@
Time 9.29 N
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536 Me
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 65536
SF 500.1700139 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L - Y W ,
T T T T [ T [
9 8 7 4 3 1 0 ppm
Q|| M| O Al [© ~ [ce] 0 N~
(=1 s L 2K 2] AN| [© - - - <
S[9|9|e S| [S ol |9 |o S
N[N~ - (92 - - (92 (92

'H NMR
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196.408

Current Data Parameters

MHz

Hz

NAME kyk022 tm
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170613
Time 9.37
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904
FIDRES 0.454131
AQ 1.1010048
RG 107.18
DW 16.800
DE 11.00
TE 300.1
D1 1.89900005
D11 0.03000000
TDO 1
======== CHANNEL fl ====
SFO1 125.7804233
NUC1 13C
Pl 10.00
PLW1 65.00000000
======== CHANNEL f2 ====
SFO2 500.1720007
NUC2 1H
CPDPRG[2 waltz1l6
PCPD2 80.00
PLW2 13.50000000
PLW12 0.30375001
PLW13 0.19440000
F2 - Processing parameters
SI 32768
SF 12p.7678470
WDW EM
SSB 0

LB 1.00
GB 0

PC 1.40

—— 142.584

_—138.051

— 136.577

129.803

130.188

a

——129.047

N

127.068
126.128
125.622

77.297
77.043
76.789

——41.632

36.210
36.131

e

——19.654
——17.158

—0.006

Me

Me

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

*C NMR

80
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7.096
7.011

Current Data Parameters

4.210
4.196
4.182
4.167
4.153
4.139
3.969

Y4
\

_/'1.190
TT—1.176

-0.000

NAME TKS289TM
EXPNO 10 Me
PROCNO 1 \
N Me
F2 - Acquisition Parameters |
Date_ 20170410 \ N
Time 2.29
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30 wﬂ
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 65536
SF 500.1700122 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
JUN _ é % o
I T I T [ T Tttt
9 8 7 4 3 1 0 ppm
SRR NE g [z 3
SRS a(3 3 |3 3
allolall~ (™M - - ™

'H NMR
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Current Data Parameters
NAME TKS289carbon
EXPNO 10
PROCNO 1
Me o
F2 - Acquisition Parameters \
Date_ 20180309 N Me
Time 17.18 \
INSTRUM spect / N
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT cDCl13 Br
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 300.1 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

AARRARAY ALY RAMMEL RARLMLLLRE RAMMELLLRY RALLRLLRRS ULRRARRES RULRRARRS KRS RURAAEEY RN ALY RN RN RUMLLRRARS RULLLRRARS ULLERAARS RUULRAARES NULRRRRRES RN KRR RN R R
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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Current Data Parameters

7.375
7.372
7.301
7.298
7.288
7.285
7.282
7.262
7.169
7.154
7.137
7.135
7.126
7.111
7.096
7.015

J
\

o
W I O W I O~ O o O o
O O O~ WOV M~ o N o
AN A O — .
. ee e e e . o
T D o oM |

3.106
3.092
2.670
2.654
2.643
2.627
—1.616

N

NAME TKS310TM

EXPNO 10 Me 0]

PROCNO 1 \

N Me

F2 - Acquisition Parameters |

Date_ 20170529 / N Br

Time 20.07

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 300.1 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 w

F2 - Processing parameters

ST 65536

SF 500.1700151 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

_ | J
T I T I I L I T I I
9 8 7 4 3 2 1 0 ppm

N[O o (3] N <
N[O e - - <
o|o|o|e ol (=} (=} (<}
=M - -|lM - - (4p]

'H NMR
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195.630

Current Data Parameters

NAME TKS310TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170529

Time 20.09
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 43

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 300.1 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO02 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

142.429
142.283
132.187
129.777
129.219
129.132
127.160
122.282

e
Z
X
™~

" ek

y

"l

77.280
77.026
76.773

r

—42.905

——38.614
—36.232

——17.049

—0.001

Me

Br

ALl

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

*C NMR

80
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Current Data Parameters

NAME TKS293TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170412
Time 21.36
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1

======== CHANNEL fl ========

4.350
4.336
4.321
4.307
4.293
4.279
3.982

£
A

3.246
3.232
3.218
-0.000

N Me

Br

SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700130 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
[ I TTTTTTrT I T TTTT I I T I I
9 8 7 6 4 3 2 1 0 ppm
ﬁﬂﬁMﬂWf4.b ~ o| (o - (e o
DM AN(O(N O - (=] - - o
AR Q| (e Q| (@ r
Ol~||O||O - (3¢} - - (3¢}

'H NMR
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131.243

129.145
127.750

195.781
—142.477
——139.363

132.787

127.104

127.050

125.081

77.279

77.025

76.771

Current Data Parameters

NAME TKS293TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170412

Time 21.39
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 300.1 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40 _ A

Z
X
<
N~

—41.640

—38.449
T 36.246

17.615

0.002

Br

Me

B I I I I I I e I I AN ML LAY AN RARARARN) RALRARRARY EARRARARY NAARAREA RARAAREARY REAARARAY RAAARARN) RAARARR
20

210 200 190 180 170 160 150 140 130 120 110 100 90 80
*C NMR

40

10

0
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Current Data Parameters

4.210
4.196
4.182
4.181
4.167
4.153
4.139
3.973

¢
\

3.130
3.116

£
~X
<
A

—1.649

-0.000

NAME TKS369TM

EXPNO 10 7>ﬂ

PROCNO 1 N

F2 - Acquisition Parameters A%\@

Date_ 20170817 N

Time 21.46

INSTRUM spect

PROBHD 5 mm CPPBBO BB O_

PULPROG zg30

D 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 292.9 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 w

F2 - Processing parameters

ST 65536

SF 500.1700096 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

J ft, gl E( 1%( s;ﬁé Lﬁ
T T T T T Tttt
9 8 7 4 3 1 0 ppm

™[N0 NS N~ - H
ANV MNAN A - ™ (2]
c(el|ele Qlle Q < <
AN[AN| =¥ |l™M - - (3]

'H NMR
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195.761

Current Data Parameters

NAME TKS369TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170817

Time 21.53
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 292.8 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 w
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

——142.398
——138.390

131.781
130.540

<
X

129.111

128.327
127.209

77.295
77.041
76.787

——42.962

—38.293
——36.297

—17.152

——0.021

Me

Cl

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

*C NMR

80

40

20
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4.147
4.133
3.972
1.605
1.604
-0.000

