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Research progress on lignan enantiomers
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Shenyang Pharmaceutical University, Shenyang 110000, China

Abstract: In nature, optically pure natural products are widely distributed. However, increasingly studies have found that some types
of compounds exist enantiomers. Although they have the same physical and chemical properties, their efficacy and toxicity are not
completely coincident, and chirality may be the key factor for different activities. As a very important secondary metabolite in nature,
lignans have been found to exist as a mixture of enantiomers in many plants. This article aims to summarize the reported lignan
enantiomers, and discuss their chiral separation methods biogenic pathways and pharmacological activities. It will contribute to the
further research and development of the medicinal value of lignan enantiomers.
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Fig. 2 Distribution of family and genus of 8-O-4' neolignans
enantiomers

1 8-O-4'BUFFARMEEXIRFADE

Table 1 Enantiomers of 8-O-4' neolignans

Ll AR EAS YRR HYEHE SCHR
la/1b (%)-4,7,9,9'-tetrahydroxy-8-0-4'-neolignan AR RS AR TE 3
2a/2b (%)-4,7,9,9'-tetrahydroxy-3'-methoxy-8-0-4'-neolignan AR RS AR TE 3
3a/3b (+)-(7R*,8R")-4,7,9,9'-tetrahydroxy-3,3’-dimethoxy-8-0-4'-neolignan AW WERESTE 3
4al4b (+)-(7S",8R")-4,7,9,9'-tetrahydroxy-3,3'-dimethoxy-8-0-4"-neolignan AR wHreETRE 3
5a/5h (%)-(7S",8R™)-guaiacylglycerol-B-coniferyl aldehyde ether AR HARERE AR 4
6a/6h (+)-(7R*,8R™)-guaiacylglycerol-B-coniferyl aldehyde ether AR HARERE AR 4
7al7b (£)-(75",85")-4,7,9,9"-tetrahydroxy-3,3’,5'-trimethoxy-8-0-4"-neolignan it RN LS R 5
8a/8b (£)-(7S",8R")-4,7,9,9"-tetrahydroxy-3,3’,5'-trimethoxy-8-0-4"-neolignan it RN LS R 5
9a/9b (£)-4,7,9,9"-tetrahydroxy-3,5,3',5'-tetramethoxy-8-0-4"-neolignan it RN LS R 5
10a/10b  (=+)-guaiacylglycerol-8-acetovanillone ether 1L BHEhLAE R 5
11a/11b  (=+)-guaiacylglycerol 8-vanillin ether 1L BHEhLAE R 5
12a/12b  (£)-(7S",8R*)-4,9,9'-trihydroxy-3,7,3'-trimethoxy-8,4"-oxyneolignan Bk AR 8 6
13a/13b  (F)-(75*,85%)-4,9,9'-trihydroxy-3,7,3"-trimethoxy-8,4'-oxyneolignan R EARRAERE 6
14a/14b  (£)-4,9,9"-trihydroxy-7,3",5'-trimethoxy-8,4'-oxyneolignan RiE EARB R 6
15a/15b  (£)-4,9,9-trihydroxy-3,7,3",5"-tetramethoxy-8,4'-0xyneolignan R EAR R 6
16a/16b  (F)-(7S",8R")-4,7,9-trihydroxy-3,3",9'-trimethoxy-1'-allyl-8,4"-oxyneoligna  EL{% AR E 6
17a/17b  (F)-(75%,85%)-4,7,9-trihydroxy-3,3',9'-trimethoxy-1"-allyl-8 4"-oxyneoligna  EL#% AR E 6
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Eikel SR/ B EUUES) YIRS SCHA
18a/18b (£)-4,7,9,9"-trihydroxy-3'-methoxy-8,4'-oxyneolignan 2N = HARF R AR 6
19a/19b  (=)-guaiacylglycerol-8-acetovanillone ether Bt AR AR 6
20a/20b (%)-solanumin D SE HhiEHil e 7
21al21b  (%)-solanumin E SE PR gii) 7
22a/22b (%)-solanumin F SE HhiEHil e 7
23a/23b  (%)-solanumin G SE PR gii) 7
24a/24b (%)-crataegusal A LA HaEh LA 8
25a/25b  (+)-crataegusal B Ll TR L 8
26a/26b  (&)-xanthiifructin C “H HEEH S 9
27al27b (%)-acortatarinowin A i EH KRR EHE 10
28a/28b  ()-acortatarinowin B HE KrgERE S 10
29a/29b (%)-acortatarinowin C i EH KRR EHE 10
30a/30b  (=)-acortatarinowin D HE KrgERE S 10
31a/31b (£)-(7R*,85")-3",4,7,9'-tetrahydroxy-3-methoxy-8-0-4"-neolignan A% ERRA 2B 11
32a/32b  (%)-(7R*,8R")-3'4,7,9'-tetrahydroxy-3-methoxy-8-O-4"-neolignan SES] EHEBATZE 11
33a/33b (%)-oxyneolignan A HET RABEHTIE 12
34a/34b  (%)-oxyneolignan B HEM RAFE T IS 12
35a/35b (%)-oxyneolignan C HET RABEHTIE 12
36a/36b  (%)-oxyneolignan D HEN RAFE T IE 12
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Fig. 3 Enantiomers of 8-O-4' neolignans
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Table 2 Enantiomers of benzodihydrofuran type neolignans

