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利用 aza-Michael/Michael 串联环化反应合成螺巴比妥哌啶酮衍生物 

刘雪华†,a    王川川†,b    王新璐 a    马志伟 b    孟  蕾 c 
丁德刚 b    刘俊桃 b    陈亚静*,a 

(a郑州大学药学院  郑州 450001) 
(b河南牧业经济学院理学部  郑州 450046) 

(c河南省兽药饲料监察所  郑州 450008) 

摘要  发展了巴比妥衍生烯烃化合物与N-烷氧基丙烯酰胺之间的串联 aza-Michael/分子内Michael 加成反应. 该反应条

件温和, 适用于克级制备, 为具有生物活性的螺巴比妥分子的高效合成提供了一种实用的方法. 
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Synthesis of Spirobarbiturate Piperidin-2-one Derivatives via  
Cascade Aza-Michael/Michael Cyclization Reaction 
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Abstract  A highly efficient cascade aza-Michael/intramolecular-Michael reaction employing barbiturate-derived alkenes and 
N-alkoxy acrylamides has been developed. The reaction proceeds smoothly under mild conditions and is amenable to gram 
scale synthesis, providing a practical tool in the synthesis of bioactive spirobarbiturate piperidin-2-ones molecules in moderate 
to good yields. 
Keywords  spirobarbiturate; piperidin-2-one; cascade reaction; Michael addition 

 
1  Introduction 

Spirobarbiturates constitute a class of structurally di-
verse and remarkable nitrogen-containing spiroheterocy-
clic frameworks and possess importantly biological and 
pharmacological properties, such as anticonvulsant, anti-
bacterial, α-glucosidase inhibitor, TNF-α converting en-
zyme (TACE) inhibitor and anticancer activities (Figure 
1).[1] Over the past decades, intrigued by the biological 
significances of these spiro architectures, many efforts 
have been invested on the development of powerful syn-
thetic strategies for the construction of various spirobarbi-

turates.[2] On the other hand, piperidin-2-one motif is also 
an ubiquitous structural moiety in a large variety of bioac-
tive natural and synthetic compounds.[3] Based on the prin-
ciple of the hybridization of dominant skeletons,[4] it is of 
great value to study the synthesis and activity of spirobar-
biturate piperidin-2-ones. Actually, spirobarbiturate piperi-
din-2-one derivatives, in which the piperidin-2-one moie-
ties are fused at the 5-position of the barbituric nucleus, 
have been proven to be potent inhibitors of TACE, indi-
cating a potential application in rheumatoid arthritis and 
diabetes mellitus.[5] However, traditional methods for con-
structing spirobarbiturate piperidin-2-one scaffolds rely on 
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time-consuming multistep synthesis.[6] Hence, there is a 
great demand for developing concise and powerful proto-
cols to construct functionalized spirobarbiturate piperi-
din-2-ones. 

 
Figure 1  Bioactive molecules with spirobarbiturate scaffolds 

On the other hand, spirobarbiturates were always pre-
pared by employing barbituric acid building blocks as the 
stating materials.[7] Particularly, barbiturate-derived al-
kenes, robust and easily accessible building blocks, partic-
ipated [2＋m] annulations provide various simple and fea-
sible synthetic strategies for the construction of structurally 
diverse and complex spirobarbiturates.[8] Recently, we de-
veloped a practical strategy for the synthesis of spirobarbi-
turate-pyrrolidinones via a cascade [3＋2] cycloaddition 
reaction between barbiturate-derived alkenes and N-alkoxy 
α-haloamides under mild conditions (Scheme 1, A).[9] 
However, we failed to synthesize pharmaceutically useful 
spirobarbiturate piperidin-2-one using barbiturate-derived 
alkene and N-OBn β-bromopropanamide as the substrates. 
Actually, the cascade [4＋2] annulations are powerful 
synthetic strategies for the construction of six-membered 
rings.[10] Particularly, annulations involving N-alkoxyl 
acrylamides have been successfully applied in the synthe-
sis of piperidin-2-ones. Li and co-workers[11] reported the 
cascade cycloaddition between 3-methyleneindolinones 
and in-situ formed N-alkoxyl acrylamides from α-bromo-
amides via base promoted elimination process, providing 
racemic spirooxindole piperidin-2-ones. Then, Comesse 
and co-workers[12] realized the cascade aza-Michael/Mi-
chael reaction employing N-alkoxyl acrylamides as key 
partners for the preparation of piperidin-2-ones. Following 
these success, Sun group[13] achieved the first enantioselec-

tive synthesis of spirooxindole piperidin-2-ones via 
squaramide catalyzed aza-Michael/Michael cyclization of 
3-methyleneindolinones with N-alkoxyl acrylamides. 
These elegant studies prove that N-alkoxyl acrylamides 
could be recognized as a class of powerful four-atom 
synthons for the synthesis of piperidin-2-ones through 
cascade aza-Michael/Michael cyclization with actived al-
kenes. Inspired by our previous work,[14] we conceived that 
the cascade aza-Michael/  Michael [4＋2] annulation be-
tween barbiturate-derived alkenes and N-alkoxyacryl-
amides could deliver spirobarbiturate piperidin-2-one 
scaffolds (Scheme 1, B). 
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Scheme 1  Our work on the synthesis of spirobarbiturate scaf-
folds 

2  Results and discussion 
With this mindset, barbiturate-derived alkene (1a) and 

N-benzyloxy acrylamide (2a) were selected as model sub-
strates to optimize the reaction conditions (Table 1). Based 
on the previous study, the reaction was firstly conducted at 
25 ℃ for 48 h with the use of K2CO3 and 4Å MS in 
CH2Cl2 under air atmosphere and the desired product 3aa 
could be generated in 58% yield (Entry 1). While replacing 
K2CO3 with other bases (Na2CO3, Cs2CO3 and K2HPO4), 
the target spirobarbiturate 3aa was generated in reduced 
yields (Entries 2～4). Next, a variety of solvents such as 
CH3CN, CHCl3, toluene, dichloroethane (DCE) and tetra-
hydrofuran (THF) were screened and CH3CN displayed the 
best result, giving 3aa in 69% yield (Entry 5). To further 
optimize the cascade transformation, stoichiometry of the 
substrates and base were also examined (Entries 10～12). 
It was found that a 1.0∶1.5∶1.5 molar ratio of 1a∶2a∶
K2CO3 provided superior result (Entry 12). Controlled ex-
periment conducted in the absence of 4Å MS led to a lower 
yield (Entry 13). Furthermore, higher reaction temperature 
(40 ℃) has no effect on the yield (Entry 14). 

