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(A) Materialsand M ethods

Infrared spectra were recorded on a BIO-RAD FTS 165 FT-IR spectrophotometer and reported in wave
numbers (cm). *H NMR and C NMR spectra were obtained in CDCl3 solutions with a Brucker DPX
500 spectrophotometer at 500 MHz and 125 MHz, respectively. NMR spectra are referenced to residual
chloroform (J 7.26 ppm, 1H; 6 77.0 ppm, 13 C). Chemical shifts are reported in ppm (d); mutiplicities are
indicated by s (singlet), d (doublet), t (triplet), g (quartet), quin (quintet) and m (multiplet). Coupling
constants, J, are reported in Hertz. Low resolution mass spectra were obtained on a Finnigan/MAT LCQ
spectrometer in ESI mode. High resolution mass spectra were obtained on a Finnigan/MAT 95XL-T
spectrometer. Enantiomeric excesses were determined by HPLC analysis on Shimadzu HPLC units,
including the following instruments: pump, LC-20AD; detector, SPD-20A; column, Daicel Chiralpak 1B.
Thin-layer chromatography (TLC) was performed on Merck aluminum-precoated plates of silica gel 60
F2s4. Visualization was obtained by spraying with basic potassium permaganate with subsequent heating.
Column chromatography was performed with silica gel 60 (230-400) mesh. The tert-butyl hydroperoxide
(TBHP) 5-6 M solution in decane was purchased from Aldrich Chemical Co. Commercialy available

reagents and solvents were used without further treatment.
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(B) DIB/TBHP oxidation of heterocycles

/R1 )n /R1 )
HSL 8 or H 3 DIB, TBHP / ) n
H o " H R O™ 'n or 0

N N
R? 0t025°C, 12 h R2
1 3 lactone lactam
2 4

Representative procedure for the oxidation of heterocycle: To a solution of (tetrahydrofuran-2-
yl)methyl acetate (1a) (72 mg, 0.50 mmol) in nitromethane (1 mL) was added diacetoxyiodobenzene (484
mg, 1.5 mmol) at 0 °C. The resultant suspension was vigorously stirred and a solution of tert-
butylhydroperoxide (5.0 M in decane, 400 ulL, 2.0 mmol) was added dropwise over 30 min. After 12
hours, the reaction was quenched with Na>SOs (5 mL). The organic layer was separated and the agueous
layer was extracted with dichloromethane (4 x 5 mL). The combined extracts were dried (MgSO 4), filtered,
and concentrated in vacuo. The residue was purified by flash column chromatography eluted with n-

hexanes/EtOAC (2:1) to yield (5-oxotetrahydrofuran-2-yl)methyl acetate ( 2a) asayellow oil (51 mg, 65%).

E\/ OAc
@)

@)

2a
(5-oxotetrahydrofuran-2-yl)methyl acetate (2a).[® Isolated as a yellow oil. *"H NMR d 4.76-4.71 (m,
1H), 4.32 (dd, J = 105, 3.0 Hz, 1H), 4.15 (dd, J = 12.0, 5.6 Hz, 1H), 2.64-2.52 (m, 2.0 H), 2.39-2.32 (m,
1H), 2.10 (s, 3H), 2.08-2.00 (m, 1H); 3C NMR d 176.4, 170.6, 77.2, 65.3, 29.7, 28.2, 23.9, 20.7; MS

(ESI+) m/z (relative intensive) 198.8 ((M+K]*, 100). (The data were in full accordance with the literature

values).
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2b
5-{[(tert-butyldimethylsilyl)oxy]methyl}dihydr ofuran-2(3H)-one (2b).™ Isolated as a colouless oil. *H
NMR d 4.61-4.54 (m, 1H), 3.86 (dd, J = 11.4, 3.0 Hz, 1H), 3.68 (dd, J = 14.2, 3.2 Hz, 1H), 2.64-2.55 (m,
1.0 H), 251-2.42 (m, 1H), 2.30-2.15 (m, 2.0 H), 0.89 (s, 9H), 0.06 (s, 6H); *C NMR d 177.6, 80.1, 64.9,
28.6, 25.8, 23.6, 18.3, -5.4, -5.5 ; MS (ESI+) m/z (relative intensive) 230.9 (M™). (The data were in full

accordance with the literature val ues).

/A/_>\/OO

2c

(5-oxotetrahydr ofuran-2-yl)methyl benzoate (2c). Isolated as a yellow oil. *H NMR d 8.03 (dd, J =
8.4, 1.4 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.46(t, J = 7.2 Hz, 2H), 4.92-4,84 (m, 1H), 4.55 (dd, J = 12.3,

3.2 Hz, 1H), 4.45 (dd, J = 12.2, 5.4 Hz, 1H), 2.67-2.59 (m, 2H), 2.49-2.37 (m, 1H), 2.20-2.07 (m, 1H); °C
NMR d 176.5, 166.2, 133.5, 129.7, 129.3, 128.6, 77.4, 65.7, 28.2, 24.0: MS (ESI+) m/z (rdlative intensive)

243.0 ((M+Na]*, 100). (The data were in full accordance with the literature values).

