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Synthesis of Iminopyrrolone Compounds
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Abstract The method was constructed for synthesis of pyrrolone compounds, which was based on the reaction of
1,1-endiamine (1) with maleic anhydride (2) in 1,4-dioxane at reflux in alkali condition (Et;N). As a result, a series of imino-
pyrrolone compounds have been synthesized by this reaction. This protocol possesses some advantages including readily
available starting materials, simple operation and concise synthetic route and so on.
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Figure 1 Pyrrolone compounds with biologically activities
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O,N
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HATLL 12 5 2 BT, 73 A0 SR 5
SN]SR AT 2R AR S Ak, AR 1.
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Table 1 Optimization of reaction conditions

catalyst
—_—

solvent

3a Me
Entry Catalyst  Solvent 7/°C  Time/h  Yield”/%
1 — 1,4-Dioxane r.t. 8 —
2 — 1,4-Dioxane Reflux 8 —
3 Et;N¢ 1,4-Dioxane Reflux 2 56
4 Piperidine’ 1,4-Dioxane Reflux 2 12
5 Cs,CO3Y  1,4-Dioxane Reflux 2 5
6 +BuOK? 14-Dioxane Reflux 2 —
7  AcOH° 1,4-Dioxane Reflux 2 —
8 EtN° EtOH Reflux 2 —
9  Et;N¢ THF Reflux 2 —
10 EtN° MeCN Reflux 2 —
11  Et;N° DMF 100 2 23
12 Et;N° Toluene Reflux 2 41
13 Et;N° 1,4-Dioxane Reflux 4 68
14 Et;N° 1,4-Dioxane Reflux 8 67

© 2017 Chinese Chemical Society & SIOC, CAS

“ The reaction was performed with 1a (1.0 mmol), 2 (2.0 mmol). ® Isolated
yields based on 1a. ¢ The catalyst 0.05 mmol. ¢ The catalyst 2.0 mmol.

B, BT 1a 52001 12 FRKIELET 14-—
AN, IR RHCPE 8 h s, 2 @ik (TLC)K
T EAAETH S 4 (F 1, Entryl). ZERFEEMET,
IR SO IR, 1A 8 h T, TLC A& 2 B %A B
W R A. 2R L= (0.05 Equiv.) A, 7
LA- S ERL 2 h, 455 L 56% 172 R A) 3a
(Table 1, Entry 3). 7EHCIEAN -, BRATIFE TIRNE . BRIR
My, BUT EEARFNES IR = FPB. —FIR. 45 BRIZ DL
TEA HLESOR, WIVRAE B AL T BT LRI 1 H s e
W, 4380 MU IR, G B RCT B S, SRR
T T RR IR PRI 2, TS R JC AL A ALER 1 A ik
FE, HEAEETS 3] H AR~ ¥(Table 1, Entries 5~7). &
J&, BATUA= RN, Tk T B DYERRE
M NN-—H FE H i (DMF) Al 28 FLRE 7, R BN
FEAR I A5 FO 7 7R B 07245 2 H 57~ 4)(Table 1, En-
tries 8~10); 7E ik s 100 °C AT A (AT 3545 H Ax
FEWI(ER 1, Entries 11~12). )5, BATLL=ZHEEN#E
3R, LA 1 4- NI RV, X SIS (] 34T 0
RN 4 h B, P=3RETRHR S 4N
I a], =285 B R SIGR 1, Entry 3 vs. 13~14).
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A ERE R NN n(la) D n2)=1:2, L=2
JF(0.05 equiv.) AT, 1E 1,4- % /SHHE 4 h
1.2 REJERY F=ZE 0

T 6 Sk At b, X6h % s B I M P AT IR R
(K 2). EFEIRIA o7 5L B L | F A R, Pl 7 2
B FRZREAREEK@=1, )RR BIJEY 1 HEAT
. B RE M, R E AW EBI(F. CL. CF;)
JEY LAt T IE ] (Me. OMe) U BRI A A B &) F=
K (3a~30); [FRF, ZKIR B 75— A3 Iy A
i, PEPE R B4R (3 vs. 3g~3h), FIEAM o-FHE
FEIAUE, P2 AR T Ga vs. 3j); REAILALA
W TR AT, P e A 24 E(3g vs. 3h; 3k vs.
3). UbAh, U AN IR IR ] R, PR
RS (3b vs. 3k~3).
1.3 REZHIE