Considering the step-economy, the direct one-pot cy-
clization of 1,3-dimethylbarbituric acid, benzaldehyde and 
N-benzyloxy acrylamide 2a was further studied. However, 
no desired spirobarbiturate product 3aa was detected.  
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Table 1  Optimization of the reaction conditionsa 

 
Entry Base 1a/2a/Base Solvent Temp./℃ Yieldb/%

1 K2CO3 1.0/1.2/1.2 CH2Cl2 25 58 
2 Na2CO3 1.0/1.2/1.2 CH2Cl2 25 54 
3 Cs2CO3 1.0/1.2/1.2 CH2Cl2 25 13 
4 K2HPO4 1.0/1.2/1.2 CH2Cl2 25 Trace
5 K2CO3 1.0/1.2/1.2 CH3CN 25 69 
6 K2CO3 1.0/1.2/1.2 CHCl3 25 67 
7 K2CO3 1.0/1.2/1.2 Toluene 25 21 
8 K2CO3 1.0/1.2/1.2 DCE 25 29 
9 K2CO3 1.0/1.2/1.2 THF 25 33 
10 K2CO3 1.0/1.5/1.2 CH3CN 25 74 
11 K2CO3 1.0/2.0/1.2 CH3CN 25  74 
12 K2CO3 1.0/1.5/1.5 CH3CN 25 83 
13c K2CO3 1.0/1.5/1.5 CH3CN 25 52 
14 K2CO3 1.0/1.5/1.5 CH3CN 40 83 

a Unless otherwise noted, all reactions were carried out with 1a (0.2 mmol), 
2a, base and 4Å MS (100 mg) in 2 mL of solvent under air atmosphere.      
b Isolated yields. c Without 4Å MS. 

Moreover, the step-by-step operation was tried. Barbitu-
rate-derived alkene 1a could be smoothly synthesized from 
1,3-dimethylbarbituric acid and benzaldehyde in CH3CN 
via Knoevenagel condensation reaction. After the complete 
consumption of 1,3-dimethylbarbituric acid, N-benzyloxy 
acrylamide (2a), K2CO3 and 4Å MS were added into the 
reaction mixture without purification. Nevertheless, the 
desired product 3aa remained undetected. The probable 
reason might be that the complex reaction system affected 
the cyclization reaction. Moreover, the cyclization of de-
methylated unsubstituted N—H barbiturate-derived alkene 
and N-benzyloxy acrylamide (2a) under the optimized re-
action conditions was further studied. Unfortunately, no 
desired spiro-product had been detected. 

With the optimized conditions in hand, the substrate 
scope of the cascade aza-Michael/Michael cyclization for 
the synthesis of spirobarbiturate piperidin-2-ones under the 
optimized conditions was next examined (Table 2). Firstly, 
a wide range of aryl substituted barbiturate-derived alkenes 
1 were evaluated with N-benzyloxy acrylamide 2a. In gen-
eral, the electronic effect and steric effect of the aryl sub-
stituents seemed to have no remarkable influence on the 
reaction outcome. And the reactions of aryl substituted 
barbiturate-derived alkenes 1 with either electron-donating 
groups (such as OMe and Me) or electron-withdrawing 
groups (such as F, Cl, Br, CN, CF3 and NO2) on the dif-
ferent position of benzene ring all could afford the desired 
spirobarbiturates 3 in moderate to excellent yields (3aa～
3ra). In addition, for the barbiturate-derived alkenes with

the use of ring-condensed naphthyl (1s～1t) and piperonyl 
(1u) as the R1 group, good yields (71%～87%) were also 
obtained (3sa ～ 3ua). Moreover, the heteroaromatic 
(3-thienyl) substituted alkene 1v also was an applicable 
substrate for the cyclization, offering the corresponding 
product 3va in 35% yield. However, no desired spirobar-
biturate product 3wa was observed when the R1 group was 
an aliphatic isopropyl substituent. Considering that the 
barbiturate-derived alkene substrates bearing large substit-
uents, such as 1q (2-CF3C6H4), 1r (2-NO2C6H4) and 1t 
(1-naphthyl), all could provide the desired products (3qa, 
3ra and 3ta) with excellent yields, we think that the main 
reason for the failure of 1w is not the steric effect and the 
conjugate effect of the aryl substitutent may play an im-
portant role for the successful cyclization. 

Next, the scope and limitations of N-protected acryla-
mides were also examined. N-Methoxy acrylamides could 
provide the desired product 3ab in 77% yield. Encouraged 
by the feasibility of this cascade sequence, we further ex-
plored more challenging acrylamides with substituent at α 
or β position. α-Substituted methacrylamide 2c could af-
ford the desired product trans-3ac in 26% yield and only 
one diastereoisomer was observed on the 1H NMR of the 
crude product. To our delight, α-phenyl substituted 
acrylamide 2d could afford the desired product 3ad in 74% 
yield. In sharp contrast, the steric hindrance at β positions 
of acrylamides showed significant impact on the reaction 
outcome. The crotonamide and cinnamamide derivatives 
2e and 2f failed to provide the desired products 3ae and 
3af under the optimized reaction conditions or even at 
80 ℃. Moreover, the cyclization of N-butyl acrylamide 
(2g) and unsubstituted N—H acrylamide 2h was also stud-
ied. No desired products 3ag and 3ah were detected prob-
ably owing to the weaker acidity of such substrates com-
pared to N-alkyloxy acrylamides. 

