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Synthesis of Novel Spiro[pyrazole-pyrrolizin] Derivatives via
1,3-Dipolar Cycloaddition of Nitrilimine
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Abstract The 1,3-dipolar cycloaddition of nitrilimine generated in sifu from N'-phenylbenzohydrazonoyl chloride and
triethylamine to 2-arylmethylidene-2,3-dihydro-1H-pyrrolizin-1-ones afforded novel 4-aryl-2,5-diphenyl-2,4-dihydrospiro-
[pyrazole-3,2'-pyrrolizin]-1'(3'H)-ones in moderate yields. The structures of all products were characterized thoroughly by

NMR, IR, mass spectra and elemental analysis.
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Figure 1 Synthetic route of spiro[pyrazole-pyrrolizin] deriva-
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Table 1 Synthesis of spiro[pyrazole-pyrrolizin] derivatives

Entry Ar Product  Time/h  Yield/%
1 C¢Hs 3a 24 72
2 4-CIC¢H, 3b 18 70
3 2-CIC¢H, 3c 24 76
4 2,4-Cl,CgH; 3d 18 75
5 4-FCeH, 3e 24 81
6 4-CH;3SCgH,4 3f 22 79
7 4-CH3C¢Hy 3g 24 74
8 3,4,5-(CH;0);C¢H,  3h 20 85
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B2 A& 3b 1% 2 SR % (HMBC) ]
Figure 2  Partial heteronuclear multiple bond correlation
(HMBC) diagram of 3b

2 it

F A - s FELR AT AR 0 1, 3-8 B o s B b
DU g MO A 2 17— R 47 FRHT (D[] I 255 A b s L IR A
M 2R RIS IAE S . SR AT T — ol (KR i s B R
AN M By AT S 5 (KT8, AR 25 IR 5 ORI 9
Feft OB IR AR

3 KBS
3.1 eSS

BT AR A il ARSI, Ak —
AL AL B B AR A, 2-05 W 92,3 - - LH- I L
WE-1-W (1) 4% B SCRR[ 191 RIE (1 7 VLl 4. BT IR A g A
Pt im it Bruker AV-II 500 MHz NMR Y&, S
FEAIZR A 500 MHz £45F R, Wik 4E 125 MHz 41
TWE, TMS A kil S 1 bR, CDCL /R A %5, 7o
Z it Elementar analyzer (varioEL I1); J5tiill a2 i
I Finnigan LCQ Advantage MAX JiHX; 2L4MGES)
MrKH Perkin-Elmer spectrometer (KBr); & il 52
Yanaco MP500 ‘25 s A Gl THARKE IE).

32 ZWAHE

2,5- R HE-4-F5 L2 A4- A BB -3, 2 ik g L
B 1-1'3'H)-Fi(3a~3h) ¥ & ik £E71T RISV B Al CaCl,
THEEE 50 mL BB, $ 2-05 W HE-2,3- — 4~
1 H-E s FELGE- -1 (1) (1 mmol), 528 ARSI 0.46
g (2 mmol), =ZJ% 0.20 g (2 mmol)¥ T 15 mL /KA
H RIS 24 h, TLC BREFASIN S s B 45 K5, F I VR A
YV AR E, R AR, M AR AE R AT, ETT
FIh A Wl 2 eV 2 V=51 1), 133N
3a~3h.

2,4,5- = R K -2.4- T - MR [ e e 23,20 il i L
WE1-1'(3'H)-Hi (3a): (€A 44, mp. 179~181 C; 'H
NMR (CDCl;, 500 MHz) &: 3.88 (d, J=12.8 Hz, 1H,
H,C-3'), 4.32 (d, J=12.8 Hz, 1H, H,C-3"), 5.22 (s, 1H,
HC-4), 6.53 (dd, J=4.1, 2.3 Hz, 1H, HC-6"), 6.75 (dd, J=
2.1, 0.9 Hz, 1H, HC-5"), 6.88 (t, J=7.5 Hz, 1H), 6.94 (dd,
J=4.1, 0.9 Hz, 1H, HC-7'), 6.97~6.99 (m, 2H), 7.02 (d,

