Revista Cubana de Quimica
s ‘E ISSN: 2224-5421

Universidad de Oriente

Hernandez-Molina, Yennys; Verniest, Guido; Casals-Hung, Magaly; Acevedo-Martinez, Jorge

Reductive amination of 4,5-dimethoxy-9,10-dioxo-9,10-
dihydroanthracene-2-carbaldehyde derived from aloe-emodin

Revista Cubana de Quimica, vol. 31, no. 3, 2019, September-December, pp. 371-387
Universidad de Oriente

Available in: http://www.redalyc.org/articulo.oa?id=443561090005

-1 ~ N

How to cite < @é)d }/C.@\x g
Complete issue Scientific Information System Redalyc
More information about this article Network of Scientific Journals from Latin America and the Caribbean, Spain and
Portugal

Journal's webpage in redalyc.org
Project academic non-profit, developed under the open access initiative


http://www.redalyc.org/comocitar.oa?id=443561090005
http://www.redalyc.org/fasciculo.oa?id=4435&numero=61090
http://www.redalyc.org/articulo.oa?id=443561090005
http://www.redalyc.org/revista.oa?id=4435
http://www.redalyc.org
http://www.redalyc.org/revista.oa?id=4435
http://www.redalyc.org/articulo.oa?id=443561090005

Articulo original

Reductive amination of 4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracene-2-
carbaldehyde derived from aloe-emodin

Aminacion reductiva del 4,5-dimetoxi-9,10-dioxo-9,10-dihidroantraceno-2-
carbaldehido derivado de aloe-emodin

MSc. Yennys Hernandez-Molina®"
DrC. Guido Verniest?
DraC. Magaly Casals—Hung1

DrC. Jorge Acevedo-Martinez'

1Department of Chemistry, Faculty of Natural and Exact Sciences, Universidad de Oriente, Santiago de
Cuba, Cuba

*Research Group of Organic Chemistry, Department of Chemistry and Department of Bio-Engineering
Sciences, Faculty of Science and Bio-Engineering Sciences, Vrije Universiteit Brussel (VUB), Belgium.

*Autor para la correspondencia. correo electrénico: yhmolina@uo.edu.cu

ABSTRACT

The reductive amination of the 1,8-O-protected aloe-emodin carbaldehyde to obtain amino
derivatives using different reducing agents and conditions is reported in this article. Aldehyde was
obtained in good yield using manganese dioxide as oxidizing agent. The synthesis of two new imines
derived from 1,8-O-dimethyl aloe-emodin carbaldehyde is reported as wellin good yields. Sodium
borohydride in methanolgave the best conversions as reducing agent for the reductive amination and
the conditions were adjusted to increase the conversion to 59 % of the desired product. Same results
were obtained starting from the aldehyde or from the imine, in a stepwise or an indirect reductive
amination respectively.
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RESUMEN

La aminacidn reductiva para obtener aminas derivadas del carbaldehido del aloe-emodin 1,8-O-
protegido empleando diferentes condiciones y agentes reductores es reportada en este articulo. El
aldehido fue obtenido con buen rendimiento usando diéxido de manganeso como agente oxidante.
De igual manera, se reporta la sintesis de nuevas iminas derivadas de dicho aldehido con buenos
rendimientos. Usando borohidruro de sodio en metanol, como agente reductor para la aminacién
reductiva, se obtuvieron los mejores resultados y las condiciones fueron ajustadas para incrementar
el porciento de conversion hasta un 59 % del producto deseado. Se obtuvieron los mismos resultados
partiendo del aldehido o de la imina, usando el procedimiento indirecto o paso a paso,
respectivamente.
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Introduction

Aloe-emodin (3-hydroxymethyl-1,8-dihydroxy-9,10-antraquinone, 1) is a well-known natural
compound widely used as an intermediate in the preparation of several therapeutically active

(1)

compounds such as rhein and diacerein ", and certain anthracycline type antibiotics."” Aloe-emodin

and derivatives thereof have also been described to be useful in the treatment of cancer ®® and

(10) | 1 | 1224) 3nd antiplasmodial agents.(ls) Amines are arelatively

psoriasis "', and as antifunga , antivira
small group among the reported derivatives of aloe-emodin €8 They have been described to have
antitumor activity.(s’ls'ls) The reported compounds were synthetizedvia substitution reactions from
the aloe-emodin bromide or chloride (or the corresponding 1,8-dialkylated derivative)
(see figure 1).(5’16'18) The experimental yield of this reactions is not high, as it would be expected from

substitution reactions, which undergo side-reactions oftentimes.
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Fig. 1. Synthetic approaches in the synthesis of amino derivatives of aloe-emodin