To further illustrate the preparative utility of this cas-
cade cyclization, a gram-scale reaction was carried out 
under the optimized conditions (Scheme 2). The spirobar-
biturate product 3pa was obtained in a comparable yield 
(88%). 
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Scheme 2  Gram scale synthesis of 3pa 

On the basis of previous report, we speculate that the 
reaction might occur through a cascade aza-Michael/  
Michael pathway. As depicted in Scheme 3, the sequence 
is initiated by the aza-Michael addition between N-alkoxy- 
acrylamide 2 and barbiturate-derived alkene 1 under the  
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Table 2  Scope of the reactiona 
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a Reaction conditions: 1 (0.2 mmol), 2 (0.3 mmol), K2CO3 (0.3 mmol), 4Å MS (100 mg), MeCN (2.0 mL), 25 ℃, air atmosphere. The listed yield is isolated yield.       
b Only one diastereoisomer was observed and the trans-configuration is determined by NOESY spectroscopy. c Total yield and the dr value is determined by 1H NMR.    

 
Scheme 3  Putative reaction mechanism  
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promotion of base. The resulting aza-Michael adduct A 
then undergoes an intramolecular Michael addition to gen-
erate the desired spirobarbiturate piperidin-2-one 3 via 
intermediate B. 

3  Conclusions 
In conclusion, barbiturate-derived alkenes and N-al-

koxyacrylamides can undergo a tandem aza-Michael/Mi-
chael cyclization under mild conditions, affording spiro-
barbiturate piperidin-2-ones in good to excellent yields. 
This cascade formal [4＋2] cyclization was successfully 
performed under air atmosphere with good tolerance of a 
wide range of functional groups. This strategy not only 
provides a practical method for the synthesis of pharma-
ceutically useful spirobarbiturates, but also further expands 
the synthetic utility of N-alkoxyacrylamides on the synthe-
sis of aza-heterocycles. Further expansion of new tandem 
reactions based on N-alkoxyacrylamides together with the 
enantioselective synthesis of aza-heterocycles, as well as 
investigation of the biological activity of the produced 
spirobarbiturate piperidin-2-ones, are currently underway 
in our laboratory. 

4  Experimental section 
4.1  Experimental details  

All reactions were performed in oven-dried glassware 
with magnetic stirring. Unless otherwise stated, all rea-
gents were purchased from commercial suppliers and used 
without further purification. All solvents were purified and 
dried according to standard methods prior to use. Organic 
solutions were concentrated under reduced pressure on a 
rotary evaporator or an oil pump. 1H NMR, 13C NMR and 
19F NMR spectra were recorded at 400 or 600, 100 or 151, 
and 565 MHz on a Bruker instrument, respectively. Chem-
ical shifts are reported referenced to an internal SiMe4 
standard for 1H NMR and chloroform-d (δ 77.16) for 13C 
NMR. High-resolution mass spectra (HRMS) were rec-
orded on a Thermo Q-Exactive Spectrometer (ESI source). 
Reactions were monitored through thin layer chromatog-
raphy (TLC) on silica gel-precoated glass plates. Flash 
column chromatography was performed using silica gel 
(300～400 mesh). 
4.2  General procedures for the cascade reaction 

To a 10 mL test tube equipped with a magneton were 
sequentially added barbiturate derived alkene 1[9] (0.2 
mmol, 1.0 equiv.), acrylamide 2[13] (0.3 mmol, 1.5 equiv.), 
K2CO3 (0.3 mmol, 1.5 equiv.), 4Å MS (100 mg) and 
MeCN (2.0 mL) under air atmosphere. Then the tube was 
sealed and stirred at room temperature for 48 h. The mix-
ture was concentrated under reduced pressure and the res-
idue was purified via flash chromatograph on silica gel to 
give the desired product 3. 

8-(Benzyloxy)-2,4-dimethyl-7-phenyl-2,4,8-triazaspiro- 
[5.5]undecane-1,3,5,9-tetraone (3aa): White powder, 70 
mg, 83% yield (eluent: ethyl acetate/hexane, V∶V＝1∶

1). m.p. 159～161 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.37～7.20 (m, 6H), 7.09～7.07 (m, 2H), 6.99～6.97 (m, 
2H), 5.09～5.06 (m, 2H), 4.72 (d, J＝10.0 Hz, 1H), 3.36～
3.27 (m, 1H), 3.14 (s, 3H), 3.03 (s, 3H), 2.84～2.77 (m, 
1H), 2.64～2.56 (m, 1H), 2.19～2.13 (m, 1H); 13C NMR 
(100 MHz, CDCl3) δ: 169.1, 168.9, 167.3, 149.9, 135.0, 
133.5, 129.6, 129.4, 128.8, 128.6, 128.4, 127.6, 76.5, 71.3, 
56.1, 30.3, 29.2, 28.6, 27.6; HRMS (ESI) calcd for 
C23H24N3O5 [M＋H]＋ 422.1710, found 422.1707. 

8-(Benzyloxy)-7-(4-methoxyphenyl)-2,4-dimethyl-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ba): White 
powder, 65 mg, 72% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 129～130 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.30～7.21 (m, 3H), 7.04～6.99 (m, 4H), 
6.82～6.80 (m, 2H), 5.06～5.03 (m, 2H), 4.71 (d, J＝10.0 
Hz, 1H), 3.80 (s, 3H), 3.32～3.22 (m, 1H), 3.15 (s, 3H), 
3.07 (s, 3H), 2.84～2.77 (m, 1H), 2.60～2.52 (m, 1H), 
2.18～2.12 (m, 1H); 13C NMR (151 MHz, CDCl3) δ: 
169.2, 168.6, 167.4, 160.3, 150.0, 135.1, 129.4, 128.9, 
128.7, 128.4, 125.2, 113.9, 76.4, 70.7, 56.3, 55.4, 30.2, 
29.1, 28.6, 27.5; HRMS (ESI) calcd for C24H26N3O6 [M＋
H]＋ 452.1816, found 452.1812. 