__—7.568
TT—7.551
~
N\
e
\ .
A
~N
£
N
ad
_——1.188
TT~1.174

Current Data Parameters

NAME TKS520TM
EXPNO 10
PROCNO 1 Me O
F2 - Acquisition Parameters N Me
Date_ 20180116 %~
Time 21.10 N
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30 _
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.8 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700109 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
U y [ 1
[ T I I I T T I I T I Tttt
9 8 7 6 5 4 3 2 1 0 ppm

2.005
0.999
0.977
2.024
1.009
3.000
1.003
1.005
3.004

'H NMR
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Current Data Parameters
NAME TKS520TM
EXPNO 11
PROCNO 1
Me o)
F2 - Acquisition Parameters
Date_ 20180116 N Me
Time 21.19 %~
INSTRUM spect N
PROBHD 5 mm CPPBBO BB
PULPROG 2gpg30
TD 65536
SOLVENT CDC13 I
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 107.18
DW 16.800 usec
DE 11.00 usec
TE 293.0 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 w
PLW12 0.30375001 w
PLW13 0.19440000 w
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40 ﬁ v v ;
. i gty W P Wb Yo - i i ooy A G Wi v W § g A ot

. 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
PC NMR
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Current Data Parameters
NAME TKS294TMb
EXPNO 10 Me o)
PROCNO 1 Z Me
F2 - Acquisition Parameters A%\@
Date_ 20170417 N
Time 10.06
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG 2g30 OMe
D 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
SI 65536
SF 500.1700115 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
1 %f;ﬁfLﬁ . ; ? 1 F>; \
T T T T R e s
9 7 5 4 3 2 1 0 ppm
[cell'e ]I (=] N~ O™ 7o} [o] N~
AN|O||I [=11=JID = o o N
S|e|e cfefle < < <
M| || | MM - - (3]

'H NMR
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Current Data Parameters
NAME TKS294TMb
EXPNO 11
PROCNO 1 Me )
\
F2 - Acquisition Parameters N Me
Date_ 20170417 |
Time 10.10 A/\Z
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
D 65536 OMe
SOLVENT CDC13
NS 115
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 300.1 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
R L |, » .

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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Current Data Parameters

4.230
4.216
4.202
4.186
4.172
4.158

3.971

£
\

2.274
——1.609
-0.000

'H NMR

NAME TKS535column
EXPNO 10 Me O
\
PROCNO 1 Z _/\_O
F2 - Acquisition Parameters |
Date_ 20180204 / N
Time 4.15
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG 2g30 OAc
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.6 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
SI 65536
SFE 500.1700110 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
SO, ;?Ft L %F ;ﬁiikﬁféfflfll#iikfgﬁ " &
[ T T T [ I T I [
9 7 4 3 2 1 0 ppm

(0ol < © N~ < [{] N

AN|AN|N© (v 0=} N N o (]

celele el ] ] e ]

AN|r~|~|N || - - [42] N
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Current Data Parameters

NAME TKS535column

EXPNO 11

PROCNO 1 _<_m, O

F2 - Acquisition Parameters N Me

Date_ 20180204 A%\@

Time 4.21 N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

D 65536 OAc

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 292.7 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678502 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC _ 1.40 A _ A

-

. 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
"CNMR
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Current Data Parameters

NAME TKS536column

EXPNO 10 Me o

PROCNO 1 —,/_ Me

F2 - Acquisition Parameters AMV\~

Date_ 20180206 N

Time 13.29

INSTRUM spect

PROBHD 5 mm CPPBBO BB OMe

PULPROG zg30

TD 65536 e}

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 292.6 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

SI 65536

SFE 500.1700102 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

| . -
[ T I I I I T T I I T I Tttt
9 8 7 6 5 4 3 2 1 0 ppm

2.081
2.073
1.019
0.997
1.041
3.000
3.063
1.032
1.048
3.036

'H NMR
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Current Data Parameters

NAME TKS536column

EXPNO 11

PROCNO 1 Me o

F2 - Acquisition Parameters N Me

Date_ 20180206 Amr\~

Time 13.33 N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30 OMe

TD 65536

SOLVENT CDC13 ﬁu

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 292.6 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40 A

P " n dbikddal 4 okl o w ; Ly ) e " e v .? N » i - Fo L YRRV Y " ;_,,,.,

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

*C NMR
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Current Data Parameters
NAME TKS542column
EXPNO 10 _<_m, o)
PROCNO 1 Z Me
F2 - Acquisition Parameters \ |
Date_ 20180206 N S
Time 13.41 Me
INSTRUM spect , \
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.7 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 65536
SF 500.1700112 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T I T [
9 7 4 3 1 0 ppm
| AN [<2]B5¢§ At =4 [=] ™ [=] ™
[ce k2] O O (2] (2] o] -
QR S o @ @ @ <
(=] =] (=18 ] ™M o o N ™
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195.703

Current Data Parameters

NAME TKS542column
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180206

Time 13.44
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 292.6 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

o T O o~ O
~ <O ™M 00 O —
< O — O — O
N O~ o~ 0
T S N AN N NN
L B | L B B B |

77.295
77.042
76.788

——43.444

—— 36.304
—— 33.041

— 17.477
——15.303

O

—0.023

Me
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Current Data Parameters
NAME TKS290TM
EXPNO 10
PROCNO 1 _<_®, o
N Me
F2 - Acquisition Parameters )
Date_ 20170410 AV\
Time 2.17 N
INSTRUM spect Me
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700135 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
%?Lﬁ i y ,
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Current Data Parameters
NAME TKS290TM
EXPNO 21
PROCNO 1 Me O
\
F2 - Acquisition Parameters N Me
Date_ 20170410
Time 2.32 AV\_
INSTRUM spect N
PROBHD 5 mm CPPBBO BB Me
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 107.18
DW 16.800 usec
DE 11.00 usec
TE 300.2 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 w
PLW12 0.30375001 W
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
e
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Current Data Parameters
NAME

AN ANTO AT MO M A
O A OO TN
MHOHOONNNNNNNNAAO
[ el S S S S S S

s\

TKS416 major + minor + byproduct

EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180220

Time 6.23
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.8 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 w

