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Abstract : Through column chromatography and semi-preparative high performance liquid chromatography ( HPLC) ,10 com-
pounds were isolated from the whole plants of Piper yunnanense. These compounds including four new amides, namely pipe-
runnamides A-D (1-4) ,along with three known dipeptides, pipermullamides C-E(5-7) ,and three known amides, (E)-N-(3,
4 ,5-trimethoxycinnamoyl) pyrrolidine(8) , ( E) -N-(5-methoxy-3, 4-methylenedioxycinnamoyl ) pyrrolidine (9) , and ( Z)-N-
(3,4,5-trimethoxycinnamoyl ) pyrrolidine (10 ) . Their structures were elucidated by MS and NMR spectra. The cytotoxic activ-
ity against five tumor cell lines of these new compounds was evaluated by an MTS assay. The result showed that piperun-
namide A (1) exhibited growth inhibitory activity against human leukemia HL-60 (IC5, =10.99 uM) cell line,human liver
cancer SMMC-7721 (ICs, =17.10 uM) cell line,human lung cancer A-549 cell line (IC5, =7.93 wM) ,human breast canc-
er MCF-7 cell line (IC5, =16.63 uM) ,and human colon cancer SW480 cell line (IC5, =9.16 uM).
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WG ORE 3 7 O RRFS B R, T TR P IRAT #0542
TN K 27 IR, SRR o (A, B4
1E, i o AHGE 2245 A Y Ak 22 i or o FRATTA R
BT YA R T A2 A A, R 4 A
B BERE 185 B 6 ARG (B 1) A SCH B
X 4 ASHA G VIS5 A8 AT B A RE TG P i 2
o
T

et JASCO P-1020 Jig34Y (Jasco Corp. , To-
kyo, Japan) il % ; 42 4P i (UV) fy Shimadzu UV-
2401 PC % #p 43 5% 5% B A ( Shimadzu , Kyoto , Japan )
M ; ECD %My Chirascan [ — &1 ( Applied Pho-
tophysics Ltd. , Leatherhead, UK ) |l &5 21 4} )¢ i
(IR) B Bruker Tensor 27 FTIR 4T 4} 6% 4Y ( Bruker
Corp. , Ettlingen , Germany ) #ll 52 ( KBr J& ) ;'H Fi"
C NMR i Bruker DRX-500 #% fif 247 4% ( Bruker
Bio-Spin GmbH , Rheinstetten , Germany ) Jlll & ( TMS >}y
NAR) 5 LI 25 L B 5% (ESI-MS) i APT Qstar Pul-
sarl Jii i ¥ ( Applied Biosystems/MDS Sciex, Foster
City,CA , USA ) I % ; 5 43 ¥ i 35 5 B3 ( HR-EI-
MS) i Waters AutoSpec Premier p776 = J B XU Z £
g %Y ( Waters , Millford , MA , USA) 1l %2 ; 41 ZE 4T
FHAP R0 45 1E AH A B G (100 ~ 200 H 300 ~ 400
H ) BB (10 ~ 40 um) FBERE Goys (7 85165 7
T, AREEE RP-C g (40 ~75 pm, H A Fuji
Silysia {62723 7] ) , D101 RALW R (75 By EvEAL
T.J7), YA K BE K Sephadax LH-20 ( GE Healthcare
Bio-Sciences AB) . fb&4y2E 145 K Agilent 1200
RIS OO €035 (HPLC) 4, BiL 45 (035 +E y Agilent
Zorbax SB-Cjy (9. 4 x 250 mm, 5 pm) Fll Waters
XBridge prep C; (10 x250 mm,5 um) ., L&Y B0
FIH 5% H,S0,- 2 BT

AT 2012 4 6 R H o~ B A U RURN
ML TR &, A SCVE 3 e B RS A% 3R 552
IS0 Y58 SR Piper yunnanense Tseng , hrAs (2012083 )
PRAE T b E L= Bt B WIAE B E  E IRAE ) 5 A= )
2 XWHE
2.1 REEHE

W2l TR kR (5.7 ke) TS B I, FH H s
IR TRRE 4 W, BIR T Ko IR IRDSGAE RS, 15
HLIEY) (410 g) o FAK 2 R B AR A
ik AR A2 UG 15 2 A T RS 43 (0.7 g) PG f5