BATCI G 3a i, FRATTHED S B ] BEATLEE:
T4 1a X T 07 ERET 2 FEATIE TR IR [ N A
[El{A da, HiEIA da TEBRAOFE R B2 — 2 F A AR
HafA Sa, HFIEAR Sa 2257 IR AR SR A
[ 6a, H1[EIfK 6a FFEA1GHAMMA 7a, HlA{A 7a 7E N
TR PE R H AR &Y 3a. N HLIRLTN Scheme 1.
1.4 EYRAEEN

AW 3 I EAREEE R EMIEIE R 3. 7T 451
L 3. B cif SCHFRAF TSI S R H ot (CcCDC
5N 1546965).

2 Zhig

ASCRINEESL T —Fh—4RIE TS . A A
TE A )37 14 1) i e s i Ak S R 5 . S5
L1059 1 5T 16 BB Q)T 1,4-—5%0N
BN, = SR A T A ml i e v, i 1A
TRMER S 468 iR At — S A Uk ok A 7 455 4 37 35
(7 M B2 &4 3. ZSRME S RStk S ) —
BEH & NS R AT 2 AR T T B e T e
(FIEAE. ZITEAMUEE G R 2 i e, R 518 S0
M, EEERRIF T EER L6 R R I LA
e R .

3 SCISER4SY
3.1 {UEEFI
PR RS e G R 2%, (8 B 20 AR 1S A (Thermo

Nicolet Avatar 360 ); 4} HFf i X (Agilent CL/Msd
TOF); #HiHEHRIC Bruck DRX300 ('H: 300 MHz, "C:
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Table 2 Synthesis of iminopyrrolone derivatives 3a~3l

Ar
O,N (T
(o) 0.05 equiv. Et3N
o | Y + 0 0] Ar N\ N (0]
Ar~on H N™ mAr — 1,4-dioxane n —
1 2 reflux, 4 h 3 Me

L jog
©\“N\Wifo F@w“‘ﬁo
Me b79%  Me
K©/C| K©/CF3
FsC N
CI\@\,—'NQQ?O \Q\HNﬁ ©
Me

[ Me
3¢ 77% 3d 71%

3a 68%

NQ&O
o
3k 90% E

3l 86%

© 2017 Chinese Chemical Society & SIOC, CAS

75 MHz)={, DRX500 (‘"H: 500 MHz, "*C: 125 MHz);
XT-4A # i R S RO EAX . 250 23 Hr 4l sl fh, 7 4
(TOKBRER AT IRAL IR ), GFasy 50 80 2 R TR AT R AT
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Scheme 1 Proposed mechanism
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Figure 3 X-ray crystal structure of compound 3¢

K (200~300 H, FH#EE T ). RNMER 1 %30
HR[26] 1] %% .
3.2 ZWHE

FEL 1 mmol fEFEJENE 1 A1 2 mmol W] 4 —BREF
(2), JMAZE 25 mL BEERSE S, FMA 10 mL 1,4- %
ININERFEV AR, TERETR, TN 0.05 mmol = ZFEAEMELL
A, INFENR 4 h, TLC MR 5E4 G, ik, %
SSRAEIE =R, N 10 mL /KFEHE 5 min 5, 2
IR Z.8(10 mLX3)AEH, 2R .18 2 S /KB FR AT )5
&, B ET A B AR EARTY 3, R A
68%~90%. FTA KM EWEAE S ZHIIR. a4 &
TR I IE

1R RS- (R R P AL )-3- - 1,5- & -2 H-MiE s -2-
fifl(3a): SEMARBIE, P=F 68%, E: Z=51:49. 'H
NMR (500 MHz, CDCly) ¢: 2.05 (s, 1.38H, CH;, Z), 2.06
(s, 1.78H, CHs, E), 4.81 (s, 2H, CH,), 4.85 (s, 2H, CH,),

Chin. J. Org. Chem. 2017, 37, 2690~2696
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Table 3

Crystal data and structure refinement for compound
3c

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflection collected
independent reflections

Data/restraints/parameters
Absorption correction

Refinement method
Goodness-of-fit on F*
Final R indices [/>20(])]
Final R indexes [all data]
Largest diff. peak and hole

