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通过氰基亚胺与香豆灵酸甲酯的 1,3-偶极环加成反应 

合成二氢吡喃并吡唑酮 
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(中国农业大学应用化学系  北京 100193) 

摘要  室温条件下, 氰基亚胺与香豆灵酸甲酯或吡喃酮的[3＋2]环加成反应可高效地进行, 以较高至优秀的产率和优

秀的非对映选择性生成二氢吡喃并吡唑酮衍生物. 
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Synthesis of Dihydropyrano[3,2-c]pyrazolone through 1,3-Dipolar 
Cycloaddition of Nitrilimines with Methyl Coumalate 
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Abstract  The 1,3-dipolar cycloaddition of nitrilimines with methyl coumalate or pyranone worked efficiently in the presence 
of iPr2NEt under room temperature to give functionalized dihydropyrano[3,2-c]pyrazol-5(1H)-one derivatives in high to excel-
lent yields with excellent diastereoselectivities. 
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1  Introduction 

Pyrazolines is an important type of structure skeleton, 
widely existing in drug, agrochemicals, fluorescent probe, 
material, whitening agent.[1] Pyrazoline derivatives dis-
played various biological activities such as local anaes-
thetic, anticonvulsant, anti-inflammatory, anthelmintic, 
antipyretic, antidepressant, analgesic, antitubercular, anti-
microbial, anti-HIV, antiamoebic, antidiabetic, antitumor, 
antihypertensive, insecticidal, and tranquilizing anti-oxi- 
dant activity.[2] 

Nitrilimines that are generated in situ from the corre-
sponding hydrazonyl halides in the presence of a base are 
important 1,3-dipolar species,[3] which can react with a 
variety of dipolarophiles such as nitrile, olefin, thiophe-
none, enamine, alkyne and allene.[4] Since Et3N-catalyzed 
formal [3＋2] cycloaddition of nitrilimines and nitriles was 
reported to form triazoles in 1962,[5] nitrilimines has been 
exploited as a highly reactive diploe in cycloaddition reac-
tions for synthesis of heterocyclic compounds.[3,4] The cy-

cloaddition of nitrilimines with carbon-carbon unsaturated 
bond is one of the most concise approaches to access func-
tionalized pyrazole derivatives. 

Coumalates have been recognized as a very useful 
synthon for various transformations in organic synthesis.[6] 
A large number of reactions involving coumalates have 
been reported.[6] Among these reactions, cycloaddition and 
formal cycloaddition reactions of coumalates have exten-
sively been used for synthesis of carbo- and hetero-cyclic 
compounds. Generally, alkyl coumalates may function as 
dienes, dienophiles, or dipolarophiles in cycloaddition re-
actions depending on their reaction partners. They have 
often been used as dienophiles with substituted dienes or 
dienes with different dienophiles for the Diels-Alder reac-
tion.[7,8] These coumalates may also perform inter- or in-
tra-molecular [2＋2] cycloaddition reactions.[9] In addition, 
a few examples with coumalates as dipolarophiles for 
1,3-diploar cycloaddition reactions have been reported.[10～13] 
Coumalates reacted as 4 electron partners or 2 electron 
partners towards 1,3-dipoles for [4＋3] or [2＋3] cycload-
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dition. For examples, Pd-catalyzed cycloaddition of tri-
methylenemethane with methyl coumalate led to a mixture 
of [2＋3] and [4＋3] cycloadducts.[10] Phosphine- 
catalyzed annulation of Morita-Baylis-Hillman carbonates 
with methyl coumalate only gave [4＋3] cycloadduct.[11] 
Et3N-catalyzed formal [4＋3] cycloaddition of methyl 
coumalate with azomethine ylides provided an access to 
functionalized azepine derivatives.[12] [3＋2] cycloaddition 
of 4-aryl-6-(trifluoromethyl)-2-pyrones with the nonstabi-
lized azomethine ylide obtained from sarcosine and for-
maldehyde afforded pyrrolopyrones.[13] As shown above, 
although these successfully examples have been achieved, 
the study on 1,3-diploar cycloaddition reactions of 
coumalates is still very limited. New discovery on the re-
activity of coumalates is highly desirable. Due to excellent 
biological activity of both pyrazole and pyran derivatives, 
combining pyrazole and pyran moieties into one structure 
is very interesting. As our continuous efforts on cycloaddi-
tion reactions,[14] the synthesis of dihydropyrano[3,2-c]- 
pyrazol-5(1H)-one derivatives was reported through 1,3- 
dipolar cycloaddition of nitrilimines with methyl coumal-
ate (Scheme 1). 

 

Scheme 1  [3＋2] cycloaddition of nitrilimines with methyl 
coumalate 

2  Results and discussion 

Initially, the [3＋2] cycloaddition was investigated with 
nitrilimine precursor (1a) and methyl coumalate (2) as 
model substrates (Table 1). With the use of Et3N as the 
base, the reaction was performed in dichloromethane at 
room temperature for 48 h to give the cycloadduct 3a in 
60% yield (Entry 1). Solvent screening was next performed 
(Entries 2, 3). The medium polar THF resulted in decreas-
ing of the yield to 29% (Entry 2). Using CHCl3 as the sol-
vent, the yield was increased to 76% yield (Entry 3). Then 
different bases were screened to improve the yield (Entries 
4～8). To our delight, with the use of iPr2NEt, the yield 
was increased to 82% yield (Entry 4). The bases such as 
tBuOK and Cs2CO3 led to proximate yields to that through 
iPr2NEt (Entries 5, 6). Only a trace of product was ob-
served with the use of Na2CO3 as the base (Entry 7). There 
was no reaction when NaOH was used (Entry 8). When the 
reaction temperature was increased to 40 ℃, the yield had 
not been improved (Entry 9). In the presence of iPr2NEt, 

further solvent screening revealed that the polar solvents 
such as DMSO, DMF, and MeCN were unfavorable to the 
reaction (Entries 10～12). On the basis of the above 
screening results, the optimized reaction conditions were 
determined as: with iPr2NEt as the base in CHCl3 at room 
temperature. 