T SL/ER S LEE7/P ST T EHE SCiR
37a/37b (= )-idaeusin A AR S R EeTE 13
38a/38b (= )-idaeusin B AR S R EETE 13
39a/39b (=)-idaeusin C AR S R EeTE 13
40a/40b (= )-idaeusin D AR S R EETE 13
41a/41b (= )-balanophonin A AR R 14
42a/42b  ()-dehydrodiconiferyl alcohol A AR R 14
43a/43b (=+)-5-methxyl-balanophonin AR AR R 14
44al44b (+)-rubussin A AR RS RIS TE 15
45a/45b (+)-rubussin B AR RS AR TR 15
46a/46b (= )-ailanthussin A Rt AR R R 16
47a/47b (+)-curlignan R AR R R 16
48a/48b (= )-rasidasin | AR RS AR TR 17
49a/49b (=)-rasidasin II AR RS AR TR 17
50a/50b (=)-4,9,9"-trihydroxy-3,5'-dimethoxy-dihydrobenzofuran-type neolignan AR K WEEReTRE 17
51a/51b (=)-crataegusin A i HIREhLAS R 18
52a/52b (= )-crataegusin B i HIREhLAS R 18
53a/53b (=)-4-hydroxy-3,5"-dimethoxy-4’,7-epoxy-8,3’-neolignan-9-ol-10"-acetate 1L HIREHLAS R 18
54a/54b (=)-crataegifin A i HIREHLAS 19
55a/55b (= )-crataegifin B i HIREhLAS R 19
56a/56b (= )-crataegifin C i HIREhLAS R 19
57a/57b (= )-crataegifin C i HIREHLAS R 19
58a/58b (=)-solanumin H S PRy 7
59a/59b (=)-solanumin | S PRy 7
60a/60b (=)-4-hydroxy-3,5’-dimethoxy-4',7-epoxy-8,3'neolignans-9-ol-10-propionate i34 MEREAER 20
61a/61b (=)-4-hydroxy-5'-methoxy-4',7-epoxy-8',9'-dinor-8,3'-neolignan-9-ol-7"-oic acid %'V HERIPNARE 21
62a/62b (=)-4-hydroxy-4',7-epoxy-8,3'-neolign-7"-ene-9,9'-diol 9'-ethyl ether BIR HERIPNARE 21
63a/63b (=)-phyllanglaucin A HARM TR KR TERE 22
64a/64b gardenifolin A/gardenifolin B Ma+ i FURE T8 23
65a/65b gardenifolin C/gardenifolin D Ma+ i FURE T8 23
66a/66b gardenifolin E/gardenifolin F Ma+ i HURE T8 23
67a/67b gardenifolin G/gardenifolin H Ma+ i FURE T8 23
68a/68b (=)-Icarin A AR TR 24
69a/69b (= )-4-hydroxy-3,5'-dimethoxy-9-(3,4,5-trihydroxy)benzoyloxy-4', 7-epoxy- e 5| KERFHS AR 25
8,3"-neoligna-9'-ol
70a/70b (=)-4-hydroxy-3,5,5"-trimethoxy-9-(3,4,5-trihydroxy)benzoyloxy-4',7-epoxy- 13 KERFHS AR 25

8,3"-neoligna-9'-ol
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LSRR R DU AR AR . HvgiiE  FE 9.

