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Fig.2 1,3-dipolar cycloaddition reaction mechanism
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Table 1 Screening reaction conditions

75 el ER WA RONETTR A R %
1 Ag,0 R Mg,SO, 12 48
2 Ag,0 H2E  4A 1 >24 26
3 Ag,0 R DCC 2 87
4 Ag,0 R DIC 1 90
5 AgOTf FHoR DIC 8 82
6  Ag,CO;, R DIC 2 85
7  AgOAc FHoR DIC 2 79
8 Ag,0 PUEkng  DIC 4 75
9 Ag,0 AR DIC 3 89

10 Ag,0 IR T DIC >24 68

e A R B K ) 2 eq). 4 @ ER (ML, 0.008
mmol) . —ZJEME (0.008 mmol), = 2 (Et;N, 0.01 mmol) ., &5 (1.4
mL); FERNHENTS BHRAER Y

K, DAVRARAR / SIREE ) = 2 Heh
AT, FHEE (0.3 mmol ) . HZMRAL T HE (0.3
mmol ) Fl a— . I J& —p— T N fE (0.2 mmol) K
JERE, RS R B KR, dn B R B: (Mg,SO,) .
4A 4y F . NN/ - 3 O Bk O % (NN -
dicyclohexylcarbodiimide, DCC ), DIC % 52 7 52 L
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Fig. 3 Screening the conditions of one-pot synthesis of spiro pyrrolidine compound 4a
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Fig. 4 One-pot synthesis of a series of spiro pyrrolidine compounds 4
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Table 2 Test result of substrate adaptability

F5 BFRERBICL,R)  RYEE /4 R /%
1 Ph(la) 1.0 4a 90
2 2-MeOPh (1b) L5 4b 89
3 4-MeOPh (1c) L5 4¢ 90
4 2-FPh (1d) 1.0 4d 90
5 2-CIPh (le) 1.0 4e 92
6 2-BrPh (1) 1.0 4f 89
7 2-furyl (1g) 2.0 4g 88

TE: B W 2% #F 3 DIC (2eq.) |
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4a; 77N 90%(57 mg), TE W 1A; 'H NMR
(400 MHz, CDCl,)67.33~7.41(m, 5H), 4.16(s, 1H),
4.03~4.08(m, 1H), 3.96(dd, J=9.6, 5.6 Hz, 1H),
3.50~3.57(m, 1H), 2.64(dd, J=13.6, 5.6 Hz, 1H),
2.42~2.50(m, 1H), 2.27~2.35(m, 2H), 2.04 (brs, 1H),
1.54 (s, 9H); “C NMR(100 MHz, CDCl;) ¢ 178.8, 172.0,
136.9, 129.0, 128.9, 127.2, 82.0, 73.2, 65.3, 59.8, 53.8,
40.9,33.1,28.2,

4b: FEE K 89%(62 mg), JL{A K IA; 'H NMR
(400 MHz, CDCl,)d 7.56(d, J=7.6 Hz, 1H), 7.23~7.27(m,
1H), 6.99(t, J=7.6 Hz, 1H), 6.83(d, J=8.0 Hz, 1H), 4.8 (s,
1H), 4.18~4.23(m, 1H), 3.91~4.01(m, 2H), 3.83~3.86(m,
1H), 3.79 (s, 3H), 2.53~3.58(m, 1H), 2.45~2.50(m, 1H),
2.14 (dd, J=13.2, 8.0 Hz, 1H), 1.53 (s, 9H); "“C NMR
(100 MHz, CDCL,) ¢ 178.3, 172.4, 156.5, 128.9, 127.2,
121.0, 110.0, 81.8, 65.2, 63.9, 59.8, 55.1, 54.0, 42.2,
40.3,34.9,28.1,23.5,

