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AAL R SRR E R ZHERR 57 R H B A E S BR4EREE 1B HIHE 15
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(BB RZ4%0 KRR ETNE 1§ 201203)

WE  MIUEHEY KA L FAEA (Pinus dabeshanensis)Fa % (- EEAN 30 g) 90% FF BRI+ 73 2515 8 10 D ns28b &
), HAuEb&4 dabeshanensin L ()45 /2 18532 ] 1D/2D NMR S35 F B AT IR, RAME NS5 SRR 0
1k &%) isopimara-7-en-18-oic acid (4). trans-abienol (6)F1 lambertianic acid (8)X} & A R IRBEEREE 1B (PTP1B)A W& 1
PR, JE1Cs 1A 7E 14.6~37.7 pmol/L Z [f].

FEIE WY, KB TiET#e; il dabeshanensin L; PTP1B i 14

Diterpenoids from the Needles of the Endangered Plant Pinus
dabeshanensis and Their Protein Tyrosine Phosphatase 1B
Inhibitory Effects

Li, Ming Hu, Changlin Han, Han Xiong, Juan Hu, Jinfeng™
(Department of Natural Products Chemistry, School of Pharmacy, Fudan University, Shanghai 201203)

Abstract One new, dabeshanensin L (1), and nine known diterpenoids with diverse structures were isolated from the 90%
MeOH extract of the needles (30 g dried mass-limited samples) of Pinus dabeshanensis, an endangered conifer listed in the
China Plant Red Data Book (CPRDB). The new structure was established by detailed analysis of its spectroscopic data (IR,
1D/2D NMR, HRMS). Among the isolates, isopimara-7-en-18-oic acid (4), trans-abienol (6), and lambertianic acid (8) showed
significant inhibitory activities against the human protein tyrosine phosphatase 1B (PTP1B) enzyme, a key target for the treat-

ment of type-II diabetes and obesity, with ICs, values ranging from 14.6 to 37.7 umol/L.
Keywords endangered plant; Pinus dabeshanensis; diterpenoids; dabeshanensin L; PTP1B inhibition

K, Geit RN TG b IR
J 2 P R T — R A 7 38 7K, AL (Pinaceae)
SR A2 FEE YRR 2 —PL ZRAER LA 10
J& 230 F, KEF 10 J& 113 Fh 29 Fh, HpaEk
AL TLET KA (Pinus dabeshanensis Cheng et Law)fE P 1)
39 BE NGRS (R ERLE ) b0 K
AL TR R ER A W AR, 8T B X R
WY, R A AT AL AN 2 O S R L X A
VR A AT 3T R L Tt R B AR I Vi 1A R (R
180 @) 7r B 433 39 M AFIRA K —wifb &4, IR
eV AR BE N E A RPN 1B (PTPIB)
(MG EC). AT 5 R PTP1B KA/
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7, BATD D EE RN FETFARAET ) 90% FF I £ B 3t
TR A SR, RIGZHEEYHES —Em
PTPI1B % M (ICso=37.9+4.49 png/mL). i@itiz £
PRI EIE B F B, WZSRE 7 1530 1 A8
(DA 9 MARFLEFZER B —mE R &Y 2~10(E
1). A3 FEHRE X LA S P B 45 %558 DA
S PTP1B filyE MM 25 L.

1 GRS

it ia LR . Sephadex LH-20 % i Fl2f i 45 2
HPLC 5t @ aifbFB, MWL FEHHA (P dabe-
shanensis)FA%ET (2 30 g) 90% FF EEHE B+ 3L 43 B9 45
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6R"=H, R?=CH;, R®=OH
7R'=0H, RR®==CH,