Table 1  Screening of the reaction conditionsa 

 

Entry Base Solvent Yieldb/% 

1 Et3N CH2Cl2 60 
2 Et3N THF 29 
3 Et3N CHCl3 76 
4 iPr2NEt CHCl3 82 
5 tBuOK CHCl3 79 
6 Cs2CO3 CHCl3 77 
7 Na2CO3 CHCl3 Trace 
8 NaOH CHCl3 NRd 
9c iPr2NEt CHCl3 81 
10 iPr2NEt DMSO 16 
11 iPr2NEt DMF 24 
12 iPr2NEt MeCN 38 

a Unless indicated otherwise, the reaction was carried out with 0.15 mmol of 
1a, 0.1 mmol of 2 and 0.15 mmol of base in 1 mL of solvent at room tempera-
ture for 48 h. b Isolated yield; ＞20∶1 dr, determined by 1H NMR data. c The 
reaction was carried out at 40 ℃. d No reaction. 

With the optimal reaction conditions in hand, we ex-
plored the scope of the nitrilimine precursors. As shown in 
Table 2, the reaction could tolerate a wide scope of ni-
trilimines bearing different R1 groups, giving the products 
3 in high yields (Entries 1～16). Regardless of the elec-
tronic nature (electron-donating or electron-withdrawing) 
of the substituents on the benzene ring, the corresponding 
products 3a～3m were obtained in good yields (72%～
84%) (Entries 1～13). However, substrates bearing sub-
stituents at the 3-position of the aryl showed relative weak 
reactivities, leading to the corresponding products in lower 
yields (Entries 3, 5 and 8). In comparison, the electron- 
donating groups such as 3-methyl, 4-methyl, 3-methoxy 
and 4-methoxy nitrilimine precursors gave the product in 
relatively lower yields (Entries 10 ～ 13) than elec-
tron-withdrawing group (Entries 2～9). The fused aromatic 
and hetero-aromatic group-substituted substrates per-
formed the reaction well, providing the corresponding 
products in 69%～84% yields (Entries 14～16). In addi-
tion, different R2-substituted nitrilimines also displayed 
good reactivity, producing the cycloadducts in good to 
excellent yields (Entries 17～26). The electron-donating 
groups such as 2-methyl, 3-methyl and 4-methyl led to the 
products in relatively higher yields (Entries 24～26) than 
electron-withdrawing groups (Entries 17～23). Alkyl sub-
stituted nitrilimines did not perform the reaction at room 
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temperature, and even at 80 ℃ (Entries 27, 28). Delight-
edly, 2H-pyran-2-one (2b) underwent the reaction at 40 ℃ 
to give the corresponding cycloadduct 3zc in 68% yield 
(Entry 29). The relative configuration of the cycloaddition 
product was determined through X-ray crystallographic 
data of the product 3w (Figure 1).[15] To further demon-
strate the practical utility of the synthetic method, the reac-
tion of 1a was performed on the gram scale, producing the 
desired product 3a in 80% yield (Scheme 2). 

Table 2  Substrate scope of nitrilimines 1a 

  

Entry R1, R2 1 R3 2 3 Time/h Yieldb/%

1 Ph, Ph 1a CO2Me 2a 3a 48 81 
2 2-FC6H4, Ph 1b CO2Me 2a 3b 48 80 

3 3-FC6H4, Ph 1c CO2Me 2a 3c 48 76 

4 4-FC6H4, Ph 1d CO2Me 2a 3d 48 83 

5 3-ClC6H4, Ph 1e CO2Me 2a 3e 48 79 

6 4-ClC6H4, Ph 1f CO2Me 2a 3f 48 84 

7 2-BrC6H4, Ph 1g CO2Me 2a 3g 48 83 

8 3-BrC6H4, Ph 1h CO2Me 2a 3h 48 79 

9 4-BrC6H4, Ph 1i CO2Me 2a 3i 48 83 

10 3-MeC6H4, Ph 1j CO2Me 2a 3j 48 75 

11 4-MeC6H4, Ph 1k CO2Me 2a 3k 24 77 

12 3-OMeC6H4,Ph 1l CO2Me 2a 3l 48 72 

13 4-OMeC6H4,Ph 1m CO2Me 2a 3m 48 76 

14 1-Naphthyl, Ph 1n CO2Me 2a 3n 48 84 

15 2-Naphthyl, Ph 1o CO2Me 2a 3o 48 80 

16 2-Furanyl, Ph 1p CO2Me 2a 3p 48 69 

17 Ph, 2-FC6H4 1q CO2Me 2a 3q 48 75 

18 Ph, 3-FC6H4 1r CO2Me 2a 3r 48 81 

19 Ph, 2-ClC6H4 1s CO2Me 2a 3s 48 75 

20 Ph, 3-ClC6H4 1t CO2Me 2a 3t 48 76 

21 Ph, 4-ClC6H4 1u CO2Me 2a 3u 48 79 

22 Ph, 3-BrC6H4 1v CO2Me 2a 3v 48 80 

23 Ph, 4-BrC6H4 1w CO2Me 2a 3w 48 81 

24 Ph, 2-MeC6H4 1x CO2Me 2a 3x 24 95 

25 Ph, 3-MeC6H4 1y CO2Me 2a 3y 24 96 

26 Ph, 4-MeC6H4 1z CO2Me 2a 3z 24 93 

27 Ph, Me 1za CO2Me 2a 3za 48 NRd

28 Ph, n-C5H11 1zb CO2Me 2a 3zb 48 NR 

29c Ph, Ph 1a Bz 2b 3zc 36 68 
a The reaction was carried out with 0.45 mmol of 1a, 0.3 mmol of 2 and 0.45 
mmol of iPr2NEt in 3 mL of CHCl3 at room temperature for 48 h. b Isolated 
yield; ＞20∶1 dr, determined by 1H NMR data. c The reaction of 5-benzoyl- 
2H-pyran-2-one (2b, 0.1 mmol) was performed at 40 ℃. d No reaction. 