O

O

2d
(5-oxotetrahydr ofur an-2-yl)methyl 4-methylbenzenesulfonate (2d).® Isolated as ayellow oil. H
NMR d 7.78 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 7.8 Hz, 2H), 4.72-4.65 (m, 1H), 4.19 (dd, J = 11.0, 3.3 Hz,
1H), 4.13 (dd, J = 11.0, 4.2 Hz, 1H), 2.59-2.50 (m, 2H), 2.46 (s, 3H), 2.41-2.28 (m, 1H), 2.18-2.06 (m,
1H); *C NMR d 175.9, 145.3, 132.2, 130.0, 127.9, 69.8, 29.6, 27.8, 23.5, 21.6; MS (ESI+) mVz (relative

intensive) 563.7 (2[M+Na] *, 100). (The datawere in full accordance with the literature values).
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(5-oxotetrahydrofuran-3-yl) acetate (2€).!9 Isolated as a yellow oil. 'H NMR d 5.44-5.41 (m, 1H), 4.50
(dd, J=11.0, 4.3 Hz, 1H), 4.37 (d, J = 10.8 Hz, 1H), 2.85 (dd, J = 18.5, 6.8 Hz, 1H), 2.62 (d, J = 18.3 Hz,
1H), 2.10 (s, 3H); °C NMR d 174.4, 170.3, 73.0, 69.7, 34.5, 20.8 ; MS (ESI+) m/z (relative intensive)

166.7 ((M+Na]*, 100). (The data were in full accordance with the literature values).

o

2f

dihydrofuran-2(3H)-one (2f).! Isolated as a clear oil. 'H NMR d 4.33 (t, J= 7.1 Hz, 2H), 2.47 (t, J= 7.6
Hz, 2H), 2.24 (quin, J = 7.2 Hz, 2H); 3C NMR d 177.8, 685, 27.7, 22.1; MS (ESI+) m/z (relative

intensive) 108.9 ([M+Na] *, 100). (The data were in full accordance with the authentic sample).

oY

c
(X=0,R=H,n=1)

2-(tert-butylper oxy)tetrahydrofuran (C; X = O, R = H, n = 1).1? Isolated as a yellow oil. *H NMR
d5.56 (dd, J = 6.0, 1.8 Hz, 1H), 3.93 (t, J = 6.2 Hz, 2H), 2.05-1.92 (m, 2H), 1.89-1.73 (m, 2H), 1.25 (s,
9H); 3C NMR d 106.6, 80.5, 67.4, 29.3, 26.4, 24.0; MS (ESI+) m/z (relative intensive) 182.8 ((M+Na] *,

100). (The data were in full accordance with the literature values)

L)

2g
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Tetrahydro-2H-pyran-2one (2g).1 Isolated as ayellow oil. 'H NMR d 4.34 (t, J = 6.7 Hz, 2H), 2.58 (t, J
= 7.0 Hz, 2H), 1.95-1.85 (m, 4H); ®°C NMR d 171.4, 69.4, 29.8, 22.3, 19.1 ; MS (ESI+) mVz (relative

intensive) 123.0 ((M+Na] *, 100). (The data were in full accordance with the literature val ues).

OEN
Boc

4a

tert-butyl 2-oxopyrrolidine-1-car boxylate (4a).™" Isolated as ayellow oil. 'H NMR d 3.72 (t, J= 7.2 Hz,
2H), 2.49 (t, J = 7.9 Hz, 2H), 1.97 (quin, J = 8.1 Hz, 2H), 1.50 (s, 9H) ; 13C NMR d 174.3, 150, 82.7, 46.4,
32.9, 27.9, 17.3; MS (ESI+) m/z (relative intensive) 207.9 ([M+Na]*, 100). (The data were in full

accordance with the literature values).

o)

N
Ac

4b

1-acetylpyrrolidin-2-one (4b).[*4 |solated as ayellow oil. *H NMR d 3.80 (t, J= 7.4 Hz, 2H), 2.59 (t, J=
8.0 Hz, 2H), 2.49 (s, 3H), 2.03 (quin, J= 8.1 Hz, 2H); ¥C NMR d 175.5, 171.3, 45.2, 33.5, 24.8, 17.1; MS
(ESI+) m/z (relative intensive) 150.1 ([M+Na] *, 100). (The data were in full accordance with the literature

values).

o’QCOOMe

Boc
4c

1-tert-butyl 2-methyl 5-oxopyrrolidine-1,2-dicarboxylate (4c).[*® |solated as a yellow oil. *H NMR
d4.61 (dd, J = 9.4, 2.9 Hz, 1H), 3.78 (s, 3H), 2.66-2.57 (m, 1H), 2.54-2.44 (m, 1H), 2.35-2.28 (m, 1H),

2.08-1.99 (m, 1H), 1.49 (s, 9H); *C NMR d 173.3, 171.8, 149.2, 83.6, 58.8, 52.5, 31.2, 27.8, 21.4; MS
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(ESI+) m/z (relative intensive) 265.9 ([M+Na] *, 100). (The data were in full accordance with the literature

values).

