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ABSTRACT: Gossypol, a natural polyphenolic compound, has notable medicinal and economic value due to its strong
antitumor activity. Its primary active form, levorotatory gossypol (L-gossypol), exhibits optical activity. However, the
existing methods for separating L-gossypol face challenges such as complexity, low yield, and high costs. Traditional
techniques like column chromatography are unsuitable for industrial-scale production. While the crystallization
separation could achieve gram-scale yields with relatively lower overall costs, ensuring purity required several days for
one production cycle. In this study, we innovatively employed a combination of a chiral derivatizing reagent (CDR) and
ultrasonic crystallization to achieve a rapid and cost-effective separation of L-gossypol. Ultrasonic crystallization uses
ultrasound-induced cavitation to drive crystallization. The method involves the use of an economical chiral resolving
agent, specifically (S)-1-(p-nitrophenyl)-1,3-dihydroxypropanamine, which reacts with racemic gossypol to produce
derivatives with distinct physical properties. Ultrasonic crystallization in ethyl acetate serves to efficiently crystallize
L-gossypol derivatives. Acid hydrolysis is then employed to remove the chiral resolving agent, resulting in high-purity
L-gossypol products. Notably, this streamlined process reduces the separation duration from 4 days, as reported in
existing literature, to a single day. Establishing a cyclic process enables continuous production of substantial amounts
of high-purity L-gossypol. Within 24 h, crystal yield reached 43.80% with 97.89% optical purity; after hydrolysis, the
total yield was 40.45% with 97.07% optical purity. Furthermore, the separated L-gossypol samples exhibit significant
antitumor activity. The developed approach offers a promising application prospect for enhancing the efficiency and
scalability of L-gossypol production in industrial settings.

KEYWORDS: gossypol, chiral resolution, L-gossypol, ultrasonic crystallization, threo(-)-1-(p-nitrophenyl)-1,3-
dihydroxypropylamine

INTRODUCTION

Gossypol, characterized as a polyphenolic hydroxyl bis-
naphthalene compound, presents itself as a yellow-
colored solid substance with limited aqueous solu-
bility. Its chemical structure is identified as (2,2′-
binaphthalene)-8, 8′-dicarboxaldehyde, 1, 1′, 6, 6′,
7, 7′-hexahydroxy-5, 5′-diisopropyl-3, 3′-dimethyl [1].
Predominantly found in various organs of cotton sun-
flower plants, particularly in cottonseed, gossypol
boasts a broad spectrum of biological activities. These
encompass antifertility, antimalarial, antitumor, an-
tibacterial, antidiabetic, and antiviral properties. Es-
pecially in the field of antitumor therapy, it has shown
notable potential, significantly contributing to its eco-
nomic value. [2–7].

Despite lacking a chiral atom, gossypol exhibits
optical activity due to the C-C single bond linking the
2 naphthalene planes, restricting free rotation. In
its natural state, gossypol typically exists as 2 opti-
cal isomers: L-gossypol [(+)-gossypol] and D-gossypol
[(–)-gossypol] [8]. A study investigating the cytotox-

icity of L-, D-, and racemic gossypol on HeLa cells
revealed that D-gossypol lacks cytotoxicity, whereas L-
and racemic gossypol inhibit cell synthesis, division,
and proliferation. The racemic gossypol demonstrates
only a fraction of the effectiveness against tumor cells
compared to L-gossypol, indicating that the active
component in racemic gossypol is likely L-gossypol [9].

Racemate resolution stands out as an effec-
tive approach for obtaining pure enantiomers, with
various chiral resolution methods in current use.
These methods encompass crystallization resolution,
inclusion resolution, digestion resolution, molecular
imprinting, TLC chromatography, gas chromatogra-
phy, high-performance liquid chromatography, high-
performance supercritical fluid chromatography, and
high-performance capillary electrophoresis [10]. His-
torically, the preparation of L-gossypol predominantly
relied on column chromatography [11]. Some re-
search teams have explored direct chiral gossypol ex-
traction through crystallization, resulting in the forma-
tion of single crystals of gossypol enantiomers [12].
However, these methods face several limitations that
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pose significant challenges in advancing large-scale
production, including complexity, time consumption,
high costs, and low yields. Additionally, the biological
activity of L-gossypol obtained through these methods
remains unverified. Hence, there is a critical need to
develop a simple and efficient method for the rapid
preparation of L-gossypol that can be readily scaled up.