 

Figure 1  X-ray structure of the product 3w 

  

Scheme 2  Reaction on the gram scale 

3  Conclusions 

In summary, we have developed iPr2NEt‑promoted [3＋ 
2] cycloaddition reaction of nitrilimine with methyl 
coumalate or pyranone. The reaction is operationally sim-
ple and works efficiently under mild reaction conditions to 
furnish a broad range of biologically important functional-
ized dihydropyrano[3,2-c]pyrazol-5(1H)-one derivatives in 
good to excellent yields with excellent diastereoselectivi-
ties. 

4  Experimental 

4.1  General 

Unless otherwise stated, all reagents were purchased 
from commercial suppliers and used without further puri-
fication. Organic solutions were concentrated under re-
duced pressure using a rotary evaporator or oil pump. Re-
actions were monitored through thin-layer chromatography 
(TLC) on silica gel-precoated glass plates. Chromatograms 
were visualized by fluorescence quenching under UV light 
at 254 nm. Flash column chromatography was performed 
using a Qingdao Haiyang flash silica gel (200～300 mesh). 
1H NMR and 13C NMR spectra were recorded using a 
Bruker-300 spectrometer. Accurate mass measurements 
were performed using an Agilent instrument with the 
EI-MS technique. X-ray crystallographic data were col-
lected using a Bruker SMART CCD-based diffractometer 
equipped with a low-temperature apparatus operated at 100 
K. 

4.2  General procedure for [3＋2] cycloaddition of 
hydrazonyl chlorides 1 and methyl coumalate 2  

Hydrazonyl chlorides 1 (1.5 equiv., 0.45 mmol), methyl 
coumalate 2 (0.3 mmol) and iPr2NEt (1.5 equiv., 0.45 
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mmol) were dissolved in 3 mL of chloroform, and the re-
sulting mixture was stirred at room temperature. Once 
starting material was consumed (monitored by TLC), the 
mixture was concentrated to dryness. The residue was pu-
rified through flash column chromatography [V(ethyl ace-
tate)/V(petroleum ether)＝1/12] to afford the correspond-
ing cycloaddition product. When 2H-pyran-2-one (2b) was 
used, the reaction was performed with hydrazonyl chlo-
rides 1 (1.5 equiv., 0.15 mmol), pyranone 2b (0.1 mmol) 
and iPr2NEt (1.5 equiv., 0.15 mmol) in 3 mL of chloro-
form. 

Methyl 5-oxo-1,3-diphenyl-1,3a-dihydropyrano[3,2-c]- 
pyrazole-7a(5H)-carboxylate (3a): Yellow solid (85 mg, 
81% yield). m.p. 134～136 ℃; 1H NMR (300 MHz, 
CDCl3) δ: 7.98～7.95 (s, 2H), 7.51～7.35 (m, 5H), 7.24～
7.21 (m, 2H), 7.13 (t, J＝7.3 Hz, 1H), 6.96～6.92 (m, 1H), 
6.45 (s, 1H), 6.25 (d, J＝10.3 Hz, 1H), 3.93 (s, 3H); 13C 
NMR (75 MHz, CDCl3) δ: 169.2, 158.0, 145.3, 141.9, 
136.1, 129.4, 129.1, 128.5, 126.3, 123.1, 121.6, 117.2, 
86.1, 66.8, 53.7; IR (film) νmax: 2956, 1743, 1596, 1495, 
1448, 1385, 1240, 1120, 1067, 1017, 874, 822, 750, 691, 
660, 483 cm－1; HRMS (ESI) calcd for C20H17N2O4 [M＋ 
H]＋ 349.1183, found 349.1185. 

Methyl 3-(2-fluorophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3b): Yel-
low solid (88 mg, 80% yield). m.p. 118～212 ℃; 1H 
NMR (300 MHz, CDCl3) δ: 7.94 (td, J＝1.6, 7.6, Hz, 1H), 
7.42～7.35 (m, 2H), 7.30～7.08 (m, 6H), 7.03 (d, J＝10.3 
Hz, 1H), 6.52 (d, J＝1.6 Hz, 1H), 6.25 (d, J＝10.3 Hz, 
1H), 3.90 (s, 3H); 13C NMR (75 MHz, CDCl3) δ: 168.8, 
160.0 (d, J＝252.9 Hz), 158.1, 142.4 (d, J＝2.9 Hz), 141.7, 
135.8, 131.0 (d, J＝8.5 Hz), 129.1, 129.0 (d, J＝3.1 Hz), 
124.2 (d, J＝3.3 Hz), 123.2, 121.7, 117.1, 116.2 (d, J＝
21.9 Hz), 113.5, 86.5, 86.4, 66.8, 53.6; IR (film) νmax: 
3068, 2957, 1740, 1598, 1496, 1456, 1385, 1242, 1108, 
1071, 1006, 947, 891, 824, 756, 693, 656, 508 cm－1; 
HRMS (ESI) calcd for C20H16FN2O4 [M＋H]＋ 367.1089, 
found 367.1085. 

Methyl 3-(3-fluorophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3c): creamy 
white solid (84 mg, 76% yield). m.p. 140～144 ℃; 1H 
NMR (300 MHz, CDCl3) δ: 7.74～7.65 (m, 1H), 7.48～
7.35 (m, 2H), 7.23～7.20 (m, 1H), 7.17～7.09 (m, 1H), 
6.95 (d, J＝10.3 Hz, 1H), 6.42 (s, 1H), 6.26 (d, J＝10.3 
Hz, 1H), 3.93 (s, 2H); 13C NMR (75 MHz, CDCl3) δ: 
168.9, 162.6 (d, J＝246.3 Hz), 157.8, 144.1 (d, J＝3.1 Hz), 
141.6, 135.8, 131.3 (d, J＝8.3 Hz), 130.1 (d, J＝8.3 Hz), 
129.2, 123.4, 122.0 (d, J＝2.9 Hz), 121.6, 117.3, 116.3 (d, 
J＝21.5 Hz), 112.9 (d, J＝23.5 Hz), 85.8, 67.0, 53.7; IR 
(film) νmax: 3073, 2958, 1746, 1595, 1567, 1495, 1455, 
1434, 1385, 1244, 1189, 1119, 1071, 878, 822, 787, 750, 
688, 522 cm－1; HRMS (ESI) calcd for C20H16FN2O4  
[M＋H]＋ 367.1089, found 367.1093. 