N
Boc

4d
tert-butyl 2-((benzoyloxy)methyl)-5-oxopyrrolidine-1-car boxylate (4d). Isolated as a yellow oil. H
NMR d 8.00 (d, J=8.0 Hz, 2H), 7.58 (t, J= 7.5 Hz, 1H), 7.45 (t, J= 8.0 Hz, 2H), 4.57-4.50 (m, 3H), 2.76-
2.69 (m, 1H), 2.52-2.47 (m, 1H), 2.28-2.23 (m, 1H), 2.06-2.01 (m, 1H), 1.54 (s, 9H); *C NMR d 174.0,
166.3, 149.7, 133.4, 129.7, 129.4, 128.6, 83.5, 65.3, 56.3, 31.8, 28.0, 21.0; IR (solution): 3427, 2980, 1786,
1720, 1646, 1453, 1369, 1313, 1273, 1152, 713; HRMS (ESI+) calcd for C 17H21NOs [M+Na]*: 342.1321,

found 342.1312.

OI)\/OAC

N
Boc

4e

tert-butyl 2-(acetoxymethyl)-5-oxopyrrolidine-1-carboxylate (4€). Isolated as a colorless oil. *H NMR
d 4.36 (dd, J = 12.9, 4.5 Hz, 2H), 4.15 (dd, J = 13.3, 5.0 Hz, 1H), 2.67-2.59 (m, 1H), 2.46-240 (m, 1H),
2.21=2.13 (m, 1H), 2.05 (s, 3H), 1.94-1.90 (m, 1H), 1.51 (s, 9H); 2C NMR d 174.1, 170.6, 149.6, 83.4,
64.9, 56.1, 31.7, 28.0, 21.0, 20.8; IR (solution): 3427, 1784, 1744, 1645, 1457, 1369, 1310, 1255, 1153,
751; HRMS (ESI+) calcd for C12H19NOs [M+Na]*: 280.1158, found 280.1155. HPLC (Daicel Chiralpak

IB, i-PrOH/hexane = 25/75, 0.6 mL/min, 254 nm) t1 = 14.6 min (minor), t2 = 16.0 min (major).
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4f
(5-oxo-1-tosylpyrrolidin-2-yl)methyl benzoate (4f). Isolated as a yellow oil. *H NMR d 7.95 (d, J= 8.0
Hz, 2H), 7.68 (d, J = 8.3Hz, 2H), 7.54 (t, J= 7.5 Hz, 1H), 7.36 (t, J= 8.0 Hz, 2H), 7.17 (d, J= 8.3 Hz, 2H),
4.78-4.75 (m, 1H), 4.71 (dd, J = 11.9, 4.0 Hz, 1H), 4.50 (dd, J = 12.0, 1.75 Hz, 1H), 2.63 (dt, J = 17.8,
10.8 Hz, 1H), 2.49-2.34 (m, 2H), 2.22 (s, 3H), 2.07-2.03 (m, 1H); 3C NMR d 173.6, 165.9, 145.2, 135.4,
133.3, 129.5, 129.4, 129.1, 128.4, 128.2, 65.8, 57.9, 31.2, 22.8, 21.5; IR (solution): 3447, 3023, 2926,
2855, 1725, 1601, 1453, 1362, 1272, 1216, 1171, 1119, 712; HRMS (ESI+) calcd for C 19H1sNOs [M+Na] *:

396.0881, found 396.0876.

L)

O” N
Ac

49
1-acetypiperidine-2-one (4g).1 Isolated as a yellow oil. *H NMR d 3.74-3.69 (m, 2H), 2.55 (m, 2H),
2.52 (s, 3H), 1.84-1.81 (m, 4H); *C NMR d 173.8, 173.4, 43.8, 34.8, 27.7, 22.4, 20.3; MS (ESI+) m/z

(relativeintensive) 163.8 ([M+Na] ¥, 100). (The data were in full accordance with the literature values).

L)

Boc
4h

0]

tert-butyl 2-oxopiperidine-1-car boxylate (4h).[*4 |solated as a yellow oil. *H NMR d 3.63-3.59 (m, 2H),
2.49-2.45 (m, 2H), 1.81-1.77 (m, 4H), 1.48 (s, 9H); *C NMR d 171.4, 152.6, 82.8, 46.2, 34.7, 27.9, 22.7,
20.4; MS (ESI+) m/z (relative intensive) 221.9 ([M+Na] *, 100). (The data were in full accordance with the

literature values).
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Representative procedure for the oxidation of simple alkyl and aryl substituted THF: To a solution
of 2-methyltetrahydrofuran (5) (0.05 mL, 0.5 mmol) in n-butyl acetate (1 mL) was added
diacetoxyiodobenzene (484 mg, 1.5 mmol) at 0 °C. The resultant suspension was vigorously stirred and a
solution of tert-butylhydroperoxide (5.0 M in decane, 400 pL, 2.0 mmol) was added dropwise over 30 min.
After 12 hours, reaction was quenched with Na,SO3 (5 mL). The organic layer was separated and the
aqueous layer was extracted with dichloromethane (4 x 5 mL). The combined extracts were dried (MgSO 4),
filtered, and concentrated in vacuo. The residue was purified by flash column chromatography eluted with

n-hexanes/EtOAC (3:1) to yield 3-hydroxypropyl acetate (6) as ayellow oil (43 mg, 72%).