To solve this problem, we have carefully in-
vestigated the characteristics of various existing L-
gossypol separation methods and determined a new
separation strategy based on actual needs. This
study aims to tackle the challenges associated with
the separation of L-gossypol by introducing a novel
and efficient technique that utilizes chiral resolv-
ing agents and ultrasound-enhanced crystallization.
Fig. 1 shows the process: the resolving agent threo(-)-
1-(p-nitrophenyl)-1,3-dihydroxypropylamine forms L-
gossypol derivatives and seed crystals. These are
added to a derivative solution, where ultrasonic crys-
tallization enables continuous purification. Acid hy-
drolysis then removes the resolving agent, yielding
high-purity L-gossypol. From a mechanistic stand-
point, ultrasound crystallization technology capitalizes
on the cavitation effect of ultrasound to shift the
crystallization-dissolution equilibrium towards crystal-
lization. Ultrasound facilitates nucleation by reduc-
ing supersaturation, enhancing product quality, short-
ening crystallization time, and improving efficiency.
This simplifies separation steps and increases prod-
uct yield [13]. In comparison with the improved
column chromatography for L-gossypol preparation,
the ultrasonic-induced crystallization method further
streamlines resolution steps, reduces crystallization
time, and lowers preparation costs. While previous
methods required over 4 days, the new process can
be completed within 1 day. Importantly, this novel
technique is both recyclable and scalable, making it
highly suitable for industrial production. Additionally,
crystallization efficiency and product yield are signifi-
cantly improved. Numerous studies have highlighted
the distinct bioactivity of L-gossypol [14]. In this
study, multiple tumor cell lines were selected, and the
cytotoxicity of the prepared L-gossypol was evaluated
through a CCK-8 assay to ensure that the preparation
process did not compromise its biological activity. The
IC50 values of L-gossypol in the tested tumor cell lines
generally fall below or equal to 10 µmol/l, notably
about half of the IC50 values of racemic gossypol. It
is worth noting that L-gossypol (AT101) has entered
phase II clinical trials as an antitumor drug. Our
method has the important industrial production poten-
tial for clinical application.

MATERIALS AND METHODS

Materials

Gossypol acetate and threo(-)-1-(p-nitrophenyl)-1,3-
dihydroxypropylamine were procured from Aladdin

Biotechnology Co., Ltd. (Shanghai, China), while the
Gossypol acetate standard sample was sourced from
Sigma Co., Ltd. (Michigan, USA). All chemicals, in-
cluding petroleum ether, sodium bicarbonate, glacial
acetic acid, acetone, ether, n-hexane, chloroform, ethyl
acetate, anhydrous sodium sulfate, chromatography
silica gel G, and d-DMSO, were of analytical grade and
obtained from Sinopharm Group (Shanghai, China).
The CCK-8 kit used in the study was purchased from
Beyotime Biotechnology Co., Ltd. (Shanghai, China).
Human cancer cell lines MCF-7, A549, PC-3, and BEL-
7402 were acquired from ATCC.