Chin. J. Org. Chem. 2013, 33, 1583~1586



Chinese Journal of Organic Chemistry

NOTE

J=17.5 Hz, 2H), 7.17~7.20 (m, 2H), 7.22~7.25 (m, 6H),
7.55~7.57 (m, 2H); *C NMR (CDCls, 125 MHz) : 46.57
(H,C-3"), 61.86 (HC-4), 81.41 (C-3), 110.78 (HC-7",
114.95, 117.59 (HC-6"), 121.11, 124.09 (HC-5"), 126.76,
128.25, 128.50, 129.09, 129.16, 129.28, 130.24, 131.52,
134.83, 142.61, 147.74, 188.15 (C-1"); IR (KBr) v: 1708.8
em'; ESI MS m/z: 404 [M+H]". Anal. calced. for
CyH,N30: C 80.37, H 5.25, N 10.41; found C 80.22, H
5.33,N 10.29.

2,5- ZORKE-4-(4- SR KL )-2,4- AR m-3,2'- 1k
g HLIR]-1'(3'H)-Hil(3b): [ #&, m.p. 171~173 'C; 'H
NMR (CDCl;, 500 MHz) ¢: 3.87 (d, J=12.8 Hz, 1H,
H,C-3"), 4.34 (d, J=12.8 Hz, 1H, H,C-3"), 5.20 (s, 1H,
HC-4), 6.56 (dd, J=4.1, 2.3 Hz, 1H, HC-6"), 6.80 (dd, J=
2.2, 0.9 Hz, 1H, HC-5"), 6.89 (tt, J=7.4, 1.0 Hz, 1H),
6.91~6.94 (m, 2H), 6.95 (dd, J=4.1, 1.0 Hz, 1H, HC-7"),
7.02 (d, J=17.5 Hz, 2H), 7.18~7.20 (m, 2H), 7.21~7.23
(m, 2H), 7.25~7.27 (m, 3H), 7.52~7.53 (m, 2H); "C
NMR (CDCls, 125 MHz) ¢: 46.46 (H,C-3"), 61.06 (HC-4),
81.27 (C-3), 111.01 (HC-7"), 114.99, 117.81 (HC-6"),
121.32, 124.31 (HC-5"), 126.69, 128.36, 128.68, 129.32,
129.42, 130.09, 130.39, 131.16, 133.27, 134.31, 142.41,
147.25, 187.79 (C-1'); IR (KBr) v: 1701.1 cm™'; ESI MS
m/z: 438 [M—|—H]+. Anal. calcd for C,;H,(CIN;O: C 74.05,
H 4.60, N 9.60; found C 74.25, H 4.48, N 9.70.

2,5- TORKE-4-(2- SR )-2,4- AR Mk-3,2'- 1k
% HLIEE)-1'3'H)-Hi(3¢): (A1, mp. 185~188 C; 'H
NMR (CDCl;, 500 MHz) ¢: 3.84 (d, J=13.0 Hz, 1H,
H,C-3"), 4.44 (d, J=13.0 Hz, 1H, H,C-3"), 5.70 (s, 1H,
HC-4), 6.62 (dd, /=3.8, 2.5 Hz, 1H, HC-6'), 691 (d, J=
7.4 Hz, 1H, HC-5"), 6.93~6.94 (m, 2H), 7.03 (d, J=8.4
Hz, 2H), 7.10 (dd, J=7.7, 1.4 Hz, 1H, HC-7"), 7.19~7.23
(m, 3H), 7.25~7.30 (m, 4H), 7.44 (d, J=8.0 Hz, 1H),
7.55~7.57 (m, 2H); *C NMR (CDCls, 125 MHz) 0: 47.28
(H,C-3"), 57.07 (HC-4), 80.77 (C-3), 110.81 (HC-7"),
115.19, 117.73 (HC-6"), 121.32, 123.82 (HC-5"), 126.54,
127.85, 128.40, 128.66, 129.27, 129.73, 130.10, 130.68,
131.04, 133.41, 134.52, 142.60, 148.03, 187.50 (C-1"); IR
(KBr) v: 1712.0 cm™"; ESI MS m/z: 438 [M+H]". Anal.
calcd for C,7H,(CIN;O: C 74.05, H 4.60, N 9.60; found C
74.20,H 4.41,N 9.77.

