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Abstract: A total of four alkaloid compounds, serratinine A (1), fawcettimine (2), 7-hydroxylycopodine (3),
and huperzine I (4) were isolated from Huperzia serrata by AB-8 macroporous adsorption resin, Octadecylsilyl,
Sephadex LH-20 and silica gel column chromatography combined with the semi-pre HPLC. The isolated compounds
were structurally characterized by mass spectrometry (MS), nuclear magnetic resonance spectroscopy (NMR),
X-ray single crystal diffraction and circular dichroism (CD). Among them, compound 1 was a square crystalline
form with the stereo configuration of (4R,7S,8S,128,13S,15S)-serratinine, named serratinine A. Compound 1 is a new
serratinine alkaloid, the first crystal culture and stereo configuration of compound 1 were confirmed in this study.
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=HERAEY, T 28 BT 28 =S, X5

(o B PUEA PR E 2 R AEE Y. RSN
2R M S AR AR O PR M 2 R GRS E A,
REG% 3 50 2 2] 0288 70 G AT BE, T 2R 1T
PEBI B A TR IR T Y JEAESR, BTN A
TREESR B EE T 28 EWRR =n K&
W, SR T H AR .

Serratinine A& T JZ & A — Ff 32 22 1 A8 W Bk 4
1964 SEMF 70N 570 B IR 43 85 1% 2R AL s, {8 038 0 K s
AL AR BT AR A T ARET . K 0k, X serratinine ff
FLIIAS 2 22 Kb T A BE 4 TH A T serratinine [ 45 1 4F
fiE, PR 7 5% 2 BEVE PR IR AR T o AT F0 1 il
IF NMR. 2040 6 (IR) K 7 3% (UV) MS Al X-ray
P T S A T M 43 B B K — AN BT serratinine A2 4 B
HAT S5 M HAIE -

FERE5VL

A1 - KA & 4 A5 D I T ek &
B A, AT T R S0 R T B A5 R . EST-MS Jii
e o 2y 1 B T IE [MAH] m/z 280.17, 18 43 HE 5 A m/z
280.182 0 [M+H]" (calcd. for C, H,,O,N) #&7m H 47 3%
NC,H,ON. WLEYITHHNMR B (& 1) 735 588
FESR 17155 06,0.87 (3H, d, J=7.2 Hz) .3 NI FF 3
AT 0, 1.88 (2H, m).d,, 1.66 (2H, m) Fll d,, 1.35 (2H,
d,J=16.0 Hz). "C NMR %54 DEPT Kl (R 1) &R
WAEMVE 1 HF RS S 8 AT BE 5 4N IK
HIEBES 2AFBESA N EERES, L1614
W55 . HSQCiEH 7R 5, 0.87 BH,d,J=72Hz) 5
5 18.0 4K, #2756, 0.87 BH, d, J= 7.2 Hz) N A
JiF; 6, 1.66 (2H, m) 5 6. 20.6 #15%, $#&7x 6, 1.66 (2H,
m) & C-3 (6. 20.6) & Jii 715 5 J,, 1.88 (2H, m) 5 J,.
20.7 HH R, $2oRH N C-2 (6. 20.7) AR T 155 6, 1.96
(1H, m) F1 4, 2.20 (1H, m) ¥J15 5. 37.4 H15%, $2R73HA
C-6 (0. 37.4) & i 115 5; 6, 2.10 (1H, m), 2.57 (1H, d,
J=16.0 Hz) ¥J 5 6. 49.9 #15¢, #&/nH N C-9 (5. 49.9)
A T15%,; 6,243 (1H,t,J=10.2 Hz) f12.67 (1H, dd,
J =109, 9.4 Hz) 15 5. S1.8 #15¢, &7~ H 2l C-1 (6,
51.8) AW F155; 6, 2.92 (1H, t,J = 11.0 Hz) 5 6. 40.0
MIZ%, #2718 0, 2.92 (1H, t, J = 11.0 Hz) & C-7 (J,. 40.0)
AR5 5; 6, 3.55 (1H, dd, J = 7.6, 3.2 Hz) 5 5. 70.4
(C-8) #12%, d, 3.55 (1H, dd, J = 7.6, 3.2 Hz) £ C-8 & Jii
T15%5;6,3.37 (1H, t,J= 11.0 Hz) 5 5. 72.7 H%, $#E
N C-13 (6. 72.7) & T HMBC i 1 7R 6, 2.92
(1H, t, J = 11.0 Hz) 16, 0.87 (FEEH FE5) 5 4.
70.4 4155, 6,,2.92 (1H, t, J = 11.0 Hz) 5 6, 72.7 #1%,