53 (18.0 g) o i 3ok v 2 A 35 A6 IS & I, K AR IS A
R P T R AL B P S €5 ) IO, IR, S AR 3
FH D101 R AL W BB i 147 (0,33 28, ZK U I3t 74
IrFEF%,90% LT MG ER 43 vk A S AR T Uk B AL
(24.1 g) o R Mo 58 34 45 ) LA ke i A J22 A ) B
(S 5-HEE, 5 1121, V/V) 453 5 A&y
(A~E),

AER53(9. 1 g) & RP-18 AR AL AT ZHr (1
mE-7K ,5:95—90: 10) Vi , B 50% F B8 i i 73 22
Sephadex 1.X-20 g ( FH ) A 24T, 1521 4 4~
Rl (AL ~ Ad) o Al ZRIERIREBAEJZ BT (friliE-2
M2 .18 ,3: 1) i, H2E 4 HPLC ( Agilent Zorbax SB-
CigHE, Wi v =2 mL/min; 4Jf§-7K,39: 61) 4lifl, 15
FMEAEY) 1 (1, =29. 427 min, 3.2 mg) fl 2 (¢, =
43.065 min,3. 4 mg) . A2 ZIEAHAE R AEZ AT (R
Y5-I, 35 1F 1 1) J5, 2l 4 HPLC (Agilent
Zorbax SB-C (4, i3 v =2 mL/min; Z fi§-7K ,43:
575t =22.570 min) 4lifk, 51L& 3(8.3 mg),
A3 ZIEARERENT (A5 -CR TR, S5 1A 3: 1) Fl
Sephadex LX-20 %A1 2 M ( HEE) 5, HI 2 il 4%
HPLC (Agilent Zorbax SB-C4#¥, i v =2 mL/min;
LNE-7K ,43: 57 51 = 16. 570 min) 4lifl, 153 FL5W)
4(3.7 mg) , A4 ZIEAHRERE (S D5-L MR OB, 5 1A
3:1) Ja, 2l % HPLC ( Agilent Zorbax SB-C  #,
Ui v =2 ml/min; PEE-/K,55:45) 7385, 13 24L&
Y 10(t; =14.341 min,3.7 mg) 8(t; =20.896 min,
3.4 mg)F19(t, =28.876 min,4.2 mg) ,

D #5r(2. 4 g) 28 RP-18 S AHAE A 2 A (
fiE-7K ,5:95—-90: 10) J5 , Bt 50% sy JI 75 o, it
17 Sephadex LX-20 B et ( H B ) A1 IE AR Ak e A (51
P5-H, 50 1) B, fim Zad 2F il 45 HPLC [ Waters
XBridge prep C,o#, i v =2 mL/min; H -7k (&
0.05% —JFRMML) ,65: 35 ] /3 B, 1AL 54 5 (1 =
15.535 min,10.0 mg) 7 (¢ =19.828 min,12.2 mg)
H6(t; =25.963 min,6.1 mg) ,
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R FEIE PRV SR MTS 3, AR 40 SCHk rh B2 1L
(R R A TR A R PR . MITS S MTT
KW, 4 Fk K 3-(4, 5-dimethylthiazol-2-yl ) -5 ( 3-
carboxymethoxyphenyl ) - 2-(4-sulfopheny ) -2 H-tetrazo-
lium 375 41 i S A rh 3R 3R S Tl R 08 114438 I
MTS , AR Jg T 1 1 HE (formazan) fL-& 4, 246 &
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W S 1 (Reed and Muench 32) &L & ¥ 3 #£BRE5TS

1CsfB o MUBFFNEAZ RS g B XS R 3.1 HHMEE
x1 AW PR IRSIEFBRIELSE (500 MHz #0125 MHz,CDCL, ,8 in ppm,J in Hz, FE)