C1oH1sCLN,O

359.24

293.15K

0.71073 A

Triclinic, P-1
a=17.5752(12) A
b=10.7338(17) A
c=12.2703) A
a=112.537(3)°
£=105.009(3)°
7=95.266(2)°

869.4(3) A®

2, 1.372 Mg/m’

372.0

0.1 mmX0.28 mm X 0.42 mm
3.794° to 50.294°
—I<h<9

—12<k=<12,
—l4<i<14

6847

3084 [R,;=0.0199,
R,=0.0261]

3084/0/227
Semi-empirical from
equivalents

Full-matrix least-squares on F~
1.069

R;=0.0349, wR,=0.0898
R;=0.0407, wR,=0.0951
0.18/—0.32A°

© 2017 Chinese Chemical Society & SIOC, CAS

6.82 (s, 0.49H, =CH, Z), 6.82 (s, 0.51H, =CH, E),
7.20~7.29 (m, 8H, ArH), 7.30~7.37 (m, 2H, ArH); "*C
NMR (125 MHz, CDCLy) 6: 11.3, 42.1, 54.4, 118.7, 126.9,
1272, 127.3, 128.3, 128.4, 137.8, 139.8, 1423, 155.7,
171.1; IR (KBr) v: 3432, 3086, 3027, 2925, 1907, 1660,
1604, 1584, 1453, 1404, 1352, 1296, 1149, 1071, 965, 871,
726, 697, 600 c¢cm '; HRMS (TOF ES ™) caled for
C1oH1oN>0 291.1492, found 291.1490.

1-(4- 95 R FE)-5-[(4- 9 R 3k ) T2 6 ]-3- F Bk -1,5-—
A -2H-MEE-2-F (3b): ¥ AR AR, P2 E 79%, E -
Z=51: 49. "H NMR (300 MHz, CDCl5) §: 2.06 (s, 1.53H,
CHs, E), 2.07 (1.46H, CH;_Z), 4.76 (s, 2H, CH,), 4.80 (s,
2H, CH,), 6.82 (s, 0.51H,=CH, E), 6.82 (s, 0.51H,=CH,
7), 6.91~7.03 (m, 4H, ArH), 7.15~7.20 (m, 2H, ArH),
7.31~7.35 (m, 2H, ArH); *C NMR (75 MHz, CDCl;) o:
11.3, 42.3, 53.7, 115.0, 115.1, 115.3, 115.4, 118.7, 128.8,
128.9, 130.2, 130.3, 133.6, 135.4, 142.6, 155.6, 160.2,
160.5, 163.5, 163.7, 171.1; IR (KBr) v: 3432, 3060, 2938,

2693
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1721, 1650, 1601, 1434, 1409, 1350, 1214, 1152, 1087,
960, 857, 841, 763, 670, 588 cm '; HRMS (TOF ES")
caled for CjoH,7F,N,0 327.1303, found 327.1304.

1-(4- R HE)-5-[(4- F T35 WA 3 )-3-F KL -1,5-
A -2H-ME I -2- (3e): B ELHPRIBAR, F2E 77%, E -
Z=55 : 45. "H NMR (500 MHz, CDCl) &: 2.06 (s, 1.46H,
CH;, Z), 2.06 (s, 1.62H, CHs, E), 4.75 (s, 2H, CH,), 4.79
(s, 2H, CH,), 6.80 (s, 0.45H, =CH, Z), 6.81 (s, 0.54H, =
CH, E), 7.12~7.22 (m, 2H, ArH), 7.24~7.29 (m, 6H,
ArH); °C NMR (125 MHz, CDCl;) 6: 11.3, 41.4, 53.6,
118.8, 128.5, 128.6, 128.6, 129.9, 132.7, 133.1, 133.2,
138.2, 142.6, 155.7, 170.1; IR (KBr) v: 3422, 2920, 1716,
1656, 1595, 1488, 1434, 1403, 1345, 1332, 1290, 1149,
1109, 1088, 1015, 960, 851, 833, 807, 800, 756, 646, 581
em~'; HRMS (TOF ES ") caled for CjoH;7CLN,0,
359.0712, found 359.0710.