P8 C-7 5 C-8 M .C-15 hi A IR 6, 1.96 (1H,
m) 16, 2.20 (1H, m) 3 5 6. 212.6 A 5%, $& 7% $ 5 ik
(0. 212.6, C-5) 5 C-6 (6. 37.4) HiZE; 5,337 (1H,s) 5
O 438 HH K, IR 1Z R (6. 43.8, C-12) 5 C-13 M i%;
C-8 & i T (6, 3.55, 1H, dd, J = 7.6, 3.2 Hz) 5 C-15
(. 23.6) A<, [FEY o, 1.17 (1H, m) A1 5, 1.66 (1H, m)
W5 C-15 M, KU C-15 5 W H H Bk (6. 31.7, C-
14) f1C-8 A% . "H-"H COSY i1 6, 2.10 (1H, m, H-
15) 5 6, 3.37 (1H, s) 1 6, 3.55 (1H, dd, J = 7.6, 3.2
Hz) ¥4, H.6, 3.55 (1H, dd, J= 7.6, 3.2 Hz) 5 2.92
(1H, t, J = 11.0 Hz) #H5¢; NOESY i+ H-15 5 H-8
FAH 5 H-13 oA e, H-8 5 H-7 LA HE, #1201 C-15
AL H 25 C-8 LR FLAE R, 5 C-13 Az 2 A8 57
H-8 & 75 C-7 M & 776 5 (B 1)

Table 1 'H NMR (800 MHz) and “C NMR (200 MHz) data of
serratinine A in DMSO-d,

No. Serratinine Serratinine A
5. 5. 5
1 518 51.8(CH) 243 (1H,t,J=102 Hz),
2.67 (1H, dd, J = 10.9, 9.4 Hz)
2 207 207 (CH,)  1.88 (2H, m)
3 20.6 20.6(CH,) 1.6 2H, m)
4 711 77.1 (C) -
5 2127 212.6 (C) -
6 374 374(CH)  1.96 (1H, m), 2.20 (1, m)
7 39.3 40.0 (CH) 2.92 (1H,t,J=11.0 Hz)
8 70.4 70.4 (CH) 3.55(1H, dd, J=7.6, 3.2 Hz)
9 50.0 499 (CH,)  2.10 (1H, m),
257 (1H, d, J = 16.0 Hz)
10 20.5 20.3(CH,) 1.35(2H,d,J=16.0 Hz)
1 26.6 26.6(CH)  2.11 (1H, m)
12 40.1 438(C) -
13 726 727 (CH)  337(1H,t,J=11.0 Hz)
14 318 31.7(CH)  1.17 (1H, m), 1.66 (1, m)
15 237 23.6(CH)  2.10 (1H, m)
16 18.1 18.0(CH,) 0.87 (3H,d,J=7.2Hz)
- 'H-'H cosY
/™ HMBC
»r— NOESY
Figure 1 Structure of serratinine A and its key 'H-'H COSY,

HMBC, and NOESY correlations

B, Wl A R UTER R E Y 1 AT BE Y
VOB T HOR SR (K27 3.0 mm x 3.0 mm, & 2A), i@
I X555 2 SR AT SR E AR AR S5 R (Cu ), (& 11
SERARL T I P2,22, 2 [HHE (avbc 73 5 R 7.623 4
11.439 9H1118.046 0 A, Sy $49°490.00°, V'=1573.8 A%),
X5 28 5 S AT S R B AL AW 1 SL AR R LN 4R LTS
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8S5.125.13S A1 155 (B 2B.C). [N, &Mk T &9
114 X-5F 2ok R AT 5, 2 BB RE dh 2549 15 B gl 25 )
SE R (B 2D). eAh, 1 & 1 I A [ — o ik
7£290 nm R H IE RIS, (K] 2E), MR35 P _E15
HY% b &1 (4R,78,8S,128,138,15S)-serratinine,
fir % serratinine A, 224 &, SciFinder 1 #E & F1 3 ik A
ToAH R ARIE o