Methyl 3-(4-fluorophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3d): White 
solid (91 mg, 83% yield). m.p. 114～116 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 7.99～7.91 (m, 1H), 7.41～7.36 (m, 

1H), 7.23～7.10 (m, 2H), 6.92 (d, J＝10.3 Hz, 1H), 6.42 
(s, 1H), 6.25 (d, J＝10.3 Hz, 1H), 3.93 (s, 1H); 13C NMR 
(75 MHz, CDCl3) δ: 169.1, 163.3 (d, J＝250.9 Hz), 157.9, 
144.5, 141.9, 136.1, 129.2, 128.3 (d, J＝8.4 Hz), 125.4 (d, 
J＝3.2 Hz), 123.2, 121.6, 117.3, 115.7 (d, J＝22.0 Hz), 
86.0, 66.9, 53.7; IR (film) νmax: 3069, 2957, 1745, 1599, 
1513, 1496, 1435, 1384, 1236, 1159, 1120, 1069, 889, 840, 
823, 750, 693, 625, 544 cm－1; HRMS (ESI) calcd for 
C20H16FN2O4 [M＋H]＋ 367.1089, found 367.1087. 

Methyl 3-(3-chlorophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3e): Yellow 
solid (91 mg, 79% yield). m.p. 172～175 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 7.95～7.97 (m, 1H), 7.83～7.76 (m, 
1H), 7.46～7.36 (m, 1H), 7.23～7.20 (m, 1H), 7.13 (t, J＝
7.3 Hz, 1H), 6.96 (d, J＝10.3 Hz, 1H), 6.41 (s, 1H), 6.25 
(d, J＝10.3 Hz, 1H), 3.92 (s, 1H); 13C NMR (75 MHz, 
CDCl3) δ: 168.8, 157.8, 143.9, 141.6, 135.8, 134.6, 131.0, 
129.8, 129.3, 129.2, 126.1, 124.3, 123.4, 121.6, 117.3, 
85.7, 66.9, 53.8; IR (film) νmax: 3069, 2957, 2923, 2851, 
1747, 1595, 1557, 1497, 1435, 1372, 1240, 1072, 888, 824, 
787, 750, 687 cm－1; HRMS (ESI) calcd for C20H15Cl- 
N2O4Na [M＋H]＋ 405.0613, found 405.0618. 

Methyl 3-(4-chlorophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3f): Yellow 
solid (96 mg, 84% yield). m.p. 59～62 ℃; 1H NMR (300 
MHz, CDCl3) δ: 7.94～7.85 (m, 1H), 7.45～7.35 (m, 1H), 
7.24～7.17 (m, 1H), 7.13 (t, J＝7.3 Hz, 1H), 6.92 (d, J＝
10.3 Hz, 1H), 6.42 (s, 1H), 6.25 (d, J＝10.3 Hz, 1H), 3.93 
(s, 1H); 13C NMR (75 MHz, CDCl3) δ: 169.0, 157.9, 144.3, 
141.7, 136.0, 135.3, 129.2, 128.8, 127.7, 127.5, 123.3, 
121.6, 117.3, 85.9, 67.0, 53.8; IR (film) νmax: 3065, 2956, 
1746, 1597, 1557, 1494, 1435, 1408, 1384, 1241, 1091, 
1070, 1012, 889, 822, 749, 694, 541, 498 cm－1; HRMS 
(ESI) calcd for C20H16ClN2O4 [M＋H]＋ 383.0790, found 
383.0793. 

Methyl 3-(2-bromophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3g): Yel-
low solid (106 mg, 83% yield). m.p. 150～153 ℃; 1H 
NMR (300 MHz, CDCl3) δ: 7.70 (d, J＝8.0 Hz, 1H), 
7.64～7.61 (m, 1H), 7.46～7.35 (m, 1H), 7.34～7.27 (m, 
1H), 7.23 (d, J＝8.0 Hz, 1H), 7.13 (t, J＝7.3 Hz, 1H), 6.94 
(d, J＝10.3 Hz, 1H), 6.72 (s, 1H), 6.27 (d, J＝10.3 Hz, 
1H), 3.93 (s, 1H); 13C NMR (75 MHz, CDCl3) δ: 169.0, 
158.2, 146.0, 141.9, 136.0, 133.7, 131.2, 130.6, 129.8, 
129.2, 127.3, 123.4, 121.9, 121.8, 117.4, 86.4, 67.4, 53.7; 
IR (film) νmax: 3065, 2956, 2925, 1746, 1598, 1496, 1434, 
1371, 1239, 1117, 1090, 927, 889, 823, 752, 693, 644  
cm－1; HRMS (ESI) calcd for C20H16BrN2O4 [M＋H]＋ 
427.0288, found 427.0292. 

Methyl 3-(3-bromophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3h): Yel-
low solid (101 mg, 79% yield). m.p. 164～166 ℃; 1H 
NMR (300 MHz, CDCl3) δ: 8.12～8.11 (m, 1H), 7.91～
7.79 (m, 1H), 7.57～7.54 (m, 1H), 7.44～7.29 (m, 1H), 
7.24～7.19 (m, 1H), 7.14 (t, J＝7.3 Hz, 1H), 6.95 (d, J＝
10.3 Hz, 1H), 6.40 (s, 1H), 6.25 (d, J＝10.3 Hz, 1H), 3.92 
(s, 1H); 13C NMR (75 MHz, CDCl3) δ: 168.8, 157.8, 143.8, 
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141.6, 135.9, 132.2, 131.3, 130.0, 129.2, 128.9, 124.8, 
123.4, 122.7, 121.6, 117.3, 85.7, 66.9, 53.8; IR (film) νmax: 
3067, 2956, 2924, 1745, 1595, 1553, 1497, 1434, 1372, 
1239, 1119, 1071, 888, 823, 786, 749, 686, 514 cm－1; 
HRMS (ESI) calcd for C20H16BrN2O4 [M＋H]＋ 427.0288, 
found 427.0290. 