2,5- R K -4-(2,4- TR ORI )-2,4- A - IR [T M-
3,2k BV -1'3'H)-Mi(3d): Ll {4, m.p. 182~184
‘C; '"H NMR (CDCl;, 500 MHz) d: 3.81 (d, J=13.1 Hz,
1H, H,C-3"), 4.43 (d, J/=13.1 Hz, 1H, H,C-3"), 5.62 (s, 1H,
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HC-4), 6.60 (dd, J=4.1, 2.3 Hz, 1H, HC-6'), 6.90~6.91
(m, 2H), 6.93 (dd, J=2.1, 0.8 Hz, 1H, HC-5"), 7.00 (d, J=
8.4 Hz, 3H), 7.15~7.20 (m, 3H, HC-7'+ArH), 7.25~
7.27 (m, 3H), 7.43 (d, J=2.1 Hz, 1H), 7.50~7.51 (m,
2H); *C NMR (CDCls, 125 MHz) §: 47.33 (H,C-3'), 56.59
(HC-4), 80.74 (C-3), 110.96 (HC-7"), 115.39, 117.91
(HC-6"), 121.59, 123.96 (HC-5", 126.50, 128.31, 128.53,
128.86, 129.31, 129.99, 130.01, 130.82, 131.57, 132.12,
135.03, 135.23, 142.52, 147.65, 187.15 (C-1'); IR (KBr) v:
1715.0 cm ™ '; ESI MS m/z: 472 [M+ H]". Anal. calcd for
C,7H,oCLN;0: C 68.65, H 4.05, N 8.90; found C 68.55, H
4.17,N 8.74.

2,5- R HE-4-(4- T R HE)-2,4- A IR -3, 20411k
Wt HLE]-1'(3'H)-i (3e): FIEA[E 14, mp. 142~144 C; 'H
NMR (CDCl;, 500 MHz) §: 3.88 (d, J=12.8 Hz, 1H,
H,C-3"), 434 (d, J=12.8 Hz, 1H, H,C-3"), 5.22 (s, 1H,
HC-4), 6.56 (dd, J=4.1, 2.3 Hz, 1H, HC-6"), 6.79 (dd, J=
2.1, 0.8 Hz, 1H, HC-5"), 6.89 (tt, J=7.4, 0.9 Hz, 1H),
6.94~6.95 (m, 4H, HC-7'+ArH), 7.02~7.04 (m, 2H),
7.18~7.21 (m, 2H), 7.25~7.26 (m, 4H), 7.53~7.54 (m,
2H); C NMR (CDCl;, 1125 MHz) d: 46.39 (H,C-3"),
61.06 (HC-4), 81.37 (C-3), 110.99 (HC-7"), 114.97,
116.16, 116.34, 117.79 (HC-6"), 121.29, 124.31 (HC-5"),
126.75, 128.37, 128.68, 129.36, 130.18, 130.53, 130.56,
130.78, 130.84, 131.29, 142.50, 147.48, 187.97 (C-1'); IR
(KBr) v: 1708.8 cm™'; ESI MS m/z: 422 [M+ H]". Anal.
caled for Cy7H,FN;O: C 76.94, H 4.78, N 9.97; found C
77.08, H 4.70, N 10.09.

2,5- TR B -4-(4- F I B DR AR )-2,4- A - R [t -
3,2"-ntk g LR -1' 3 H)-F(3f): (A& 4A, mp. 178~181
‘C; '"H NMR (CDCls, 500 MHz) J: 2.43 (s, 3H, SCHs),
3.91 (d, J=12.8 Hz, 1H, H,C-3"), 4.33 (d, J=12.8 Hz, 1H,
H,C-3", 5.18 (s, 1H, HC-4), 6.55 (dd, J=4.1, 2.3 Hz, 1H,
HC-6"), 6.80 (dd, J=2.2, 1.0 Hz, 1H, HC-5"), 6.86~6.90
(m, 3H), 6.95 (dd, J=4.1, 1.0 Hz, 1H, HC-7"), 7.02 (d, J=
8.0 Hz, 2H), 7.09 (d, J=7.5 Hz, 2H), 7.17~7.20 (m, 2H),
7.24~725 (m, 3H), 7.54~7.56 (m, 2H); *C NMR
(CDCls, 125 MHz) d: 15.20 (SCH3), 46.60 (H,C-3"), 61.37
(HC-4), 81.35 (C-3), 110.87 (HC-7', 114.90, 117.69
(HC-6"), 121.14, 124.28 (HC-5"), 126.50, 126.77, 128.32,
128.57, 129.32, 129.45, 130.20, 131.21, 131.44, 139.06,
142.57, 147.63, 188.14 (C-1'); IR (KBr) v: 1712.5 cm ;
ESI MS m/z: 450 [M+H]". Anal. calcd for CosH,3N;0S:
C 74.81, H 5.16, N 9.35; found C 75.00, H 5.27, N 9.44.

