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Two lathyrane diterpenoid stereoisomers
containing an unusual trans-gem-
dimethylcyclopropane from the seeds of Euphorbia
lathyrisT

i ") Check for updates ‘

Cite this: RSC Adv., 2021, 11, 3183

Linwei Li, © 12 Jianan Huang,? Hui Lyu,?® Fugin Guan,? Pirui Li,? Me[ﬁTiar\,a Shu Xu,?
Xingzeng Zhao,? Fei Liu,*® Christian Paetz,® Xu Feng® and Yu Chen @ *2

Two novel lathyrane-type diterpenoids, the Euphorbia factors Ly, (1) and L, (2), and their sterecisomer
Euphorbia factor L, (3) were obtained from seeds of Euphorbia lathyris. Both Euphorbia factors L, and
Lop possess an unprecedented trans-gem-dimethylcyclopropane as structural feature. Also, the

Euphorbia factor Ly, is the first example of a lathyrane diterpenoid with an endocyclic 12(2)-double
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comprehensive spectroscopic analyses, Cu-Kea radiation X-ray diffraction, and comparison with

DOI: 10.1039/d0ra10724g calculated electronic circular dichroism (ECD) data. The Euphorbia factor L,, exhibited an inhibitory
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Introduction

Lathyrane diterpenoids, a group of macrocyclic diterpenoids
based on a 5/11/3-tricyclic skeleton, have been found exclusively
in the family Euphorbiaceae.' These diterpenoids contain a cis-
fused gem-dimethylcyclopropane unit and are generally substituted
with a variety of acyl groups.” Several studies have been conducted
to investigate lathyrane diterpenoids for their anticancer,>* multi-
drug resistance modulation (MDR),"” and anti-inflammatory
activities.*” The existing structure-activity relationship (SAR) anal-
yses showed that the configuration of the molecule's structure as
well as the nature of the acyl side chains influence the bioactivities
of lathyrane diterpenoids.**'* However, whether the configuration
of the gem-dimethylcyclopropane influences the bioactivity of
lathyrane diterpenoids has never been studied.

Euphorbia lathyris is native to the Mediterranean and has
been introduced to many other parts of the world. A charac-
teristic of the plant's constituents is the abundance of
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effect against U937 cell line with an I1Csq value of 0.87 uM.

lathyrane-type diterpenoids. Up to now, 46 lathyrane-type
diterpenoids, most of them containing an endocyclic 12(E)-
double bond, have been identified.”*"'"** As part of our ongoing
search for bioactive natural products,”™® two novel lathyrane
diterpenoids, the Euphorbia factor L,, (1) and L, (2) along with
the Euphorbia factor L, (3)' were isolated from the seeds of E.
lathyris. The compounds 1-3 share the presence of similar
planar structures, but the configuration of the gem-dime-
thylcyclopropanes and the endocyclic 12-double bonds differ.
Herein, we describe the isolation, structural elucidation, and
the cytotoxicity evaluation of the isolated compounds. The
results indicate that the cytotoxicity of lathyrane-type diterpe-
noids is dependent on the configuration of the gem-dime-
thylcyclopropane and the endocyclic double bond.

Results and discussion

Seeds of E. lathyris (12 kg) were extracted with 95% aqueous
ethanol. The extract was rotary-evaporated, reconstituted with
H,O and successively partitioned with petroleum ether,
dichloromethane, and ethyl acetate. The petroleum ether-
soluble fraction was re-extracted with acetonitrile. Then the
acetonitrile fraction was subjected to separation by column
chromatography on silica gel and (recycling) semipreparative
HPLC to obtain compound 1 (45 mg), compound 2 (20 mg), and
compound 3 (120 mg) (Fig. 1).

