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1. Introduction 

2-Arylbenzo[b]furans widely exist in natural products,1 and 
many compounds including 2-arylbenzo[b]furan structural unit 
were found to possess attractive pharmacological activities, such 
as antitumor,2 antiviral,3 antioxidative,4 and antifungal proper-
ties.5 Their broad range of biological activities and significant 
pharmacological potentials have resulted in the development of 
many methods for their synthesis.6 The palladium-catalyzed 
cross-coupling cyclization reaction from alkynes and o-
halophenols was found to be efficient.7 Other approaches for the 
synthesis of benzo[b]furans include cyclization of vinylic phe-
nols through McMurry coupling reaction,8 [3,3]-sigmatropic 
rearrangement of oxime ethers,9 palladium-catalyzed enolate 
arylation.10  

The relative ease of preparation chalcone epoxides makes 
them promising starting materials for preparation of a variety of 
heterocyclic compounds. Our group is interested in extent the 

application scope of these versatile molecules. Previously, we 
successfully used chalcone epoxides as a synthetic precursor for 
the preparation of 3-aryl quinolines.11 Herein, we reported a new 
practical synthetic route for the preparation of 2-
arylbenzo[b]furans from 2-methoxychalcone epoxides.  
 

2. Results and discussion 

Asokan et al. observed that β−ketoaldehydes could react with 
1,2-diaminoethane in THF to yield deoxybenzoins.12 However, 
only 4-substitute substrates were tested. We considered that if 
the 2-alkyloxysubstituted chalcone epoxides were used in these 
reactions, 2-methoxydeoxybenzoins should be obtained con-
veniently, which could be further transformed to the corre-
sponding 2-arylbenzo[b]furans via cyclodehydration.  

We firstly focused on the optimization of the reaction condi-
tions with 2,3-epoxy-3-(2-metoxy-phenyl)-1-phenylpropan-1-
one (1a) as a model substrate (Table 1). Meerwein rearrange-
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An efficient and practical method for construction of 2-arylbenzo[b]furans from 2-
methoxychalcone epoxides has been reported.  Catalyzed by 2mol% of BF3

.Et2O, 2-
methoxychalcone epoxides went through the Meerwein rearrangement, followed by 
deformylation in one-pot to successfully afforded 2-methoxydeoxybenzoins. Afterwards, 2-
arylbenzo[b]furans were obtained in high yields (87%-100%) via intermolecular 
cyclodehydration of 2-methoxydeoxybenzoins with 48% HBr.  By utilization of this approach, 
the natural product stemofuran A and the key intermediate of eupomatenoid 6 have been 
synthesized conveniently. 
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ment of chalcone epoxides to form β−ketoaldehydes has been 

known for a long time,13 and 2 equiv13 or 1 equiv12 of BF3·Et2O 
was used in the reaction. From the viewpoint of catalytic mecha-
nism, we attempted to carry out the reaction with catalytic 
amount of BF3·Et2O, and the results showed that the reduction of 
the amount of BF3·Et2O from 100 mol% to 2 mol% did not affect 
the yield (Table 1, entries 2-5). When the catalyst was further 
reduced to 0.5 mol% the yield of the product dropped to 21% 
due to an incomplete rearrangement reaction (Table 1, entry 6). 
Therefore, 2 mol% of BF3·Et2O was chosen as the optimal cata-
lyst amount for the following rearrangement reactions. Change 
of the organic solvent of the rearrangement reaction indicated 
that the solvent played a paramount role in terms of rates and 
chemical yields, and DCM was still the best choice. The reaction 
finished in 5 min at 25 °C (Table 1, entry 5). The reactions were 
sluggish and gave lower yields in PhMe, MeCN, or THF due to 
the incomplete rearrangement (Table 1, entries 7-9). The influ-
ence of temperature on the rearrangement reaction was also pre-
liminarily tested, and lower yield was obtained when decrease 
the temperature was decreased from 25 oC to 0 °C (Table 1, en-
try 10).  

In addition, we found that the deformylation reaction of 2-
methoxy-β−ketoaldehyde could also be carried out in DCM in-
stead of THF (Table 1, entry 11). Therefore the procedure was 
further simplified by successively performing the deformylation 
after the rearrangement of chalcone epoxides, and the two-step 
reaction proceeded in one-pot to afford the desired product 2a in 
good yield.  

 
Table 1. Optimization of reaction conditions for synthesis of 
2-methoxydeoxybenzoin from 2-methoxychalcone epoxide  

 
Entrya BF3·Et2O Solvent A Solvent B Temp (°C) Yield 

(%)b 

1 100 mol% DCM THF 25 72 

2 50 mol% DCM THF 25 71 

3 10 mol% DCM THF 25 72 

4 5 mol% DCM THF 25 77 

5 2 mol% DCM THF 25 75 

6  0.5 mol% DCM c THF 25 21c 

7 2 mol% Toluene THF 25 64 

8 2 mol% MeCN THF 25 32 

9 2 mol% THF THF 25 56 

10 2 mol% DCM c THF 0 57 

11 2 mol% DCM DCM 25 72 

a  Raction conditions: 1 mmol of chalcone epoxides, 5 mL of solvent A, after 
the rearrangement reaction was complete, the solvent A was removed in 
vacuo, then added 5 mL solvent B , 1 equiv of 1,2-diaminoethane. 

b  Isolated yields. 
c Reaction conducted for 4 h.  

 To construct 2-arylbenzo[b]furan 3a, 2a was selected as a 

model substrate to examine its behavior under different de-
methylation conditions (Table 2). There are very few reports 
about the cyclodehydration of 2-alkyloxydeoxybenzoin to 
afford benzo[b]furans, which was only carried out the reac-
tion with BCl3 at -78 oC,14a or with AlBr3 in benzene.14c To 
our delight, treatment of 2a with 48% HBr in AcOH, deoxy-
benzoin 2a could be demethylated, and subsequently 
cyclodehydrated to give the desired benzo[b]furan 3a in 
quatitative yield (Table 2, entry 5). Treatment of 2a with 
BBr3 in CH2Cl2 at 0°C gave 3a in 43% yield due to side reac-
tion (Table 2, entrie 1), and only trace of 3a was detected when 
AlCl 3/Py or LiCl was used(Table 2, entries 2, 6). Although HI 
and TMSI/KI were competent reagents for this reaction (Table 2, 
entries 3, 4), from the standpoint of overall cost and for large 
scale reactions, 48% HBr was chosen as the demethylation re-
agent in the following reaction. 
 

Table 2. Optimization of reaction conditions for conversion of 2-
methoxydeoxybenzoins to benzo[b]furana 

 
Entry Demethylation 

reagents 
Solvent Time Temp 

(°C) 
Yield 
(%)b 

1 BBr3 DCM 0.5 h 0 ° 43 

2 AlCl3/Py DCM 6 h rt trace 

3 HI H2O 6 h reflux 92 

4 TMSI/KI MeCN 6 h reflux 88 

5 48 % HBr AcOH 6 h reflux 100 

6 LiCl DMF 12 h 110 trace 

a Reaction conditions: 1 mmol of 2a, 4 equivalents of demethylation reagents,  
the progress of the reaction was monitored by TLC. 

b Isolated yields. 

In order to examine the scope of this construction method for 
2-arylbenzo[b]furans, a variety of 2-arylbenzo[b]furans were 
prepared through this two-step one-pot synthetic strategy, and 
the results were shown in Table 3. The variation of R1 and R2 
groups had little influence on the reaction yields, and moderate 
to good overall yields were observed (Table 3, entries 1-11) 
regardless of the steric (ortho, meta and para positions) and elec-
tronic properties (both electronic rich and deficient). Importantly, 
heteroaromatic chalcone epoxide 1i was a suitable substrate, 
giving the desired product 3i in 87% yield (Table 3, entry 9). It is 
worth noting that the obtained halide products such as bromide 
and iodide are very useful intermediates which could be further 
functionalized to give avariety of derivatives (Table 3, entries 4-
7, 10, 11). 

To expand the utilization of the method, we attempted to 
construct a useful natural product stemofuran A and the key in-
termediate of natural product eupomatenoid 6, 4-(5-bromo-3-
methylbenzofuran-2-yl)phenol (4m). Stemofuran A was isolated 
from a methanolic extract of Stemona collinsae root which was 
reported to have potential antifungal activity.2c Stemofuran A has 
been synthesized by several groups using different ap-
proaches.9,14a,14b 4-(5-Bromo-3-methylbenzofuran2-yl)phenol 
(4m) is an important synthetic intermediate used in the produc-
tion of eupomatenoid 6,9 which was first isolated in 1969 from 
the bark of Eupomatia laurina R. with a broad range of biologi-
cal activities.14c-14e 4m was prepared by Naito and co-workers 
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starting from oxime ethers through  [3,3]-sigmatropic rear-
rangement reaction with 53% overall yield (4 steps).9  

As illustrated in Scheme 1, stemofuran A was achieved with 
an overall yield of 71% began with 2-methoxychalcone epoxide 
(1l) which was treated with 2 mol% of BF3·Et2O and then de-
formylated to afford the desired compound (2l) in 76% yield. 2l 
underwent demethylation and cyclodehydration reactions in the 
presence of 48% HBr in acetic acid to give stemofuran A in ex-
cellent yield (94%). The spectral data of 3l are identical with 
those reported in the literature.14b Similarly, 4-(5-bromo-3-
methylbenzofuran2-yl)-phenol (4m) was synthesized in 64% 
overall yield. The readily available 2-methoxychalcone epoxide 
(1m) was converted into the corresponding deoxybenzoin (2m) 
by the sequence of Meerwein rearrangement, deformylation in 
71% yield. The reaction of 2m with methyl iodide in the pres-
ence of potassium tert-butoxide in THF gave the compound 3m 
in 100% yield.  Compound 3m was then treated with 48% HBr 
in acetic acid under reflux to give 4-(5-bromo-3-
methylbenzofuran2-yl)-phenol (4m) in 90% yield. The proce-

dure for synthesis of stemofuran A and 4m is practical and 
convenient, and all the substrates and reagents are cheap and 
commercially available. 

According to our experimental results and the reported 
literature,13,14 a plausible reaction mechanism is proposed as 
shown in Scheme 2, which includes: i) The chalcone epox-
ides A undergoes smooth Meinwald rearrangement reaction 
with BF3·Et2O to give β−ketoaldehyde B. ii) Reaction  of 
β−Ketoaldehyde B with 1,2-diaminoethane gives the inter-
mediate C, which is possibly converted to intermediate D. 
The intermediate D undergoes a [3,3]-sigmatropic rearrange-
ment type rearrangement produces the corresponding deoxy-
benzoin E. iii) Deoxybenzoin E is demethylated to form 2-(2-
hydroxyphenyl)-1-phenylethanone F, which is cyclized to 
give the intermediate G, subsequent dehydrated of intermedi-
ate G form the desired 2-arylbenzo[b]furan. 