O
Ac;0, EtzN
HO/\/\OH 2 3 - AN )J\
o HO O Me
CH,Cl,, 25 °C

A sample of 6 was prepared by the reaction between propane-1,3-diol and acetic anhydride. The resulting

product has an identical *H NMR as compound 6 synthesized from the oxidation.

0
HO/\/\OJ\
6

3-hydroxypropyl acetate (6).1*™ Isolated as a yellow oil. '"H NMR d 4.23 (t, J= 6.3 Hz, 2H), 3.70 (t, J =
6.3 Hz, 2H), 2.06 (s, 3H), 1.87 (quin, J = 6.3 Hz, 2H); C NMR d 171.6, 61.5, 59.2, 31.7, 20.9; MS
(ESI+) nVz (relative intensive) 118.8 (M*, 100). (The data were in full accordance with the literature

values).

S10



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

0
HO/\/\O)J\Ph
8

3-hydroxypropyl benzoate (8).1'% Isolated as a yellow oil. 'H NMR d 8.04 (dd, J = 8.4, 1.5 Hz, 2H),
7.57 (it, J = 7.5, 1.5 Hz, 1H), 7.45 (t, J = 6.9 Hz, 2H), 450 (t, J = 6.0 Hz, 2H), 3.70 (t, J = 6.0 Hz, 2H),
2.02 (quin, J = 6.0 Hz, 2H); **C NMR d 167.0, 133.0, 130.1, 129.6, 128.4, 61.8, 59.2, 31.9; MS (ESI +)

m/z (relative intensive) 180.9 (M ¥, 100). (The data were in full accordance with the literature values).
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*** Current Data Parameters ***

NAME : jalbjasl
EXPNO : 1
PROCNO : 1

** Acquisition Parameters ***

BF1 : 500.1300000 MHz
LOCNUC  : 2H

NS : 8

o1 : 3088.51 Hz
PULPROG : 2930

SFO1 : 500.1330885 MHz
SOLVENT CDCI3

SW : 20.6557 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO : 56.574 degree
PHC1 : -1.075 degree
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** Current Data Parameters ***

NAME jalbjasl
EXPNO : 2
PROCNO : 1

*** Acquisition Parameters ***

BF1 125.7577890 MHz
LOCNUC 2H

NS : 236

o1 : 13204.57 Hz
PULPROG zgpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3

SW 238.7675 ppm

*** Processing Parameters ***

LB : 1.00 Hz
PHCO 184.629 degree
PHC1 32.388 degree
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** Current Data Parameters ***

NAME de28jas
EXPNO : 6
PROCNO 1

** Acquisition Parameters ***

BF1 :300.1300000 MHz
LOCNUC 2H

NS : 8

o1 : 1853.43 Hz
PULPROG zg30

SFO1 300.1318534 MHz
SOLVENT CDCI3

SW : 17.9519 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO 144.766 degree
PHC1 11.141 degree
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** Current Data Parameters ***
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** Acquisition Parameters ***
BF1 :150.9028090 MHz
LOCNUC 2H
NS : 206
o1 : 15089.81 Hz
PULPROG : zgpg30
: . z
OTBS SFO1 150.9178988 MH
O 0 SOLVENT : CDCI3
SW : 238.9226 ppm
2b *+ Processing Parameters
LB : 1.00 Hz
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** Processing Parameters **
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13C AMX500
jas-1-172-1
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*** Current Data Parameters ***

NAME zfy0111
EXPNO : 1
PROCNO 1

*** Acquisition Parameters ***

BF1 125.7577890 MHz
LOCNUC 2H

NS : 615

o1 : 13204.57 Hz
PULPROG zgpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3