Structural elucidation of Euphorbia factors L, (1)

Compound 1, obtained as colorless crystals, showed a specific
optical rotation value of [a], +20.9 [¢ 0.50, methanol/CH,Cl,

RSC Adv, 2021, 11, 3183-3189 | 3183


http://crossmark.crossref.org/dialog/?doi=10.1039/d0ra10724g&domain=pdf&date_stamp=2021-01-14
http://orcid.org/0000-0002-8406-8322
http://orcid.org/0000-0001-7349-0686
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra10724g
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011005

Open Access Article. Published on 14 January 2021. Downloaded on 3/8/2026 12:22:41 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

Fig.1 Chemical structures of compounds 1-3.

(95 : 5, v/v)]. The molecular formula of C3;gH,,0o was deter-
mined by the pseudo-molecular ion peak at m/z 665.2720 [M +
Na]" (calculated for C35H,,00Na, 665.2721) in positive HR-ESI-
MS. The 'H NMR, "*C NMR, and DEPT spectra of 1 (Table 1)
exhibited signals for a ketone group, two acetyl groups, two

Table 1 'H and *C NMR spectral data of compounds 1-3 in CDCls
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benzoyl groups, two double bonds (one exocyclic and one
trisubstituted), four methyls, two methylenes, seven methines
(three oxygenated), and two quaternary carbons (one oxygen-
ated). The interpretation of the above-mentioned spectra data
suggested that compound 1 is an isomer of Euphorbia factor L,

1 2 3
ou (mult Jup) 5cb ou (mult Jup) 5cb ou” (mult Jup) ‘3cb

10 3.17 (dd, 6.6, 14.9) 46.4 2.81 (dd, 8.9, 14.6) 44.5 3.40 (dd, 8.2, 14.3) 47.8
1B 2.08-2.17 (m) 2.06-2.13 (m) 1.78 (m)

2 2.24 (m) 38.2 2.44 (m) 36.0 2.36 (m) 37.6
3 5.84 (t, 3.6) 78.0 5.80 (t, 3.7) 75.9 5.77 (t, 3.4) 79.5
4 3.28 (dd, 3.6, 10.8) 49.2 2.97 (dd, 3.7, 8.1) 52.0 2.92 (dd, 3.4, 7.9) 52.9
5 6.02 (d, 10.8) 72.5 6.00 (d, 7.5) 72.4 6.37 (d, 7.9) 64.3
6 138.9 148.0 142.2
7 5.48 (dd, 3.9, 10.1) 70.8 5.11 (dd, 3.2, 9.2) 741 5.53 (dd, 3.1, 8.9) 78.5
8o, 2.16-2.20 (m) 28.7 1.61 (m) 36.5 2.33 (m) 28.7
8B 1.61 (m) 2.38 (m) 2.21 (m)

9 0.91 (m) 24.4 1.58 (m) 34.1 1.34 (m) 31.6
10 21.5 30.1 24.6
11 0.98 (m) 30.4 1.28 (m) 35.1 1.50 (dd, 11.0, 8.3) 27.8
12 5.77 (d, 5.6) 130.4 6.02 (d, 11.2) 136.1 6.51 (d, 11.2) 142.5
13 136.5 131.9 135.6
14 201.9 202.1 197.5
15 91.0 91.4 92.0
16 0.99 (d, 6.5) 13.7 1.07 (d, 6.7) 14.2 0.94 (d, 6.7) 14.1
17a 5.76 (s) 121.1 5.41 (s) 111.8 5.50 (s) 119.4
17b 5.61 (s) 5.00 (s) 5.22 (s)

