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General information:

Melting points were recorded with a micro melting point apparatus and uncorrected. NMR spectra
were recorded with a 400 MHz spectrometer for 'H NMR, 100 MHz for >C{'H} NMR. Chemical shifts &
are given in ppm relative to tetramethylsilane as internal standard, residual CHCl; for 'H or CDCl; in
BC{'H} NMR spectroscopy. Multiplicities are reported as follows: singlet (s), doublet (d), doublet of
doublets (dd), triplet (t), quartet (q), multiplet (m). High resolution mass spectra were taken with a 3000
mass spectrometer, using Waters Q-TofMS/MS system. For column chromatography silica gel (200-300
mesh) was used as the stationary phase. All reactions were monitored by thin layer chromatography (TLC).
Tetrahydrofuran used in reactions was reagent grade and distilled from sodium. All reagents and solvents
were purchased from commercial sources and purified commonly before used. All known quinolines
(la-11) were prepared according to literature proceedures.l All pyridines and ethyl glyoxylate are

commercially available compounds.
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General procedure for the copper-catalysed direct C(sp®)—H Activation of quinolines.

Cu(OTf); (7.2 mg, 10 mol%), 1,10-phenanthroline (1.8 mg, 5 mol%), 2-methyl quinoline 1a (82 pL,
0.6 mmol) and ethyl glyoxylate 2 (40 pL 0.2 mmol) were mixed in a Schlenk tube and then dry THF (0.8
mL) was added. The mixture was stirred at 60 C in a closed reaction vessel. The reaction was monitored
by TLC. After completion of the reaction, the solvent was evaporated under reduced pressure and the
residue purified by column chromatography on silica gel (eluent: petroleum ether/ ethyl acetate) to give the

desired product.

General procedure for the copper-catalysed direct C(sp®)-H Activation of pyridines.

Cu(OTf); (7.2 mg, 10 mol%), 1,10-phenanthroline (1.8 mg, 5 mol%), 2-methyl pyridine 4a (60 pL ,
0.6 mmol) and ethyl glyoxylate 2 (40 pL, 0.2 mmol) were mixed in a Schlenk tube and then dry THF (0.8
mL) was added. The mixture was stirred at 110 ‘C in a closed reaction vessel. The reaction was monitored
by TLC. After completion of the reaction, the solvent was evaporated under reduced pressure and the
residue purified by column chromatography on silica gel (eluent: petroleum ether/ethyl acetate) to give the

desired product.
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Characterisation of Compounds
Ethyl 2-hydroxy-3-(quinolin-2-yl)propanoate (3a):

|\ OH

OEt
N/

o
White solid. M.p. 107-109 'C. "H NMR (400 MHz, CDCl3): & 8.14 (d, J = 8.4 Hz, 1H), 8.07-8.05 (m, 1H),
7.81(d, J = 8.4 Hz, 1H), 7.72 (t, = 7.2 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 4.77 (q,
J=3.6 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3,56-3.41 (m, 2H), 1.24 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz,
CDCly): § 173.6, 158.7, 147.1, 136.7, 129.7, 128.6, 127.5, 126.8, 126.2, 121.9, 70.4, 61.3, 40.9, 14.1;

HRMS: caled for C14H;sNNaO; [M+Na]™ 268.0950, found 268.0952.

Ethyl 2-hydroxy-3-(quinolin-2-yl)butanoate (3b):

N OH

N/ OEt

CH; O
Yellow liquid. 'H NMR (400 MHz, CDCls): § 8.10 (d, J = 8.4 Hz, 1H), 7.99 (d, J = 8.8 Hz, 1H), 7.76 (d, J
= 8.0 Hz, 1H), 7.70-7.66 (m, 1H), 7.52-7.48 (m, 1H), 7.29-7.27 (m, 1H), 4.45 (d, J = 2.8 Hz, 1H),
4.08-4.02 (m, 2H), 3.68-3.61 (m, 1H), 1.57 (d, J = 7.2 Hz, 3H), 1.04 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCls): § 172.9, 164.0, 146.9, 137.0, 129.7, 128.8, 127.5, 127.0, 126.3, 120.7, 73.6, 61.3, 43.8, 14.7,

14.2; HRMS: calcd for C;sH17;NNaO; [M+Na]+ 282.1106, found 282.1109.

