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1. General Information.

Unless otherwise noted, materials were purchased from Adamas, Energy-Chemical and
other commercial suppliers and were used as received. Flash column chromatography was
performed using 200-300 mesh silica gel. 'H and '3C nuclear magnetic resonance (NMR)
spectra were recorded on VARIAN-400 (400 MHz) or Bruker AV-400 (400 MHz) NMR
spectrometers. Chemical shifts (J) are reported in ppm from the resonance of tetramethyl
silane as the internal standard (TMS: 0.00 ppm). Data are reported as follows: chemical
shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling
constants (Hz) and integration. Gas chromatographic (GC) analysis was performed on a
Shimadzu GC-2010 system equipped with an FID detector and a capillary column, and the
tridecane as the internal standard. High-resolution mass spectra (HRMS) were obtained
with a MICROTOF-10454 Premier LC HR mass spectrometer. Enantiomeric ratio (ee)
values were determined by chiral HPLC with chiral IC, AZ columns with n-hexane and i-

PrOH as solvents. IR was measured with a Bruker TENSOR 27.

2. General Procedure and Spectral Data of Products.

2.1 General Procedure for the Reaction of Aldehydes

S
[N/>—NH2

H

(10 mol%) R
Ph/go * H,N-R > Ph/\l:l
1 2 BH3-Mej3 (3.0 equiv.) Me
a CO, (1 atm)

Dioxane, 100 °C, 12 h

In a Schlenk tube was placed benzaldehyde (53.1 mg, 0.5 mmol), aniline (46.6 mg, 0.5
mmol), BH;'NMe; (109.7 mg, 1.5 mmol), 2-aminothiazole (5.0 mg, 0.05 mmol), and
dioxane (0.5 mL). The resulting mixture was stirred with a CO, balloon at 100 °C (heating
block) for 12 h, and then allowed to room temperature. The reaction was quenched by brine
(1 mL). The aqueous layer was extracted with EtOAc (2 mL x 3). The combined organic
layers were dried over MgSO, and concentrated under reduced pressure. The crude product
was purified by column chromatography (silica gel, EtOAc/PE =200/1) to afford V-
Benzyl-NV-methylaninline (3) in 80% (78.9 mg) as a yellow oil.
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Hz, 2H), 7.33-7.29 (m, 2H), 7.25 (d, J = 7.2 Hz, 2H), 6.57 (d, J = 7.9
Hz, 2H), 4.57 (s, 2H), 3.07 (s, 3H). BC{!H} NMR (CDCls,100 MHz):
0 149.7, 139.0, 129.1, 128.5, 126.8, 126.7, 116.5, 112.3, 56.5, 38.4. The physical and

/@ 'H NMR (CDCls, 400 MHz): 6 7.50 (d, J = 7.8 Hz, 2H), 7.38 (t, J = 7.2
Ph/\l:l
Me

spectral data were consistent with those previously reported.!

N-Benzyl-N,4-dimethylaniline (4)

mmol), p-toluidine (54.0 mg, 0.5 mmol). Yield: 97.1 mg, 92 %,

Me yellow oil; R, = 0.8 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (200:1); '"H NMR (CDCl;, 400 MHz): ¢ 7.38-7.34
(m, 2H), 7.30-7.29 (m, 3H), 7.09 (d, J= 8.4 Hz, 2H), 6.74 (d, /= 8.4 Hz, 2H), 4.54 (s, 2H),
3.02 (s, 3H), 2.31 (s, 3H). BC{'H} NMR (CDCls,100 MHz): 6 147.8, 139.2, 129.7, 128.5,
126.8, 126.7,125.7, 112.7, 57.0, 38.6, 20.2. The physical and spectral data were consistent

Me The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph” N’ i

with those previously reported.?

N-Benzyl-4-methoxy-/N-methylaniline (5)
OMe The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
o N /©/ mmol), 4-methoxyaniline (62.0 mg, 0.5 mmol). Yield: 102.0 mg,
Me 90 %, yellow oil; Ry= 0.8 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (200:1); 'TH NMR (CDCl3, 400 MHz): 6 7.33-7.30
(m, 2H), 7.26-7.24 (m, 3H), 6.83 (d, J=9.0 Hz, 2H), 6.75 (d, /= 9.0 Hz, 2H), 4.43 (s, 2H),
3.75 (s, 3H), 2.92 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 151.7, 144.7, 139.2, 128 4,
127.1,126.8,114.7, 114.5, 57.9, 55.7, 39.0. The physical and spectral data were consistent

with those previously reported.?

N-Benzyl-N-methyl-4-(methylthio)aniline (6)
SMe The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
/©/ mmol), 4-(methylthio)aniline (69.6 mg, 0.5 mmol). Yield: 97.3

Ph” N
I\Ille mg, 80 %, yellow oil; R,= 0.5 (PE/EtOAc = 20/1); purified by
column chromatography eluting with PE/EtOAc (300:1); 'H
NMR (CDCl;, 400 MHz): 6 7.40-7.36 (m, 2H), 7.33-7.29 (m, 3H), 6.90 (d, J = 8.1 Hz,
2H), 6.82 (d, J = 8.1 Hz, 2H), 4.49 (s, 2H), 3.81 (s, 3H), 2.98 (s, 3H). BC{'H} NMR
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(CDCl;,100 MHz): ¢ 145.1, 139.9, 130.9, 128.2, 128.0, 126.8, 125.4, 115.5, 55.8, 35.8,
18.6. HRMS(ESI) m/z: [M + H]+ Caled for C;sHgNS 244.1154; Found 244.1149; IR
(KBr) v (cm™): 2917, 2799, 1584, 1561, 1490, 1346, 1104, 988, 955, 759, 685.

N-Benzyl-N-methyl-[1,1'-biphenyl]-4-amine (7)

mmol), [1,1'-biphenyl]-4-amine (85.0 mg, 0.5 mmol). Yield: 122.0
mg, 89 %, yellow oil; R,= 0.5 (PE/EtOAc = 20/1); purified by
column chromatography eluting with PE/EtOAc¢ (300:1); 'H NMR (CDCls, 400 MHz): ¢
7.63-7.61 (m, 2H), 7.56 (d, J= 8.8 Hz, 2H), 7.47-7.38 (m, 4H), 7.33-7.31 (m, 4H), 6.88 (d,
J = 8.8 Hz, 2H), 4.64 (s, 2H), 3.13 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): ¢ 149.0,
141.1, 138.8, 129.2, 128.6, 128.5, 127.8, 126.9, 126.6, 125.9, 126.2, 112.5, 56.5, 38.6. The

Ph The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph™ N i
Me

physical and spectral data were consistent with those previously reported.*

N-Benzyl-4-fluoro-N-methylaniline (8)

mmol), 4-fluoroaniline (55.6 mg, 0.5 mmol). Yield: 85.0 mg, 79 %,
yellow oil; R, = 0.6 (PE/EtOAc = 20/1); purified by column
chromatography eluting with PE/EtOAc (300:1); 'H NMR (CDCls, 400 MHz): 0 7.34-7.31
(m, 2H), 7.27-7.22 (m, 4H), 6.95-6.90 (m, 2H), 6.70-6.66 (m, 2H), 4.48 (s, 2H), 2.98 (s,
3H). BC{'H} NMR (CDCl;,100 MHz): 6 155.5 (d, 'Jcr=234.0 Hz), 146.5, 138.8, 128.6,
126.9, 126.8, 115.5 (d, 2Jcp=22.0 Hz), 113.6 (d, 3Jc.r = 8.0 Hz), 57.5, 39.1. The physical

F The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph N i
Me

and spectral data were consistent with those previously reported.*

N-Benzyl-4-chloro-/N-methylaniline (9)

mmol), 4-chloroaniline (64.0 mg, 0.5 mmol). Yield: 95.0 mg, 82 %,
yellow oil; Ry = 0.8 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (300:1); 'TH NMR (CDCls, 400 MHz): 6 7.31-7.27
(m, 2H), 7.24-7.18 (m, 1H), 7.18-7.16 (m, 2H), 7.12 (d, J = 9.1 Hz, 2H), 6.62 (d, J = 9.1
Hz, 2H), 4.48 (s, 2H), 2.97 (s, 3H). BC{'H} NMR (CDCl;3,100 MHz): ¢ 148.2, 138.4,
128.9, 128.6, 126.9, 126.6, 121.2, 113.4, 56.6, 38.7. The physical and spectral data were

cl The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph™ N i
Me

consistent with those previously reported.!
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N-Benzyl-4-bromo-/N-methylaniline (10)

mmol), 4-bromoaniline (86.0 mg, 0.5 mmol). Yield: 117.0 mg, 85 %,
yellow oil; R, = 0.8 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (300:1); '"H NMR (CDCls, 400 MHz): 6 7.31-7.28
(m, 2H), 7.23 (d, J=9.1 Hz, 2H), 7.23-7.16 (m, 3H), 6.58 (d, /= 9.1 Hz, 2H), 4.48 (s, 2H),
2.98 (s, 3H). BC{'H} NMR (CDCl3,100 MHz): ¢ 148.5, 138.3, 131.7, 128.6, 127.0, 126.5,
113.9, 108.3, 56.5, 38.7. The physical and spectral data were consistent with those

Br The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
PN i
Me

previously reported.>

N-Benzyl-4-iodo-N-methylaniline (11)

mmol), 4-iodoaniline (110.0 mg, 0.5 mmol). Yield: 141.0 mg, 87 %,

Me yellow oil; Rr = 0.8 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (300:1); '"H NMR (CDCl;, 400 MHz): 6 7.43 (d,
J=9.0 Hz, 2H), 7.33-7.29 (m, 2H), 7.26-7.22 (m, 1H), 7.19-7.17 (m, 2H), 6.50 (d, J=9.0
Hz, 2H), 4.50 (s, 2H), 3.00 (s, 3H). 3C{'H} NMR (CDCl;,100 MHz): ¢ 149.0, 138.2,
137.6, 128.6, 127.0, 126.5, 114.5, 77.3, 56.3, 38.6. The physical and spectral data were

| The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph™ N’ :

consistent with those previously reported.b

N-Benzyl-N-methyl-4-(trifluoromethyl)aniline (12)

cF; The typical procedure was applied to benzaldehyde (53.1 mg, 0.5

o N /©/ mmol), 4-(trifluoromethyl)aniline (80.6 mg, 0.5 mmol). Yield:
Me 104.5 mg, 79 %, yellow oil; R,= 0.7 (PE/EtOAc = 20/1); purified

by column chromatography eluting with PE/EtOAc (300:1); 'H NMR (CDCls, 400 MHz):
0743 (d,J=28.7Hz, 2H), 7.33 (t,J= 7.3 Hz, 2H), 7.30-7.23 (m, 2H), 7.19 (d, J = 7.5 Hz,
2H), 6.73 (d, J= 8.7 Hz, 2H), 4.60 (s, 2H), 3.11 (s, 3H). *C{'H} NMR (CDCl;,100 MHz):
0 151.6, 137.9, 128.7, 127.1, 126.5 (q, *Jcr = 4.0 Hz), 125.1 (q, 'JcF= 265.0 Hz), 117.8
(q, 2Jcr = 32.0 Hz), 56.1, 38.7. The physical and spectral data were consistent with those

previously reported.”

N-Benzyl-N-methyl-4-nitroaniline (13)

S4



mmol), 4-nitroaniline (69.0 mg, 0.5 mmol). Yield: 91.3 mg, 76 %,

Me yellow oil; Ry = 0.4 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (100:1); 'H NMR (CDCl;, 400 MHz): ¢ 8.10 (d,
J=9.4 Hz, 2H), 7.36-7.28 (m, 3H), 7.17-7.15 (m, 2H), 6.67 (d, J = 9.4 Hz, 2H), 4.68 (s,
2H), 3.19 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 153.8, 137.4, 136.7, 129.0, 127.6,
126.3, 126.2, 110.6, 56.1, 39.2. The physical and spectral data were consistent with those

NO, The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph™ N’ i

previously reported.’

Methyl 4-(benzyl(methyl)amino)benzoate (14)

co,Me The typical procedure was applied to benzaldehyde (53.1 mg,

o N /©/ 0.5 mmol), methyl 4-aminobenzoate (75.6 mg, 0.5 mmol).
Me Yield: 102.0 mg, 80 %, yellow oil; R,= 0.8 (PE/EtOAc = 5/1);
purified by column chromatography eluting with PE/EtOAc (50:1); "H NMR (CDCls, 400
MHz): 6 7.33-7.29 (m, 2H), 7.26-7.23 (m, 3H), 7.03 (d, J = 8.3 Hz, 2H), 6.69 (d, J = 8.2
Hz, 2H), 4.49 (s, 2H), 2.98 (s, 3H), 2.25 (s, 3H). BC{'H} NMR (CDCl3,100 MHz): 6 167.1,
151.0, 139.9, 131.4, 128.2, 128.0, 126.8, 119.2, 113.5, 55.9, 51.4, 35.8. The physical and

spectral data were consistent with those previously reported?

4-(Methyl(4-nitrobenzyl)amino)phenol (15)

OH The typical procedure was applied to 4-nitrobenzaldehyde
N/©/ (76.0 mg, 0.5 mmol), 4-aminophenol (55.0 mg, 0.5 mmol).

o g Me Yield: 104.6 mg, 81 %, yellow oil; R,= 0.8 (PE/EtOAc =

1/1); purified by column chromatography eluting with
PE/EtOAc (50:1); '"H NMR (CDCl;, 400 MHz): 6 8.17 (d, /= 8.7 Hz, 2H), 7.41 (d, /= 8.7
Hz, 2H), 6.75 (d, J=9.0 Hz, 2H), 6.65 (d, J= 9.0 Hz, 2H), 4.49 (s, 2H), 4.41 (br, 1H), 2.95
(s, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 152.8, 139.9, 138.6, 128.3, 128.0, 126.8,
126.2, 113.0, 55.9, 35.8. The physical and spectral data were consistent with those
previously reported. HRMS(ESI) m/z: [M + H]+ Calcd for C4H5sN,03 259.1077; Found
259.1072; IR (KBr) v (cm!): 3425, 3324, 2912, 2754, 1520, 1516, 1456, 1358, 1018, 925,
890.

N-Benzyl-N,2-dimethylaniline (16)
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The typical procedure was applied to benzaldehyde (53.1 mg, 0.5

Ph /\N\/<j mmol), o-toluidine (53.6 mg, 0.5 mmol). Yield: 80.0 mg, 76 %, yellow
I\Ille oil; R,= 0.6 (PE/EtOAc = 2/1); purified by column chromatography
eluting with PE/EtOAc (20:1); '"H NMR (CDCls, 400 MHz): 6 7.39 (d, J = 7.6 Hz, 2H),
7.33 (t,J="7.1 Hz, 2H), 7.28-7.26 (m, 2H), 7.22-7.16 (m, 2H), 7.09 (d, /= 7.9 Hz, 1H ),
6.99 (t,J=7.2Hz, 1H), 4.04 (s, 2H), 2.59 (s, 3H), 2.42 (s, 3H). *C{'H} NMR (CDCl;,100
MHz): 6 152.4, 139.1, 132.9, 131.2, 128.4, 128.3, 127.0, 126.5, 123.0, 120.0, 60.8, 40.9,

18.4. The physical and spectral data were consistent with those previously reported.?

N-Benzyl-4-ethyl-/V-methylaniline (17)

Et The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph/\N/©/ mmol), 4-acetylaniline (68.0 mg, 0.5 mmol). Yield: 90.1 mg, 80 %,
Me yellow oil; R, = 0.8 (PE/EtOAc = 5/1); purified by column
chromatography eluting with PE/EtOAc (100:1); '"H NMR (CDCls, 400 MHz): 6 7.41-7.38
(m, 2H), 7.34-7.30 (m, 3H), 7.15 (d, J= 8.4 Hz, 2H), 6.80 (d, /= 8.4 Hz, 2H), 4.57 (s, 2H),
3.06 (s, 3H), 2.65 (q, J =7.5 Hz, 2H), 1.31-1.28 (t, J = 7.5 Hz, 3H). BC{'H} NMR
(CDCl;,100 MHz): 0 147.9, 139.3, 132.3, 128.5, 128.4, 126.8, 113.1, 112.6, 57.0, 38.6,

27.7, 15.9. IR (KBr) v (cm™): 2970, 2775, 1602, 1584, 1510, 1451, 737, 692.

N-Benzyl-N,4-dimethylaniline (4)

Me The typical procedure was applied to benzaldehyde (53.1 mg, 0.5

NN /©/ mmol), 4-aminobenzoic acid (68.6 mg, 0.5 mmol). Yield: 91.0 mg,
Me 86 %, yellow oil; Ry= 0.8 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (200:1); '"H NMR (CDCls, 400 MHz): 6 7.38-7.34
(m, 2H), 7.30-7.29 (m, 3H), 7.09 (d, J= 8.4 Hz, 2H), 6.74 (d, /= 8.4 Hz, 2H), 4.54 (s, 2H),
3.02 (s, 3H), 2.31 (s, 3H). BC{'H} NMR (CDCl3,100 MHz):  147.8, 139.2, 129.7, 128.5,
126.8,126.7,125.7,112.7, 57.0, 38.6, 20.2. The physical and spectral data were consistent

with those previously reported.?

N-Benzyl-N-methylnaphthalen-2-amine (18)

The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Ph/\N mmol), naphthalen-2-amine (72.0 mg, 0.5 mmol). Yield: 105.1
1

Me
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mg, 85 %, yellow oil; R,= 0.6 (PE/EtOAc = 10/1); purified by column chromatography
eluting with PE/EtOAc (100:1); '"H NMR (CDCls, 400 MHz): 6 7.60-7.55 (m, 3H), 7.50-
7.48 (m, 2H), 7.27 (s, 1H), 7.15-7.11 (m, 3H), 6.88-6.82 (m, 3H), 4.59 (s, 2H), 2.54 (s,
3H). BC{!H} NMR (CDCls3,100 MHz): ¢ 144.1, 140.9, 134.9, 129.2, 128.6, 128.0, 127.7,
127.6, 127.0, 126.4, 125.8, 122.5, 118.3, 108.7, 65.4, 54.2. The physical and spectral data

were consistent with those previously reported.’

N-Benzyl-N-methylpyridin-2-amine (19)
= The typical procedure was applied to benzaldehyde (53.1 mg, 0.5 mmol),
Ph/\l:l/ENj pyridin-2-amine (47.0 mg, 0.5 mmol). Yield: 161.0 mg, 81 %, yellow oil;
Me Rs= 0.5 (PE/EtOAc = 10/1); purified by column chromatography eluting
with PE/EtOAc (100:1); 'H NMR (CDCls, 400 MHz): 6 8.22-8.21 (m, 1H), 7.48-7.43 (m,
1H), 7.35-7.31 (m, 2H), 7.28-7.24 (m, 3H), 6.60-6.59 (m, 1H), 6.54-6.52 (m, 1H), 4.83 (s,
2H), 3.10 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 158.9, 148.0, 138.7, 137.3, 128.5,
127.0,126.9, 111.8, 105.7, 53.2, 36.2. The physical and spectral data were consistent with

those previously reported.3

N-Benzyl-N-methyl-2-phenylethan-1-amine (20)
o™ N A~ ~_-Ph The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
Me mmol), 2-phenylethan-1-amine (60.6 mg, 0.5 mmol). Yield: 84.0 mg,
75 %, yellow oil; R,= 0.5 (PE/EtOAc = 20/1); purified by column chromatography eluting
with PE/EtOAc (200:1); '"H NMR (CDCl;, 400 MHz): 6 7.29-7.26 (m, 2H), 7.24-7.04 (m,
8H), 3.53 (s, 2H), 2.80 (t, J = 8.4 Hz, 2H), 2.62 (t, J = 8.4 Hz, 2H), 2.25 (s, 3H). C{'H}
NMR (CDCl;,100 MHz): ¢ 140.5, 138.9, 129.0, 128.7, 128.3, 128.2, 126.9, 125.9, 62.2,
59.2, 42.2, 33.9. The physical and spectral data were consistent with those previously

reported.'®

N-Methyl-N-(4-nitrobenzyl)cyclohexanamine (21)
_cy The typical procedure was applied to 4-nitrobenzaldehyde (76.0
g Me mg, 0.5 mmol), cyclohexanamine (49.6 mg, 0.5 mmol). Yield:
ON 111.7 mg, 90 %, yellow oil; R;= 0.5 (PE/EtOAc = 5/1); purified
by column chromatography eluting with PE/EtOAc (50:1); 'TH NMR (CDCl;, 400 MHz):
0 8.12 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 3.89 (s, 2H), 2.62 (s, 3H), 2.44-2.39
7



(m, 1H), 1.88-1.85 (m, 2H), 1.70-1.68 (m, 2H), 1.58-1.56 (m, 1H), 1.22-1.05 (m, SH).
13C{'H} NMR (CDCL;,100 MHz): § 148.9, 146.6, 128.4, 123.4, 56.2, 54.0, 50.1, 33.4,25.9,

24.8. The physical and spectral data were consistent with those previously reported.?°

(S)-N-Benzyl-N-methyl-1-(naphthalen-1-yl)ethan-1-amine (22)
The typical procedure was applied to benzaldehyde (53.1 mg, 0.5
P N O‘ mmol), (S)-1-(naphthalen-1-yl)ethan-1-amine (85.6 mg, 0.5
Me mmol). Yield: 118.3 mg, 86 %, yellow oil; R,= 0.5 (PE/EtOAc =
10/1); purified by column chromatography eluting with PE/EtOAc (200:1); 98:2 ee,
determined by HPLC analysis (Chiralpak AS column, hexane/i-PrOH, 95:5 v/v, flow rate
1 mL/min, A =220 nm, 25 °C), tR (major) = 3.411 min, tR (minor) = 4.387 min; '"H NMR
(CDCl;, 400 MHz): 0 8.47 (d, J = 8.2 Hz, 1H), 7.86 (d, J = 7.0 Hz, 1H), 7.76 (d, J = 8.2
Hz, 1H), 7.67 (d, J = 7.0 Hz, 1H), 7.53-7.44 (m, 3H), 7.27-7.26 (m, 4H), 7.24-7.18 (m,
1H), 4.42-3.37 (q, J =6.5 Hz, 1H), 3.66 (d, J = 13.2 Hz, 1H), 3.43 (d, J = 13.2 Hz, 1H),
2.21 (s, 3H), 1.57 (d, J = 7.0 Hz, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 140.8, 140.2,
134.2, 131.9, 128.8, 128.7, 128.2, 127.6, 126.7, 125.5, 125.4, 125.3, 124.7, 124.6, 60.7,
59.2, 38.5, 16.8. HRMS(ESI) m/z: [M + HJ+ Calcd for C,yHp,N 276.1748; Found
276.1743; IR (KBr) v (cm™): 2970, 2787, 1600, 1577, 1491, 1444, 1229, 796, 776, 736,

697.

o
mALl7

443

500
400+] \

300
%

UL

5 min+
Peak RetTime Type Width Area Height Area «
#  __ [min] [min] [mAU*s] [mAU] % o
77777 ||| | | |
1 3423 BB 0.0972 2613.33432 752.66867 48.5922 .
2 4455 BB 0.0940 2764.76021 800.23354 51.4078«
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male
1000«

