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Two new phenolic compounds from the stems of Ephedra sinica Stapf.
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Abstract: Seventeen phenolic compounds were isolated from the aqueous extract of the stems of Ephedra
sinica using various column chromatographic techniques, including silica gel and Sephadex LH-20, combined with
semi-preparative HPLC. Their structures were elucidated by modern spectroscopic methods such as NMR, UV, IR,
and MS. Compounds 1 and 2 were identified as new phenols, and compounds 3-17 were isolated from this plant
for the first time. The proliferation inhibitory activities of all the compounds on human non-small cell lung cancer
cells (A549) was screened. The results showed that compounds 1-17 exhibited no proliferation inhibitory activity

on A549 cells at a concentration of 10 umol-L™.
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Figure 1 The chemical structures of compounds 1-17

SHAE N 263.088 9), HE Wl 4> 1 28 CLH, O, A LA
JZ°A'5. 'H NMR (CD,OD, 500 MHz) i+, {37 [X 17
2N FHEARTES [0, 731 (2H, s, H-2, 6)] HEM 25
R AEAE — AN IR0 1,3,4,5- D B ZE3F, B3 X R T
A E AR TE 5 [0, 3.90 (6H, s, 3, 5-OCH,)]
Gh, B/ 6 NE TR S, B —MEA R TR EE
5 [6,4.33 (1H, dd, J = 12.4, 6.3 Hz, H-9)], — AN H 5
&5 [0, 3.16 (1H, dd, J = 16.0, 7.4 Hz, H-8a), 2.99
(1H, dd, J = 16.0, 5.0 Hz, H-8b)] Al — M E A5 5
[, 1.25 (3H, d, J = 6.3 Hz, H-10)]. "“C NMR (CD,OD,
125 MHz) & i 3L 3L 12 M AE 5, B3 — DBk ik
55 [0 199.8 (C-7)], —H K I EMIR(E 5 [6. 149.0
(C-3, 5), 142.6 (C-4), 129.4 (C-1), 107.4 (C-2, 6)], —
HEER RS S [0 65.8 (C-9)], — N H G S
[6. 47.9 (C-8)], LA K> A BE AR5 5 [J. 56.9 (3, 5-
OCH,)] fl— A~ H k{55 [6. 23.5 (C-10)]. 'H NMR
(CD,0D, 500 MHz) f1"°C NMR (CD,0D, 125 MHz) %1
W1,

7£ 'H-"H COSY i 7 H-9 5 H-8 AT H-10 [ A 3%, 45
A HMBC i H H-10 5 C-8 fll C-9 A fEAH %, H-8 55 C-9
A C-10 A T FEAH %, #7847 4£ —1>-CH,-CH(OH)-CH,
s B (B12). BEAE, 6,7.31 (2H, s, H-2, 6) 5 C-1.
C-7HIEFEAE oK, T W FR FEEAE R I C-1 07 | H8 5
C-7 ALK, #8782t 5 -CH,-CH(OH)-CH, v Bt AH
. 54, 6,3.90 (3, 5-OCH,) 5 C-3F1 C-5 T imFEHI K,
2 0 HSE Ry ETE RIA I C-3 F C-5 4. SR AR

e A& 1 5HIE (R)-(-)-3-hydroxy-1-phenyl-
butan-1-one! VI FEFGAEBEAT LLHR, B 440 72 C-9 4%}
AR R, 4 e T AN, 2R RIZNE
YA, 74 9 mahuang acid C.