8-(Benzyloxy)-2,4-dimethyl-7-(p-tolyl)-2,4,8-triazaspiro- 
[5.5]undecane-1,3,5,9-tetraone (3ca): White powder, 69 
mg, 79% yield (eluent: ethyl acetate/hexane, V∶V＝1∶
1). m.p. 134～136 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.30～7.21 (m, 3H), 7.10 (d, J＝8.0 Hz, 2H), 7.02～7.00 
(m, 2H), 6.95 (d, J＝8.0 Hz, 2H), 5.06 (d, J＝10.0 Hz, 
1H), 5.03 (s, 1H), 4.71 (d, J＝10.0 Hz, 1H), 3.32～3.23 
(m, 1H), 3.14 (s, 3H), 3.05 (s, 3H), 2.85～2.78 (m, 1H), 
2.60～2.51 (m, 1H), 2.33 (s, 3H), 2.19～2.13 (m, 1H); 13C 
NMR (151 MHz, CDCl3) δ: 169.2, 168.7, 167.4, 150.0, 
139.5, 135.1, 130.4, 129.4, 129.2, 128.7, 128.4, 127.5, 
76.5, 71.1, 56.2, 30.2, 29.1, 28.6, 27.3, 21.3; HRMS (ESI) 
calcd for C24H26N3O5 [M＋H]＋ 436.1867, found 436.1863. 

8-(Benzyloxy)-7-(4-fluorophenyl)-2,4-dimethyl-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3da): Light 
yellow powder, 73 mg, 83% yield (eluent: ethyl ace-
tate/hexane, V∶V＝1∶1). m.p. 124～126 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 7.31～7.24 (m, 3H), 7.08～7.06 (m, 
2H), 7.03～6.98 (m, 4H), 5.11 (s, 1H), 5.06 (d, J＝9.6 Hz, 
1H), 4.71 (d, J＝10.2 Hz, 1H), 3.25～3.19 (m, 1H), 3.16 
(s, 3H), 3.06 (s, 3H), 2.80～2.76 (m, 1H), 2.59～2.53 (m, 
1H), 2.16～2.13 (m, 1H); 13C NMR (151 MHz, CDCl3) δ: 
169.0, 168.4, 167.1, 163.1 (d, 1JC-F＝249.2 Hz), 149.9, 
135.0, 129.7 (d, 3JC-F＝9.1 Hz), 129.5 (d, 4JC-F＝3.0 Hz), 
129.4, 128.9, 128.5, 115.6 (d, 2JC-F＝21.1 Hz), 76.5, 70.1, 
56.3, 30.1, 29.2, 28.6, 28.2; 19F NMR (565 MHz, CDCl3) 
δ: －111.3; HRMS (ESI) calcd for C23H23FN3O5 [M＋H]＋ 
440.1616, found 440.1614. 

8-(Benzyloxy)-7-(4-chlorophenyl)-2,4-dimethyl-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ea): White 
powder, 71 mg, 78% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 89～90 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.33～7.25 (m, 5H), 7.06～7.01 (m, 4H), 5.10 
(s, 1H), 5.07 (d, J＝10.4 Hz, 1H), 4.73 (d, J＝10.0 Hz, 
1H), 3.24～3.14 (m, 4H), 3.07 (s, 3H), 2.81～2.75 (m, 
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1H), 2.57～2.49 (m, 1H), 2.17～2.11 (m, 1H); 13C NMR 
(151 MHz, CDCl3) δ: 168.9, 168.1, 166.9, 149.8, 135.3, 
134.9, 132.2, 129.4, 129.3, 128.9, 128.8, 128.5, 76.4, 70.0, 
56.2, 30.0, 29.3, 28.6, 28.3; HRMS (ESI) calcd for 
C23H23ClN3O5 [M＋H]＋ 456.1321, found 456.1317. 

8-(Benzyloxy)-7-(4-bromophenyl)-2,4-dimethyl-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3fa): White 
powder, 77 mg, 77% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 90～91 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.43 (d, J＝8.4 Hz, 2H), 7.33～7.25 (m, 3H), 
7.06～7.04 (m, 2H), 6.96 (d, J＝8.4 Hz, 2H), 5.09～5.06 
(m, 2H), 4.73 (d, J＝10.0 Hz, 1H), 3.22～3.13 (m, 4H), 
3.07 (s, 3H), 2.81～2.75 (m, 1H), 2.57～2.49 (m, 1H), 
2.17～2.11 (m, 1H); 13C NMR (151 MHz, CDCl3) δ: 
168.9, 168.1, 166.9, 149.8, 134.9, 132.8, 131.7, 129.6, 
129.4, 128.9, 128.5, 123.5, 76.4, 70.0, 56.1, 30.0, 29.3, 
28.6, 28.4; HRMS (ESI) calcd for C23H23

79BrN3O5 [M＋ 
H]＋ 500.0816, found 500.0811. 

4-(8-(Benzyloxy)-2,4-dimethyl-1,3,5,9-tetraoxo-2,4,8-  
triazaspiro[5.5]undecan-7-yl)benzonitrile (3ga): White 
powder, 55 mg, 62% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 119～121 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.59～7.57 (m, 2H), 7.36～7.27 (m, 3H), 
7.21～7.19 (m, 2H), 7.07～7.05 (m, 2H), 5.21 (s, 1H), 
5.08 (d, J＝10.0 Hz, 1H), 4.76 (d, J＝10.4 Hz, 1H), 3.20 
(s, 3H), 3.15～3.06 (m, 4H), 2.81～2.74 (m, 1H), 2.55～
2.47 (m, 1H), 2.17～2.11 (m, 1H); 13C NMR (151 MHz, 
CDCl3) δ: 168.6, 167.6, 166.5, 149.7, 139.2, 134.7, 132.2, 
129.5, 129.1, 128.9, 128.7, 118.1, 113.2, 76.4, 69.5, 56.3, 
29.9, 29.4, 29.2, 28.7; HRMS (ESI) calcd for C24H23N4O5  
[M＋H]＋ 447.1663, found 447.1659. 