18 1.09 (s) 21.5 1.26 (s) 22.8 1.26 (s) 28.8
19 1.00 (s) 21.7 1.17 (s) 21.2 1.19 (s) 16.6
20 2.05 (s) 23.8 2.11 (s) 15.7 1.81 (s) 12.7
1 165.9 166.0 166.0
2/ 130.4 130.4 130.4
3,7 7.96 (2H, d, 7.4) 130.0 8.16 (2H, d, 7.2) 129.7 8.06 (2H, d, 7.2) 129.7
4,6 7.43 (2H, t, 7.7) 128.6 7.45 (2H, t, 7.8) 128.3 7.45 (2H, t, 7.8) 128.3
5/ 7.56 (1H, t, 7.4) 133.4 7.58 (1H, t, 7.5) 133.1 7.58 (1H, t, 7.5) 133.1
1” 169.1 169.5 169.3
2 1.48 (3H, s) 20.6 1.45 (3H, s) 20.5 1.29 (3H, s) 20.9
1" 165.9 165.6 165.6
2" 130.4 130.2 130.2
3" 7" 7.93 (2H, d, 7.5) 129.7 8.07 (2H, d, 7.2) 129.6 7.93 (2H, d, 7.2) 129.6
4" 6" 7.38 (2H, t, 7.8) 128.6 7.44 (2H, t, 7.8) 128.3 7.35 (2H, t, 7.8) 128.3
5" 7.50 (1H, t, 7.4) 133.2 7.55 (1H, t, 7.5) 133.1 7.50 (1H, t, 7.5) 133.1
1" 169.2 170.0 169.7
2" 2.30 (3H, s) 21.6 2.07 (3H, s) 21.2 2.21 (3H, s) 21.8

@ Recorded at 500 MHz. ” Recorded at 125 MHz.
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(3), a major diterpenoid of the plant with a 7-hydroxy-lathyrol
type macrocyclic scaffold. A further comparison of the 'H and
C NMR data of 1 with those of 3 revealed identical functional
groups but with differences regarding their chemical shifts. We
observed upfield shifts for C-7 (6¢ 70.8, 6y 5.48), C-9 (0¢ 24.4, 0y
0.91), C-12 (6¢ 130.4, 6y 5.77), and C-18 (6 21.5, &y 1.09) and
downfield shifts for C-19 (6¢ 21.7) and C-20 (6¢ 23.8, oy 2.05),
indicating structural changes in the cyclopropyl enone of 1.
Consequently, two-dimensional NMR experiments (COSY, HSQC,
HMBC, and ROESY) were used to determine the structure of 1.

Correlations in the "H-"H COSY spectrum of 1 confirmed the
presence of two spin systems C-1 to C-5 and C-16 and C-7 to C-
12, while HMBC correlations from H-1B (6y 2.08-2.17), H-3 (6
5.84), H-4 (0y 3.28), and H-5 (6y 6.02) to C-15 (6 91.0) revealed
the presence of a five-membered ring in 1 (Fig. 2A). The corre-
lations from H-5 and H-7 (6 5.48) to C-6 (6¢ 138.9) and C-17 (¢
121.1) were characteristic for the presence of the exocyclic
olefinic methylene group at C-6. Further HMBC correlations from
H;-18 (65 1.09) and H;-19 (8 1.00) to C-9 (6 24.4), C-10 (3¢ 21.5),
and C-11 (6¢ 30.4) established a gem-dimethyl-substituted cyclo-
propane ring at C-9 and C-11. The assignments of the trisubsti-
tuted A'* double bond and the keto group at C-14 were determined
by the correlations from H-20 (6 2.05) to C-12 (d¢ 130.4), C-13 (¢
136.5), and C-14 (d¢ 201.9). The two acetyl groups at C-5 and C-15
were determined by the correlations from H-5 (0y 6.02) to C-1” (6¢
169.1) and from H;-2"" (0y 2.30) to C-15. The HMBC correlations
from H-3'/7' (6y 7.96) and H-3 to C-1' (¢ 165.9) and from H-3"/7"
(64 7.93) and H-7 to C-1" (¢ 165.9) showed that the two benzoyl
groups were attached to C-3 and C-7 respectively.