 

 

Table 3. Synthesis of 2-arylbenzo[b]furan from 2-methoxychalcone epoxide.

 

 
Entry R1 R2 Starting material Deoxybenzoins Yield (%) Benzofurans  Yield (%)a 

1 H H 1a 2a 72 3a 100 

2 H 4-OCH3 1b 2b 73 3b 98 

3 H 3-OCH3 1c 2c 78 3c 95 

4 H 2-Br 1d 2d 76 3d 100 

5 H 3-Br 1e 2e 74 3e 96 

6 H 4-Br 1f 2f 69 3f 98 

7 H 4-I 1g 2g 77 3g 96 

8 H 4-Me 1h 2h 74 3h 100 

9 H 2-
thiophyl 

1i 2i 81 3i 87 

10 Br H 1j 2j 71 3j 93 

11 Br 4-OCH3 1k 2k 75 3k 92 

a Isolated yields. 
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Scheme 1. Synthesis of stemofuran A and 4-(5-bromo-3-methylbenzo-
furan-2-yl)phenol. Reagents and conditions: (a) 1) 2 mol% BF3·Et2O, DCM, 
5min; 2) 1,2-diaminoethane, 5min (76% yield for 2l; 71% yield for 2m); (b) 
48% HBr-AcOH, reflux, 8h (94% yield for stemofuran A; 90% yield for 4m); 
(c) t-BuOK, CH3I, THF, 0°C, 2h (100% yield for 3m).  
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3. Conclusions 

In conclusion, we developed a facile synthetic strategy for the 
synthesis of 2-arylbenzo[b]furan using commercially available, 
suitably functionalized 2-methoxychalcone epoxides. Catalyzed 
by 2 mol% of BF3

.Et2O, 2-methoxychalcone epoxides went through 
the Meerwein rearrangement, followed by deformylation in one-pot 
to successfully afforded 2-methoxydeoxybenzoins. Afterwards, 2-
arylbenzo[b]furan were obtained in high yields (87%-100%) by 
intramolecular cyclodehydration of 2-methoxydeoxybenzoin with 
48% HBr.  The effectiveness of the protocol was demonstrated by 
the synthesis of stemofuran A and the key intermediate of  
eupomatenoid 6, 4-(5-bromo-3-methylbenzofuran2-yl)-phenol. 
The present method has several advantages including that the 

reagents used are readily available, the protocols are simple to 
carry out and not involving metal catalysts. This methodology 
will be a valuable addition to the existing methods in the field of 
2-arylbenzo[b]furan synthesis. 

4. Experimental 

4.1. General methods  

All reagents were purchased from commercial sources and 
used without treatment. 1H and 13C NMR spectra were recorded 
at 400 and 100 MHz, respectively, using TMS as the internal 
standard. HRMS were recorded on a Bruker micrOTOF II spec-
trometer (ESI ionization). 

4.2. General Procedure for Synthesis of 2-
methoxydeoxybenzoins 

To a solution of 2 mmol of the chalcone epoxide in CH2Cl2 

(10 mL) was added 2 mol% of BF3
 . Et2O at 25 °C. The mixture 

was stirred for 5 min, then 1, 2-diaminoethane (120 mg, 2 mmol) 
was added in one portion. The reaction mixture was stirred at 25 
°C until TLC indicated complete (about 5 min). The mixture was 
poured into ice water. The organic phase was separated and the 
water phase was extracted with dichloromethane for three times 
(3×10 mL). The combined organic phases were dried over anhy-
drous Na2SO4. Removal of the solvent in vacuo, and the residue 
was column chromatographed over silica gel to give pure deoxy-
benzoins. 

4.2.1. 2-(2-Methoxyphenyl)-1-phenylethanone (2a). The title 
compound was prepared according to the general procedure. The 
product was obtained as white solid (324 mg, 72% yield, mp 59-
61 °C; [Lit. 60-61 °C]15); 1H NMR (400 MHz, CDCl3) δ 8.04 (d, 
J = 7.3 Hz, 2H), 7.53 (d, J = 7.3 Hz, 1H), 7.48-7.42 (m, 2H), 
7.28-7.22 (m, 1H), 7.17 (d, J = 7.3 Hz, 1 H), 6.95-6.86 (m, 2H), 
4.27 (s, 2H), 3.78 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.9, 
157.1, 136.9, 132.8, 130.9, 128.4 (2C), 128.3 (2C), 128.3, 123.6, 
120.5, 110.5, 55.3, 39.9. 

4.2.2. 2-(2-Methoxyphenyl)-1-(4-methoxyphenyl)ethanone 
(2b). The title compound was prepared according to the general 
procedure. The product was obtained as yellow solid (373 mg, 
73% yield, mp 88–90 °C; [Lit. 89.5 °C]16); 1H NMR (400 MHz, 
CDCl3) δ�8.01 (d, J = 8.8 Hz, 2H), 7.27-7.19 (m, 1H), 7.17 (d, J 
= 7.3 Hz, 1H), 6.94-6.85 (m, 4H), 4.22 (s, 2H), 3.84 (s, 3H), 3.78 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.6, 163.4, 157.2, 
131.0, 130.7 (2C), 130.1, 128.3, 124.1, 120.7, 113.7 (2C), 110.6, 
55.4, 55.3, 39.6. 

4.2.3. 2-(2-Methoxyphenyl)-1-(3-methoxyphenyl)ethanone 
(2c) The title compound was prepared according to the general 
procedure. The product was obtained as a colourless oil (400 mg, 
78% yield); 1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 7.5 Hz, 
1H), 7.55 (s, 1H), 7.33 (t, J = 8.0 Hz, 1H), 7.26-7.20 (m, 1H), 
7.16 (d, J = 7.0 Hz, 1H), 7.09-7.04 (m, 1H), 6.93-6.83 (m, 2H), 
4.24 (s, 2H), 3.80 (s, 3H), 3.75 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 197.6, 159.6, 157.0, 138.2, 130.8, 129.4, 128.2, 123.6, 
120.9, 120.5, 119.2, 112.6, 110.4, 55.2, 55.2, 39.9. 

4.2.4. 1-(2-Bromophenyl)-2-(2-methoxyphenyl)ethanone (2d). 
The title compound was prepared according to the general pro-
cedure. The product was obtained as colorless oil ( 463 mg, 76% 
yield); 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.0 Hz, 1H), 
7.41 (dd, J = 1.5, 7.5 Hz, 1H), 7.34-7.29 (m, 1H), 7.27-7.20 (m, 
3H), 6.92 (t, J = 7.5 Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 4.20 (s, 
2H), 3.75 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 201.7, 157.3, 
141.8, 133.5, 131.4, 131.2, 128.7, 128.6, 127.1, 123.1, 120.6, 
118.7, 110.4, 55.3, 44.4. 
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4.2.5. 1-(3-Bromophenyl)-2-(2-methoxyphenyl)ethanone (2e). 
The title compound was prepared according to the general pro-
cedure. The product was obtained as white solid (451 mg, 74% 
yield, mp 78 -79 °C); 1H NMR (400 MHz, CDCl3) δ 8.18 (s, 
1H), 7.93 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.33-7.21 
(m, 2H), 7.16 (d, J = 7.0 Hz, 1H), 6.94-6.85 (m, 2H), 4.22 (s, 
2H), 3.78 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.5, 157.0, 
138.6, 135.6, 131.5, 130.9, 130.0, 128.5, 126.9, 123.1, 122.7, 
120.6, 110.6, 55.3, 39.9. HRMS (ESI) calcd for C15H13BrO2Na 
[M+Na]+ 326.9997, found 326.9984. 

4.2.6. 1-(4-Bromophenyl)-2-(2-methoxyphenyl)ethanone (2f). 
The title compound was prepared according to the general pro-
cedure. The product was obtained as white solid (421 mg, 69% 
yield, mp 90 -91 °C); 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 
8.5 Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7.28-7.21 (m, 1H), 7.16 (d, 
J = 7.3 Hz, 1H), 6.95-6.84 (m, 2H), 4.22 (s, 2H), 3.77 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 197.1, 157.1, 135.7, 131.8, 131.0 
(2C), 130.0 (2C), 128.6, 128.0, 123.4, 120.7, 110.6, 55.4, 40.0. 
HRMS (ESI) calcd for C15H13BrO2Na [M+Na]+ 326.9997, found 
found 326.9984. 

4.2.7 1-(4-Iodophenyl)-2-(2-methoxyphenyl)ethanone (2g). 
The title compound was prepared according to the general pro-
cedure. The product was obtained as white solid (542 mg, 77% 
yield, mp 118-120 °C); 1H NMR (400 MHz, CDCl3) δ 7.82-7.78 
(m, 2H), 7.74-7.71 (m, 2H), 7.28-7.22 (m, 1H), 7.15 (d, J = 7.3 
Hz, 1H), 6.94-6.85 (m, 2H), 4.21 (s, 2H), 3.77 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 197.3, 157.0, 137.8(2C), 136.2, 130.9, 
129.8(2C), 128.5, 123.3, 120.7, 110.6, 100.7, 55.3, 39.9. HRMS 
(ESI) calcd for C15H13IO2Na [M+Na]+ 374.9858, found 374.9841. 

4.2.8. 2-(2-Methoxyphenyl)-1-(p-tolyl)ethanone (2h). The title 
compound was prepared according to the general procedure. The 
product was obtained as white solid (355 mg, 74% yield, mp 44-
45 °C); 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.0 Hz, 2H), 
7.27-7.12 (m, 4H), 6.93-6.82 (m, 2H), 4.23 (s, 2H), 3.75 (s, 3H), 
2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.6, 157.3, 143.6, 
134.6, 131.0, 129.2 (2C), 128.6 (2C), 128.3, 124.0, 120.7, 110.6, 
55.4, 39.9, 21.7. HRMS (ESI) calcd for C16H16O2Na [M+Na]+ 
263.1048, found  263.1039. 