de: RN 90%(62 mg), JC {4 1A; 'H NMR
(400 MHz, CDCl,)67.31(d, J=8.8 Hz, 2H), 6.87(d, J=8.8
Hz, 2H), 4.13(s, 1H), 4.03~4.08(m, 1H), 3.95(dd, J=9.6,
5.2 Hz, 1H), 3.79(s, 3H), 3.51~3.58(m, 1H), 2.63(dd,
J=13.2, 5.2 Hz, 1H), 2.41~2.49(m, 1H), 2.26~2.32(m,
2H), 1.97 (brs, 1H), 1.54(s, 9H); "“C NMR(100 MHz,
CDCl,) § 178.9, 171.9, 160.0, 132.2, 128.3, 114.3, 82.0,
73.0, 65.2, 59.7, 55.3, 53.7,40.7, 33.1, 28.1,,

4d: 7HA 90%(64 mg), AR H NMR (400
MHz, CDCl1,)d7.58(t, J=7.6 Hz, 1H), 7.26~7.28(m, 1H),
7.18(t, J=7.6 Hz, 1H), 7.00~7.05(m, 1H), 4.69(s, 1H),
4.16(t, J=9.2 Hz, 1H), 3.93~3.97(m, 1H), 3.79~3.89(m,
1H), 2.56~2.61(m, 1H), 2.48~2.53(m, 1H), 2.39~2.44(m,
1H), 2.24~2.30(m, 1H), 1.53(s, 9H); "“C NMR(100
MHz, CDCLy) § 178.3, 171.9, 161.6, 159.1, 129.8, 129.7,
128.0, 128.0, 124.8, 124.8, 115.1, 114.9, 81.9, 65.3, 63.5,
63.4,59.7,53.9, 40.7, 33.6, 28.0.

de: P7HH 92%(65 mg), T HA; "HNMR (400
MHz, CDCl,) § 7.68(d, J=8.0 Hz, 1H), 7.30~7.36 (m,
2H), 7.22(d, J=7.6 Hz, 1H), 4.94(s, 1H), 4.18(t, J=9.2
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Hz, 1H), 3.88~4.00(m, 2H), 2.58~2.66(m, 2H), 2.35~2.43
(m, 1H), 2.24~2.30(m, 1H), 1.69(brs, 1H), 1.54(s, 9H);
"C NMR (100 MHz, CDCl;) § 178.1, 172.1, 135.9,
133.3, 129.5, 129.4, 128.7, 127.6, 82.0, 66.6, 65.4, 59.7,
54.3,40.4,34.1,28.1,

4f: 77 %K 89%(70 mg), G4 1A&; 'H NMR
(400 MHz, CDCl,) § 7.66(dd, J=8.0, 1.6 Hz, 1H), 7.54
(dd, J=8.0, 1.6 Hz, 1H), 7.33~7.38(m, 1H), 7.13~7.18(m,
1H), 4.90(s, 1H), 4.16(td, J=10.0, 2.0 Hz, 1H), 3.88~3.99
(m, 2H), 2.66~2.71(m, 1H), 2.61(dd, J=13.2, 11.2 Hz,
1H), 2.34~2.42(m, 1H), 2.27(dd, J=13.2, 8.8 Hz, 1H),
1.53(s, 9H); "“C NMR(100 MHz, CDCl,) ¢ 177.9,
171.9, 137.4, 132.7, 129.7, 128.9, 128.1, 123.9, 81.8,
69.1, 65.3, 59.6, 54.2, 40.2, 33.9, 28.0.,

4g: 7R K 88%(5 mg), KAl 1K; 'H NMR
(400 MHz, CDCl,) § 7.37(dd, J=1.6, 0.8 Hz, 1H), 6.39 (d,
J=3.2 Hz, 1H), 6.35(dd, J=3.2, 1.6 Hz, 1H), 4.25(s, 1H),
4.20~4.24(m, 1H), 3.89~3.97(m, 2H), 2.59(dd, J=13.2,
5.6 Hz, 1H), 2.40~2.44(m, 2H), 2.25(dd, J/=13.2, 9.2 Hz,
1H), 1.51(s, 9H); "“C NMR(100 MHz, CDCL,) 6 178.3,
171.6, 151.1, 142.3, 110.7, 107.6, 82.0, 65.9, 65.3, 59.7,
52.6,40.5,33.2,28.0,
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Fig. 6 Partial NMR spectra of spiro derivatives