SW 238.7675 ppm

*** Processing Parameters ***

LB : 1.00 Hz
PHCO 167.251 degree
PHC1 41.795 degree
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1H normal range AC300

jas-1-176-1
** Current Data Parameters ***
N®M N ® MADOONOTODLOVONLLY VOOLOMXAONDNNMOOWWOONMYTHdOWLNY®RANO | NAME : dejas26
NO NMNAHO VNN OEANODOHOTMONOLN SANANOADANDNOWOANDDONEANDNMOONDD OO OLW WO
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NK ooy NRQOOOOOONNHHdddd DULOOLLLOYIMNMANOOOOMMONTGTddddd4+4=400 | EXPNO : 2
NNONNN TITIIITITITISISISITTTITT NNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
H‘ \H‘ Lt et Ll LLLLLLLLLL% 8 o PROCNO : 1
Ul ** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC  : 2H
NS : 8
o1 : 1853.43 Hz
O OTs
O PULPROG : 2930
2d SFO1 :300.1318534 MHz
SOLVENT CDCI3
SW : 17.9519 ppm
*** Processing Parameters ***
LB : 0.30 Hz
PHCO : 292.496 degree
PHC1 : 15.095 degree
A
g
o n [} o N 0 |0 |¥ |®©
O o n [} © n|d |0 |0
£ 5|8 8 3 RITIR |8
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13C Standard AC300
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*** Current Data Parameters ***

NAME de27jas
EXPNO : 3
PROCNO : 1

** Acquisition Parameters ***

BF1 : 75.4677490 MHz
LOCNUC  : 2H

NS : 1000

o1 : 7924.11 Hz
PULPROG zgpg30

SFO1 75.4756731 MHz
SOLVENT CDCI3

SW : 238.2968 ppm
*** Processing Parameters ***

LB : 1.00 Hz
PHCO 10.834 degree
PHC1 20.848 degree
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1H AMX500
jas-2-38-2
** Current Data Parameters ***
© DO QMmN HOYONN ANIDNOON NAME : fe05jas1
o 0N ©O© = =00MnN NMOONHA
© MmMNN- N=O®WO O NOSNMOO
N AARA LWL IS OO VOO0 EXPNO 3
~ nwwowmwown AU AR I R NANNNNNN
e e P/ o N
** Acquisition Parameters ***
BF1 :500.1300000 MHz
LOCNUC 2H
NS : 8
o1 : 3088.51 Hz
OAc PULPROG : 2930
Oﬂ SFO1 : 500.1330885 MHz
e SOLVENT CDCI3
SW : 20.6557 ppm
2e *** Processing Parameters ***
LB : 0.30 Hz
PHCO : 58.442 degree
PHC1 : 0.793 degree
g
o o © [0 o [0 ©
[9) o N~ | o n | o o
P=3 o © | o n | < N
= S S |° S |° o
- - - - ksl I\
LN LA R B ST LS L L ULINNLNL B L B S IS L LS DL LS AL L L N UL L L L AL LS L LB UL L LN LSO ST L L LB L L ST L L ML L RSN ISR B
9 5.5 4 .0 2.5 2.0 1
(ppm)
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13C AMX500
jas-2-38-2
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*** Current Data Parameters ***

NAME : fe05jas1
EXPNO : 4
PROCNO 1

*** Acquisition Parameters ***

BF1 : 125.7577890 MHz
LOCNUC 2H

NS : 343

o1 : 13204.57 Hz
PULPROG : zgpg30

SFO1 : 125.7709936 MHz
SOLVENT CDCI3

SW : 238.7675 ppm
*** Processing Parameters ***

LB : 1.00 Hz
PHCO : 188.455 degree
PHC1 : 29.919 degree
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1H normal range AC300

139-9-11
** Current Data Parameters **
12} No©d HOOAdNMONT oY NAME : ma23hwk
3 DS 9oNISe8Idde e
8 GRE BITIANANNN A EXPNG 2
N T\% T N‘ﬁ%‘q w PROCNlOl 5 1
ek Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC 2H
NS : 8
o o1 : 1853.43 Hz
O PULPROG : 2930
SFO1 : 300.1318534 MHz
SOLVENT CDCI3
2f sw : 17.9519 ppm
o Processing Parameters ***
LB : 0.30 Hz
PHCO : 190.734 degree
PHC1 : 50.514 degree
A " M M
g
g 8 o |8
- o 0 | g
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13C Standard AC300
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*** Current Data Parameters ***

NAME : ma23hwk
EXPNO : 3
PROCNO : 1

*** Acquisition Parameters ***

BF1 © 75.4677490 MHz
LOCNUC 2H

NS : 51

o1 : 7924.11 Hz
PULPROG zgpg30

SFO1 © 754756731 MHz
SOLVENT CDCI3

SW : 238.2968 ppm
*** Processing Parameters ***

LB : 1.00 Hz
PHCO : 126.884 degree
PHC1 : 18.691 degree
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1H normal range AC300

