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One new lignan from Torreya grandis var. merrillii
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Abstract: Objective To elucidate the chemical constituents of Torreya grandis var. merrillii. Methods The compounds were
isolated and purified using various methods, including column chromatography and semi-preparative liquid chromatography. The
structures of the isolated compounds were identified through spectral data analysis. The cytotoxic activities of these compounds were
assessed using the MTT assay. Results A total of four lignan compounds were isolated, and their structures were identified as follows:
(8R,7'S,8'R)-4,4'-dihydroxy-3,3",5',7"-tetramethoxy-lignane-9,9'-lactone (1), savinin (2), hinokinin (3), and traxillagenin (4).
Conclusion Compound 1 is a new compound named torregrandlignan A, while the remaining compounds were isolated for the first
time from 7. grandis var. merrillii. Compounds 2—4 exhibited moderated cytotoxic activity against HCT-116 and AsPC-1 cells.
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A AR SR T (R, BONIG A 230
FH I T2 MRS 2 AUk R A R4, & NEAL
D R e BN SR Yo N T SN Y TE SN
PR A NG =B A, 28 SR B
PUAAL PLE. PURTEE. DU S A YE R4,
N T BRI R S AR gy, 5
KAEREL] TR, ARSI B NEW B A2 1 4y
ITHEF, A AR 3] 4 MRIRR BN ED,
Iy %5E N (8R,7'S,8'R)-4.4'- —¥2H-3,3"5" 7Y Hl

ARG B2 -9,9- A i [(8R,7'S,8'R)-4,4'-dihydroxy-
3,3",5",7"-tetramethoxy-lignane-9,9"-lactone, 1]. IR
(savinin, 2). ffAlE# (hinokinin, 3) ! traxillagenin
(@), it WK 1. WEY 1 e, mhE
MERRER A; HRWEDI N E IR NENEH /> 8143
Fo 0f N HepG2 41, A 4hli78 HCT-116 4.
NIBEE AsPC-1 ZHE4H MRS PENNASE R 2R, 1k
HY) 2~4 4£ 20 pmol/L ¥R R X+ HCT-116 A1 AsPC-1
IR — 5 HHH R .

1 LB 1~4 LS

Fig.1 Chemical structures of compounds 1—4

1 {XE5HH

LTQ Orbitrap XL 2457 4% (32 [E Thermo Fisher
~vE]D; Autopol I g a4 (3£[E Rudolph 22 F]);
Agilent DD2 400-MR F1 Bruker AVANCE 111 600 MHz
RUHESEIRA, TMS NNFs (3£ Agilent A F]);
LC3000 A& Al A ChE b flpnatE A
H]). Daisogel C1s HPLC il &4 (250 mm X 30 mm,
10 pm, HZ Daiso J¥}); SP ODS-A Cis HPLC ¥
H144E (250 mmX 10 mm, 10 pm, TEAL T E#
SRHARATD; &AM Cis 3R (ODS, HAE+
FEAL BRI 24 s 2 (T REIG GFass FIAT (i FiE
&2 (300~400 H, #EHEHEFEMLT); Sephadex
LH-20 %% (f[E Merck A7), shIRFI %= (i
FMAENRE R ERAR, #'5 C13089406)

A 2 T 2021 4F 8 HRHIE LTSI,
I8 L EER RSB = BRI S e N
LG ARHNE B Y ENE T grandis Fort. var. merrillii
Hu.. FEPRA (20210822) {RA7 T8 LEEFRK 2
S ERIR M E R T =
2 HE
21 REESE