&2 A BT ERRAK, [a]p +19.6 (¢ 0.12,
MeOH); 4 HR-ESI-MS I %€ 75 2| #E 73 7 25 7 V& m/z
289.068 6 [M+Na]" (C,,H,,O,Na il 5 {t v 289.068 3),
W 4y 7N CH,,0, NMFIE AN 7. 'HNMR
(CD,0OD, 500 MHz) i i Bl = /55 & S 115 5 [0,
7.62 (1H, dd, J = 8.2, 1.9 Hz, H-6), 7.60 (1H, d, J =
1.9 Hz, H-2), 6.90 (1H, d, J = 8.2 Hz, H-5)] £l y—4
1,3,4-=HAREA AR TE 5, IR ENEAGES
[0, 4.58 (1H, dd, J = 15.6, 7.8 Hz, H-8), 3.16 (1H, dt,
J=1.6,3.8 Hz, H-11)], i ML B EE 5 [0, 4.64
(1H, t, J = 8.5 Hz, H-9a), 4.28 (1H, dd, J = 8.1, 7.2 Hz,
H-9b), 3.98 (1H, dd, J = 11.2, 4.1 Hz, H-12a), 3.74 (1H,
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Table 1 'HNMR (500 MHz) and "C NMR (125 MHz) data of compounds 1 and 2 (in CD,0D)
N 1 2
o 5, 5. 5 5.
1 129.4 129.1
2 7.31 (1H, s) 107.4 7.60 (1H, d, J= 1.9 Hz) 116.1
3 149.0 149.4
4 142.6 154.1
5 149.0 6.90 (1H, d, J= 8.2 Hz) 112.4
6 7.31 (1H, s) 107.4 7.62 (1H, dd, J=8.2, 1.9 Hz) 125.2
7 199.8 197.3
8 3.16 (1H, dd, J = 16.0, 7.4 Hz) 47.9 4.58 (1H, dd, J=15.2, 7.6 Hz) 453
2.99 (1H, dd, J = 16.0, 5.0 Hz)
9 433 (1H, dd, J=12.4, 6.3 Hz) 65.8 4.64 (1H, t, J = 8.5 Hz) 70.0
4.28 (1H, dd, J=8.1, 7.2 Hz)
10 1.25 (3H, d, J=6.3 Hz) 23.5 179.0
11 3.16 (1H, dt, J=17.6, 3.8 Hz) 473
12 398 (1H,dd,J=11.2,4.1 Hz) 60.4
3.74 (1H, dd, J=11.2, 3.8 Hz)
3-OCH, 3.90 (3H, s) 56.9 3.91 (3H, s) 56.4
5-OCH 3.90 (3H, s) 56.9
O oH ran-2(3H)-one (17)%", AT A5 44 & W0 35 B R MR R 35 v
H3COs Q e e - .o
\L,I;))‘\(‘S/ SRR FIRSLIGSE AT RS A B A
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S y og s o =
KOO, S (% 9 HaCO s~ b {X88i% % Bruker AVANCE III 500 B! k% L 4R 1%
i — . P o > Vi
HO - HO™™; f b (TMS P #7); Bruker maxis HD % & A7 i 7] 57 18 (4%
Q OH N . .
on ) i & v A A, 7 a3k (9 E AppliedPhotophysics

— H!HCOSY 7\ HMBC ¢ \ NOE

Figure 2 The key 'H-'"H COSY, HMBC, and NOESY correla-

tions of compounds 1 and 2

177E 10 pmol- L™ #& & 5 X A 549 4 i I 39 5 400 v 1k
3 INE

Rt i 2, 2 P s A . Hl, % TR
A7 I E T2 B SRR ARE AL 2, TR SRR 34 AR A 25 B
I3 e P ERAE RITRIE T M BN 55 o AR S0 0] F JBR 5 AT
ARG E R W IT, b AR 2] 17 DR &1,
H A Hr 1k A %) 4 mahuang acid C (1) F1 forsythialan G
(2), 18 5 SRR TE 0 S 38 B UL, W E SIS
¥ A dihydrosyringenin (3)", dihydroconiferyl alcohol
(@1, 3-FFE-1-(3- F Ak -4- PR B IR ) T e - 1-T0 (5)!"°),
3-FRdk-1-(4- BRI T IE-1- (6)!, &% Bk D ()7,
2, 3- T F - 1-(3-FH AR -4 AR I P e 1-FR (8)M,
R T (9, 3,5- US4 R B R 2B (10)2,
fareanol (11)%Y, 2-F2 -3 (4'- 2 B R ED) I IR (12)77, 2R
I (13)), 3,4 33 AR SE IR R (14)1Y, 3-
FREE-5-(OM FR IR IR IR (15)™), 5-(3,4- —FR IR E)-
y-I% N Big (16)2%, 5-(3,4,5-trihydroxyphenyl)dihydrofu-

/5 7)); Rudolph AP-1V 8 Jig Y6 4% (3£ [E Rudolph /A #);
LC-52 4 & i ) 2% ¥ AH 8 3% 0 ([ b 5 383 80 8
Rl % A BR 2 7); Thermo Nicolet IS10 L b )t 1% 4% .
Thermo EVO300 %5 #1473 Y6 9% 5 11 (3% [ Thermo Scien-
tific 24 #]); MCI gel CHP-20.0ODS-A-HG (H A& =251k,
%\ H]), Toyopearl HW-40 (H 4< TOSOH 4 ), Sepha-
dex LH-20 (3£ % Parmacia Biotech 24 &]); A549 4 iy (4
R 2 B 40 B ); 3111 8 — A0 3% 97 48 A Mullti-
skan MK3 i 451X (3% [E Thermo Fisher /A 7); ECLPSE
TS100 5] & & f B (H A& Nikon 2 #]); Centrifuge-
5804R 75 ¥ & 0 Ml (1% [F Eppendorf 2+ #]); m BCD-
206TAS AR UK F (H [E ¥ 7K A w]); Advantage A10
iR 4l K A% (48 [E Sartorius 73 ]); HVA-85 & & K B B4
(H 7K Hirayama 2 &) LA K 90-3 24 XU 7] 5 i 16 35 )
PFERS (R R T IR A ).