133-7-9
** Current Data Parameters ***
N o 0N O NODINTOUNDONNOMNMODMNMNMOVDAIONNAHONOILNHONODDMODWO N O NAME : feOShWk
(=} N© MmO NINONMNMSTANMNMOANTOAONEHDMOMOTOOOANTOMNITINTONNOMMO
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8 BLUD 0000020000000 0NN0N000N00NREVDEROERNN NN~ | EXPNO 3
~ nunuwmuwm mmomoomoaNNNNNNdddddddd A A A A A A A A A A A A A A A
%‘ Lottt et bt L bbb J g 11111 | PROCNO 1
T/ r ** Acquisition Parameters ***
BF1 : 300.1300000 MHz
LOCNUC 2H
NS : 8
o1 : 1853.43 Hz
(@) o PULPROG : 7930
Q/ \O SFO1 : 300.1318534 MHz
SOLVENT : cDCI3
c SW : 17.9519 ppm
*** Processing Parameters ***
LB : 0.30 Hz
PHCO : 130.944 degree
PHC1 : -0.246 degree
l h J MJMAJn
[
o o © o [0 0
[9) o o o |0 o
- o o n | o N
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13C Standard AC300
133-THF
0 ** Current Data Parameters ***
g NN &R '
PROCNO : 1
‘\V‘\V\‘ ‘ ‘ H H *** Acquisition Parameters ***
BF1 : 75.4677490 MHz
LOCNUC 2H
NS : 206
O o /% o1 : 7924.11 Hz
Q/ e PULPROG : 2gpg30
SFO1 : 75.4756731 MHz
SOLVENT CDCI3
C SW : 238.2968 ppm
*** Processing Parameters **
LB : 1.00 Hz
PHCO : 91.206 degree
PHC1 : -78.407 degree
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ‘10

(ppm)
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1H AMX500
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*** Current Data Parameters ***

NAME : zhj0220
EXPNO : 3
PROCNO : 1

** Acquisition Parameters ***

BF1 :500.1300000 MHz
LOCNUC 2H

NS : 8

o1 : 3088.51 Hz
PULPROG : 2930

SFO1 : 500.1330885 MHz
SOLVENT CDCI3

SW : 20.6557 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO : 293.151 degree
PHC1 : -4.786 degree
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13C Standard AC300

jas-2-44-1
N ** Current Data Parameters ***
% §§ § g g E é NAME : malljas
S SRe g IR E PPNo. 2
\ﬂ‘ ‘ ‘ ‘ ‘ PROCN.O. . : 1
** Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
NS : 416
o1 : 7924.11 Hz
@) O PULPROG : zgpg30
SFO1 : 75.4756731 MHz
2g SOLVENT coci3
SW : 238.2968 ppm
** Processing Parameters ***
LB : 1.00 Hz
PHCO : 202.782 degree
PHC1 : 9.367 degree
"220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 o 1o

(ppm)
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1H normal range AC300
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*** Current Data Parameters ***

NAME oc22hwk
EXPNO : 1
PROCNO : 1

*** Acquisition Parameters ***

BF1 :300.1300000 MHz
LOCNUC 2H

NS : 8

o1 : 1853.43 Hz
PULPROG : zg30

SFO1 300.1318534 MHz
SOLVENT CDCI3

SW : 17.9519 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO 69.492 degree
PHC1 -32.321 degree
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13C Standard AC300
vl ©
2] n ounnN o < © o <
vl n Mmwnms vl n o -
m — N O N i o < o
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~ n NNNO © NN~ ~
Ll - NN < ™M N —
Boc
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220 210 200 190 180 170 160 150 140 130 120 110 100 90 70 60 50 -10
(ppm)

*** Current Data Parameters ***

NAME oc22hwk
EXPNO : 2
PROCNO 1

** Acquisition Parameters ***

BF1 75.4677490 MHz
LOCNUC  : 2H

NS : 80

o1 : 7924.11 Hz
PULPROG 2gpg30
SFO1 75.4756731 MHz
SOLVENT cDei3

sw 238.2968 ppm

** Processing Parameters ***

LB : 1.00 Hz
PHCO 231.564 degree
PHC1 -13.674 degree
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1H normal range AC300

*** Current Data Parameters ***

1] © N © o1 © NAME : oc26hwk
g R 284 g

N [SENEN 0w 0000 EXPNO : 1
N ® 00 NN N

——2.4890
0771
0502
0261
0015

i PrOCNO )

*** Acquisition Parameters ***

J
)=

BF1 :300.1300000 MHz
LOCNUC 2H
NS : 8

N o1 : 1853.43 Hz

O Ac PULPROG : 2930

4b SFO1 : 300.1318534 MHz
SOLVENT : CDCI3
SW : 17.9519 ppm
*** Processing Parameters ***
LB : 0.30 Hz
PHCO : 310.673 degree
PHC1 : -4.202 degree

Integral
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13C Standard AC300
o
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*** Current Data Parameters ***

NAME : oc26hwk
EXPNO : 2
PROCNO : 1

*** Acquisition Parameters ***

BF1 © 75.4677490 MHz
LOCNUC 2H

NS : 122

o1 : 7924.11 Hz
PULPROG : zgpg30

SFO1 © 75.4756731 MHz
SOLVENT CDCI3

SW : 238.2968 ppm
*** Processing Parameters ***

LB : 1.00 Hz
PHCO : 209.161 degree
PHC1 : 22.126 degree
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1H normal range AC300
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*** Current Data Parameters ***