The relative configuration of 1 was deduced by analysis of its
C NMR and NOESY data (Fig. 2B). The trans-linked cyclo-
pentane ring and the P-oriented O-acetyl-15, CH3-16, and O-
benzoyl-3 groups were deduced from the NOESY correlations
between H-1B and H;-16 (6 0.99) and between H-1a (0y 3.17),
H-2 (0y 2.24), H-3, and H-4 (Fig. 2B). The NOESY correlations
between H-4 and H-7 and between H-5 and H-17a (6y 5.76)
revealed that the O-acetyl group at C-5 was a-oriented while the

'H-'H COSY =—

NOESY

HMBC H——>C
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O-benzoyl at C-7 was in B-orientation. Further NOESY correla-
tions between H-7, H-8a. (dy 2.16-2.20), and H-11 (dy 0.98) and
between H-9 (6 0.91) and H3-19 indicated a trans-fused cyclo-
propane ring with a B-oriented H-9 and an a-oriented H-11. This
assumption was also corroborated by the absence of a NOESY
cross peak between H-9 and H-11. The (E)/(Z) double-bond
geometry has a significant effect on the NMR chemical shifts of
the olefinic carbons and also on the substituted carbons con-
nected to the double bond.**** In 1 the 12, 13-double bond has a (2)
geometry as it is indicated by an upfield-shifted carbon signal of C-
12 (6¢ 130.4) and a downfield-shifted carbon signal of C-20 (¢
23.8). In contrast, the double bond in the Euphorbia factor L, (3)
has the opposite (E) geometry. The NOESY correlation between H-
12 (6y 5.77), H3-20, and H3-19 indicated furthermore the (Z)
configuration of the trisubstituted double bond in 1. A single crystal
X-ray diffraction analysis with Cu-Ka radiation [flack parameter at
0.00(8)] (Fig. 2C) unambiguously assigned the absolute configura-
tion of 1 as 2, 3S, 4R, 5R, 7R, 9R, 11S and 15R. Thus, 1 was given the
trivial name Euphorbia factor L,,, and its systematic name is (25, 3S,
4R, 5R, 7R, 9R, 11S, 15R)-5,15-diacetoxy-3,7-dibenzoyloxy-14-
oxolathyra-6(17),12(13) Z-diene. The two specific structural charac-
teristics of 1, namely the (Z) geometry of the 12,13-double bond and
the trans-fused cyclopropane ring at C-9/C-11 were here firstly
described for the lathyrane skeleton.

Structural elucidation of Euphorbia factors Ly, (2)

Compound 2, with a specific optical rotation of [a], +62.5 [¢
0.46, methanol/CH,Cl, (95 : 5, v/v)], had the same molecular
composition as 1. The analysis of its NMR spectroscopical data
suggested that 2 was a derivative of 1 and 3 (Fig. 3A). In
comparison with the "*C NMR data of 1 (Table 1), the downfield-
shifted carbon signal of C-12 (6¢ 136.1) and the upfield-shifted
carbon signals of C-20 (6¢ 15.7) and C-13 (¢ 131.9) suggested an
(E)-geometry for the 12,13-double bond in 2. The NOESY
correlation of H-12 (g 6.02) with H-9 (65 1.58) supported the
above assignment for the 12,13-double bond. The NOESY
correlations H-1a (0y 2.81)/H-2 (6y 2.44), H-2/H-4 (0y 2.97), H-4/

Fig. 2 (A) *H-'H COSY (black thick lines) and key HMBC correlations (black arrows). (B) Important NOESY correlations (blue arrows). (C) X-ray
ORTEP drawing of compound 1 (displacement ellipsoids were drawn at the 30% probability level.).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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C
—— exp. ECD of compound 2
cal. ECD of (25, 3S, 4S, 5R, 7R, 9R, 10R, 15R)-2
cal. ECD of (2R, 3R, 4R, 58, 7S, 9S, 10S, 155)-2

Fig. 3 (A) *H-"H COSY (black thick lines) and key HMBC correlations (black arrows). (B) Important NOESY correlations (blue arrows). (C)

Experimentally determined and calculated ECD curves of compound 2.