ZETT oy 3 FhRAY, B 7-0-7HL, 7-0-9H1A1 9-0-9° 15 fEHAKREBHEMMEAREERE

R RSO T OB R 17 W% 1 34 CeCa 25 4 B e A HOE BT UM AR RE R N
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Table 3 Enantiomers of ditetrahydrofuran lignans

T SL/ERS TEYIRIR HYFHE SCHR
71a/71b (%)-sesamin 2Bk EAREARL Gk 26
72a/72b (%)-idaeusinol B AR HHRI RN TR 27
73a/73b (+)-ligballinol AR L3 R T8 27
74al74b (%)-demethoxypinoresinol AR HHRI RN TR 27
75a/75b (%)-pinoresinol AR HHRI RS TR 27
76a/76b ()-morifolia A EER IS e N 28
77al77b (% )-acortatarinowin F HE KrgERLE S 10
78a/78b (+)-acortatarinowin G HE KrgERE S 10
79a/79b (%)-syringaresinol i HEIEEE 29
80a/80b (&)-medioresinol i RN EE 29
81a/81b (%)-saminl WS HEIEEE 29
82a/82b (+)-asarinin TERL EHFHERUS 30
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KERUEM TSRS R —ENSE .
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3 AREERXMMFHEERIRERNT

KRARFEACE 2T LUK e S W A 1 T AR A
AR SR e 1), WK 14 s, DO ARHEER
Xof B A R R T& A T 2 0, EATTER AR &
IR Aielh, A RN AR AR Z B (phenylalanine
ammonia-lyase, PAL) f#{b i Z IR AERR, PIEE
MR WHER-4-% 58 (cinnamate-4-
hydroxylase, C4H) fiE{LA Rk 4-7F SR (p-coumaric
acid), ity A 4% (4-coumarate:coenzyme A ligase,
4CL) W LMEAL 4-F SRR 4-F S AHEE A TR
(p-coumaroyl-CoA), BEHE 1E3F HIR/ZE T M F2
WHEREL #5528 (shikimate/quinate hydroxycinnamoyl
transferase, HCT) 5% 5#2-3-F2 FL L (coumarate-
3-hydroxylase, C3H) AL T A B4 Jk A FE BR A

x4 SRR RS EXTRFAE

Table 4 Enantiomers of tetrahydrofuran lignans

G AR TR YRS SCHR
83a/83b (%)-solanumin A SES Akl At E 7
84a/84b (%)-solanumin B SES Akl E 7
85a/85h (%)-zuonin A FRF ARFR AR 8 24
86a/86b (%)-acortatarinowin E BT KRR ETHE 10
87a/87b (%)-fragransin A2 BT KRR ETHE 10
88a/88b (%)-4,4'-dihydroxy-9’,7-epoxylignan-9-ol-7"-one LANE N RPN AR 21
89a/89b (%)-acortatarinowin | i E KRR ETHE 31
90a/90b (%)-2,3-diguaiacyl-4-hydroxytetrahydrofuran Lt TR LA 32
91a/91b (%)-kachirol M HER SRMEEINE 33
92a/92b (%)-glaberide | M HER SRMEEINE 33
93a/93b (%)-caruilignan C M HER SRMEEINE 33
94a/94b (%)-idaeusinol A FAW A R TR 27
95a/95b (%)-salicifoliol AR OEA LR TR 27
96a/96h (%)-lariciresinol w35 KEBRINEARNMNE 24
97a/97b (%)-chicanine k¥ ARFE AR 8 24
98a/98b (%)-meyeniine B SRS TFAERMAT 8 34
99a/99b (%)-Iriciresinol acetate SRS TFAERMAT 8 34

I A (caffeoyl-CoA), TEMIMEREAHEE A & R
i ( caffeoyl CoA 3-O-methyl transferase ,

CCoAOMT) fiAL N ARAEFIAL, ERFrEE AR
[FI4tBE A 5 (feruloyl-CoA), ZAEMEHEE A IE R
(cinnamoyl CoA reductase, CCR) i {ki& 5 % Al
FERE Cconifer aldehyde), #x )5 &id A EE E% i S0
(cinnamyl alcohol dehydrogenase, CAD) & J5iH] LA
TE A B F 2 Aot 1 5% B 1) fR RS A B