NAME nvOo8hwk
EXPNO : 2
PROCNO : 1

*** Acquisition Parameters ***

BF1 :300.1300000 MHz
LOCNUC 2H

NS : 8

o1 : 1853.43 Hz
PULPROG zg30

SFO1 300.1318534 MHz
SOLVENT CDCI3

SW : 17.9519 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO 304.447 degree
PHC1 -3.649 degree
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13C Standard AC300
7714,15
. ** Current Data Parameters ***
% : 2883 T 2385 NAME  :  nvodhwk
ENY: g o BN A oo :
PROCNO : 1
H ‘ H%‘ ‘ ‘ ‘ ’H ‘ *** Acquisition Parameters ***
BF1 : 75.4677490 MHz
LOCNUC 2H
NS : 223
01 : 7924.11 Hz
COOMe PULPROG : zgpg30
N SFO1 : 75.4756731 MHz
O Boc SOLVENT cDCi3
4c SW : 238.2968 ppm
*** Processing Parameters ***
LB : 1.00 Hz
PHCO : 187.926 degree
PHC1 : 65.569 degree
i B
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10  © ‘10

(ppm)
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1H AMX500
jas-1-171-1
*** Current Data Parameters ***
DYVLOWT NS N~ TONYTTANNHD OO TVdOONYTOANTMOMOdNONOTANTYNTNoNno | NAME : zfy1221
toMmMoOSTANNN O LONOAOAAMOLWN NONOOULUULANHAODODOMMNOTNOONDMWON
cWONOVOT M © OO MOHMN-EO O OFTANNODONNOODNROWOONNINITNHDMMO DN T .
SomnuNITT N noonnnnnhy T NENNROONONIIISINNNNNNNOOOQo o [ EXPNO 2
WONNNNNNN N A R A S S R NNNNNNNNNNNNNNNNNNNNNNNNNASAA
k\%ﬁ“ %NH J g JJdJ 1111111 | PROCNO : 1
r *** Acquisition Parameters ***
BF1 : 500.1300000 MHz
LOCNUC : 2H
NS : 8
o1 : 3088.51 Hz
PULPROG : 2930
(e}
N OBz SFOL  : 500.1330885 MHz
Boc SOLVENT : cDCi3
4d SW : 20.6557 ppm
*+* Processing Parameters **
LB : 0.30 Hz
PHCO : 60.233 degree
PHC1 : 1.716 degree
[
o
Q
€
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13C AMX500
jas-1-172-1
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*** Current Data Parameters ***

NAME : zfy0111
EXPNO : 1
PROCNO : 1

*** Acquisition Parameters ***

BF1 : 1257577890 MHz
LOCNUC 2H

NS : 615

o1 : 13204.57 Hz
PULPROG zgpg30

SFO1 . 125.7709936 MHz
SOLVENT CDCI3

SW : 238.7675 ppm
*** Processing Parameters ***

LB : 1.00 Hz
PHCO : 167.251 degree
PHC1 : 41.795 degree
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1H AMX500
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*** Current Data Parameters ***

NAME : jal6jasl
EXPNO : 4
PROCNO : 1

** Acquisition Parameters ***

BF1 : 500.1300000 MHz
LOCNUC  : 2H

NS : 8

o1 : 3088.51 Hz
PULPROG : 2930

SFO1 : 500.1330885 MHz
SOLVENT CDCI3

SW : 20.6557 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO : 330.374 degree
PHC1 : -44.932 degree
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13C AMX500
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*** Current Data Parameters ***

NAME jal6jasl
EXPNO : 5
PROCNO 1

*** Acquisition Parameters ***

BF1 125.7577890 MHz
LOCNUC 2H

NS 121

o1 13204.57 Hz
PULPROG zgpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3

SW 238.7675 ppm

*** Processing Parameters ***

LB : 1.00 Hz
PHCO 168.214 degree
PHC1 38.846 degree
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** Current Data Parameters **

NAME ja24jas
EXPNO 10
PROCNO : 1

*** Acquisition Parameters ***

BF1 500.1300000 MHz
LOCNUC 2H

NS : 8

o1 : 3088.51 Hz
PULPROG 2930

SFO1 500.1330885 MHz
SOLVENT CDCI3

SW : 20.6557 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO 56.776 degree
PHC1 5.475 degree
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*** Current Data Parameters ***

NAME 2fy012~1
EXPNO 2
PROCNO : 1

** Acquisition Parameters ***

BF1 125.7577890 MHz
LOCNUC 2H

NS 985

o1 13204.57 Hz
PULPROG zgpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3

SW 238.7675 ppm

*** Processing Parameters ***

LB : 1.00 Hz
PHCO 159.245 degree
PHC1 62.600 degree
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1H normal range AC300