RAFIAR 2 R EATREER H (B 5
WEPEAL D) AR 4 13 (FBS, BN VY27 A &]); DMEM
B bR FRFE (321H Gibeo Invitrogen A #)); &N T B & -
iR = (T8 Sigma 2 A]); MEMEE (MTT, b &K=
BHEA R A F]); = H TR (DMSO, il 2 sk A4
BHEA R AR, kgl FEE CREEV AR A TA R A
7)); thilhal 2 fi§ (35 E TEDIA A )); 0 bral Fg . — &
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TR T 2019 4F 10 AWK H NS HIE X EE
R T, G230 B A R 24 K 5 R B T 208 4 8 D RR o R}
T W) 5 WK B8 Ephedra sinica Stapf. ff T /88 i 25, bR AR
(N0.20191001) B8 FE A7 727 55 24 H 25 9T k. T REH AR W
FLA L
1 RS E

B 70 kg BERR 2 TR R0 25, F 8 A & /K RIAK
FEHUGE (2 <2 h), Kk EE4 B RFLIR B AR A, FH S fi
AR 2818 K RN 95% 2 EE VR, 43 i 45 31 /K e 4
oy FEE G20 4, KB 2 70 R IR AR 22 5 L Ja N 95%
S, ARG R AR AR 73 H0H 80%, F44 3 EIBE RS
BEVEH o & IR 1S B BIRE (1.3 ke) HIRE
IR R, F 2R L ERAREEL 20 K%, JE B GA I, 15 2]
LR GTEHAL . LR L W8 AL (859.0 g) £ Hk fist (1 i
£ (100~200 H), LA g - 288 288 (100:0~0:100)
218 2. WG - B (100:0~0:100) Ff ¥, ¥ ZE
ML HAFR 9MNTH % (E1~E9). HA1E6 (28.4 g) I
MCI CHP-20 #F PA H EE - 7K (10:90~100: 0) £6 5 % e,
32| 8T H 5 (E6-1~E6-8).

E6-2 (677.6 mg) £ Sephadex LH-20 % i #F 5 1%,
FHEE-7K (50:50) 6 FE & 2 06 i, 2 KR G 9615 3
6 M4 (E6-2-1~E6-2-6). A1 E6-2-1 (429.1 mg) &
Bk I A £ 3 (200~300 H) 43 &, LA S b -
(80:1~10: 1) B FEVEML, 2R -G IF 43 2 5 AN H 7
(E6-2-1-1~E6-2-1-5). E6-2-1-1 (37.3 mg) £ 3 il %
AR AR {0 (H Y - K 16 84) HI 4%, B EILE Y9
(11.2 mg, ¢, = 16.0 min) 1 10 (5.6 mg, £, = 29.0 min).
E6-2-1-4 (196.9 mg) £ Y- il £ =1 B0 AH 1 (FF g - /K
19:81) il %, F 2L 59 7 (16.3 mg, t, = 16.0 min)
12 (21.4 mg, t, = 31.0 min). E6-2-1-5 (85.1 mg) £
2 SO B (FF - 7K 20 80) il &%, A3 EIL AW 2
(6.3 mg, t, =26.0 min).

E6-3 (7.4 g) I F ODS #: DL H FE-7K (10:90~100:
0) HE47 86 B P M, 15 2] 4 419 (E6-3-1~E6-3-4),
E6-3-1 (1.5 g) £ Toyopearl HW-40C # H i -7K (50:50)
o FEAR R e i, 2R IR G RS 2 10 N4 45 (B6-3-1-
1~E6-3-1-10). E6-3-1-2 (37.3 mg) £ -] % = SO AH
il (F i -7K 16:84) fill %, 19 2L A9 15 (16.1 mg,
t, =17.0 min). E6-3-1-4 (86.9 mg) 21 % w5 B0 A
@i (FFEE-7K 20:80) il 7%, B 2L 546 (16.1 mg,
ty=17.0 min). - E6-3-1-7 (456.8 mg) & hk it (i
(200~300 H) 7 &5, LAA il ik — FF RS (502 1-2:1) Bf
Ve, HERIN G IS 2 4 N5 (B6-3-1-7-1~E6-3-1-
7-4). E6-2-1-2 (46.5 mg) £ -1l & s RO e (g -

K 25:75) #il %, 92L& 1 (3.5 mg, £, = 21.0 min).
E6-3-1-7-4 (76.1 mg) £ -1l 4 i RORAH €3 (- 7K
17:83) il %, 524k 591 8 (5.1 mg, £, = 17.0 min). 11
(2.9 mg, ¢, = 22.0 min) 1 13 (2.8 mg, 7, = 28.0 min).
E6-3-1-10 (131.0 mg) £ - il & = RORAH B0 (FF -
K 22:78) il %%, FEIMLAI17 (11.1 mg, ¢, = 23.0 min).