2.5 kg TR MR R 2 J5 L 90% HY B
PRIRHEI 3 K, BHIK 3ho BEI & AT EGH,
IRERARRNRE 352 go BRE BT KF, 4353

A e BEER 06 1E T BEAREL 3 K. JE IR 48
RAMBKZE 88.4 g, WHlR LBEEE 101.8¢g. 1IET
MERE 83.7 go AN ZEEIE CBRE, F 300~
400 H H Rk A i3 47 o0 2, A A T k- 7R
26 (1001 0—35:1—10: 19 : 17 : 15 1—~
4:1-3:2—1:1—2:3) BHATRAEEENL, N 7
NSy Fr. 1~7. Fr. 6 @ EERA IS5, A
Tk - 2,68 (25 & 75—35 1 65—55 1 4565 : 35—
85 1 15—95:5—100 : 0) BEREEWLML, 5 5 MY
Fr.6.1~6.5, Fr. 6.2 i@il Cis ik, HEE-/K (45 :
55—65:35—>75:25—>85: 15) BREEWEM, 753 5
ANHSY Fr. 6.2.1~6.2.5, Fr. 6.2.2 835 S REE
e, A - EE (400 1 1200 120 0 1)
FEEEVEME, 93] 6 MNH4; Fr. 6.2.2.1~6.2.2.6, Fr.
6.2.2.5 Ml = RO/ B il (FREE-K 55 ¢
45, 3mL/min) L&Y 1 (,r=27.9 min, 2.5mg),
Fr. 4 3@ rp e R JRRE (i, 4 v k- T R 2 I
(100 : 0—35:1—10:1—-3:1—>1:1— 2:3—
11 4) BEREVEL, 53] 5 N Fr.4.1~4.5. Fr.4.2
2 £ B FE Ve 2 TS A R R 12 AN
4% Fr. 42.1~4.2.12. Fr. 4.2.5 24w S0iAa 4l
b (HIEE-K 60 : 40, 2mL/min) BEIEY 4 (k=
29.9 min, 11.2 mg). Fr. 4.2.9 4% m2omtistif
(ZfE-’K 70 : 30, 2 mL/min) BELEY 2 (k=
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16.8 min, 6.8 mg). Fr.4.2.10 2] 4% RO AH 46
fb (HIEE-/K 72 028, 1.5 mL/min) B 3L&4 3
(g=10.1 min, 5.0 mg)-

2.2 MTT 321§

MTT S80S SCHR 71500 g Ab T 50 K
HHLLL 3X 103 AN/FLIE M T 96 FLIR, fE
37 C. 5% CO, M5 F=Fa T 1537 24 h, RGRFL
BN 100 pL ¥ 20 pmol/L HIANRI 254, &2H35 N
SAEIL. AREERTIE 48 h 2 JHEFLINA 20 pL iR JE
N 5mg/mLMTT, 4k4E7E 37 C. 5% CO, K5 7746
IR 2~4 ho W BIEW, BFLIIA 150 uL 1)
DMSO, ETHR FBCACHEZRE 20 min, 45 &
FROTIEAR . ERRF A R E AP R . FHEFRAX
7 490 nm ALMIE S ALBOGSE (4D 1, FEiHE A
TEIEH,

MABAFTE R =A v/ A e
23 HBEFE_EIL (electronic circular dichroism,
ECD) it&E7AZEM

f§i ] Conflex 8 #fH{E MMFF94S 1137 F Xk
EVNEAT ISR Z . PTA X BE B AE 0~21.0 kJ/mol
UM %383 Gaussian 16 43574 B3LYP/6-
31G (d,p) S AHF1 WB97XD/DGDZVP H 47
itk HAEHEEH{EH CAM-B3LYP/DGDZVP /K
P-3E{T TD-DFT #igiH5H . i ik fh ) Ui 4
I3 IR 26 2 50 A 3R 43 ECD J6itt. flif] SpecDis
1.71 A Gt R 22 SAE IS 1A R
ECD &3 2| LAY 115 ECD .