3411

800

600 «|

4.387

400

200 L S,

] 5 10 min

Peak RetTime Type Width Area Height Area «
# __ [min] [min] [mAU*s] [mAU] % o

R S — | |
1 3.411 BB 0.0872 6506. 74170 1129.00330 99.2119 .
2 4,387 BB 0.0940 51.68519 8. 14864 0. 7881«

NLN*-Dibenzyl-N!, V*-dimethylbenzene-1,4-diamine (23)
Me The typical procedure was applied to benzaldehyde (53.1 mg, 0.5

B n/N\©\ mmol), benzene-1,4-diamine (27.0 mg, 0.25 mmol). Yield: 71.0
N,Bn mg, 90 %, yellow oil; R,= 0.5 (PE/EtOAc = 10/1); purified by
1

Me column chromatography eluting with PE/EtOAc (200:1); '"H NMR
(CDCl3, 400 MHz): 6 7.31-7.20 (m, 10H), 6.75 (s, 4H), 4.36 (s, 4H). 2.85 (s, 6H). *C{'H}
NMR (CDCl;,100 MHz): ¢ 142.9, 139.5, 128.4, 127.3, 126.7, 115.1, 58.3, 39.0.
HRMS(ESI) m/z: [M + H]+ Calcd for Cy,H,5N, 317.2012; Found 317.2015; IR (KBr) v
(cm™): 3028, 2790, 1600, 1586, 1494, 1453, 1363, 1024, 736, 698.
N%L N4 NS-Tribenzyl-N2, N*, N®~trimethyl-1,3,5-triazine-2,4,6-triamine (24)
Me Me The typical procedure was applied to benzaldehyde (53.1 mg, 0.5

Bn/NTN\\rN\Bn mmol), 1,3,5-triazine-2.4,6-triamine (21.0 mg, 0.17 mmol). Yield:

N\fN 153.0 mg, 70 %, yellow oil; R,= 0.4 (PE/EtOAc = 10/1); purified by
Me’N\Bn column chromatography eluting with PE/EtOAc (200:1); '"H NMR
(CDCl;, 400 MHz): 6 7.35-7.32 (m, 6H), 7.29-7.28 (m, 5H), 7.22 (d, J= 3.6 Hz, 2H), 6.50
(d, J= 3.6 Hz, 2H), 4.71 (s, 6H), 3.06 (s, 9H). BC{'H} NMR (CDCl3,100 MHz): 6 163.9,
146.6, 138.2, 116.3, 110.7, 53.2, 52.9. HRMS(ESI) m/z: [M + H]+ Calcd for C,7H3,Ng
439.2605; Found 439.2607; IR (KBr) v (cm™): 3426, 1602, 1541, 1496, 1450, 1212, 805.
N-Methyl-N-(4-methylbenzyl)aniline (25)
_ph The typical procedure was applied to 4-methylbenzaldehyde
y /@A:\\j'ne (60.1 mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 85.0
e
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mg, 80 %, yellow oil; R,= 0.5 (PE/EtOAc = 20/1); purified by column chromatography
eluting with PE/EtOAc (200:1); '"H NMR (CDCls, 400 MHz): 6 7.40-7.34 (m, 2H), 7.31-
7.26 (m, 4H), 6.90-6.83 (m, 3H), 4.62 (s, 2H), 3.12 (s, 3H), 2.47 (s, 3H). BC{'H} NMR
(CDCl;,100 MHz): 0 149.7, 136.3, 135.8, 129.2, 129.1, 126.7, 116.4, 112.3, 56.2, 38.3,

21.0. The physical and spectral data were consistent with those previously reported.!!

N-(4-Methoxybenzyl)-N-methylaniline (26)
N/Ph The typical procedure was applied to 4-methoxybenzaldehyde
/@A“'ne (68.1 mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 97.0
MeO mg, 85 %, yellow oil; R,= 0.5 (PE/EtOAc = 20/1); purified by
column chromatography eluting with PE/EtOAc (200:1); 'H NMR (CDCl;, 400 MHz): ¢
7.32-7.28 (m, 2H), 7.23 (d, J = 8.2 Hz, 2H), 6.93 (m, 2H), 6.84 (d, J = 8.2 Hz, 2H), 6.81-
6.77 (m, 1H), 4.54 (s, 2H), 3.85 (s, 3H), 3.05 (s, 3H). 3C{'H} NMR (CDCl;,100 MHz): ¢
158.5, 149.7,130.8, 129.1, 127.9, 116.5, 113.9, 112.4, 55.9, 55.2, 38.2. The physical and

spectral data were consistent with those previously reported.!

N,N-Dimethyl-4-((methyl(phenyl)amino)methyl)aniline (27)

N/Ph The typical procedure was applied to 4-

g Me (dimethylamino)benzaldehyde (75.0 mg, 0.5 mmol), aniline
MeaN (46.6 mg, 0.5 mmol). Yield: 108.0 mg, 90 %, yellow oil; R,= 0.2
(PE/EtOAc = 20/1); purified by column chromatography eluting with PE/EtOAc (150:1);
'"H NMR (CDCl;, 400 MHz): § 7.28-7.24 (m, 2H), 7.15 (d, J = 8.2 Hz, 2H), 6.83 (d, J =
8.2 Hz, 2H), 6.76-6.73 (m, 3H), 4.48 (s, 2H), 3.01 (s, 3H), 2.96 (s, 6H). BC{'H} NMR
(CDCl;,100 MHz): 0 150.0, 149.7, 129.1, 127.8, 126.6, 116.2, 112.8, 112.5, 55.9, 40.7,

38.1. The physical and spectral data were consistent with those previously reported.!!

N-Methyl-N-(4-(methylthio)benzyl)aniline (28)

N/Ph The typical procedure was applied to 4-

gﬁe (methylthio)benzaldehyde (76.1 mg, 0.5 mmol), aniline (46.6

MeS mg, 0.5 mmol). Yield: 103.0 mg, 85 %, yellow oil; R,= 0.5

(PE/EtOAc = 20/1); purified by column chromatography eluting with PE/EtOAc (300:1);

'H NMR (CDCl;, 400 MHz): ¢ 7.12-7.08 (m, 4H), 7.04-7.02 (m, 2H), 6.64-6.58 (m, 3H),

4.35 (s, 2H), 2.87 (s, 3H), 2.32 (s, 3H). BC{!H} NMR (CDCl3,100 MHz): 6 149.5, 136.6,
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135.9, 129.1, 127.2, 126.9, 116.5, 112.3, 56.1, 38.3, 15.9. The physical and spectral data
were consistent with those previously reported.!?
N-(4-Fluorobenzyl)-N-methylaniline (29)
N/Ph The typical procedure was applied to 4-fluorobenzaldehyde (62.1
/©A|\'ne mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 101.0 mg, 94 %,
- yellow oil; R, = 0.5 (PE/EtOAc = 20/1); purified by column
chromatography eluting with PE/EtOAc (300:1); '"H NMR (CDCls, 400 MHz): 6 7.26-7.19
(m, 4H), 7.03-6.99 (m, 2H), 6.77-6.73 (m, 3H), 4.50 (s, 2H), 3.01 (s, 3H). BC{'H} NMR
(CDCl3,100 MHz): 0 161.8 (d, 'Jc.p= 243.0 Hz), 149.6, 134.5 ((d, *Jcr= 3.0 Hz), 129.2,
128.2 (d, 3Jcr= 8.0 Hz), 116.8, 115.3 (d, 2Jc.p= 22.0 Hz), 112.5, 56.0, 38.4. The physical

and spectral data were consistent with those previously reported.!3

N-(4-Chlorobenzyl)-N-methylaniline (30)

N/Ph The typical procedure was applied to 4-chlorobenzaldehyde (70.0
/©A|\',|e mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 105.0 mg, 91

“ %, yellow oil; Ry= 0.4 (PE/EtOAc = 20/1); purified by column
chromatography eluting with PE/EtOAc (300:1); '"H NMR (CDCls, 400 MHz): 6 7.28-7.15
(m, 6H), 6.76-6.72 (m, 3H), 4.47 (s, 2H), 2.99 (s, 3H). BC{'H} NMR (CDCl;,100 MHz):
0 1494, 137.5, 132.4, 129.2, 128.6, 128.0, 116.8, 112.4, 56.1, 38.5. The physical and

spectral data were consistent with those previously reported.!

N-(4-Bromobenzyl)-N-methylaniline (31)
N/Ph The typical procedure was applied to 4-bromobenzaldehyde (93.0
/@A“'ne mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 127.0 mg, 92
Br %, yellow oil; Ry= 0.4 (PE/EtOAc = 20/1); purified by column
chromatography eluting with PE/EtOAc (300:1); 'H NMR (CDCl;, 400 MHz): 6 7.44 (d,
J=28.2 Hz, 2H), 7.28-7.22 (m, 2H), 7.12 (d, J = 8.2 Hz, 2H), 6.77-6.73 (m, 3H), 4.48 (s,
2H), 3.01 (s, 3H). *C{'H} NMR (CDCl;,100 MHz): 6 149.4, 138.0, 131.6, 129.2, 128 4,
120.5, 116.8, 112.4, 56.1, 38.5. The physical and spectral data were consistent with those

previously reported.!?
N-(4-Iodobenzyl)-V-methylaniline (32)
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_Ph The typical procedure was applied to 4-iodobenzaldehyde (116.0
/OAI\I’\IJIe mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 145.0 mg, 90
I %, yellow oil; Ry= 0.5 (PE/EtOAc = 20/1); purified by column
chromatography eluting with PE/EtOAc (300:1); 'H NMR (CDCl;, 400 MHz): 6 7.68 (d,
J=18.2 Hz, 2H), 7.30-7.26 (m, 2H), 7.04 (d, J = 8.2 Hz, 2H), 6.81-6.77 (m, 3H), 4.51 (s,
2H), 3.05 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 149.4, 138.7, 137.5, 129.2, 128.7,
116.8, 112.4, 92.0, 56.2, 38.5. HRMS(ESI) m/z: [M + H]+ Calcd for C4H;5IN 324.0244;
Found 324.0240; IR (KBr) v (cm™): 3027, 2817, 1599, 1576, 1507, 1452, 748, 502.
N-Methyl-N-(4-(trifluoromethyl)benzyl)aniline (33)

N/Ph The typical procedure was applied to 4-
g Me (trifluoromethyl)benzaldehyde (87.1 mg, 0.5 mmol), aniline (46.6
FoC mg, 0.5 mmol). Yield: 110.0 mg, 83 %, yellow oil; R, = 0.3
(PE/EtOAc = 20/1); purified by column chromatography eluting with PE/EtOAc (300:1);
'H NMR (CDCl;, 400 MHz): 6 7.58 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.26-
7.22 (m, 2H), 6.77-6.73 (m, 3H), 4.59 (s, 2H), 3.05 (s, 3H). BC{'H} NMR (CDCl;,100
MHz): § 149.4, 143.3, 129.3, 129.2 (q, 2Jc.r = 21 Hz), 126.9, 125.5 (q, *Jcr = 4 Hz), 124.2
(9, Jer=261Hz), 117.0, 112.4, 56.4, 38.7. The physical and spectral data were consistent
with those previously reported.!?
4-((Methyl(phenyl)amino)methyl)benzonitrile (34)
N/Ph The typical procedure was applied to 4-formylbenzonitrile (66.0
/©A|\',|e mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 88.0 mg, 79 %,
Ne yellow oil; R, = 0.2 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (100:1); 'H NMR (CDCl;, 400 MHz): 6 7.61 (d,
J=18.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.27-7.23 (m, 2H), 6.79-6.77 (m, 1H), 6.75-6.71
(m, 2H), 4.59 (s, 2H), 3.06 (s, 3H). 3C{'H} NMR (CDCl3,100 MHz): ¢ 149.1, 144.9,
132.4,129.2,127.3, 118.8, 117.1, 112.3, 110.7, 56.5, 38.8. The physical and spectral data

were consistent with those previously reported.!3

N-Methyl-N-(4-nitrobenzyl)aniline (35)

N/Ph The typical procedure was applied to 4-nitrobenzaldehyde (76.0
gﬁe mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 97.0 mg, 80
O,N
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%, yellow oil; R,= 0.3 (PE/EtOAc = 20/1); purified by column chromatography eluting
with PE/EtOAc (200:1); '"H NMR (CDCl;, 400 MHz): 6 8.22 (d, J = 8.2 Hz, 2H), 7.44 (d,
J=28.0 Hz, 2H), 7.29 (d, /= 8.0 Hz, 2H), 6.82-6.79 (m, 1H), 6.76 (d, J= 8.2 Hz, 2H), 4.66
(s,2H), 3.11 (s, 3H). BC{'H} NMR (CDCl3,100 MHz): 6 149.1, 147.2, 147.1, 129.3, 127.3,
123.9, 117.3, 112.4, 56.5, 38.9. The physical and spectral data were consistent with those

previously reported.'*

4-((Methyl(phenyl)amino)methyl)phenol (36)

e  mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 86.4 mg, 81 %,

yellow oil; R, = 0.5 (PE/EtOAc = 5/1); purified by column

chromatography eluting with PE/EtOAc (100:1); '"H NMR (CDCl3, 400 MHz): 6 7.27-7.23

(m, 2H), 7.11 (d, J = 9.0 Hz, 2H), 6.79 (d, J = 9.0 Hz, 2H), 6.77-6.75 (m, 3H), 5.06 (br,

1H), 4.47 (s, 2H), 2.99 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 154.4, 149.7, 130.9,

129.1, 128.2, 116.6, 115.3, 112.6, 56.1, 38.3. HRMS(ESI) m/z: [M + H]+ Calcd for

C14H6NO 214.1226; Found 214.1227; IR (KBr) v (em!): 3362, 3039, 2856, 1613, 1591,
1508, 1281, 983, 920, 901, 857, 838, 819, 809, 750, 710, 693, 657.

/@AN/Ph The typical procedure was applied to 4-hydroxybenzaldehyde (61.0
HO "

N-Methyl-N-(2,4,6-trimethylbenzyl)aniline (37)

The typical procedure was applied to 2,4,6-trimethylbenzaldehyde

I:I/Ph (74.1 mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 97.0 mg,

Me 81 %, yellow oil; R;= 0.6 (PE/EtOAc = 20/1); purified by column
chromatography eluting with PE/EtOAc (200:1); 'H NMR (CDCls, 400 MHz): 6 7.39 (t, J
=7.9 Hz, 2H ), 7.01 (d, J = 8.1 Hz, 2H), 6.98 (s, 2H), 6.87 (t, /= 7.2 Hz, 1H ), 4.42 (s,
2H), 2.68 (s, 3H), 2.38 (s, 9H). 3C{'H} NMR (CDCl;,100 MHz): 6 150.7, 138.0, 136.8,
131.2,129.1,129.0,116.9, 113.0, 48.7, 34.2, 20.9, 19.9. HRMS(ESI) m/z: [M + H]+ Calcd
for C17H,N 240.1752; Found 240.1750; IR (KBr) v (em™): 1617, 1590, 1521, 1452, 1356,

1247, 1111, 945, 803, 733, 700.

N-Methyl-N-(2-methylbenzyl)aniline (38)

N,Ph The typical procedure was applied to 2-methylbenzaldehyde (60.1 mg,
©CM9 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 98.3 mg, 93 %, yellow
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oil; R = 0.5 (PE/EtOAc = 20/1); purified by column chromatography eluting with
PE/EtOAc (200:1); 'H NMR (CDCls, 400 MHz): 6 7.26-7.15 (m, 6H), 6.74-6.72 (m, 3H),
4.48 (s, 2H), 3.04 (s, 3H), 2.33 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): § 149.7, 136.2,
135.5, 130.2, 129.1, 126.7, 126.3, 126.0, 116.4, 112.1, 54.7, 38.3, 18.9. The physical and

spectral data were consistent with those previously reported.!!

N-Methyl-N-(naphthalen-2-ylmethyl)aniline (39)

N/Ph The typical procedure was applied to 2-naphthaldehyde (78.0 mg,
I\IIIe 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 117.0 mg, 95 %,
yellow oil; Ry= 0.5 (PE/EtOAc = 20/1); purified by column chromatography eluting with
PE/EtOAc (200:1); '"H NMR (CDCl;, 400 MHz): 6 7.91-7.89 (m, 3H), 7.78 (s, 1H), 7.56-
7.55 (m, 2H), 7.49-7.47 (m, 1H), 7.38-7.33 (m, 2H), 6.93 (s, 2H), 6.88-6.84 (m, 1H), 4.76
(s,2H), 3.16 (s, 3H). BC{'H} NMR (CDCl;,100 MHz): 0 149.8, 136.6, 133.5, 132.6, 129.2,
128.3,127.7,127.6, 126.0, 125.5, 125.1, 125.1, 116.6, 112.4, 56.9, 38.4. The physical and

spectral data were consistent with those previously reported.!!

N-(Furan-2-ylmethyl)-N-methylaniline (40)

0 _Ph The typical procedure was applied to furan-2-carbaldehyde (48.0 mg,
wae 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 86.0 mg, 92 %, yellow
oil; Ry = 0.4 (PE/EtOAc = 20/1); purified by column chromatography eluting with
PE/EtOAc (200:1); 'H NMR (CDCls, 400 MHz): 6 7.34 (s, 1H), 7.26-7.21 (m, 2H), 6.83
(d,J=8.2 Hz, 2H), 6.76-6.73 (m, 1H), 6.28 (s, 1H), 6.14 (s, 1H), 4.45 (s, 2H), 2.98 (s, 3H).
BC{'H} NMR (CDCl3,100 MHz): 6 152.3, 149.3, 141.8,129.0, 117.1, 113.0, 110.1, 107.2,

49.8, 38.2. The physical and spectral data were consistent with those previously reported.!?

N-Methyl-N-(thiophen-3-ylmethyl)aniline (41)
y N/Ph The typical procedure was applied to thiophene-3-carbaldehyde (56.1
(S]/\“I"e mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 91.0 mg, 90 %,
yellow oil; R, = 0.6 (PE/EtOAc = 20/1); purified by column
chromatography eluting with PE/EtOAc (300:1); 'TH NMR (CDCls, 400 MHz): 6 7.30-7.24
(m, 3H), 7.06 (s, 1H), 6.98 (d, J = 4.9 Hz, 1H), 6.81 (d, J = 8.2 Hz, 2H), 6.75 (t, /= 7.3
Hz, 1H), 4.54 (s, 2H), 3.00 (s, 3H). *C{'H} NMR (CDCl;,100 MHz): ¢ 149.5, 139.9,
129.1, 126.8, 126.0, 121.2, 116.7, 112.7, 52.4, 38.2. HRMS(ESI) m/z: [M + H]+ Calcd for
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C2H4NS 204.0841; Found 204.0838; IR (KBr) v (cm'): 3107, 3089, 2933, 1598, 1536,
1493, 1387, 1189, 1127, 1088, 945, 874, 746.

N-Methyl-N-phenethylaniline (42)
Ph \/\N/Ph The typical procedure was applied to phenylacetaldehyde (60.1 mg, 0.5
I\III e mmol), aniline (46.6 mg, 0.5 mmol). Yield: 82.0 mg, 78 %, yellow oil;
Ry= 0.8 (PE/EtOAc = 10/1); purified by column chromatography eluting with PE/EtOAc
(200:1); '"H NMR (CDCls, 400 MHz): ¢ 7.33-7.20 (m, 7H), 6.75-6.69 (m, 3H), 3.57 (t,J =
7.3 Hz, 2H), 2.89 (s, 3H), 2.85 (t, J = 7.3 Hz, 2H). 3C{'H} NMR (CDCl;,100 MHz): ¢
148.8, 139.8, 129.3, 128.8, 128.6, 126.2, 116.1, 112.2, 54.8, 38.5, 32.9. The physical and

spectral data were consistent with those previously reported.!?

N-Methyl-N-undecylaniline (43)

\Mg\l:l/P

Me

h The typical procedure was applied to undecanal (85.1 mg, 0.5 mmol),
aniline (46.6 mg, 0.5 mmol). Yield: 98.0 mg, 75 %, yellow oil; R,= 0.5
(PE/EtOAc = 20/1); purified by column chromatography eluting with

PE/EtOAc (300:1); 'TH NMR (CDCls, 400 MHz): 6 7.26-7.21 (m, 2H), 6.73-6.69 (m, 3H),

3.31(t,J=6.7 Hz, 2H), 2.94 (s, 3H), 1.60-1.57 (m, 2H), 1.33-1.29 (m, 16H), 0.90 (t, J =

6.7 Hz, 3H). *C{'H} NMR (CDCl;,100 MHz): 6148.8, 129.2, 116.9, 112.6, 47.5, 37.7,

32.2,31.9, 31.8, 30.1, 29.7, 29.4, 29.3, 26.8, 22.7, 14.1. The physical and spectral data

were consistent with those previously reported. !¢

N,N-Dimethylaniline (44)

\N/Ph The typical procedure was applied to polyoxymethylene (30.0 mg, Ommol),

Me aniline (46.6 mg, 0.5 mmol). Yield: 58.0 mg, 96 %, yellow oil; R, = 0.8
(PE/EtOAc = 10/1); purified by column chromatography eluting with PE/EtOAc (300:1);
"HNMR (CDCls, 400 MHz): 6 7.47-7.41 (m, 2H), 6.95-6.91 (m, 3H), 3.11 (s, 6H). *C{'H}
NMR (CDCl5,100 MHz): 0 150.5, 128.9, 116.5, 112.5, 40.4. The physical and spectral data
were consistent with those previously reported.3

2.2 General Procedure for the Reaction of Aldehydes
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R' 1) CO, (1 atm) R’

Dioxane, 120 °C, 1 h M _pn
R™ 0 + HyN—Ph R™ N
2a 2) 1 (10 mol%) Me
1 BH3°NMes (3.0 equiv.)
120 °C, 24 h

In a Schlenk tube was placed acetophenone (60.1 mg, 0.5 mmol), aniline (46.6 mg, 0.5

mmol), and dioxane (0.5 mL). The resulting mixture was stirred with a CO, balloon at 120

°C (heating block) for 1 h, then added BH;NMe; (109.7 mg, 1.5 mmol) and 2-

aminothiazole (5.0 mg, 0.05 mmol). The resulting mixture was stirred at 120 °C (heating

block) for 24 h, and then allowed to room temperature. The reaction was quenched by brine

(1 mL). The aqueous layer was extracted with EtOAc (2 mL x 3). The combined organic

layers were dried over MgSO, and concentrated under reduced pressure. The crude product

was purified by column chromatography (silica gel, EtOAc/PE =300/1) to afford N-
Methyl-V-(1-phenylethyl)aniline (45) in 86% (90.9 mg) as a yellow oil.

'"H NMR (CDCls, 400 MHz): 6 7.29-7.26 (m, 4H), 7.21-7.17 (m, 3H),

’}'/Ph 6.79-6.77 (m, 2H), 6.69-6.65 (m, 1H), 5.07 (q, J = 6.8 Hz,1H), 2.62 (s,

3H), 1.49 (d, /= 6.7 Hz, 3H). BC{'H} NMR (CDCl;,100 MHz):  147.3,

145.2,129.1, 128.6, 126.8, 125.8, 117.2, 113.3, 53.4, 29.7, 25.0. The physical and spectral

data were consistent with those previously reported.?