Ethyl 2-hydroxy-3-(8-methoxyquinolin-2-yl)propanoate (3c):

N OH
Z OEt

| N
OCH; o}
Orange liquid. "H NMR (400 MHz, CDCLy): & 8.07(d, J = 8.4 Hz, 1H), 7.43 (t, J = 7.8 Hz, 1H), 7.36-7.33
(m, 2H), 7.03 (d, J = 7.6 Hz ,1H), 4.77 (q, J =3.6 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 4.03 (s, 3H), 3.54-3.35
(m, 2H), 1.24 (t, J = 7.2Hz, 3H); *C NMR (100 MHz, CDCls): § 173.5, 157.5, 154.8, 138.9, 136.6, 127.9,
126.4, 122.3, 119.2, 108.0, 70.6, 61.2, 55.9, 40.7, 14.1; HRMS: caled for C;sH;;NNaO,; [M+Na]"

298.1055, found 298.1057.
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Ethyl 2-hydroxy-3-(6-methoxyquinolin-2-yl)propanoate (3d):

H3CO | N o

N/ OEt

O
Light yellow solid, M.p. 95-97 C . "H NMR (400 MHz, CDCl;): & 8.00 (d, J = 8.4 Hz, 1H), 7.89 (d, J=9.2
Hz, 1H), 7.36-7.33 (m, 1H), 7. 24 (s, 1H), 7.05 (d, J = 2.4 Hz ,1H), 4.74 (q, J =3.6 Hz, 1H), 4.21 (q, J=7.2
Hz, 2H), 3.92 (s, 3H), 3.48-3.33 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H); "*C NMR (100 MHz, CDCLs): 5 173.6,
157.5,156.0, 143.2, 135.5, 130.1, 127.8, 122.3, 122.2, 105.1, 70.5, 61.2, 55.5, 40.6, 14.1; HRMS: calcd for

C1sHgNO, [M+H]" 276.1236, found 276.1240.

Ethyl 2-hydroxy-3-(8-methylquinolin-2-yl)propanoate (3e):

N OCOH
P OEt

‘ N
CH, o
Yellow liquid. "H NMR (400 MHz, CDCls): & 8.08 (d, J = 8.4 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.55 (d, J
= 6.8 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7. 29 (s, 1H), 4.74 (q, J = 3.6 Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H),
3.54-3.43 (m, 2H), 2.76 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); '*C NMR (100 MHz, CDCly): & 173.4, 157.8,
145.9, 137.2, 136.1, 130.1, 126.8, 126.1, 125.6, 121.5, 70.5, 61.1, 40.0, 18.1, 14.1; HRMS: calcd for

C1sH,7"NNaO; [M+Na]" 282.1106, found 282.1111.

Eethyl 2-hydroxy-3-(6-methylquinolin-2-yl)propanoate (3f):
HC Xy OH

E
N/ OEt

(0]

Yellow solid, M.p. 66-68 'C.. 'H NMR (400 MHz, CDCLy): & 8.00 (d, J = 8.4 Hz, 1H), 7.87 (d, J = 8.4 Hz,
1H), 7.53-7.50 (m, 2H), 7.26-7.24 (m, 1H), 4.75 (q, J = 3.6 Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H), 3.49-3.40 (m,
2H), 2.51 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCly): & 173.6, 157.7, 145.7, 136.1,
131.9, 128.3, 126.9, 126.4, 121.9, 107.0, 70.5, 61.2, 40.8, 21.5, 14.1; HRMS: calcd for C;sH;sNO; [M+H]"

260.1287, found 260.1283.

Ethyl 3-(6-chloroquinolin-2-yl)-2-hydroxypropanoate (3g):

c | A OH

OEt
N/
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Yellow liquid. "H NMR (400 MHz, CDCls): § 8.01 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 9.2 Hz, 1H), 7.77 (d, J
= 2.0 Hz, 1H), 7.63-7.61 (m, 1H), 7.33 (d, J = 8.4 Hz, 1H), 4.74 (q, J = 3.2 Hz, 1H), 422 (q, J = 7.2 Hz,
2H), 3.51-3.36 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;): & 173.2, 159.9, 143.1,
137.1, 132.9, 129.7, 128.0, 126.5, 126.2, 122.7, 70.4, 61.3, 40.2, 14.1; HRMS: calcd for C;4H;,CINNaO;

[M+Na]" 302.0560, found 302.0556.