4.2.9. 2-(2-Methoxyphenyl)-1-(thiophen-2-yl)ethanone (2i). 
The title compound was prepared according to the general pro-
cedure. The product was obtained as white solid (376 mg, 81% 
yield, mp 75-76 °C); 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 
3.8 Hz, 1H), 7.57 (d, J = 5.0 Hz, 1H), 7.27-7.19 (m, 2H), 7.08 (t, 
J = 4.4 Hz, 1H), 6.94-6.84 (m, 2H), 4.19 (s, 2H), 3.77 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 190.7, 157.1, 144.1, 133.3, 
132.2, 130.9, 128.4, 127.9, 123.3, 120.6, 110.6, 55.3, 40.5. 
HRMS (ESI) calcd for C13H12O2SNa [M+Na]+ 255.0456, found 
255.0445. 

4.2.10. 2-(5-Bromo-2-methoxyphenyl)-1-phenylethanone (2j).  
The title compound was prepared according to the general pro-
cedure. The product was obtained as white solid (433 mg, 71% 
yield, mp 68-69 °C); 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 
7.3 Hz, 2H), 7.59-7.53 (m, 1H), 7.50-7.43 (m, 1H), 7.34 (dd, J = 
2.3, 8.5 Hz, 1H), 7.28 (d, J = 2.3 Hz, 1H), 6.74 (d, J = 8.5 Hz, 
1H), 4.23 (s, 2H), 3.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
197.0, 156.4, 136.7, 133.7, 133.1, 131.0, 128.5 (2C), 128.3 (2C), 
125.9, 112.7, 112.2, 55.6, 39.6. HRMS (ESI) calcd for 
C15H13BrO2Na[M+Na]+ 326.9997, found 326.9984. 

4.2.11. 2-(5-Bromo-2-methoxyphenyl)-1-(4-methoxyphenyl)-
ethanone (2k). The title compound was prepared according to 
the genera procedure. The product was obtained as white solid 
(500 mg, 75% yield, mp 117-118 °C); 1H NMR (400 MHz, 

CDCl3) δ 8.03-7.96 (m, 2H), 7.36-7.27 (m, 2H), 6.93 (d, J = 
8.5 Hz, 2H), 6.74 (d, J = 8.5 Hz, 1H), 4.18 (s, 2H), 3.86 (s, 3H), 
3.75 (s, 3H); 13C NMR (100 MHz , CDCl3) δ 195.6, 163.5, 
156.4, 133.6, 130.9, 130.6 (2C), 129.8, 126.3, 113.7 (2C), 112.7, 
112.2, 55.6, 55.4, 39.2. HRMS (ESI) calcd for C16H15BrO3Na 
[M+Na]+ 357.0102, found 357.0110. 

4.3. General Procedure for Synthesis of 2-benzo[b]furan.  

To a stirred solution of 2a-2k (1 mmol) in 48% HBr (4 mL) 
was added AcOH (5 mL) and the mixture was heated to reflux. 
The reaction was stirred until TLC indicated complete (about 
8h). The reaction mixture was cooled to room temperature, 
AcOH was removed under reduced pressure and the aqueous 
part was extracted with extracted with EtOAc (2 × 100 mL), 
washed with brine, dried (Na2SO4), and concentrated to obtain 
corresponding pure benzo[b]furans. Pure products of 3a, 3b, 3c, 
3d, 3e, 3f, and 3h were obtained by simple extraction. The yields 
of 3g, 3i, 3j, 3k, were determined after silica gel column chroma-
tography (petroleum ether / EtOAc). 

4.3.1. 2-Phenylbenzofuran (3a). The title compound was pre-
pared according to the general procedure. The product was ob-
tained as white solid (194 mg, 100% yield, mp 117-119 °C; [Lit. 
119 °C]17); 1H NMR (400 MHz,  CDCl3) δ 7.83 (d, J = 8.0 Hz, 
2H), 7.54 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.43-7.36 
(m, 2H), 7.34-7.15 (m, 3H), 6.96 (s, 1H); 13C NMR (100 MHz, 
CDCl3) δ 155.9, 154.9, 130.4, 129.2, 128.7 (2C), 128.5, 124.9 
(2C), 124.2, 122.9, 120.9, 111.1, 101.3. 

4.3.2. 4-(Benzofuran-2-yl)phenol (3b). The title compound was 
prepared according to the general procedure. The product was 
obtained as white solid (206 mg, 98% yield, mp 194-195 °C; 
[Lit. 194-195 °C ]18); 1H NMR (400 MHz, DMSO-d6) δ 9.90 (s, 
1H), 7.76 (d, J = 8.5 Hz, 2H), 7.58 (t, J = 6.8 Hz, 2H), 7.24 
(quin, J = 7.1 Hz, 2H), 7.14 (s, 1 H), 6.92 (d, J = 8.5 Hz, 2H); 
13C NMR (100 MHz, DMSO-d6) δ 158.3, 155.9, 153.9, 129.2, 
126.4 (2C), 123.7, 123.0, 120.9, 120.6, 115.9 (2C), 110.8, 99.3. 

4.3.3. 3-(Benzofuran-2-yl)phenol (3c). The title compound was 
prepared according to the general procedure. The product was 
obtained as white solid (252 mg, 95% yield, mp 131-133 °C; 
[Lit.131-132 °C]19); 1H NMR (400 MHz, DMSO-d6) δ 9.71 (s, 
1H), 7.63 (dd, J = 7.8, 12.3 Hz, 2H), 7.39-7.23 (m, 6H), 6.82 (d, 
J = 7.8 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) δ 157.8, 155.3, 
154.1, 130.9, 130.2, 128.8, 124.5, 123.2, 121.1, 116.0, 115.7, 
111.2, 111.1, 101.9. 

4.3.4. 2-(2-Bromophenyl)benzofuran (3d). The title compound 
was prepared according to the general procedure. The product 
was obtained as colorless liquid (271 mg, 100% yield); 1H NMR 
(400 MHz, CDCl3) δ 7.94 (dd, J = 1.0, 8.0 Hz, 1H), 7.67 (d, J = 
8.0 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.54-7.49 (m, 2H), 7.37 (t, 
J = 8.0 Hz, 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.26-7.20 (m, 1H), 
7.18-7.12 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 154.2, 153.1, 
134.2, 131.0, 129.7, 129.3, 128.8, 127.4, 124.8, 122.9, 121.4, 
120.7, 111.1, 107.0.  

4.3.5. 2-(3-Bromophenyl)benzofuran (3e). The title compound 
was prepared according to the general procedure. The product 
was obtained as white solid (261 mg, 96% yield, mp 84-85 °C; 
[Lit. 85 °C ]20); 1H NMR (400 MHz, CDCl3) δ 8.01-7.96 (m, 
1H), 7.74 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 7.3 Hz, 1H), 7.50 (d, J 
= 8.0 Hz, 1H), 7.46-7.42 (m, 1H), 7.32-7.19 (m, 3H), 6.99 (s, 
1H); 13C NMR (100 MHz ,CDCl3) δ 154.9, 154.1, 132.4, 131.3, 
130.3, 128.9, 127.8, 124.7, 123.4, 123.1, 122.9, 121.1, 111.2, 
102.4. 
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4.3.5. 2-(4-Bromophenyl)benzofuran (3f). The title com-

pound was prepared according to the general procedure. The 
product was obtained as white solid (265 mg, 98% yield, mp 
149-150 °C; [Lit. 149-150 °C]21); 1H NMR (400 MHz, CDCl3) δ 
7.71 (d, J = 8.5 Hz, 2H), 7.59-7.53 (m, 3H), 7.50 (d, J = 8.0 Hz, 
1H), 7.32-7.26 (m, 1H), 7.25-7.20 (m, 1H), 7.00 (s, 1H); 13C 
NMR (100 MHz, CDCl3) δ 154.9, 154.8, 131.9 (2C), 129.4, 
129.0, 126.3 (2C), 124.6, 123.1, 122.5, 121.0, 111.2, 101.8. 

4.3.7. 2-(4-Iodophenyl)benzofuran (3g). The title compound 
was prepared according to the general procedure. The product 
was obtained as white solid (361 mg, 96% yield, mp 180-181 °C; 
1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.3 Hz, 2H), 7.57 (d, 
J = 8.3 Hz, 3H), 7.50 (d, J = 8.3 Hz, 1H), 7.32-7.26 (m, 1H), 
7.25-7.20 (m, 1H), 7.01 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 
154.9, 154.8, 137.9 (2C), 129.9, 129.0, 126.4 (2C), 124.6, 123.1, 
121.0, 111.2, 101.9, 94.1. HRMS (ESI) calcd for C14H10IO 
[M+H] + 320.9776, found 320.9761. 

4.3.8. 2-(p-Tolyl)benzofuran (3h). The title compound was 
prepared according to the general procedure. The product was 
obtained as white solid (208 mg, 100% yield, mp 125-126 °C; 
[Lit. 127-128.5 °C]22); 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J 
= 8.0 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 
7.29-7.18 (m, 4H), 6.94 (s, 1H), 2.38 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 156.2, 154.8, 138.6, 129.5 (2C), 129.3, 127.7, 
124.9 (2C), 124.0, 122.8, 120.7, 111.1, 100.5, 21.4. 

4.3.9. 2-(Thiophen-2-yl)benzofuran (3i). The title compound 
was prepared according to the general procedure. The product 
was obtained as white solid (174 mg, 87% yield, mp 92-94 °C; 
[Lit.  94.1-95.1 °C]22); 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 
7.3 Hz, 1H), 7.51-7.45 (m, 2H), 7.32 (d, J = 4.8 Hz, 1H), 7.29-
7.18 (m, 2H), 7.08 (t, J = 4.3 Hz, 1H), 6.85 (s, 1H); 13C NMR 
(100 MHz, CDCl3) δ 154.6, 151.3, 133.3, 129.1, 127.8, 125.8, 
124.6, 124.3, 123.1, 120.7, 111.0, 101.1. 

4.3.10. 5-Bromo-2-phenylbenzofuran (3j). The title compound 
was prepared according to the general procedure. The product 
was obtained as white solid (255 mg, 93% yield, mp 156-158 °C; 
[Lit.156-157 °C]23); 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 
7.5 Hz, 2H), 7.68 (s, 1H), 7.47-7.41 (m, 2H), 7.40-7.33 (m, 3H), 
6.93 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 157.2, 153.6, 131.2, 
129.9 (2C), 129.0, 128.8, 127.1, 125.0, 123.5, 116.0, 112.6, 
100.6. 