Methods

Separation of L-gossypol by improved column chro-
matography

Initially, an improved column chromatography method
was employed to isolate L-gossypol, yielding high-
purity L-gossypol samples and seed crystals. The pro-
cess of preparing L-gossypol via the column separation
method involves 3 key steps: the derivatization reac-
tion of racemic gossypol, chromatographic separation
of racemic gossypol derivatives, and the removal of the
resolving agent. In a flask, 1.2 g of gossypol and 1.12 g
of the resolving agent, threo(-)-1- p-nitrophenyl)-1,3-
dihydroxypropylamine, were dissolved in 50 ml of
acetone. The solution underwent stirring and reflux
at 60 °C using a collector-type constant temperature
heating magnetic stirrer (DF-101S type, Changcheng
Co., Ltd., Zhengzhou, China). A thin-layer chro-
matography (TLC) was employed to monitor and as-
sess the binding effect. After 1 h, the reaction was
deemed complete, resulting in the solution of racemic
gossypol derivatives. The purification and separation
of L-gossypol-resolving agent derivatives were accom-
plished using a silica gel column and an automatic liq-
uid chromatography separator (QT-8B type, Shanghai
Qite Analytical Instrument Co., Ltd., Shanghai, China).
Subsequently, the solution of L-gossypol derivatives
was concentrated, dried, and analyzed by TLC. For
further processing, 100 mg of the derivative was dis-
solved in 20 ml of ether, followed by the addition
of 2 ml of glacial acetic acid, 1 ml of concentrated
hydrochloric acid, and a small amount of ascorbic
acid. The mixture was stirred and refluxed at 39 °C for
4 h. After completion, an ether-acid water layer was
obtained, allowing the recollection of threo(-)-1-(p-
nitrophenyl)-1,3-dihydroxypropylamine from the acid
water layer. The ether layer underwent washing with
pure water and 1% NaHCO3 until neutral, followed by
an additional wash with an equal volume of pure water.
To remove residual water from the ether solution, a
small amount of anhydrous Na2SO4 was added, and
the solution was then filtered. Finally, the anhydrous
ether phase was treated with a small amount of glacial
acetic acid and subjected to an ultrasonic cleaning
machine (KQ3200DE, Kunshan Ultrasonic Instrument
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Fig. 1 The main process of the novel method developed in this study for separating L-gossypol.

Factory, China) for 3 min to obtain L-gossypol acetate
crystals.

To validate the effective separation of the L-
gossypol-resolving agent derivative and L-gossypol, the
two products obtained from column separation were
individually dissolved in acetone solutions. Subse-
quently, they were subjected to a digital automatic
polarimeter (WZZ-2S, Jingke Instrument Co., Ltd.,
Shanghai, China) with a wavelength of 589 nm to
measure their specific optical rotation. The mass of the
products was meticulously weighed using an electronic
analytical balance to calculate the yield.

[α]tλ =
α

C × L
(1)

The temperature at the time of measurement is
generally 20 °C, λ is the wavelength of the light source
used (589 nm, marked as D), α is the measured optical
rotation (°), C is the concentration of the solution
(g/ml), and L is the length of the liquid tube (dm).
If the total optical rotation α of the mixture and the
specific optical rotations [α1] and [α2] of each compo-
nent are known, the mole fractions x1 and x2 of each
component can be calculated by the equation:

�

x1+ x2 = 1,
k× l × x1× [α1]× k× l × x2× [α2] = α,

(2)

where l is the optical path length (cm) and k is the
conversion factor related to the unit.

Yield rate=
L-gossypol (g)

total gossypol (g)
×100% (3)

To elucidate the structure of the product L-gossypol,
we conducted a comprehensive analysis using UV-Vis
spectrum scanning (Ultrospec 2100 pro, Biochrom,
USA), Fourier Transform Infrared Spectroscopy (FTIR)
(EQUINX55, Bruker, Germany), and NMR spectrum
analysis (AVANCF 300 MHz, Bruker, Switzerland).

Separation of L-gossypol by ultrasonic crystalliza-
tion

As shown in Fig. 1, the crystallization-based prepa-
ration of L-gossypol involves 3 stages: synthesis
of the racemic gossypol–resolving agent derivative,
ultrasonic-induced crystallization of the L-gossypol–
resolving agent derivative, and subsequent hydroly-
sis and purification of L-gossypol. Initially, racemic
gossypol-resolving agent derivative and seed crystals of
L-gossypol-resolving agent derivatives were obtained
following the previously outlined method. The racemic
gossypol derivative powder was dissolved in 4 sol-
vents (acetone, methanol, ethyl acetate, and diethyl
ether) to create solutions of varying concentrations.
Each solution received a small amount of seed crystals
and underwent ultrasonic treatment in an ultrasonic
cleaner with a frequency of 40 kHz. The solutions
were then refrigerated for low-temperature crystal-
lization, yielding crystals of the L-gossypol-resolving
agent derivative. Following 3 washes with petroleum
ether, the crystals were dried. Parameters such as
ultrasonic time, crystallization temperature, mixed so-
lution concentration, and ultrasonic duration were
systematically explored. Subsequently, the obtained
solid of L-gossypol-resolving agent derivative under-
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went the removal of the resolving agent, as detailed
earlier, resulting in L-gossypol crystals. The L-gossypol
obtained through ultrasonic crystallization underwent
physicochemical analysis, the crystal yield and overall
yield were calculated using relevant formulas. The
bioactivity of L-gossypol obtained through ultrasonic
crystallization was assessed using the CCK-8 method.
Tumor cell lines MCF-7, A549, PC-3, and BEL-7402
were employed to evaluate the cell inhibitory activity
of L-gossypol.