(coniferyl alcohol) [2456],

VA AR S IR R Z R 2 AR A,
AT TR IE UE a0 A b RN AEAE 2 Bl oA A
F ST A RE S R [ B B G ke IR B A R B
(pinoresinol synthase, PS), ‘EAT&LEMAL 2 AN FAKT
W B TC R A7) 1 R AR A ) FR AP S8 Hh R 4 K
TER, MR L XX 4A, BITE R 1 6300y
SRR B E ZO0 AR BRI ()-FA G . #ETOR, 72
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Fig. 9 Enantiomers of tetrahydrofuran lignans
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Fig. 10 Distribution of family and genus of enantiomers of
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A AH RO WOEREPERT (3)-F BB /78 H A i Bk JiR
(pinoresinol reductase, PLR) HIfi#E{L T, FANRE)
AT DA ST AR SR B A Sy (£ )-V& A TR TR A
()-TFIA T A Gy 7581 Iﬁtﬁﬁ@ﬂ%ﬁ%*ﬁ%
P A, HRE R MR A, 16

BEAMEY)PIX 2 Pl 75 RN AR . HHJ?@?*E

Pyrb AL OB 7T LRI T T 1B O )
EWPTURIA LD, I I LS SCE G ) 2 L, A
B TR P E A R SN AOP L], e B 2R
XA AT A K, AR EEE PR T R it
B,
4 HIEEM
BRAEYEEE A R, EEAGY
MO AN GBI AR T R R ORGP AT
EAAER S BUHIVIREAE . JURESE. fFxt
WS AR 25280 5 B IF AN e AR R, AN S5 ]

REAE PEUE R RI R, DX SCHIIGE AR =R
XA A Y BEAT B4 .

4.1 Apas R EIER

Yao U RIAEY) Sb F6b X
Hep3B 4 [ 3% 41 FH 23 7l 5 T4 44 5a 1 6a,
HED“EB? MEK/ERK 1551 #% T, 154 5b Fl 6b

755 2 4 T AT = RO ROS UK . Shang
a’:;[fﬂﬁﬁnkmwé\% 24a/24b Xt fiHE Hep3B 4t
B AMEAER, 1Cso [0 (34.97£2.74),
(17.4240.71) pmol/L. Bt4b, 7E Hep3B 4HfiEH,
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Table 5 Enantiomers of sesquilignans and diplignans
'S RS TRV HEYFHE SCHR
100a/100b (%)-idaeusinol C AR iE A HHRI RS TR 27
101a/101b (%)-idaeusinol D AR iE 3 HHRI RS TR 27
102a/102b (#)-phyllanglaucin B AR Bk KEARH T 2R R 22
103a/103b (%)-phyllanglaucin C R URSS KEERFH T 2R & 22
104a/104b (%)-phyllanglaucin D BRI R ER KEERFH T 2R & 22
105a/105b (£)-(7R*,85",7'R*,8'R™)-acernikol FHIRH B KRB TERE 22
106a/106b (£)-(7R",85",7'S",8'S")-acernikol M FER KRR T 2R R 22
107a/107b (%)-erythro-7'-methylcarolignan E TN KRR S 35
108a/108b (%)-erythro-carolignan E B K HR PN PN 35
109a/109b (%)-threo-7"-methylcarolignan E TN REF RS 35
110a/110b (%)-threo-carolignan E NG KRR S 35
111a/111b (%)-torreyunlignan A = PN LG AZRHER 8 36
112a/112b (%)-torreyunlignan B Z P ATEA ANSE 8 (2 XY 36
113a/113b (%)-torreyunlignan C Z P ATEA L1 SAZFHEN & 36
114a/114b (%)-torreyunlignan D Z PR LGNS RHER & 36

H,CO

H CcO HO.
{}§°O’IO o
7o
OHH;CO

103a 8R7'R 8'S
104a 8R7'R 8'S
105a 8S 7R 8'R
106a 857'S 8'S

[0]

Hjcomk W\QOCH]
HO 2C0
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o 1
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o 1