4.3.11. 4-(5-Bromobenzofuran-2-yl)phenol (3k). The title 
compound was prepared according to the general procedure. The 
product was obtained as white solid (266 mg, 92% yield, mp 
220-222 °C; [Lit. 221-223 °C]24); 1H NMR (400 MHz,  DMSO-
d6) δ 9.93 (br. s, 1H), 7.77 (d, J = 2.0 Hz, 1H), 7.74 (d, J = 8.5 
Hz, 2H), 7.54 (d, J = 8.5 Hz, 1H), 7.37 (dd, J = 2.0, 8.5 Hz, 1H), 
7.13 (s, 1H), 6.90 (d, J = 8.5 Hz, 2H); 13C NMR (100 MHz, 
DMSO-d6) δ 158.7, 157.4, 152.8, 131.5, 126.6 (2C), 126.2, 
122.9, 120.3, 115.9 (2C), 115.3, 112.8, 98.8. 

4.4. Total synthesis of Stemofuran A.  

4.4.1. 1-(3,5-Dimethoxyphenyl)-2-(2-methoxyphenyl)ethan-
one (2l). The title compound was prepared according to the gen-
eral procedure. The product was obtained as colorless liquid (435 
mg, 76% yield, mp106-107 °C); 1H NMR (400 MHz, CDCl3) δ 
7.24 (s, 1 H), 7.20-7.15 (m, J = 2.3 Hz, 2H), 6.94-6.86 (m, 2H), 
6.64-6.62 (m, 1H), 4.23 (s, 2H), 3.80 (s, 6H), 3.78 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 197.6, 160.7 (2C), 157.0, 138.8, 
130.9, 128.3, 123.6, 120.6, 110.5, 106.2 (2C), 105.3, 55.5(2C), 
55.3, 40.0. HRMS (ESI) calcd for C17H18O4Na [M+Na]+ 
309.1103, found 309.1089. 

4.4.2. Stemofuran A. The title compound was prepared accord-
ing to the general procedure. The product was obtained as white 
solid (212 mg, 94% yield, mp 181-182 °C [Lit. 182-183 °C]9); 
1H NMR (400 MHz, Acetone-d6) δ 8.43 (s, 2 H), 7.63 (dd, J = 
0.8, 8.3 Hz, 1 H), 7.54 (dd, J = 0.8, 8.3 Hz, 1 H), 7.30 (ddd, J = 
1.4, 7.2, 8.3 Hz, 1 H), 7.24 (ddd, J = 1.4, 7.2, 8.3 Hz, 1 H), 7.16 
(d, J = 1.0 Hz, 1 H), 6.94 (d, J = 2.0 Hz, 2 H), 6.42 (t, J = 2.0 Hz, 
1 H); 13C NMR (100 MHz, Acetone-d6) δ 160.2(2C), 157.2, 
155.9, 133.4, 130.5, 125.6, 124.2, 122.2, 112.1, 104.7(2C), 
104.5, 102.7. 

4.5. Synthesis of 4-(5-bromo-3-methylbenzofuran-2-yl)phenol  

4.5.1. 2-(5-Bromo-2-methoxyphenyl)-1-(4-methoxyphenyl)-
ethanone (2m). The title compound was prepared according to 
the general procedure. The product was obtained as white solid ( 
476 mg, 75% yield, mp 117-118 °C); 1H NMR (400 MHz, 
CDCl3) δ 8.03-7.96 (m, 2H), 7.36-7.27 (m, 2H), 6.93 (d, J = 8.5 
Hz, 2H), 6.74 (d, J = 8.5 Hz, 1H), 4.18 (s, 2H), 3.86 (s, 3H), 3.75 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ  195.6, 163.5, 156.4, 
133.6, 130.9, 130.6 (2C), 129.8, 126.3, 113.7 (2C), 112.7, 112.2, 
55.6, 55.4, 39.2. HRMS (ESI) calcd for C16H15BrO3Na [M+Na]+ 
357.0102, found 357.0110. 

4.5.2. 2-(5-Bromo-2-methoxyphenyl)-1-(4-methoxyphenyl)-
pro-pan-1-one (3m). To a suspension of potassium tert-butoxide 
(161 mg, 1.44 mmol) in tetrahydrofuran (THF) was added a so-
lution of deoxybenzoin (2m) (400 mg, 1.2 mmol) in THF drop-
wise at 0 °C. Iodomethane (170 mg, 1.44 mmol) solution in THF 
(2 mL) was added gradually. The reaction was then allowed to 
warm to 25 °C. After 2 h of stirring at 25 °C, the reaction mix-
ture was slowly quenched with 2 N HCl and diluted with ethyl 
acetate. 3m were obtained by simple extraction (colourless oil, 
416 mg, 100% yield); 1H NMR (400 MHz, CDCl3) δ 7.97-7.90 
(m, 2H), 7.28-7.22 (m, 2H), 6.89-6.82 (m, 2H), 6.72 (d, J = 9.3 
Hz, 1H), 5.01 (d, J = 6.8 Hz, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 1.42 
(d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 199.2, 163.2, 
154.9, 132.6, 130.8 (2C), 130.7 (2C), 130.5, 113.6, 113.3, 112.4, 
55.7, 55.3, 39.5, 17.6; HRMS (ESI) calcd for C17H17BrO3Na 

[M+Na]+ 371.0259, found 371.0244. 

4.5.3. 4-(5-Bromo-3-methylbenzofuran-2-yl)phenol (4m). The 
title compound was prepared according to the general procedure. 
The product was obtained as white solid (272 mg, 90% yield, 
mp155-156°C; [Lit. 157-159 °C]9); 1H NMR (400 MHz, DMSO-
d6) δ 10.02 (s, 1H), 7.93 (d, J = 1.5 Hz, 1H), 7.76 (d, J = 8.5 Hz, 
2H), 7.63 (d, J = 8.5 Hz, 1H), 7.52 (dd, J = 1.5, 8.5 Hz, 1H), 7.07 
(d, J = 8.5 Hz, 2H), 3.49 (s, 3H); 13C NMR (100 MHz, DMSO-
d6) δ 158.0, 152.1, 151.6, 133.2, 128.1 (2C), 126.3, 121.7, 121.0, 
115.8, 114.9 (2C), 112.5, 108.5, 8.9. 
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13/8/2013 PM 3:13:06

Acquisition Time (sec) 1.3631 Comment Date 06 Aug 2013 14:15:28
Date Stamp 06 Aug 2013 14:15:28 File Name E:\????????\????\????&MAss\RLB-FU-143\1\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10046.6465 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.484

13C NMR (100MHz ,CHLOROFORM-d) δ = 197.9, 157.1, 136.9, 132.8, 130.9, 128.4, 128.3, 128.3, 123.6, 120.5, 110.5, 55.3, 39.9
RLB-FU-143.001.ESP
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31/5/2013 PM 8:14:10

Acquisition Time (sec) 3.9846 Comment Date 31 May 2013 15:00:16
Date Stamp 31 May 2013 15:00:16 File Name E:\????????\????\????&MAss\RLB-FU-67\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2453.4751 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.629

1H NMR (400MHz ,CHLOROFORM-d) δ = 8.01 (d, J = 8.8 Hz, 2 H), 7.27 - 7.19 (m, 1 H), 7.17 (d, J = 7.3 Hz, 1 H), 6.94 - 6.85 (m, 4 H), 4.22 (s, 2 H), 3.84
(s, 3 H), 3.78 (s, 3 H)

RLB-FU-67.001.esp
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15/8/2013 PM 10:55:30

Acquisition Time (sec) 1.3631 Comment Date 31 May 2013 16:38:24
Date Stamp 31 May 2013 16:38:24 File Name E:\????????\????\????&MAss\RLB-FU-67\33\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10051.0400 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.577

13C NMR (100MHz ,CHLOROFORM-d) δ = 196.5, 163.3, 157.1, 130.9, 130.7, 130.0, 128.2, 124.0, 120.6, 113.6, 110.5, 55.4, 55.3, 39.5
RLB-FU-67.033.ESP
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5/6/2013 PM 8:33:44

Acquisition Time (sec) 3.9846 Comment Date 05 Jun 2013 16:32:00 Date Stamp 05 Jun 2013 16:32:00
File Name E:\????????\????\????&MAss\RLB-FU-75\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 19.91 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2442.7522
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.472

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.62 (d, J = 7.5 Hz, 1 H), 7.55 (s, 1 H), 7.33 (t, J = 8.0 Hz, 1 H), 7.26 - 7.20 (m, 1 H), 7.16 (d, J = 7.0 Hz, 1 H),
7.09 - 7.04 (m, 1 H), 6.93 - 6.83 (m, 2 H), 4.24 (s, 2 H), 3.80 (s, 3 H), 3.75 (s, 3 H)

RLB-FU-75.001.esp
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15/8/2013 PM 11:09:48

Acquisition Time (sec) 1.3631 Comment Date 05 Jun 2013 17:31:44 Date Stamp 05 Jun 2013
17:31:44

File Name E:\????????\????\????&MAss\RLB-FU-75\2\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 192
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d Spectrum Offset (Hz) 10041.5039
Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.777

13C NMR (100MHz ,CHLOROFORM-d) δ = 197.6, 159.6, 157.0, 138.2, 130.8, 129.4, 128.2, 123.6, 120.9, 120.5, 119.2, 112.6, 110.4, 55.2, 55.2, 39.9
RLB-FU-75.002.ESP
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4/6/2013 PM 8:19:42

Acquisition Time (sec) 3.9846 Comment Date 04 Jun 2013 10:52:48 Date Stamp 04 Jun 2013 10:52:48
File Name E:\????????\????\????&MAss\RLB-FU-71\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 69.91 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2458.1841
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.225

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.57 (d, J = 7.8 Hz, 1 H), 7.41 (dd, J = 1.5, 7.5 Hz, 1 H), 7.34 - 7.29 (m, 1 H), 7.27 - 7.20 (m, 3 H), 6.92 (t, J =
7.4 Hz, 1 H), 6.83 (d, J = 8.3 Hz, 1 H), 4.20 (s, 2 H), 3.75 (s, 3 H)

RLB-FU-71.001.esp
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5/6/2013 PM 2:50:36

Acquisition Time (sec) 1.3631 Comment Date 05 Jun 2013 11:12:00
Date Stamp 05 Jun 2013 11:12:00 File Name E:\????????\????\????&MAss\RLB-FU-71\4\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10060.3320 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.885

13C NMR (101MHz ,CHLOROFORM-d) δ = 201.7, 157.3, 141.8, 133.5, 131.4, 131.2, 128.7, 128.6, 127.1, 123.1, 120.6, 118.7, 110.4, 55.3, 44.4
RLB-FU-71.004.esp
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ACCEPTED MANUSCRIPT

18/6/2013 PM 12:44:41

Acquisition Time (sec) 3.9846 Comment Date 18 Jun 2013 10:16:32
Date Stamp 18 Jun 2013 10:16:32 File Name E:\????????\????\????&MAss\RLB-FU-107\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2450.4307 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 28.086