E6-4 (3.5 g) & hER AT B (200~300 H) 40 &, LA
Fh k-2 208 (300 1~1:1) BRI HE i, 2R RS
A58 6 N4> (E6-4-1~E6-4-6). E6-4-3 2 Toyopearl
HW-40C H: 2K H HEE-7K (30:70) 5 BE AR R Peit, 246
WA BRI 3N (B6-4-3-1~E6-4-3-3). E6-4-3-2
(30.5 mg) 28 Y- 1l %% = RO A 1 (7K 24:76) il
%, 9 A3 (13.9 mg, t, = 21.0 min). E6-4-3-3
(29.9 mg) £ Y- il £ = UK AR Bl (H BE-7K 242 76) il
%, B2 EYS (9.8 mg, £, = 14.0 min) F14 (1.8 mg,
ty = 19.0 min). E6-4-5 £ Sephadex LH-20 £ DL H i -
K (50:50) 5 BE A& RPN, )RR A IR R 7 AN A
4% (B6-4-5-1~E6-4-5-7). E6-4-5-5 (23.6 mg) % >
2 1 RO 3 (I -K 30:70) il %, B B G
16 (6.2 mg, ¢, = 19.0 min) 114 (1.8 mg, ¢, = 23.0 min).
2 HHEE

AW NI AR [o]p —3.9 (¢ 0.14, MeOH);
UV (MeOH) A _: 214, 300 nm; IR (iTR) v, 3 396,
1 667, 1 607, 1 518, 1 462, 1 423, 1 336, 1 119 cm™;
HRESIMS m/z 263.088 2 [M+Na]" (C,H,,O.Na, i+ 5 {4
°H263.088 9); 'H NMR (CD,0D, 500 MHz) F1"”C NMR
(CD,0OD, 125 MHz) ##% W% 1.

G2 A BT ERR K, [aly +19.6 (¢ 0.12,
MeOH); UV (MeOH) Z_.: 205, 230, 279, 306 nm;
IR (iTR) v, 3 426, 1 763, 1 669, 1 590, 1 516, 1 428,
1275, 1202, 1 025 cm™; CD (MeOH) 237 (Ae —4.52),
265 (Ae +2.17), 285 (Ae +5.58), 326 (Ae—1.01) nm;
HRESIMS m/z289.068 6 [M+Na] " (calcd for C,,H,,O,Na,
it 5 4 289.068 3); 'H NMR (CD,0D, 500 MHz) FI
“C NMR (CD,0D, 125 MHz) %(#& IL% 1.

3 HAESESINE

3.0 (AMEIEFE K ASAO YL E T &4 10% FBS (1)
DMEM H; 7% 3& ot (7 . %5 % % 195 100 ku'L"), 7E
37 °C5% CO, E IR IE F= 48 W EAT 55 9%, P A K &2
A0 L 80%~90% AT A& AR, B R 4y e 1 o ik

3.2 MTT AN & )X AS49 40 B 7E S1 #
F0m ¥ AS49 41 i B T 37 °C 5% CO, 15 77 4 vh &5
Fr N A KA, 2 HE 20 i % B2 R AL 4 000 /S 422
T 96 FLH 1, 24 h )5 43 R % HE AL AN & A5 Ak & 4 41
(10 pmol-L™"), Zj ¥l 24 h )5, & FL NN 5 mg-mL"

max
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MTT ¥ 20 pL 4k L 5% 37 4 h, 55 9% 45 05 /N O W5 1
TR, BEFLINA DMSO ¥ 150 pL F45% % 10 min {34
5E AV R . BERE X 490 nm Il E % FLIR K FEE (OD),
TR

33 Gitoth SEREEDIE £ R v+ s) K
7R, BT SPSS 20.0 AT St it £ 0 #r o AL ELECK AT
K 275 22 /) # (one-way ANOVA). P < 0.05 %7~ H A7
WEMES, P<0.01 R AAWEEEESR.

EE Tk X2 REARE—EH, M a W%
&RV SCBRS ; A7R B Bt 24 4 B URUL & 9 49 85 4l T AT,
NI AL AW o B RS M 4 58 TAR, RARIE f 364k
B RS HEAT 0 3 s R |5 T A A% A TN SE G Y
Bt iﬂa‘—? i e A2 50 B e 256 s e 1A

FEHMIE: ATA 1R P AR AETER G bR .
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