F2 - Processing parameters
SI 65536

SF 500.1700113 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

4.269
4.255
4.247
4.241
4.233
4.227
4.219
4.205
4.056
3.282
3.273
3.266
3.260
3.258
3.252
3.244
3.236
3.228
3.221
3.206
3.199
3.184
3.177
3.168
3.153
3.151
3.146
3.136
3.132
3.129
3.114
2.093
2.084
2.078
2.070
2.065
2.062
2.057
2.051
2.047
2.043
2.035
2.029
2.020
2.015
2.008
1.998
1.991
1.988
1.982
1.975
1.972
1.964
1.954
1.947

Je

'H NMR

1.055
3.000

h_

3.140

N 4

2.303

3.003

0 ppm
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196.353

Current Data Parameters

129.276
128.671
128.498
127.637
126.923
77.292
77.037
76.783
46.264
46.121

— 143.027
—141.122

Va
N

T —43.039

—37.726
——17.064

TT—36.470
—0.021

<

Me

NAME TKS416 major + minor + byproduct

EXPNO 11

PROCNO 1

F2 - Acquisition Parameters

Date_ 20180220

Time 6.27

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 292.9 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40
Voo bbby u AL A Y
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.331
.317
.272
.264
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.247
.213
.210
.196
.193
.189
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.109
.106
.102
.092
.073
.071
.888
.316
.302
.289
.283
.269
.255
.056
727
.403
.395
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.381
.373
.366
.358
.276
.269
.257
.252
.246
.234
.227
.196
.182
.178
.164
.16l
.156
.143
.345
.338
.330
.327
.323
.320
.318
.311
.303
.300
.296
.293
.285
.278
.093
.084
.079
.070
.065
.061
.056
.051
.048
.042
.033
.028
.020
.998
.991
.982
.975
.603
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.909
-0.000

g7

gss

Mam

as

™Td
SHIAI A
HMS

al
20ddINnd
aHdgoydd
WNILSNT
SwTT
“e3eq
siojsweaed uoTilTtsTnboy - z4a
ONDOYd
ONdXH
HNVYN

JAN H,
dd 0ddddd ww g
sIejeuweied e1RQ JULIIND

00
9€659
M 0000000G°€T

6C" 1€

D98 G9FF6e80° T
0
T
€TDOdd
9€659
0cbz
10ads
7€ 9
022081T0¢
T
0T

Jolew + JIOoUuTwW 9THSIUL

oesn Q02T
HT

M 8°¢6¢

oesn Q00T

o9sn Q0% 29
ZH 992¢2CT1°0

ZH 0€°0
WH
ZHW OTTO0LT 009
ZHW 0TO0ELT 009
©9s 00000000°T
ZH 0¢8°C108

1.221
0.542 =

3.000 =

1.022 —
1.262 —

_—

1.345 — ©

Wy

e ——

1.027

1.425 N

—
3.116 =

]
0.575 — .

WWW

1

CQOFRRFRFREFRFRFEFRERPRERPNNDNNDNNDNNDNNDNDNODNNDNNDNDNODNDNNDNDNDNNNDDNDNNDNODNNDNNDNNDNODNDNWWWWWWWWWWWWWWWWWWWWWWRSSDDDDDDDDOJTJJIII0III03393I3I3343

wdd o

S126



n N D < N O A
[ee] — o< MmO N < O O n O~ ™ O —
n [e)RANe) W ™M N 0 1 oY < 00 o~ mMm O N [e)) N
. . o e e e e N O~ ™M <Oy o < L N
0 o o 00 0 WO WO . . . . . o
[e)} ASAS AN AN AN NN [l e el O 1N N n [Ie} -
— — o | el < T < o ™M — o
Current Data Parameters
NAME TKS416 minor + major
EXPNO 11 Me (@)
PROCNO 1 \
N Me
F2 - Acquisition Parameters |
Date_ 20180220 A%V\Z
Time 6.41
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30 Cl
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 292.9 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz
NUC1 13C

P1 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz1l6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40 :
L

| [

AARRARAY ALY RAMMEL RARLMLLLRE RAMMELLLRY RALLRLLRRS ULRRARRES RULRRARRS KRS RURAAEEY RN ALY RN RN RUMLLRRARS RULLLRRARS ULLERAARS RUULRAARES NULRRRRRES RN KRR RN R R
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O ppm
PC NMR
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Current Data Parameters
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'H NMR

NAME TKS333TM

EXPNO 10

PROCN 1

OCNO Me 0

F2 - Acquisition Parameters Z

Date_ 20170628

Time 18.25 A%\@

INSTRUM spect N

PROBHD 5 mm CPPBBO BB

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 300.2 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 w

F2 - Processing parameters

ST 65536

SF 500.1700126 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00
)!L (. ,L L L F{\L}

[rrrrrTrT I I [T rrrrT [rrrTrrTTT [T [T rrrrT -

9 7 4 3 2 1 0 ppm
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Current Data Parameters
NAME TKS333TM
EXPNO 11
PROCNO 1 _<_®, O
F2 - Acquisition Parameters N
Date_ 20170628 AV\@
Time 18.33 N
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 300.1 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W
F2 - Processing parameters
SI 32768
SF 125.7678467 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
, | , , | } ) ,

. 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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7.257
7.227
7.215
7.211
7.198
7.198
7.196

T\

Current Data Parameters

N A>T O T O A0~ N~ O W o LA~ NT OWOMmM
W< MM ANN—H O™~ N O 00 W~ WO o~ N MAN — O 0 W LW
A A A A A A A OO O "N WLwLwnwnw oo} o B B B B U e e
L e e T Sl i S a e X A AEAS AR AR AR R B ™ MMM ONNNN

—1.581

-0.000

'H NMR

NAME TKS295TM
EXPNO 10 Me
PROCNO 1 \
N
F2 - Acquisition Parameters |
Date_ 20170421 / N
Time 19.35
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 65536
SF 500.1700135 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
KL kx f(L ) /rf L A ﬁ
[ T I T I I I T I I I T [
9 8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME TKS295TM

EXPNO 11

PROCNO 1 Me

F2 - Acquisition Parameters

Date_ 20170421 A/\~

Time 19.38 N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 67

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.2 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltz1l6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

—0.001

S131
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7.231
7.220
7.216
7.207
7.203
7.190
7.144
7.140
7.133
7.127
7.120
7.113
7.111
6.973
5.824

5.810
5.804

5.797

5.790
5.776
5.769
5.763
5.756
5.743
4.988
4.985
4.981

4.978
4.954
4.951
4.947

4.943
4.923
4.920
4.918
4.916
4.914
4.902

4.900
4.898
4.896
4.893
4.224

4.220
4.209
4.204
4.194

4.189
1.988
1.977
1.975
1.766
1.759
1.755
1.742
1.565
1.536
1.523
1.507
1.496
1.491
1.332
1.318
1.303
1.289
1.272
1.254
1.233
1.215
-0.000

N
~
9
l

1. 782
1.771

o
<
9
3

3 081
3.066
3.054
3.039
2.780
2.766
2.753
2.738
2.020
2.018
2.015
2.004

e e | ] (P i

Current Data Parameters

NAME TKS270TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170316

Time 18.04
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.1 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
SI 65536

SF 500.1700140 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

Me O

\
!