1H NMR (400MHz ,CHLOROFORM-d) δ = 8.18 (s, 1 H), 7.93 (d, J = 8.0 Hz, 1 H), 7.64 (d, J = 8.0 Hz, 1 H), 7.33 - 7.21 (m, 2 H), 7.16 (d, J = 7.0 Hz, 1 H),
6.94 - 6.85 (m, 2 H), 4.22 (s, 2 H), 3.78 (s, 3 H)

RLB-FU-107.001.esp
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13/8/2013 PM 3:51:43

Acquisition Time (sec) 1.3631 Comment Date 18 Jun 2013 10:31:28
Date Stamp 18 Jun 2013 10:31:28 File Name E:\????????\????\????&MAss\RLB-FU-107\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10049.5732 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 28.437

13C NMR (100MHz ,CHLOROFORM-d) δ = 196.5, 157.0, 138.6, 135.6, 131.5, 130.9, 130.0, 128.5, 126.9, 123.1, 122.7, 120.6, 110.6, 55.3, 39.9
RLB-FU-107.002.ESP
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31/5/2013 PM 8:05:25

Acquisition Time (sec) 3.9846 Comment Date 31 May 2013 14:58:08
Date Stamp 31 May 2013 14:58:08 File Name E:\????????\????\????&MAss\RLB-FU-66\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2454.5820 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.629

RLB-FU-66.001.esp
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1H NMR (400MHz ,CHLOROFORM-d) δ = 7.88 (d, J = 8.5 Hz, 2 H), 7.57 (d, J = 8.5 Hz, 2 H), 7.28 - 7.21 (m, 1 H), 7.16 (d, J = 7.3 Hz, 1 H), 6.95 - 6.84 (m,
2 H), 4.22 (s, 2 H), 3.77 (s, 3 H)
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31/5/2013 PM 8:10:17

Acquisition Time (sec) 1.3631 Comment boss boss a Date 31 May 2013 17:23:12
Date Stamp 31 May 2013 17:23:12 File Name E:\????????\????\????&MAss\RLB-FU-66\33\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 251 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10060.3320 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.428

13C NMR (101MHz ,CHLOROFORM-d) δ = 197.1, 157.1, 135.7, 131.8, 131.0, 130.0, 128.6, 128.0, 123.4, 120.7, 110.6, 55.4, 40.0
RLB-FU-66.033.esp
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13/10/2013 PM 12:11:43

Acquisition Time (sec) 3.9846 Comment Date 08 Jun 2013 19:03:28
Date Stamp 08 Jun 2013 19:03:28 File Name E:\????????\????\????&MAss\RLB-FU-88\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 56.68 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2456.0754 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 26.845

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.82 - 7.78 (m, 2 H), 7.74 - 7.71 (m, 2 H), 7.28 - 7.22 (m, 1 H), 7.15 (d, J = 7.3 Hz, 1 H), 6.94 - 6.85 (m, 2 H),
4.21 (s, 2 H), 3.77 (s, 3 H)

RLB-FU-88.001.esp
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13/10/2013 PM 12:24:49

Acquisition Time (sec) 1.3631 Comment Date 08 Jun 2013 19:20:32
Date Stamp 08 Jun 2013 19:20:32 File Name E:\????????\????\????&MAss\RLB-FU-88\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10053.9746 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 27.227

13C NMR (101MHz ,CHLOROFORM-d) δ = 197.3, 157.0, 137.8, 136.2, 130.9, 129.8, 128.5, 123.3, 120.7, 110.6, 100.7, 55.3, 39.9
RLB-FU-88.002.esp
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27/6/2013 PM 4:31:11

Acquisition Time (sec) 3.9846 Comment Date 21 Jun 2013 12:28:48 Date Stamp 21 Jun 2013 12:28:48
File Name E:\????????\????\????&MAss\RLB-FU-117\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 19.91 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2441.5037
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 26.608

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.92 (d, J = 8.0 Hz, 2 H), 7.27 - 7.12 (m, 4 H), 6.93 - 6.82 (m, 2 H), 4.23 (s, 2 H), 3.75 (s, 3 H), 2.37 (s, 3 H)
RLB-FU-117.001.esp
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27/6/2013 PM 4:34:40

Acquisition Time (sec) 1.3631 Comment Date 21 Jun 2013 12:43:44
Date Stamp 21 Jun 2013 12:43:44 File Name E:\????????\????\????&MAss\RLB-FU-117\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 235 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10060.3320 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 27.067

13C NMR (101MHz ,CHLOROFORM-d) δ = 197.6, 157.3, 143.6, 134.6, 131.0, 129.2, 128.6, 128.3, 124.0, 120.7, 110.6, 55.4, 39.9, 21.7
RLB-FU-117.002.esp
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30/6/2013 PM 8:15:06

Acquisition Time (sec) 3.9846 Comment Date 18 Jun 2013 13:05:04
Date Stamp 18 Jun 2013 13:05:04 File Name E:\????????\????\????&MAss\RLB-FU-108\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2447.8533 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 28.648

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.78 (d, J = 3.8 Hz, 1 H), 7.57 (d, J = 5.0 Hz, 1 H), 7.27 - 7.19 (m, 2 H), 7.08 (t, J = 4.4 Hz, 1 H), 6.94 - 6.84 (m,
2 H), 4.19 (s, 2 H), 3.77 (s, 3 H)

RLB-FU-108.001.esp
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13/8/2013 PM 4:21:15

Acquisition Time (sec) 1.3631 Comment Date 18 Jun 2013 17:27:28
Date Stamp 18 Jun 2013 17:27:28 File Name E:\????????\????\????&MAss\RLB-FU-108\33\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10045.9043 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 29.508

13C NMR (100MHz ,CHLOROFORM-d) δ = 190.7, 157.1, 144.1, 133.3, 132.2, 130.9, 128.4, 127.9, 123.3, 120.6, 110.6, 55.3, 40.5
RLB-FU-108.033.ESP
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27/6/2013 PM 4:41:02

Acquisition Time (sec) 3.9846 Comment Date 21 Jun 2013 11:01:20
Date Stamp 21 Jun 2013 11:01:20 File Name E:\????????\????\????&MAss\RLB-FU-116\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2456.5317 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 26.568

RLB-FU-116.001.esp
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1H NMR (400MHz ,CHLOROFORM-d) δ = 8.02 (d, J = 7.3 Hz, 2 H), 7.59 - 7.53 (m, 1 H), 7.50 - 7.43 (m, 1 H), 7.34 (dd, J = 2.3, 8.5 Hz, 1 H), 7.28 (d, J =
2.3 Hz, 1 H), 6.74 (d, J = 8.5 Hz, 1 H), 4.23 (s, 2 H), 3.74 (s, 3 H)
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13/8/2013 PM 4:27:58

Acquisition Time (sec) 1.3631 Comment Date 21 Jun 2013 11:07:44
Date Stamp 21 Jun 2013 11:07:44 File Name E:\????????\????\????&MAss\RLB-FU-116\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 125 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10052.5078 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 26.944

13C NMR (100MHz ,CHLOROFORM-d) δ = 197.0, 156.4, 136.7, 133.7, 133.1, 131.0, 128.5, 128.3, 125.9, 112.7, 112.2, 55.6, 39.6
RLB-FU-116.002.ESP

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

N
or

m
al

iz
ed

 In
te

ns
ity

CHLOROFORM-d
M10M08

M07

M06

M05

M04

M11M03
M12

M13

M09

M02M01

39
.6

1

55
.6

1

77
.0

0

11
2.

15
11

2.
67

12
5.

93
12

8.
29

12
8.

54
13

0.
97

13
3.

06
13

3.
70

13
6.

72

15
6.

42

19
6.

97

O
O

Br

libo_ruan
文本框
2j



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

2/7/2013 PM 1:38:46

Acquisition Time (sec) 3.9846 Comment Date 02 Jul 2013 12:16:00 Date Stamp 02 Jul 2013 12:16:00
File Name E:\????????\????\????&MAss\RLB-FU-129\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2459.5967
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 27.387

1H NMR (400MHz ,CHLOROFORM-d) δ = 8.03 - 7.96 (m, 2 H), 7.36 - 7.27 (m, 2 H), 6.93 (d, J = 8.5 Hz, 2 H), 6.74 (d, J = 8.5 Hz, 1 H), 4.18 (s, 2 H), 3.86
(s, 3 H), 3.75 (s, 3 H)

RLB-FU-129.001.esp
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13/8/2013 PM 4:43:28

Acquisition Time (sec) 1.3631 Comment Date 02 Jul 2013 12:33:04 Date Stamp 02 Jul 2013
12:33:04

File Name E:\????????\????\????&MAss\RLB-FU-129\2\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d Spectrum Offset (Hz) 10054.7080
Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 27.699

13C NMR (100MHz ,CHLOROFORM-d) δ = 195.6, 163.5, 156.4, 133.6, 130.9, 130.6, 129.8, 126.3, 113.7, 112.7, 112.2, 55.6, 55.4, 39.2
RLB-FU-129.002.ESP
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14/8/2013 PM 3:55:10

Acquisition Time (sec) 3.9846 Comment Date 14 Aug 2013 10:52:48 Date Stamp 14 Aug 2013 10:52:48
File Name E:\????????\????\????&MAss\RLB-FU-147\2\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 22.51 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2419.4468
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 26.996

RLB-FU-147.002.ESP

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

N
or

m
al

iz
ed

 In
te

ns
ity

1.
00

3.
22

2.
07

1.
00

0.
98

1.
98

TMS
M02

M06

M05M01

M03

M04

0.
00

6.
96

7.
20

7.
25

7.
30

7.
38

7.
40

7.
42

7.
49

7.
51

7.
53

7.
55

7.
82

7.
84

O

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.83 (d, J = 8.0 Hz, 2 H), 7.54 (d, J = 8.0 Hz, 1 H), 7.50 (d, J = 8.0 Hz, 1 H), 7.43 - 7.36 (m, 2 H), 7.34 - 7.15 (m,
3 H), 6.96 (s, 1 H)
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14/8/2013 PM 3:42:38

Acquisition Time (sec) 1.3631 Comment Date 14 Aug 2013 11:07:44
Date Stamp 14 Aug 2013 11:07:44 File Name E:\????????\????\????&MAss\RLB-FU-147\3\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10045.9131 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 26.999

13C NMR (100MHz ,CHLOROFORM-d) δ = 155.9, 154.9, 130.4, 129.2, 128.7, 128.5, 124.9, 124.2, 122.9, 120.9, 111.1, 101.3
RLB-FU-147.003.esp
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5/6/2013 PM 5:57:17