Table 1 'H and C NMR data of 1 in CDCI, (500 MHz and 125 MHz,CDCI, ,8 in ppm,J in Hz,The same below)
Position Sy S¢ Position S Sc
1 136.3 1" 135.2
2 6.66,1H,s 105.2 2 6.65,1H,d(1.3) 102. 4
3 153.1 3" 148.8
4 137.0 4" 134.2
5 153.1 5" 143.4
6 6.66,1H,s 105.2 6" 6.62,1H,d(1.3) 107.5
7 4.63,1H,dd(10.7,7.5) 41.8 7" 4.59,1H,dd(10.7,6.6) 41.6
8 3.66,1H,dd(10.7,7.5) 49.2 8" 3.58,1H,dd(10.7.6.6) 49.4
9 169.3 9" 169.4
, 3.14,1H,m ' 3.22,1H,m
! 2.95,1H,m 4.9 ! 3.06,1H,m 4.8
, 1.68,1H,m . 1.73,1H,m ,
2 1.33,1H,m 259 2 1.45,1H,m 25.83
1.61,1H,m 1.63,1H,m
3 1.47,1H,m 2.2 3 1.47,1H,m 241
, 3.33,1H,m o 3.33,1H,m
4 3.09,1H,m 4.7 4 3.07,1H,m 4.7
3,5-OMe 3.87,6H,s 56.4 5""-OMe 3.91,3H,s 56.8
4-OMe 3.80,3H,s 61.0 -OCH, O- 5.94,1H,d(1.3) 101.5

5.93,1H,d(1.3)

o
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Fig. 1 Chemical structures of compounds 1-10 from P. yunnanense
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AW 1 1 5 1 B E (HR-EI-MS) R i
[M] " I§ m/z 566. 262 6 ( caled for C, Hy N,O,,
566.262 8) HEWTH 712U R Cy HigN, Oy , AR FE
14,"H NMR (£ 1) P @R A 4 SBR[ 8,3.91
(3H,s) ,3.87(6H,s) f13.80(3H,s) ],1 N H —
AH[6,5.94(1H,d,J = 1.3 Hz) f15.93(1H,d,J
= 1.3 Hz) |, LA KPS PO HRAR R 3R [ 5,,6. 66 (2H,
$).6.65(d,J = 1.3 Hz) f16.62(d,J = 1.3 Hz) ]
15" C NMR 3% (% 1) Won iz &7 2 4~
P e I (5,169 4 1 169.3) ,4 ASHI4E KL 1 47 H
TSR PIASORES A DU S B, DL K4 IR
FEL(5.49.4 49.2 41.8 Fi141.6),

W AT DA BERAE ARG 1 ) NMR
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pyrrolidine ,8 1" 1 ( E) -N-(5-H 4 3£-3 ,4-F 1 — 4
FEIN AL BE L) DU A Ak [ (E)-N-( S-methoxy-3, 4-
methylenedioxycinnamoyl ) pyrrolidine, 9 1'7' ) NMR
ARSI N S L ARATRE I G 8 5
9 E[2 +2 ] A G . NEGY 1 1)
EI-MS 3% 4 785 106 (&1 2) #ED , %4k & W 02 Sk 4
RRL2 +2 ™), HAF st COSY
HMBC A5G (&l 3) #5324k, 7E HMBC &b, H-2
1 H-6 3 C-7, DL J H-T 3 C2 Fil C-6 A7 HHC, UiAH
3,4,5- = WAL A C-7 b H2" A1 H-6" L
C-7"", VA S H-T""# C2""HI C-6"" A A&, i BH 5-H
SASE-3 4 P SRR C-7" b PRI T
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Fig. 2 EI-MS fragments of compounds 1-4
RS T AN FEJE . Note: Relative intensities in brackets.

B3 &1 ~4KER 2D NMR 18K
Fig. 3 2D NMR correlations of compounds 1-4



236

KIRF=YIB R 5T K

Vol. 32

A5 ROESY #15¢ (1&] 3) kAW fb &4 1 A9
R RS, H-7 5 H-8" B H-2""Fl H-6"" 43 #H %, & W]
O L B 6 T 1A — s T H-8 5 H-7" R
H-2 1 H-6 A 415, 22 WX 26 U507 TF- 1 A9 53
R2 HAW2 W4 PRSI BIE

il BERE, (LA L AR A A 4
45 T8k A (piperinamide A) . 1T % k4 4919
“EIE(CD) B S M. R
TR BB A W