'H NMR

4.071

0.949
1.02

o

9
0.997

i

1.010

o1 4

2.032

.
.
=Y

1.012
3.000
1.008
1.005
2.023
1.030
1.027

10.310
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196.186

Current Data Parameters

NAME TKS270TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170316

Time 18.12
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 107.18

DW 16.800 usec
DE 11.00 usec
TE 300.2 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678475 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

——143.289

—139.924

TT~139.232

£
X

129.135
129.019
128.141

126.955
125.930

——114.074

77.269

76.762

—48.310

37.896
36.206
33.765
31.817
29.249
29.011
28.862
27.261

e

-0.004

b

"
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*C NMR
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Current Data Parameters

NAME TKS269TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170316

Time 21.50
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.2 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

P1 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
SI 65536

SF 500.1700140 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

ON—HLOOM™MOWMWO O 10 M MO N M
LWV TONNOOWLWI OO O SO ST ONDN
211111100000008 0O
R A A N SIS I I I I )
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'H NMR
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w —

2.026

6.186

5.420

-l

0 ppm
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Current Data Parameters

NAME TKS269TM

EXPNO 11

PROCNO 1 Me (@)

\

F2 - Acquisition Parameters N

Date_ 20170316 ‘

Time 21.56 \ N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.1 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL f1l ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40
| " J , |

R I I I I e e I I I I I AN IR RN MR RARARARA) RAARARRARY RAREARARY NAARARRA RARAAREARY REAARARAY RAAARARN) RAARAA
. 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"C NMR
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Current Data Parameters

NAME TKS223TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170127

Time 19.43
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.1 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 w

F2 - Processing parameters
SI 65536

SF 500.1700127 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

4.281
4.272
4.264
4.256
4.250

2.775

N oTBS

'H NMR

F =3
©
M_
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o
o
o
3
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Current Data Parameters

NAME TKS379TM

EXPNO 11

PROCNO 1 _<_®, O

F2 - Acquisition Parameters N OTBS

Date_ 20170825 Aﬁ\\s

Time 19.05

INSTRUM spect \ N

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 292.6 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40 _ A

A L e A g PP Mol A Ao o o j;? A A o i My VA

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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Current Data Parameters
NAME TKS222TM
EXPNO 10
PROCNO 1 Me (@)
\
F2 - Acquisition Parameters N
Date_ 20170202 |
Time 18.06 \
INSTRUM spect N
PROBHD 5 mm CPPBBO BB
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
UL | N
[ R e e L L I
9 8 7 6 5 4 3 2 1 0 ppm
RTQGZ o o < <
DIMVN OIS (=] (=] (=] (=]
(=1 =1 1=]=] o o o o
NN N[~ - ™ - -

'H NMR
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Current Data Parameters
NAME TKS222TM
EXPNO 11
PROCNO 1 Me
\
F2 - Acquisition Parameters N
Date_ 20170202 |
Time 18.11 \ N
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 300.1 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
P1 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40 ;
210 200 190 180 170 160 150 140 130 120 110 100 90 80 40 10 0

*C NMR
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7.261
7.222
7.216
7.212
7.207
7.193
7.186
7.184
7.180
7.172
7.169
7.156
7.151
7.148
7.141
7.139
7.122
7.115

Current Data Parameters

3.931

—1.580

——-0.000

NAME TKS529TM2
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180205

Time 14.34
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG 2g30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz

AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.6 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 w

F2 - Processing parameters
ST 65536

SF 500.1700123 MHz

WDW EM

SSB 0

LB 0.30 Hz
GB 0

pPC 1.00
T

9 8

'H NMR

9.087

0.988

0
0.994

0.990
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Current Data Parameters

NAME TKS529TM2

EXPNO 11

PROCNO 1 Me o S

, |

F2 - Acquisition Parameters N Y

Date_ 20180205 |

Time 14.39 \ N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 292.6 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltz1l6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

1.40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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7.265
7.261
7.246
7.236
7.232
7.217
7.214
7.200
7.181
7.178
7.175
7.164
7.150

<
N
1
_/

N

Current Data Parameters

7 015
5.053
4.344
4.335
4.331
4.328
4.326
4.322
4.319
4.317

4.315
4.312
4.310
4.306
4.304
4.301
4.296
4.287
4.150
4.137
4.128
4.115
4.102
4.089
4.080
4.067
3.967
3.838
3.826
3.801
3.790
3.722

3.712
3.686
3.675
3.140
3.126
3.112
3.099
2.770
2.754
2.743
2.727
2.186
2.173
2.154
2.144
2.126
2.113

1.896
1.887
1.882
1.874

1.868
1.860
1.854
1.845
1.841
1.832

1.438
-0.000

e

NAME TKS539TM Me O

EXPNO 10 —_/_ O

PROCNO 1

‘ N7~ NHBoc

F2 - Acquisition Parameters A/\Z 0]

Date_ 20180206

Time 13.18

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 292.4 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

P1 12.00 usec

PLW1 13.50000000 w

F2 - Processing parameters

SI 65536

SFE 500.1700107 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

N T T |
I I T I I T T [ I T I
9 8 7 6 5 4 3 2 1 0 ppm

VO|©|r o T (O|©O|M < (o] < (o] A
DT N N oI SO o (22 o (22 (3]
e e B @ Qe Q @ Q| |2 @
Bkl =1[=] o | NMO|r - o - o (oo}

'H NMR
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Current Data Parameters
NAME TKS539TM
EXPNO 11
PROCNO 1 Me (o)
F2 - Acquisition Parameters Z (o)
Date_ 20180206 /_K/ZIwoo
Time 13.25 ﬂ/\‘
INSTRUM spect N (@]
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 292.6 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 w
PLW12 0.30375001 W
PLW13 0.19440000 W
F2 - Processing parameters
SI 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40 ; _g
N 4__‘__.333,_;_; e e e L A e b P A it AN oot