Another approach to the synthesis of amine derivatives from aloe-emodin is the reductive amination
of the aloe-emodincarbaldehyde (figure 1). Although the reductive amination of the 9,10-
anthraquinone-2-carbaldehyde using sodium triacetoxyborohydride as reducing agent has been
reported in literature (19), the reductive amination of the 1,8-O-protected aloe-emodin carbaldehyde
to obtain amino derivatives had not been reported yet. On the other hand, the synthesis of a
fewimines from aloe-emodin carbaldehyde can be found in literature (20), but not their reduction.

Reductive amination is a well-known procedure. Several conditions and reducing agents have been
reported for this type of reaction. Hydride reducing agents such as sodium triacetoxyborohydride,
sodium cyanoborohydride and sodium borohydride have been thoroughly used as reducing agents for
their seIectivity.(Zl’zz) Other reagents have been reported for reductive amination,
whichincludeborane-pyridine  *? Ti(OiPr)s/NaBHsCN *3) borohydrideexchange resin ¥ and
NaBH,/Mg(ClO,), **

Herein, the indirect reductive amination of aloe-emodin using different reducing agents and
conditions is reported. The synthesis of two new imines derived from 1,8-O-dimethyl aloe-emodin
carbaldehyde is reported as well.

Experimental section

Analytical HPLC was performed on a Chromaster HPLC, equipped with a Chromolith® HighResolution
RP-18 endcapped column (5 cm x 4.6 mm). Eluting products were detected by a Chromaster HPLC
5430 diode array detector at a wavelength of 214 nm. The mobile phase consisted of 0,1%
trifluoroacetic acid (TFA) in acetonitrile and 0,1% TFA in Milli-Q water. Elution through the column
was performed using a gradient from 1% to 100% of CHsCN over 5 min at a flow rate of 3 mL/min.



LC/MS samples were analysed on a Waters 2695 Separation Module using a RP C-18 column (Grace
Vydac MS, C18, 3 um, 15 cm x 2.1 mm) at a flow rate of 1 mL/min. Peaks were detected using a
Waters 2489 UV Visible Detector (215 nm). Mass spectra were acquired with a MicromassQTof micro
time of flight spectrometer, using electrospray ionization (ESI). Data analysis was performed with
MassLynx 2.22 software.

TLC was carried out on plastic sheets precoated with silica gel 60F254 (Merck); the spots were
visualized under UV light (A = 254 nm).Melting points were acquired on a Buchi Melting Point B-540.
IR absorption spectra were recorded on a Thermo Nicolet 6700 FT-IR spectrophotometer.lH NMR
and *C NMR spectra were recorded on a BrukerAvance DRX 250 console and a BrukerAvance
I 500 console at 250 or 63 MHz. The deuterated solvent is mentioned in the analysis section and
tetramethylsilane was used as an internal standard. In solvents without TMS, the solvent peak was
chosen as a reference value. Chemical shifts (8) are given in parts per million (ppm), coupling
constants (J) are given in Hertz (Hz).

Unless explicitly mentioned, all reagents were purchased and used without further purification and
reactions were performed without specific drying of solvents or use of an inert atmosphere.

Synthesis of methyl protected aloe-emodin2

The synthesis of 3-(hydroxymethyl)-1,8-dimethoxyanthracene-9,10-dione 2 was conducted similarly
to a literature procedure.m) To a suspension of aloe-emodinl (1.0 g, 3.7 mmol, 1 equiv.) in acetone
(200 mL) was added anhydrous K,COs (2.5 g, 18.1 mmol, 5 equiv.) and dimethyl sulphate (1.73 mL,
18.2 mmol, 5 equiv.), and the mixture was refluxed overnight. After 16 hours, more anhydrous K,CO3
(2.5 g, 5 equiv.) and dimethyl sulphate (1.73 mL, 5 equiv.) was added and the mixture was refluxed for
additional 6 hours. The reaction was monitored by TLC. After completion of the reaction, the mixture
was cooled to room temperature and filtered. The filtrate was evaporated in vacuo to afford the
crude product as a yellow solid. Recrystallization of the yellow solid from acetone gave compound 6
as yellow needles, yield 75%; m.p. 224-225 °C; "H NMR (250 MHz, ds-DMSO) & (ppm): 3,91 (s, 6H,
20CH;), 4,62 (s, 2H, CH,0), 5,53 (1H, OH), 7,21 (1H, s, H-Ar), 7,30 (1H, d, H-Ar), 7,58 (1H, s, H-Ar), 7,61
(1H, d, H-Ar), 7,74 (1H, dd, H-Ar). The obtained spectrum is consistent with literature data.®