Table 2 'H and “C NMR data of 2 and 4
2 4
Position
On d¢ On dc
11" 135.1 134.6
2,2" 6.63,2H,d(1.4) 102.4 6.22,2H,d(1.0) 102.0
3,3" 148.8 148.8
4.,4" 134.2 133.7
5,5" 143.4 143.3
6.6 6.60,2H,d(1.4) 107.5 6.10,2H,d(1.0) 108. 1
7,7" 4.57,2H,dd(10.4,7.0) 41.6 4.29 2H,m 45.5
8,8" 3.61,2H,dd(10.4,7.0) 49.3 3.69,2H,m 43.9
9,9" 169.3 170.4
, 3.19 2H,m
1,1 3.03.2H.m 45.9 3.27,4H,m 46.6
S a 1.73,2H,m
22 L4 2t 25.9 1.88 ,4H,m 26.4
i 1.62,2H,m
3.3 1.53 2H.m 24.2 1.83,4H,m 24.3
o 3.33,2H,m
4" .4 3.10 2H.m 45.7 3.50,4H,t(7.0) 46.3
5,5""-OMe 3.90,6H,s 56.8 3.73,6H,s 56.7
5.93 2H,d(1.4)
-OCH, O- U E .
s S 02 21 (1 4) 101.5 5.87 .4H br s 101.4
G 2 W53 B EL TS os [ M ] 7 i m/z (1) A3, R, =M HAR XA AL 1Y —

550.231 0 caled for CyHyyN,04,550. 231 5) , # b
Hor 530 CooHyy N, Og , AMEHE 15, 73520k
&, %A YRZA 30 48k, (HH" C NMR §% (%
) HEEE R 15 MES (1 DRI, 1T AHEE, L
ANE Y AR 1 RS 1 A TS 3, DL R 2 A
R ) HEW HBA o3 N X RREE . R
AP NMR s (% 2) iR &9 1 X ks
YI(E)-N-(5-F & JE-3 ,4- 1 — 4803k Rk 26 ) 1
ML (9) B NMR B #1708 b, If45 4 EI-MS 24
R R AT (B 2) 4L 5 2 23 (E) -
N-(5-HVAHE-3 407 T 48005 PR R I i ) DU &= i g
Sk XFRE[2 + 2 IR G B 7= 8. AW 2 1Y
H-7 il H-7" (8, 4.57,2H,dd,J = 10.4,7.0 Hz),
UK H-8 Fl H-8'" (8, 3.61,2H,dd,J = 10.4,7.0
Hz) WA 2700 3% Sl G B 13X LA~ & $s

B, LAY 2 44 A3 TR B (piperunnamide
B).

A 3 S P EL g s [ M] 70 m/z
566.262 8 (caled for Cy Hy N,0y,566. 262 8) , #f: ¥
Hop 700 Gy Hyg N, O, AN EE 14, Hoop 7R
VTR A1) 24 —HE, B JEEH RS SR,
PRI T A —FE LA 3 97 C NMR % (3% 3)
Wi ™z B Y AFAE 2 A BRI (5,170, 5 F
170.4) 4 A H S, T AT H 242, A4S 1Ak
LA K 4 A E Sk W3 (8.45.7.45.7.43.9 FiI
43.8) . 4GB 3 1) EI-MS 5% b 5 i (&
2) M ZAC A R A 8 A9 kXS [2 +2]
Jngr=4 . HMBC AHCH (& 3) , /T LLE 2| H-2 i
H-6 #} C-7,LA K& H-7 2 C2 F1 C-6 WYAHIC, B 3,
4,5- = WA BB ILIEREAC-T(7 ; H-2" " FIH-6"" R
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Table 3 'H and "C NMR data of 3

Position &y 8¢ No. o d¢
1 135.4 1" 134.5
2 6.16,1H,s 105.6 2" 6.25,1H,d(1.1) 102.0
3 152.8 3" 148.8
4 136.7 4" 133.7
5 152.8 5" 143.3
6 6.16,1H,s 105.6 6" 6.06,1H,d(1.1) 108. 4
7 4.34 1H,m 45.7 70 4.25,1H.m 45.7
8 3.72,1H,m 43.8 8" 3.72,1H,m 43.9
9 170.4 9" 170.5
1 3.31 2H.m 46.6 1 3.28 2H,m 46.6
2’ 1.87,2H,m 26.9 2" 1.87,2H,m 26.9
3’ 1.83,2H,m 24.3 3" 1.83,2H,m 24.2
4 3.50 2H.m 46.3 4 3.50 2H,m 46.3