3- B 1-[4-( =30 T 2R ) 9 R ]-5-[(4- = 36 P 2 0k )
TR HE]-1,5- & -2H-ME % -2-FA3d): 3Ok, 7™
# 71%, E © Z=56 : 44. "H NMR (500 MHz, CDCl;) 6:
2.09 (s, 1.63H, CHj, E), 2.09 (s, 1.37H, CH;, E), 4.84 (s,
2H, CH,), 4.90 (s, 2H, CH,), 6.84 (s, 0.55H, =CH, E),
6.84 (s, 0.44H, =CH, Z), 7.29~7.30 (m, 2H, ArH),
7.44~7.45 (m, 2H, ArH), 7.53~7.56 (m, 4H, ArH); "°C
NMR (125 MHz, CDCl3) d: 10.3, 40.7, 52.8, 117.8, 124.4,
124.4, 124.4, 126.5, 127.5, 140.6, 141.8, 142.6, 154.8,
169.9; IR (KBr) v: 3441, 2922, 1720, 1664, 1620, 1418,
1332, 1158, 1111, 1068, 1017, 970, 848, 821, 750, 723,
679 cm '; HRMS (TOF ES™) caled for CyH;7N,O
427.124, found 427.1238.

3-F - 1-(4- F L0 )-5-[(4- F L 3 W 3 -1,5-
TS -2H-ME -2 (3e): PRI, FEE 69%, E -
Z=51: 49. "H NMR (300 MHz, CDCl5) &: 2.03 (s, 1.52H,
CH;, E), 2.04 (s, 1.49H, CHs, Z), 2.30 (s, 3H, CH3), 2.33
(s, 3H, CHs), 4.77~4.80 (m, 4H, CH,), 6.80 (s, 0.51H, =
CH, E), 6.80 (s, 0.49H, =CH, Z), 7.06~7.12 (m, 6H,
ArH), 7.24~7.28 (m, 2H, ArH); °C NMR (75 MHz,
CDCLy) &: 11.3, 21.2, 41.7, 54.2, 118.7, 127.3, 128.5,
129.0, 129.1, 134.9, 136.5, 136.8, 142.3, 155.7, 171.2; IR
(KBr) v: 3431, 2922, 1716, 1657, 1515, 1432, 1402, 1347,
1306, 1263, 1151, 1115, 1040, 959, 846, 801, 862, 626
ecm'; HRMS (TOF ES™) caled for CHpN,O 319.1805,
found 319.18.

1-(4- VA8 65 35 )-5-[ (4- H 480 2 5 32 ) WP 2 9k 1-3-
F-1,5- A 2H-MEVE -2- T (36): B R Ak, R
77%, E : Z=51: 49. "H NMR (300 MHz, CDCL;) é: 2.02

2694 http://sioc-journal.cn/
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(s, 1.5H, CHs, E), 2.02 (s, 1.46H, CHs, Z), 3.73 (s, 3H,
CH3), 3.77 (s, 3H, CH3), 4.73~4.76 (m, 4H, CH,), 6.76~
6.80 (m, 2H, ArH), 6.79 (s, IH,=CH), 6.83~6.86 (m, 2H,
ArH), 7.13~7.16 (m, 2H, ArH), 7.29~7.32 (m, 2H, ArH);
C NMR (75 MHz, CDCl;) 6: 11.3, 41.4, 53.8, 55.2, 55.3,
113.7, 113.9, 118.8, 128.5, 130.0, 130.1, 131.9, 142.2,
155.6, 158.8, 171.2; IR (KBr) v: 3433, 2999, 2934, 2835,
1717, 1657, 1612, 1512, 1462, 1432, 1402, 1347, 1301,
1248, 1176, 1150, 1033, 961, 818, 807, 765, 623, 589, 540
cm” !, HRMS (TOF ES+) calcd for C;9H»3N,05 351.1703,
found 351.17.