Methyl 3-(4-bromophenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3i): Yellow 
solid (106 mg, 83% yield). m.p. 64～67 ℃; 1H NMR (300 
MHz, CDCl3) δ: 7.86～7.79 (m, 1H), 7.62～7.56 (m, 1H), 
7.41～7.35 (m, 1H), 7.21～7.19 (m, 1H), 7.13 (t, J＝7.3 
Hz, 1H), 6.92 (d, J＝10.3 Hz, 1H), 6.42 (s, 1H), 6.25 (d,  
J＝10.3 Hz, 1H), 3.93 (s, 1H); 13C NMR (75 MHz, CDCl3) 
δ: 168.9, 157.8, 144.3, 141.7, 135.9, 131.7, 129.2, 128.1, 
127.7, 123.7, 123.4, 121.6, 117.3, 85.8, 67.0, 53.8; IR 
(film) νmax: 3065, 2956, 1746, 1597, 1493, 1435, 1382, 
1241, 1119, 1070, 1008, 888, 822, 749, 694, 539, 496  
cm－1; HRMS (ESI) calcd for C20H16BrN2O4 [M＋H]＋ 
427.0288, found 427.0292. 

Methyl 5-oxo-1-phenyl-3-(m-tolyl)-1,3a-dihydropyrano- 
[3,2-c]pyrazole-7a(5H)-carboxylate (3j): Pale yellow solid 
(82 mg, 75% yield). m.p. 115～119 ℃; 1H NMR (300 
MHz, CDCl3) δ: 7.84～7.70 (m, 1H), 7.45～7.33 (m, 2H), 
7.33～7.19 (m, 2H), 7.13 (t, J＝7.3 Hz, 1H), 6.95 (d, J＝
10.3 Hz, 1H), 6.44 (s, 1H), 6.25 (d, J＝10.3 Hz, 1H), 3.92 
(s, 1H), 2.45 (s, 1H); 13C NMR (75 MHz, CDCl3) δ: 169.1, 
158.1, 145.6, 142.0, 138.2, 136.1, 130.3, 129.1, 129.0, 
128.4, 126.8, 123.6, 123.1, 121.6, 117.2, 86.0, 66.8, 53.7, 
21.1; IR (film) νmax: 3063, 2956, 2924, 1747, 1599, 1496, 
1435, 1385, 1244, 1118, 1072, 925, 884, 825, 787, 750, 
693, 513 cm－1; HRMS (ESI) calcd for C21H19N2O4 [M＋
H]＋ 363.1339, found 363.1344. 

Methyl 5-oxo-1-phenyl-3-(p-tolyl)-1,3a-dihydropyrano- 
[3,2-c]pyrazole-7a(5H)-carboxylate (3k): Yellow solid (84 
mg, 77% yield). m.p. 140～144 ℃; 1H NMR (300 MHz, 
CDCl3) δ: 7.86 (d, J＝8.2 Hz, 1H), 7.43～7.34 (m, 1H), 
7.28 (d, J＝8.1 Hz, 1H), 7.23～7.20 (m, 1H), 7.11 (t, J＝
7.3 Hz, 1H), 6.92 (d, J＝10.3 Hz, 1H), 6.43 (s, 1H), 6.24 
(d, J＝10.3 Hz, 1H), 3.92 (s, 1H), 2.43 (s, 2H); 13C NMR 
(75 MHz, CDCl3) δ: 169.3, 158.1, 145.6, 142.1, 139.7, 
136.2, 129.2, 129.1, 126.3, 122.9, 121.6, 117.1, 86.2, 66.8, 
53.6, 21.1; IR (film) νmax: 2956, 1740, 1597, 1496, 1435, 
1385, 1317, 1241, 1187, 1119, 1068, 1016, 927, 888, 823, 
750, 694, 544, 499 cm－1; HRMS (ESI) calcd for C21H19- 
N2O4 [M＋H]＋ 363.1339, found 363.1343. 

Methyl 3-(3-methoxyphenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3l): Yellow 
solid (82 mg, 72% yield). m.p. 64～67 ℃; 1H NMR (300 
MHz, CDCl3) δ: 7.57～7.48 (m, 1H), 7.42～7.34 (m, 1H), 
7.25～7.19 (m, 1H), 7.13 (t, J＝7.3 Hz, 1H), 7.03～6.97 
(m, 1H), 6.94 (d, J＝10.3 Hz, 1H), 6.42 (s, 1H), 6.25 (d,  
J＝10.3 Hz, 1H), 3.92 (s, 1H), 3.90 (s, 1H); 13C NMR (75 
MHz, CDCl3) δ: 169.1, 159.5, 158.0, 145.2, 141.9, 136.0, 
130.4, 129.5, 129.1, 123.1, 121.6, 119.0, 117.2, 115.7, 
111.1, 86.0, 66.9, 55.1, 53.7; IR (film) νmax: 2957, 1746, 
1598, 1568, 1495, 1456, 1434, 1384, 1246, 1178, 1119, 
1045, 874, 825, 786, 750, 690, 664 cm－1; HRMS (ESI) 

calcd for C21H19N2O5 [M ＋ H] ＋  379.1288, found 
379.1291. 

Methyl 3-(4-methoxyphenyl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3m): Pale 
Yellow solid (86 mg, 76% yield). m.p. 132～134 ℃; 1H 
NMR (300 MHz, CDCl3) δ: 7.92～7.89 (m, 1H), 7.40～
7.35 (m, 1H), 7.21～7.19 (m, 1H), 7.10 (t, J＝7.3 Hz, 1H), 
7.01～6.97 (m, 1H), 6.90 (d, J＝10.3 Hz, 1H), 6.41 (s, 
1H), 6.23 (d, J＝10.3 Hz, 1H), 3.92 (s, 1H), 3.88 (s, 2H); 
13C NMR (75 MHz, CDCl3) δ: 169.3, 160.6, 158.2, 145.4, 
142.2, 136.3, 129.1, 127.9, 122.8, 121.7, 121.5, 117.1, 
114.0, 86.3, 66.8, 55.0, 53.6; IR (film) νmax: 3064, 2958, 
2840, 1744, 1597, 1516, 1496, 1425, 1384, 1256, 1179, 
1120, 1067, 888, 823, 750, 694, 614, 547 cm－1; HRMS 
(ESI) calcd for C21H19N2O5 [M＋H]＋ 379.1288, found 
379.1288. 