2,5- IR -A-(4-F LR S )-2,4- T MR mg-3,2-

http://sioc-journal.cn/ 1585
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nEns FLR1-1'G'H)-Mi(3g): A&, m.p. 159~161 C;
'H NMR (CDCl;, 500 MHz) &: 2.29 (s, 3H, CH3), 3.91 (d,
J=12.7 Hz, 1H, H,C-3"), 432 (d, J=12.7 Hz, 1H,
H,C-3'), 5.18 (s, 1H, HC-4), 6.54 (dd, J=4.1, 2.3 Hz, 1H,
HC-6"), 6.78 (dd, J=2.1, 0.8 Hz, 1H, HC-5'), 6.85~6.89
(m, 3H), 6.94 (dd, J=4.1, 0.9 Hz, 1H, HC-7"), 7.01~7.05
(m, 4H), 7.17~7.20 (m, 2H), 7.23~7.25 (m, 3H), 7.56~
7.57 (m, 2H); *C NMR (CDCl;, 125 MHz) 6: 21.15 (CH3),
46.62 (H,C-3"), 61.55 (HC-4), 81.29 (C-3), 110.73 (HC-7"),
114.81, 117.54 (HC-6"), 120.98, 124.11 (HC-5'), 126.76,
128.22, 128.45, 128.91, 129.27, 129.88, 130.21, 131.57,
131.75, 138.07, 142.62, 147.93, 188.34 (C-1"); IR (KBr) v:
1702.4 cm™'; ESI MS m/z: 418 [M~+H]". Anal. calcd for
CasHy3N;0: C 80.55, H 5.55, N 10.06; found C 80.37, H
5.60, N 9.88.

2,5- K H-4-(3,4,5- = FAR R R AL )-2,4- A IRt
-3 2Nk g HLER]-1'(3'H)-1l(3h): LA, mp. 172~
174 °C; '"H NMR (CDCl;, 500 MHz) J: 3.56 (s, 6H,
OCHj3), 3.80 (s, 3H, OCH3), 3.90 (d, J=12.6 Hz, 1H,
H,C-3"), 4.33 (d, J=12.6 Hz, 1H, H,C-3"), 5.20 (s, 1H,
HC-4), 6.08 (s, 2H), 6.56 (dd, J=4.1, 2.3 Hz, 1H, HC-6"),
6.81 (dd, J=2.0, 0.8 Hz, 1H, HC-5"), 6.88 (td, J=7.5, 0.9
Hz, 1H), 6.98 (dd, J=4.1, 0.9 Hz, 1H, HC-7"), 7.03~7.05
(m, 2H), 7.18~7.21 (m, 2H), 7.27~7.29 (m, 3H), 7.58~
7.59 (m, 2H); “C NMR (CDCl;, 125 MHz) o: 46.63
(H,C-3"), 56.04, 60.89, 62.21 (HC-4), 81.37 (C-3), 105.92,
110.84 (HC-7"), 114.64, 117.61 (HC-6'), 121.07, 124.28
(HC-5"), 126.74, 128.29, 128.58, 129.34, 129.94, 130.24,
131.69, 137.59, 142.42, 147.13, 153.54, 188.40 (C-1'); IR
(KBr) v: 1694.4 cm™'; ESI MS m/z: 494 [M~+H]". Anal.
calced for C;0H,;N;04: C 73.01, H 5.51, N 8.51; found C

1586
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73.05,H 5.58, N 8.64.
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