Serratinine x& T J2 3 4 — P 32 2 1 A W8 4
Inubushi 57T 1964 R IE TR EH K T )= 55 v 43 5 3
—Fh T 2L A W serratinine, {EAX R4 T H AL IR
VAR PRE S R AL 2B, AR T T 45 K AN ST AR 25 1) 1 AT 1
iE. 1968 4F, Inubushi 2™ Ff i i A7 A VA GE T
serratinine V- [ £5 14, 475K 48 58 HAZARM Y, R AR 4
TH B NMR T MS 45 . 1993 4, Zhou Z% serratinine
FEAL T NMR $dis, (5 MS S R B AR RGE . A
WF 7 UGB NMRLIR UV MS £ [ Hi % serratinine 2&
VIRHEAT T S5 A 2 e, i E 4 B AT X-Ray SR AT
e 7 HIARA (% 2). 5 ZhouZPHRIE ¥ serratinine
NMR #4f # 47 HL 8%, serratinine A ] C-4 F1 C-12 11k 2%
PR 35 WK R B (9 MRS BN 6 11 3.7 /N HAT).
Uk, A 719 B4k & 90 1 5 CHGE 1 serratinine 45 F4F
B 2 72 5], £ SciFinder $U4f 2 16 K serratinine A JVHT ]
serratinine =¥ .

SMU LA
T E (Lycopodium serratum Thunb.) 4= 5 25 4,

Table 2 Crystallographic parameters for serratinine A (Cu)

Parameter Serratinine A

Empirical formula C,H,,NO, (contains one H,0 molecule)
297.38
Orthorhombic

Formula weight
Crystal system

Space group P2.22,
alA 7.623 4 (10)
blA 11.4399 (15)
c/A 18.046 0 (2)
o/ deg 90.00

£/ deg 90.00

y/ deg 90.00

VIA® 1573.8 (4)

VA 4

D,/ gem’ 1.255

u/ mm” 0.089

R, 0.0195
Goodness of fit F* 1.035

CuKa /4 1.54178

R, [1>20(])] 0.0410
wR, [1>20(1)] 0.1019

R, [all refl.] 0.046 6
wR, [all refl.] 0.106 5
Flack parameter 0.06

Lt 19 kg, 1 H A EEACE BT . ZAMAETEIER
SR Bl 2 B FORE A S, N AR R B 4
PRZ5H . 250 AR A (40 50 17-03-10) BLAEAE T PE LK
E NP T

Agilent Series 1100 SL ¥ Jii £ FH A% (%5 43 ¥ ESI),
5% & 2 $E 46 BB AT BR 2 7 ; Bruker D8 QUEST X-ray
B FLAT S W Bruker Avance 500, AV 800 %! k% 1D 12D
WG ARAX, 15 [H A7 & 5 A 75 Bio-logic MOS-500

B C P
H H \CH3 @n
3 o
H \ H e
HO *OH
H
o
D E
402 200 -
150
307 | I l )
= Simulated
< op 100
- ()
2 =]
= 302 + g 50
: 3
E &) 0
207 +
l ! A Serratinine A -50
202 100 i . . . .
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20/ degree Wavelength / nm

Figure 2 Spectrums of the stereo configuration of serratinine A. A: Serratinine A forms colorless, transparent block-shaped crystals; B:

The chemical structure of serratinine A; C: Stereochemical conformation of serratinine A; D: Single-crystal X-ray diffraction analysis of

serratinine A; E: Solid-state circular dichroism (CD) spectrum of serratinine A
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TR, v E BB A A A RE-6000A & RE3000A
T Jie e 28 R AN, B SR A AL AL B8 A PR A 7] ; DLSB-
10/20 BUE IR A ENPE IR IR, A MR TSR AR A A,
ST-07B % PH A AL, Jb 5 5 ) 2= 7 I RHE 2 7
NP7000C 2Y4E \NU3000 2 25 & o i 45 2F 1] % v 250 AH
A C18 ik (250 mm x 10 mm, 10 pm), L7577
HRHEAT IR A 75 C18 14T (250 mm x 4.6 mm, 5 um),
H A YMC 2 7 % 28 %t /X Sephadex LH-20.0DS X
ARERS, biE A TR AR A A5 100~200,200~
300.300~400 H 1EAHZHHE K GF254 1 2 2 T RE %,
B SR T AB-8 RALWR R AR, b5t 254k 5) Rl E:
HIRFEAT]; MCI iE (25 MCI Gel-CHP 20-P, 75~
150 pum), HA =350 F] . HADES 7 S50 3% 25 Ak 571K
FTLC (H 2 i) B, & H . o8 FEES 0
A mT AT A