. 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"C NMR
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7.649
7.632
7.447
7.430
7.262
7.223
7.208
7.203
7.194
7.157
7.152
7.143
7.137
7.078
7.077
6.991
6.929
6.924
6.850
6.832
6.664
6.659
6.646
6.641
4.321
4.312
4.306
4.303
4.296
4.292
4.289
4.280
4.274
4.265
4.090
4.077
4.064

e

Current Data Parameters

—
o
O
4

o
[T}
9
3

3.809
3.540

3.537
3.121

NAME TKS540TM

EXPNO 10 _<_m, o Me

PROCNO 1 N o) 0o

=

F2 - Acquisition Parameters A%V\‘ N

Date_ 20180205 N 0]

Time 14.16

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG 2930

TD 65536 MeO Cl

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 292.6 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 w

F2 - Processing parameters

ST 65536

SF 500.1700120 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

bﬁlgfig I} . f;ﬁ%ﬁ@ f&gfrlgsfg} _,;?p
......... IR D e D B I B
9 8 7 6 5 4 3 2 1 0 ppm

© AﬂﬁﬂW\MM (2] m%ﬁMWWMJAL Qo [+ N~ ANJj© < [+
NO|I—r~OOo|® W ON|DS[I~ N [=] O [{o] N
—|N[=| = QR (2|2 Q < o A A
ANIN|N[M O[O v+ ||AN[M|AN - - AN~ - -

'H NMR
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Current Data Parameters

NAME TKS540TM

EXPNO 11

PROCNO 1

F2 - Acquisition Parameters 7>ﬁ Q Me

Date_ 20180205 N o o

Time 14.20 A\‘ = N

INSTRUM spect \

PROBHD 5 mm CPPBBO BB Z nu

PULPROG zgpg30

D 65536

SOLVENT CDC13

NS 66 MeO Cl

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 292.6 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO02 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzlo6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

. ST (- o

- . OV | — el

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

*C NMR

80

70 60
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Current Data Parameters
NAME TKS531TM Me O

EXPNO 10 \
PROCNO 1 N o
<
F2 - Acquisition Parameters N
Date_ 20180130
Time 23.39
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.8 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700096 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
_ Y 1 S | T %f _

[l O[O |OIN|O A |—=| (o (=] DM ([N[OD]| [N <
AN N[O A= | [~ (=] ™= O(M| (s [22]
olS NEISIEIS Slala||= S| |NIg| |of=||2 @
| <l =[] ||| |0 - - ™M v ©

'H NMR
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Current Data Parameters
NAME TKS531TM
EXPNO 11
PROCNO 1 Me
Me 0 N Me
F2 - Acquisition Parameters 1 o \ \ \/.A
Date 20180130
Time 23.46 N S o Me
INSTRUM spect AV\_
PROBHD 5 mm CPPBBO BB N @ CN
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 292.7 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl1l6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
A N N T
" ;» " A L

R I I I I e e I I I I I AN IR RN MR RARARARA) RAARARRARY RAREARARY NAARARRA RARAAREARY REAARARAY RAAARARN) RAARAA
N 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
"C NMR

S147



JAN H,

TQHrunsSnntg YUOZnl HUHUUIPMOUZOHAPYUHAUOR YEZQ 7.805
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W= s Qol o ox £ HOowng o Ok nr 7.804
| = ==l o < e N OO QzZmER
I &= 0 o wZw | ZO0 0 7.801
g Il w0 Z 0oUcC > O > 7.796
g | SRR § -
o a g E_*r 7.793
7} > 5 - o 7.787
o [ = oz t
o B3 w o Z = - g 7.786
© R R S ow 9 o3 o & 7.619
= e} o = o o O lav) o ) 7.616
S} V) o ~J Hh o o 0 [os] — g wn 3
ook o w R ONEFENWWOVUNN Q o W n N (S R0 7.603
[ o o U o N o OWVWO: P BN- OoN OT woHh w
. . = o3 o o |l oON B BN ® Q Q D P o 7.601
o w = w ook | o OOoONOODN HFwwmaoNvw3 —HB
o o 20\0\8 oomo” HomoowmmOOmeomﬁmo(@r —oRn 7.458
jas] 2 8 = =2 n®Rce omT 0} 7.364
N =] % Tl O v 0NN s 7.358
N o N Qa o0 0 ®
Q I QQ 7.356
00 7.349
— 7.345
1.122 : 7.334
1.020°= ] 7.332
3299< ] 7.319
—_ 1 7.316
4518 _ 1 7.296
1 7.278
w/_ \‘_' 7.263
1.042>= S 2
e 7.237
7.221
7.206
7.192
7.174
7.158
7.145
o 7.133
7.119
7.039
7.023
—_ 1 6.858
2142/— 1 T——5.418
4.257
4.095
o1 — 4.085
4.073
4.060
4.014
4.002
4.000
1.147 — 3.988
1.057— ] S
1.019 Ll /3.772
3.000C= - - 3.709
1 3.064
2.989 ; 3.051
] 3.037
] 3.024
4 2.953
1.024\— _ % 22.937
2.236 — 7] ¢z L2
Lo ] >— 2.921
3.313 = ] —2.771
1130/~ ] O N2+ 690
1 2.673
1 2.662
] 2.646
2.635
—_ ]
1.205 N - ::§:2.179
2.323 1 O 2.048
ﬁc 1 = o) 1.899
320 ] @ 1.884
] 1.868
1 1.853
1 & = 1.747
1.738
~— ! /
3.370 — . | 1.734
] 5 z 1.731
] zZ 1.726
2 1.722
= 1.718
o =z 1.710
= 1.698
) 1.256
1.151
o = 1.069
1.055
3 \1.040
3 -0.000
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Current Data Parameters

NAME TKS530TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180130

Time 23.36
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 292.8 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 w

F2 - Processing parameters
SI 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

) L R Lt Ly L L) L) LA LA Al Rl LAY LAY LA LA LA LA KA RAAALAAA AAALAAAR] AR
50 40 30 20 10 0 ppm

210 200 190 180 170 160 150 140 130 120 110 100 90 &0
*C NMR

——63.317

SRS ~ 0o M~ O ©
N o N O 1D © © ~ 0
— N O 0 O © o o N

. Ce e e . . o
~ 0 © 1) — O O —~ o .
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Current Data Parameters