Methyl 3-(naphthalen-1-yl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3n): Or-
ange solid (100 mg, 84% yield). m.p. 60～63 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.32 (s, 1H), 8.17 (dd, J＝1.7, 8.7 
Hz, 1H), 8.00～7.83 (m, 1H), 7.61～7.52 (m, 1H), 7.47～
7.37 (m, 1H), 7.32～7.24 (m, 1H), 7.15 (t, J＝7.3 Hz, 1H), 
6.99 (d, J＝10.3 Hz, 1H), 6.57 (s, 1H), 6.28 (d, J＝10.3 
Hz, 1H), 3.93 (s, 1H); 13C NMR (75 MHz, CDCl3) δ: 
169.1, 158.1, 145.4, 141.9, 136.1, 133.5, 132.9, 129.2, 
128.4, 128.3, 127.4, 126.74, 126.68, 126.3, 126.3, 123.3, 
123.1, 121.7, 117.2, 86.1, 66.9, 53.7; IR (film) νmax: 3061, 
2956, 1740, 1598, 1496, 1435, 1384, 1248, 1118, 1069, 
1018, 952, 861, 822, 749, 694, 639, 475 cm－1; HRMS 
(ESI) calcd for C24H19N2O4 [M＋H]＋ 399.1339, found 
399.1342. 

Methyl 3-(naphthalen-2-yl)-5-oxo-1-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3o): Or-
ange solid (96 mg, 80% yield). m.p. 99～102 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.32 (s, 1H), 8.16 (dd, J＝1.7, 8.7 
Hz, 1H), 8.01～7.81 (m, 1H), 7.60～7.52 (m, 1H), 7.46～
7.37 (m, 1H), 7.30～7.26 (m, 1H), 7.15 (t, J＝7.3 Hz, 1H), 
6.99 (d, J＝10.3 Hz, 1H), 6.57 (s, 1H), 6.28 (d, J＝10.3 
Hz, 1H), 3.94 (s, 1H); 13C NMR (75 MHz, CDCl3) δ: 
169.1, 158.1, 145.4, 141.9, 136.1, 133.5, 132.9, 129.2, 
128.4, 128.3, 127.4, 126.74, 126.67, 126.3, 126.3, 123.3, 
123.1, 121.7, 117.2, 86.1, 66.9, 53.7; IR (film) νmax: 3061, 
2956, 1740, 1598, 1496, 1435, 1384, 1248, 1118, 1069, 
1018, 952, 861, 822, 749, 694, 639, 476 cm－1; HRMS 
(ESI) calcd for C24H19N2O4 [M＋H]＋ 399.1339, found 
399.1344. 

Methyl 3-(furan-2-yl)-5-oxo-1-phenyl-1,3a-dihydro- 
pyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3p): Black 
solid (70 mg, 69% yield). m.p. 56～60 ℃; 1H NMR (300 
MHz, CDCl3) δ: 7.61～7.60 (m, 1H), 7.39～7.33 (m, 1H), 
7.22～7.16 (m, 1H), 7.15～7.08 (m, 1H), 7.00～6.97 (m, 
1H), 6.82 (dd, J＝0.7, 10.3 Hz, 1H), 6.56 (dd, J＝1.8, 3.5 
Hz, 1H), 6.33 (d, J＝0.7 Hz, 1H), 6.24 (d, J＝10.3 Hz, 
1H), 3.94 (s, 1H); 13C NMR (75 MHz, CDCl3) δ: 169.0, 
156.0, 144.3, 141.8, 138.2, 135.9, 129.1, 123.4, 121.7, 
117.6, 112.5, 111.7, 85.8, 66.8, 53.7; IR (film) νmax: 2958, 
1747, 1597, 1496, 1435, 1385, 1360, 1257, 1124, 1091, 
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1070, 1012, 926, 885, 816, 750, 694, 592 cm－1; HRMS 
(ESI) calcd for C18H14N2O5 [M＋H]＋ 339.0975, found 
339.0979. 

Methyl 1-(2-fluorophenyl)-5-oxo-3-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3q): White 
solid (82 mg, 75% yield). m.p. 115～118 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.04～7.85 (m, 2H), 7.57～7.33 (m, 
4H), 7.25～7.08 (m, 3H), 6.72 (dd, J＝1.6, 10.3 Hz, 1H), 
6.47 (s, 1H), 6.19 (d, J＝10.3 Hz, 1H), 3.88 (s, 3H); 13C 
NMR (75 MHz, CDCl3) δ: 168.5, 158.1, 154.0 (d, J＝
245.5 Hz), 147.1, 136.6 (d, J＝4.6 Hz), 129.8, 129.6, 
129.0, 128.5, 126.5, 126.3 (d, J＝7.9 Hz), 124.8, 124.7 (d, 
J＝3.4 Hz), 121.5, 116.0 (d, J＝20.5 Hz), 86.0, 67.6, 53.4; 
IR (film) νmax: 3067, 2957, 1747, 1614, 1595, 1496, 1448, 
1385, 1262, 1120, 1064, 929, 890, 820, 759, 692, 591, 556 
cm－ 1; HRMS (ESI) calcd for C20H16FN2O4 [M＋H]＋ 
367.1088, found 367.1087. 