[” €1 %= = f PACKAGING JOURNAL
2020 £ £ 12 & F 1 B Vol. 12 No. 1 Jan. 2020

5 H£5iE

AR i BT AN R R A 05 s . TR
BT TRAN o= W 3L —p— TN ER Z (819 = 4153 I,
R TIER SRR, L DIC MK, Ag,0/ Ph,P
NEEEALF), TR 13— (AR BRI N AL
A BB IR I e A A= W BB o RO it 7
FRRPIREA 3B W PEAF ST, S5 R TGS ZRIR FAF A 45
H, - P A 2 W R - 35 [T 3 S 2% 0 AR BEAE PR IE
PR 3 2R 1 [ B SBT3, 7 2R3 [
88% ~92% . [N IEARAERTHL, SO A5RRLAL,
SRR 2515

S

[1] BECKERM H, CHUAP, DOWNHAM R, et al. Total
Synthesis of (—)-Sarain A[J]. Journal of the American
Chemical Society, 2007, 129(39): 11987-12002.

[2] SUNMR, LUHT, WANG Y Z, et al. Highly
Efficient Formal Synthesis of Cephalotaxine, Using the
Stevens Rearrangement-Acid Lactonization Sequence as
a Key Transformation[J]. Journal of Organic Chemistry,
2009, 74(5): 2213-2216.

[3] HAZRA A, BHARITKAR Y P, CHAKRABORTY
D, et al. Regio-and Stercoselective Synthesis of a
Library of Bioactive Dispiro-Oxindolo/Acenaphthoquino
Andrographolides Via 1, 3—-Dipolar Cycloaddition
Reaction Under Microwave Irradiation[J]. ACS
Combinatorial Science, 2013, 15(1): 41-48.

(4] DU . e AL A A bt g R Mk i ot 2 AL 5 W)
[D]. Fiff. AT R, 2019.

JIA Renmeng. Metal-Catalyzed Construction of Fused
Pyrroles and Spiropyrrolidines[D]. Shanghai: East China
University of Science and Technology, 2019.

[5] BDIRI B, ZHAO B J, ZHOU Z M. Recent Advances
in the Enantioselective 1, 3-Dipolar Cycloaddition of
Azomethine Ylides and Dipolarophiles[J]. Tetrahedron:
Asymmetry, 2017, 28(7): 876—899.

(6] VTJEME . 1, 3— 8l 7S [3+2] FRISS A £ ToT
FITLEYIBEGE (D] BUIN . ATHITE S, 2017
JIANG Shengsheng. Construction of Five-Membered
Heterocyclic Derivatives by [3+2] Cycloaddition
Reactions Between 1, 3-Dipoles and Aldehydes[D].
Hangzhou: Hangzhou Normal University, 2017.

[7] CHEN X H, WEIQ, LUO S W, etal. Organocatalytic

Synthesis of Spiro[Pyrrolidin-3, 3'-Oxindoles] with High
Enantiopurity and Structural Diversity[J]. Journal of the
American Chemical Society, 2009, 131(38): 13819-
13825.

[8] ANTONCHICK A P, GERDING-REIMERS C,
CATARINELLA M, et al. Highly Enantioselective
Synthesis and Cellular Evaluation of Spirooxindoles
Inspired by Natural Products[J]. Nature Chemistry,
2010, 2(9): 735-740.

[9] LIUTL, XUE ZY, TAOHY, et al. Catalytic
Asymmetric 1, 3-Dipolar Cycloaddition of N-Unprotected
2-Oxoindolin-3-Ylidene Derivatives and Azomethine
Ylides for the Construction of Spirooxindole-
Pyrrolidines[J]. Organic & Biomolecular Chemistry,
2011, 9(6): 1980.