N-Methyl-N-(1-(p-tolyl)ethyl)aniline (46)

The typical procedure was applied to 1-(p-tolyl)ethan-1-one (67.0
-Ph e .
N mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 87.0 mg, 77 %,

1
Me We yellow oil; R, = 0.6 (PE/EtOAc = 10/1); purified by column

chromatography eluting with PE/EtOAc (200:1); 'H NMR (CDCl;, 400 MHz): 6 7.27 (d,
J=17.5Hz, 2H), 7.15-7.08 (m, 4H), 6.67-6.63 (m, 1H), 6.53 (d, J= 7.5 Hz, 2H), 4.47 (q, J
= 6.7 Hz, 1H), 2.33 (s, 3H), 1.51 (d, J = 6.7 Hz, 3H). 3C{'H} NMR (CDCl;,100 MHz): §
147.3,142.2,136.4, 129.3, 129.1, 125.7, 117.2, 113.3, 53.1, 48.1, 25.0, 21.0. The physical

and spectral data were consistent with those previously reported.?

N-(1-(4-Methoxyphenyl)ethyl)-/V-methylaniline (47)
The typical procedure was applied to 1-(4-methoxyphenyl)ethan-

-

I-one (75.1 mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield:

Me
MeO
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99.0 mg, 82 %, yellow oil; R, = 0.6 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (200:1); '"H NMR (CDCl;, 400 MHz): §7.66-7.61
(m, 4H), 7.26-7.23 (m, 4H), 7.12 (t,J = 7.5 Hz, 1H), 5.48 (q, /= 6.7 Hz, 1H), 4.19 (s, 3H),
3.03 (s, 3H), 1.90 (d, J = 6.7 Hz, 3H). BC{'H} NMR (CDCl;,100 MHz): ¢ 158.5, 129.2,
128.1, 116.7, 113.7, 113.5, 113.3, 113.2, 56.0, 55.3, 31.7, 16.3. The physical and spectral
data were consistent with those previously reported.!’
N-Methyl-N-(1-(4-nitrophenyl)ethyl)aniline (48)

The typical procedure was applied to 1-(4-nitrophenyl)ethan-1-one
N (82.5 mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 109.0
O2N mg, 85 %, yellow oil; Ry= 0.5 (PE/EtOAc = 20/1); purified by
column chromatography eluting with PE/EtOAc (200:1); 'H NMR (CDCl;, 400 MHz): ¢
8.18 (d, J=8.5 Hz, 2H), 7.48 (d, /= 8.5 Hz, 2H), 7.26 (t, /= 6.7 Hz, 2H), 8.18 (d, /= 8.5
Hz, 2H), 6.78 (t, J = 6.7 Hz, 1H), 5.14 (q, J = 6.7 Hz, 1H), 2.72 (s, 3H), 1.60 (d, J = 6.7
Hz, 3H). BC{'H} NMR (CDCl;,100 MHz): 6 161.7, 152.7, 140.2, 136.3, 129.1, 126.9,
126.3, 113.2, 53.4, 46.1, 20.9. The physical and spectral data were consistent with those

previously reported.!”

4-(1-(Methyl(phenyl)amino)ethyl)benzonitrile (49)
The typical procedure was applied to 4-acetylbenzonitrile (73.0 mg,

-

h
N 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 96.9 mg, 82 %,

1
M
NC ¢ yellow oil; R, = 0.4 (PE/EtOAc = 10/1); purified by column

chromatography eluting with PE/EtOAc (200:1); 'H NMR (CDCl;, 400 MHz): 6 7.62 (d,
J=28.4 Hz, 2H), 7.43 (d, J= 8.4 Hz, 2H), 7.28-7.24 (m, 2H), 6.83-6.76 (m, 3H), 5.14-5.09
(g, J = 6.7 Hz, 1H), 2.70 (s, 3H), 1.58 (d, J = 6.9 Hz, 3H). BC{'H} NMR (CDCl;,100
MHz): 0 149.8, 148.8, 132.3, 129.4, 127.6, 118.9, 117.5, 113.4, 110.8, 56.9, 32.2, 16.5.

The physical and spectral data were consistent with those previously reported. 8

N-Methyl-N-(1-(naphthalen-2-yl)ethyl)aniline (50)
The typical procedure was applied to 1-(naphthalen-2-yl)ethan-1-

-Ph o .
OO N one (85.0 mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield:
Me 106.0 mg, 81 %, yellow solid; R,= 0.6 (PE/EtOAc = 5/1); purified

by column chromatography eluting with PE/EtOAc (200:1); 'H NMR (CDCls, 400 MHz):
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7.84-7.81 (m, 2H), 7.77 (d, J = 13.5 Hz, 2H), 7.48-7.45 (m, 3H), 7.30-7.26 (m, 3H), 6.91
(d, J=8.3 Hz, 1H), 6.76 (t,J= 7.2 Hz, 1H), 5.29 (q, J= 6.7 Hz, 1H), 2.70 (s, 3H), 1.66 (d,
J = 6.8 Hz, 3H). BC{'H} NMR (CDCl;,100 MHz): J 150.2, 140.4, 133.3, 132.5, 129.2,
128.0, 127.9, 127.5, 126.0, 125.9, 125.7,124.9, 116.7, 113.0, 56.5, 31.8, 15.9. The physical

and spectral data were consistent with those previously reported.?

N-Methyl-N-phenyl-2,3-dihydro-1H-inden-2-amine (51)
The typical procedure was applied to 1,3-dihydro-2H-inden-2-one
%\ _ph  (66.0 mg, 0.5 mmol), aniline (46.6 mg, 0.5 mmol). Yield: 97.1 mg, 87
|’\:,l|e %, yellow oil; R, = 0.6 (PE/EtOAc = 10/1); purified by column
chromatography eluting with PE/EtOAc (200:1); '"H NMR (CDCls, 400 MHz): 6 7.28-7.22
(m, 4H), 7.18-7.16 (m, 2H), 6.89 (d, J = 8.2 Hz, 2H), 6.77 (t, J = 7.2 Hz, 1H), 4.82-4.75
(m, 1H), 3.19 (dd, J = 16.3, 8.1 Hz, 2H), 3.06 (dd, J = 16.3, 8.1 Hz, 2H), 2.77 (s, 3H).

BC{'H} NMR (CDCl;,100 MHz): J 153.8, 149.3, 139.8, 128.0, 127.8, 126.5, 106.2, 55.7,
38.5, 35.6. The physical and spectral data were consistent with those previously reported.!®

N-Cyclopentyl-N-methylaniline (52)

@\ The typical procedure was applied to cyclopentanone (42.0 mg, 0.5 mmol),
'}‘/Ph aniline (46.6 mg, 0.5 mmol). Yield: 78.9 mg, 90 %, yellow oil; R,= 0.4
e (PE/EtOAc = 10/1); purified by column chromatography eluting with

PE/EtOAc (200:1); 'TH NMR (CDCl;, 400 MHz): 6 7.30-7.25 (t, J= 7.2 Hz, 2H), 6.88 (d,

J=28.2 Hz, 2H), 6.78-6.74 (t, J = 7.2 Hz, 1H), 4.25-4.17 (m, 1H), 2.84 (s, 3H), 1.95-1.90

(m, 2H), 1.82-1.72 (m, 2H), 1.68-1.60 (m, 4H). *C{'H} NMR (CDCl;,100 MHz): 6 151.1,

129.1, 116.8, 114.0, 60.3, 32.6, 28.7, 24.4. The physical and spectral data were consistent

with those previously reported.!®

N-Cyclohexyl-N-methylaniline (53)
The typical procedure was applied to cyclohexanone (49.1 mg, 0.5 mmol),
@\ _pPh aniline (46.6 mg, 0.5 mmol). Yield: 87.0 mg, 92 %, yellow oil; R,= 0.6
Me (PE/EtOAc = 20/1); purified by column chromatography eluting with
PE/EtOAc (200:1); '"H NMR (CDCl;, 400 MHz): ¢ 7.22 (t, J = 7.7 Hz, 2H), 6.78
(d, J=8.1 Hz, 2H), 6.68 (t,J= 7.2 Hz, 1H), 3.59-3.53 (m, 1H), 2.78 (s, 3H), 1.86—1.70 (m,
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5H), 1.50-1.31 (m, 4H), 1.19-1.09 (m, 1H). BC{'H} NMR (CDCl;,100 MHz): ¢ 147.3,
129.2, 116.8, 113.1, 51.6, 33.4, 30.0, 25.9, 25.0. The physical and spectral data were

consistent with those previously reported.!?

N-Methyl-N-phenylcycloheptanamine (54)
The typical procedure was applied to cycloheptanone (56.0 mg, 0.5
@\N/Ph mmol), aniline (46.6 mg, 0.5 mmol). Yield: 93.5 mg, 92 %, yellow oil; R,
Me = 0.6 (PE/EtOAc = 10/1); purified by column chromatography eluting
with PE/EtOAc (200:1); 'TH NMR (CDCls, 400 MHz): 6 7.26 (t, J = 7.2 Hz, 2H), 6.80 (d,
J=28.0 Hz, 2H), 6.72 (t, J= 7.2 Hz, 1H), 3.83-3.79 (m, 1H), 2.79 (s, 3H), 1.90-1.87 (m,
2H), 1.78-1.65 (m, 6H), 1.62-1.49 (m, 4H). BC{'H} NMR (CDCl;,100 MHz): ¢ 150.1,
129.2, 116.2, 113.1, 59.8, 32.1, 31.4, 27.8, 25.7. The physical and spectral data were

consistent with those previously reported.!®

N-Methyl-N-phenylcyclooctanamine (55)

The typical procedure was applied to cyclooctanone (63.0 mg, 0.5 mmol),
_Ph aniline (46.6 mg, 0.5 mmol). Yield: 90.2 mg, 83 %, yellow oil; R,= 0.6
I\’:Ille (PE/EtOAc = 10/1); purified by column chromatography eluting with
PE/EtOAc (300:1); 'TH NMR (CDCl3, 400 MHz): 6 7.20-7.11 (m, 2H), 6.73-6.59 (m, 3H),
2.93 (s, 3H), 2.78-2.71 (m, 1H), 1.64-1.55 (m, 2H), 1.08-1.03 (m, 2H), 0.90-0.84 (m, 2H),
0.59-0.54 (m, 2H), 0.42-0.33 (m, 4H), 0.23-0.19 (m, 2H). *C{'H} NMR (CDCls,100
MHz): 6 150.0, 129.2, 116.0, 112.9, 58.1, 31.6, 31.4, 26.6, 26.5, 25.5. HRMS(ESI]) m/z:
[M + H]+ Calcd for C;sHyN 218.1903; Found 218.1906; IR (KBr) v (cm!): 2933, 2921,
1617, 1590, 1521, 1483, 1364, 1297, 1260, 1175, 1088, 956, 854, 725, 691.

N-Methyl-N-phenylcyclododecanamine (56)
The typical procedure was applied to cyclododecanone (91.0 mg, 0.5
N/Ph mmol), aniline (46.6 mg, 0.5 mmol). Yield: 106.6 mg, 79 %, yellow
Me oil; R,= 0.8 (PE/EtOAc = 10/1); purified by column chromatography
eluting with PE/EtOAc¢ (300:1); '"H NMR (CDCl;, 400 MHz): 6 7.23
(t, /=79 Hz, 2H), 6.78 (d, J = 8.2 Hz, 2H), 6.67 (t, J = 7.1 Hz, 1H), 3.98-3.91 (m, 1H),
2.73 (s, 3H), 1.71-1.66 (m, 2H), 1.48-1.35 (m, 20H). *C{'H} NMR (CDCl3,100 MHz): ¢
150.9, 129.1, 115.8, 112.6, 53.4, 30.9, 27.6, 24.1, 24.0, 23.2, 22.7, 22.6. HRMS(ESI) m/z:
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[M + NaJ+ Calcd for Ci9H3;NNa 296.2349; Found 296.2355; IR (KBr) v (cm™): 2933,
2921, 1617, 1590, 1521, 1472, 1355, 1280, 1166, 1070, 946, 822, 710, 690.

N-(Heptan-2-yl)-N-methylaniline (57)

Me~N,Ph The typical procedure was applied to heptan-2-one (57.0 mg, 0.5
)\/\/\ mmol), aniline (46.6 mg, 0.5 mmol). Yield: 67.8 mg, 66 %, yellow
oil; R,= 0.8 (PE/EtOAc = 10/1); purified by column chromatography
eluting with PE/EtOAc (300:1); '"H NMR (CDCl;, 400 MHz): 6 7.30-7.26 (m, 2H), 6.83
(d,J=8.2 Hz, 2H), 6.73 (t,J = 7.2 Hz, 1H), 3.99-3.91 (m, 1H), 2.76 (s, 3H), 1.68-1.61 (m,
2H), 1.52-1.45 (m, 2H), 1.36-1.33 (m, 4H), 1.16 (d, J = 6.6 Hz, 3H), 0.94-0.91 (m, 3H).
BC{'H} NMR (CDCl;,100 MHz): 6 150.6, 129.1, 116.0, 112.9, 53.3, 34.6, 31.9, 29.8, 26.6,
22.7, 17.1, 14.1. HRMS(ESI) m/z: [M + H]+ Calcd for Ci4HyyN 206.1903; Found

206.1904; IR (KBr) v (cm™'): 1600, 1570, 1505, 1489, 1247, 945, 813, 732, 690.

N-(4-(Tert-butyl)benzyl)-N-methyl-1-(naphthalen-1-yl)methanamine  (Butenafine)
(38)

tBu The typical procedure was applied to 4-(tert-butyl)benzaldehyde

(811.0 mg, 5 mmol), naphthalen-1-ylmethanamine (786.0 mg, 5

Q N mmol). Yield: 1.43 g, 90 %, yellow oil; R,= 0.5 (PE/EtOAc =

Me’ 10/1); purified by column chromatography eluting with

PE/EtOAc (200:1); 'H NMR (CDCl;, 400 MHz): ¢ 8.18-8.16 (m,

1H), 7.77-7,75 (m, 1H), 7.70-7.68 (m, 1H), 7.44-7.15 (m, 8H), 3.86 (s, 2H), 3.51 (s, 2H),

2.14 (s, 3H), 1.25 (s, 9H). BC{'H} NMR (CDCl;,100 MHz): J 149.9, 136.4, 135.2, 134.0,

132.6, 128.8, 128.4, 127.9, 127.4, 125.7, 125.6, 125.1, 125.1, 125.0, 62.1, 60.5, 42.4, 34.5,

31.5. The physical and spectral data were consistent with those previously reported.?

2-(Methyl(4-nitrobenzyl)amino)-2-(4-octylphenethyl)propane-1,3-diol (59)

HO. OH The typical procedure was applied to 4-
A~ nitrobenzaldehyde (46.0 mg, 0.3 mmol), 2-amino-2-(4-

N~ Ar
Me octylphenethyl)propane-1,3-diol (Fingolimod) (92.0 mg,

CgH17 : o . a
Ar = 4-NO,CHa 0.3 mmol). Yield: 95.4 mg, 80 %, yellow oil; R,= 0.5

(PE/EtOAc = 1/1); purified by column chromatography

eluting with PE/EtOAc (10:1); '"H NMR (CDCls, 400 MHz): 6 8.15 (d, J = 6.7 Hz, 2H),
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7.53 (d, J= 6.7 Hz, 2H), 7.09 (sr, 4H), 3.82 (s, 2H), 3.66 (s, 3H), 2.65-2.61 (m, SH), 2.56
(t,J=8.2 Hz, 2H), 1.74-1.70 (m, 2H), 1.61-1.54 (m, 2H), 1.30-1.27 (m, 11H), 0.88 (t, J =
8.2 Hz, 3H). 3C{'H} NMR (CDCls,100 MHz): ¢ 148.0, 147.0, 140.7, 139.0, 128.8, 128.5,
127.9,123.6,65.2,63.7,59.2,54.3,44.9,35.5,33.1,31.8,31.5,29.4,29.3,29.2, 28.8, 22.6,
14.0. HRMS(ESI) m/z: [M + Na]+ Calcd for C,;H4N,O4Na 479.2880; Found 479.2884;
IR (KBr) v (cm™): 3435, 3351, 2926, 2854, 1524, 1513, 1466, 1348, 1018, 965, 920.

(8R,95,135,145)-13-Methyl-17-(methyl(phenyl)amino)-7,8,9,11,12,13,14,15,16,17-

decahydro-6H-cyclopenta[a]phenanthren-3-ol (60)

Mew N’Ph The typical procedure was applied to (8R,95,13S,145)-3-
Me: hydroxy-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-

17H-cyclopentaa]phenanthren-17-one (Estrone) (81.0 mg,

0.3 mmol), aniline (28.0 mg, 0.3 mmol). Yield: 86.8 mg, 80
on %, yellow oil; R;= 0.4 (PE/EtOAc = 5/1); purified by column
chromatography eluting with PE/EtOAc (50:1); '"H NMR (CDCl;, 400 MHz): §7.17-7.13
(m, 4H), 6.67-6.65 (m, 3H), 6.56 (s, 1H), 3.50 (t, /= 8.2 Hz, 1H), 2.82 (br, 1H), 2.27-2.25
(m, 2H), 2.18 (s, 3H), 1.92-1.90 (m, 4H), 1.43-1.42 (m, 2H), 1.39-1.36 (m, 4H), 1.26 (s,
3H), 0.80 (s, 3H). BC{'H} NMR (CDCl;, 100 MHz): § 155.3, 148.5, 138.2, 132.6, 129.2,
126.5,116.8,115.2,115.1,113.2, 112.6, 63.6, 51.9,43.9, 43.8, 39.0, 38.2, 30.0, 29.7, 29.6,
27.3,26.4,23.3, 14.1, 12.0. HRMS(ESI) m/z: [M + K]+ Calcd for C,5H3;NOK 400.2037,;
Found 400.2034; IR (KBr) v (cm™): 3327, 1718, 1619, 1581, 1498, 1356, 1247, 942, 793,

682.

3. Mechanistic Studies:
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BH3°NMes (1 equiv.)

—\
z Y(IJ
Z
I
)
+

Dioxane N \BH
100 °C, Ny, 1 h M3
b) 1)Dioxane S
10X
S o [ )—NH
[ )—NH, + BHzNMe; (1 equiv.) 100°C, N, 1 N*  BH,
N / —
2)RT, CO,, 12 h o)/“O
IM4

c) 1)Dioxane,
100 °C, Ny, 1 h S
[ )—NH

BH3*NMejs (1 equiv.)

—\
P4 Y(D
P
I
N
+

2) MeOH N B(OMe),
IM3-OMe
d) 1)Dioxane,
S 100 °C, Ny, 1 h S
[/>—NH2 + BH3*NMe; (1 equiv.) - [| )—NH
N 2)RT, CO,, 6 h N+ -B(OMe),
3) MeOH O
o}
IM4-OMe

Scheme S1. HRMS experiments.

a) In a Schlenk tube was placed BH;-NMes; (14.7 mg, 0.2 mmol), 2-aminothiazole
(20.0 mg, 0.2 mmol), dioxane (0.1 mL). The resulting mixture was stirred under N,
atmosphere at 100 °C (heating block) for 1 h, and then allowed to room temperature. The
resulting mixture was added MeCN in glovebox for HRMS analysis.

b) In a Schlenk tube was placed BH;-NMes; (14.7 mg, 0.2 mmol), 2-aminothiazole
(20.0 mg, 0.2 mmol), dioxane (0.1 mL). The resulting mixture was stirred under N,
atmosphere at 100 °C (heating block) for 1 h, and then the Schlenk tube was attached to a
CO; balloon at room temperature for 12 h. The resulting mixture was added dry MeCN in
glovebox for HRMS analysis.

c) In a Schlenk tube was placed BH;-NMe; (14.7 mg, 0.2 mmol), 2-aminothiazole
(20.0 mg, 0.2 mmol), dioxane (0.2 mL). The resulting mixture was stirred under N,
atmosphere at 100 °C (heating block) for 1 h, and then allowed to room temperature. Then

MeOH (0.5 mL) was added. After stirred a few minutes, the resulting mixture was filtered.
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The filtrate was concentrated to dryness to afford Dimethyl thiazol-2-ylboramidate
(IM3-OMe) in 56% (19.2 mg) as a pale yellow solid. 'H NMR (CDCl;, 400 MHz): 6 7.02
(d, J= 4.0 Hz, 1H), 6.46 (d, J = 4.0 Hz, 1H), 5.55 (br, 1H), 3.45 (s, 6H). BC{'H} NMR
(CDCl;,100 MHz): 6 168.7, 138.4, 108.3, 51.1. '"B{'H} NMR (CDCl;,128 MHz): ¢ 18.46.
HRMS(ESI) m/z: [M+H]+ Caled for CsH;(BN,O,S 172.0587; Found 172.0587.

d) In a Schlenk tube was placed BH;-NMe; (14.7 mg, 0.2 mmol), 2-aminothiazole
(20.0 mg, 0.2 mmol), dioxane (0.2 mL). The resulting mixture was stirred under N,
atmosphere at 100 °C (heating block) for 1 h, and then the Schlenk tube was attached to a
CO, balloon at room temperature for 6 h, and then allowed to room temperature. Then
MeOH (0.5 mL) was added. After stirring for a few minutes, the resulting mixture was

added to dry MeCN in the glovebox for HRMS analysis.