H-3 (6 5.80), H-4/H;-20, H-4/H-7 (64 5.11), H-7/H-8a (05 1.61),
H-8a/H;3-18 (0y 1.26), H-8a/H-11, and H-11/H3-20 determined
these hydrogens and methyl groups as cofacial and a-oriented
(Fig. 3B). Further NOE correlations of H-9 (6y 1.58)/H-12 (0y
6.02), H-9/H;-19 (64 1.17), H-12/H;-19, and H-18 (0 2.11)/H;-16
(g 1.07) confirmed the B-orientation of H-9, H-12, H3-16, and
H3-19. As a result, the cyclopropane ring was revealed to be
trans-fused to the 11-membered ring at the positions C-9 and C-
11. The relative configuration of 2 was therefore determined as
(2S*, 3S*, 45*, 5R*, 7R*, 9R* 10R*, 15R*), resulting in a molec-
ular structure as shown in Fig. 3B. For the absolute stereo-
chemical determination of 2 the circular dichroism spectrum
was measured and compared to the result of calculated
quantum chemical electronic circular dichroism (ECD) spectra
(ECD was simulated at TD-DFT/CAM-B3LYP/TZVP level). The
calculated ECD curve for (28, 3S, 4S5, 5R, 7R, 9R, 10R, 15R)-2 was
in good accordance to the sign and intensity of the experi-
mentally determined positive cotton effect (CE) at 236 and
283 nm and the negative CE at 333 nm. The calculated ECD
spectrum for (2R, 3R, 4R, 58, 7S, 95, 10S, 155)-2 showed a mirror

Scheme 1 Proposed biosynthetic pathway of compounds 1-2.

3186 | RSC Adv, 2021, 11, 3183-3189

image to the experimental curve of compound 2 (Fig. 3C).
Therefore, the absolute configuration of 2 was assigned to (25,
3S, 4S, 5R, 7R, 9R, 10R, 15R). As a result, the trivial name
Euphorbia factor Ly, was given to compound 2, and its system-
atic description is (2S, 3S, 4S, 5R, 7R, 9R, 10R, 15R)-5, 15-
diacetoxy-3,7-dibenzoyloxy-14-oxolathyra-6(17),12(13) E-diene.

Proposed biosynthetic pathway

Considering the structural similarities of the compounds 1-3,
these compounds may have a close biogenic relationship. We
propose that Euphorbia factor L, (3) is the biosynthetic precursor of
1 and 2. A plausible biosynthetic pathway for 1 and 2, which
Euphorbia factor L, triggered by light and then the formation of
trans-gem-dimethylcyclopropane isomers (compounds 1 and 2)
through free radical intermediate, is proposed in Scheme 1.

Antitumor assay

Compounds 1-3 were tested for their in vitro cytotoxicity against
human lung carcinoma (A549), human glioblastoma (T98G),

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Effect of compounds 1-3 on the proliferation of T98G, A549,
and U937 cells

I1C50 (1M)
Compound T98G A549 U937
1 >200 >200 >200
2 119.71 &+ 5.46 99.62 £ 3.23 0.87 £ 0.32
3 >200 >200 >200
Camptothecin 1.03 £ 0.14 0.28 £ 0.04 0.09 £ 0.02

and human leukemic monocyte lymphoma (U937) cell lines
using the MTT assay. The results indicated that 1 and 3 were
inactive against the above-mentioned cancer cell lines [50%
effective dose of clonal inhibition (ICso) > 200 puM], while 2
showed moderate cytotoxicity against U937 (ICsy: 0.87 £+ 0.32
uM) (Table 2). It is suggested that the cytotoxicity of lathyrane-
type diterpenoids is determined by the geometry of the C-12/
C-13 double bond and the configuration of the cyclopropane
ring in the molecule. The differential inhibitory effects against
the U937 cell line of the three stereoisomers 1-3 may attract the
interest of other researchers for further investigation.

