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Abstract: A new Cephalotaxus alkaloid, namely Cephalounei A (1), was isolated from the stems of Cephalotaxus
fortune Hook. f. Their structures were elucidated by spectroscopic and mass-spectrometric analyses, including 1D-, 2D-
NMR and HRESIMS. The relative and absolute stereochemistry of 1 was determined by a combination of NOESY
correlations and electronic circular dichroism (ECD) spectra, respectively. The cytotoxicity of all compounds were
evaluated against five cancer cell lines.
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1. Introduction

Cephalotaxus alkaloids are a wide family of secondary metabolites isolated from
Cephalotaxus genus trees, which possessed antileukemic activity and have been clinically utilized
for the treatment of acute leukemia and lymphoma due to their diverse structure, especially the
FDA-approved drug homoharringtonine (HHT) [1-2]. HHT and its derivatives had long side chains
that were active group as different from cephalotaxines. To date, those of constituents were focused
on phytochemistry, pharmacology, pharmacokinetics [3]. However, with respect to backbone
skeletons of cephalotaxines were few reported [4]. Therefore, our chemical investigation on
Cephalotaxus fortune Hook. f., with an endeavor to explore the instinct structure and bioactive
derivatives of cephalotaxines alkaloids, a new biogenetic intermediates of Cephalotaxus alkaloid
Cephalounei A, along with Cephalotaxine (2) [5], Cephalotaxinone (3) [6], Cephalotaxine acetate
(4) [7], Demethylcephalotaxinone (5) [8], Drupacine (6) [9], 20, 21-Seco-3-epischelhammericine (7)
[10], Wilsonine (8) [11], were isolated from the powdered stems of C. fortune Hook. f.. Herein,
their isolation and structural elucidation were descried.
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Figure 1. Structures of compounds 1-8

2. Materials and Methods

2.1. General Experimental Procedures

UV spectra were recorded on Shimadzu UV-2450 Spectrophotometer. IR spectra were
determined by a Nicolet Impact-410 Spectrophotometer with KBr disks. Optical rotations were
measured on a JASCOP-1020 polarimeter. CD spectrum was obtained on a JASCO 810
spectropolarimeter. NMR spectra were carried out by a Bruker ACF-600 spectrometer operating at
600 MHz for *H NMR and 150 MHz for 3C NMR, with TMS as internal standard. The mass
spectra of compounds were obtained on an ABI-Mariner Agilent 1100 MSD Trap (ESI-TOF-MS).
For column chromatography, silica gel (100-200 mesh, 200-300 mesh) was obtained from Qingdao
Marine Chemical Co. Ltd. and Sephadex LH-20 was purchased from Pharmacia Corporation.

2.2. Plant Material

The stems of C. fortune Hook. f. were collected from medicine market at Bo zhou Anhui Province, P.
R. China, in Sep. 2017 and identified by Guo-kai Wang, Anhui University of Chinese Medicine. A voucher
specimen (AAUF 20190516) has been deposited in the Herbarium, Anhui Agricultural university.

2.2 Extraction and Isolation

The air-dried and powdered stems of C. fortune Hook. f (5 kg) was extracted with 95%
alcohol at room temperature three times (3 x 20 L). The extract was dissolved in 5 % H2SO4
solution (v/v) to pH 2-3, basified with 10 % ammonia solution (v/v) to pH 9, and partitioned with
EtOAc (3 x | L) to afford the crude alkaloids (20 g). The crude alkaloids were subjected to column
chromatography over silica gel eluted by CH>Cl>-MeOH (from 1:0 to 1:1) to yield three fraction A-
C. Fraction A (3.6 g) was subjected to Ci8 MPLC with MeOH-H20 (40:60 to 100:0, V/V) as the
eluent to obtain three subfractions (A1-A2). Al was repurified on a silica gel column eluted with
petroleum ether-acetone (5:1) to afford compound 5 (37 mg). compound 2 (150 mg) was
crystallized from A2. Fraction B (4.5 g) was subjected to a silica gel column using gradient
mixtures of dichloromethane and methanol to yield three subfractions (B1-B3). B1 (1.4 g) was
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further separated by Sephadex LH-20 chromatography eluting with CH2Cl>—MeOH (1:1) and then
separated on a preparative Cig column with a gradient MeOH-H-O (50:50 to 40:60, v/v) to give 1
(5.4 mg) and 3 (7.8 mg). B2 (2.7 g) was separated on MPLC with a gradient of MeOH-H.O (30:70
to 80:20, v/v) and was applied to Sephadex LH-20 (MeOH) to give 6 (4.4 mg) and 8 (10.2 mg).
Fraction C (7.2 g) was subjected to silica gel CC using dichloromethane /acetone (10:1-1:1,
gradient system) as mobile phases to afford two Fractions C1-C2. C2 (2.5 g) was applied to a Cis
MPLC with a gradient of MeOH-H,O (10:90 to 50:50, v/v) and separated on a preparative Cig
column with a gradient MeOH-H>0 (45:55 to 65:35, v/v) to give 4 (9.1 mg) and 7 (3.9 mg).