Methyl 1-(3-fluorophenyl)-5-oxo-3-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3r): White 
solid (89 mg, 81% yield). m.p. 123～127 ℃; 1H NMR 
(300 MHz, DMSO-d6) δ: 7.96～7.92 (m, 2H), 7.52～7.38 
(m, 3H), 7.38～7.24 (m, 1H), 7.04 (dt, J＝2.3, 11.0 Hz, 
1H), 6.98 (d, J＝10.4 Hz, 1H), 6.87 (dd, J＝8.2, 1.7 Hz, 
1H), 6.77 (td, J＝8.2, 2.3 Hz, 1H), 6.42 (s, 1H), 6.27 (d,  
J＝10.3 Hz, 1H), 3.91 (s, 3H); 13C NMR (75 MHz, CDCl3) 
δ: 168.9, 163.3 (d, J＝245.7 Hz), 157.7, 145.8, 143.5 (d,  
J＝10.3 Hz), 135.6, 130.4 (d, J＝9.7 Hz), 129.7, 128.8, 
128.6, 126.4, 121.9, 111.2, 111.2, 109.3 (d, J＝21.5 Hz), 
104.1 (d, J＝26.4 Hz), 86.1, 66.4, 53.9; IR (film) νmax: 
3068, 2957, 1745, 1613, 1586, 1492, 1448, 1386, 1243, 
1187, 1156, 1126, 1064, 1017, 856, 818, 764, 691, 551  
cm－ 1; HRMS (ESI) calcd for C20H16FN2O4 [M＋H]＋ 
367.1088, found 367.1086. 

Methyl 1-(2-chlorophenyl)-5-oxo-3-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3s): Yellow 
solid (86 mg, 75% yield). m.p. 147～149 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.04～7.87 (m, 2H), 7.51～7.38 (m, 
4H), 7.34～7.22 (m, 2H), 7.21～7.16 (m, 1H), 6.66 (d, J＝
10.3 Hz, 1H), 6.52 (s, 1H), 6.14 (d, J＝10.3 Hz, 1H), 3.85 
(s, 3H); 13C NMR (75 MHz, CDCl3) δ: 168.0, 158.1, 148.7, 
139.5, 136.7, 130.5, 130.2, 129.7, 129.1, 128.7, 128.5, 
128.3, 127.3, 126.6, 121.4, 85.6, 68.0, 53.4; IR (film) νmax: 
3070, 2957, 1747, 1593, 1481, 1434, 1385, 1243, 1083, 
1017, 872, 824, 764, 737, 691, 550 cm－1; HRMS (ESI) 
calcd for C20H16ClN2O4 [M ＋ H] ＋  383.0794, found 
383.0793. 

Methyl 1-(3-chlorophenyl)-5-oxo-3-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3t): Yellow 
solid (87 mg, 76% yield). m.p. 128～131 ℃; 1H NMR 
(300 MHz, DMSO-d6) δ: 8.04～7.85 (m, 2H), 7.57～7.38 
(m, 3H), 7.31～7.27 (m, 2H), 7.14～6.91 (m, 3H), 6.41 (s, 
1H), 6.27 (d, J＝10.3 Hz, 1H), 3.92 (s, 3H); 13C NMR (75 
MHz, CDCl3) δ: 168.8, 157.7, 146.0, 143.0, 135.5, 135.1, 
130.1, 129.8, 128.8, 128.6, 126.5, 122.6, 121.9, 116.9, 
114.0, 86.0, 66.5, 53.9; IR (film) νmax: 3069, 2957, 1747, 
1592, 1481, 1434, 1385, 1243, 1083, 1017, 871, 824, 764, 
738, 691, 661, 550 cm － 1; HRMS (ESI) calcd for 

C20H16ClN2O4 [M＋H]＋ 383.0794, found 383.0793. 
Methyl 1-(4-chlorophenyl)-5-oxo-3-phenyl-1,3a-dihy- 

dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3u): Yel-
low solid (91 mg, 79% yield). m.p. 133～136 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.02～7.86 (m, 2H), 7.53～7.37 (m, 
3H), 7.37～7.23 (m, 2H), 7.23～7.08 (m, 2H), 6.90 (d, J＝
10.3 Hz, 1H), 6.42 (s, 1H), 6.24 (d, J＝10.3 Hz, 1H), 3.89 
(s, 3H); 13C NMR (75 MHz, CDCl3) δ: 168.8, 157.8, 145.9, 
140.6, 135.7, 129.7, 129.1, 128.9, 128.6, 128.2, 126.4, 
121.9, 118.3, 86.0, 66.8, 53.8; IR (film) νmax: 3065, 2957, 
1746, 1594, 1493, 1448, 1435, 1386, 1242, 1118, 1083, 
1007, 927, 824, 762, 738, 691, 549, 502 cm－1; HRMS 
(ESI) calcd for C20H16ClN2O4 [M＋H]＋ 383.0794, found 
383.0795. 

Methyl 1-(3-bromophenyl)-5-oxo-3-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3v): Yel-
low solid (103 mg, 80% yield). m.p. 130～133 ℃; 1H 
NMR (300 MHz, DMSO-d6) δ: 7.95～7.92 (m, 2H), 
7.62～7.36 (m, 4H), 7.24～7.20 (m, 2H), 7.05～7.01 (m, 
1H), 6.96 (d, J＝10.3 Hz, 1H), 6.41 (s, 1H), 6.26 (d, J＝
10.3 Hz, 1H), 3.91 (s, 3H); 13C NMR (75 MHz, CDCl3) δ: 
168.8, 157.7, 146.0, 143.1, 135.5, 130.3, 129.8, 128.8, 
128.6, 126.5, 125.6, 123.1, 121.9, 119.8, 114.4, 86.0, 66.5, 
53.9; IR (film) νmax: 3068, 2956, 1745, 1589, 1479, 1448, 
1434, 1385, 1242, 1120, 1064, 1017, 873, 823, 764, 691, 
548 cm－1; HRMS (ESI) calcd for C20H16BrN2O4 [M＋H]＋ 
427.0288, found 427.0290. 