Experimental
General experimental procedures

Column chromatography (CC) was performed on silica gel (200-
300 mesh, Qingdao Marine Chemical Inc., China). Semi-
preparative HPLC separations were conducted on a Shimadzu
HPLC system (LC-20AR, Shimadzu, Japan) with a Shim-pack GIS
C18 column (5 pm, 250 x 20 mm, Shimadzu, Japan). For con-
ducting recycling preparative separations, the Shimadzu LC-
20AR instrument equipped with a SPD-20A detector and an
Inertsil ODS-3 column (5 pm, 150 x 10 mm, Shimadzu, Japan) was
used. LC-HRMS spectra were obtained on an Agilent 6530 Q-TOF
mass spectrometer coupled to an Agilent 1260 HPLC (Agilent
Technologies GmbH, Waldbronn, Germany). Specific optical
rotation values were measured using a Jasco P-1020 polarimeter
(Jasco, Tokyo, Japan). Electronic circular dichroism spectrum was
measured using a JASCO J-810 spectropolarimeter (Jasco, Tokyo,
Japan) at 25 °C in spectroscopy grade methanol. NMR data were
obtained using (operating at 500.13 MHz for 1H NMR and 125.75
MHz for 13C NMR) (Bruker Biospin GmbH, Karlsruhe, Germany).
CDCI; was used as solvent and tetramethylsilane (TMS) was used
as an internal standard. The X-ray crystallographic data were
collected on a Bruker Smart Apex-Il CCD diffractometer using
graphite monochromated Cu-Ka. radiation (A = 1.54178 A) at 296
K. SHELXT-2014 (ref. 22) was used for structure solution; SHELXL-
2018 (ref. 23) for cell refinement and Mercury 4.1 (ref. 24) for the
visualization of the structure.

Plant materials

The seeds of E. lathyris were collected from Jiaozuo in Henan
Province of China in June 2016. The plants were taxonomically
identified by Changqi Yuan, professor at the Institute of Botany,

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Jiangsu Province and Chinese Academy of Sciences. A voucher
specimen (accession number 201609-EL) was deposited at the
Department of Natural Product Chemistry, Institute of Botany,
Jiangsu Province and Chinese Academy of Sciences.

Extraction and isolation

The dried E. lathyris seeds (12 kg) were extracted with 95%
aqueous ethanol (50 L x 3 times x 2 hours) under reflux to give
crude extracts. The combined crude extracts were evaporated
under reduced pressure to yield a brown residue (5.1 kg) which
was suspended in distilled H,O (12 L) and partitioned sequen-
tially with petroleum ether, CH,Cl, and EtOAc. After evapora-
tion of the solvent, the petroleum ether fraction (730 g) was re-
extracted repeatedly with acetonitrile. The acetonitrile extract
(145 g) was subjected to normal-phase silica gel CC and eluted
with a petroleum ether-EtOAc gradient (1:0,20:1,10:1,4: 1,
2:1,0:1,v/v) to obtain six fractions (Fr.1-Fr.6). Fraction 2 was
further separated using a silica gel CC and eluted with a step-
gradient (petroleum ether-EtOAc, 80:1, 70:1, 60:1, 50:1,
40:1,30:1,20:1, 10: 1, v/v) resulting in eight subfractions
(Fr.2-1-Fr.2-8). Fr.2-3 (21 g) was separated by semipreparative
HPLC followed by recycling semipreparative HPLC (MeOH-
H,0, 85 : 15,v/v, 4 mL min~ ") to yield 1 (45 mg), 2 (20 mg) and 3
(120 mg). Recrystallization of 1 from petroleum ether-EtOAc
(4 : 1) gave colorless crystals.

LC-HRMS measurements. Zorbax C18 column (3.5 um; 150
x 4.6 mm; Agilent, St Louis, MO, USA) with a constant flow rate
of 500 uL min " at 35 °C, binary solvent system of H,O (solvent
A) and MeOH (0.1% (v/v) formic acid, solvent B). 0-20 min,
isocratic, 85% B; 20-30 min, isocratic, 100% B; 30-40 min,
isocratic, 85% B.