Iniens,E +MS, 0.4min #42
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3000:' [ />—NH C3H¢BN,S 113.0340; Found 113.0342
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[ntens. +MS, 0.4min 452
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/ESI Scan (0.653 min) Frag=175.0V XFQ-1255.d
172. 05830
2.6
2.4 S
v | MSSpectrumResults
»~»—NH
2 N
» N B(OMe),
1.6
1.4
Il HRMS(EST) m/z: [M+H]+
! Calcd for C5H1()BNQOZS
0.8
06 172.0587; Found 172.0587
0.4
0.2
0 171.6 170,65 1717 171.75 171.8 170.85 171.9 171.95 172 172.05 1721 172.15 172,2 172.25 172.3 172.35 172.4 172.45 172.5 172.55 172.6 172.65 172.7 172.75
Counts () vs. Mass—to-Charge (n/z
FormulaCalculate
Formula (M) Score (MFG) Mass Mass (MFG) nm/ z (Calc) Diff (ppm) DBE m'z
C5 H9 B N2 02 S 100 171.0514 171.0514 172.05869 -0.08 3 172.0587
C13H5B 97.83 171.0514 171.0521 172.05934 3.73 12 172.0587
C7 H9 N O4 86.15 171.0514 171.0532 172.06043 10.14 4 172.0587
H9N702 S 76.77 171.0514 171.0538 172.06112 14.15 172.0587
<10 -1 +ESI Scan (0.480 min) Frag=175.0V XFQ05-1237.d
, ; S MSSpectrumResults
2.6 [ )—NH
2.4] N+ -B(OMe),
2.2] }—O/
2
1.8+ O
216. 04852
1.6+
1.4 HRMS(ESI) m/z: [M+H]+
L.24 Calcd for CéH]OBN204S
N 216.0485; Found 216.0485
0.8+
0.6 . 16. 20740
0.4+ 216. 14287
0.2
07 T T T T T T T T T T T
215.8 215. 85 215.9 215.95 216 216. 05 216.1 216. 15 216. 2 216. 25 216.3
Counts (%) vs. Mass—to—Charge (m/z)
FormulaCalculate
Formula (M) Score (MFG) Mass Mass (MFG) m/ z (Calc) Diff (ppm) DBE m'z
C6 H9 B N2 04 S 100 215.0412 215.0412 216.04852 0.07 4 216.0485
C14 H5B 02 97.97 215.0412 215.0419 216.04917 3.1 13 216.0485
C12HONOS 97.53 215.0412 215.0405 216.04776 -3.44 9 216.0485
C4 H13 N3 O3 S2 91.82 215.0412 215.0398 216.04711 -6.47 0 216.0485
C8 H9 N 06 87.56 215.0412 215.043 216.05026 8.2 5 216.0485
CO9H13N OS2 76.63 215.0412 215.0439 216.05113 12.24 4 216.0485
C9 H5 N5 O2 71.05 215.0412 215.0443 216.0516 14.42 10 216.0485
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a) [N/>—NH2

0 .Ph
P Lo PN
H BR3 (3 equiv.), CH;3
CO, (1 atm) BHy-NMey: 90%
Dioxane, 100 °C, 12 h B(OMe)z: NR
b) oh standard
P conditions _~...Ph
Ph l}l Ph l:l
CHO CH;

with cat: 95%
without cat: 92%

Scheme S2. Control experiments.

a) In a Schlenk tube was placed BH3-NMes (109.4 mg, 1.5 mmol) or B(OMe); (155.9 mg,
1.5 mmol), 2-aminothiazole (5.0 mg, 0.05 mmol), N-benzylaniline (91.6 mg, 0.5 mmol),
dioxane (0.5 mL). The resulting mixture was stirred with a CO, balloon at 100 °C (heating
block) for 12 h, and then allowed to room temperature. The reaction was quenched by brine
(1 mL). The aqueous layer was extracted with EtOAc (2 mL x 3). The combined organic
layers were dried over MgSO,4 and concentrated under reduced pressure. The yield was

determined by "H NMR with 1,1,2,2-tetrachloroethane as the internal standard.

b) In a Schlenk tube was placed N-benzyl-N-phenylformamide (105.6 mg, 0.5 mmol),
BH;-NMes (109.7 mg, 1.5 mmol), 2-aminothiazole (5.0 mg, 0.05 mmol) or no catalyst,
dioxane (0.5 mL). The resulting mixture was stirred with a CO, balloon at 100 °C (heating
block) for 12 h, and then allowed to room temperature. The reaction was quenched by brine
(1 mL). The aqueous layer was extracted with EtOAc (2 mL x 3). The combined organic
layers were dried over MgSO,4 and concentrated under reduced pressure. The yield was

determined by "H NMR with 1,1,2,2-tetrachloroethane as the internal standard.

Computational Methods:

Density functional theory calculations were performed with the Gaussian 09 package?!.
Geometry optimizations and frequency calculations were performed at the B3LYP-
D3(BJ)?>?3/def2-SVP level in dioxane solution using the SMD solvation model,?* in which the
dispersion interaction correction D3(BJ) was added to the B3LYP functional to improve the

computational accuracy. Frequency outcomes were examined to confirm stationary points as
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minima (no imaginary frequencies) or transition states (only one imaginary frequency). Free

energies (in kcal mol!) were utilized in the discussion.

AGqgo| ph—gN/
(kcal/mol) |
Ph

BH,

TS10

Figure S1. Free energy profile for the in-situ-generation of N-benzylideneaniline.
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H : \ 7N N
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\ )—NH
N BH,

) i
HB, N
HN—
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Figure S2. Free energy profile for the catalytic process by catalyst-II.
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Cartesian Coordinates (A) for the Optimized Structures

IM1 (1)
C 0.783935
C -1.216295
C -l.645161
S -0.263839
H -1.881942
H -2.661414
N 0.144348
N 2.141742
H 2.659157
H 2.568119

BH;°NMe;
0.000000
1.018318

-1.018318
0.000000
0.000000
0.000000

-0.891862
0.891862
0.000000
1.209949
2.101850
1.209987
1.223045

-1.209949

-1.209987

-2.101850

-1.223045
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TS1
C 1.940963
C 3.555245

0.220626
1.159407
-0.135208
-1.208623
2.025220
-0.524309
1.356856
0.096957
0.948409
-0.756994

0.000000
0.587926
0.587926
-1.175852
0.000000
1.397128
1.912090
1.912090
1.412251
-0.698564
-0.183670
-1.728420
-0.706125
-0.698564
-1.728420
-0.183670
-0.706125

0.705315
0.148080

-0.004412
0.003814
0.007876

-0.004734
0.009821
0.020674
0.000926

-0.060019
0.135671
0.279564

1.647928
1.992666
1.992666
1.992666
0.007816
-0.490033
-0.112810
-0.112810
-1.591632
-0.490033
-0.112810
-0.112810
-1.591632
-0.490033
-0.112810
-0.112810
-1.591632

-0.272485
1.120505
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3.488943
2.242085
4.248773
4.085242
2.680711
0.898019
0.923732
0.876118
-0.974153
-1.540406
-0.774961
-0.794687
-3.126223
-3.768878
-3.158448
-3.860926
-4.785543
-3.828666
-3.927881
-3.259549
-4.848134
-2.879049
-2.315687
-2.272364
-3.816772

M2

-1.020252
-2.373685
-2.944549
-2.088381

-2.723649
-3.810542
-1.278654

-1.034869
-0.952168
0.355530
-1.935888
1.125709
1.444558
2.406797
1.432264
0.719874
1.650578
0.743828
-0.307745
-0.151021
0.830624
1.002904
1.788249
0.517870
-0.340725
0.621806
-1.023475
-0.765206
-1.402661
-2.085704
-1.221314
-1.914497

0.213126
-1.521148
-0.779573
0.714961
-2.500355
-1.021250
-0.951206

0.440911
-0.769634
1.937217
0.574599
0.708525
-0.833743
-0.493973
-1.852951
-0.366852
-0.904061
0.826542
-0.985756
0.158663
1.010086
1.909394
0.475338
1.336788
-1.094942
-1.619637
-1.744241
-0.957831
0.847929
0.194184
1.747916
1.158749

-0.558141
-0.472242
0.526972
0.726349
-0.802855
1.141724
-1.073443
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0.100959
0.982647
0.192236
0.167623
1.242332
0.123957
-0.788989
2.202118
2.457329
1.526065
2.807771
3.225765
3.362640
3.668404
3.103708
4.226961
1.685506
1.403438
0.791249
2431722

S2

1.174810
2.252620
2.570817
1.853234
2.579469
3.180208
1.459718
0.381487
-1.601895
0.065198
-0.208768
-1.422199
0.383898
-0.870201
-2.175630
-2.123205
-1.082127
-2.546353

1.002056
0.502832
0.937059
2.545635
2.972193
2.521736
3.138390
-0.351401
-1.492605
-2.058346
-1.139576
-2.176828
0.524884
0.887331
1.397984
0.007441
-0.764267
0.122083
-1.390430
-1.346465

0.587681
-1.323670
-1.159499
0.316168
-2.165633
-1.793650
-0.350100

1.663134

1.068971
1.668318
2.573134
1.863460

2.735376

3.476960
-0.356016
-0.500939
-0.625672

0.395612

-0.942493
-0.538547
-1.961106
-0.460296
-0.866819
0.766562
-0.943883
0.165142
-0.707894
-0.860362
-1.689928
-0.293437
0.291883
-0.700858
0.907566
0.756626
1.467326
2.054262
1.333129
2.045964

0.521135
0.828857
-0.487823
-1.090006
1.442692
-1.129274
1.389872
0.785364
-0.603331
1.750596
-0.182685
-0.955888
-1.224824
0.269955
-0.125679
1.327351
1.656106
1.805693
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-2.704483
-3.544870
-4.032455
-3.539677
-4.146512
-1.454460
-1.386696
-0.436287
-1.961089
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M3
0.442852
-1.294471
-1.996991
-0.891345
-1.751698
-3.074392
0.072205
1.757425
1.845499
2.935545
2.869189
3.979448
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IM3-dimer
1.718325
2.928177
3.858496
3.242717
3.031674
4.853124
1.727754
0.728422
0.898424

-0.487578

-0.835024

-0.216545

-1.718100

-2.928017

-3.858450

OO0 IZWIDZZITD DO OO

-1.380450
-0.221584

0.635224
-0.040844
-1.129384
-1.421064
-1.188668
-1.508731
-2.399916

-0.001101
1.355763
0.182978

-1.158911
2.346968
0.027504
1.242399

-0.450179

-1.462295
0.323273
1.520334

-0.277679

-0.551672
1.364569
0.636278

-0.969834
2.397652
0.937686
0.715667

-1.429832

-2.279150

-1.512255
-2.682249
-1.099123
0.551460

-1.364657

-0.636391

1.670597
-0.611438
-0.122386
-1.696959
-0.409618
-0.817476
-1.890850
-0.417687
-0.701838

-0.000030
0.000069
0.000057

-0.000091
0.000130
0.000087
0.000036

-0.000058

-0.000242
0.000133
0.000351
0.000041

0.045609
0.235351
-0.420186
-0.740137
0.560067
-0.740292
0.489750
0.137893
-0.389924
1.105467
1.123160
2.209103
0.044815
0.235228
-0.420216
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-3.243056
-3.031318
-4.853086
-1.727502
-0.728116
-0.898523
0.487448
0.215886
0.834961
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0.544700
0.834639
2.126634
2.274452
0.453583
2.993953
-0.042612
-0.144181
0.225205
-1.489099
-1.665612
-2.151788
-2.015143
-2.173339
-2.381474

M4

0.430698
0.860917
2.125327
2.182405
0.508310
3.045924
-0.093431
-0.331227
0.110306
-1.876616
-2.080129
-2.471345

0.969908
-2.397756
-0.937947
-0.715748
1.429630
2.279239
1.512640
1.100445
2.682566

0.655255
-1.549339
-1.229516
0.488890
-2.549519
-1.884132
-0.489767

1.818227
2.533379
1.926428
1.451913

2.852738
-0.732728
-1.894401

0.391900

-0.726393
1.549849
1.101509

-0.657604
2.575343
1.680868
0.532756

-1.777435

-2.686062

-1.657593

-1.839397

-2.439262

-0.739655
0.559930
-0.740173
0.489142
0.137018
-0.390212
1.105199
2.209034
1.122423

0.037070
0.346550
0.067112
-0.224156
0.553191
0.004665
0.323315
-0.033220
-0.651159
0.529043
1.621402
0.141039
-0.185697
-0.161828
-0.381762

0.014617
-0.139934
-0.059611
0.079286
-0.217573
-0.071413
-0.099092
0.051503
0.155302
-0.220953
-1.416886
0.497481
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-1.524439
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-2.257539
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0.719802
-0.557769
-0.387188
-1.514171
-2.245445
-1.697564
-3.152263
-2.101060
-2.598500
-1.122420
-3.330505
-3.714527
-2.729645
-4.033962

1.471418

2.164533

1.518439

2.910833

2.103739

2.260802

0.981776

2.964160

3.442825

2.287694

3.540534
-1.007391

1.167176

2.249143

0.452177

H;

0.000000
0.000000
-1.042953
1.042953

0.813299
1.964706
-0.239541

-1.692484
-1.597942
-1.360095
-0.586698
0.274613
-0.508587
1.188594
0.232117
0.406043
-1.166153
1.257316
1.854660
0.456594
1.975301
-0.481664
-0.188672
0.440710
0.984337
-0.881664
1.616822
0.242339
1.894881
1.193804
2.321393
2.818139
-2.600657
-2.914340
-2.984977
-3.880224

0.000000
1.204298
-0.602149
-0.602149

0.048309
0.098133
0.157132

-0.246374
-0.965582
-2.027362
-0.368817
-1.195482
1.018974
-0.651394
-2.278812
1.566141
1.675115
0.732109
-1.310722
2.650007
1.160851
-0.135693
1.048869
-1.192153
1.161892
1.888798
-1.070761
-2.119939
0.103175
2.093274
-1.905739
0.196513
-0.942953
0.273851
0.794288
0.174387

0.000004

-0.000006
-0.000006
-0.000006



TS4

TZZIDZD»uOoOO0OOXIZIWIITITITOIOZIOOOOD D DI OID O OO000@DOZ

0.536532
1.546514
1.569460
2.936362
3.770939
3.423124
5.069211
3.398137
4.718396
2.782703
5.546951
5.706389
5.082650
6.559779
0.358510
-0.032274
0.527388
-0.268477
-0.148430
0.294195
0.834452
-0.113527
-0.570548
0.433494
-0.296391
1.236962
0.179275
-0.321612
1.017951
-2.500799
-2.773712
-3.436143
-3.401023
-2.636343
-3.949810
-2.227439
-2.114187
-2.308585

0.679664
1.234608
2.319281
0.660942
0.484689
0.320928
-0.009314
0.736456
-0.176990
0.442357
-0.342728
-0.140964
-0.438538
-0.734767
-0.723082
-1.461836
-1.420435
-2.833665
-0.953563
-2.792088
-0.886890
-3.511170
-3.378902
-3.302861
-4.586100
1.111171
1.578383
1.018930
2.405022
-0.216378
0.204195
-0.956510
-1.604279
0.834225
-1.499528
0.624504
0.076340
-0.601385

-0.493636
0.420940
0.246441
0.234993
1.346317

-1.035202
1.195081
2.343483

-1.188485

-1.910722

-0.074614
2.073320

-2.185195

-0.195933

-0.446489
-1.578213
0.769344
-1.490554
-2.532523
0.847266
1.667398
-0.279435
-2.388410
1.803480
-0.216026
1.469405

-1.698393

-2.643197

-1.972669
1.029456

-1.255972

-1.153960
0.486217

-2.130684
-1.944082

-0.030490
2.234267
2.966988
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-1.447266
-2.242685
-0.420710
-1.309936
-1.039803
-1.081670
-2.159950
-2.472733
-1.576898
-3.054065

Meé

-0.424119
-1.417213
-1.328313
-2.828495
-3.305707
-3.689460
-4.605501
-2.652015
-4.991281
-3.338363
-5.450449
-4.960714
-5.650117
-6.468930
-0.457367
-1.049538
0.038906
-1.124327
-1.463817
-0.025941

0.462453
-0.605632
-1.595397

0.372600
-0.659695
-1.088592
-0.431809
-0.203354

1.437141
2.155525
1.235152
1.678423
2.398012
2.114755
3.463262
2.988787
4.527628
3.420266

-0.662643
-1.164630
-2.255523
-0.731713
0.505752
-1.553154
0.921373
1.150504
-1.139353
-2.525691
0.101235
1.888084
-1.791897
0.424911
0.793681
1.414157
1.560240
2.808324
0.811664
2.952185
1.074497
3.580487
3.289277
3.546543
4.670544
-0.783891
-1.564592
-0.910395

2.622707
3.197275
3.242138
0.127137
-0.951265
1.281886
-1.549961
-2.631909
-1.613107
-0.718319

-0.167169
0.869423
0.881417
0.568691
1.028816

-0.173802
0.737017
1.619546

-0.465485

-0.522434

-0.016039
1.102018

-1.043420

-0.244598

-0.253522
-1.353601
0.806847
-1.403130

-2.160192
0.743706
1.686725

-0.362402

-2.263141
1.568885

-0.407958
1.843727

-1.531163

-2.520928
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-1.361337
2.950367
2.354030
3.416821
4.150696
1.727967
3.842073
2.082588
2.834601
3.532083
1.666953
2.095123
0.789086
1.016072
0.836954
1.169189
1.979150
2.896307
1.459340
2.258681

SS

-0.522521
-1.605070
-1.404376
-2.995470
-3.674185
-3.627273
-4.953372
-3.190934
-4.907358
-3.114956
-5.570592
-5.469349
-5.390014
-6.572355
-0.740910
-1.408145
-0.373842
-1.699522

-2.325882
0.051285
0.131517
0.950912
1.124663
-0.174780
1.458309
-0.371508
-0.302455
0.039786
-1.225920
-2.058597
-0.526773
-1.337365
-2.216215
-1.917905
-3.143217
-3.125221
-4.238498
-2.603322

-0.650155
-1.377965
-2.450386
-1.024032
0.045819
-1.737633
0.404868
0.606928
-1.378219
-2.580115
-0.303927
1.241064
-1.942793
-0.023413
0.796837
1.410347
1.516561
2.774627

-1.606701
0.760266
-1.482999
-1.516035
0.075944
-2.315351
-2.378602
-0.206358
2.008064
2.661772
2.493864
3.269655
2.997877
0.095592
-0.966426
1.252001
-1.628848
-0.824037
-1.762101
-2.692945

0.003000
0.819531
0.705899
0.376213
0.979447
-0.652761
0.554006
1.782207
-1.079746
-1.120599
-0.480535
1.031495
-1.880920
-0.815080
0.057523
-1.000841
1.195011
-0.925863
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-1.711100
-0.661578
0.150795
-1.323465
-2.225777
-0.361833
-1.547712
-1.434870
-0.174908
0.157574
-0.939660
3.390033
2.249294
3.493062
4.686388
1.331529
3.783469
2.190364
3.583166
4.409541
2.512979
2.721517
1.993401
0.813689
1.053601
1.138748
2.343178
2.738700
3.112366
1.847960

M7

-0.984728
-0.127117
-0.580512
1.310327
2.225232
1.747562
3.552340
1.891366

0.826966
2.880490
1.027289
3.511727
3.257868
3.451807
4.579411
-1.094594
-1.369521
-0.582640
-2.248133
0.070967
1.138957
1.285782
0.550639
1.520865
1.781229
0.450385
-0.615843
-1.203322
-0.760769
-1.603608
0.277461
-1.193823
-1.927951
-1.419891
-2.868019
-3.278289
-2.107826
-3.710715

-0.343176
-1.086108
-2.079448
-1.173036
-0.195002
-2.200546
-0.237259
0.610883

-1.870023
1.256444
2.014518
0.198839

-1.751716
2.137607
0.253632

1.865819

-1.438169

-2.280101
-1.730256
0.369527

-1.238119

-1.765862

-0.722206

-1.681312

-2.690150

-0.043295
1.512333
1.549495
2.522243
3.360411
2.869758
0.447488

-0.636385
1.601505

-1.011332
0.063985

-1.572789

-1.737346

-0.081502
-1.107453
-1.219379
-0.683314
-1.099832
0.165366
-0.670306
-1.757458
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3.074786
1.045182
3.978108
4.255037
3.405579
5.016540
-0.471968
0.407724
-0.785527
0.969113
0.662888
-0.224128
-1.461258
0.652530
1.659485
-0.476927
1.090856
-0.233767
-1.486995
-1.424832
-1.115270
-2.424351
-2.897053
-2.929991
-4.419009
-4.509993
-5.161019
-4.331668
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0.757937
-0.276572
-0.013123
-1.654504

-2.550188
-2.035385
-3.807648
-2.255323
-3.288663
-1.340392

-2.242218
-2.970523
-1.259026
0.530967
-3.047973
-1.292853
1.016446
1.214856
2.056261
2.476921
0.388587
3.318161
1.889966
3.530684
2.633056
4.136908
4.518407
-0.537386
-1.218829
-0.617294
-2.360479
-0.393260
-1.049032
-0.007881
-1.685714
-2.528397
-0.730826
-2.124588

-0.509396
-1.021665
-2.066016
-0.932465

0.061864
-1.816174
0.175267
0.760005
-1.702577
-2.592961

0.596869
0.489927
0.182714
-1.001069
1.256277
0.521029
0.163931
1.229398
-0.713967
1.425248
1.891853
-0.502061
-1.552249
0.564040
2.256752
-1.179106
0.723311
-2.052560
1.223191
2.258720
1.173005
-0.509559
0.535063
-1.508254
0.757498
-0.117982
0.627301
1.887763

0.360967
1.305954
1.522497
0.706231

1.116404
-0.314443
0.517125

1.903657
-0.917077
-0.642990
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-4.177277
-4.497631
-3.575596
-5.158833
0.650313
-0.234639
1.394409
-0.371854
-0.807093
1.265105
2.072983
0.379074
-1.063884
1.857112
0.275252
-0.219855
1.626933
1.440388
1.149560
2.072480
2.682032
2.546494
4.011896
4.100438
4.930723
3.589446
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0.459915
-0.605618
-0.124612
-1.775758
-3.061201
-1.591115
-4.141156
-3.221382
-2.667159
-0.599784
-3.944076
-5.135710

-0.704087
0.956314
-2.396038
-0.614915
0.908467
1.329955
1.842196
2.692689
0.592949
3.203818
1.509530
3.630966
3.021339
3.930597
4.696158
-0.454152
-1.374233
-0.593316
-2.468948
-0.956101
-1.049588
-1.286597
-1.873077
-2.849443
-1.082669
-2.129546

0.610536
0.058366
-0.721884
-0.512791
0.022055
-1.566845
-0.472765
0.827742
-2.056156
-2.005041
-1.507109
-0.042851

-0.502929
0.845213
-1.711222
-0.974751
0.051671
-0.945963
0.780307
-1.211186
-1.508035
0.494914
1.568847
-0.496358
-1.989671
1.055586
-0.715180
2.248082
-1.537456
-2.421667
-1.450925
0.656825
-0.564298
1.695620
-1.082331
-0.369361
-1.072329
-2.214991

0.614147
1.489518
2.091726
0.718370
0.886056
-0.190790
0.146666
1.606861
-0.931207
-0.322456
-0.768647
0.286028
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-4.783933
1.583273
1.785003
2.428681
2.845798
1.117638
3.481157
2.273528
3.692247
3.010011
4.148521
4.521890
-0.942712
0.279185
1.091403
-0.937806
-1.973300
-1.804258
-2.982329
3.105618
3.043109
2.921521
2.705157
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-0.506402
0.544998
0.075600
1.701759
2.955537
1.516489
4.000335
3.123947
2.555254
0.549912
3.798369
4.969898
2.396366
4.608947

-2.873660
-1.890810
-0.234925
-0.664033
-0.662465
-1.525593
-0.321540
-1.528643
-0.298942
-1.960880
-1.854081
-1.856664
-2.634162
0.847543
1.787355
2.430766
2.342488
2.195036
1.543673
2.784558
2.113862
1.760610
3.672839
2.492083

0.522345
0.106501
-0.566950
-0.589734
0.032015
-1.850843
-0.586700
0.996864
-2.462667
-2.351290
-1.829550
-0.089324
-3.441661
-2.311223

-1.638964
-1.352570
0.308303
-1.005134
1.335840
-1.291250
-1.797123
1.043535
2.353364
-0.270032
-2.319751
1.843530
-0.497035
2.172753
-0.000559
-0.678004
0.188648
-0.702039
-1.697946
-0.435319
0.347252
-1.659513
-0.964787
-0.742812

-0.575941
-1.516644
-2.245290
-0.829729
-0.721154
-0.240582
-0.022294
-1.206038
0.460367
-0.325576
0.577302
0.054305
0.918927
1.129005
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-1.555908
-1.689300
-2.423168
-2.697890
-1.007441
-3.416242
-2.327883
-3.558287
-2.806500
-4.094769
-4.344176
0.892775
-0.470566
-1.345677
0.955789
1.832368
1.425285
2.892297
0.882336
1.668922
0.597445
-0.307154
-3.205626
-2.422132
-3.435154
-2.745688
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-0.768257
0.437684
0.322571
1.692559
2.161545
2.363360
3.285529
1.639400
3.491213
1.994670
3.952716
3.644129