1 EESSE

T 285 T 45 A0k 19 kg B 08 J5 0 10 435 & 1 H
IR, R EHRIC4 K, BIRZ) 2 h, 98 G A IEE
W, 65 °C T Ik EKR4i1FRRFL S5S kg KRB N
30y, BT IN S L ERERAKIEWR (pH 2.5), 8 7 i 78 40
fife J, 1k UEAF IRV, AT IR R (pH 10~11) J5,
I3 BN S 0K SE AR B A T ek = B LR R AT
RHL, FARFEI 3 IR, 7306 FEKE A ZE R 2
R T8 |2 ZE UL, R IR A7 A WA, 15 2S5 212
B 1.5 kg ML LBRIZRE L1500 go 4 HHCEANG 2
ZE 1.4 kg M ORI Z1RE 400 g 1T AB-8 RALFY
e RSy B alifh, 2% -7K (05100, 30:70, 50:50, 70: 30,
90:10 A1 100:0) f 5 e i, TLC A& W& AL 5, 5
{5 EAL1E Fr. A~G, LR 2B A1 158 Fr. H~M. Hh,
B EBAL T I Fr. C (643 g) 4 AB-8 K FL# HEE ZE #r,
FFE-7K (30:70.50:50.60:30 F180:0) 5 & ik i, TLC
K I 35 ARALLZH 73 43 Fr. C1~C4, Hd Fr. €3 (JRVEM
H B2 - 7K 70:30~80:20) 7E B E I FEA A R KA
PR E K AR (20290 g) SE TR T I EE-K
RFR (7:3) JEE =T (20 °C) FHpHE, @I 7IE R iE
HAT S RRE 2%, 3B DU TR I W HOR SR T8 R, T 8
JE 1594 BRI FI98UE [N E 15 3 R oK, 8 Bk R
HIRERE-KIER (7:3) , i (20°C) F#HE, @
IL VA R VE T AT SRR 3R, A DI T HURIE B &
M, WS E R A1 (28.9 mg) (LN E D
W FIEAT, CN111349046A)M,

Fr. B (302 g) #t— il i RP-18 AR AL RN K
KM B, HEE-K (30:70, 40: 60, 50: 50, 60:40, 70:
20 190 0) £ B e it , TLC 46 0 J5 & 7453 Fr. B1~B6.
Fr. B3 i@t MCIAE: (il 7 B 44k, H -7k e (40260

50:50.60:40.70:30 F1 80:20) #3515 /44y Fr. B31~
B35, Fr. B32 (320 mg) Fi £ % JE RP-18 M ik i A )2
15851 6 N4 %3 Fr. B321~326, Fr. B323 (116.8 mg) 4
et B (ZE-7K, 9515, t=21.3 min) 4li{k 15 %11k
4912 (8.22 mg).

Fr. D4 (£ 64 g) &R LR AL ZENT, IE - 4R
TG (100:0~0:100) 6 B B i, TLC KI5 FAH AL ZH
43 13 Fr. D41~D45, H 1 Fr. D42 (£ 11 g) Al Fr. D43
(2918 g) F Sephadex LH 20 #t [ ¥ 2 #, H BEVEML 5
TLC K 43 5145 5] Fr. D421~D425 #1 Fr. D431~436.
Fr. D423 (%) 210 mg) £ | % W AH (L F-7K, 9218,
¢t=15.7 min) $l&1FEMHAEH 3 (7.12 mg)»

LR LTEFBAI 2 AB-8 KFLW R = S 4lifh, HRE-
7K (30:70.50:50.60:30 1 80:0) £ & ¥ fii, TLC K6l &
FEAAZH 2075 Fr. H~M. Fr. K (41129 g) BT 5 &
FERE AT E AT, 1E b LR LBEFEFE (100:0~0:100)
Ve, TLC A& & JF FHALZH 43 5 18 Fr. K1~KS8, Fr. K3
(#1300 mg) 4 Sephadex LH 20 #t it 2 47, BBV,
TLC & & I:15 4 41 5 Fr. K31~34. 1 Fr. K32
(88 mg) M Fr. K33 (21121 mg) FF& 2 &M (2 -
K, 95:5,t=17.4 min) 73 B3 2L 54 4 (23.45 mg).

2 HEHEE

WGV 1 DY T HORE B Ak, 45 5508 253.7 °C,
ALY T B S R TR R S R . [a]y +28.3 (¢ 0.10,
CH,OH); UV (CH,OH) __ (log ): 219; IR v__: 3 602
3432.3201.1742.1732.1433 cm™, 3R> 7 & F #k
FEFNFLFE, ESI-MS it o [M+H]" m/z 280.17, 7~ HAH
XF 45T BN 279, 4 5 EE m/z 280.182 0 [M+H]',
4312 0h C H,,0,N, 'HAI"C NMR ¥4 W& 1.