3 #R
3.1 SZHEFE

WE 1 REERRY); [a]) +36.8 (¢0.14,
HEE); UV (HEE) Amax (loge)214.97 (1.49), 280.0
(0.34)nm; ZLAMEIEE IR 1770 cm™ AbH FRILAHSE
%zl HR-ESIMS %5t HAES> 1 BS 1 U6 m/z 441.150 3
[M+Na]" (CHys0sNa*: 441.152 0, HiEHD T
N CH3006, H 10 MAMEHIE . "H-NMR (£ 1)
HAITHSQC 7 2 MREE S ou 2.46 (1H, m) Al
on 2.60 (1H, m), 1 HfPEA(E"S ou 2.66 (1H, dd, J =
13.8,8.6 Hz) #12.76 (1H, dd, J=13.8, 4.8 Hz), 4 />
HA (S5 ou3.11 (3H, s), 3.74 (3H, s), 3.82 (6H, 5),
1 MERKIMEE S on3.73 (1H,d,J=8.1Hz), 1 4
HEERPELES o417 (1H, dd, J = 9.4, 7.5 Hz) Al
4.37(1H,dd,J=9.4,5.5Hz), 2 NMELKEFE T ous5.51
(1H,s) 1556 (1H,s), 2 MNEEHHEEHES on

Fz1 LEW 1 BIXEEEIE (600/150 MHz, CDCls)
Table 1 NMR data of compound 1 (600/150 MHz, CDCl3)

DA OH oc
1 129.3
2 6.41 (d, J=2.0 Hz) 110.8
3 146.7
4 144.4
5 6.76 (d, J = 8.0 Hz) 1138
6 6.47 (dd, J=8.0, 2.0 Hz) 1219
7 2.76 (dd, J =13.8, 4.8 Hz) 35.1

2.66 (dd, J=13.8, 8.6 Hz)
8 2.60 (m) 43.8
9 179.0
1 129.7
2,6 6.24 (s) 103.1
3,5 147.1
4' 134.3
7 3.73(d, J=8.1 Hz) 84.0
8’ 2.46 (m) 45.9
9 4.37 (dd, J=9.4,5.5 Hz) 68.8
417 (dd, J = 9.4, 7.5 Hz)

3-OCHs 3.75(s) 55.6
35-0CHs  3.82(s) 56.2
7-OCHs 3.11 (s) 56.8
4-OH 5.56 (s)
4'-OH 5.51 (s)

6.24 2H,s), 1 Z1ZK3 F) ABX HRR G EAE T ou
6.41 (1H, d, J=2.0 Hz), 6.47 (1H, dd, J = 8.0, 2.0 Hz),
6.76 (1H, d, J= 8.0 Hz). '3C-NMR %% HSQC i &
BoMEEW 1 22 MES, B 1 AMPRES
oc 35.1, 2 ANEURIE S oc 43.8 fi145.9, 4 NHIHEH
A5 5 dc 55.6, 56.2, 56.2, 56.8, 1 MNELA IR
5 0c68.8, 1 MEAMBIKIE S oc 84.0, 10 M H&
X {55 oc 103.1, 110.8, 113.8, 121.9, 129.3, 129.7,
134.3,144.4,146.7,147.1, 1 DMHREEBIE S 6¢179.0.
MEL EPR RN A 1A 2 DR, Hp ]
AR XFRE, 1 AR 1,3,4- =0 7455
HT NMR ZH4ENE 590 18 9,9 -NER BRI AR fF 2 2%
&6, HMBC % (& 2) 1 H-97 (01 4.17 1 4.37)
1 C-9 (6c 1179) HAHIK, AT LAHE 9,9 - BRI AF
7£, HMBC i H-7 (0u 2.66 1 2.76) il C-1 (5c
129.3), C-2 (dc 110.8), C-6 (dc 121.9), C-9 (dc 179.0)
B, ATLAE 1,3,4-— BRI ERAE -7 L,
3-OCHj3 (0u 3.75) F1C-3 (6c 146. 7)<, W] LA
5E C-3 LA HEILAEE, 4-0H (6u 5.56) F1C-3 (¢
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2 k&4 1 89554 TH-"H COSY (— )~ HMBC
(~— ) FANOESY (¥~ ) #Hx%
Fig.2 Key 'H-'H COSY, HMBC, and NOESY correlations