Ethyl 3-(8-chloroquinolin-2-yl)-2-hydroxypropanoate (3h):

Y o

E
N/ OEt

Cl O
Yellow liquid. 'H NMR (400 MHz, CDCly): § 8.12 (d, J = 8.4 Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.71 (d, J
= 8.4 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H), 7.36 (d, J = 8.4 Hz, 1H), 5.93 (d, J = 6.0 Hz, 1H), 4.81 (d, J = 4.0
Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.57-3.45 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz,
CDCly): & 173.6, 159.0, 145.6, 135.7, 131.9, 130.6, 130.3, 127.5, 126.2, 122.9, 70.2, 61.4, 41.2, 14.1;

HRMS: caled for C4H4CINNaO; [M+Na]+ 302.0560, found 302.0565.

Ethyl 2-hydroxy-3-(6-(trifluoromethyl)quinolin-2-yl)propanoate(3i):

FsC Xy  OH

OEt
N/

(0]

Yellow solid, M.p. 79-82 "C. '"H NMR (400 MHz, CDCLy): § 8.19 (d, J = 8.4 Hz, 1H), 8.11 (d, J = 5.2 Hz,
2H), 7.86 (dd, J; = 1.6 Hz, J,= 1.6 Hz ,1H), 7.42 (d, J = 8.4 Hz, 1H), 4.77 (q, J =3.6 Hz, 1H), 423 (q, J =
7.2 Hz, 2H), 3.56-3.41 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): & 173.6, 161.1,
148.2, 137.3, 130.0, 128.3, 127.9, 125.8, 125.5, 125.5, 125.3, 125.3, 123.3 122.6, 70.1, 61.5, 41.5, 14.1;

HRMS: caled for CsH;sFsNO; [M+H]"314.1004, found 314.1000.

Ethyl 3-(6-bromoquinolin-2-yl)-2-hydroxypropanoate (3j):

Br. | N OH

N/ OEt

(e}
Orange liquid. "H NMR (400 MHz, CDCls): § 8.00 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 1.6 Hz, 2H), 7.86 (d, J
= 8.8 Hz, 1H), 7.75 (dd, J; = 2.0 Hz, J, = 2.0 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 4.77 (q, J = 3.6 Hz, 1H),
4.23 (g, J = 7.2 Hz, 2H), 3.56-3.41 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;): § 173.5,
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159.1, 135.6, 133.0, 130.0, 130.4, 129.5, 127.9, 122.9, 119.9, 70.1, 61.4, 41.2, 14.1; HRMS: calcd for

C4H4sBrNNaO; [M+Na]+ 346.0055, found 346.0059.

Ethyl 2-hydroxy-3-(8-nitroquinolin-2-yl)propanoate (3Kk):

N OH
Pz OEt

|
N
NO, o}
Red solid, M.p. 98-101 ‘C.. "H NMR (400 MHz, CDCls): 5 8.20 (d, J = 8.4 Hz, 1H), 8.10 (dd, J,; = 0.8 Hz,
J, =12 Hz, 1H), 8.02 (dd, J; = 0.8 Hz, J, = 0.8 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H), 7.46 (d, J = 8.4 Hz, 1H),
4.76 (q, J = 5.2 Hz, 1H), 4.65 (d, J = 6.8 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3.58-3.48 (m, 2H), 1.27 (t, J =
7.2 Hz, 3H); °C NMR (100 MHz, CDCls): § 173.4, 161.3, 147.2, 138.5, 136.6, 132.2, 127.7, 124.9, 124.6,

123.9, 69.8, 61.6, 41.2, 14.1; HRMS: calcd for C;4H;4N,NaOs [M+Na]" 313.0800, found 313.0802.

Ethyl 3-(benzo[h]quinolin-2-yl)-2-hydroxypropanoate (31):

| Xy OH
N/ OEt
o

Red-brown liquid. "H NMR (400 MHz, CDCl3): § 9.16 (d, J = 7.6 Hz, 1H), 8.14 (d, J = 8.4 Hz, 1H), 7.91
(t, J="7.2 Hz, 1H),7.81-7.66 (m, 4H), 7.42 (d, J = 8.0 Hz, 1H), 4.84 (q, J=3.2 Hz, 1H), 4.23 (q, J = 7.2 Hz,
2H), 3.64-3.54 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCls): & 173.8, 157.1, 145.5,
136.7, 133.8, 130.8, 128.3, 127.9, 127.5, 127.1, 125.0, 124.9, 124.3, 122.4, 70.3, 61.3, 40.7, 14.1; HRMS:

calcd for C1gH;7NNaO; [M—irNa]+ 318.1106, found 318.1104.