105-16-18
** Current Data Parameters ***
12} DONOO NONO©O 20 ®0 NAME : ja05hwk
3 88a83 gRBIR 9855
R RNRRG HUHBOHL  HODO EXPNO 4
v %‘“ ”‘%““y "m';)"' PROCNO 1
** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC 2H
NS : 8
o1 : 1853.43 Hz
) RC PULPROG : 2930
SFO1 1 300.1318534 MHz
4q SOLVENT : coei
SW : 17.9519 ppm
*** Processing Parameters ***
LB : 0.30 Hz
PHCO : 311.493 degree
PHC1 : -0.157 degree
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13C Standard AC300
105-16-18

*** Current Data Parameters ***

ok 83 3 8 % NAME . jaizhuk
RRe © 3 & 8% BENo 5
y 4 T e pumt
*** Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
O N NS : 616
Ac o1 : 7924.11 Hz
49 PULPROG : zgpg30
SFO1 : 75.4756731 MHz
SOLVENT : CDCI3
SW : 238.2968 ppm
** Processing Parameters ***
LB : 1.00 Hz
PHCO : -130.111 degree
PHC1 : -13.471 degree
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1H normal range AC300

75-12,13
** Current Data Parameters ***
1) O~ H oYW WY QOW©Oo NAME : 0c20hwk
()] MmN~ N N OO VY dda g
& 8T BB $¥393 BRERS EXPNO 1
~ mmmm NNNNN e R R I
H \%‘P ‘W PROCNO : 1
*** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC 2H
NS : 8
01 : 1853.43 Hz
O N PULPROG : 2930
Boc SFO1 :300.1318534 MHz
4h SOLVENT : CDCI3
SW : 17.9519 ppm
*** Processing Parameters ***
LB : 0.30 Hz
PHCO : 167.157 degree
PHC1 : -8.047 degree
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13C Standard AC300
75-12,13
0 . ** Current Data Parameters ***
. 3 EINN ¢ 3 NAR '
PROCNO : 1
H‘\V\‘ ‘ ‘ ‘ ‘ H *** Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
NS : 101
o1 : 7924.11 Hz
PULPROG : zgpg30
O Boc SFO1 : 75.4756731 MHz
SOLVENT CDCI3
4h SW : 238.2968 ppm
*** Processing Parameters **
LB : 1.00 Hz
PHCO : 244579 degree
PHC1 : -34.382 degree
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1H AMX500
jas-1-17-2
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** Current Data Parameters ***

NAME : zfy0730
EXPNO : 2
PROCNO : 1

*** Acquisition Parameters ***

BF1 : 500.1300000 MHz
LOCNUC 2H

NS : 8

o1 : 3088.51 Hz
PULPROG : 2930

SFO1 : 500.1330885 MHz
SOLVENT CDCI3

SW : 20.6557 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO : 23.993 degree
PHC1 : 3.174 degree
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1H AMX500
jas-1-28-1
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~ S Omm N dddddd ** Current Data Parameters ***
%‘ &"‘ ‘ %X NAME : zfy0818
EXPNO : 1
PROCNO : 1
*** Acquisition Parameters ***
o BF1 : 500.1300000 MHz
AN )J\ LOCNUC 2H
HO & NS : 8
. o1 : 3088.51 Hz
6 (from propane-1,3-diol)
PULPROG : 2930
SFO1 : 500.1330885 MHz
SOLVENT CDCI3
SW : 20.6557 ppm
*** Processing Parameters ***
LB : 0.30 Hz
PHCO : 9.196 degree
PHC1 : 3.463 degree
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13C AMX500
jas-2-29-1
N ** Current Data Parameters ***
% % g § g “%2' g % NAME : ja31jas
5 REE &g ER o ®
\ﬂ‘ ‘ H ‘ ‘ PROCN.O” : 1
*** Acquisition Parameters ***
BF1 . 125.7577890 MHz
LOCNUC 2H
NS : 39
O o1 . 1320457 Hz
AN )J\ PULPROG : zgpg30
HO @) SFO1 : 125.7709936 MHz
SOLVENT : CDCI3
6 (from ether 5) sw . 2387675 ppm
*** Processing Parameters ***
LB : 1.00 Hz
PHCO : 153.921 degree
PHC1 : 63.768 degree
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1H AMX500
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** Current Data Parameters ***

NAME : ja3ljas
EXPNO : 16
PROCNO 1

*** Acquisition Parameters ***

BF1 :500.1300000 MHz
LOCNUC 2H

NS : 8

01 : 3088.51 Hz
PULPROG : zg30

SFO1 : 500.1330885 MHz
SOLVENT : CDCI3

SW : 20.6557 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO : 43.097 degree
PHC1 : -5.521 degree



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

13C Standard AC300
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*** Current Data Parameters ***

NAME feOljas
EXPNO : 2
PROCNO : 1

** Acquisition Parameters ***

BF1 75.4677490 MHz
LOCNUC  : 2H

NS : 850

o1 : 7924.11 Hz
PULPROG zgpg30
SFO1 75.4756731 MHz
SOLVENT CDCI3

SW 238.2968 ppm

*** Processing Parameters ***

LB : 1.00 Hz
PHCO 208.824 degree
PHC1 -7.155 degree