&2 AR, AT T H B &S5
'"H NMR (800 MHz, DMSO-d,) § 1.09 (3H, d, /= 7.2 Hz,
H-16), 1.65 (1H, m), 1.70 (1H, m), 2.05 (2H, m), 2.33
(2H, m), 2.33 (2H, m), 2.75 (1H, dd, J = 16.5, 8.0 Hz,
H-9), 2.80 (2H, m), 3.15 (2H, d, J = 14.5 Hz, H-2), 3.36
(1H, ddd, J = 14.2, 14.2, 3.8 Hz, H-9), 5.97 (2H, d, J =
5.2 Hz, H-1); "C NMR (200 MHz, DMSO-d,) ¢ 217.1
(C-5,C), 96.1 (C-13,C), 60.2 (C-4, CH), 55.9 (C-9, CH,),
51.1 (C-1, CH,), 47.4 (C-12, C), 43.7 (C-7, CH), 41.0
(C-14, CH,), 40.2 (C-6, CH,), 33.6 (C-3, CH,), 31.5 (C-8,
CH,), 27.3 (C-11, CH,), 24.7 (C-2, CH,), 24.1 (C-15, CH),
21.4 (C-16, CH,) , 20.0 (C-10, CH,), LA | 'H."”C NMR
M DEPT i [ 5 O 11k &4 fawcettimine 3 248 — (1,

A3 Bk R, nIE T HEE, A A S5 7
'H NMR (800 MHz, DMSO-d,) 4 0.96 (3H, d, J= 5.9 Hz,
H-16), 1.62 (2H, t, J = 13.3, 5.2 Hz, H-2), 1.33 (2H, t,
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J =122, 2.0 Hz, H-15), 1.96 (2H, t, J = 13.2, 4.4 Hz,
H-3), 2.11 (2H, d, J = 13.5 Hz, H-2), 2.72 (2H, d, J =
16.0 Hz, H-6), 3.15 (2H, t, J = 13.2, 2.2 Hz, H-1), 3.24
(1H, dd, J = 13.3, 3.2 Hz, H-4); °C NMR (200 MHz,
DMSO0-d,) ¢ 207.0 (C-5, C), 73.0 (C-7, C), 66.6 (C-13,
C), 52.0 (C-12, CH), 51.3 (C-6, CH,), 51.2 (C-8, CH,),
49.8 (C-9, CH,), 48.5 (C-1, CH,), 44.3 (C-4, CH), 40.1
(C-14, CH,), 24.1 (C-10, CH,), 27.0 (C-15, CH), 22.3
(C-16, CH,), 19.3 (C-3, CH,), 19.0 (C-2, CH,), 18.6 (C-
11, CH,), PA L "Hf1°C NMR J DEPT it K 5 2L itk &
¥) 7-hydroxylycopodine F& A< — 1,

a4 A ERR, TIET B & AR .
'H NMR (800 MHz, CDCL,) § 1.06 (3H, d, J = 7.0 Hz,
H-16), 1.36 (2H, d, J = 13.0 Hz, H-10), 2.00 (2H, m),
2.16 (1H, m), 2.28 (2H, m), 2.29 (2H, d, J = 13.0 Hz, H-
3), 2.40 (2H, m), 2.63 (1H, d, J = 12.2 Hz, H-4), 2.78
(2H, dd, J = 16.1, 8.0 Hz, H-6), 3.02 (2H, m), 3.25 (2H,
dd, J=15.3 Hz, H-1), 3.93 (1H, d, J = 6.0 Hz, H-2), 5.68
(1H, d, J = 6.0 Hz, H-14); °C NMR (200 MHz, CDCl,)
0216.8 (C-5,C), 145.8 (C-13, C), 127.0 (C-14, CH), 71.2
(C-2, CH), 65.5 (C-1, CH,), 53.1 (C-9, CH,), 48.4 (C-4,
CH), 47.0 (C-12, C), 44.3 (C-6, CH,), 39.6 (C-11, CH,),
37.2 (C-15, CH), 35.0 (C-3, CH,), 34.6 (C-8, CH,), 28.6
(C-7, CH), 21.6 (C-10, CH,), 21.3 (C-16, CH,), LA I 'H.
“C NMR & DEPT i K 5 & %11k & 9 huperzine 13E A
#ﬁ([l‘ﬂo

YEZ Timk: T3 BUNA SR — B3, 657 % i A1 a4
5 ERGULEYIIE, BT ERPREM LS B 451
U TERRAE T s W By FOEEAN R SRR T S A B R
R ] 2 6 SR RS B A D6 A W e S s s i i,
Xof S s B ) R gs TR R

FIERIRIE: FT 1F & 1 P W AR AE B 2 ol 5
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