of compound 1

146.7), C-4 (dc 144.4), C-5 (6c 1 113.8) HAHFx, o]
LIifiE C-4 FAHBRIEAAE. HMBC g4 H-7' (6n
3.73) Al C-8 (dc 43.8), C-9' (5¢ 68.8), C-2' (dc 103.1)
H A%, 7-OCH; (51 3.11) Al C-7'(6c 84.0) HAHE,
Al LA e C-7" A WA A717E, -OCH; (0u3.82) #H
C-3'(C-5") (6c 147.1) FAHHK, 4-OH (du5.51) Hl C-
3'(C-5" (6c 147.1),C-4'(6c 134.3), HAHHK, AL
€ C-3M1 C-5' HAA HAIRAREAE, C4' BRI,
2 S Y IS5 15 208 € . NOESY #E (& 2)
o H-8 F1 H-6"f #15¢, H-8'F1 H-7 HHH, BN
FE3A ER B R . i — it H-7"F1 H-8 20
PR A HE J = 8.1 Hz FISCERIIEN % L3 AL &
VIR R . R T B E A 1 AR
4, RH [B3LYP/6-311G (d, p), MeOH] 7K-F_ L[]
Wz R ER (DFT) #H47H ECD i, 4R B/R
&% 1 1 (TR,7'S,8'R) Higit# ECD i 5505
MARA) CD Y614 — /) Cotton 258 (B 3D, M
Wt &Y 1 MAXTHIAN (8R,7'S.8'R)-4,4-—F4
5:-3,35"7-Y H A FEAR G HE-9,9 - N R . ke R E
a1 N EY, B ABEEAREER A
(torregrandlignan A).

WA 2: REGLRY), ESI-MS m/z:375 M+
Na]*. 'H-NMR (400 MHz, CDCls) §: 7.48 (1H, d, J =
1.9 Hz, H-7), 7.07 (1H, dd, J = 8.0, 1.8 Hz, H-6), 7.03
(1H, d, J= 1.8 Hz, H-2), 6.87 (1H, d, J= 8.0 Hz, H-5),

explt.1
—-—calcd. 8R,7'S,8'R-1
- - - .calcd. 85,7R,8'S-1

CD(mdge)
o
1

U

N e
o v o o
| I I |

—254

I
w w
oo

1

200 250 300 350 400
Alnm
3 L&Y 1 8L CD 51t ECD iEE
Fig.3 Experimental CD and calculated ECD spectra of

compound 1

6.73 (1H, d, J=7.8 Hz, H-5"), 6.66 (1H, d, J= 1.7 Hz,
H-2"), 6.63 (1H, dd, J= 7.8, 1.7 Hz, H-6), 6.04 (2H, s,
-OCH,0-), 5.92,5.93 (% 1H,d,J=1.4 Hz, -OCH,0-),
425 (2H, m, H-9"), 3.73 (1H, m, H-8"), 2.98 (1H, dd,
J=14.2,4.5Hz, H-7", 2.58 (1H, dd, J=14.2, 10.1 Hz,
H-7); 3C-NMR (100 MHz, CDCls) é: 172.6 (C-9),
149.2 (C-4), 148.3 (C-3), 147.9 (C-3"), 146.5 (C-4"),
137.3 (C-7), 131.5 (C-1), 128.1 (C-1), 126.2 (C-8),
125.7 (C-6), 122.1 (C-6", 109.2 (C-2'), 108.8 (C-2),
108.6 (C-5), 108.5 (C-5"), 101.7 (-OCH,0-), 101.1 (-
OCH,0-), 69.5 (C-9%, 40.1 (C-8"), 37.7 (C-7". LA E
s 5o0ifiE — 207, BEEY 3 RIRER.

EY 3: REOEARY, ESI-MS m/z: 377
[M+Na]*. 'H-NMR (400 MHz, CDCl3) §: 6.72 (1H,
d, J=17.8 Hz, H-5'), 6.69 (1H, d, J= 8.2 Hz, H-5), 6.62
(1H, d, J= 1.8 Hz, H-2), 6.59 (1H, dd, /= 7.8, 1.8 Hz,
H-6'), 645 (2H, overlapped, H-2', 6), 5.93 (4H,
overlapped, 2 X-OCH»0-), 4.12 (1H, dd, J = 9.1, 6.7
Hz, H-9"), 3.85 (1H, dd,J=9.1, 6.9 Hz, H-9"), 2.98 (1H,
dd, J=14.1, 5.0 Hz, H-7"), 2.83 (1H, dd, J = 14.1, 7.3
Hz, H-7'), 2.41~2.61 (4H, overlapped, H-7, 8, 8);
3C-NMR (100 MHz, CDCls) 6: 178.5 (C-9), 147.9 (C-
3), 147.8 (C-3"), 146.5 (C-4), 146.3 (C-4"), 131.6 (C-1),
131.3 (C-17), 122.2 (C-6), 121.6 (C-6"), 109.4 (C-5"),
108.8 (C-2), 108.4 (C-5), 108.3 (C-2"), 101.0 (2 X -
OCH,0-), 71.2 (C-9'), 46.5 (C-8), 41.3 (C-8'), 38.4 (C-
7), 34.8 (C-7". LA L-Hd 5 CikikiE — 508, %5E
W& 3 NmalEER