Acquisition Time (sec) 3.9846 Comment Date 05 Jun 2013 12:28:48 Date Stamp 05 Jun 2013 12:28:48
File Name E:\????????\????\????&MAss\RLB-FU-74\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent DMSO-d6 Spectrum Offset (Hz) 2470.9683 Spectrum Type STANDARD
Sweep Width (Hz) 8223.43 Temperature (degree C) 25.760

RLB-FU-74.001.esp
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1H NMR (400MHz ,DMSO-d
6
) δ = 9.90 (s, 1 H), 7.76 (d, J = 8.5 Hz, 2 H), 7.58 (t, J = 6.8 Hz, 2 H), 7.24 (quin, J = 7.1 Hz, 2 H), 7.14 (s, 1 H), 6.92 (d, J = 8.5

Hz, 2 H)
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5/6/2013 PM 6:00:40

Acquisition Time (sec) 1.3631 Comment Date 05 Jun 2013 12:26:40 Date Stamp 05 Jun 2013 12:26:40
File Name E:\????????\????\????&MAss\RLB-FU-74\2\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent DMSO-d6 Spectrum Offset (Hz) 10010.0264 Spectrum Type STANDARD
Sweep Width (Hz) 24037.73 Temperature (degree C) 26.004

13C NMR (101MHz ,DMSO-d
6
) δ = 158.3, 155.9, 153.9, 129.2, 126.4, 123.7, 123.0, 120.9, 120.6, 115.9, 110.8, 99.3

RLB-FU-74.002.esp
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13/8/2013 PM 6:04:39

Acquisition Time (sec) 3.9846 Comment Date 07 Jun 2013 10:59:12 Date Stamp 07 Jun 2013 10:59:12
File Name E:\????????\????\????&MAss\RLB-FU-82\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 56.68 SW(cyclical) (Hz) 8223.68 Solvent DMSO-d6 Spectrum Offset (Hz) 2470.9683 Spectrum Type STANDARD
Sweep Width (Hz) 8223.43 Temperature (degree C) 26.059

1H NMR (400MHz ,DMSO-d
6
) δ = 9.71 (s, 1 H), 7.63 (dd, J = 7.8, 12.3 Hz, 2 H), 7.39 - 7.23 (m, 6 H), 6.82 (d, J = 7.8 Hz, 1 H)

RLB-FU-82.001.esp
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13/8/2013 PM 6:14:32

Acquisition Time (sec) 1.3631 Comment Date 07 Jun 2013 11:14:08 Date Stamp 07 Jun 2013 11:14:08
File Name E:\????????\????\????&MAss\RLB-FU-82\2\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent DMSO-d6 Spectrum Offset (Hz) 10013.8037 Spectrum Type STANDARD
Sweep Width (Hz) 24037.73 Temperature (degree C) 26.439

13C NMR (100MHz ,DMSO-d
6
) δ = 157.8, 155.3, 154.1, 130.9, 130.2, 128.8, 124.5, 123.2, 121.1, 116.0, 115.7, 111.2, 111.1, 101.9

RLB-FU-82.002.esp
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30/5/2013 PM 10:18:55

Acquisition Time (sec) 3.9846 Comment Date 30 May 2013 15:47:12
Date Stamp 30 May 2013 15:47:12 File Name E:\????????\????\????&MAss\RLB-FU-63\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2398.6504 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.620

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.85 (dd, J = 1.0, 7.8 Hz, 1 H), 7.58 (d, J = 8.0 Hz, 1 H), 7.52 (d, J = 7.5 Hz, 1 H), 7.45 - 7.40 (m, 2 H), 7.28 (t, J
= 7.7 Hz, 1 H), 7.21 (t, J = 7.7 Hz, 1 H), 7.17 - 7.11 (m, 1 H), 7.09 - 7.03 (m, 1 H)

RLB-FU-63.001.esp
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13/8/2013 PM 6:28:48

Acquisition Time (sec) 1.3631 Comment Date 30 May 2013 16:59:44
Date Stamp 30 May 2013 16:59:44 File Name E:\????????\????\????&MAss\RLB-FU-63\33\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10048.8389 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 26.252

13C NMR (100MHz ,CHLOROFORM-d) δ = 154.2, 153.1, 134.2, 131.0, 129.7, 129.3, 128.8, 127.4, 124.8, 122.9, 121.4, 120.7, 111.1, 107.0
RLB-FU-63.033.ESP
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29/6/2013 PM 8:23:58

Acquisition Time (sec) 3.9846 Comment Date 20 Jun 2013 12:24:32 Date Stamp 20 Jun 2013 12:24:32
File Name E:\????????\????\????&MAss\RLB-FU-111\4\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 50.23 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2446.5452
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 28.623

1H NMR (400MHz ,CHLOROFORM-d) δ = 8.01 - 7.96 (m, 1 H), 7.74 (d, J = 8.0 Hz, 1 H), 7.56 (d, J = 7.3 Hz, 1 H), 7.50 (d, J = 8.0 Hz, 1 H), 7.46 - 7.42 (m,
1 H), 7.32 - 7.19 (m, 3 H), 6.99 (s, 1 H)

RLB-FU-111.004.esp
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13/8/2013 PM 6:35:01

Acquisition Time (sec) 1.3631 Comment Date 20 Jun 2013 12:41:36
Date Stamp 20 Jun 2013 12:41:36 File Name E:\????????\????\????&MAss\RLB-FU-111\5\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10053.9746 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 28.897

13C NMR (101MHz ,CHLOROFORM-d) δ = 154.9, 154.1, 132.4, 131.3, 130.3, 128.9, 127.8, 124.7, 123.4, 123.1, 122.9, 121.1, 111.2, 102.4
RLB-FU-111.005.ESP
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4/6/2013 PM 8:23:06

Acquisition Time (sec) 3.9846 Comment Date 04 Jun 2013 10:57:04 Date Stamp 04 Jun 2013 10:57:04
File Name E:\????????\????\????&MAss\RLB-FU-72\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 69.91 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2452.9624
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.244

RLB-FU-72.001.esp
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1H NMR (400MHz ,CHLOROFORM-d) δ = 7.71 (d, J = 8.5 Hz, 2 H), 7.59 - 7.53 (m, 3 H), 7.50 (d, J = 8.0 Hz, 1 H), 7.32 - 7.26 (m, 1 H), 7.25 - 7.20 (m, 1
H), 7.00 (s, 1 H)
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13/8/2013 PM 6:41:44

Acquisition Time (sec) 1.3631 Comment Date 04 Jun 2013 12:56:32 Date Stamp 04 Jun 2013
12:56:32

File Name C:\Users\libo_ruan\Desktop\RLB-FU-72\3\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d Spectrum Offset (Hz) 10055.4414
Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.783

13C NMR (100 MHz ,CHLOROFORM-d) δ = 154.9, 154.8, 131.9, 129.4, 129.0, 126.3, 124.6, 123.1, 122.5, 121.0, 111.2, 101.8
RLB-FU-72.003.ESP
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14/6/2013 PM 9:06:38

Acquisition Time (sec) 3.9846 Comment Date 11 Jun 2013 15:23:44 Date Stamp 11 Jun 2013 15:23:44
File Name E:\????????\????\????&MAss\RLB-FU-95\10\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 76.85 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2453.5591
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.022

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.76 (d, J = 8.3 Hz, 2 H), 7.57 (d, J = 8.3 Hz, 3 H), 7.50 (d, J = 8.3 Hz, 1 H), 7.32 - 7.26 (m, 1 H), 7.25 - 7.20 (m,
1 H), 7.01 (s, 1 H)

RLB-FU-95.010.esp
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13/8/2013 PM 6:49:41

Acquisition Time (sec) 1.3631 Comment Date 11 Jun 2013 15:40:48
Date Stamp 11 Jun 2013 15:40:48 File Name E:\????????\????\????&MAss\RLB-FU-95\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10054.7080 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.402

RLB-FU-95.002.ESP
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13C NMR (100MHz ,CHLOROFORM-d) δ = 154.9, 154.8, 137.9, 129.9, 129.0, 126.4, 124.6, 123.1, 121.0, 111.2, 101.9, 94.1
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13/10/2013 PM 1:01:50

Acquisition Time (sec) 3.9846 Comment Date 26 Jun 2013 11:09:52
Date Stamp 26 Jun 2013 11:09:52 File Name E:\????????\????\????&MAss\RLB-FU-123\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 56.68 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2444.1321 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.595

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.75 (d, J = 8.0 Hz, 2 H), 7.55 (d, J = 8.0 Hz, 1 H), 7.50 (d, J = 8.0 Hz, 1 H), 7.29 - 7.18 (m, 4 H), 6.94 (s, 1 H),
2.38 (s, 3 H)

RLB-FU-123.001.ESP
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13/8/2013 PM 7:01:10

Acquisition Time (sec) 1.3631 Comment Date 26 Jun 2013 11:24:48
Date Stamp 26 Jun 2013 11:24:48 File Name E:\????????\????\????&MAss\RLB-FU-123\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10053.9746 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.941

13C NMR (100MHz ,CHLOROFORM-d) δ = 156.2, 154.8, 138.6, 129.5, 129.3, 127.7, 124.9, 124.0, 122.8, 120.7, 111.1, 100.5, 21.4
RLB-FU-123.002.ESP

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

N
or

m
al

iz
ed

 In
te

ns
ity

CHLOROFORM-d
M05

M04

M01

M02

M10M07

M08

M09M06

M11M03 M12 M13

21
.3

5

77
.0

0

10
0.

54

11
1.

06

12
0.

71
12

2.
83

12
3.

97
12

4.
87

12
7.

74
12

9.
34

12
9.

46

13
8.

56

15
4.