-0.401614
-0.881949
-0.840233
-1.799443
-0.533661
-1.773028
-0.435997
-2.251429
-2.167224
-2.111809
-2.972531
0.987465
1.732898
2.135844
2.100417
1.445228
0.473699
1.975631
3.203736
3.046526
4.280318
2.687567
3.350420
3.420144
1.764369
2.716402

-0.782252
-0.902755
-0.228871
-0.568229
-1.445533
0.641066
-1.119401
-2.389379
0.969158
1.335135
0.090578
-1.810813

-0.250148
1.055790
-1.255453
1.354751
1.832510
-0.955113
-2.265073
0.350659
2.377595
-1.741291
0.586685
-2.072004
0.056146
0.853301
0.539789
1.380218
1.945130
1.548994
-0.526379
-1.421406
-0.079950
-0.938259
1.246075
-0.646797
-0.022015
0.311753

0.697878
1.536608
2.397753
0.764518
-0.224108
0.977796
-0.983585
-0.405960
0.219977
1.737433
-0.762361
-1.749827
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4.832657
-1.129874
-1.939985
-0.635917
-2.260978
-2.319619
-0.962586
-0.002781
-1.772022
-2.899215
-0.582180
-2.025846

0.470771
-1.452630
-2.446752
-1.103339
-3.238492
-4.398053
-3.112664
-2.706523
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0.789384
-0.397916
-0.296494
-1.672384
-1.899954
-2.649515
-3.086801
-1.133973
-3.841714
-2.474910
-4.062611
-3.251146
-4.595517
-4.990745

1.061315

1.579648

0.775968

1.916597
0.346673
0.529368
1.341474
0.987237
2.628397
0.959515
2.274809
0.336766
3.094978
3.265669
2.637326
4.101729
-1.934292
-1.859541
-1.809136
-2.827552
-3.112514
-2.928775
-3.184711
-4.053229

-1.032876
-1.512650
-1.366405
-0.869600
-0.715442
-0.436925
-0.145018
-1.035711
0.130068
-0.540177
0.278102
-0.026967
0.465286
0.727511
0.371754
0.973982
1.156891

0.394621
-1.357364
0.226544
1.023823
-0.997448
0.587655
1.973845
-1.426860
-1.602268
-0.635898
1.203778
-2.384346
-0.975832
1.915575
0.327347
-0.424274
0.722651
-0.860408
-0.517405
-2.075763
-0.269838

-0.093079
-0.799865
-1.889145
-0.302501
1.072156
-1.205781
1.533166
1.782411
-0.746224
-2.280436
0.624685
2.607102
-1.462845
0.986073
-0.080517
1.073970
-1.204522
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1.828668
1.787359
1.015264
0.369613
1.546183
2.237252
0.787340
1.734587
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1.395799
3.580377
2.496575
3.922297
4.284812
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-0.668684
0.657698
0.624364
1.760720
1.740068
2.837854
2.780364
0.902011
3.881666
2.857426
3.854791
2.749416
4.713849
4.665947

-1.351426

-2.587871

-0.824632

-3.270613

-3.030256

-1.518355
0.138082

-2.748062

2.345983
0.362617
2.532142
0.700290
3.131303
2.806246
3.135911
4.207190
-2.602063
-1.948195
-1.609612
-2.978877
-1.893578
-2.260783
-0.889984
-2.883531

0.683521
0.488720
-0.296474
0.159797
0.663614
-0.642100
0.373080
1.284824
-0.929155
-1.051672
-0.422386
0.770085
-1.557730
-0.651112
-0.395444
-0.219981
-1.703857
-1.309404
0.768931
-2.782427
-1.889465
-2.601656

1.090224
1.950733
-1.175242
-2.107199
-0.031337
1.992996
-2.056862
-0.011148
-0.641734
0.162931
0.821297
0.262091
-0.485528
-1.152479
-1.072890
-0.464712

-1.022293
-1.587920
-2.362810
-0.595305
0.711322
-0.995915
1.597263
1.031345
-0.112955
-2.010491
1.189177
2.615156
-0.440224
1.884879
-0.445880
0.214708
-0.512563
0.755408
0.320168
0.035654
-0.983721
0.671998
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-4.225910
-1.079916
-3.283988
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-1.952019
-2.293415
-3.097045
-1.641402
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-0.572038
0.663497
1.138852
1.611641
1.172152
2.934893
2.053602
0.138740
3.818144
3.279048
3.376869
1.700425
4.850238
4.064517

-0.426101

-1.236996
0.531754

-1.092276

-1.951443
0.661197
1.161465

-0.148536

-1.716839
1.400173

-0.037115
0.327460

-1.734419

-1.135392
-3.781282
-3.449673
1.418427
1.992748
2.645957
2.609784
3.212239
1.989548
3.194057
3.734347

0.018441
-0.694185
-0.082639
-0.942536
-1.626735
-0.490642
-1.851194
-1.975851
-0.726960

0.049241
-1.405122
-2.380049
-0.374354
-1.584855

1.180287

1.292116

2.148174

2.412951

0.498986

3.262321

2.047169

3.396254

2.506620

4.029140

4.268045
-1.632105
-0.427260

1.257558
-0.035564
1.103490
-2.115597
-0.974432
0.293602
-1.737962
1.014397
-1.166773
0.615350
2.057080

1.416250
1.849305
2.629049
0.704866
-0.437382
0.776242
-1.495517
-0.509222
-0.280085
1.662677
-1.418933
-2.383750
-0.215253
-2.248974
0.569195
-0.563333
0.884674
-1.382833
-0.800087
0.056292
1.768748
-1.076101
-2.273551
0.297775
-1.724621
2.311638
1.738528
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-3.283857
-4.560662
-4.935178
-5.367414
-2.540423
-1.733064
-3.316649
-1.892689
-2.626195
-1.816300

0.614465
-0.562085
-0.283481
-1.700201
-2.831032
-1.655367
-3.896205
-2.876018
-2.720820
-0.774026
-3.844610
-4.770257
-2.668817
-4.676524

1.596011

2.835900

1.396051

3.821351

3.039709

2.394225

0.445522

3.617612

4.768523

2.203238

4.393506
-0.934741

0.780657

1.575527

-1.221004
-0.947188

0.209747
-1.801431
-2.540376
-2.474867
-3.489025
-2.682516

0.120599
-1.339894

1.324803
1.114085
0.592927
0.358438
0.002416
0.016820
-0.675933
0.258754
-0.664074
0.280061
-1.011709
-0.946474
-0.926619
-1.545077
0.352766
0.624409
-0.951239
-0.358615
1.612734
-1.918436
-1.221306
-1.638100
-0.111676
-2.915351
-2.402905
2.100625
2.598568
3.219647

-0.407681
-0.612814
-0.459861
-0.937013
-0.500722
-1.436111
-0.643801

0.560950

1.439292

2.327983

-0.253702
-1.067407
-1.999112
-0.395951
-1.146227
0.959854
-0.552172
-2.209340
1.557376
1.547502
0.805046
-1.150290
2.617166
1.271536
-0.158528
0.468908
-0.675171
0.560693
0.879017
-0.577280
-1.133430
0.038880
1.048352
-0.984009
0.114105
-1.387785
0.410756
-0.046114
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0.000000
0.000000
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-0.000012
-0.000012

0.000439
-0.000329
-0.000012

0.000439
-0.000329
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-0.463282
-1.531584
-1.619245

3.161326
2.473334

0.000000
1.387573
1.902967
1.902967
1.520001
-0.693787
-0.180381
-1.722586
-0.760001
-0.693787
-1.722586
-0.180381
-0.760001

0.000000
0.000000

0.000000
0.000000
0.000000

0.436938
-0.178048
0.527328
-1.384842
-0.178048
0.527328
-1.384842

-0.622007
-1.307049
-2.315701

0.356649
1.479002

0.353766
-0.056359
0.338850
0.338850
-1.165001
-0.056359
0.338850
0.338850
-1.165001
-0.056359
0.338850
0.338850
-1.165001

0.380543
-0.380543

-0.000003
-1.162902
1.162904

0.000000
1.221410
2.199097
1.288676
-1.221410
-2.199097
-1.288676

-0.629647
0.120613
-0.306435
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-2.877870
-3.763119
-3.283253
-5.029080
-3.454560
-4.546613
-2.606486
-5.425110
-5.705289
-4.845374
-6.412396
-0.204338
0.209045
-0.298937
0.537924
0.268472
0.027041
-0.616910
0.454756
0.857533
-0.054372
0.710807
-1.231058
-0.263328
0.201978
-1.256655
2.629267
2.765259
3.616015
3.741391
2.479298
4.181860
2.198100
2.238141
2.564585
1.382126
2.061189
0.377584
1.116335
0.812317

-0.616419
-0.772002
0.153938
-0.182351
-1.362263
0.749226
0.294252
0.582511
-0.315058
1.348976
1.050673
0.719736
1.695326
1.087897
2.984168
1.438040
2.377545
0.358899
3.335951
3.721945
2.633968
4.346141
-1.455529
-1.201072
-0.399009
-1.762525
-0.383955
-0.234812
0.750833
0.943870
-0.573238
1.398734
-0.864997
-0.916503
-0.488839
-2.226417
-3.137100
-2.017287
-1.826217
-2.250006

0.072875
1.148753
-1.026140
1.126376
2.016509
-1.048015
-1.869903
0.026072
1.974803
-1.911517
0.007797
-0.232269
-1.154479
1.125412
-0.731239
-2.209089
1.540008
1.869010
0.616700
-1.471601
2.599364
0.944076
1.166818
-2.101436
-2.886485
-2.519523
0.774239
-1.541070
-1.209505
0.538130
-2.532356
-1.874751
-0.431697
1.894881
2.756393
1.966862
2.413977
2.630769
-0.497616
-1.688127
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-0.383198
-1.381472
-1.361995
-2.769295
-3.168756
-3.680983
-4.440536
-2.473832
-4.954912
-3.389214
-5.336414
-4.733077
-5.653428
-6.332884
-0.342644
-0.907746
0.202195
-0.907233
-1.358857
0.212652
0.605993
-0.339968
-1.358025
0.649100
-0.335445
-1.019230
-0.406746
-0.200316
-1.390765
3.002444
2.449490
3.532865
4.241232
1.814393
3.975764
2.143843
2.868037

-2.573865

-0.741274
-1.382294
-2.456583
-0.815590
0.304027
-1.381768
0.855278
0.750802
-0.832576
-2.259436
0.290508
1.728142
-1.287042
0.720467
0.699956
1.544333
1.237938
2.926273
1.118998
2.619600
0.577679
3.469089
3.579795
3.032020
4.550574
-1.231646
-1.405854
-0.563838
-2.084207
-0.320348
0.102394
0.893264
0.816839
-0.055408
1.521514
-0.568819
-0.869980

0.533863

-0.368090
0.569181
0.358249
0.405668
1.152052

-0.497546
0.988683
1.865849

-0.661828

-1.076107
0.076693
1.577443

-1.368762

-0.052503

-0.183695

-1.141274

0.988572

-0.936289

-2.036051
1.180909
1.756263
0.218055

-1.686641
2.093567
0.372491
1.593518

-1.880037

-2.735880
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0.583046

-1.624297
-1.527985
0.083701

-2.491599
-2.297064

-0.442660
1.757540

S38
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3.558049
1.698617
2.139484
0.829552
1.028196
0.816467
1.199482
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0.488215
1.561642
1.626473
2.890603
3.213169
3.818038
4.430338
2.499041
5.036844
3.583311
5.343523
4.666193
5.751045
6.296972
0.356616
0.952718
-0.305629
0.860817
1.485516
-0.410859
-0.754186
0.170527
1.327829
-0.952642
0.088767
1.184774
0.508233
0.141313
1.523153
-3.180848
-2.256474

-0.642339
-1.872498
-2.828111
-1.279178
-1.562490
-2.188733
-2.335631

-0.902303
-1.471644
-2.543526
-0.790312
0.334304
-1.250920
0.993490
0.701115
-0.592135
-2.130731
0.533805
1.869362
-0.962750
1.049410
0.536273
1.405776
1.020189
2.783648
1.007362
2.397664
0.327182
3.281741
3.468295
2.781020
4.359973
-1.348483
-1.594819
-0.817107
-2.207947
-0.328644
0.575800

2.466019
2.061062
2.678105
2.701736
-0.323719
-1.491240
0.728020

0.294997
-0.635753
-0.414021
-0.460949
-1.235787

0.484853
-1.060274
-1.976085

0.661490

1.086231
-0.107237
-1.669308

1.400676

0.031764

0.091518

1.001475
-1.039024

0.792147

1.864617
-1.228850
-1.750726
-0.314400

1.503441
-2.096142
-0.469389
-1.658634

1.809784

2.655481

2.029618
-0.271622

1.576205



OoaoIXxIZwIZZzZzIT T ®wAO

-3.118237
-4.047539
-1.572203
-3.284672
-2.271676
-3.391212
-4.000629
-2.635359
-2.964826
-2.675872
-0.742729
-0.615565
-1.143278

Imine
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0.457069
-0.404350
-0.101017
-1.851271
-2.739914
-2.368576
-4.119529
-2.341574
-3.744421
-1.666983
-4.623679
-4.802941
-4.140285
-5.703405

1.828999

2.690644

2.385038

4.066478

2.251153

3.765298

1.733124

4.611176

4.721304

4.184572

5.691208

1.584521
1.209698
0.552142
2.507523
-0.483208
-1.235399
-0.976192
-2.570732
-3.284873
-3.099872
-1.773118
-2.483041
-2.126405

-0.481935
0.419065
1.426555
0.189731
1.223228
-1.048727
1.026583
2.186623
-1.243098
-1.843197
-0.206465
1.836226
-2.206926
-0.362855
-0.210370
-1.229305
1.012392
-1.015994
-2.181310
1.212407
1.792270
0.205598
-1.812230
2.161557
0.366558

1.297028
-0.145249
2.421232
1.847796
0.689009
-1.220483
-1.986825
-1.208189
-0.275610
-2.301952
0.182074
1.252271
-0.960794

-0.104023
0.178384
0.523362
0.087112
0.428225
-0.337291
0.347275
0.758590
-0.416017
-0.598220
-0.074619
0.614149
-0.745558
-0.138448
-0.065829
0.381617
-0.491217
0.443889
0.686492
-0.442287
-0.890744
0.032391
0.806957
-0.786178
0.067963
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0.500453
-0.402084
-0.021243
-1.852518
-2.540425
-2.607247
-3.930017
-1.967605
-3.999769
-2.096911
-4.664139
-4.443960
-4.572418
-5.756466

1.868883

2.758946

2.307193

4.079798

2.406742

3.636153

1.616577

4.523528

4.769877

3.977833

5.562572
-0.522957

0.267245

1.348722
-0.209982

TS10

N
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C
C
C
C
H

0.500005
-0.432587
1.824112
2.909640
2.072480
4.208599
2.723254

0.617074
-0.274567
-1.256638
-0.182729
-1.399949

0.996614
-1.445811
-2.317363

0.943372

1.943141
-0.270161
-2.395726

1.862797
-0.300350
0.186074
0.922297
-0.955931
0.495173

1.817147
-1.369701
-1.500142
-0.649338

1.064047
-2.254397
-0.972689

2.077581
2.124047
2.565059

2.755721

0.676130
-0.025233
0.203472
1.095567
-1.176957
0.611651
2.166521

0.186432
-0.091901
-0.395015
-0.076668
-0.294766
0.108169
-0.305771
-0.452862
0.086093
0.257269
-0.113563
-0.468348
0.226773
-0.125057
0.076769
-0.714596
0.756084
-0.842095
-1.228422
0.631417
1.403698
-0.170100
-1.469575
1.173777
-0.265795
1.611216
0.675909
1.017680
-0.264349

-0.043955
-0.687791
0.021541
0.069564
0.138108
0.206247

-0.013236
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3.379431
1.235489
4.455499
5.041357
3.552542
5.477125
-0.631800
0.046807
-0.623266
1.063148
-1.828897
-2.234123
-2.762914
-3.560822
-1.492079
-4.089426
-2.442796
-4.489322
-3.875883
-4.814599
-5.529173
-0.127404

]
[~

1.161853
1.279454
0.113453
-1.130890
-1.151998
2.263129
0.167826
-2.061553
-0.028058
2.270982
-2.444071
-3.318840
-2.549222
-2.447740
3.163555
2.115574

-1.652382
-1.878842
-0.763533
1.318832
-2.728040
-1.135779
1.491112
1.962201
2.748243
2.313507
-0.084009
0.509684
-0.788157
0.411437
1.032698
-0.884002
-1.253063
-0.281561
0.871575
-1.429139
-0.358708
-0.758703

-0.341602
1.070113
1.820020
1.176204

-0.222889
1.544750
2.912083
1.745922

-0.954724

-1.147309

-0.995337

-0.338882

-1.560216

-1.737370

-0.764171

-2.126932

0.264088
0.166445
0.296105
0.237666
0.351399
0.400174
-1.927278
-0.979572
-0.345301
-1.537711
-0.255241
0.954318
-1.035136
1.364061
1.559509
-0.620225
-1.971111
0.577570
2.303298
-1.228462
0.904465
-1.453564

-0.007029
-0.004609
0.002317
0.005102
0.004146
-0.011521
0.005901
0.009888
0.002804
-0.056047
0.000218
0.111334
-0.941363
0.814582
0.228626
0.154389
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0.423615
0.260045
0.486745
-1.416902
-2.017349
-1.314492
-1.053260
-3.468416
-4.308647
-3.830093
-4.440964
-5.316050
-3.999531
-4.136007
-3.291807
-4.978533
-3.177213
-2.476967
-2.700131
-4.088911
1.505954
1.803111
3.163412
2.842329
1.226628
3.537121
3.110453
4.354773
2.165400
3.859360
4.293165
4.660790
3.136909

Int-11
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H
H

0.388550
1.162098
0.487827

-0.699179
-1.627921
0.001451
-0.268743
-0.425596
-1.193773
0.838196
0.224026
-0.947758
-1.817473
-1.175300
-0.816830
1.378667
1.141627
2.218098
1.713737
0.511706
1.357576
-0.360611
0.766812
-0.612699
-1.673806
0.723944
-1.489970
-2.599728
-0.275998
-2.288607
-0.106428
0.542382
2.056181
2.226258
2.129887
2.870126

1.517557
0.787891
2.122162

1.654242
2.035897
2.391142
0.740913
1.785552
-0.037511
0.411670
-0.258139
-0.103073
-0.578294
0.965541
-0.556257
0.441274
1.507228
0.368805
0.033323
-1.649941
-1.718675
-2.121626
-2.233793
0.765210
-0.108618
-0.122591
-1.012182
-0.076155
-1.028414
-1.708431
-1.731126
0.756460
-0.075120
0.923905
-0.823696
-0.249261

-0.186238
-0.231310
-1.004831
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0.669517
1.825256
0.523790
-0.141092
2.496849
2.217649
1.227641
2.207455
2.974386
3.749389
3.733824
3.883073
4.630703
2.435705
2.625623
1.428582
3.180513
-0.894288
-2.054586
-3.265948
-2.001212
-2.058873
-3.274312
-4.201251
-4.211670
-0.892380
-1.985137
-2.983061
-1.424651
-1.444144

¢
()

0.617986
-2.044055

1.008977
-0.655481
-1.797713
-0.944014
-1.011425
-2.688852

2.448534
2.844380
1.727205
3.368818
-0.363905
-1.413302
-1.845955
-0.993651
-2.226421
0.324175
0.738856
1.156239
-0.347733
-0.863337
-0.041450
-1.256796
-1.666373
0.864099
1.594532
0.910916
2.660153
-1.089946
-0.447505
1.435408
-1.004478
-0.425635
-2.548283
-2.998634
-3.104811
-2.681705

2.210659
1.329960
3.052062
2.334919
2.183039
1.508308
3.479892
-0.137187

1.130763
1.004131
2.108113
1.103059
-0.179153
-1.148406
-0.945048
-2.166989
-1.121770
-0.456245
-1.476606
0.250756
-0.375081
1.189789
1.894538
1.389285
1.376196
-0.204436
-0.484032
-0.439154
-0.710218
0.153328
-0.112868
-0.648591
-0.062454
0.097814
0.508070
0.602846
-0.261470
1.458385

-0.298855
0.052155
0.109003

-1.002354
0.058615

-1.830620

-1.193159
0.261639
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-1.984810
-0.911393
-2.122792
-2.351053
-4.104540
-4.228893
-4.569508
-4.647892
-2.444407
-2.948118
-1.364584
-2.823937
1.398433
2.670975
3.441237
3.028858
1.687357
2.954039
4.425822
3.541485
0.930975
1.090029
1.781837
0.159372
0.825786

Int-111
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-2.249046
-2.798555
-2.936999
-2.341575
-4.142717
-0.866352
-0.402760
1.281631
0.971436
-1.106304
1.835217
1.369026
2.918045

-0.692509
-0.749119
-0.037793
-1.705538
0.078685
0.723030
0.582202
-0.870475
-0.900778
-0.414679
-0.917731
-1.940348
1.098751
1.233954
0.099506
2.220580
-1.196477
-1.146890
0.178846
-2.056921
-0.100475
-2.498867
-3.340787
-2.718818
-2.443529

0.051713
0.906024
-1.172394
-2.213580
-1.118630
0.301809
1.631215
-0.542322
1.843389
2.466862
0.745979
2.861307
0.881992

1.410228
1.183400
2.284503
1.673973
0.521175
1.405127
-0.340056
0.704241
-0.957871
-1.806112
-1.155102
-0.875697
-0.086149
0.528930
0.718623
0.832611
-0.287251
0.302063
1.187343
0.434110
-0.460670
-0.750174
-0.604831
-0.201542
-1.818440

-0.000029
-0.000200
0.000078
0.000222
0.000036
-0.000017
0.000034
-0.000044
0.000021
0.000074
0.000011
0.000067
0.000039
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-0.042680
2.142960
3.214585
1.920892
1.920891

II-dimer

1.598724
3.212595
4.245731
5.277061
1.902602
0.341716
0.240390
-0.742913
-1.275000
-0.288256
-1.598770
-3.212560
-4.245741
-5.277053
-1.902593
-0.341752
-0.240463
0.742930
0.288322
1.274980
-2.637035
-2.367263
-3.945866
-4.748809
-3.518153
-3.343214
-2.882773
-4.571841
3.518302
3.343693
2.882760
4.571925
2.636941
3.945797
2.367134
4.748721

TS-3

N

-0.992572

-0.741899
-1.775045
-1.530900
-2.394917
-2.395034

-0.870938
0.579389
-0.124567
0.150086
0.260827
-1.335852
-2.092651
-1.333930
-2.428613
-1.133447
0.871036
-0.579390
0.124451
-0.150367
-0.260733
1.335926
2.092707
1.334042
1.133593
2.428731
1.548904
2.402578
1.173005
1.709280
-1.710187
-2.688309
-1.671974
-1.660016
1.710020
2.688227
1.671880
1.659555
-1.548820
-1.173061
-2.402560
-1.709492

-1.909977

-0.000110
0.000021

0.000061

0.883869

-0.883737

-0.456919
0.506000
-0.089891
0.131197
0.253999
-0.487065
-1.153556
0.605392
0.532578
1.714338
-0.456830
0.506078
-0.089873
0.131094
0.254102
-0.487084
-1.153600
0.605324
1.714295
0.532442
-1.159177
-1.783895
-0.977756
-1.489568
1.443272
0.969330
2.339791
1.750723
1.443359
0.969478
2.339765
1.750989
-1.159315
-0.977818
-1.783926
-1.489495