RESULTS

Separation of L-gossypol by improved column
chromatography

Column chromatography serves as a fundamental tech-
nique for the separation and preparation of various
compounds. In this study, modifications were intro-
duced to enhance the traditional column chromatogra-
phy method for isolating L-gossypol. The TLC results
reveal a lack of tailing or smearing spots at each
step, indicating complete reactions and the successful
attainment of pure target compounds. The overall
reaction process can be considered as approaching the
ideal. The physical and chemical test results presented
in Table 1 indicate that the specific optical rotations of
L-gossypol-resolving agent derivatives and L-gossypol
closely align with those reported by Si et al [15].
Additionally, considering the reported specific optical
rotations of +357° for D-gossypol and −354° for L-
gossypol, we employed these values in a calculation
formula. The optical purity of the final product was de-
termined to be 98.60%, highlighting a relatively high
level of optical purity achieved by this process. The
yield of L-gossypol through the column chromatogra-
phy separation method reached 30.20%.

From Fig. 2(a–c), it is evident that the UV-Vis spec-
trum undergoes significant changes during the resolu-
tion of racemic gossypol, indicating a series of chemical
transformations during the process and the generation
of different intermediate products. However, the UV-
Vis spectra of L-gossypol-resolving agent derivatives
(Fig. 2b) and D-gossypol derivatives (Fig. 2c) exhibit
remarkable similarity, suggesting that the two may
share the same chemical structure (except for different
configurations). This not only enhances efficiency
but also yields crucial crystal seeds of L-gossypol-
resolving agent derivatives. Fig. 2d and 2e show case
the 1H-NMR detection spectra and photograph of the L-
gossypol-resolving agent derivative. The detection re-
sults align with the target compound, and the 1H-NMR
peaks of the L-gossypol-resolving agent derivative are
detailed in Table S1. Analysis of the 1H-NMR spectrum
reveals distinct characteristic peaks for both threo(-)-1-
(p-nitrophenyl)-1,3-dihydroxypropylamine and gossy-
pol. For gossypol, signals at 1.40 and 1.85 ppm cor-
respond to methyl groups (positions 12, 13, and 14),
3.18 and 3.37 ppm to protons near hydroxyl groups,

Table 1 Comparison of the specific optical rotations of
L-gossypol-resolving agent derivative samples and L-gossypol
samples between this study and that of Zheng et al [24].

Sample L-gossypol-resolving L-gossypol
agent derivative

Specific optical rotation −960° −344°
(Calculated value)

Specific optical rotation −968° −354°
(Literature value)

6.26, 6.73, and 6.83 ppm to aromatic protons, and
13.48 ppm to phenolic hydroxyls. For the resolving
agent, peaks at 3.81, 4.01, and 5.13 ppm represent the
-NCH-, CHOH, and CH-Ar-NO2 groups, respectively,
while 7.63 and 8.22 ppm correspond to aromatic pro-
tons of the nitrophenyl ring. The L-gossypol-resolving
agent derivative underwent hydrolysis under acidic
conditions to obtain L-gossypol samples, which exhib-
ited high purity through comparison with standard
samples and analysis via FTIR and 1H-NMR detection.
As illustrated in Fig. 3b, both the L-gossypol standard
and the sample exhibit identical UV-Vis absorption
characteristics, with maximum absorption peaks at
364 nm and 365 nm, respectively.