H !

o R i
]QW 87" i R” 78
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i

112b R,=H R,=OCH,
113b R;=OCH, R,=H
114b R,=R,=H

112a R;=H R,=OCH,
113a R;=OCH; Ry=H
114a R,=R,=H
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Fig. 11 Enantiomers of sesquilignans and diplignans
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Table 6 Other types of lignans enantiomers
%i's WA A YRR HEYEE Lk

115a/115h  (&)-pithecellobiumin B TEHR SRIEHINE 37
116a/116b  (+)-acortatarinowin H FETH R ERETE 31
117a/117b  (&)-pithecellobiumin A TEEIR SRMEHIE 37
118a/118b  (+)-3-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-1-(4-hydroxyphenyl)propan-1-one  £L 1% AR TR 38
119a/119b  (+)-2-(4-hydroxy-3-methoxyphenyl)-1-(4-hydroxyphenyl)-1-methoxy-propan-3-ol £ 1% PR TR 38
120a/120b  ()-3-hydroxy-1,2-bis(4-hydroxy-3-methoxyphenyl)-1-propanone AR K AR TR 38
121a/121b  (&)-1,2-bis(4-hydroxy-3-methoxyphenyl)-1,3-propanediol AR K AR TR 38
122a/122b  (=)-3-ethoxy-1,2-bis(4-hydroxy-3-methoxyphenyl)-1-propene i WELR LA 32
123a/123b  (=)-3-methoxy-1,2-bis(4-hydroxy-3-methoxyphenyl)-1-propene i WELR LA 32
124a/124h  (+)-isatiscycloneolignan A KEM TR 39
125a/125h  (+)-4,4'-dihydroxy-3,5,5'-trimethoxy-8,3'-neolignan-7-one-9,9'-diol BN BHERENE 40
126a/126b  (=)-melipatulinone A YN EERI BRI 4
127a/127h  (+)-melipatulinone B WY ERPERYR 4
128a/128b  (+)-patulignan A EY T EHRHEREE 42
129a/129b  (+)-patulignan B EY T EHERHERAEE 42
130a/130b (= )-patulignan C EY Y EERIEFYR 42
131a/131b  (+)-dracomolphin A HH= =REZR 43
132a/132b  (=)-dracomolphin B HHEZ =RE=E 43
133a/133b  ()-pinnatififidaone A Wit IR 44
134a/134b (= )-pinnatififidaone B & WELR LA 44
135a/135b  ()-pinnatififidaone C & WELR LA 44
136a/136b  ()-pinnatififidaone D Wit BIRRRHLAE 44
137a//137b  (+)-melipatulinone C EY I EERERYE 4
138a/138b (= )-sibiricumin A T R H g 45
139a/139b  (£)-(7R*,8R")-4,4'-dihydroxy-3,7,3"-trimethoxy-8,1'-7',8',9'-trinor-neolignan-9-ol HRW TR KEENM T ERR 22
140a/140b  (£)-(7S",8R")-4,4'-dihydroxy-3,7,3"-trimethoxy-8,1'-7',8' 9"-trinor-neolignan-9-ol ~ #H KM Tk KB T B R 22
141a/141b  (+)-1,2-bis-(4-hydroxy-3-methoxyphenyl)-1,3-propanediol HRM T KEEH TERE 22
142a/142b (= )-crataegusnorin A & WELR LA 46
143a/143b (= )-crataegusnorin B & WELR LA 46
144a/144b  (+)-secoisolariciresinol 435 HPEER 24
145a/145b  ()-arctigenin THE MRS E 24
146a/146b  (+)-matairesinol REH HRREH R 24
147a/147b (£ )-wikstromol EE  WERmMER 24
148a/148b  (+)-a-conidendrin ANSE 7 AGERAEERE 47
149a/149b  ()-lyoniresinol TREERR  WERRHER 48
150a/150b  molucidin/oruwacin WES [y St SN 49
151a/151b  (=)-4-hydroxy-3,5'-dimethoxy-3, 7-epoxy-8,4'-oxyneoligna-9,9'-diol ER S| KSRGS HE 25
152a/152b  miltiolignanolide A/miltiolignanolide B VAR EWFRERE 50
153a/153b  miltiolignanolide C/miltiolignanolide D VAR EWFRERE 50
154a/154b  miltiolignanolide E/miltiolignanolide F F1% ETER R ER )R 50
155a/155b  (=)-mchisandrin B FkF HkFRE%RFE 51
156a/156b  (+)-liriodenol ZR R AR E R 52
157a/157h  ()-merrillianoid TG\ f EERI\MAE 53
158a/158b  ()-subaveniumin A i AR 54
159a/159b (= )-subaveniumin B i AR 54
160a/160b  (+)-torreyayunan A mEMER A EERHERNE 55
161a/161b  (+)-torreyayunan B SRR AEERHENE 55
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Table 7 Summarized results of split column and mobile phase