7.264
7.260
7.257
7.245
7.234
7.230
7.210
7.197
7.181
7.178
7.164
7.149
7.127

7.125
7.014

4.330
4.321
4.314
4.312

4.308
4.305
4.301

4.299
4.296
4.292

4.290
4.287
4.282

4.273
4.183
4.169
4.154

4.147

4.140
4.130
4.121

4.118
4.108
4.105
4.094
4.091
4.082
3.967
3.240
3.233
3.153
3.140
3.126
3.112
2.783
2.767
2.756
2.740
2.187
2.174
2.155
2.146
2.127
2.114

1.900
1.886
1.877
1.872
1.863
1.858
1.849
1.835
1.261
1.247
1.232
-0.000

PR\ R e )

NAME TKS544column
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180206

Time 11.49
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.5 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
ST 65536

SF 500.1700110 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

Zm 0]
N (@) (@]

'H NMR

4.030
1.058
1.010
1.000

1.025
2.022
2.046
3.000

B -

1.950
1.021

0.996

1.012

1.013

0 ppm

3.045
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Current Data Parameters

NAME TKS544column
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180206
Time 11.55
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 107.18
DW 16.800 usec
DE 11.00 usec
TE 292.5 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W
F2 - Processing parameters
SI 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0

oo

PC _ 1.40

77.043
76.789

—63.719
— 61.523

—45.287
——41.462
—38.283

— 36.278

—29.726

——14.062

—0.023

) L L E e L Ll Ly L) L) LA LA Al L LAl LAY L) LA L) LA RN RAAALAAA AAALAAAR] AR
10 0 ppm

210 200 190 180 170 160 150 140 130 120 110 100 90 80
*C NMR

60

40

30
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7.889
7.875
7.872
7.530
7.515
7.500
7.418
7.403
7.387
7.325
7.322
7.308
7.305
7.302
7.288
7.272
7.261
7.218
7.212
7.208
7.198
7.184
7.030

el e

Current Data Parameters

NAME TKS297TM2
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170511

Time 19.03
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 292.7 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

P1 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
SI 65536

SF 500.1700148 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

—1.678

o

o

o

o
|

2.024
1.024\
2.056 \=
4.672
1.077
1.007
1.072

'H NMR

1.029

g

3.000

1.014

1.004
1.023

w —

1.005

-l

I
0 ppm
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Current Data Parameters

NAME TKS297TM2

EXPNO 11

PROCNO 1

F2 - Acquisition Parameters

Date_ 20170511

Time 19.07

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 292.6 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678520 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40 v

| \ :

B e I I I I e I I A I A LA AN RN RARARARAY RALRARRARY RARRARARY MARAAARA RARAARAAR] RAARARAY RAARARN) RARARR
. 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"C NMR
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7.807
7.791
7.282
7.265
7.260
7.247
7.234
7.232
7.218
7.211
7.208
7.166
7.162
7.159
7.149
7.144
7.135
7.083
7.081
6.941

= PRy

Current Data Parameters

NAME TKS306TM2
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170520

Time 14.11
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.2 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
ST 65536

SF 500.1700291 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

4.626
4.611
4.609
4.599
4.597
4.594
4.584
4.582

—1.589

o

o

o

o
|

'H NMR

[32] DM 0|LO
O RO |F| M
(=] N—=[Q|Q
- Ny

1.050

3.000

2.123

1.029
1.095
2.962
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Current Data Parameters

NAME TKS306TM2

EXPNO 11

PROCNO 1 Me (@]
\

F2 - Acquisition Parameters N

Date_ 20170520 |

Time 14.18 \ N

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 300.2 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl1l6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC v 1.40 —
sy oy . F, d o bt _ Ao Yy b Ve bugrapiias o oetrlbsone fii% o ok g A U

0.043

S155
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*C NMR



7.392
7.389
7.386
7.375
7.373
7.342
7.338
7.326
7.323
7.262
7.242
7.236
7.232
7.224
7.214
7.210
7.204
7.200
7.187
7.183
7.115
7.113
7.111
7.098
7.084
7.022
7.021

6.836
5.700

e

Current Data Parameters

3.796

1.569
1.567

-0.000

NAME TKS298TM2

EXPNO 10 Me ©

PROCNO 1 Z

F2 - Acquisition Parameters A%\@

Date_ 20170502 N

Time 10.20

INSTRUM spect Me Me

PROBHD 5 mm CPPBBO BB

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 292.9 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

ST 65536

SF 500.1700120 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00
J ot LQT; A

T T T _ T "1 _
9 8 7 6 1 0 ppm

O[NNI NN [Te] (=] AN
OO N[ (] (=] NI©
e ] QS R
ANV~ O|O o o N[N

'H NMR
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Current Data Parameters

NAME TKS298carbon

EXPNO 10

PROCNO 1 _<_®_ O

F2 - Acquisition Parameters N

Date_ 20180309

Time 17.26 A/\\

INSTRUM spect N

PROBHD 5 mm CPPBBO BB _<_® M

PULPROG 29pg30 €

TD 65536

SOLVENT CDC13

NS 256

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.2 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltz1l6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678467 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

AN ALY RAMMEL RARLMMLLE RAMMELLLRY RS RUURRAARES RULRRARRS RURAAALN BRI RN ALY RN RUMMUEERAY UL RULLERRARS RULLLRAARS RUULRAARES NS RN RN RN R R
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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Current Data Parameters
NAME TKS469TM
EXPNO 10 Me o
PROCNO 1 Z
F2 - Acquisition Parameters AV\@
Date_ 20171201 N
Time 1.38
INSTRUM spect Me Me
PROBHD 5 mm CPPBBO BB
PULPROG 2930 Br
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.9 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 65536
SF 500.1700130 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
VA R | LQCC e
I TrTTTTrTT I T T [
9 8 7 4 2 1 0 ppm
WO TN N o o<
NV | O (2] (=] AN|M
ol o < Q|
<TI0 o (3] ™m»m

'H NMR
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Current Data Parameters

NAME TKS469TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20171201

Time 1.42
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 293.0 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO02 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 W
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678510 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC

1.40 —
|

——41.617
——36.278
——25.071

-0.004

RN

77.009
76.755
——60.912

210 200 190 180 170 160 150 140 130 120 110 100 90 80
*C NMR

70 60 50 40 30 20 10 O

ppm
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Current Data Parameters
NAME TKS472TM2
EXPNO 10
PROCNO 1
Me o)
F2 - Acquisition Parameters Z
Date_ 20171121 Me
Time 20.29 A/\_
INSTRUM spect N
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.9 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
P1 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
SI 65536
SFE 500.1700140 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L F o, . I,
T — T - _ T _ _ _ _
9 8 7 6 5 4 1 0 ppm
WD = (=3} ™ ©
AN|(0|©(©O|r=(0 (=112} (= <
o b o bt Q @
NN O[] mlo — o

'H NMR
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Current Data Parameters

NAME TKS472TM2

EXPNO 11

PROCNO 1

F2 - Acquisition Parameters Me O

Date_ 20171121 \

Time 20.34 N Me

INSTRUM spect A/\_

PROBHD 5 mm CPPBBO BB Z

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 107.18

DW 16.800 usec

DE 11.00 usec

TE 293.0 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltz1l6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SFE 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC ‘ 1.40 A ? ﬁ

. 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
"CNMR
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Current Data Parameters

NAME TKS534TM2
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180203
Time 0.43
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.8 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
P1 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
SI 65536
SFE 500.1700129 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

| [ u i

.
.
<
.
.
w

.
—h

oIV |IN|S o ™ < (1O
N~ (O o [Te] (]2
~|S|a(S|S S a| S|¢
O|N|™|v= |+ ™ N ol

'H NMR

0 ppm
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Current Data Parameters

NAME TKS534carbon

EXPNO 10

PROCNO 1 O

F2 - Acquisition Parameters _<_m, o

Date_ 20180309 N

Time 17.42 Me

INSTRUM spect A/\x

PROBHD 5 mm CPPBBO BB Z

PULPROG zgpg30 Me

D 65536 Me

SOLVENT CDC13

NS 384

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.2 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

P1 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SFE 125.7678466 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

I I I e e I I I M I N I AN RN RARARARAY RALRARRARY RAREARARY NAARARRA RARRARRARY EEAARARAY RAAARARN) RAARAR
. 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
"C NMR

S163



o
< H OO0 NOOWOWANL MO OO NONHOMS><TMOO™MOWN WO < NOM>< O~ <O 0~ o
SO O 00 ONNN DO~V ONLFTMOMANAODNOTM OO M M- OO0~~~ o o~ o
NANNNNNNAAAAAAO 11111111111966621111 [eNeNelelNeo) o) Ne) e} AN —
f e e e e e e e e e e e e e e [ . o
[ S e S S e e e e e S S 44444444444333333333 N N NN~ — |

J
\

=\ NV

Current Data Parameters

NAME TKS546TM
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters Me O
Date_ 20180207 \
Time 23.41 N o OEt
INSTRUM spect ‘
PROBHD 5 mm CPPBBO BB / Z o o
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.6 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
P1 12.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 65536
SF 500.1700099 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
) ﬁ . ELT L

({e
oo
<
(o]
-
&
@
N ]
—h

I
0 ppm

1.962
2.088
3.000
0.986
2.032
1.968
1.953
2.969

'H NMR
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Current Data Parameters

NAME TKS546TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180207

Time 23.49
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 107.18

DW 16.800 usec
DE 11.00 usec
TE 292.5 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

P1 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 w
PLW12 0.30375001 w
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

168.896
168.772

e

— 142.767

——137.834

e
AN

129.066
128.836
128.517
127.002
126.712

77.303
77.049
76.795

—64.794
——61.552

——53.773

WVl
Me o
ZJ\:/\/\O
"W

—0.022

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

*C NMR

80

60

40 30 20 10
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7.272
7.269
7.263
7.258
7.243
7.219
7.216
7.209
7.205
7.190
7.175
7.172
7.159
7.110
7.109
7.021

e\

Current Data Parameters

4.127
4.114
4.105
4.101
4.091
4.077
4.062
3.997

D\ 4

3.104
3.089
1.978
1.964
1.951
1.937
1.923
——1.594

d//F
-
~
L

1.152
1.138
1.124
-0.000

'H NMR

NAME TKS546byproduct
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20180207
Time 23.29 7>m
INSTRUM spect N (@] OEt
PROBHD 5 mm CPPBBO BB A%V\~
PULPROG 2930
TD 65536 o o
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 292.5 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 w
F2 - Processing parameters
SI 65536
SF 500.1700117 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L ﬁi h , . %ﬁ
[ T I T T T L I I T I
9 8 7 4 3 2 1 0 ppm
OO | NS (=1 g [Te] (o)
TIOV|NND N (22 3=} [22][=] N <
NN o Q|2 Q Q
WOIN|F| ™| <M ™M (3] (3]
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Current Data Parameters

NAME TKS546byproduct

EXPNO 11

PROCNO 1

F2 - Acquisition Parameters

Date_ 20180207

Time 23.33

INSTRUM spect _<_m, O

PROBHD 5 mm CPPBBO BB

PULPROG 2gpg30 Ziﬁ\/\o OFEt

D 65536 A/\\

SOLVENT CDC13 N (@) (@)

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 292.5 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40 v v

%%ééif A _‘ Fosut Wiy i‘ifi{zzé . Y AN iy g WA eyl

210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME TKS263TM
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170309

Time 22.18
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29

DW 62.400 usec
DE 10.00 usec
TE 300.1 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H

Pl 12.00 usec
PLW1 13.50000000 W

F2 - Processing parameters
ST 65536

SF 500.1700120 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

_/_7.264

1.788
1.754
1.739
1.732
1.725
1.709
1.665

1.142
1.128
1.114
1.093
1.064
1.046
1.027
1.021
0.997

0.980
-0.000

Me

'H NMR

<]

0.988
0.993

B -

3.000
0.989

3.062
3.387

8.735
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Current Data Parameters
NAME TKS263TM
EXPNO 11
PROCNO 1 Me O
N Me
F2 - Acquisition Parameters
Date_ 20170309 A%V\§
Time 22.25 N
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 128
DS 0
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66
DW 16.800 usec
DE 11.00 usec
TE 300.2 K
D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C
Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzlo
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W
F2 - Processing parameters
ST 32768
SF 125.7678470 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
_ . " . J A