Hood 5H
9R'= =0, R?=0H HOOC 8
10R'=0H,R2==0

B1 e 1~10 K45

Figure 1 Chemical structures of compounds 1~10

F 10 DRSO 1), 80 H SR DL 2
AL BE, Hd 9 ANEm LA NS E RN T-
callitrisic acid (2)!"). abieta-7,13-diene-18-oic acid (3)!" .
isopimara-7-en-18-oic acid (4)!"*'"), 8(14)-podocarpen-13-
on-18-oic acid (5", #rans-abienol (6)!'*). 3p-hydroxy-
12,13 E-biformen (7)". lambertianic acid (8)!"° "\, 16¢-
hydroxpinusolidic acid (9)!"". 15¢&hydroxpinusolidic acid
10y,

&M T ERY), AR HR-ESIMS(#E 7+
B AT A m/z 3012164 [M+H]T, HHEAE A
301.2162)HEWT & #1907 N CHx0,, FFE R PC
NMR E#s (e, %0 T NRAEY L /TR 7
ANRURIRE. 3L IR il ef, 17220 1693 M1 1633 cm '
AR s 1 SR PR E R B AU S T RE ).
Hre TH NMR 88, HEr 1 fgE g 3 AN B F 5 [0y
1.93 (s, Me-17), 1.27 (s, Me-19), 0.84 (s, Me-20)], 4 M
S [0y 6.16 (s, H-14), 5.59 (br d, J=4.0 Hz, H-12), 5.04 (br
s, H-16a), 4.92 (br s, H-16b)]. H *C NMR i 14 20 4
WAES, AIHERN 3 ANHE, 7 ANEREEE 1 AME o
111.2 P A B LR b (1057 i), 4 AR R (L 2 AN Fr
I3 RITE 6c 124.5 K1 127.0 RSV UK FHEGK), 5 AN ZEBR(E
B3 N RIE oc 135.84 136.4 1 143.2 FIRUEEZR)AN 1
MREEK (O 183.9). LA EHURER L EY 1 KX
12 Abies georgei W4y B4 B FA A e B w54 &40
7-callitrisic acid (2)"'\IgE AR AL, XAUAE LA
Y11 Me-17 BHAUEIEAR N —AN 8 500, I HAGZE AL
W] B &S sh, WUkEm1 52 Mtk —A4 4"
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At XU, T ARV . X AT AL A 11
'H-'H COSY i¥rh H(9)-Hy(11)-H(12) A e fl & 14 R 117
TEFEIFIE. 554 HMBC(H 2)i Me-17 5 C-15 I
C-16 HIHI KA K Me-20/H-14 5 C-9 [IAH I HE— 2D 1iF s
T EARXF 1 M IHERT. (b AP 1 AR R B @ i
S HTAE ORI T I & B UL & NOESY i 43 21 1 1.
H-5 Al H-9 Y% BA KIKEEE B (Juse = 13.2 Hz,
Juonp=14.8 Hz)3K B IX AN 7 48 &b T B 788 18
NOESY (I 3)i, Me-19/Me-20 A1 H-5/H-9 ] NOE #H
KR Me-19 Fl Me-20 # g #24. TR, 1b&9 1 4
%5 %€ N abieta-8(14),12,15-trien-18-oic acid.

5
COSY=— HMBC H C

B2 &1 % COSY A HMBC Ak
Figure 2 Key COSY and HMBC correlations of compound 1

NOE H H

B3 a1 mocH NOE G
Figure 3 Key NOE correlations of 1.

XFRT o AR B 10 A i R ST T
PTPIB #MNE IO, 45 RMnE 1 Fros. fEskid, DA
Fr IR R (ICso=3.3 pmol/L) VE Jy BH kXt RIS Jov
SEHFRA TR s 1k 59 isopimara-7-en-18-oic acid (4)F/1
L HAEKET WG trans-abienol (6)Y A H IXIIEEF
PTP1B & 14, 3 ICso B 735174 14.6 A1 37.7 pmol/L.
M2 HAARE —hiib &%) lambertianic acid (8)HI3G M
(IC5=22.2 pmol/L) 5 iR T M. H Atk &k
EME(ICsp>100 pmol/L). W 7t 45 B 1 B ixX L6 7% P — i
B AEIRIT AT 11 B PR BRI S B
PTPIB 41 5 o B A — 58 AT AE L B

2 SIS
21 (UE5EHF
EE e 6% 1 Rudolph Autopol VI FEJGAX I E; &4k
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F 1 PTPIB 5 vk (K i 2R
Table 1 Inhibitory effects on PTP1B enzyme

Compound ICso/(pmol * L™
4 14.60.98
6 37.7£2.68
8 22.2+0.82

Oleanolic acid 3.3+0.24

“Values are expressed as mean £ SD of three replicates.