8-(Benzyloxy)-2,4-dimethyl-7-(4-(trifluoromethyl)- 
phenyl)-2,4,8-triazaspiro[5.5]undecane-1,3,5,9-tetraone  
(3ha): White powder, 62 mg, 63% yield (eluent: ethyl ace-
tate/hexane, V∶V＝1∶1). m.p. 147～148 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 7.55 (d, J＝6.6 Hz, 2H), 7.31～7.21 
(m, 5H), 7.02～7.01 (m, 2H), 5.21 (s, 1H), 5.09 (d, J＝9.6 
Hz, 1H), 4.74 (d, J＝10.2 Hz, 1H), 3.19～3.12 (m, 4H), 
3.05 (s, 3H), 2.80～2.77 (m, 1H), 2.56～2.53 (m, 1H), 
2.16～2.15 (m, 1H); 13C NMR (151 MHz, CDCl3) δ: 
168.8, 167.9, 166.7, 149.8, 138.0, 134.9, 131.5 (q, 2JC-F＝
33.2 Hz), 129.4, 129.0, 128.57, 128.55, 125.5 (q, 3JC-F＝
3.0 Hz), 123.8 (q, 1JC-F＝271.8 Hz), 76.5, 69.8, 56.3, 30.0, 
29.4, 28.9, 28.6; 19F NMR (565 MHz, CDCl3) δ: －62.8; 
HRMS (ESI) calcd for C24H23F3N3O5 [M＋H]＋ 490.1584, 
found 490.1581.  

8-(Benzyloxy)-2,4-dimethyl-7-(4-nitrophenyl)-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ia): White 
powder, 65 mg, 70% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 152～154 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.18～8.16 (m, 1H), 7.87～7.83 (m, 1H), 
7.51～7.46 (m, 2H), 7.35～7.25 (m, 3H), 7.07～7.06 (m, 
2H), 5.23 (s, 1H), 5.10 (d, J＝10.4 Hz, 1H), 4.77 (d, J＝
10.4 Hz, 1H), 3.19 (s, 3H), 3.17～3.10 (m, 1H), 3.06 (s, 
3H), 2.85～2.78 (m, 1H), 2.57～2.49 (m, 1H), 2.19～2.13 
(m, 1H); 13C NMR (151 MHz, CDCl3) δ: 168.6, 167.4, 
166.4, 149.7, 148.3, 141.2, 134.8, 129.5, 129.3, 129.2, 

128.7, 123.5, 76.5, 69.1, 56.4, 29.8, 29.5 (2C), 28.7; 
HRMS (ESI) calcd for C23H23N4O7 [M＋H]＋ 467.1561, 
found 467.1558. 

8-(Benzyloxy)-7-(3-methoxyphenyl)-2,4-dimethyl-2,4,8- 
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ja): White 
powder, 41 mg, 45% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 180～181 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.30～7.20 (m, 4H), 7.04～7.03 (m, 2H), 
6.88～6.86 (m, 1H), 6.65～6.63 (m, 2H), 5.10 (d, J＝10.0 
Hz, 1H), 5.03 (s, 1H), 4.75 (d, J＝10.0 Hz, 1H), 3.75 (s, 
3H), 3.35～3.26 (m, 1H), 3.15 (s, 3H), 3.05 (s, 3H), 2.84～
2.77 (m, 1H), 2.62～2.54 (m, 1H), 2.19～2.13 (m, 1H); 
13C NMR (151 MHz, CDCl3) δ: 169.1, 168.8, 167.3, 159.8, 
150.0, 135.0 (2C), 129.6, 129.4, 128.7, 128.4, 119.7, 
115.0, 113.3, 76.6, 71.1, 56.1, 55.4, 30.3, 29.2, 28.6, 27.6; 
HRMS (ESI) calcd for C24H26N3O6 [M＋H]＋ 452.1816, 
found 452.1814. 

8-(Benzyloxy)-7-(3-fluorophenyl)-2,4-dimethyl-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ka): White 
powder, 63 mg, 72% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 169～170 ℃; 1H NMR (600 MHz, 
CDCl3) δ: 7.31～7.24 (m, 4H), 7.05～7.02 (m, 3H), 
6.86～6.82 (m, 2H), 5.10～5.08 (m, 2H), 4.73 (d, J＝10.2 
Hz, 1H), 3.27～3.21 (m, 1H), 3.17 (s, 3H), 3.07 (s, 3H), 
2.81～2.76 (m, 1H), 2.58～2.53 (m, 1H), 2.17～2.13 (m, 
1H); 13C NMR (151 MHz, CDCl3) δ: 168.9, 168.5, 167.0, 
162.7 (d, 1JC-F＝249.2 Hz), 149.9, 136.3 (d, 3JC-F＝7.6 Hz), 
135.0, 130.2 (d, 3JC-F＝7.6 Hz), 129.4, 128.9, 128.5, 123.5 
(d, 4JC-F＝3.0 Hz), 116.5 (d, 2JC-F＝21.1 Hz), 114.9 (d, 
2JC-F＝22.7 Hz), 76.6, 70.4, 56.1, 30.2, 29.3, 28.6, 28.2; 19F 
NMR (565 MHz, CDCl3) δ: －111.5; HRMS (ESI) calcd 
for C23H23FN3O5 [M＋H]＋ 440.1616, found 440.1610. 