2.3. Spectroscopic data

Cephalounei A (1): colorless amorphous solid. [a]2:6= -2.87 (C 0.0036, MeOH). IRvimax (KBT):

3442, 2931, 1484, 1223, 1035 cmL. UV (MeOH) Amax (loge): 294 (2.75), 247 (2.84), 206 (3.56).1H (600 MHz,
CD:0D) and C NMR (150 MHz, CD:;OD): Table 1.HR-ESI-MS m/z: [M+H]* 330.1700 (calcd for

C19H23NO4 330.1700).

Figure 2. 'H-'H COSY correlations and the key HMBC correlations of and the ROESY correlations of
compound 1
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Figure 3. Experimental and calculated ECD spectra of 1(black line, experimentally recorded in methanol,
red line, calculated for 2R, 3S, 6S configuration in methanol).
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3. Results and Discussion
3.1. Structure Elucidation

Cephalounei A (1) was obtained as a colorless amorphous solid. Its molecular formula was
deduced as C19H23NO4 by HRESIMS with m/z 330.1700 [M+H]" (calcd for 330.1700), indicating
the presence of 9 degrees of unsaturation in the molecule. The H-'H-NMR spectrum for 1
exhibited characteristic signs of two unimodal and overlapped protons (on 6.57 s) in the benzene
ring and a methylenedioxy group (on 5.89 and 5.88 AB, system, quasi doublet) similar to the
literature values [12].

Table 1. *H and **C NMR Spectroscopic Data of compound 1

Position 1
On (J in HZ) oc HMBC correlations (H to C)
1 1.98dd (8.45.2) 38.9 C-2/3/5/6/7
1.77 overlapped C-2/3/5/617

2 3.64 dt (7.6 3.3) 79.0 C-1/2-OCHs/4/6
2-OCH3 3.43s 57.2 C-2

3 4.351 (4.0) 66.4 C-1/2/4/5/6

4 5.66 d (4.0) 1315 C-2/3/5/6/14/15

5 1475

6 69.2

7 1.79 overlapped 39.2 C-8/9

1.67m C-5/6/8

* 11 (600 MHz, CD30D) and 3C NMR (150 MHz, CDs0D)
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8 1.76 overlapped 25.3 C-7/9
1.63m
9 2.85m 50.2 C-6/7/8
2.79 overlapped C-6/7/8/11
11 3.40 ddd (15.0 5.7 2.8) 46.3 C-6/9/12/13
2.95ddd (15.05.7 2.8) C-6/12/13
12 3.17 ddd (15.0 5.7 2.8) 33.0 C-11/13/14/18
2.83m C-11/13/14/18
13 131.1
14 134.2
15 6.58s 1115 C-12/13/14/16/17
16 147.4
17 148.6
18 6.57 s 109.8 C-13/14/16/17
OCH0 5.89s 102.4 C-16/17
5.88s

The ®C-NMR spectrum, with aid of DEPT and HSQC spectra, unlocked 19 carbon
resonances attributable to a methoxy moiety, seven methylenes, five methines and six quaternary
cartons (Table 1 and see supporting information). Among the unambiguous resonances, signals at
the 6:69.2, 102.4, 109.8, 111.5, 131.1, 134.2, 147.4, 148.6, combining with forgoing *H-'H-NMR
data, was typical Cephalotaxus alkaloids and on the basis on above 1D NMR data, the original
nucleus structure of 1 was similar to cephalolancine A [12], differing in that the location of double
bond. The 'H-'H COSY correlations of H-1/H-2/H-3/H-4 indicated the one olefinic proton was
displaced, rather than being all replaced. The deduction was confirmed by key correlations from H-
4 to C-14/2/6, H-3 to C-1, H-2 to C-6, H-15 to C-5, H-8 to C-6 and H-7 to C-1 in the HMBC
spectrum (Figure 2). In addition, dissection of the biosynthetic pathway for those type alkaloids,
compound 1 derived from cephalolancine A through repeated oxidation, dehydration and reduction
(Scheme 1). Therefore, the planar construction of Cephalounei A was established.

The relative configuration of 1 was determined on the basis of a ROESY experiment. The
correlations of H-2/H-7b and H-3/H7b suggested that H-2, H-3 and H-7b were situated same side
(Figure 2).

The absolute stereochemistry of 1 was elucidated by theoretical ECD calculation. The
experimental and simulated spectra generated by time-dependent density functional theory
(TDDFT), which performed at B3LYP/6-311g (2d, p) level in MeOH. As shown in Figure 3, the
calculated ECD curve of 1 were in well agreement with the experimental one and their absolute
configurations were assigned as 2R, 3S, 6S.

cephalolancine A

Scheme 1. Proposed biosynthetic pathway of 1.
3.2 Cytotoxicity activity

Compound 1-8 were evaluated in vitro for the cytotoxic activities against five cancer cell lines
(including human myeloid leukemia HL-60, hepato cellular carcinoma SMMC-7721, lung cancer A-
549 cells, breast cancer MCF-7 and colon cancer SW480 cell lines). Unfortunately, none of selected
compounds showed obviously inhibitory effect against five cancer cell lines (ICso > 40 uM).
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