0.120613

-1.015943
-2.175533
-1.997760
-3.189635
-1.705972
-1.381851
-2.527772
0.169251
1.392469
1.224233
2.536453
1.415693
2.464463
3.498319
3.362343
0.099864
1.104484
0.829177
2.062182
0.326942
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nl

nt-IV
0.123887
-1.289510
-2.401997
-3.385616
-0.028994
1.335873
1.439604
2.488278
2.355050
3.568091
1.144895
0.929917
2.292818
-1.418423
-0.663556
-1.282129
-2.418676
-1.037233
-0.900162
-2.273977
-3.169890
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TS-4
N -0.455389
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-2.805505
-1.391079
-0.802187
-2.025127
1.009426
2.053751
0.159583
-1.206285
-1.816664
0.873729
-1.040787
-2.883956
0.314223
-1.488585
0.932337
0.121082
2.323341
2.941300
2.694191
2.466624

-1.213827
0.743819
-0.050481
0.396599
0.168022
-1.702336
-2.699267
-0.821611
-0.653822
-1.289559
1.032394
2.103828
0.504070
2.196526
2.503931
2.837034
2.370410
-2.007726
-3.075678
-1.428917
-2.035300

-0.524929

-0.353130
0.802436
1.842320
0.646210

-0.416619

-0.835946

-0.216489
0.001165

-0.361255

0.281883

-0.375608

-0.588909

-0.019425

-0.637626

0.021504

0.249491

0.659731

-0.208182

1.051765

1.423384

-0.048631
0.200009
0.074686
0.215697
0.055280
0.086556

-0.067837
0.623620
1.835279
0.314515

-0.302668

-0.806880

-0.087859
0.545916
1.283621

-0.335076
0.965507

-0.292153

-0.467423

-0.229822

-0.381349

-0.332506
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-1.534105
-1.488103
-2.926841
-3.931793
-3.259496
-5.241650
-3.683111
-4.569501
-2.494982
-5.565201
-6.011444
-4.811207
-6.588677
-0.314407
0.298271
-0.745136
0.485087
0.627084
-0.562146
-1.227027
0.058719
0.966532
-0.913014
0.199735
-1.330341
-0.177838
0.229235
-1.066730
1.497633
1.386437
1.228941
2.228947
0.251200
1.180055
1.032068
0.921845
1.369946
1.469527
0.427652
2.423529
2.101991
2.648670
3.382657
2.493653
3.003885
3.605304

-1.054945
-2.149217
-0.585007
-0.652716
-0.117113
-0.269906
-1.011325
0.269931
-0.046096
0.194447
-0.329610
0.633478
0.498583
0.892835
1.556490
1.667729
2.938004
0.985571
3.049007
1.194815
3.696423
3.423980
3.623878
4.779466
-0.824463
-1.434980
-0.860209
-2.224408
-0.110099
0.557343
-1.608575
-2.179271
-1.760989
-1.549437
-2.201456
-2.162159
-3.805201
-3.916012
-4.403728
-3.951370
0.354049
1.661745
2.005361
2.343017
-0.174561
1.058204

0.522610
0.446057
0.158455
1.134509
-1.119474
0.840713
2.137627
-1.413999
-1.893911
-0.437436
1.614267
-2.415837
-0.669932
-0.342937
-1.419469
0.754068
-1.394415
-2.282986
0.768246
1.606911
-0.303021
-2.246489
1.628786
-0.289962
1.577183
-1.593439
-2.572936
-1.802665
2.469838
3.226011
2.722438
3.133934
3.429647
0.254065
-0.909632
1.322947
-1.079320
-2.289225
-0.592490
-0.479433
1.396296
1.297497
0.197926
2.134006
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5. TH and 3C NMR Spectra

T OO VWM~ DO T 0[O N~ ~
LETTOONOMOOMONNN WO wn o
NNNNNNNNNNG|6 < @
Te—— Y | |
T DO VOM—OO O 0 ©
OSTTOOMONNN n v
NNNNNNNNNN 6 S
==\ Y4
/\ |
1
Me
2T
- O 0o o
3 (400 MHz, CDCl5) & DT
7776757.47.37.27.17.06.96.86.76.66.5
1 (ppm)
|
[
Il
L -
re T o &
—o®o 9 N -
NN~ N Q) N (32
T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 105 100 95 90 85 80 7.5 7.0 p5 60 55 50 45 40 35 30 25 20 15 1.0 05 00
1 (ppm)
~ O 0o~ M
5 o IBOC ©a ® o~ © <
< O NANANN «~ «— N~ N~ © © @
- o e - ~NN~N 0 ™
| | & |1 ~ | |
Ph" N
1
Me
3 (100 MHz, CDCl5)
I
[l
| [ “
— - ‘ | do —
210 200 190 180 170 160 (150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S47



S48

VOFTONWOVIOM < N ~—
MOOONN=ONN v < @
NNNMNNMNNNNNOO© < ™ o~
e\ | | |
Me
P
Ph I:l
Me
4 (400 MHz, CDCl3)
W [
Ia! J J
A !
S & Y e &
R < <o <
AN~ N N (32l o™
11.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0
1 (ppm)
o] AN M~ D 00 0 N~
N O O o0©OunN maor Qe © N
<+ M ANANN N N~ © N~ © o
- - N~~~ e} 3] N
I SNle=1 ~—
Me
N
Ph N
1
Me
4 (100 MHz, CDCl,)
i
| | |
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 -1(
1 (ppm)



= ==
0
o
Y29~
9,97 |e
28'9~ -
v8'9 h o
= o
£ Foi
L
-t ©
Y ey
62— S Fooe Le
(3]
vZ'L
9L~ )
0€' L~ o™
sre— leL7 = 60 .
€€ L 4 F<
t— [ z e
a4 5 Foozl®
o
Fo
n
e
3
o Q
re &
H.o/ -
99 L@
. ©
289 e L'z
v8'9 6L |2
v J_ e |
9z, — = Lz
0L L2
X9
€eL o
[T
n
reo
o
e o
M —_—
o) = by
o
O
9 'S
(&) 2
N I
T 2
QO = Q
NlM (=) [=
o [t}
A < Le
N Al
£ [Te]
o 5

0'6€ —

1’66~
6.6

Nwm
o.nnw
€LL

m.w:
L'yl >
8'9¢1
_‘.NN_‘W
'8cl

zeeL
Lyyl—
L2161~

OMe

Ph/\l:l

Me

5 (100 MHz, CDCI,)

-1(

30 20 10

80 70 60 50 40

90

110

1 (ppm)

210 190 170 150 130
S49

230



86'C —

18°¢—

6v'v —

189
€89
689
169
9C'L
mN.h/
L.
€eL
9€L
8¢€'L
ov'L

189~
€89 —
689~
1697

om.m/
622
E.h%
ee's—
9g'2
mms\

ov'L

SMe

Ph” N

———— gk

—my
T
© <

e @
i

o
¥ Al T T T T d T T

76 7574 7372717069 68 6.7 6.6

1 (ppm)

6 (400 MHz, CDCl5)

het

£l0¢
ﬁNw.r
6'C
[40K4

1.0

1.5

T
3.5 3.0

45 40

T T T T
.0 65 60 55 50
1 (ppm)

7

7.5

T T T T T T T T
9.0 85 8.0

12.0 11.5 11.0 10.5 10.0 9.5

858l —

8.°GE —

286G —

89'9/

00°ZL~F
ce Ll /

1 (ppn)

05SIE—
1£'621

T
120

9I°9Z1 .
86,2}

30

Bl Iﬁv\
G8'0€t

06'6€L —
S0'S¥L —

T T
150 140

T
160

_SMe

T
170

-
NS

T
180

z
IN
N

190

Me

Ph/\NJ

6 (100 MHz, CDCI3)

210 |200

S50



© o
_ ro ro
189~ - Jo
e =% o
o
Fe e
2 ©
9z'L l L2
Le'L v g
ge'L g ~ o
8eL = |z o
oy e —Tleen T )
OV /’ =S— 5
cvL \M < [N
ST VAN] = 9'8¢ —
sy —— o
svL7 =— 1" L2
EVE—  py 1o~ 7 Fooe
sgL77 —=p6'l o L
hm.N\ — 6 [~ G966 —
o % ~ °
€92 Fr F<
w0

Y I -Y]

Yo'y 02 N o.RW
LS eu
n
Fo ~

. £
18'9 o g
06'9 e e
9z'L =
gL Lo
ee’s Fael
8e'2 e 99z)
ov'L 9121
Zv'L .

. o 98zl
v’ E s
Sv'L
L 12 e
Pty s g8el
11 Vvl

n .
192 L 067L~
€92
o
Fo
L@
o = 2
o 13
a S
o 0
- FO
N S
o W 2
Zm= -
= Py "
o Le
2 -
o
ol ~ LS

Ph

Ph/\l:l

Me
7 (100 MHz, CDCl5)

|

-10

60 50 40 30 20 10

70

180 170 160 150 140 130 120 110 100 90
1 (ppm)

190

210 200

S51



86'C—

8Y'v—

999
899
899
699
0.9
06'9
€69
56'97
(4
veL
9¢'L
121
LeL
€eL
veL

Y

L)

X
S
B

TVEC
T

6

70 6.9 6.8 6.7 6.6

PAMVIIIY
e e
N

74 73 72 71

1 (ppm)

8 (400 MHz, CDCl,)

Feoez
Ec6'L
10'Y
10T

T T
0.5 0.0

1.0

T T T T T T T T T T T
60 55 50 45 40 35 30 25 20 15

1 (ppm)

T T T T T T T T T T
90 85 80 75 7.0 6.5

12.0 115 11.0 10.5 10.0 9.5

G0'6€ —

61'LS —

89'9L
oo.an
ceLL

15ELL
GoELL
GeGLL
1SSLL
18'9zL
£6921 >
cggzL

18'8€L —
1§9pL —

8CVG)L ~
¢9'9G1L —

Ph/\l:l

Me
8 (100 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 “ 1(00 ) 90 80 70 60 50 40 30 20 10
ppm

200

S52



o
o b=
o
|©
099~ ————teora s
€99~ 7 SN o
L L L2
@ 0
o [~
LD > o
© 9 ro
L2 S ‘
€Lz 2= 0
9Lz = roi
8124 _ 17 1=
16— w:% —— 0™ 2> Tooe
0z L~ — ﬂmﬂ/ro.mm
zz: 86 =
e L = v0'g ™
nm.n\ —h [~ o
62°L < F<
Le'L r~
w
8vy— — Is6l [«
=
o
wn
e
3
o Q
fo &
o T
09'9 Fo
€997
) Lo
AyAY ~
9Lz 0
8L r~
8L °
oc'L o
2T
vzl L@
122 ©
6z °
LeL o
— 0
o
S =
o
(&) =
D —
(&) L]
- FO
N 2
L I o
Z== s rc
[=} I
m r=
°© e

L8e—

995—

L8L
0 _‘LW
gLL

PELLA
1z
w.wmjr
94
g8z1
68z
recl—

cerl—

Cl

9 (100 MHz, CDCl,)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S53



COMOTNT 0O RO © ©
MONNNNAN =00 ~ @
NNNNNNNNNO|O < N
-~ O MOTO- 0O ® ©
MONNNNN = 00
NNNNNNNNN © ©
el 2 \ ¢
Br |
‘\ \‘
VS !
Ph l:l ‘f‘
Me | \A
I Y S
10 (400 MHz, CDC|3) oo )
T DIRARA T T T T T TANTT
74 73 72 71 7.0 69 6.8 6.7 66 6.5
1 (ppm)
|
I
I
I
1
L-Jg Al J MJ\_,;_LL
KD & Y )
cea ¢ @ <
NN g - )
T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 10.5 100 95 90 85 80 75 7.0 B5 6.0 55 50 45 4.0 5 30 25 20 15 1.0 05 0.0
f1 (ppm)
w DO~ ©OOow @
@ 0O~ OI~W © © €0 w Lise
= OO MNMNN — O M~ M~ w [1]
R o i e — P~ I~ 5] ©
| S [ ~
Br
N
Ph l:l
Me

10 (100 MHz, CDCl;)

210 200 190 180 170 160 150 140 130 120 110 200 )90 80 70 60 50 40 30 20 10 0o -10
ppm,

S54



11 (400 MHz, CDCl3)

7.44
7.42
7.33
7.31
7.29
7.26
7.24
7.22
7.22
7.19
717

l

- 6.51
L 6.49

—4.50

7.44
7.42
7.33

iy

— 3.00

FOOTNNOD N - 0
PNNNNNT = o~
KNNNNNNN © ©
s\ —" N4
|
|
|
|
b
A
= -

Vi ey o~

T T T T T T Ll T
372717.06.96.86.76.66.56.4
1 (ppm)

| || N
LT ) o
Q0= O - 2
s R N !
T T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 105 10% 90 85 80 75 7.0 65 60 55 50 45 40 35 BO0[25 20 15 10 05 0.0
1 (ppm)
o N © © O U [Te}
5 snond < Rar 2 2
< M oM NN -~ I~ N~ © o 0
- - - p NN~ N 0 ®
| NN | e | |
oo™ o N~
NN N ©
N~ ~ ~
/ | |
/ /I ! !
| | |
=S A /\
Ph N \ }\ f»\
1 I A J
Me
Lk 1715 77.0 76.5
11 (100 MHz, CDCl5) 1 (ppm)
Iy
), M
‘ ‘ ‘ ‘ ‘ ; ‘ ‘ ; ; ; ‘ ‘ ; ‘ ‘ ‘
210 ||200 190 180 [170 130 ||120 110 1p0 90 ||[BO 60 | 50/ [40 30 20 10 0 -10
f1 (ppm)

S55




° £
@ — r i
Fo = o £
~ 0
zL9~ 07 ro ]
D= — 1
v2'9 [ o £
(2] )
ro J |
o2 B "
~E o
-8 e .
AN — 0.8¢ — -
e 0
R o
~
[So] L2 =
T - & tot et .
80°96 —
< [to)
N Lo
['e]
3N o
<
T © 89°9L
p— ) looelv 00°LL =
ooy 21/
o
Fo
o 9LLLL A
Fo 9z L1 A
E 65 L1 1
LS8 16211 A
p 12811 A
0 vm.&:
. o GLeTh
2.9 . 1
vro” —— Feoe; o«.@mjﬁ
8LL~ 61 e €921 4
== a2l
GZ'L = = 0c | \
9z'L H/oo.m ~ vi Lzl — -
8z, ° v.'82L
z€e . [ cl'ect
cel o 88°LEL —
se'L Fa
Zv'L 4
vrL Lo J
© S5 LGL — . —
L 3
) o L2 S > w
(8] [&] 3
o 1S o
(&] = O
- n -
N Lo N 5
0o = - o = 3
z=5 = 12 z=-= =
o - o
o o) o 3
3 re At ]
o - o E
o N o o N £
- Foi - 3

90 80 70 60 50 40 30 20 10

100
S56

180 170 160 150 140 130 120 110
1 (ppm)

190

200



NODOULMOWWOMNL ®© «© (2}
CONNNAANS 66 © <
WONMNNMNNNNNNNGO O < (3]
e |
N O OO MO WWOMNL ©
-~ O OOMOMOANNT«— ©©
® o NNNNNNNN ©©
N e N/
I
NO,
1 Wl I
o Lop
y < S5 3
Me T T
8.4 828078 767472706866 64
1 (ppm)
13 (400 MHz, CDCl5)
1f I
ﬁ 1 w k\
[l
- __JJ_ " )t kh
& e & & T ‘
«© o © (=} o o
< R N o
T ; ; ; T ; ; . . T T . . . . . . ; . . ; . . T T
2.0 115 11.0 105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)
0 tTNOWOMAN ©
o N © o~ © © = o - N
wn MOOMONNNN -~ NI~ © © D
-~ it - N~~~ o] ]
\ O [ ~— \ [

NO,

N

Ph N

1
Me

13 (100 MHz, CDCl;)

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120

T T
110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)

S57



o " HS
©
89'9~ - o |0
0,9~ - © ©
o]
~ o
© M~
]
s E
<
 ~
© £ o
. N8 B
szg— ¢0L~ - <z = Fore
V0L o | ©
=4 I
€z'L 5 b °
86— mms/ 2 T FE0C s
. ~
sTL
TS = 8 e
62 L~ - M
Esw & °
ee'L ~ r<
n
6v'r— —— Felzry
o
e
0
L2
£
o
89'9 te &
049 b
20°L
Y02
€z'L
mus/
G2t
9z'L
621
LeL °
ge'L Feo
0
e "o
= o
o) [
(@) L

Ph/\l:l

Me
14 (400 MHz, CDCI,)

20 11.5 11.0 10.5 10.0 9.5

\0
Lo
Lo
o
o
o
LS
08'6e —
o
<t
o
Qe 1 — [0
68'66 — °
o
o
N~
899
002LF o
NQR\ [®
+S
3
o a
LO @
=
o
LG ELL~ A
GLBLL - o
ww.oﬁ/ r
00°8Z1L
om.mNrV 2
6eLEL -
o
¥6'6€L — r3
. L3
16°0G) — Q A
= o
~ —_ L©
o - -
S0'/9) — Q Piv — o
\ ﬂ e
/ \ - 3
\ h [~
A\ \,\ m o
Lo
@ 2
(=)
Z==— s
A N
\ '
\ < S
ey -~ N
o

S58



G6'C —

[
61y~

€99
@@.@V ——
vL9F =
o9/

9Z' L~ B

[0} 4V ARNg
4

OH

0'g
0'g

©
Y

Me

O,N

82 80 78 76 74 72 7.0 6.8 6.6 6.4

1 (ppm)

15 (400 MHz, CDCl5)

o'e

__Jpe60

[0k

e — o¢c

= Foo'z

”L Looz

—— Te6L

120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

1 (ppm)

286 —

68'GS —

899/

00°ZL~F

ceLL

T T T T T T
q 80 ‘ 70 60 |50 40 30 20

o 9
ppm)
S59

voeLL —

(4 T4
¥8'9¢1 V

G082
sz'8zl

1G°8EL ~\
16'6cL 7

28'¢SL —

OH

N
Me

15 (100 MHz, CDCl5)

o
O,N~

210 20 10 180 170 160 150 [140 130 120 110 F
1|




-10

10

20

30

40

| °
V o
86'9 L2 Lo
mm.w/
102 _ ° °
wos/ \mem N Fe
o;/ _
9L e 60 L2
Es/ z yaL—
0Z'L = Il 5 |o
NNAN% =Ty o B
97 = o]
vz — @NNV \h\J\ - - o.m Lo
. =40 I 9z
652~ g7/ _eTen i
. ——— [96 Lo 50—
gLy ) =19 o
€€L M\ N
mms\ N [
8€'L o ™
ov'L b ° .
I S O B 8'08—
vy — - =—tooz [+
0
[ 2194
° 0'Li
Fo 7L
L@
86'9 0 z
6691 o E
102+ e &
80°L i
012 I .
927 60 0'0Zhy
ool o2
0z'2 — zoz|™ 92U
22 L~ _ — \\\M 222 o c.hw_‘%
9z, 61 Fr ezl
9z'27 16'1 8zl ‘,
8L Lo z15L
Nmi ® 6zel
€e'L o
Ge'L b
8¢ s
oyL- Lo
= o >
rEY o
3 :
[a] e 3
o e
I 0
Uw“L \m. [ m
5 o Z== =
z-= E o
o - o
A o 0 A W
e M re % ~
o © o m
= Fai

210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

190

S60



5
n
o ro
©
K]
8zl =
mmew 6,9~ e E6SE [
LeL 1897 Fe
LL N o
N Lo
9L'L . N
— mms% —=fgz £ "
- = e
wm.NV MMM/ JJV g rzez|
. A\ _ 4=
8.«\ veL— —=_Jsl’ B
89 N\ ge/ — Z \h Hlo_\.m ()
90'€ 6cL 2 ©
Ll Fos
o
r<
n
167 — BeL| Y
o
re
0
e
Lo
6L°9 ©
18'9 0
vl Lo
] .
9L Smw o
om.h/ e
. [
e L= zz|w
ve'L XN
8g’L
6€L LS
o ®
n
Fe
o
i = [©
n
Q E
0 'S
N -
o I |2
Z=sS S =
o e
=) r=
e M.\ e}
o N~ re
- o
b

6GL—
Lide—

g8c—

0is—

L9L
o.t.wn
€Ll

g9z)—
ez
gazid
ezely
€62
§ib—

Et

Ph/\l:l

Me

ki

17 (100 MHz, CDCl5)

-10

40 30 20 10

190 170 150 130 110 9 80 70 60 50
f1 (ppm)

210

230

S61



=
© ro
Y [©
289 L | ©
mw.m\ o 2 e
v8'9 °
G8'9 o Fe
18'9 [~ 3
88'9 - L@
LLL BN
C.NW For 2 j N
€L \M a [~ 3
GlL'L I\|\.u ” o —
> 9C' L7 — 3 - — ‘e
¥s'Z R.N\ N xZoe [N
8v'2 R e
052 ~ o
(-1} © ©
Nm.h/ 207\ [ 0g'Ps— —
892\ 3 o
. 4o o
09N ERiax ¥ soge— e}
L@ .
oo _ | —goz[¥  LL9L |
BO'LL
e oriL ]
28'91 Fa
€891 T
¥8'91 o g
G8'9 1 ©= 3
18'9 . =
oo [
i — e BEN J
ers-t g CO€I~ €BGTIAL
m;\ﬂ — .\wmw o LEETin
9z'2 = ¥oeL eouk
Riﬁ 12°¢ 89'iZ) )
I o LT
8v'L L2
052 PR —3
Pyl o 098ZI =1
Iy o £Z6Zl
862 LE'CT)
092" » LS saopL i
o BOFPL- o
m ° O 1
3) [ S
A ° °
N re N
T - T ]
[} = e [ =
z=-= 8 E z=-= 8
A 2 - A =
8 4
e - [ c m
o o o 3
o

-10

9 80 70 60 50 40 30 20 10

S62

180 170 160 150 140 130 120 110 100
1 (ppm)

190

210 200




N~ OMNMULMNH—-—POTODONIT N (] o
NNTITONONNNOD BB © O o =
BONNNNNNNNNGGOGO©OO© < )
e e |
N — VOMNULNM—-—POTODNTN
AN STIFTOOONNNOLDD WO
© NNNNNNNNNOOOO©OO©
7z N e T\
PN NS
Ph l:l N
1
I
Me I I u
_ 4
19 (400 MHz, CDCl5) 3 de - 4%
S P e o e SIS
84 82 80 7.8 7.6 7.4|7.2 7.0 6.8 6.6 6.4
1 (ppm)
‘\I |
ﬁ H\' i
I si¥y <& iy
% Spe 99 . S
o - | M o o N ™
T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 105 100 95 90 85 80 7[5 7.0 65 60 55 50 45 40 35 30 25 RO 15 1.0 05 0.
1 (ppm)
o <o} NT— MO d [ =]
[} [} NMWOo® © © O < N [ag} [ee]
8 N GNONG < B ® S~ I =
['e} < OMNNAN — O N~ N © [323 ©
- - e - - ~N~ N [re] ™
| | NN | ~ | |
= |
PN NS
Ph l:l N
Me
19 (100 MHz, CDCI,)
‘\
I
I
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S63