EY 4: REGOBIRY), ESI-MS m/z: 403
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[M-+H]*. 'H-NMR (400 MHz, CDCls) 5: 6.80 (1H, d,
J=8.0 Hz, H-5), 6.63 (1H, d, J = 2.0 Hz, H-2), 6.57
(1H, dd, J = 8.0, 2.0 Hz, H-6), 6.15 (2H, s, H-2, 6",
4.17 (1H, dd, J = 9.1, 6.9 Hz, H-9), 3.89 (1H, dd, J =
9.1, 7.1 Hz, H-9), 3.80 (6H, s, 3, 4-OCHz), 3.78 (6H,
s, 3/, 5-OCH3), 2.96 (1H, dd, J = 14.0, 5.3 Hz, H-7"),
2.89 (1H, dd, J = 14.0, 6.8 Hz, H-7"), 2.45~262 (4H,
overlapped, H-7, 8, 8'); '*C-NMR (100 MHz, CDCls)
5: 178.8 (C-9), 153.3 (C-3', 57, 146.7 (C-3), 144.5 (C-
4), 136.6 (C-4"), 133.7 (C-1"), 129.4 (C-1), 122.0 (C-6),

114.0 (C-5), 111.4 (C-2), 105.4 (C-2", 6'), 71.3 (C-9"), 60.9
(4-OCH3), 56.0 (3', 5“OCH3), 55.8 (3-OCH3), 46.5 (C-
8"),40.9 (C-8),38.9 (C-7),34.5(C-7"). VL LHdE 5 ik
i —30920, LAY 4 4 traxillagenins
3.2 {AREETEN

KH MTT 3l 77 BRI AR R RS
Y1 1~4 X} HepG2 4liffl. HCT-116 402, AsPC-1 4H
J B B A o SRR S R Rtk & 2~
4 £ 20 pmol/L %} HCT-116 A1 AsPC-1 ZHffiA5 —
SEHIHEIER (B 4.

1507
£
i’\”‘l 100 o
=
5
8 507
%
an
0 T T 1 T T 1
2 3 4 W HEE 1L 2 3 4
WEY R 55 3 WEY

“P<0.05 "P<<0.01.

"P<0.05 *"P<0.01 vs control group.

4 LAY HCT-116. AsPC-1. HepG2 fREEHBIZNE (X+s,n=5)
Fig. 4 Effects of compounds on cells viability of HCT-116, AsPC-1 and HepG2 (X£s,n=5)
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o t
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WEE Rl 2 3 4 XTHE AR 1
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b5 AL L
4 e

AHIEFCINA R Bz 73 B2 0E T 4 DMARARER S
WEY, HAEY 1 NHIARIRRENEY, H
RACEDEIE IRNERE 2 8558 4 DARIER
KA B9 9,9~ N BRBUIANE 22 BRI EE T N I
AR, HRNAY) ZAFE TSR faE
gl KEkE, A EERHEONDI, BEAZF
YNSRI R PR A, @i ECD 177
VAT DL 8 ICRAL S I 2 5 R B 21221, Rt 5 )
I35 149°9,9 - A 8 HRY A I 2% 1A A 71 e T8 4 o v e i
IR LA Y% HCT-116 1 AsPC-1 J@ 4G — &
R, AR T & e G R — 2P T

RBAE ALY ARG EFEFR
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