8-(Benzyloxy)-7-(3-chlorophenyl)-2,4-dimethyl-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3la): White 
powder, 60 mg, 66% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 188～189 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.33～7.22 (m, 5H), 7.07～7.05 (m, 3H), 6.95 
(d, J＝7.6 Hz, 1H), 5.10 (d, J＝10.4 Hz, 1H), 5.02 (s, 1H), 
4.73 (d, J＝10.4 Hz, 1H), 3.30～3.21 (m, 1H), 3.16 (s, 
3H), 3.07 (s, 3H), 2.83～2.76 (m, 1H), 2.60～2.52 (m, 
1H), 2.18～2.12 (m, 1H); 13C NMR (151 MHz, CDCl3) δ: 
168.8, 168.5, 167.0, 149.8, 135.7, 134.9, 134.7, 129.8, 
129.7, 129.5, 128.9, 128.5, 127.9, 125.9, 76.7, 70.5, 56.1, 
30.2, 29.2, 28.6, 28.0; HRMS (ESI) calcd for C23H23Cl-
N3O5 [M＋H]＋ 456.1321, found 456.1317. 

8-(Benzyloxy)-2,4-dimethyl-7-(3-nitrophenyl)-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ma): White 
powder, 68 mg, 73% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 175～176 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.14～8.12 (m, 2H), 7.39～7.25 (m, 5H), 
7.09～7.07 (m, 2H), 5.27 (s, 1H), 5.10 (d, J＝10.4 Hz, 
1H), 4.78 (d, J＝10.4 Hz, 1H), 3.21 (s, 3H), 3.14～3.05 
(m, 4H), 2.81～2.75 (m, 1H), 2.55～2.47 (m, 1H), 2.18～
2.12 (m, 1H); 13C NMR (151 MHz, CDCl3) δ: 168.6, 
167.6, 166.6, 149.7, 148.1, 136.1, 134.8, 134.3, 129.5, 
129.4, 129.1, 128.6, 124.2, 122.8, 76.6, 69.5, 56.3, 29.9, 
29.4, 28.8, 28.7; HRMS (ESI) calcd for C23H23N4O7 [M＋
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H]＋ 467.1561, found 467.1556. 
8-(Benzyloxy)-7-(2-methoxyphenyl)-2,4-dimethyl-2,4,8- 

triazaspiro[5.5]undecane-1,3,5,9-tetraone (3na): light yel-
low powder, 80 mg, 89% yield (eluent: ethyl acetate/  
hexane, V∶V＝1∶1). m.p. 184～185 ℃; 1H NMR (400 
MHz, CDCl3) δ: 7.32～7.25 (m, 4H), 7.19～7.17 (m, 3H), 
7.00～6.96 (m, 1H), 6.82 (d, J＝8.4 Hz, 1H), 5.55 (s, 1H), 
4.94 (d, J＝10.4 Hz, 1H), 4.84 (d, J＝10.8 Hz, 1H), 3.70 
(s, 3H), 3.21～3.10 (m, 4H), 3.03～2.88 (m, 4H), 2.42～
2.30 (m, 2H); 13C NMR (151 MHz, CDCl3) δ: 170.0, 
168.4, 167.5, 156.4, 150.7, 135.3, 130.2, 129.3, 128.6 
(2C), 128.4, 122.8, 121.0, 110.4, 76.4, 63.3, 55.7, 55.0, 
30.0, 29.3, 28.6, 26.1; HRMS (ESI) calcd for C24H26N3O6 
[M＋H]＋ 452.1816, Found 452.1811. 

8-(Benzyloxy)-2,4-dimethyl-7-(o-tolyl)-2,4,8-triazaspiro- 
[5.5]undecane-1,3,5,9-tetraone (3oa): White powder, 67 
mg, 77% yield (eluent: ethyl acetate/hexane, V∶V＝1∶
2). m.p. 132～133 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.30～7.14 (m, 7H), 6.86 (d, J＝7.2 Hz, 2H), 5.43 (s, 1H), 
5.03 (d, J＝9.6 Hz, 1H), 4.50 (d, J＝9.6 Hz, 1H), 3.55～
3.46 (m, 1H), 3.12 (s, 3H), 3.08 (s, 3H), 2.85～2.69 (m, 
2H), 2.25～2.19 (m, 1H), 2.10 (s, 3H); 13C NMR (151 
MHz, CDCl3) δ: 170.2, 168.8, 168.1, 150.0, 136.6, 135.0, 
131.5, 131.3, 129.4, 129.3, 128.6, 128.4, 127.4, 125.8, 
76.9, 66.6, 55.0, 30.6, 29.3, 28.6, 27.8, 19.0; HRMS (ESI) 
calcd for C24H26N3O5 [M＋H]＋ 436.1867, found 436.1863. 

8-(Benzyloxy)-7-(2-bromophenyl)-2,4-dimethyl-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3pa): White 
powder, 93 mg, 93% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 176～178 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.54～7.52 (m, 1H), 7.37～7.33 (m, 1H), 
7.31～7.28 (m, 3H), 7.27～7.19 (m, 4H), 5.58 (s, 1H), 
4.96 (d, J＝10.4 Hz, 1H), 4.78 (d, J＝10.4 Hz, 1H), 3.25～
3.16 (m, 4H), 3.10～3.02 (m, 1H), 2.99 (s, 3H), 2.48～
2.36 (m, 2H); 13C NMR (151 MHz, CDCl3) δ: 169.0, 
168.0, 167.0, 150.3, 134.9, 133.7, 133.4, 130.8, 129.5 
(3C), 128.8, 128.6, 127.8, 123.4, 76.4, 68.3, 54.3, 30.0, 
29.7, 29.0, 25.5; HRMS (ESI) calcd for C23H23

79BrN3O5 
[M＋H]＋ 500.0816, found 500.0811. 