/ J o
= =
| ©
o o
T~
YO L~ L Lo
S0 LT _
vl FN | ©
9L L\ S04 -
LLL~ = -
sze . RES LS
. [XAVARN e T~ g N
EA S e i . fore
c9 ¢ Vel —_— T 99T,
. > RN
AN 1 1o Loz |7
. 6Z°L 4 — vl °
08z Fo
z8'C N
~ n
€5°¢ — ————= F00C [®
0
L2 | o
<
0
<
o
Fo
0
[© ~
3
o g
1ge
v0'L T
502 o
vLL
9L'L
v P ] Wy
Ty — 552 o
2z F
vZ'L
9z'L o
622 @
n
Fe
o
o

Me
20 (400 MHz, CDCI,)

Ph

12.0 11.5 11.0 10.5 10.0 95

gee—

ger—

265~
2¢9—

L8L
D,E.W
gLL

6'8C1

6921
etk
€8zl

L'acl
oeZl
6'8CL~
§opL-"

Ph
Ph™ N7

Me
20 (100 MHz, CDCl3)

ilL

190

210 200

10

170 160 150 140 130 120 110 100 90 80 70 ®0 50 40 30 20 10
1 (ppm)

180

S64



UC._\ A— o
80°L o ro
Ll S0'L © o
14 mo.r/ Lo Le
9Ll Ze% = 1T °©
6Lt vLLE =HrEN o
e oL < = | s [T
89'L 61} L w N
0Lk ek © - TR
SELY 97 L ——3| Foiz
. _ AR __ =
881~ oay /f Fol T, E =%z |3 fegel
ez 89| B AN Ay o ee—
\ 0L o< | )
2zt . 2= = [zo1 |
T a8l — Fzpe [
e gy N
coe [ Lo L0005~
682\ I 6666~
ey €0 ﬁm o Lies”
A -~ g
- 29z vige I
68'€ © — o
Foi ¥ gg9l
S,RW
L2 zew
o
Fo
n
e
E
o Q
re &
n h .
Lo orezL—
ezl —
o
XN
9T L\ _
o' L 1 . 0
oyl ——— fooz (2 zgopi-
£6'8FL~
o
Ls~y _ [
m—..w\ ] Tmr .
e
o
o
s} g
\ m pDv L&
Zm
o 13
N e
I L3
M -
o L2
o -~
.- 2 @
N m -
O B

-10

60 50 40 30 20 10

70

80

90

110

1 (ppm)

.C
N y
Me
190 170 150 130
S65

210

21 (100 MHz, CDCl;)
230

O,N




951
85’1 V

lge—

e

Sv'e V
S9'€ 7
89'¢ /

VAN 4
6EV
o'y

444

8l'L7
61°L1
0Z'L
12/
(AW
€T°L 1
VT L
92,1
1271
Yy LA
v LA
8y [

23]

LgL~=

V'L

052
05°2
1672
162
€52
€6/ 1
99°2 1
89/ 1
IV
12721
G8°L

8y
wzw
8y,

18°L

2

80 7.8 76 74 7.2
1 (ppm)

8.2

86 84

Isie

—<Ts01 |
= Too1

81 L
8L
0527
052
152 ]
1G]
€5
€521
§5°2
552
992 ]
892
G2
101
G8'L
2841
ov'8 |
8v'g

22 (400 MHz, CDCl3)

T T T T
12.0 11.5 11.0 10.5 10.0 9.5

1 (ppm)

P8 olL—

ayec—

bZ'65~
19'09

LL9L
mo,EW
oy'LL

1511y
99zl

sgzLf
918z 1
P8zl
09'8Z1
Z6'LEL
LT PEL]
Lz 0]
5L 0pL-

Me

Zm

Ph >

22 (100 MHz, CDCls3)

10

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

190

210 200

S66



T OONOTANNO W © 0
QONNNNNNNN “ @
NNNMNNMNNMNMNNNNO < N
s Ny iy | |
T ONOTANNO w0
MONNNNNNN ~
MNMNNMNMNMNNMNNMNNN ©
Me e |
1
N
v
Bn
\‘ I
_Bn N%\
(|
) s wl s vl
Me N S R—
7675747372717.06.96.86.76.66.5
23 (400 MHz, CDCl5) 1 (ppm)
J,p__/ k ~ A
iga — — —
o] - ~ o
Dl o e <
T T T T T T T T T \_\*\ T T T \* T T ‘(0 T T T T T T
12.0 11.5 11.0 10.5 10.0 95 9.0 85 80 75|70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)
[o)WTe] <M~ -~
N ON© 0 |anN @ o
< ™M N NN ~— NN~ © o [}
- s - N~~~ o] 1]
PN - | |
Me
1
N
7
Bn
Bn
7
N
L}
Me
23 (100 MHz, CDCI,)
I
I
| |
R .
| X
210 200 190 180 170 160 150 140 130 120 110f11(00 )90 80 70 60 50 40 30 20 10 0 -10
ppm

S67



059\ _ 40
159 =5v'¢ ©
©
Fo
~
ro
: 3 |
ro
o =
'S E
o g
Rz
\z'L Fo
) NN.N/ ~ )
90'c — 9z'L &m. N foo's
8T L~ = ¢
A
zeL <
€€, [™~ ]
GeL A [©
~ M
VLY — ————— 909
05’9 1 L
E.@v Tere
122
NN.N/ qze|
9T L% — z/z6 !
8z, €9
622
zeL
£e'L
ge'L
n —
m =
[ (&)
==Z c pDv
—Z m A
/ N
\
o ) Z 2 2
=-z S
/n N
@ S

o
o
o
o ;
o
LO
)
\0
o e
o
o o
Fai
o
0 ™
Fai
o
o <
Fes
i 3
L9 zazg re
® lezes”
2 H3
<
0 R
¥ 899sy
o G0iLy — "
te  zelL
0 o
\EJ. m/ o —
3
o & 1S5
© - =
b= T
0 2
© 90T — -
o VE9LL— K
~N -
o Q
2 e
1S sieeL— \m
0 €99rL — o
Lo e
o
[o —_— \m
o 06€9L— nm o
| o
> [ (&] FS
° ==Z ()
> 3] °
e VHN ~ =
©0 N
Lo Z / I <3
e \ = s
o =z
L2 ) W LS
n MIN ot «
L \ ~— o
- = < FS
o @ N
FON

S68



Fo
[Te]
€89 e
mw.oM o
18'9— -
wm.o\ ©
06'9 Fo
o
Foi
. | v
ve— mms/ Fod
R\ R
Ss% /\\m L2
ZLe— veL~ 2 Tm.u
7
@M.h\ N 0
wms\ ee™ reo
ov'L I o
<
©
L@ | [
297 — ——— L | ¥
o
Fo
0
v
3
o
€89 Fre &
G8'9 b
18'9 Lo
88'9
06'9 e Ier-
9z'L qwm.m P~
og'L - :
_‘M.NV. e H\Nm z \m
ve'L
9€°L o
8€L [
ov'L o
o
o
o
< =
T o o o
Z=-= (=
o 'S
¥ o
e}
LS
s 2
(= o
(=] o
<
0] n re
= N °
Fai

ore—

e8e—

95—

L84

€LL

PR
Pall—
L'9Zl

_‘.mNﬁW
Zeel

g5tl—+
m.mmf\.

Lekl—

.Ph
N

Me

Me

25 (100 MHz, CDCl,)

-10

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

190

210 200

S69



e\

19— MW 1
e8'9 7 - :

T NS

20 15 10 05 0.0

f1 (ppm)

2.5

G8'9 - 1
Nm.ox

¥6'9

2L

ve'L T

9¢' L~ -

S0'€— 8C'L w _—

oms\

ceL

§8'€ —

vSv—

12°9
619
189
€8'9
g8'9
26'9~%
v6:97
2T L F
vzl
9z'L
821
0g'L
ze'L

-Ph
N

Nr

76 75 74 73 Y2 71 70 69 6.8 6.7 6.6

MeO

26 (400 MHz, CDCl;)

3.0

3.5

45 4.0

5.0

1 (ppm)

T T T T T
12.0 11.5 11.0 105 100 95 9.0 8.5

28—

[ RN
6'65 7

192
o.th
mNm

Yz~
6Ll —
SoLL/
6220
L'62h —
goel

L6yl —

G'8GL —

_Ph
N
Me

MeO

26 (100 MHz, CDCl5)

-10

190 180 170 160 150 140 130 120 110ﬂ1(00 )90 80 70 60 50 40 30 20 10
ppm

210 200

S70



DOTNTTNOT®™ @ — ©
NANN«™«—00NNMN < oo
NNNNN®G®OGOCGO ~ PN
T \e— I N
OFTNTITNKST®
RIRIR A aiix
NNNMNDNDN OO ©©
A= N
Ph
N~ !
1 ‘ ) |
Me ~ )
MezN
N O :: ©
27 (400 MHz, CDCl,) e
78 76 74 72 7.0 8 66 64 6.2
1 (ppm)
| W
‘\ \ﬁ
] L _ A
) d S
N O O -~ o v
N~ oA N ® 0
1‘2.0 111.5 111.0 16.5 16.0 9‘.5 d.O é.S 8‘.0 7‘.5 .0 6.5 6‘.0 5‘.5 5.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 d.5 0‘.0
1 (ppm)
o e e @ o e
= < NN — = — W O W0 = o =
- o o [ e uw ©
S e e ~ | N
Ph
-
N
1
Me
MezN
27 (100 MHz, CDCl5)
"
]
]
| 1
210 200 190 180 170 160 150 140 130 120 110 f11(00 )90 80 70 60 50 40 30 20 10 10 -2
ppm,

S71



N

68 66 64 6.2

1 (ppm)

hez

859
oo.@W
z99
w@.m\
20

zeC— vos/
802
8072

18C— oL 2
OE&
zLL

GEv—

859

099

299

¥9'9

202

wos/

80°L

80°L

oL

oLz

zLL

76 74 72|70

-Ph
N

Me

28 (400 MHz, CDCI5)

MeS

Fooe

t Tooz

" Teez

(x4
26'¢

1 (ppm)

T T T T
9.0

12.0 115 11.0 10.5 10.0 9.5

8GL—

£'8g—

b'95—

L'9L
D.RW
€LL

£eLl—
SoLL—
6921

wnN_‘W
L'6Z1

6SEl—F
m,mm_\

gepL—

-10

9 & 70 60 50 40 30 20 10

S72

100
1 (ppm)

110

120

Ph
N
Me
190 180 170 160 150 140 130

28 (100 MHz, CDCl;)

210 200

MeS




10'e —

oSy —

€L°9
SL'9
1.9

66'9
102
€0
617

0c'.
X4
ccL
ve'L
TV
92,

€1°9-
G19—
12797

66'9\
10°2—
€02/
mE/
0z'2
22t
/2

ccL
ve'L
S TAVA
9¢'L

_Ph
N
Me

~7 T AJ T T T T

74 73 72 71

29 (400 MHz, CDCl5)

70 6.9 6.8 6.7 6.6

1 (ppm)

=

Tooe

Fe6'1L

Fooe
180'Z
Tssv

0.0

T T
30 25 20 15 1.0

T
3.5

45 4.0

T T T T T T T T T T T T T
90 85 80 75 70 65 6.0 55 50
1 (ppm)

12.0 11.5 11.0 10.5 10.0 9.5

L'8€ —

€096 —

89'9L
oo.mnW
Nm.mm

SyziL
€ZShL W
SrSiL
SL9LL
61824
12824
616247
£S5 vEL
9GvEL

656V —

€909 ~
90°€9l —

-Ph
N

Me

29 (100 MHz, CDCl;)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S73



<
©

1 (ppm)

0.C

1.0

1.5

66°C—

L'y —

cL9
V.9
G.'9
9.9

SLL
)
8L
[FR\!

€L
ve'L
ST'L
S TAVA
9T’ L
8¢'L

.Ph
N

Cl

7.6 7.4

7.8

30 (400 MHz, CDCls3)

Fesz

Tm.m

T
4.0 35

4.5

T
5.0

T T T T T T T T
120 115 11.0 105 10.0 95 90 85 80 75

1 (ppm)

G'8€ —
196 —

192
o.hnW
m.mm

veLL—
89l —

08¢l
w.wN—W
N.@N_.\
w.NmF\
S LEL

v'erlL —

-Ph
N

Me

Cl

30 (100 MHz, CDCl5)

-10

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

190

210 200

S74



o
3 o
~ )
€9\ o [o
G19— =28
1297 Fo L2
: ]
L o
o =
N~
L2 - E L
. L Q
€L L =88~ 2o
2z ~NE | ©
[TV =T L~ N
(XA =Ty 7o S G'8€ —
Loe—  9T'L _ [~ = Fooe e
<
€7 Lo rc.w7 w%
- —
SvL J [ Log
o
[@ I~
N~
e ] )
8v'y < o
° o.RW
b €42
n
e
3
o §
€19 re
G1°9 =
" A e vzLL
L — ) -
m:/ WNN.M o 89—
. \\NFMW ™~ gozL—
MMM = LTy o rsThe
vzL C HELLL zezL—
YA oleL
ev'L |o  08el~
Sv'L ®
0
Feo  v6WL—
o
< =
o ) ©
\ [} A Fo
Z== 3] o
- FO
N e
I 0
= re
(=3 o
o r=
<
= - [~
m ™
o
re

-Ph
N

Me

Br

31 (100 MHz, CDCl5)

-10

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

190

210 200

S75



s0'e—

LGy —

1.9
6.9
189
€0'L
S0°L V
9¢'L
YAAVE
8¢,
0g’L
19'L

69°L

L2799\
6.9~
189 /

0L~
0L
9z'L
122
wmsw
0g'L

192~
6927

-Ph
N

Me

7.0

1 (ppm)

8.0

32 (400 MHz, CDCl5)

_

Tooe

Hoe

T T T
9.0 85

T
11.5 11.0 10.5 10.0 9.5

T
12.0

1 (ppm)

§'8€ —

9§ —

1’92
o.NNW
m.mu

026 —

Vel —
8'9LL —

182k~
6zl
G LEL~
8¢l

verlL —

-Ph
N

32 (100 MHz, CDCl5)

i

-10

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

190

210 200

S76



s0'e—

65V —

€9
mm.o%
129
[4AVRN
ve LT
Y
Se'L

1872

1672
652

zzL
Ay
oz s/
GeL
o

VI-WANS
65 L7

-Ph

Z=

Me

FsC

2}
-

N
e

N
)

T T T T T T
777675747372717.06.96.86.76.6

33 (400 MHz, CDCl5)

1 (ppm)

Fooe

FeeL

Feire

1s6°L
Flze
0¢

12.0 11.5 11.0 10.5 10.0 9.5

30 25 20 15 1.0 05 0.0

3.5

55 50 45 40

75 7.0 65 6.0

85 8.0

9.0

0.'8€ —

89'9L

00 ZL~F
ceLL /

\m) Qe 'zl

Sz6911

< 42021
88221 1

1 (ppm

Lv'Gel

114

1562
vsszL
8G°GZL |

06'9¢) L

T
120

Ao

..4 { T
AN

9z6cL ]

PYRPETI|

SY-6¢+

veerL —
9g'6vl —

T
140

T
150

)

9

CDCI;

T T
170 160

T
180

T
190

33((400 MHz,

210 |200

S77



o
N
Ly °
129 s °©
€L'9 © o
€L'9 o re
g9~k ©
ey Fo I
629 L2
€T°L ~ T Lo
iz NG N
9T NS -
121 Q
se L = 16" F~ < ‘ge—
90'€— gL [ - Lo 88F
09°2 ~ ©
29'L B e
N i
Ly o sos—
©
657 — ey
Lo 0 RW
eLL
wn
Fi6
129 o E
€9 [©2
€L'9 o
5.9 L [e Lo
1094 —= U + gzl
629 Ovle =
SEAN _ oLz galLs
el U oL |0 €LTb
sl -= Mo |~ zezl—
oz'L o vzl
121 3
ge'L
L1872 o BPRL—
09'2 Fo  Lgpl—
29’2 o
< = [
\ [F] m \%
Z== 3] e
z’ -
T E
= -
= e
(=4 RS
<
O < r=
pzd Do °
i

-10

90 80 70 60 50 40 30 20 10

S78

100
f1 (ppm)

110

120

130

Ph
N/
180 170 160 150 140

190

34 (100 MHz, CDCl5)

NC

210 200




| o
- = [©
n
I
g | o
\5
(o "
~ o
[ E B
N
©o = 0
Lo ¢ Fei
i o 68—
be— ° ~ Fooe[”
o [t
K2
= 596 —
o
\M r<
|0
p— —— ¥Z02 ¥ ﬁwn\/
o 07
te | €41
n
e
3
1o 8
v19 ¢ e
129 o
649 Fs ..

189 1 w6 vZLL
289 il e €L~
. ~Nooeeel
9z L~ \
82/ ] ——==—== ¥T6 [, €L~
622 =~ Teoz e €62h—

m:\ °
Sv'L . L2
0Z'8 _ &1 .
87 J VivL
€e'8 Lo N.EW
L'6vL
= = &
o 3]
\ m a o)
pd ro
C o
N Lo
N e
n
= e
o
=) |2
< b
N
% 8 7
O °
L

90
S79

100
1 (ppm)

110

120

130

140

150

_Ph
N
Me
‘ 1éO

170

180

190

210 200

35 (100 MHz, CDCl;)

O,N




66'C —

vy —

906 —
G.91
92'91
92'91
12°97
12°9
8°9
8.9 )ﬁ
08'9~
o2
zLL A
AN
€z L
vz L]
sz
sz'L
9z'L
12°11
1227

SL'9
9.9
9.9

LL9F
1.9
8.9
8.9
089

oL
NE/
mms/
€71
veL
sz'L
sz'L
9z L~
Rs\
121

N
6.7

=]
6.8

6.9

7.0
1 (ppm)

Np
71

J}{%&A

||
L
7.2

N

_

7.3

- L'e

0z
— =0zC
== Moz'z

_Ph
N
Me

36 (400 MHz, CDCl5)

HO

0.0

0.5

1.0

1.5

T T T T T T T T
35 30 25 20

50 45 40

55

6.0
1 (ppm)

6.5

7.0

75

T T T T T T T T
9.0 85 80

12.0 11.5 11.0 10.5 10.0 9.5

£8e—

L'95—

L'9L
G.E.W
gLl

GThh
SGh~
g9l
zezl
ZWEW
B0EL

Lepl—
Prsl—

-10

60 50 40 30 20 10

70

100 90 80
f1 (ppm)
S80

110

120

Ph
N
Me
180 170 160 150 140 130

190

HO
36 (100 MHz, CDCl5)

210 200




8€C—
89C—

vy —

G689
189
889
86'91\t

00'L7
NO.NW

9c'L
PASA
6€°L

(302

G8'9~
18'9—
88'9~
86'9~__
00'2—
2027

9C’L—

VAN
68L—
s

-Ph
N

Me

1 (ppm)

37 (400 MHz, CDCl5)

1506
Fooe

o

L

26'L
MNO.N

560

3

1.0

1.5

25

T
3.5

T
4.5

T T T T T
120 115 11.0 10.5 10.0 95 9.0

1 (ppm)

66~
602

ve—

L8y —

19/
o.hnW
€1

€Ll —
691l —

0’621
Rt
zieL
g'9cL -~
ogst/

L0511 —

-Ph
N

Me

37 (100 MHz, CDCl;)

-10

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

190

210 200

S81



OFTNOWTF N @© < [
RRRRINGE < < «
NNNNNOCO <~ © N
==\ I I I
©OTNOW < N
RRRR NS
NNNNN ©©
= N
|
N
_Ph ‘U
|
I k
Me ) )
—= e ——
* <
T T T O— T T W T T T
80 78 76 74 72 7.0 6.8 6.6 6.4 6.2 6.0
38 (400 MHz, CDCl) 2706
| |
"m ]
|
J |\ l {
© ) > s} o
0 o -~ ) )
1‘2.0 1"].5 1"].0 16.5 16.0 d.5 d.O é.5 é.O 7‘5 7‘.0 6.5 é.O 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 d.5 d.(
1 (ppm)
- N N O —
D OWOD OO O e = ) @
TOOONNNN— — - © < © @
e LR I~~~ 0 @ -
[ i S e | S~ |
Ph
e
N
1
Me
38 (100 MHz, CDCl,)
i
|
i
f I
— o , N —
210 200 1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)

S82



989
wm@/
88'9

6.8

T
0.0

1.0 05

€69 — L o
GE'L s ©
9e°L N Fe
9e°L y
€2 ~ o
8e/L < E D
AR N g ©
6L oz Foi
S5 L >
wm.n\ " s
oLe—  8LLN © Fooe
68°27\ ~ [0
68°L ° o
Om.hN © .
L6°L FS
167, N
® 0
<
9L — Feoz |
¥8'91 ©
98'91 IS}
98'91 [wo
88'9 B
£6'9 1 L3 5
9z'L e
€€ Lo ™
Ge LA ©
9€° 21 60
9€°2 4 02 F2
RN# 6L
8c° L 60| w
Ly ch T
1L 960
6% Nez 3
G621
952 [0
8227 @
68°L] o
68 o ro
06°L o
1672 Qo L
1627 Z==

39 (400 MHz, CDCl5)

12.0 115 11.0 105 100 9.5

§'95—

L'9L
D.RW
ELL

-10

9 80 70 60 50 40 30 20 10

S83

100
1 (ppm)

110

120

Ph
N/
Me
190 180 170 160 150 140 130

39 (100 MHz, CDCl3)

210 200




0.0

0
o
o L
©
vi'9— - 6 = 9
829 — 6 [~
€,°9 e o
mﬁm/ € | &
929t ol & ©
289 REa-L21 = ~
v8'9 IR -
- o
862 — el | —1 [00°€ |3
AL e T booe |3
Ve L - 6’ 0
wm.m\ 0 bos
veL ~ .
F<
Sv'y— — hozl?
o
Fo
0
e
3
LS 8
vL'9~ —— 60 ©=
82'9— — k6o, ¢
€19 Fo
m\..w/ == 0L
9.9 Tl [ 2
28’9 e | 0T
v8'9 — £60|w
z'L i
zeL °
ve'L l
9z'L
ve'L | ©
0
o
—_— ro
=
Ve (& Lo
o o nD.v
\ o
Z== - ro
N 2
z B
= 2
— W o
®) [~
= o o
m re
o
N

z'8e—

ger—
L'9L
D.RW
eLL

ZL0L~
LObL—
e~
bLbl

oegl—

gLyl
TEPL
£Z6L~

-Ph
N

40 (100 MHz, CDCls)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210 200

S84



o
o
€29 = 0
[© 4
mBM [©
1197 |
8.@\ © 2
28'9 ®
ro L@
169 0o T
86597 ~ g 5
90'L— - 60, =
| 'e)
vzl ~ o
9z'L ~
e 9L N Tu IR
00°¢ ) — 0€ Fes
8oL — [ L 85—
8CLF =10 0
mms& ) [©
62'L <
. I o —
0g'L F ~ ISI 44
n
bSy— < hozre
12 LleL
© o,tv
gLl
€291 e
G1'97 z
11°97 log
08'97 ©e
28'9 oF
B.SW re
86'9
902~ lo kG,
R NV TR
VeI Zizhn,
9¢'L o 0ozly
9z, N oggz
wm.ﬁ o Vel
o
665l —
621 | ©
0gL” @© i
Gl —
o
> [o
o Q 0
o ° [m] ro
\ (&)
z=-= 5 13
I 0
= Lo
— W -
N\ _N < [~
N—
- o
< r=
o
Fai