1-(2,4- A EHL)-5-[(2,4- 9 HL) 0 42 JE)-3- F -
1,5- A& -2H-ME % -2-Fi(3g): B ELHPIRBUAA, 7=% 88%,
E :7Z=52:48. "H NMR (300 MHz, CDCl;) d: 2.09 (s,
1.47H, CH3, Z), 2.09 (s, 1.56H, CHs, E), 4.75 (s, 2H, CH,),
4.86 (s, 2H, CH,), 6.73~6.84 (m, 4H, ArH), 6.89 (s,
0.52H, =CH, E), 6.89 (s, 0.48H, =CH, E), 7.16~7.21
(m, 2H, ArH); *C NMR (75 MHz, CDCly) §: 11.3, 35.3 (d,
J=4.5 Hz), 47.3, 103.5 (t, J=25.5 Hz), 103.7 (t, J=25.5
Hz), 111.0 (d, J=18.0 Hz), 111.1 (d, J=21.0 Hz), 119.0,
120.5 (d, J=18.0 Hz), 120.5 (d, J=11.3 Hz), 122.6 (d, J=
18.0 Hz), 130.1 (t, J=9.0 Hz), 130.8 (t, J=8.0 Hz), 142.6,
155.9, 159.9 (dd, J=223.5, 22.5 Hz), 160.5 (dd, J=248.3,
22.5 Hz), 160.5, 160.8 (dd, J=259.5, 25.5 Hz), 170.9; IR
(KBr) v: 3424, 3090, 2952, 2885, 1722, 1664, 1616, 1505,
1437, 1405, 1387, 1353, 1277, 1168, 1140, 1107, 995, 973,
963, 859, 851, 818, 787 cm” '; HRMS (TOF ES™) calcd for
C1oH,sF4sN,O 363.1115, found 363.1114.

1-(3,4- - JRU R IE)-5-[(3,4- - F L) P A1 Fk -3 T 2
1,5- S -2H-ME%-2-FF(3h): B EHARBA, 725K 84%,
E:Z=53:47. '"H NMR (300 MHz, CDCl;) 6: 2.08 (s,
1.52H, CHs, E), 2.08 (s, 1.49H, CHs, Z), 4.74 (s, 2H, CH,),
477 (s, 2H, CH,), 6.82 (s, 0.51H, =CH, E), 6.82 (s,
0.46H, =CH, Z), 6.96~7.20 (m, 6H, ArH); °C NMR (75
MHz, CDCly) 6: 11.3, 41.1, 53.2, 116.2 (d, J=17.3 Hz),
117.0, 117.2 (d, J=20.3 Hz), 117.4 (d, J=27.0 Hz), 118.8,
123.0, 124.5, 134.5, 136.6, 142.9, 148.6, 155.7, 170.9; IR
(KBr) v: 3381, 3069, 2925, 1725, 1662, 1610, 1519, 1437,
1352, 1284, 1209, 1137, 1116, 972, 841, 779, 762, 575 cm
“I. HRMS (TOF ES") calcd for CoHsFsN,O 363.1115,
found, 363.1115.

3- - 1-(1-ZF 3 2 58)-5-[(1-F 3 2. ) WA L -1,5-
A -2H-ME -2 (3i): B PRI, FEER 68%, E -
Z=100 : 0. '"H NMR (300 MHz, CDCl;) 8: 1.59 (d, J=6.6
Hz, 3H, CH;), 2.04 (d, J=7.2 Hz, 3H, CH;), 2.09 (s, 3H,

Chin. J. Org. Chem. 2017, 37, 2690~2696
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CH;), 4.95~5.01 (m, 1H, CH), 5.82~5.89 (m, 1H, CH),
6.87 (s, 1H, =CH), 7.32~7.50 (m, 8H, ArH), 7.53~7.61
(m, 2H, ArH); *C NMR (75 MHz, CDCl;) J: 11.3, 17.9,
26.7, 49.6, 59.7, 118.6, 126.3, 126.9, 127.1, 127.6, 128.2,
128.6, 141.9, 142.1, 146.0, 153.8, 171.2; IR (KBr) v: 3424,
2932, 1718, 1656, 1602, 1509, 1437, 1407, 1364, 1221,
1157, 1097, 825, 538 cm™'; HRMS (TOF ES™) calced for
C,Hy3N,0 319.1805, found 319.1803.