3.5-OMe 3.68,6H,s 56.3 57-OMe 3.69,3H,s 56.8

4-0Me 3.74 3H,s 61.0 -OCH, 0- 5.86,1H,d(1.4) 101.4

5.85,1H,d(1.4)

C-7"", LA H-T'" B C2""Fn C-6"" By AH G, 1B 5-H
SEHE-3 4- AR C7 B 2D IE T
G 3 ZRXT kM2 + 2 1Ima™ ¥ .

R4 ROESY AH2C (&l 3) Al Wik 54 3 (1 AH
Xt#g#L, H-2 \H-6 H-8 1 H-8"" i} H-2"" il H-6"" 4 #
K, W3k 2 S i 67 T F T A — 5 i H-7 5
H-7"" B H,-1"F Hy -1 A A G, 26 BH i3k 26 S5 17
TP S —0, XFE G 3 B AR Y A7 LA
WE , B 623 T C(piperunnamide C)

G 4 153 EL BT os [ M ] 7 i m/z
550.229 8 (caled for Cy,H,, N,04,550. 231 5) , W
HAFRA Cy Hu N0, AR 15, 2041 2
A > AR . T2 ORE 2L S W RLZAT 30
ANk, HILEC NMR 35 (% 2) th HEER £ 15 ME 5
(1R, 1A HAECEE 1 AN AR 1 A
1 AP RE BE, DA K 2 A s 3k FER ) il H R
AT TN FREE . Kz A& P NMR 88 (%
2) RGN 3 FALG Y9 B NMR Bg 175t L, 45
& EI-MS 24t v o0 Fr (B 2) 4D &9 4 &M
937 (E)-N-(5-FU AR 5E-3,4-0 T A 2R R IR 8 )
VUL A Sk XT3k [2 + 2 DS A i = 9. 1
W4 89 HT 1 HT7'' (84 4.29,2H,m) ,C-7 F1 C-
7" (8.45.5),H-8 1 H-8"' (8, 3.69,2H,m) , LI}

C-8 1 C-8""(5.43.9) WAk =i I 3 X JLA7
SRR PR ERCHE (3R 3) FEAR— 0, PR 40 AR X )
R 3 1 —2, BG4 fivds 3k T IERE D (pip-
erunnamide D)

3 3 SR SCHR b B Ak G o e R, E N4k
AW ) X5 Sl 48 Bk % C ( pipermullamide C,
5)'8 mS e D ( pipermullamide D,6) ™ 45 3% ik
Jli E ( pipermullamide E, 7)™ (E)-N-(3,4,5-=H
AL DA EEmE L) PO A kg [ (E)-N-(3,4, 5-trime-
thoxycinnamoyl ) pyrrolidine , 8 | L (E)-N-(5-H 48 3
3,4-0F HY A R T A ) IO S g [ (E) -N-(5-
methoxy-3, 4-methylenedioxycinnamoyl ) pyrrolidine,
917 LI (Z)-N-(3,4,5-= g LR EERE L) 10
SN[ (Z)-N-(3,4,5-trimethoxycinnamoyl ) pyrroli-
dine, 101",

3.2 UEMHYEEE

T WERE A ( piperunnamide A, 1) [ {44 K
(CHCL) ;UV(CH,0H) A, (loge)275(2.81),240
(3.39),207(4.08) nm;IR(KBr)p, 1 631,1 4521
383,1 049 cm™ ;'H NMR #1"”°C NMR %48 W3 1, EI-
M:m/z (rel. int. ) 566 [ M ]* (38),468 (19),291
(100),275(17),221(67),205(47) ; ESI-MS: m/z
589 [M + Na]*;HR-EI-MS m/z:566.262 6 [M]"*
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(caled for C5;HigN,0,,566.262 8) ,,