8-(Benzyloxy)-2,4-dimethyl-7-(2-(trifluoromethyl)henyl)- 
2,4,8-triazaspiro[5.5]undecane-1,3,5,9-tetraone (3qa): 
White powder, 88 mg, 90% yield (eluent: ethyl ace-
tate/hexane, V∶V＝1∶1). m.p. 183～184 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.66～7.59 (m, 2H), 7.53～7.46 (m, 
2H), 7.26～7.24 (m, 3H), 7.17～7.14 (m, 2H), 5.55 (s, 
1H), 4.93 (d, J＝10.0 Hz, 1H), 4.76 (d, J＝10.0 Hz, 1H), 
3.26 (s, 3H), 3.22～3.14 (m, 1H), 3.01 (s, 3H), 3.00～2.94 
(m, 1H), 2.59～2.52 (m, 1H), 2.42～2.34 (m, 1H); 13C 
NMR (151 MHz, CDCl3) δ: 169.2, 167.5, 167.2, 150.2, 
134.5, 133.9, 132.0, 129.9, 129.5, 129.4, 128.8, 128.43, 
128.36 (q, 2JC-F＝30.2 Hz), 126.6 (q, 3JC-F＝6.0 Hz), 124.2 
(q, 1JC-F＝274.8 Hz), 76.2, 64.5, 54.3, 29.8, 29.4, 28.9, 
27.5; 19F NMR (565 MHz, CDCl3) δ: －57.0; HRMS 
(ESI) calcd for C24H23F3N3O5 [M＋H]＋ 490.1584, found 
490.1578. 

8-(Benzyloxy)-2,4-dimethyl-7-(2-nitrophenyl)-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ra): White 

powder, 77 mg, 83% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 169～170 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.01～7.99 (m, 1H), 7.73～7.69 (m, 1H), 
7.53～7.49 (m, 2H), 7.32～7.21 (m, 5H), 5.69 (s, 1H), 
5.02 (d, J＝10.8 Hz, 1H), 4.94 (d, J＝10.8 Hz, 1H), 3.37 
(s, 3H), 3.02 (s, 3H), 3.00～2.93 (m, 1H), 2.90～2.82 (m, 
1H), 2.49～2.42 (m, 1H), 2.26～2.19 (m, 1H); 13C NMR 
(151 MHz, CDCl3) δ: 169.9, 167.5, 167.4, 150.3, 148.2, 
135.0, 134.0, 132.7, 130.0, 129.6, 129.2, 128.9, 128.6, 
125.4, 76.5, 64.5, 54.3, 29.5, 29.3, 29.04, 28.97; HRMS 
(ESI) calcd for C23H23N4O7 [M＋H]＋ 467.1561, found 
467.1558. 

8-(Benzyloxy)-2,4-dimethyl-7-(naphthalen-2-yl)-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3sa): Yellow 
powder, 82 mg, 87% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 86～87 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.84～7.74 (m, 3H), 7.54～7.48 (m, 3H), 
7.26～7.14 (m, 4H), 6.97～6.96 (m, 2H), 5.25 (s, 1H), 
5.09 (d, J＝10.0 Hz, 1H), 4.75 (d, J＝10.0 Hz, 1H), 3.35～
3.26 (m, 1H), 3.11 (s, 3H), 2.97 (s, 3H), 2.88～2.82 (m, 
1H), 2.65～2.57 (m, 1H), 2.23～2.17 (m, 1H); 13C NMR 
(151 MHz, CDCl3) δ: 169.2, 168.5, 167.3, 149.8, 135.0, 
133.6, 132.9, 131.0, 129.5, 128.8, 128.4, 128.3, 128.0, 
127.9, 127.5, 127.1, 126.9, 124.6, 76.5, 71.3, 56.3, 30.2, 
29.2, 28.6, 27.8; HRMS (ESI) calcd for C27H26N3O5 [M＋
H]＋ 472.1867, found 472.1863. 

8-(Benzyloxy)-2,4-dimethyl-7-(naphthalen-1-yl)-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ta): Yellow 
powder, 70 mg, 74% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 121～122 ℃; 1H NMR (600 MHz, 
CDCl3) δ: 7.88～7.84 (m, 2H), 7.50～7.46 (m, 4H), 
7.42～7.41 (m, 1H), 7.28～7.26 (m, 1H), 7.20～7.17 (m, 
2H), 6.98 (d, J＝7.2 Hz, 2H), 5.83 (s, 1H), 5.09 (d, J＝
10.8 Hz, 1H), 4.71 (d, J＝10.8 Hz, 1H), 3.49～3.43 (m, 
1H), 2.98～2.93 (m, 1H), 2.76 (s, 3H), 2.72 (s, 3H), 2.68～
2.63 (m, 1H), 2.30～2.26 (m, 1H); 13C NMR (151 MHz, 
CDCl3) δ: 169.1, 169.0, 167.5, 149.6, 135.2, 133.8, 130.6, 
130.0, 129.5 (3C), 128.9, 128.8, 128.5, 126.8, 126.1, 
126.0, 124.7, 121.4, 76.6, 65.6, 55.3, 30.3, 29.1, 28.4, 26.5; 
HRMS (ESI) calcd for C27H26N3O5 [M＋H]＋ 472.1867, 
Found 472.1863. 