76
15

6.
18

O

libo_ruan
文本框
3h



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

29/6/2013 PM 8:17:47

Acquisition Time (sec) 3.9846 Comment Date 19 Jun 2013 12:33:04
Date Stamp 19 Jun 2013 12:33:04 File Name E:\????????\????\????&MAss\RLB-FU-112\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 56.68 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2447.2175 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 28.856

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.53 (d, J = 7.3 Hz, 1 H), 7.51 - 7.45 (m, 2 H), 7.32 (d, J = 4.8 Hz, 1 H), 7.29 - 7.18 (m, 2 H), 7.08 (t, J = 4.3 Hz,
1 H), 6.85 (s, 1 H)

RLB-FU-112.001.esp
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13/8/2013 PM 7:05:52

Acquisition Time (sec) 1.3631 Comment Date 19 Jun 2013 12:48:00
Date Stamp 19 Jun 2013 12:48:00 File Name E:\????????\????\????&MAss\RLB-FU-112\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10054.7080 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 29.088

13C NMR (100MHz ,CHLOROFORM-d) δ = 154.6, 151.3, 133.3, 129.1, 127.8, 125.8, 124.6, 124.3, 123.1, 120.7, 111.0, 101.1
RLB-FU-112.002.ESP
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ACCEPTED MANUSCRIPT

13/8/2013 PM 7:26:10

Acquisition Time (sec) 3.9846 Comment Date 22 Jun 2013 09:55:12
Date Stamp 22 Jun 2013 09:55:12 File Name E:\????????\????\????&MAss\RLB-FU-118\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 76.85 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2453.7554 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 26.169

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.83 (d, J = 7.5 Hz, 2 H), 7.68 (s, 1 H), 7.47 - 7.41 (m, 2 H), 7.40 - 7.33 (m, 3 H), 6.93 (s, 1 H)
RLB-FU-118.001.ESP
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ACCEPTED MANUSCRIPT

13/8/2013 PM 7:20:24

Acquisition Time (sec) 1.3631 Comment Date 22 Jun 2013 10:12:16
Date Stamp 22 Jun 2013 10:12:16 File Name E:\????????\????\????&MAss\RLB-FU-118\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10056.1758 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 26.628

13C NMR (100MHz ,CHLOROFORM-d) δ = 157.2, 153.6, 131.2, 129.9, 129.0, 128.8, 127.1, 125.0, 123.5, 116.0, 112.6, 100.6
RLB-FU-118.002.ESP
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ACCEPTED MANUSCRIPT

13/8/2013 PM 7:41:30

Acquisition Time (sec) 3.9846 Comment Date 08 Jul 2013 09:12:32
Date Stamp 08 Jul 2013 09:12:32 File Name E:\????????\????\????&MAss\RLB-FU-134\20\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 62.90 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 567.9283 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 28.422

1H NMR (400MHz ,CHLOROFORM-d) δ = 9.93 (br. s., 1 H), 7.77 (d, J = 2.0 Hz, 1 H), 7.74 (d, J = 8.5 Hz, 2 H), 7.54 (d, J = 8.5 Hz, 1 H), 7.37 (dd, J = 2.0,
8.5 Hz, 1 H), 7.13 (s, 1 H), 6.90 (d, J = 8.5 Hz, 2 H)

RLB-FU-134.020.esp
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13/8/2013 PM 7:45:39

Acquisition Time (sec) 1.3631 Comment Date 06 Jul 2013 15:21:36 Date Stamp 06 Jul 2013 15:21:36
File Name E:\????????\????\????&MAss\RLB-FU-134\6\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent DMSO-d6 Spectrum Offset (Hz) 10010.8701 Spectrum Type STANDARD
Sweep Width (Hz) 24037.73 Temperature (degree C) 28.319

13C NMR (100MHz ,DMSO-d
6
) δ = 158.7, 157.4, 152.8, 131.5, 126.6, 126.2, 122.9, 120.3, 115.9, 115.3, 112.8, 98.8

RLB-FU-134.006.esp
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27/6/2013 PM 3:19:57

Acquisition Time (sec) 3.9846 Comment Date 26 Jun 2013 12:28:48 Date Stamp 26 Jun 2013 12:28:48
File Name E:\????????\????\????&MAss\RLB-FU-122\4\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 50.23 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2462.2373
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.584

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.36 - 7.25 (m, 2 H), 7.19 (d, J = 2.0 Hz, 2 H), 7.02 - 6.96 (m, 1 H), 6.91 (d, J = 8.3 Hz, 1 H), 6.69 (s, 1 H), 4.37
(d, J = 1.3 Hz, 1 H), 4.13 (d, J = 1.3 Hz, 1 H), 3.84 (s., 3 H), 3.83 (s, 6 H)

RLB-FU-122.004.esp
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14/8/2013 PM 12:05:42

Acquisition Time (sec) 1.3631 Comment Date 26 Jun 2013 11:03:28
Date Stamp 26 Jun 2013 11:03:28 File Name E:\????????\????\????&MAss\RLB-FU-122\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10045.1719 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.916

13C NMR (100MHz ,CHLOROFORM-d) δ = 193.2, 160.9, 158.0, 137.3, 129.6, 125.4, 124.0, 120.6, 110.2, 106.1, 105.8, 60.3, 55.8, 55.5, 55.2
RLB-FU-122.002.ESP
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29/6/2013 PM 4:08:47

Acquisition Time (sec) 3.9846 Comment Date 29 Jun 2013 13:02:56 Date Stamp 29 Jun 2013 13:02:56
File Name E:\????????\????\????&MAss\RLB-FU-127\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2455.7114
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 25.415

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.24 (s, 1 H), 7.20-7.15 (m,  3 H), 6.94 - 6.86 (m, 2 H), 6.64 - 6.62 (m, 1 H), 4.23 (s, 2 H), 3.80 (s, 6 H), 3.78 (s, 3
H)

RLB-FU-127.001.esp
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14/8/2013 PM 2:29:05

Acquisition Time (sec) 1.3631 Comment Date 29 Jun 2013 13:13:36
Date Stamp 29 Jun 2013 13:13:36 File Name E:\????????\????\????&MAss\RLB-FU-127\2\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 149 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10051.7734 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.732

RLB-FU-127.002.ESP
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13C NMR (100MHz ,CHLOROFORM-d) δ = 197.6, 160.7, 157.0, 138.8, 130.9, 128.3, 123.6, 120.6, 110.5, 106.2, 105.3, 55.5, 55.3, 40.0
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14/10/2013 PM 7:42:27

Acquisition Time (sec) 3.9846 Comment Date 14 Oct 2013 18:10:08
Date Stamp 14 Oct 2013 18:10:08 File Name C:\Users\libo_ruan\Desktop\STA\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 95.68 SW(cyclical) (Hz) 8223.68 Solvent Acetone
Spectrum Offset (Hz) 2465.1306 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 27.009

1H NMR (400MHz ,Acetone) δ = 8.43 (s, 2 H), 7.63 (dd, J = 0.8, 8.3 Hz, 1 H), 7.54 (dd, J = 0.8, 8.3 Hz, 1 H), 7.30 (ddd, J = 1.4, 7.2, 8.3 Hz, 1 H), 7.24 (ddd,
J = 1.4, 7.2, 8.3 Hz, 1 H), 7.16 (d, J = 1.0 Hz, 1 H), 6.94 (d, J = 2.0 Hz, 2 H), 6.42 (t, J = 2.0 Hz, 1 H)

STA.001.esp
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14/10/2013 PM 8:21:23

Acquisition Time (sec) 1.3631 Comment Date 14 Oct 2013 18:44:16 Date Stamp 14 Oct 2013 18:44:16
File Name C:\Users\libo_ruan\Desktop\STA\ST-A\10\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent Acetone Spectrum Offset (Hz) 10182.0664 Spectrum Type STANDARD
Sweep Width (Hz) 24037.73 Temperature (degree C) 26.990

13C NMR (101MHz ,Acetone) δ = 160.2, 157.2, 155.9, 133.4, 130.5, 125.6, 124.2, 122.2, 112.1, 104.7, 104.5, 102.7
ST-A.010.esp
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29/6/2013 PM 3:36:31

Acquisition Time (sec) 3.9846 Comment Date 29 Jun 2013 09:48:48
Date Stamp 29 Jun 2013 09:48:48 File Name E:\????????\????\????&MAss\RLB-FU-125\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 76.85 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2463.6064 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 24.793

1H NMR (400MHz ,CHLOROFORM-d) δ = 8.04 (d, J = 8.8 Hz, 2 H), 7.45 - 7.37 (m, 2 H), 6.96 (d, J = 8.8 Hz, 2 H), 6.78 (d, J = 8.8 Hz, 1 H), 4.34 (d, J =
2.0 Hz, 1 H), 4.11 (d, J = 2.0 Hz, 1 H), 3.89 (s, 3 H), 3.81 (s, 3 H)

RLB-FU-125.001.esp
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13/8/2013 PM 8:09:32

Acquisition Time (sec) 1.3631 Comment Date 29 Jun 2013 10:18:40
Date Stamp 29 Jun 2013 10:18:40 File Name E:\????????\????\????&MAss\RLB-FU-125\10\fid Frequency (MHz) 100.61
Nucleus 13C Number of Transients 256 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zgpg30 Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10045.1719 Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 25.257

13C NMR (100MHz ,CHLOROFORM-d) δ = 191.2, 164.1, 157.1, 132.1, 130.6, 128.4, 128.1, 126.5, 113.9, 113.0, 112.0, 60.0, 55.6, 55.4, 54.5
RLB-FU-125.010.ESP
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2/7/2013 PM 1:38:46

Acquisition Time (sec) 3.9846 Comment Date 02 Jul 2013 12:16:00 Date Stamp 02 Jul 2013 12:16:00
File Name E:\????????\????\????&MAss\RLB-FU-129\1\fid Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zg30
Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d Spectrum Offset (Hz) 2459.5967
Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 27.387

1H NMR (400MHz ,CHLOROFORM-d) δ = 8.03 - 7.96 (m, 2 H), 7.36 - 7.27 (m, 2 H), 6.93 (d, J = 8.5 Hz, 2 H), 6.74 (d, J = 8.5 Hz, 1 H), 4.18 (s, 2 H), 3.86
(s, 3 H), 3.75 (s, 3 H)

RLB-FU-129.001.esp
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14/8/2013 PM 1:37:15

Acquisition Time (sec) 1.3631 Comment Date 02 Jul 2013 12:33:04 Date Stamp 02 Jul 2013
12:33:04

File Name E:\????????\????\????&MAss\RLB-FU-129\2\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d Spectrum Offset (Hz) 10054.7080
Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 27.699

13C NMR (100MHz ,CHLOROFORM-d) δ = 195.6, 163.5, 156.4, 133.6, 130.9, 130.6, 129.8, 126.3, 113.7, 112.7, 112.2, 55.6, 55.4, 39.2
RLB-FU-129.002.ESP
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4/7/2013 PM 2:08:02

Acquisition Time (sec) 3.9846 Comment Date 03 Jul 2013 11:09:52
Date Stamp 03 Jul 2013 11:09:52 File Name E:\????????\????\????&MAss\RLB-FU-131\1\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 31.69 SW(cyclical) (Hz) 8223.68 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2460.3542 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 27.727