T B % B ( piperunnamide B,2) [ {48 K
(CHCI,) ; UV (CH,0H) A, (loge)276 (3. 68) ,245
(4.17) ,210(4. 87 ) nm; IR (KBr)», 1 632,1 511,1
448 .1 439,1 383,1 197,1 133,1 093,1 045 cm™ ;'H
NMR F1"°C NMR %4z W5 2; EI-MS: m/z ( rel. int. )
550 [M]*(68),305(100) ,275(91) ,206(80) ; ESI-
MS:m/z 573 [M + Na]*, HR-EI-MS:m/z 550. 231
9 [M] " (caled for C;0H,,N,0,,550.231 5)

Hj ¥ W e C ( piperunnamide C,3) [ {48 K
(CHCI,) ; UV (CH,0H) A, (loge)274(3.37),240
(4.08) ,206(4.88) nm;IR(KBr)y, 1 632,1 511,1
451,1 126,1 094,1 045 cm™ ;'H NMR F1"”°C NMR %k
P 0,32 3, EI-MS :m/z(rel. int. )566 [M]*(15),344
(6),291(100) ,275(16) ,222(62) ; ESI-MS :m/z 589
[M + Na]®, HR-EI-MS: m/z 566.262 8 [M]*
(caled for C5;HigN,0,,566.262 8) ,,

1 BE % D ( piperunnamide D, 4) [ {68 K
(CHCI,) ; UV (CH,0H) A, (loge)280(3.49) ,244
(4.03) ,208(4.84) nm;IR(KBr)y, 1 631,1 512,1
451,1384,1 199,1 131,1 092,1 046 cm™ ;'H NMR
FZC NMR %48 2 25 EI-MS: m/z (rel. int. ) 550
[M]*(10),328(10),275(88),223(8),206(100) ;

ESI-MS:m/z 573 [M + Na]*,HR-EI-MS:m/z 550.
229 8 [M]* (caled for C, H,,N,0,,550.231 5) , 4k
G 1 ~ 4 TR0 S5 55 0 Bl A R AT A A 1)
B W3k N 2 (www. trew. ac. cn) o
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ML T 4 DSFA AP 5 iz 4 Mk 4 R 4k
YHMOEETE M, S5 R ILER 4 SR A (1) XA I
S HL-60 40 fif1 (ICy, = 10. 99 puM) | A fT4& SMMC-
7721 ZHHE(1C,, =17.10 pM) A JilidE A-549 4 i bk
(1C =7.93 uM) FLI MCF-7 4ijits (1C,, = 16. 63
M) F12 iz des SWA480 4 (1Cs, =9. 16 uM) Fy4E K
AIHEM . HAa 3 MMEA WA T (1C, > 40
M) .

FEMCHT AR FRATE R, SR i
PR 7, ISRy 2t rh B 3,4 ,5- = 4
FORBE R B iz Ak & YT BE 2 SR AT Y 4 i
T, L AN EEAR B ( piperlongumine ) ' F AT
A A T — S A SRR A R B e
e M3 &4 3,4,5-=HAERERR B LS
Y2 F 4 AT X PR B, A 1 B AR
EHE, A7 A B 3 ¢ & (structure-activity relation-
ship) A0 s £b A& 9 3 WA T M, W] R i T
TRRE ALY 25 38 1A o
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Table 4  The growth-inhibitory activity of compounds 1-4 from P. yunnanense against five tumor cell lines

BN L 1C50 (M)

&Y

Compound HL-60 SMMC-7721 A-549 MCF-7 SW480

1 10.99 17.10 7.93 16.63 9.16

2 >40 >40 >40 >40 >40

3 >40 >40 >40 >40 >40

4 >40 >40 >40 >40 >40

i) Cisplatin 1.93 11.83 12.40 18.34 18.10
SRR Paclitaxel <0.008 <0.008 <0.008 <0.008 <0.008

TE BRI TR 3 U TCs (R AR 3 Y0 15410 i < (0 P S (55 h R A 5 IDUAAI I 22 A2 5 g BP0 B

Note : All experiments were repeated three times;ICy, values were calculated from the mean inhibition value at each concentration ; Cisplatin and paclitaxel

are positive control.
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PR AFLIEE MCF-7 401 A S5 968 SW480 il i i)
ARG Ry T ST AR P XA 25 A
Yy, AN HIT i BB AR AL~ 17301 58 F 2 B
TEEPEAT S
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