AL A4y 3R F H L U-2900E XUt 3435l e B A3 A
Thermo Scientific Nicolet iS5 {# H 22 21 4 1A ]
E; iSRS A Bruker Avance 111 400 MHz 1% 3%
PROCM E, 2= 00 # DU RGN RS IR K7 i
HEK ] Agilent 1100 series U 3 2, #5173 F 1R
Agilent Technologies 6224 TOF LC/MS i, ¥
il £ 24 = RO AR B A Waters €2695 R 41, it &
Waters 2998 PDA &l 231 Waters 2424 ELSD &l 25,
i) %% A A 3% AN SunFire ODS column (5 pm, 250
mmX 10 mm; JR3#E: 3.0 mL/min); 1EA:EHTHRER A
4°200~300 H (M & 421 X b AL 21k 5 A5 i
FEACTLT 23 )); MR E N A(TLC) MM N GF,54/0.25
mm(fH & 2P X R T AR ), BEIR s TR
Sephadex LH-20 (GE Healthcare Bio-Sciences AB, Upp-
sala, Sweden); 7 HTaliEFIFEE. LR OB &M A
b R w2 R 2 | /AT BN e S A L L a2
ML 5 E R R A R 2 )R, AR R
Sigma-Aldrich 2E 77, 2 EAT B AN A 43 508 10%
] HoSO,4 LBHET(120 CHERE).

KL HEHN(P. dabeshanensis)Fa%rT 2012 4E 12
J A S L Bk AE ks H ORE e A R AR, 1%
MY AL 9 B R R A . AR T
5 H IR 2EAE B R AR E Z (FR A S 52 20121215).
22 EBENE

UKL FAHARAEE 30 o(T-H), e s FAERR 2
BN 90% = IIZHE 5 K, S IFRBGH G R R4,
B8 7.0 gCEPEEIRE. ZIREZL100~200 B EERFE
&, BL VORI @ MR CER)=30 1 1~0 1 1 AT
BREEVEIG, 53] 5 N (Fr.A~FrE). 414> Fr.A (160
mg) &Ml & B HPLC i — 20 73 B8, LA O1%(FRF L) i R
/7K (& 0.05% TFA, Wiik: 3 mL/min)#H T4, 15
F1b &9 4 (7.0 mg, t(r=22.5 min)F1 8 (50.0 mg, tr=12.1
min). 4143 Fr.B (78 mg)Z:¥Hl| &% HPLC #t— 43 5,
DL O91%(R B L) ) B /7K (% 0.05% TFA, Jitig: 3
mL/min) 75 B, BEMLE 1 (4.0 mg, =21.6
min)Fl 3 (3.0 mg, x=23.8 min). tb &4 6 (5.2 mg, tr=
26.6 min)fl 7 (5.8 mg, tx=231.2 min)H 214} Fr.C (70 mg)
I8 HPLC #E—0 0 5, B 87%(IARFR L) &
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{E1K(F 0.05% TFA, Jii#: mL/min)Z:Z ¥ MiE s 4
4y Fr.D (250 mg)il it &t A Sephadex LH-20 /24T (F
SR A 2 (5.6 mg)F1 10 (6.0 mg). (L&Y 5 (2.6
mg, tx=12.0 min)F1 9 (3.4 mg, =30.0 min)l HHZ14>
Fr.E (85 mg)&f#ill#% HPLC #t—25 5, LA 65%(1AF1
FEE)II /7K (55 0.05% TFA, iiE: 3 mL/min)% it
M7 B33