o HITRZIL VAR N /Bt

AD-H S EE-IE Ot 9 Xt 8-O-4RUHI AR Z | 2 XK P LRI RS ANE R L 4 XU IR RUA G 35
6 X VUSRI RN . 14 XF HoAh 27

IC S EE-IE Ot 16 %t 8-O-4RUHT AR\ 22 XK P LRI RS A G Z L 7 0 DUk R 2
5 XU SR RIR G2 4 XA ARRE A ARG 2. 10 Xt H AR A

AD-H IEC k- L 3 Xf 8-O-4 Ui AN Z . 3 X IRP AR ARG . 2 MREARR R =
AN E. 6 Xt HAhER

IC iE k-2 8 X%t 8-O-4 LB ANEER . 4 XS PULRRIERIARNE 2. 2 XMPUABRB B ANE R 4
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TR, L&Y 58a nfif i 3ok o) A 4 A overview [J]. Infect Disord Drug Targets, 2018, 18(2):

(catalase, CAT) &k, MM HO, ALEE
N2 BE IR SH-SYSY 4B AITE T 5 A1 ROS AR
2, Zhou ZEBEREFL T EA X H.0, 5 FHI AR REAH
g SH-SY5Y 4HfiSA bR s R 1, 455R
R EATEA ARG, HhEY 116a A
BRI ER, THHEXTBYA 116b %A B S
TRIER
43 MEERRIEA

B-VE K K R 1 R R B o 22 0 Bt 1) 32 B gy
ZE H RN RGN R AR, X Rk
AT LAHISS Rk 25 A AT e, AT 5| AEERAT 7R 2 BRI
Zhou Z5BIDLGE B8 & -T 4 & mb 19 % 6 v & il
SH-SY5Y X H &5 F PR SEL MsIER, 4R %
LG 1b. 2a #1 2b B B35 19T A1 SRR
PE, > FRHET T TN AL S 1a/lb F
3a/3b 5 B-IEMFEER A DA S EAEH, R
T ASRISLARAR 2 S5 0 iE P R 520 Zhou SFISIRAF 7T
RIAAY) 37a %F ABTS H H 2 1IERRAE ) S5k,
WA 390 BAETERIPL APrs KEENE. Wang
FROESAS N F A AV IR -, DLZET RN
PEXT IR, FH THT 3EVP 7 %) ABra2 SREERIHNHIAEF
gE LR OR, th A 71b 7E 20 umol/L 3K JE Xt ABra
RAENHNHIE N (80.60+153) %, T MmN
APra2 FEMINHIZE (75.60+1.52%) %, LHILE
W) 71b 5 ABraz RS B R HIHIVER, SR &
) 7T1la BAAHER APra RGN XL FNIRTT
B[R Z& HE BRRE AL 1 AT BRI FE A
5 HiESRE

FMKRE, T AR RIS AR R340, X
U EARERBUEYEH —ENRIRENL, &%
RGN A B S5 R, W] LARTE I 4y 2 3R R iR
M A R LY BRIR GV RIE A AFfE . @il
W AR A & O A B RE S 14 g R T DL
ANARNE R AR T A, i BRI R
RIEFRIE ALK o PRAIRTUAG 20wl A4 2 [8] (1)
EMEZE R, IEPRACR B E KDL A S YT H
25, AT CLHERRTC R (BN R X6 it 7 44 4 By
PAS| RS I EEEIE T, 30 BRI/ N A4S TG 500t bkt S
R AR £ 4E

FBERR HAEEAEPARAEASZT R
&30k
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