The 1 nm difference between the sample and the
standard peaks confirms that the final product of the
racemic gossypol was L-gossypol. Fig. 3c displays the
infrared absorption spectrum of L-gossypol, and the as-
signment of the infrared absorption peaks is analyzed
(Table S2). This FTIR spectrum exhibits characteristic
vibrational peaks of typical functional groups in the
structure of L-gossypol, including phenolic hydroxyls
(1285, 1379, 3419 cm−1), aldehyde groups (1616,
2610 cm−1), aromatic rings (1611, 1506 cm−1), and
isopropyl groups (1177 cm−1). In particular, the mul-
tiple signals in the O−H and C−−O regions provide
strong evidence for structural confirmation and func-
tional group analysis. Additionally, Fig. 3d presents
the NMR hydrogen spectrum of L-gossypol, with the
assignment of the peaks analyzed (Table S3). This 1H-
NMR spectrum clearly displays multiple characteristic
peaks of L-gossypol, notably the significant downfield
shifts of phenolic hydroxyl groups (6.44 ppm and
15.22 ppm) and aldehyde protons (11.15 ppm). The
mid-to-low field signals from isopropyl and aromatic
protons further support structural confirmation. These
distinct peaks serve as key indicators for verifying the
structure and assessing the purity of L-gossypol.

Separation of L-gossypol by ultrasonic
crystallization

While this study has made improvements to the col-
umn chromatography separation of L-gossypol, the
process remains time-consuming and labor-intensive,
posing challenges for efficient high-yield production
of L-gossypol. Consequently, a new process based
on ultrasound-assisted crystallization was developed,
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Fig. 2 The UV-Vis absorption spectrum of racemic gossypol-resolution agent derivatives (a), L-gossypol-resolving agent deriva-
tive (b), and D-gossypol-resolving agent derivative (c). The 1H-NMR spectrum of L-gossypol-resolving agent derivative (d).
Photograph of crystal of L-gossypol-resolving agent derivative (e).
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resulting in the successful obtainment of L-gossypol.
Ultrasound-assisted crystallization focused on sepa-
rating and obtaining the L-gossypol-resolving agent
derivative. Within 24 h of ultrasonic crystallization,
rhombohedral crystals or crystal aggregates with a
length of 0.5–1 cm were produced, achieving a crystal
yield of 43.80% and optical purity of 97.89%. After
hydrolysis, the total yield reached 40.45%, with an
optical purity of 97.07%. UV-Vis absorption spec-

tra analysis of the L-gossypol product and standard
samples (Fig. 4a) revealed identical UV-Vis absorption
characteristics, with maximum absorption peaks at 364
and 364.5 nm, respectively.

The 0.5 nm difference confirmed that the final
product obtained by the experimental resolution of
racemic gossypol was L-gossypol. Fig. 4b illustrates
the infrared absorption spectra of L-gossypol samples
obtained through the new separation method and
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standard samples of L-gossypol, both exhibiting high
degree of consistency. The analysis results showcase
infrared absorption peaks of the samples (Table S4).
1H-NMR detection spectra of the L-gossypol product
sample and L-gossypol standard sample (Fig. 4c) align
with the target compound. The 1H-NMR peaks of L-
gossypol samples are detailed in Table S5. To further
visually demonstrate the advantages of the craft de-
veloped in this study, a comparison was made with
relevant reports on the chiral separation method of
L-gossypol. The primary aspects considered in the
comparison included purity, yield, production output,
production duration, and cost, fully reflecting the ex-
cellent industrial potential of the process developed in
this study. The details are presented in Table S6.

Bioactivity of L-gossypol sample

It is crucial to ascertain whether the L-gossypol pre-
pared using the new process effectively retains its ex-
pected biological activity. To assess this, a CCK-8 assay
was conducted on 4 types of tumor cell lines: PC-3,
MCF-7, A549, and BEL7402. The results demonstrated
strong inhibitory effects in a concentration-dependent
manner (Fig. 4d). Calculated by linear regression,
when cells were cultured for 72 h, the IC50 values of
L-gossypol in the 4 tumor cell lines were 4.977, 10.18,
6.367, and 8.505 µmol/l, respectively. In comparison,
the IC50 values of racemic gossypol were 10.09, 19.36,
11.79, and 13.43 µmol/l, respectively. The compar-
ison revealed that the same dose of L-gossypol had
a stronger inhibitory effect on tumor cells, and the
sensitivity of cells to L-gossypol was higher than that
to racemic gossypol. This result underscores that the
L-gossypol prepared by this process retains higher anti-
cell proliferation activity.