1H NMR (400MHz ,CHLOROFORM-d) δ = 7.97 - 7.90 (m, 2 H), 7.28 - 7.22 (m, 2 H), 6.89 - 6.82 (m, 2 H), 6.72 (d, J = 9.3 Hz, 1 H), 5.01 (d, J = 6.8 Hz, 1
H), 3.83 (s, 3 H), 3.80 (s, 3 H), 1.42 (d, J = 6.8 Hz, 3 H)

RLB-FU-131.001.esp
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13/8/2013 PM 8:04:38

Acquisition Time (sec) 1.3631 Comment Date 03 Jul 2013 11:26:56 Date Stamp 03 Jul 2013
11:26:56

File Name E:\????????\????\????&MAss\RLB-FU-131\2\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d Spectrum Offset (Hz) 10051.7734
Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 28.056

13C NMR (101MHz ,CHLOROFORM-d) δ = 199.2, 163.2, 154.9, 132.6, 130.8, 130.7, 130.5, 113.6, 113.3, 112.4, 55.7, 55.3, 39.5, 17.6
RLB-FU-131.002.ESP
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14/8/2013 PM 2:16:24

Acquisition Time (sec) 3.9846 Comment Date 04 Jul 2013 15:23:44
Date Stamp 04 Jul 2013 15:23:44 File Name E:\????????\????\????&MAss\RLB-FU-133\2\fid Frequency (MHz) 400.13
Nucleus 1H Number of Transients 16 Origin spect Original Points Count 32768 Owner root
Points Count 32768 Pulse Sequence zg30 Receiver Gain 56.68 SW(cyclical) (Hz) 8223.68 Solvent DMSO-d

6
Spectrum Offset (Hz) 623.2471 Spectrum Type STANDARD Sweep Width (Hz) 8223.43 Temperature (degree C) 28.937

1H NMR (400MHz ,DMSO-d
6
) δ = 10.02 (s, 1 H), 7.93 (d, J = 1.5 Hz, 1 H), 7.76 (d, J = 8.5 Hz, 2 H), 7.63 (d, J = 8.5 Hz, 1 H), 7.52 (dd, J = 1.5, 8.5 Hz, 1

H), 7.07 (d, J = 8.5 Hz, 2 H), 3.49 (s, 3 H)
RLB-FU-133.002.esp
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14/8/2013 PM 2:21:28

Acquisition Time (sec) 1.3631 Comment Date 04 Jul 2013 15:38:40 Date Stamp 04 Jul 2013
15:38:40

File Name E:\????????\????\????&MAss\RLB-FU-133\3\fid Frequency (MHz) 100.61 Nucleus 13C Number of Transients 256
Origin spect Original Points Count 32768 Owner root Points Count 32768 Pulse Sequence zgpg30
Receiver Gain 189.81 SW(cyclical) (Hz) 24038.46 Solvent CHLOROFORM-d Spectrum Offset (Hz) 9531.0967
Spectrum Type STANDARD Sweep Width (Hz) 24037.73 Temperature (degree C) 29.367

13C NMR (100MHz ,CHLOROFORM-d) δ = 158.0, 152.1, 151.6, 133.2, 128.1, 126.3, 121.7, 121.0, 115.8, 114.9, 112.5, 108.5, 8.9
RLB-FU-133.003.esp
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
1 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C: 15-15    H: 8-15    O: 2-2    Na: 1-1    Br: 1-1    

m/z
320.0 325.0 330.0 335.0 340.0 345.0 350.0 355.0

%

0

100

11:06:54
RLB-D-304 89 (3.928) 1: TOF MS ES+ 

8.17e+003
326.9984

318.3017

324.9860319.3029

328.9984

330.3384
340.2816338.2312331.3458 353.2654346.3344345.2334 352.2497 354.2643

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

326.9984   326.9997       -1.3     -4.0     8.5      392.3      0.0          C15  H13  O2  Na  Br 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
1 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C: 15-15    H: 8-15    O: 2-2    Na: 1-1    Br: 1-1    

m/z
315.0 317.5 320.0 322.5 325.0 327.5 330.0 332.5 335.0 337.5 340.0 342.5 345.0

%

0

100

11:14:07
RLB-D-304-2 88 (3.874) 1: TOF MS ES+ 

1.74e+004
326.9984

318.3032316.2164 323.2259319.3074

328.9971

330.0052

330.3403 342.9795338.2290337.2599335.1385
344.9788

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

326.9984   326.9997       -1.3     -4.0     8.5      398.5      0.0          C15  H13  O2  Na  Br 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
2 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C: 15-15    H: 8-15    O: 2-2    Na: 1-1    I: 0-1    

m/z
362.5 365.0 367.5 370.0 372.5 375.0 377.5 380.0 382.5 385.0 387.5 390.0 392.5

%

0

100

11:20:12
RLB-D-352 39 (1.736) 1: TOF MS ES+ 

1.87e+004
374.9841

371.9754
367.2585362.3281 368.3065 372.4759

375.9931
381.3001

379.9632 388.4010382.2892 390.9618 392.4899

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

374.9841   374.9858       -1.7     -4.5     8.5      362.4      0.0          C15  H13  O2  Na  I 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
1 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C: 15-16    H: 8-17    O: 2-2    Na: 1-1    

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800

%

0

100

11:23:02
RLB-D-240 137 (6.032) 1: TOF MS ES+ 

5.54e+003
263.1039

169.0071

229.1399

413.2711
301.1421

304.2639

388.4002367.2539
437.2003

441.3066 486.3368 544.3832 588.4095
653.4078 711.4454 733.5142

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

263.1039   263.1048       -0.9     -3.4     8.5      345.1      0.0          C16  H16  O2  Na 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
1 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C: 13-16    H: 8-17    O: 2-2    Na: 1-1    S: 1-1    

m/z
244.0 246.0 248.0 250.0 252.0 254.0 256.0 258.0 260.0 262.0 264.0 266.0

%

0

100

11:31:48
RLB-232 37 (1.648) 1: TOF MS ES+ 

4.64e+003
255.0445

251.1846249.2170245.1037 247.0900
254.9041

256.0490 257.0468
263.1024261.1295 267.1657264.1014

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

255.0445   255.0456       -1.1     -4.3     7.5      382.5      0.0          C13  H12  O2  Na  S 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
1 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C: 13-16    H: 8-17    O: 2-2    Na: 1-1    Br: 1-1    

m/z
323.0 324.0 325.0 326.0 327.0 328.0 329.0 330.0 331.0 332.0 333.0 334.0

%

0

100

12:49:28
RLB-304-4 30 (1.332) 1: TOF MS ES+ 

1.27e+004
326.9984

324.9857324.2897

323.2339
325.9858

328.9982

328.0063 330.0069
330.3422331.1956

332.9718 333.4745

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

326.9984   326.9997       -1.3     -4.0     8.5      408.4      0.0          C15  H13  O2  Na  Br 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 13-16    H: 8-19    O: 3-3    Na: 1-1    Br: 1-1    I: 0-1    

m/z
354.0 355.0 356.0 357.0 358.0 359.0 360.0 361.0 362.0 363.0 364.0

%

0

100

13:44:03
RLB-C-334 63 (2.788) 1: TOF MS ES+ 

3.58e+003
357.0110

354.2726
355.2683 356.2648

359.0090

358.0140

357.7867 358.3690
360.0144

359.2256

360.3513
363.1994361.1491

362.2352 363.5344

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

357.0110   357.0102       0.8      2.2      8.5      278.3      0.0          C16  H15  O3  Na  Br 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 14-14    H: 9-10    O: 1-1    I: 0-1    

m/z
320.00 320.20 320.40 320.60 320.80 321.00 321.20

%

0

100

10:36:39
RLB-320-0911 133 (5.856) 1: TOF MS ES+ 

1.39e+002
320.3044

320.6764

320.4709
320.3941

320.5534

320.9073

320.7817 320.9761

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

320.9761   320.9776       -1.5     -4.7     9.5      23.0       0.0          C14  H10  O  I 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
3 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 13-18    H: 8-19    O: 4-5    Na: 1-1    I: 0-1    

m/z
300.0 310.0 320.0 330.0 340.0 350.0 360.0 370.0

%

0

100

13:55:41
RLB-314 49 (2.174) 1: TOF MS ES+ 

1.34e+004
337.1040

301.1413

296.2573 304.2640
324.2893318.3014306.2736 330.3397

338.1109

371.0315353.2706341.2877 368.3136
360.3561

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

337.1040   337.1052       -1.2     -3.6     9.5      338.3      0.0          C18  H18  O5  Na 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
2 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C: 13-17    H: 8-19    O: 4-4    Na: 1-1    I: 0-1    

m/z
300.0 310.0 320.0 330.0 340.0 350.0 360.0

%

0

100

13:19:52
RLB-348 102 (4.488) 1: TOF MS ES+ 

1.23e+004
309.1089

301.1443

296.2612

304.2647
310.1157

351.0449349.0462
316.0117 318.0153 338.0548325.1013

329.2511
353.2693361.0219

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

309.1089   309.1103       -1.4     -4.5     8.5      344.3      0.0          C17  H18  O4  Na 

libo_ruan
文本框
2l



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Elemental Composition Report                                                                                                                     Page 1

Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 13-17    H: 8-19    O: 4-4    Na: 1-1    Br: 1-1    I: 0-1    

m/z
365.0 370.0 375.0 380.0 385.0 390.0 395.0 400.0 405.0 410.0

%

0

100

13:51:01
RLB-362 67 (2.963) 1: TOF MS ES+ 

1.50e+004
385.0034

371.0292368.3173
373.0276

381.3022

387.0026

388.0123

402.9795400.9810
388.4050 396.3462

405.2235 409.1714

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

385.0034   385.0051       -1.7     -4.4     9.5      359.3      0.0          C17  H15  O4  Na  Br 
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Single Mass Analysis
Tolerance = 500.0 mDa   /   DBE: min = -1.5, max = 500.0
Element prediction: Off 
Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron Ions
2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 13-17    H: 8-19    O: 3-3    Na: 1-1    Br: 1-1    I: 0-1    

m/z
367.0 368.0 369.0 370.0 371.0 372.0 373.0 374.0 375.0 376.0 377.0 378.0 379.0

%

0

100

13:38:08
RLB-348 32 (1.419) 1: TOF MS ES+ 

1.27e+004
371.0244

368.3153
367.2670 369.3205 370.0122

373.0233

372.0316 374.0294

373.4564 375.0224 377.2191376.2381 378.3511 378.7530

Minimum:                                    -1.5
Maximum:                  500.0    1000.0   500.0

Mass       Calc. Mass     mDa      PPM      DBE      i-FIT      i-FIT (Norm) Formula

371.0244   371.0259       -1.5     -4.0     8.5      312.4      0.0          C17  H17  O3  Na  Br 
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