Euphorbia factor L,, (1). Colorless crystals; [o]p +20.9 [c 0.50,
methanol/CH,Cl, (95 : 5, v/v)]; HPLC-PDA-HRMS ¢ 9.23 min;
UV (MeOH-H,0) Amax 200, 235, 280 nm; NMR data see Table 1;
HRESIMS (m/2): 665.2720 [M + Na]" (calculated for CsgH,,00Na,
665.2721). 1 was re-crystallized from petroleum ether-EtOAc (4 : 1).
A single-crystal X-ray diffraction analysis using Cu-Ko. radiation (A
= 1.54178 A) was carried out to obtain the structure. M = 642.71,
triclinic, P1, @ = 9.1400(4) A, b = 9.3542(4) A, ¢ = 10.6916(5) A, o =
104.278(2)°, 8 = 90.570(2)°, v = 91.630(2), V = 885.37(7) A?, Z =1,
D, = 1.378 mg mm >, T = 296(2) K, Flack (abs) = 0.00(8).

Euphorbia factor Ly, (2). Colorless crystals; [a]p +62.5 [¢ 0.50,
methanol/CH,Cl, (95 : 5, v/v)]; HPLC-PDA-HRMS ¢ 8.21 min;
UV (MeOH-H,0) Apay 200, 232, 280 nm; ECD (methanol) A(~Ag)
236 (+), 283 (+), 333 (—) nm; NMR data see Table 1; HRESIMS (m/
2): 665.2716 [M + Na]" (calculated for C33H4,00Na, 665.2721).

Computational details

The conformational search for a pair of enantiomers of 2 ((25*,
3S*, 4S* 5R* 7R* 9R* 10R*, 15R*)-2) was performed using
Spartan 14 (ref. 25) with MMFF molecular mechanics force field.
After surveying the conformational space, the conformers
within a 5 kecal mol ™" energy window were preliminarily opti-
mized at B3LYP level using 6-31G+(d) basis set. The frequency
calculation was then conducted for the previously optimized
conformers to obtain the corresponding their relative Gibbs free
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energies (AG). Boltzmann weighting factors (P;%) for each
conformer were determined on the basis of AG to eliminate the
conformers which possess inappreciable contribution. Subse-
quently, the conformers selected for ECD calculation were re-
optimized by DFT calculations at CAM-B3LYP/TZVP level.
Then, the 20 lowest electronic transitions were calculated using
time-dependent density functional theory (TD-DFT) method at
CAM-B3LYP/TZVP level, and with methanol as solvent employ-
ing the PCM model. All quantum chemical calculations were
conducted using Gaussian 09 program package.”® ECD curves
were generated with SpecDis*” at a half bandwidth of 0.30 eV
and 11 nm red-shift UV correction.

Biological assay

The human cancer cell lines A549, T98G, and U937 were
cultured in Nutrient Mixture F-12 Ham (Sigma, USA), Dulbec-
co's modified Eagle's medium (Gibco, USA), and Roswell Park
Memorial Institute 1640 Medium (Gibco, USA) respectively,
supplemented with 10% fetal bovine serum (Gibco), 100 pg
mL " penicillin, and 100 pg mL ™" streptomycin. All cells were
cultivated in a humidified atmosphere of 5% CO, air at 37 °C.
The cytotoxicity of compounds 1-3 against the above-
mentioned three cell lines were evaluated using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide  (MTT)
assay, which was carried out according to protocols described
previously.”® Camptothecin was used as a positive control.

Conclusions

In conclusion, the two specific structural characteristics of the
stereoisomers 1 and 2, the (Z)-geometry for the C-12/C-13
double bond in 1 as well as the ¢trans-fused cyclopropane ring
at C-9/C-11 in 1 and 2, are firstly found in the lathyrane skeleton.
The different inhibitory effect against U937 cell lines among the
three stereoisomers 1-3 may attract interest from researchers
for further investigation.
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