DISCUSSION

Gossypol, as a natural component with significant eco-
nomic value, holds extensive potential for applications
across diverse fields [18–21]. However, being an
enantiomeric substance, separation of enantiomers is
important [22, 23] and it was found that the primary
biological activity of gossypol is associated with the
levorotatory conformation [24, 25]. Chiral separation
of gossypol poses a challenging problem. Currently, L-
gossypol is predominantly obtained through an indi-
rect method, involving the reaction of a resolving agent
with racemic gossypol to produce gossypol derivatives
with significant differences in physical properties. Sub-
sequent column chromatography is then employed for
separation. However, these preparation processes are
characterized by complexity, time-intensiveness, high
costs, and low yields [16, 17]. While Dowd [12]
improved the preparation process of L-gossypol using
the acetone solution crystallization method, the entire
process still spans several days. The reported chiral

separation methods of gossypol outlined above have
various shortcomings, primarily limited to laboratory
research. These methods face challenges when scaling
up for large-scale industrialization.

This study initially improved upon traditional col-
umn chromatography, achieving a final product optical
purity of 98.60% with a yield of 30.20%. However,
this method heavily relies on column chromatography
separation, taking over 3 days for the entire process
and proving challenging to scale up further. The
revelation that combining chiral resolving agents with
racemic gossypol generates derivatives with significant
differences inspired a shift in focus. Subsequently, we
directed our efforts towards the direct separation of
L-gossypol-resolving agent derivatives. Taking a pro-
gressive step, we selected the cost-effective compound
threo(-)-1-p-nitrophenyl)-1, 3-dihydroxypropylamine
as a resolution agent to prepare L-gossypol-resolving
agent derivatives, obtaining crystals of these deriva-
tives. We introduced the ultrasonic-enhanced crystal-
lization method, which reduced the crystallization time
by more than half, further enhancing the process. Four
factors, including the choice of crystallization solvent,
concentration of crystallization solution, time control
of ultrasonic radiation, and temperature control of
crystallization, were evaluated for their impact on
the yield and purity of L-gossypol. Under optimal
conditions, with a concentration of 0.3 g/ml in the
ethyl acetate solution, a crystallization temperature
below −20 °C, and an ultrasonic crystallization time of
approximately 1 min, the crystal achieved a maximum
optical purity of 97.89%. After removing the resolving
agent, the total yield of L-gossypol reached 40.45%,
with an optical purity of 97.07%. Compared to
the preparation of L-gossypol using improved column
chromatography, the ultrasonic-induced crystallization
method streamlined the resolution steps, shortened
the crystallization time, and reduced preparation costs.
While the previously reported crafts required over
4 days [12], the new process could be completed
within 1 day. Importantly, this new craft is recyclable
and scalable, making it highly suitable for further
industrial production. Additionally, the crystallization
efficiency and product yield were improved. There
were 1 and 0.5 nm differences between the UV-Vis
absorption spectra of the L-gossypol product samples
obtained by improved column chromatography and
ultrasonic crystallization methods, respectively. The
L-gossypol prepared by the ultrasonic crystallization
method closely matched the standard product. Fur-
thermore, L-gossypol and racemic gossypol separated
by ultrasonic crystallization were tested for in vitro
anti-cell proliferation activity. The results of biological
activity experiments demonstrated that the obtained L-
gossypol significantly inhibited the proliferation of hu-
man prostate tumor cells, PC-3 and LNCaP, showcasing
that the crystallization method retained the biological
activity of L-gossypol.
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CONCLUSION

In comparison to other methods for separating L-
gossypol, this study has introduced a novel approach
centered on chiral resolving agents and ultrasonic crys-
tallization. The advantages of this method include
its simplicity, short processing time, and high yield.
The efficient cyclic performance of this craft makes it
highly suitable for large-scale industrial production. As
a result, it plays a significant role in advancing the
applications of L-gossypol in medicine, industry, and
agriculture.

Appendix A. Supplementary data

Supplementary data associated with this article can be found
at https://dx.doi.org/10.2306/scienceasia1513-1874.2025.
066.
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Appendix A. Supplementary data

Table S1 NMR peak data for L-gossypol-resolving agent derivatives.