. 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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Current Data Parameters
NAME TKS302TM
EXPNO 10 Me O
PROCNO 1 \
N Me
F2 - Acquisition Parameters |
Date_ 20170520 / N
Time 20.01 o)
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700158 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
) L. L. _
[ T I I I T T I I T I Tttt
9 8 7 6 5 4 3 2 1 0 ppm
QNI M ol || S [{]
oo == =]
(|2 SIS «©
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Current Data Parameters

NAME TKS302TM

EXPNO 11

PROCNO 1 _/\_m o)

F2 - Acquisition Parameters Z Me

Date_ 20170520

Time 20.06 Amr\‘

INSTRUM spect N

PROBHD 5 mm CPPBBO BB O

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.1 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

P1 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 w

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

o §§#ﬁ:¢§;fﬂ;i;]4 e ey AR oo p,fiiﬁ by ey ;waﬁ,f,j‘,,fi%i. ot ot

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 50 40 20 10 0 ppm
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Current Data Parameters

4.202
4.187

4.173
4.160
4.145
4.131
4.015

X

2.753
2.740
2.719
2.706
2.643
2.629
2.610
2.595

/
\

—-0.000

Me

CN

NAME TKS288TM
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170405
Time 23.58
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
D 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700124 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
J A
R
9 8 7
(<
[eo ][]
QAR
oo

'H NMR

2.097

3.043
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Current Data Parameters

NAME TKS288TM

EXPNO 11

PROCNO 1 Me )

\

F2 - Acquisition Parameters N Me

Date_ 20170406 |

Time 0.04 \ N

INSTRUM spect CN

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.2 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

P1 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzl6

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 w

PLW13 0.19440000 W

F2 - Processing parameters

SI 32768

SF 125.7678470 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

1.40

AARRRARAY ALY RAMMRLEN R RAMUMLLLRY RAMLRLLER] RURRRAARES RULRRARRS RURAARLRS RURAAEEY RN RS R AU RUMLLRRARS RULLERRARS ULLRRAARS RUULRAARES RN RN RN RN ML R
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
*C NMR
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7.258
7.230
7.215
7.196
7.193
7.179

Current Data Parameters

3.099
3.086
3.072
3.059
2.809
2.795
2.781
2.766
2.752
2.739
2.698
2.682
2.671
2.655

}

HO

-0.000

Me

NAME TKS313TM

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date_ 20170525

Time 15.40

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 300.1 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

P1 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

SI 65536

SF 500.1700170 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

I D
9 8 7

2.716
3.081

'H NMR

1.000

1.016

1.028

3.015
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181.386

Current Data Parameters

NAME TKS313TM
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170525

Time 15.45
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 300.1 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltz1l6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W

F2 - Processing parameters
SI 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

——139.048

__—129.013

=—128.432
TT~126.439

77.274

76.767

—41.105
T 39.337

—16.522

HO

—0.002

Me

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

*C NMR

80

40

S175



MO NMOONDDDONMIM < 00OWWWS O ON — LN ONWMOALN MO0 O A ~ w0~ w
UL ITTOONNAA OO TN OO T M ~ LN ANONOO™ OO O~ < o ™~ o
MNMMOMMO MMM MMOMOOMOOMOANNNNNNAAAA o OO OOWwwOoTIr-r-rr oo [Te) — .
R R R A A " MO mONNN NSNS NN - o ﬁ,v
Current Data Parameters
NAME TKS312TM
EXPNO 10 (0]
PROCNO 1
Me
F2 - Acquisition Parameters o
Date_ 20170601
Time 22.06
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.29
DW 62.400 usec
DE 10.00 usec
TE 300.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 500.1730010 MHz
NUC1 1H
Pl 12.00 usec
PLW1 13.50000000 W
F2 - Processing parameters
ST 65536
SF 500.1700151 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L k/ I A L ; ;;L%_ig r[\\( T
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Current Data Parameters

NAME TKS312TM

EXPNO 11

PROCNO 1

F2 - Acquisition Parameters (0]

Date_ 20170601

Time 22.14 Me

INSTRUM spect o

PROBHD 5 mm CPPBBO BB

PULPROG zgpg30

TD 65536

SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz

FIDRES 0.454131 Hz

AQ 1.1010048 sec

RG 189.66

DW 16.800 usec

DE 11.00 usec

TE 300.1 K

D1 1.89900005 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 125.7804233 MHz

NUC1 13C

Pl 10.00 usec

PLW1 65.00000000 W

======== CHANNEL f2 ========

SFO2 500.1720007 MHz

NUC2 1H

CPDPRG[2 waltzlo

PCPD2 80.00 usec

PLW2 13.50000000 W

PLW12 0.30375001 W

PLW13 0.19440000 W

F2 - Processing parameters

ST 32768

SF 125.7678474 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40
_ ¥,, Wl . N |

R I I I I I I I I I AN B RN MR RARARARA) RALRARRARY RARRARARY NAARAARA RAAARARS REAARARAY RAAARARN) RAARAR
N 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
"C NMR
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Current Data Parameters

7.585
7.568
7.562
7.545

£
<

—7.261

6.959

3.840

1.648

MeO

OMe

-0.000

OMe

NAME O=P (PMP) 3 data

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date_ 20180222

Time 22.34

INSTRUM spect

PROBHD 5 mm CPPBBO BB

PULPROG zg30

TD 65536

SOLVENT CDC13

NS 1

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

AQ 4.0894465 sec

RG 31.29

DW 62.400 usec

DE 10.00 usec

TE 300.1 K

D1 1.00000000 sec

TDO 1

======== CHANNEL fl ========

SFO1 500.1730010 MHz

NUC1 1H

Pl 12.00 usec

PLW1 13.50000000 W

F2 - Processing parameters

SI 65536

SF 500.1700116 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

I
9

'H NMR

6.011

6.024

9.000
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162.309
162.288

e

Current Data Parameters

133.921
133.833

e

NAME O=P (PMP) 3 data
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180222

Time 22.37
INSTRUM spect
PROBHD 5 mm CPPBBO BB
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 128

DS 0

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 189.66

DW 16.800 usec
DE 11.00 usec
TE 300.1 K

D1 1.89900005 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 125.7804233 MHz
NUC1 13C

Pl 10.00 usec
PLW1 65.00000000 W
======== CHANNEL f2 ========
SFO2 500.1720007 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.30375001 w
PLW13 0.19440000 W

F2 - Processing parameters
ST 32768

SF 125.7678470 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

—125.077

TT—124.195

114.010
113.906

e

77.267

76.759

55.326

MeO

OMe

-0.008

OMe

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

*C NMR

80
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