-10

60 50 40 30 20 10

70

Ph
N
Me
190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)
S85

41 (100 MHz, CDCl,)

210 200




8¢
Gg8¢c

8¢
mw.NM
18-
68°C

>

1 (ppm)

S

)

182
68C N
g6'e
Nm.mW
6G°¢

699
:.w/
€9~

5197
0zL~
zzL
zzL
vzL
vzL
9L
9L
8z'L
62'L
Les
ees

ssE
15€—
65c”

Ph_~~\-Ph

Me

42 (400 MHz, CDCl5)

3.7 36 35 34 33 32 31 3.0 29 28

|

==

(oAl

oz

Fo0'¢e

Fos

T T T T T T T T T T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35
1 (ppm)

12.0 11.5 11.0 10.5 10.0 9.5

6¢€ —
G'8¢ —

8'vs —

N.wh/

0'LL
Vv'LL /

1 (ppm)

zzh —
ZoLL—
z9zk

o.wﬁM
8921l T

£'ecl

8'6el —

8’8yl —

-Ph

CDCl,)

y

B

Ph\/\J
1

42 (100 MH

210| 200

S86



LS W B
LS N ‘
N Lo i i
86'Z
. v6'Z — \AWHUT ) - :
mw.o/ - \L Vpoers o
rm.o/ L2 *voc \
621 ) = wolor 0
€L\ —_—— 7 @ . :
5o 17 i ° 12z ]
mm.r\ R - iz \ ’
091 £ o \
= © ¥'62 -
= [N 162 : s
> ]
[~ ‘0 3
——Lowoelg X : i
-z .
vee o 3
oc'e . . e :
e 0€°E ~ _ L2 s i
7 —<k og¢ g
eee” o L
4. M
LY » |
~ AN n
o ONNW W
[w €L .
- o
‘ :
oF E IS
S 2
L g \ i
o © .
L2 — -
. 9ZLL— o
. ) . ;
699 J =z . oz
129 o
mh.o\ —=f = gc 7 - »
AV » —
zezl
[z o W i
sz'L : i
9Z'L - :
\ Lo
= -
[ 88yl — ] -
L ©
> — E ©
— L2 -~
= = : ;
8 o o o /W =
2 S 2 o O
B rS \ ) - 8
=% f o z-= £ | N
Z== I . ; N f :
Lo M
- [*2)
o | = = ‘ :
(=] m N S 5
o L2 8
> ~— \m
' 5 3 H -
(3] - 2
< - i
Fai

S87



NOWUMUTTON—TOULNOANN— — —
NARARARARARAREEREEE -
NNNNNNNNNO®©O©O©OO ©
e P ————
~...Ph
1
Me
44 (400 MHz, CDCl,)
}‘{
A
3 & iy
o o o
PN ©
12.0 115 11.0 105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 O
1 (ppm)
N [ae} o —
(o} [} < 0 N O © ~—
S © ©« N Q© <
v} N -~ NN © o
- - — - N~~~ <
| | [ ~ |
~. .Ph
N
1
Me
44 (100 MHz, CDCl5)
I
[}
210 200 190 180 170 160 150 140 130 120 110f11(oo )90 80 70 60 50 40 30 20 10 -10
ppm

S88



ONO—-—OONONONLG (SR ] N o ©
ANNNN-=-KRNOOO® +0O0O © o<
NNNNNNNOOOOO LWL [\ Al
e\ == ~§2 Y

ONOT- OO N ONONI
NNANNN = ~NNO OO
NNNNNNN ©©OOoo
— N NP>

N,Ph

1

Me

45 (400 MHz, CDCIs)

B B i o B e e B e | L
7675747372717069 68676665
f1 (ppm)

J L.M N J_,‘JLJL

J
$Y B Y
NN QO > o -
Mmm—0O (=] N [}

T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

w o NTR—-OW
N N @ © o NN N O ™ (3] 0 =
) b 0 (OW N~ ™ N < © B
< < 3\ NN~ «— N~ N~ © [52] [©0'e]
- - My~ s~ NN~ N 0 N N
/ \p— 1 [ Il

45((100 MHz, CDCl,)

T T T T T T T T T T T T T T T T T T T T
210| 200 190 180 |[170 160 (150 140|130 120 11 1000 99 80 |7 60 50

1 (ppm)

S8&9



o
| Fo
L 0
M ro
259 [0
psro~ - e
€99~ Fs -
. G99~ N~
05N g9/ Fo _ o2
5L © -
f©
= o
o E L2
802 ‘M. g Yo
€eC— L@ = — € ‘GZ —
o:/ ~= Lo 0se
oLL N
N:N ~ L2
€LL r~
S - A o
@Ns\ 5 Fos | L8y —
8Z'L F el
5 o Ve
T~ <
Sry
vy e LLw
wv.#\ oot <
05t L9~
LS o
gi1/
wn
. Fo
259 E
o 28
599 o=
199 - el F G
Nm.w o0k o SEl—
: _ T N 2
oL2 == .
zLL Feez iy .
€L L2 rszL—
. 1’621
SLL
0z's R
podyy Syl
o ZTri—
b  €lbb~
o
Fo

-Ph
N

Me

46 (400 MHz, CDCI,)

T T T T
12.0 11.5 11.0 10.5 10.0 9.5

-Ph
N

Me

Me

46 (100 MHz, CDCI;)

-10

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

190

210 200

S90



or'g
1¥'G
67'G
B.mw

06’1

S.rv oL'L
z1L
gLL
€z'L
vmsw

goe— vzl
wms\
192
192
€92

. v9'L

6Ly — g9/

or's

1¥'S

6v'G

1SS

oLz

zLL

cLL

€T'L

ve'L

ve'L

9z'L

192

192

€92

v9'L

99°2

-Ph
N

1 (ppm)

47 (400 MHz, C

AN

hoe

\‘J Fooe

mML oy
M 0¥
—=% 8y

T T T T T T
9.0

12.0 11.5 11.0 10.5 10.0 95

1 (ppm)

€9l —

i

A

L'e—

i

-

oq
[(e Qo]

h.@ﬂ/

oLl

vLiL

]

T
100
1 (dpm)

T
110

T
120

T
130

i

T
140

G851 —

-Ph
N

Me

T

T T T T
180 170 160 15

T
190

47/(100 MHz, CDClj)

MeO

210 200

S91



3 o
0 [
o
N ole : i
8,9~ =043 o
08'9 o ° -
18'9 IS o
v8'9 s
L [ i
s e - =9ze| " o
. s/ \ 3 v602
65k~ L - i i
_.o._\\ 82, LY m. o
v 1"
6y L7 [oz P i
® = Fel'e o ;
o " [ 60'9y — :
2 i 9666 — 5
L2 o
. I ) ”
118~ _ Tﬂo o < ’
o0ze”
0 .
F< 8992 o
00'2L7
e zeLL _
LS N
crs == Ig0'L -
eL's - T
mr.m\ 2. | o
1S 5 :
© s E
129 ’ :
s [ € SlgLl— <
08'9 ) |
. — 0L [ o
i WWO.N - = L8
vww BE L uo.«ov\ 3
o verz [ ‘9z1
: —— el v6'9 - -
: .\V * = Tr62k : B
wwwx o 12981~ A
o [© LLovL i
i -——— Fooz »
118~ e ]
i ® 127251 — \ o
— o _ < B 2
c = I _ < z 0
6919 — o m
o O i Q o | =
\ (4] a 0 o 3
NIM c Q - \O
~ o O .
N 'S K :
I ° — : -
= E // \
- 7 AY 0 .
(=] ° S :
o E g :
A < 2 o
0 - © B
5 ° s T ]
© 5

S92



=
~ ro
9.9 ; Fo
819\t = © L0
ow.wN = 0'¢ < e
089 »
[ o
189 © L2
€89 [o
~ )
1671 . o k2
vz L - -
Sorl > : g r9z'¢
sz £ °
. N
9T'L IR L2
I9C O - 1
——=0t o -
iy P = I
) 8z'. < [«
0L2— v N Evoe |
2 - [r) Fes
T~
© [te}
Lo~ e et
Y9 J —
L~ o
<
0
<
ors 2
. o
Nr.m\w Fo0°'L
LG (B
€
9.9 L2 &
8.9 =
089 ©
089 Fo
189 Hooe
€897 Lo
vZ'L .
oy \\ Toet |
9z'2 5
yra Le
8z
v [0
vyl ©
192
o
vo'L - = Fo
o (8]
\ [}] o \%
Z== T
o
N =
S e
O
3 2
< =
N
o 2 |2
> b
o
L

¢e'9L —

0cee —

9896 —

.19
@ONNW
8¢'LL

92°0b)~
Lrebl ~
LG L~
v6'8LL
197221~
Se'62L —
ve'zeL -

81871~
08'6¥L -

.Ph
N

Me

NC

-10

60 50 40 30 20 10

70

49 (100 MHz, CDCl;)

180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

190

210 200

S93



| o
; ] Fo
. ©
iZA w/ _ ro w0
9.9 [o
whww = L °
069~ — A Fe
2697 re -
9T'L ~ |
SO'LN 8z'L N = —— el T
. LN = =6L'€
99’1~ om.n/ _ Iy ~ m. °
Y7 e T Fa
1YL . INE
SNW HAF I
8L Le _ o
0Lz . ~ E6lLE
SN 3 o
6LL~ WM | © [
182 = A
z8'L ) b
v8'L [
Q
<
0
<
. o
12'S Fo
8Z'S = .
om.mw ol
ze's © z
vL'9 o8
9L'9 e S
8.9 =
06'9 Le
©
26'9 - .
wms/ == Loor g
wms/ ' Reoz 2
oL~ Y Jf€E
b2 = AL L2
L S .
'L = 2| o
8v'L ©
SLL ©
6L°L Fo
182
8L = —_— L2
v8'L o o >
S.2| O o
NlM D o
o o
- FO
N =
I 0
M O
(= Q
= M=
<
(=} r=
5 o
o

6GL—

gle—

§95—

L'9L
o,t.w.
€LL

0Ebhy
L9l
6bZL
L8521
65ZL
oozL
5Lzl
6zl
08zl

z 621
szel]
CEeL
7 opL
zosk—

-Ph
N

Me

50 (100 MHz, CDCl;)

-1C

40 30 20 10

190 170 150 130 110 9 80 70 60 50
f1 (ppm)

210

230

S94



1.2
€0'e
so0'e
10°¢
60°¢
9L'eE-F
8L'e
oce
cce

SLY
LLY
6LV
08t
a8y

SL'9
LL°9
8.9
889
06'9
912
8L
8L'L
ceL
€cL
veL
9c'L
8¢'L

e e —_

LL°C—

€0'e
mo.m%
20€~
60€
9L'E~
8l'e M

oz'e \

cece

-Ph
N

1'g

30 29 28 27

1 (ppm)

-
o
U

34 33 32 3.1

51 (400 MHz, CDCl5)

Fore
7602
Hiz

Foot

700t
oz
1z
L'y

T T
05 0.0

1.0

1.5

T T T T T T T T T T T T T T T T . T T T
90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20
1 (ppm)

12.0 11.5 11.0 10.5 10.0 9.5

G9'GE ~
¥S'8€ —

899Z
oo.th
ceLL

8190} —

5
100
1 (ppm)

1G'9¢L
whNN_\W
G6'L2L

¥8'6€L —

Leeyl —
6.°€SL —

-Ph
N

51 (100 MHz, CDCl;)

T T T T T T T T T T
/10 200 190 180 170 160 150 140 130 120 110

S95



1911 wro~
191 9s9—
89l es9”
. 189~
cL L )W 06'9~

v2'9
E@W
8.9

1897
om.m\
9z L-f
wm.Ls

0e'L

T T T T 7 T T
72 71 70 69 6.8 6.7

7.3

7.4

z
o
\
Z

‘llnhb zLy

£ —— va

2 /u_ 0z

== foot

B — Wvo.r

161

-  TsiT
=
(&)
o
(&)
N
I
=
o
(=]
X
N
n

12.0 11.5 11.0 10.5 10.0 95

50 45 40 35 30 25 20 15 10 05 o0

55

9.0

1 (ppm)

LEYT—
v,.8C—
197¢€ —

6209 —

G199/
NONNW
6€'LL

€0Vl ~
SL9LL—

90621 —

L0°LGL —

-Ph
N

Me

52 (100 MHz, CDCl,)

-10

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

190

210 200

S96



____ 1 e
= ro - i
n
Le FS 3 Lo
99'9~
89'9 -E0h ~ 2 = e
Fo = - -
029 = :
19— = Lo = Ww.w B &
6297 TS0t 3 ol A )
= = m\o_\ S 88'GZ o
o L2 1662~ W [
Fo ,W J N 1pee
- [t] ~ <
5= |l j
Fee'c 3 3
- o 091G — F3
€5'e ~ °
vm.m/ . o
N ez o L2 1€
o€ NN.NW NeSFerd ™ b Feo [
65°€ i <
. Yol - . o
pois L7 |2 89'92 3 =
9z, ~ SR
00227 =
© zeLL 2 8
F<
3 o
° o
Fo
-
" re
Lo m °
L0°€LL— 3 - E
o
999 'S & srol— = o 8
89'9 = ] sz
049 S -
179t © 0z'6zL — 3
va |
619 Q 1
FEN F °
NNNN s
vZ'L L2 YL —
9L ~ E 3
o
L2 L8
0 o
Foo L~
. H
—_ o —_— W LS
= = : -
o / o 3 3
< (o) ” o Q E >
o o o o (&) k
Q@ . re L2 " 3 &
NIM N Z== N -= o
T w%. / L 3 2
= - /N ‘ -
o < [{a) w W I
|- (]
=4 = N/ (=) =~
3 9 = = - 2
- = ™ £ N
10 ° 10 g
'S - |R

S97



by

18
15"
09’
G9'
89’

€L
9L
8.

699
E@V
£/ 9~

6.2

6.4

6.6

—_—

Py

Ielo

0.C

1.0 05

1.5

78
88’
06’

6.°¢
8¢
28'¢
€8¢

3
l
I
l
I
I
0L}
I
I
|
|3
2
l

699
129
€9
629
18'9 7
YT LN

9L \

8¢'L

6.9
189

AN
9¢'L—~
wN.h\

.Ph
N

Me

54 (400 MHz, CDClj)

74 72 7.0 4|8

7.6

1 (ppm

%

=

[1X4

Fsoe

koot

60
6'L

Feoz

T T T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 2.
1 (ppm)

12.0 11.5 11.0 10.5 10.0 9.5

89'sZ
£827
0V LE ~
orze’

08'65 —

8.9/
moNNW
WLl

L0€LL~
LL'9LL —

Ll'6cl —

60051 —

-Ph
N

Me

54 (100 MHz, CDCl5)

|

-10

60 50 40 30 20 10

70

180 170 160 150 140 130 120 110 100 90
1 (ppm)

190

210 200

S98



1.0 05 0.0

_Ph
N
Me

55 (400 MHz, CDCl)

T T T T T
12.0 11.5 11.0 10.5 10.0 9.5

N
o
;
e
IS
N
<]
gL L2
o -
-
\% o
ro
@
ta ©
) TN
[~
<)
[N )
=
< 0
e~ re
©
<
r<
0
r<
S
re
0
ha
g
o
Fro £
-
=
0
ro
N
S
ﬁ 0
S
Q
o
0
[

}‘x/

8¥'Ge
om.@mW
19'9¢
felo o)
c9'Le

908G —

cL'9L
voNhW
@m&u

68¢ClLL ~
c09LL —

9lL'6cl —

86'671 —

-Ph

Me

55 (100 MHz, CDCl)

-10

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

190

210 200

S99



59°9-\
1997
o0/
119~
6,97

XAVA
A

T
6.5
T

0.0

0.5

6.7 6.6

1.0

&%

15

;
7.0 6.9
1 (ppm)

;

25 20

71

W2

59'9
199
89'9
12°9-%
6297
XAV NS
€z'L
szL

9C'L

mN.hN

92,

7.3
T
3.5| 3.0

-

50 45 40

55

1 (ppm)

faay
oo
ol =
6.5 6.0

75 7.0

_Ph
N
Me
15 11.0 105 100 95 90 85 80

56 (400 MHz, CDCl5)

12.0 11.5 11.0 10.5 10.0 9.5

9¢e
N.NN/
ceT~

ove
L've
@NN\
6°0¢

V'es—

m.om
ONNW
€LL

9CLL ~
8'GLlL —

L'ect —

6061 —

It
60 50 40 30 20 10

70

80

90

110

1 (ppm)

170 150 130
S100

_Ph
N
Me
190

210

230

56 (100 MHz, CDCls)




16°0
€60
v6°0

SLL
AN /
€e'L
9e'L
Sv'LF
Ly'LF
8v'L ]
6v'L
05t
251
1971
€91 1
€9'L 1
G911
99'} 1
89'L 1
[YAr A
16°€
z6°¢
v6'€
96°¢€
16'€
66'€

L9
€29
R
28°9~
v8'9”
9z'L
122
8z
8z
62°L
0€L
oe'L
0eL

—

9L'¢C

c6'e
v6°'¢c
96°¢

16°¢—

Me~N/Ph

57 (400 MHz, CDCl5)

1 (ppm)

< Feoe

60 55 50 45 40 35 3.0 25 20 15 1.0
1 (ppm)

T
6.5

7.0

T T T T T T T T
90 85 80 75

12.0 11.5 11.0 10.5 10.0 9.5

(RN
vLLL~
9922~
€992~
8162~
v6'LE—
L9ve

€€'€G —

.9
wo.an
1€°11

06¢Cll ~
66'GLL—

e€l'6cl —

190G —

Me~N/Ph

57 (400 MHz, CDCI,)

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

S101



gcL—

vi'e—

1G'¢—
98'¢ —

SLLq
Lz'L
€221
TR
9z'L 1
8Z°L 1
L2
f4W
vEL
18727
8€° .
68"
ov' L~
Ly L]
L
zv L]
ev'L]
L
89/ 1
022
G121
G2
9LL
222
9L’
va%
818 ]
81’8

—

Le'L
€L
[ TAVA

80—

- %No.m

T
15| 1.0 05 0.

2.0

2.5

89/

0L,
Gl'L

SLL 6
102
9L’

tBu

T A=

<

84 82 80 78 |76 74 72 70 638

f1)(ppm)

58 (400 MHz, CDCl5)

—Tes

|
1 r20%¢

T
3.0

3.5

4.0

4.5

T
6.0 55 50

70 6.5

7.5

T T T T T T T
12.0 115 11.0 105 100 95 90 85 8.0

5187
syet
PTr

G089~
L'zg"

294
_‘,RV
PLL

Q

8 0521

o | b5zl
L5zl
g5zl
LSzl
vizl
6471
¥8zl
g8zl—
gzeL7
opeld
zgeld
#oel’
667L—

tBu

58 (100 MHz, CDCl5)

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

S102



88°0 o °
. L2 E
68°0 g N - Lao.mo
171 8807 Eo .
0e'L 680 ro Lo
. A .
wm.w oer/ mrfmm - A gog 2 ovl o
Ly 8sL — —=10F gLl @.NN/ -
. oL’V f ™ e 0 8'82
el . o 8Lz |\ ) .
zlL Lo - B z'6z 3
Sy o RS =¥z e
YOV ez g o oz
. [e] e R . — ww
95z oo = gie
ST 852 = [ e
952 192 80e = ¥ NMM N 'EE B
8szf 29z L2 ° g'ge B
19 €92 re 6'vy — o
29¢ 92 o 2
el 997 1% Fes TYE~ E N
v9Z | 99°€ £BOE s ey ) [
9T T z8e~ 7190E %0072 o 169 ~ 4
2oe] ! ] ¥ z59— o
. ™~
z8'c N
s 192
] 0L o
o D
)
Oy
_Ld. —
Le =
g S8
o & o8
LS e -
MH o
< o=
[[©
o
N re
. N 9°€z1
60°L~. ————— 90y m.RFW -l -
e ) L@ 8zl 7 13
el < R '8z . o
< LS 06EL <C L2
e < S I P A ¢ 3 — s
oL'g —_ ° o ] s
5 < Q re ot L @ o e
O NIM H4 D O NIM “_m_. a .
= L©
£ S : N g8 :
O an/_ N 0 O ﬂnu/h N Lnlu
T o = o o s T
——
z = o =z = .
< S E < S e
1) < 0 //\ 1] - o
A N o 7 \ A S \o1u
o < o
n = _ i .
-~ [N
~ © <
= L - °
T pat = ks
o] o [ee]
(@) Fai O

S103



10
1 (ppm)
S104

110

120

130

40

N
. 9z'L Fe
om.o @m._\/ - v0'¢
9z'L \.me/ PO
9L N =< HP0F _
. 6c'L — I D A
1671 =2HP0E—
. N_lw = ©
6e'L . [w
0 s - )
mjv © 0Zh~
Ba Lol
061~ N~ e
261~ [~ § /w
v'9
8Lz— [© & -
2 €Lz
mm.m\ T .

. 162
ee 06k~ oy oz ]
) z6L 00€g
g8 e To— zge 7

060
= o'6c
Lren f Fai 8]
om.mw 8Lz~ Jﬂw_ 0N mmv\
[4°R . Y PEYS
CIAAN _ 645
bz m
122~ ¢
9'€9—
<
i 197
o . 011>
ro rwo m..t\
959 — Jl.\s. o
59°9\ 2o © ro
199~ EOZE N~ ~
[© o m
© re &
L2 -
95°9 3 © .
mm.@M L2 g o 12 9zLLy
97 g —= "oz eeLL~
19'9 n 0eE
) RE= e Nmiw
€L\ \ML . ™~ 8oLl
GLL - =€zv
ts\ Sl o I Soel —
oz'1 kL Wﬂm Mo ~ z6zL
LL'L ~ ° ozel
9z~ — L T Fe z'geL —
< w0
P o Feo g8vL —

150

T
9.0

160

==
O
/
€€5L —
A\ /v
N—T7
/ N\

7

0”1

60 (400 MHz, CDCI5)

200 190 18§

60 (100 MHz, CDCI3)

12.0 11.5 11.0 10.5 10.0 9.5

T
21




§85 2% 3 <
NNN ©© [t} 2]
NN I
S
[ ,~—NH
N  B(OMe),
IM3-OMe (400MHz, CDCls)
|
J J w L
T 3 g %
< °? Q
- o -
Hi.U H‘.r) lI‘.O I(‘).S l(; o EY‘. 9‘.0 R‘ 8‘ 0 .5 7‘.0 6‘.5 6‘.0 5‘.5 ‘0 1‘ 1‘0 ‘S‘ '5‘,0 2. E ‘0 I‘ 1‘0 0‘ O‘ 0
£1 (ppm)
ﬁl 2 ﬂ o ®© -
© o ) N A
e o P NN o
\ [ ~ [

N | [B©
IM3-OMe (100MHz, CDCl,

=
=
D

~

N

T
100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)

T T
21 2po 190 180 70 160 150 it 130 12] 1

S

S105



S
[ )—NH
N

B(OMe),
IM3-OMe (128MHz, CDCl;

N—"

S106