[10] LTI Q H, LIUT L, WEI L, et al. Exo-Selective
Construction of Spiro-[Butyrolactone-Pyrrolidine] Via
1, 3-Dipolar Cycloaddition of Azomethine Ylides with
A -Methylene- vy -Butyrolactone Catalyzed by Cu(I)/
DTBM-BIPHEP[J]. Chemical Communications, 2013,
49(83): 9642.

[11] AWATA A, ARAIT. Catalytic Asymmetric Exo'-Selective
[3+2] Cycloaddition for Constructing Stereochemically
Diversified Spiro[Pyrrolidin-3, 3'-Oxindole]s[J].
Chemistry: A European Journal, 2012, 18(27): 8278-
8282.

[12] WANG L, SHI X M, DONG W P, et al. Efficient
Construction of Highly Functionalized Spiro[y-
Butyrolactone-Pyrrolidin-3, 3'-Oxindole] Tricyclic
Skeletons Via an Organocatalytic 1, 3-Dipolar
Cycloaddition[J]. Chemical Communications, 2013,
49(33): 3458.

[13] LIUTL, HEZ L, TAOHY, et al. Stereoselective
Construction of a 5-Aza-Spiro[2, 4]Heptane Motif
Via Catalytic Asymmetric 1, 3-Dipolar Cycloaddition
of Azomethine Ylides and Ethyl Cyclopropylidene
Acetate[J]. Chemical Communications, 2011, 47(9):
2616.

[14] LIUTL, HEZL, LIQH, et al. Catalytic Asymmetric
Construction of Spirocycles Containing Pyrrolidine
Motifs and Spiro Quaternary Stereogenic Centers Via
1, 3-Dipolar Cycloaddition of Azomethine Ylides with
2-Alkylidene-Cycloketones[J]. Advanced Synthesis &
Catalysis, 2011, 353(10): 1713-1719.

[15] ZHANG Z H, SUN W S, ZHU G M, et al. Chiral
Phosphoric Acid Catalyzed Enantioselective 1, 3-Dipolar

— 48 —



D] Z=iEE, =
S C—iRE” S BIRIREM ISR LAY

Cycloaddition Reaction of Azlactones[J]. Chemical Azomethine Ylides[J]. RSC Advances, 2017, 7:
Communications, 2016, 52(7): 1377-1380. 10816-10820.

[16] LIFF, CAOGR, GAOYF, etal. Cu(Il)/DM-Segphos
Catalyzed Asymmetric 1,3-Dipolar Cycloaddition TAEG AR, R OMW)

of Benzoisothiazole-2,2-Dioxide-3-Ylidenes and

Three Components One-Pot Synthesis of Spirocyclic Pyrrolidine Compounds

HOU Qinglin', YOU Yaoyao', ZHANG Chen’, ZHANG Kaigiang’, SONG Xinluo’,
CHEN Hui’, WANG Haifei’

(1. College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. College of Life Science and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to synthesize spirocyclic pyrrolidine compounds efficiently, the spirocyclic pyrrolidine frame-
work was constructed by 1,3-dipolar cycloaddition reaction with different aromatic aldehydes, tert butyl glycine and a-
methylene -y- butyrolactone as starting materials, exploiting N,N' - diisopropylcarbodiimide (DIC) as dehydrating agent
and silver oxide (Ag,0)/triphenylphosphine (Ph,P) as the metal complex catalyst. Seven spirocyclic pyrrolidones were
synthesized with high yields and high selectivity after screening different conditions and substrates. The results showed
that the raw materials were cheap and easy to obtain, the conditions were mild, the synthesis steps were simple. More-
over, 1,3 dipoles were generated in situ by one-pot method without separation, which greatly improved the reaction effi-
ciency.

Keywords: three components; one-pot; silver oxide; pyrrolidine compounds
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