Abieta-8(14),12,15-trien-18-oic acid (Dabeshanensin
L, 1): EEMHIRY; [a]p®+15.0 (¢ 0.1, CHCLy); UV
(MeOH) Anax [log e/(L * mol ' » cm )]: 273 (1.21) nm; 'H
NMR (CDCls, 400 MHz) 6: 1.92~1.96 (m, H-1a), 1.18~
1.22 (m, H-1b), 1.60~1.64 (m, H,-2), 1.83~1.87 (m,
H-3a), 1.70 (br. d, J=13.2 Hz, H-3b), 2.08 (br. d, J=13.2
Hz, H-5), 1.78~1.82 (m, H-6a), 1.22~1.26 (m, H-6b),
2.06 (br. d, J=13.2 Hz, H-7a), 1.94~1.98 (m, H-7b), 2.50
(br. d, J=14.8 Hz, H-9), 2.14~2.18 (m, H-11a), 1.87~
1.91 (m, H-11b), 5.59 (br. d, J=4.0 Hz, H-12), 6.16 (s,
H-14), 5.04 (s, H-16a), 4.92 (s, H-16b), 1.93 (s, Me-17),
1.27 (s, Me-19), 0.84 (s, Me-20); *C NMR (CDCls, 100
MHz) §: 38.2 (C-1), 18.0 (C-2), 37.2 (C-3), 46.2 (C-4),
44.7 (C-5), 22.1 (C-6), 26.2 (C-7), 135.8 (C-8), 50.3 (C-9),
344 (C-10), 26.0 (C-11), 124.5 (C-12), 136.4 (C-13),
127.0 (C-14), 143.2 (C-15), 111.2 (C-16), 20.5 (C-17),
183.9 (C-18), 16.8 (C-19), 14.0 (C-20); IR (KBr) Vi
2926, 2845, 1722, 1664, 1452, 1442, 1386, 1216, 1024,
876 cm'; (4+) ESIMS m/z: 301 [M+H]"; HR-ESI-MS
caled for Co0H200, [M+H]" 301.2162, found 301.2164.
2.3 ZEBORRSERBERES 1B (PTP1B)HIHIE MM

Wik fim s 2P, RS FEYSETFBEKR
HERGEREANBEEA MK AREREKEE 1B
(hPTP1B)f#L 4RIk, Z4lifb 51 hPTPIB H4H & (R
IKf#EY) para-Nitrophenyl Phosphate (p-NPP) I fig 8,
A B LR R P 4 p-NP 7E 3 K 405 nm AbAG 1R 58 1 56
g, BRI AT B RERGI 405 nm AR YGRS AR AL SR
TS T AR 0 PA R AR B i BRI P PO A R 15 . 4009
LAY 1~10 N 100 umol/L % PTP1B EiE
PER B 73 0 AT 5, IR ai RS54 11 8
IR ST 85%, AW 6 MR mT 60%. #t—5ill
52 1Cso 8, FEMIEFH AT T DMSO B A& iR, 3 i
FRe, 7 AR, =&AL, B2 pL FERETIINA B bR
Y I 3% & & B30 nmol/L GST-hPTPIB. 2 mmol/L
p-NPP. pH 6.5, 50 mmol/L 3-FIf 5tz (MOPS). 2
mmol/L DTT, 1 mmol/L EDTA, 2% DMSO]. SN E N
30 C, 7£ VERSAn, FEIAME 405 nm Abemkifk, B
[H24 3 min, 3775 #h4— G B R A RIS

Chin. J. Org. Chem. 2017, 37, 1860~1863
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P3RS, DAAXEMEX A IR AR, 22K vive=
100/(1+b[1)/1Cse], TAE1FH 1Cso fH. LU FEE =Wk, &5
R =P S5 4H,  BHAE X FE N 55 3UR R (oleanolic acid,
4li £ =98%), 1Cso fE49 3.3 pmol/L.

45 Bh A4 Bl (Supporting Information) #Hi{L &% 1 K
1D/2D NMR % [, 70 F i it vtk . X e b ] DL 28
AT 35 (http://sioc-journal.cn/)_ %K.
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