1H-NMR (ppm)

1.40 d 12 12-CH3, 12′-CH3, 13-CH3, 13′-CH3
1.85 s 1 1C
2.48 s 6 14-CH3, 14′-CH3
3.37 m 2 11-CH, 11′-CH
3.18 m 2 1-C-OH, 1′-C-OH
3.81 m 2 -NCH-
4.01 d 4 O2N-Ar-(CHOH)2-
5.13 d 2 -CH-Ar-NO2
6.26 s 2 1-C-OH, 1′-C-OH
6.73 m 4 4-C-H, 4′-C-H
6.83 s 2 15-CH, 15′-CH

8.22,7.63 m 16 -C6H4
13.48 m 2 6-OH, 6′-OH

Table S2 Infrared (IR) spectral data for L-gossypol obtained through improved column chromatography.

IR KBr (cm−1)

3481 νO−H Stretching vibration of O−H bond in alcohol hydroxyl group
3419 νO−H Stretching vibration of O−H bond in phenol hydroxyl group
2610 νO−−C−H Stretching vibration of aldehyde group C−H bond
1709 νC−−O Stretching vibration of the C−−O bond in acetic acid
1616 νC−−O Stretching vibration of the C−−O bond in the aldehyde group

1611, 1506 νC−−C Skeletal vibration of the C−−C bond in the aromatic nucleus
1578 νC−−C Stretching vibration of C−−C bond
1379 δC−OH Bending vibration of the O−H bond in the phenol hydroxyl group
1285 νO−H Stretching vibration of O−H bond in phenol hydroxyl group
1177 νC−C Skeletal vibration of the C−C bond in the isopropyl group

Table S3 NMR peak data for L-gossypol obtained through improved column chromatography.

1H-NMR (ppm)

1.53 d 12 12-CH3, 12′-CH3, 13-CH3, 13′-CH3
2.17 s 6 14-CH3, 14′-CH3
2.28 s 3 13-CH3
3.63 m 2 11-CH
5.74 s 2 1-C-OH, 1′-C-OH
6.44 s 2 6-C-OH, 6′-C-OH
7.83 s 2 4-C-H, 4′-C-H
8.44 s 1 17-COOH
11.15 s 2 15-CHO, 15′-CHO
15.22 s 2 7-C-OH, 7′-C-OH

Table S4 IR spectral data for L-gossypol obtained through the new method.

IR KBr (cm−1)

3484 νO−H Stretching vibration of O−H bond in alcohol hydroxyl group
3425 νO−H Stretching vibration of O−H bond in phenol hydroxyl group
2608 νO−−C−H Stretching vibration of aldehyde group C−H bond
1716 νC−−O Stretching vibration of the C−−O bond in acetic acid
1616 νC−−O Stretching vibration of the C−−O bond in the aldehyde group
1583 νC−−C Stretching vibration of C−−C bond
1376 δC−OH Bending vibration of the O−H bond in the phenol hydroxyl group
1283 νO−H Stretching vibration of O−H bond in phenol hydroxyl group
1180 νC−C Skeletal vibration of the C−C bond in the isopropyl group
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Table S5 NMR peak data for L-gossypol obtained through the new method.

1 H-NMR (ppm)

1.57 d 12 12-CH3, 12′-CH3, 13-CH3, 13′-CH3
2.15 s 6 14-CH3, 14′-CH3
2.30 s 3 13-CH3
3.61 m 2 11-CH
5.75 s 2 1-C-OH, 1′-C-OH
6.42 s 2 6-C-OH, 6′-C-OH
7.81 s 2 4-C-H, 4′-C-H
8.48 s 1 17-COOH
11.12 s 2 15-CHO, 15′-CHO
15.19 s 2 7-C-OH, 7′-C-OH

Table S6 The relevant parameters of the main reported methods for chiral separation of L-gossypol.

Method Optical purity Yield Output Duration Cost Industrialization
(%) (%) potential

CDR+HPLC [16] >95 \ µg scale ⩽12 h expensive None

CDR+Column 98.8 55.8 mg scale >1 d ordinary Small
Chromatography [15]

CDR+Column ≈98 \ mg scale >1 d \ None
Chromatography [17] (L-gossypol derivatives)

Crystallization [12] 99.6% 51.9 g scale ⩾4 d affordable Normal

The present study 97.07% 40.45 g scale ⩽1 d (recyclable) inexpensive Huge

\: The reference did not explicitly state this.
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