Ethyl 2-hydroxy-3-(pyridin-2-yl)propanoate (5a):

N OH

N/ OEt

(e}
Light yellow liquid. "H NMR (400 MHz, CDCls): 8 8.51 (d, J = 4.4 Hz, 1H), 7.70-7.65 (m, 1H), 7.24-7.20
(m, 2H), 4.65 (q, J = 3.6 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.38-3.19 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H); °C
NMR (100 MHz, CDCls): § 173.7, 158.0, 148.7, 136.8, 123.9, 121.9, 70.5, 61.3, 40.6, 14.1; HRMS: calcd

for C1oH4NO; [M+H]" 196.0974, found 196.0976.
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Ethyl 2-hydroxy-3-(6-methylpyridin-2-yl)propanoate (5b):
N oH
= OEt
(6]
Light yellow liquid. "H NMR (400 MHz, CDCls): 6 7.51 (t, J = 8.0 Hz, 1H), 7.03-6.96 (m, 2H), 4.62 (q, J
=3.6 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.28-3.11 (m, 2H), 2.51 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H); °C NMR
(100 MHz, CDCl5): 8 173.9, 162.8, 148.6, 137.1, 123.0, 122.1, 75.5, 61.0, 43.2, 18.7, 14.2; HRMS: calcd

for C;;H;sNO; [M+H]" 210.1130, found 210.1134.

Ethyl 2-hydroxy-3-(pyridin-2-yl)butanoate (5c):

N, OH

N/ OEt

CHs O
Light yellow liquid. '"H NMR (400 MHz, CDCls): & 8.51 (d, J = 4.0 Hz, 1H), 7.69-7.64 (m, 1H), 7.24-7.16
(m, 2H), 4.65 (d, J = 2.8 Hz, 1H), 4.25 (q, J = 7.2 Hz, 2H), 3.46-3.39 (m, 1H), 1.33-1.26 (m, 6H); °C
NMR (100 MHz, CDCl3): 6 173.9, 162.8, 148.6, 137.1, 123.0, 122.1, 75.5, 61.0, 43.2, 18.7, 14.2; HRMS:

caled for C;H;sNO; [M+H]" 210.1130, found 210.1133.

Ethyl 2-hydroxy-3-phenyl-3-(pyridin-2-yl)propanoate (5d):

N OH

| N/ OEt

Ph O
Yellow liquid. "H NMR (400 MHz, CDCls): § 8.53 (d, J = 4.4 Hz, 1H), 7.62-7.58 (m, 1H), 7.34-7.28 (m,
4H), 7.24-7.17 (m, 2H), 7.10 (d, J = 7.6 Hz, 1H), 4.74 (d, J = 4.0 Hz, 1H), 4.62 (q, J = 4.4 Hz, 1H),
4.12-4.03 (m, 2H), 1.07 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;): & 173.2, 160.8, 148.0, 140.1,
.

137.1, 128.9, 128.5, 127.1, 124.6, 122.1, 75.6, 61.9, 53.7, 14.0; HRMS: calcd for C;cH;sNO3; [M+H]

272.1287, found 272.1289.

Ethyl 2-hydroxy-3-(pyridin-2-yl)pentanoate (5¢):

| X OH
N/ OEt
(e}
HsC

Light yellow liquid. "H NMR (400 MHz, CDCls):  8.47 (d, J = 4.0 Hz, 1H), 7.63-7.58 (m, 1H), 7.18-7.14
(m, 1H), 7.08 (d, J = 7.6 Hz, 1H), 4.48 (s, 1H), 4.06-3.98 (m, 2H), 3.11-3.07 (m, 1H), 1.97-1.91 (m, 2H),
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1.05 (t, J = 7.2 Hz, 3H) , 0.93 (t, J = 7.2 Hz, 3H); '°C NMR (100 MHz, CDCLy): § 174.0, 161.7, 148.6,
136.6, 123.8, 122.0, 73.6, 60.7, 50.1, 26.0, 14.0, 12.0; HRMS: calcd for C1,H;sNO; [M+H]" 224.1287,

found 224.1283.