7-(Benzo[d][1,3]dioxol-5-yl)-8-(benzyloxy)-2,4-dimethyl- 
2,4,8-triazaspiro[5.5]undecane-1,3,5,9-tetraone (3ua): 
Yellow powder, 66 mg, 71% yield (eluent: ethyl ace-
tate/hexane, V∶V＝1∶1). m.p. 166～167 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 7.31～7.25 (m, 3H), 7.09 (d, J＝7.2 
Hz, 2H), 6.70 (d, J＝7.8 Hz, 1H), 6.60 (s, 1H), 6.49 (d, J＝
7.8 Hz, 1H), 5.96 (s, 2H), 5.06 (d, J＝10.2 Hz, 1H), 4.99 
(s, 1H), 4.73 (d, J＝10.2 Hz, 1H), 3.28～3.20 (m, 1H), 
3.16 (s, 3H), 3.10 (s, 3H), 2.82～2.78 (m, 1H), 2.55～2.49 
(m, 1H), 2.18～2.14 (m, 1H); 13C NMR (151 MHz, 
CDCl3) δ: 169.1, 168.6, 167.3, 150.1, 148.4, 148.1, 135.1, 
129.4, 128.8, 128.5, 127.2, 121.5, 108.1, 107.8, 101.6, 
76.6, 70.8, 56.3, 30.2, 29.2, 28.7, 27.5; HRMS (ESI) calcd 
for C24H24N3O7 [M＋H]＋ 466.1609, found 466.1604. 

8-(Benzyloxy)-2,4-dimethyl-7-(thiophen-3-yl)-2,4,8-  
triazaspiro[5.5]undecane-1,3,5,9-tetraone (3va): White 
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powder, 30 mg, 35% yield (eluent: ethyl acetate/hexane, 
V∶V＝1∶1). m.p. 154～155 ℃; 1H NMR (600 MHz, 
CDCl3) δ: 7.30～7.22 (m, 4H), 7.09 (s, 1H), 7.00 (d, J＝
7.2 Hz, 2H), 6.92 (d, J＝4.8 Hz, 1H), 5.34 (s, 1H), 5.07 (d, 
J＝9.6 Hz, 1H), 4.67 (d, J＝9.6 Hz, 1H), 3.22～3.17 (m, 
4H), 3.14 (s, 3H), 2.77～2.72 (m, 1H), 2.60～2.54 (m, 
1H), 2.16～2.13 (m, 1H); 13C NMR (151 MHz, CDCl3) δ: 
169.1, 168.4, 167.5, 150.1, 135.0, 134.7, 129.4, 128.7, 
128.4, 126.9, 126.6, 125.0, 76.8, 66.5, 56.2, 30.2, 29.2, 
28.7, 28.5; HRMS (ESI) calcd for C21H22N3O5S [M＋H]＋ 
428.1275, found 428.1270. 

8-Methoxy-2,4-dimethyl-7-phenyl-2,4,8-triazaspiro- 
[5.5]undecane-1,3,5,9-tetraone (3ab): White powder, 53 
mg, 77% yield (eluent: ethyl acetate/hexane, V∶V＝1∶
1). m.p. 162～163 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.36～7.29 (m, 3H), 7.13～7.10 (m, 2H), 5.32 (s, 1H), 
3.64 (s, 3H), 3.37～3.26 (m, 1H), 3.20 (s, 3H), 3.03 (s, 
3H), 2.78～2.65 (m, 2H), 2.20～2.13 (m, 1H); 13C NMR 
(151 MHz, CDCl3) δ: 169.3, 168.9, 167.3, 149.9, 133.5, 
129.6, 128.6, 127.3, 70.2, 62.1, 56.2, 30.2, 29.2, 28.5, 27.9; 
HRMS (ESI) calcd for C17H20N3O5 [M＋H]＋ 346.1397, 
found 346.1394. 

8-(Benzyloxy)-2,4,10-trimethyl-7-phenyl-2,4,8-triaza- 
spiro[5.5]undecane-1,3,5,9-tetraone (3ac): White powder, 
23 mg, 26% yield (eluent: ethyl acetate/hexane, V∶V＝
1∶3). m.p. 171～172 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.41～7.33 (m, 3H), 7.30～7.26 (m, 3H), 7.16～7.15 (m, 
2H), 6.97～6.96 (m, 2H), 4.82～4.76 (m, 3H), 3.51～3.41 
(m, 1H), 3.09 (s, 3H), 3.04 (s, 3H), 2.36～2.30 (m, 1H), 
2.17～2.11 (m, 1H), 1.46 (d, J＝6.8 Hz, 3H); 13C NMR 
(151 MHz, CDCl3) δ: 172.0, 170.0, 167.3, 150.6, 135.4, 
133.4, 129.8, 129.4, 128.82, 128.76, 128.5, 127.8, 76.8, 
71.8, 56.3, 34.5, 30.6, 29.2 (2C), 17.2; HRMS (ESI) calcd 
for C24H26N3O5 [M＋H]＋ 436.1867, found 436.1860. 

8-(Benzyloxy)-2,4-dimethyl-7,10-diphenyl-2,4,8-triaza- 
spiro[5.5]undecane-1,3,5,9-tetraone (3ad): White powder, 
74 mg, 74% yield (eluent: ethyl acetate/hexane, V∶V＝
1∶3). m.p. 174～175 ℃; 1H NMR (600 MHz, CDCl3) δ: 
7.45～7.39 (m, 7H), 7.34～7.32 (m, 1H), 7.30～7.25 (m, 
3H), 7.14～7.13 (m, 4H), 4.93 (s, 1H), 4.86 (d, J＝10.8 
Hz, 1H), 4.76～4.71 (m, 2H), 3.14 (s, 3H), 3.01 (s, 3H), 
2.87 (dd, J＝15.0, 12.6 Hz, 1H), 2.33 (dd, J＝15.0, 7.2 Hz, 
1H); 13C NMR (151 MHz, CDCl3) δ: 170.2, 169.9, 167.2, 
150.6, 138.6, 135.2, 133.4, 130.0, 129.6, 128.96, 128.94, 
128.90, 128.85, 128.5, 128.0, 127.7, 76.9, 71.9, 56.0, 46.3, 
31.4, 29.3 (2C); HRMS (ESI) calcd for C29H28N3O5 [M＋
H]＋ 498.2023, found 498.2018. 
 
Supporting Information  Spectroscopic characterization 
of the products 3. The Supporting Information is available 
free of charge via the Internet at http://sioc-journal.cn. 
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