Methyl 1-(4-bromophenyl)-5-oxo-3-phenyl-1,3a-dihy- 
dropyrano[3,2-c]pyrazole-7a(5H)-carboxylate (3w): Yel-
low solid (104 mg, 81% yield). m.p. 171～173 ℃; 1H 
NMR (300 MHz, CDCl3) δ: 8.06～7.86 (m, 2H), 7.48～
7.43 (dm, 5H), 7.16～7.00 (m, 2H), 6.91 (d, J＝10.3 Hz, 
1H), 6.42 (s, 1H), 6.25 (d, J＝10.3 Hz, 1H), 3.90 (s, 3H); 
13C NMR (75 MHz, CDCl3) δ: 168.8, 157.8, 145.9, 141.0, 
135.6, 132.1, 129.7, 128.8, 128.6, 126.4, 121.9, 118.4, 
115.6, 86.0, 66.6, 53.8; IR (film) νmax: 2921, 2346, 1743, 
1588, 1489, 1448, 1385, 1259, 1118, 1074, 874, 822, 763, 
749, 691, 659, 547, 498 cm－1; HRMS (ESI) calcd for 
C20H16BrN2O4 [M＋H]＋ 427.0288, found 427.0292. 

Methyl 5-oxo-3-phenyl-1-(o-tolyl)-1,3a-dihydropyrano- 
[3,2-c]pyrazole-7a(5H)-carboxylate (3x): Yellow solid 
(103 mg, 95% yield). m.p. 100～103 ℃; 1H NMR (300 
MHz, CDCl3) δ: 7.99～7.88 (m, 2H), 7.50～7.35 (m, 3H), 
7.35～7.18 (m, 3H), 7.04～7.01 (m, 1H), 6.62～6.59 (m, 
2H), 6.17 (d, J＝10.3 Hz, 1H), 3.85 (s, 3H), 2.32 (s, 3H); 
13C NMR (75 MHz, CDCl3) δ: 168.4, 158.4, 146.5, 140.2, 
136.9, 135.3, 131.4, 129.4, 129.2, 128.5, 127.5, 127.2, 
126.3, 126.2, 121.0, 85.3, 68.4, 53.3, 18.1; IR (film) νmax: 
3063, 2956, 1739, 1583, 1492, 1447, 1383, 1240, 1123, 
1062, 940, 874, 827, 799, 764, 693, 663, 551 cm－1; HRMS 
(ESI) calcd for C21H19N2O4 [M＋H]＋ 363.1339, found 
363.1338. 

Methyl 5-oxo-3-phenyl-1-(m-tolyl)-1,3a-dihydropyrano- 
[3,2-c]pyrazole-7a(5H)-carboxylate (3y): Yellow solid 
(104 mg, 96% yield). m.p. 95～99 ℃; 1H NMR (300 
MHz, CDCl3) δ: 7.98～7.94 (m, 2H), 7.58～7.36 (m, 3H), 
7.36～7.17 (m, 1H), 7.10 (s, 1H), 7.01～6.86 (m, 3H), 
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6.43 (s, 1H), 6.23 (d, J＝10.3 Hz, 1H), 3.90 (s, 3H), 2.40 
(s, 3H); 13C NMR (75 MHz, CDCl3) δ: 169.2, 158.1, 145.2, 
141.9, 139.2, 136.2, 129.4, 129.2, 128.9, 128.5, 126.3, 
124.1, 121.5, 118.2, 114.1, 86.1, 66.9, 53.7, 21.4; IR (film) 
νmax: 2922, 2346, 1743, 1606, 1586, 1491, 1447, 1385, 
1258, 1188, 1119, 1065, 874, 827, 764, 691, 660, 485  
cm － 1; HRMS (ESI) calcd for C21H19N2O4 [M＋H] ＋ 
363.1339, found 363.1339. 

Methyl 5-oxo-3-phenyl-1-(p-tolyl)-1,3a-dihydropyrano- 
[3,2-c]pyrazole-7a(5H)-carboxylate (3z): Brown solid (101 
mg, 93% yield). m.p. 110～113 ℃; 1H NMR (300 MHz, 
CDCl3) δ: 7.99～7.90 (m, 2H), 7.51～7.37 (m, 3H), 
7.19～7.16 (m, 2H), 7.11～7.08 (m, 2H), 6.85 (d, J＝10.3 
Hz, 1H), 6.44 (s, 1H), 6.21 (d, J＝10.3 Hz, 1H), 3.90 (s, 
3H), 2.35 (s, 3H); 13C NMR (75 MHz, CDCl3) δ: 169.2, 
158.2, 145.3, 139.7, 136.3, 133.3, 129.6, 129.30, 129.27, 
128.5, 126.3, 121.5, 118.1, 86.0, 67.3, 53.6, 20.4; IR (film) 
νmax: 2956, 2924, 1746, 1614, 1563, 1514, 1448, 1385, 
1241, 1119, 1068, 1017, 929, 890, 821, 762, 741, 692, 660, 
509 cm－1; HRMS (ESI) calcd for C21H19N2O4 [M＋H]＋ 
363.1339, found 363.1337. 

7a-Benzoyl-1,3-diphenyl-3a,7a-dihydropyrano[3,2-c]- 
pyrazol-5(1H)-one (3zc): Yellow solid (27 mg, 68% yield). 
m.p. 71～72 ℃; 1H NMR (300 MHz, CDCl3) δ: 8.16～
8.09 (m, 2H), 8.05～7.99 (m, 2H), 7.67～7.58 (m, 1H), 
7.52～7.42 (m, 5H), 7.34～7.27 (m, 2H), 7.22～7.15 (m, 
2H), 7.11～6.98 (m, 1H), 6.78 (dd, J＝10.3, 1.2 Hz, 1H), 
6.58 (d, J＝1.2 Hz, 1H), 6.24 (d, J＝10.3 Hz, 1H); 13C 
NMR (75 MHz, CDCl3) δ: 195.5, 158.3, 145.9, 141.7, 
137.8, 134.3, 132.6, 129.7, 129.4, 129.2, 129.0, 128.9, 
128.6, 126.6, 123.1, 120.9, 116.7, 86.0, 72.0; IR (film) 
νmax: 1743, 1673, 1595, 1492, 1447, 1383, 1272, 1231, 
1082, 1063, 1013, 884, 822, 758, 689, 651, 547, 517 cm－1; 
HRMS (ESI) calcd for C25H19N2O3 [M＋H]＋ 395.1390, 
found 395.1379. 

 
Supporting Information  Copies of 1H NMR and 13C 
NMR spectra of all products and X-ray data of 3w. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn. 
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