Ethyl 3-(5-ethylpyridin-2-yl)-2-hydroxypropanoate (5f):

HaC |\ OH

OEt
N/

o
Orange liquid. "H NMR (400 MHz, CDCls): & 8.33 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.09 (d, J = 8.0 Hz,
1H), 4.61 (q, J = 3.6 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.29-3.10 (m, 2H), 2.61 (q, J = 7.6 Hz, 2H),
1.25-1.21 (m, 6H); *C NMR (100 MHz, CDCls): & 173.7, 155.2, 148.3, 137.4, 136.2, 123.4, 70.7, 61.2,

40.1,25.7, 15.2, 14.1; HRMS: calcd for Cj,H;sNO; [M+H]" 224.1287, found 224.1289.

Ethyl 3-(5-bromopyridin-2-yl)-2-hydroxypropanoate (5g):

Br 7N 0w

N/ OEt

0
Orange liquid. '"H NMR (400 MHz, CDCLy): & 8.57 (d, J = 1.6 Hz ,1H), 7.75 (dd, J; = 2.4 Hz, J; = 2.0 Hz,
1H), 7.11 (d, J = 8.4 Hz, 1H), 4.61 (d, J = 3.6 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 4.10 (d, J = 5.6 Hz, 1H),
3.29-3.10 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H); >C NMR (100 MHz, CDCls): & 173.6, 156.2, 150.0, 139.1,
125.3, 118.8, 70.1, 61.6, 40.6, 14.1; HRMS: calcd for C;oH;;BrNNaO; [M+Na]™ 295.9898, found

295.9895.

Ethyl 2-hydroxy-3-(3-methylpyridin-2-yl)propanoate (5h):

S Meon

OEt
N/

0]

Orange liquid. "H NMR (400 MHz, CDCLs): & 8.30 (d, J = 4.4 Hz, 1H), 7.44 (d, J = 7.2 Hz, 1H), 7.09-7.06
(m, 1H), 4.70 (t, J = 5.2 Hz, 1H), 4.22-4.16 (m, 2H), 3.22 (d, J = 5.2 Hz, 2H), 2.29 (s, 3H), 1.22 (t, J = 7.2
Hz, 3H); *C NMR (100 MHz, CDCLy): & 173.8, 156.7, 145.7, 137.9, 131.8, 121.7, 70.2, 61.1, 36.7, 18.6,

14.1; HRMS: calcd for C;1H1sNO3 [M-FH]+ 210.1130, found 210.1135.
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Ethyl 2-hydroxy-3-(pyrazin-2-yl)propanoate (5i):

N
[ X OH
N/ OEt
o}

Yellow liquid. 'H NMR (400 MHz, CDCls): & 8.64-8.44 (m, 3H), 4.65 (s, 1H), 4.24 (q, J = 7.2 Hz, 2H),
3.68 (s, 1H), 3.36-3.18 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H); '*C NMR (100 MHz, CDCls):  173.6, 69.7, 61.7,

39.0, 14.0; HRMS: calcd for CoH;,N,>NaO; [MJrNa]+ 219.0746, found 219.0750.

References:

1. M. Matsugi, F. Tabusa and J. Minamikawa, Tetrahedron Lett., 2000, 41, 8523—-8525.
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Copies of 'H and *C NMR spectra

'H NMR Spectrum for 3a

Lo omo S ALY Y 5L VLY A NHOANITNLT A DAOAN O~ QN Spectrum Title:
MO © © O Q NO DM N © 0N~ © LW W DOVONMUSTNAO O OAN-d O TN
Heoao @ R R R B R SOV WLWLWLLL XY XY JANA 1H solvent:CDC...:13 2011.7.8 j j
[0 O © © co ~ L T B TOOMOHONOHOMMHMOHO OO OHON®MN NAAA

T~ 8046
S~ 7.821
AN

4233
N—4.215

Frequency (MHz):

(f1) 400.202

Original Points Count:
(1) 16384

Actual Points Count:
(f1) 32768
Acquisition Time (sec):
(1) 2.2807

Spectral Width (ppm):
(f1) 17.951

Pulse Program:
ZG30

Temperature:

298.96

Number of Scans:

8

Acq. Date:

Fri Jul 08 05:03:18 PM

ez { ==
—

B Yy by y
S R PO I N w
> o o © o = [N
O U N W N o ©
L B B A A R
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (t1)

3¢ NMR Spectrum for 3a

Wy

— Frequency (MHz):

(f1) 100.641

Original Points Count:
(f1) 16384

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
(f1) 0.6521

— 2000 | Spectral Width (ppm):
_ (f1) 249.656

Pulse Program:
ZGDC30
Temperature:

— 298.76

— 1500 Number of Scans:

21

Acq. Date:

— Tue Jul 19 11:21:41 AN

173.561
158.707
136.708
129.685
128.641
127.493
126.849
126.215
121.935
77.318
77.000
76.683
70.371

T———61.266
40.896
14.114

I I I

[ [ [ [ [
200 150 100 50 0

ppm (t1)

S10



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

'H NMR Spectrum for 3b
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'H NMR Spectrum for 3c
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'H NMR Spectrum for 3d
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'H NMR Spectrum for 3e
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'H NMR Spectrum for 3f

— 4000

O DOOMOMANDON O DONN DM N~ 0 ©WONOMm m W 0
O W WO MNOOD ©OW M LSO NOON NI OONLWL S A M - O
OO WWWL WU NN N NN~ NN A A ST OMOM MmN N N -
O~ NNNNNNNNN IS TSI OO OO OM®m O -
HsC
3 l\ OH
7 OEt
N
3f ¢
!
I
1]
[l
|
' np
vy gy L Y W
PO N B o N N w w
o0 o o ©O o o o o
o = oW © N [} © ~
‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\ ‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
13
C NMR Spectrum for 3f
[s2) (o2} St M 0 © VWO O
o o™ © O MO M AN 0O ~NoO AN SO o ~ oo
n ~ OO OMmMmom W O <O 0 ©Om mn n o
I ~ WY o9 0 YW o~ AR ~ !
~ n <M MO N NN N O ~NN~© O o - <
- — L I e I B e B ] NN~~~ N~O < N -
|
HsC
3 A OH
pZ OEt
N
3f o)
|
|
|
[ [ [ [ [
200 150 100 50 0

ppm (t1)

S15

Frequency (MHz):

(f1) 400.202

Original Points Count:
(f1) 16384

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
(1) 2.2807

Spectral Width (ppm):
(f1) 17.951

Pulse Program:

ZG30

Temperature:

299.16

Number of Scans:

16

Acq. Date:

Tue Jul 26 08:26:27 AV

Frequency (MHz):

(f1) 100.641

Original Points Count:
(f1) 16384

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
(f1) 0.6521

Spectral Width (ppm):
(1) 249.656

Pulse Program:
ZGDC30

Temperature:

299.56

Number of Scans:

33

Acq. Date:

Thu Jul 28 08:37:09 AV




'H NMR Spectrum for 3g

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

— 6000
O O~ O MO AW O o DLOAN NT O DO A N MO (=2} N~ o —
NO ¥ 1 ©O MNHdO Mo © HDETTO T NOX QDN © <0 - - < N o
S8 3HRRCBOUEE MH J NENR JARI BISII®on & QN _
oo le o T L L L L D T T OOMOOOM OO O™ — = -
— 4000
— 3000
Cl _
| X OH _
& OEt _
N
3g o
|
|
Wy “
|
AL Yoo e w -
HFO OO [ [ N N w —
go o o o o B =
aswo S S S @ a -
L T T B B A [ R T T [
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
13
C NMR Spectrum for 3g
® © ON QO ¥ ANY D -
< ~ ~N Y ON I SO O 0O N S © o (=2} I
~N © O =« O™~ O N © O W © © < -
[ @ O N o ©©O©e Mmoo o o N b
~ 0 S m od N dd N NNO S o [=} < — 2500
— — L B I I I B I NN~~~ © < —
K) | -
[
— 2000
— 1500
| — 1000
C _
| X OH
Z OEt i
N —
— 500
—0
\ \ \ [ \
200 150 100 50 0
ppm (t1)

S16

Frequency (MHz):

(f1) 400.202

Original Points Count:
(f1) 16384

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
(1) 2.2807

Spectral Width (ppm):
(f1) 17.951

Pulse Program:

ZG30

Temperature:

299.36

Number of Scans:

16

Acq. Date:

Tue Jul 26 09:16:58 A

Frequency (MHz):

(f1) 100.641

Original Points Count:
(f1) 16384

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
(f1) 0.6521

Spectral Width (ppm):
(f1) 249.656

Pulse Program:
ZGDC30
Temperature:

299.46

Number of Scans:

20

Acq. Date:

Thu Jul 28 08:28:58 AV




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

'H NMR Spectrum for 3h

Frequency (MHz):

— (f1) 400.202

Original Points Count:
(f1) 16384

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
_ (f1) 2.2807

Spectral Width (ppm):
(f1) 17.951

— 4000 Pulse Program:

— ZG30

Temperature:

299.36

Number of Scans:

- 16

— 3000 Acq. Date:

Tue Jul 26 09:20:04 Av

A

8.127
8.106
7.809
7.790
7.716
7.695
7.443
7.424
7.404
7.366
7.345
7.261
N—— 5.938
5.923
4811
4.801
4.240
4222
[ 4204
3.565
3.555
N 3525
3515
3.505
3.489
3.465
3.449
1.744
1.216

T~ 4186
No—— 1.234
I I ‘ I

o

o

o

o

\

OEt -

p=4

E

P ——

10T <
968 =
880 £
160
00z
90z L
9T'e C
1

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (t1)

3¢ NMR Spectrum for 3h

—4000 | Frequency (MHz):
(f1) 100.641

~
©
o
[T) i 9 1
<
— . .
Original Points Count:
_ (f1) 16384
Actual Points Count:
— (f1) 32768
Acquisition Time (sec):

— (f1) 0.6521

Spectral Width (ppm):
(f1) 249.656

— Pulse Program:
ZGDC30

— Temperature:

299.56

Number of Scans:

36

Acq. Date:

— 2000 Thu Jul 28 08:57:31 AV

173.582
159.000
135.709
131.944
130.588
130.330
127.466
126.203
122.920
77.318
77.000
76.683
70.229
61.429
41.167
14.153

| ) OH
Z OEt

[ [ [ [ [
200 150 100 50 0
ppm (t1)

S17



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

'H NMR Spectrum for 3i
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'H NMR Spectrum for 3k
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'H NMR Spectrum for 5b
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'H NMR Spectrum for 5c¢
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'H NMR Spectrum for 5d
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'H NMR Spectrum for 5e
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'H NMR Spectrum for 5f
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'H NMR Spectrum for 5g
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'H NMR Spectrum for 5h
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'H NMR Spectrum for 5i

SO A0 0MedN~ OO D ©OOVONOAdA T ONM O <t N S ©
B3o3B wbbhn 9§ S dIUANERE6Em ANAT b IR
poO 0O 00 00 O 00 O 00 O 0 O N~ T FTTTTOONONOMN OO Mm M =
N
[ X OH
P~ OEt
N
I
5i o] ‘
Iy
| ! i
Al
N O
e T y
0 o p o N 0
o © o forl = o
N © o w o ©
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ \\‘\\ ‘\
9.0 8.0 7.0 6.0 5.0 40 3.0 2.0 1.0 0.0
ppm (t1)
13 H
C NMR Spectrum for 5i
2 0O MY O ™ © — 3500
Te} SO WM M Pl N
o Mo QN N~ S S -
Q NNOo o 2] = —
— ~NMN~N~O o (3] —
U ) — 3000
‘\‘ — 2500
— 2000
— 1500
N _
[ OH — 1000
= OEt _
N —
5i O B
‘ ‘ — 500
| —
b o
—-500
\ \ \ \ \
200 150 100 50 0
ppm (t1)

S30

Frequency (MHz):

(f1) 400.202

Original Points Count:
(f1) 32768

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
(f1) 4.5613

Spectral Width (ppm):
(1) 17.951

Pulse Program:

ZG30

Temperature:

299.66

Number of Scans:

16

Acq. Date:

Tue Jul 26 04:51:46 PNV

Frequency (MHz):

(f1) 100.641

Original Points Count:
(f1) 16384

Actual Points Count:
(f1) 32768

Acquisition Time (sec):
(f1) 0.6521

Spectral Width (ppm):
(f1) 249.656

Pulse Program:
ZGDC30
Temperature:

298.56

Number of Scans:

24

Acq. Date:

Tue Aug 02 09:45:54 AN