3-HEE-1-OR 2 FE-5-COR O BRI 3)-1,5- &2 HA-1E
ng-2-H(3)): B EOMCRIEAE, 7% 89%, E 1 Z=54 . 46.
'H NMR (300 MHz, CDCl;) J: 1.89 (s, 1.56H, CH;, E),
1.90 (s, 1.45H, CHj, Z), 2.81~2.91 (m, 4H, CH,), 3.75~
3.82 (m, 4H, CH,), 6.42 (s, 0.54H, =CH, E), 6.42 (s,
0.46H, =CH, Z), 7.13~7.18 (m, 6H, ArH), 7.21~7.23
(m, 4H, ArH); >C NMR (75 MHz, CDCl;) J: 11.1, 34.7,
38.0, 39.8, 52.6, 118.4, 126.3, 128.3, 128.4, 128.4, 129.0,
129.1, 139.0, 139.7, 141.4, 155.4, 171.2; IR (KBr) v: 3434,
3061, 3026, 2930, 2862, 1720, 1657, 1603, 1496, 1453,
1407, 1364, 1146, 1081, 1030, 984, 841, 750, 700, 559
cm '; HRMS (TOF ES™) caled for CyHyN,O 319.1805,
found 319.1803.

1-(2-90 K £ 55)-5-[ (2- 9K £ 55) W2 KL ]-3- A k- 1,5-
T 2H-MERE-2-BH(3K): B IHRIRIBAER, PR 90%, EIZ
=52 ! 48. "H NMR (400 MHz, CDCl3) 0: 1.94 (s, 1.65H,
CH;, E), 1.95 (s, 1.64H, CH;, Z), 2.81~2.85 (m, 2H,
CH,), 2.88~2.91 (m, 2H, CH,), 3.76~3.81 (m, 4H, CH,),
6.48 (s, 0.48H, =CH, Z), 6.48 (s, 0.51H, =CH, E),
6.92~6.97 (m, 4H, ArH), 7.11~7.15 (m, 4H, ArH); "*C
NMR (100 MHz, CDCl;) d: 11.0, 33.8, 37.1, 39.7, 52.5,
115.1 (d, J=20.9 Hz), 115.1 (d, J=21.1 Hz), 118.2, 130.3,
130.3, 134.9, (d, J=81.3 Hz), 135.0 (d, J=81.2 Hz),
141.6, 155.3, 161.5 (d, J=242.8 Hz), 161.6 (d, J=242.5
Hz), 171.2; IR (KBr) v: 3441, 2936, 2870, 1729, 1657,
1602, 1552, 1510, 1438, 1405, 1384, 1223, 1212, 1144,
1110, 1034, 982, 831, 770, 759, 578 cm'; HRMS (TOF
ES ™) caled for Cy H, F,N,O 355.1616, found 355.1619.

1-(4-30K £.58)-5-[(4-30K £ 58 W K ]-3- F 21,5
T 2H-ME - 2-FRE3Y): B AIRIBUE, FEF 86%, E
Z=52 : 48. "H NMR (300 MHz, CDCl3) &: 1.93 (s, 1.42H,
CHs, Z), 1.94 (s, 1.67H, CH;, E), 2.90~2.94 (m, 4H,
CH,), 3.75~3.80 (m, 2H, CH,), 3.83~3.88 (m, 2H, CH,),
6.53 (s, 0.48H, =CH, Z), 6.54 (s, 0.51H, =CH, E),
6.96~7.09 (m, 4H, ArH), 7.11~7.21 (m, 4H, ArH); *C
NMR (75 MHz, CDCly) o: 11.1, 28.0, 31.5, 38.3, 50.9,
115.1 (d, J=29.0 Hz), 115.2 (d, J=29.0 Hz), 118.3, 123.9
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(d, J=3.0 Hz), 124.0 (d, J=3.8 Hz), 125.9 (d, J=16.5
Hz), 126.5 (d, J=15.8 Hz), 128.1, 128.2, 131.1 (d, J=4.5
Hz), 131.6 (d, J=4.5 Hz), 141.5, 155.5, 161.3 (d, J=243.0
Hz), 161.5 (d, J=244.5 Hz), 171.1; IR (KBr) v: 3428,
3063, 2935, 2867, 1722, 1658, 1585, 1493, 1438, 1407,
1366, 1229, 1180, 1148, 1105, 1038, 985, 844, 756, 560
cm”'; HRMS (TOF ES*) caled for Cy Hy, F>N,O 355.1616,
found 355.1615.

45 Bh#1 Kl (Supporting Information) 1L &4/ 'TH NMR
FIPC NMR B P S R RT LA G 2 A A T ) 3l
(http://sioc-journal.cn/) I N #k.
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