Synthesis of the 4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracene-2-carbaldehyde 3

To a mixture of 3-(hydroxymethyl)-1,8-dimethoxyanthracene-9,10-dione 2 (1,1 g, 3,7 mmol) and
manganese dioxide (16,09 g, 185 mmol) was added 1000 mL of acetone. The reaction mixture was
stirred for 8 hours at room temperature, filtered over Celite, and the solvent was evaporated in
vacuo. The product was purified by recrystallization from acetone to afford a yellow solid, yield 62%;
m.p. 195-196 °C; 'H NMR (250 MHz, DMSO- dg) & (ppm): 3.92 (s, 3H, OCHs), 4.00 (s, 3H, OCHs), 7.56



(d, 1H, H-Ar), 7.75 (m, 2H, 2H-Ar), 7.92 (s, 1H, H-Ar), 8.18 (d, 1H, H-Ar), 10.15 (s, 1H, CHO). The

obtained spectrum is consistent with literature data.””

General procedure for the synthesis of imines 4 and 5

4,5-dimethoxy-9,10-dioxo-9,10-dihydroanthracene-2-carbaldehyde 3 (1.0 equiv) and a primary amine
(5.0equiv) were dissolved in methanol. Anhydrous magnesium sulphate (5.0 equiv) was added. The
resulting reaction mixture was stirred at room temperature in a flask equipped with a calcium
chloride trap, and the reaction progress was monitored by TLC. On the completion of the reaction, the
solvent was evaporated in vacuo, the solid was extracted with dichloromethane and filtered. After
filtration, the solvent was evaporated to afford the product. No further purification was needed.

1,8-Dimethoxy-3-((prop-2-yn-1-ylimino)methyl)anthracene-9,10-dione 4

Yellow-orange powder, yield 78%; m.p. 199.7-200.4°C; IR (cm'l, neat): 3248, 3071, 2931, 2874, 2357,
1663, 1580, 1441, 1379, 1333, 1280, 1235, 1158, 1074, 1014, 974, 887, 791, 750, 616; 'H NMR (250
MHz, CDCls) (see figure 2) & (ppm): 8.70 (t, /= 1.9 Hz, 1H, CH=N), 8.07 (d, /= 1.3 Hz, 1H, H-Ar), 7.85 (d,
J = 6.6 Hz, 2H, H-Ar), 7.65 (t, J = 8.0 Hz, 1H, H-Ar), 7.36 — 7.25 (m, 1H, H-Ar), 4.61 (t, J = 2.2 Hz, 2H, -
CH,-), 4.07 (s, 3H, OCH3), 4.02 (s, 3H, OCH3), 2.61 (t, 1H, Alkyne); *C NMR (63 MHz, CDCl3) (see figure
3) & (ppm): 183.63 (C=0), 182.49 (C=0), 160.63 (CH=N),159.86 (C-OCHs), 159.55 (C-OCHs), 140.53
(Cq), 135.11 (Cq), 134.67 (Cq), 134.04 (aromatic CH), 125.56 (Cq), 124.02 (Cq), 120.17 (aromatic CH),
119.00 (aromatic CH), 118.23 (aromatic CH), 115.00 (aromatic CH), 78.18(C=C-H), 56.69 (OCHs), 56.55
(OCHs), 47.13 (CH,), 29.70 (C=C-H).
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Fig. 2. 'H NMR Spectrum for compound 4 in CDCl; at 250 MHz
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Fig. 3. *C NMR Spectrum for compound 4 in CDCl; at 63MHz

3-(((3,5-Dimethoxyphenethyl)imino)methyl)-1,8-dimethoxyanthracene-9,10-dione (5)

Yellow powder, yield 79%; m.p. 159.5-160.0°C; IR (cm™, neat): 2959, 2932, 2836, 1668, 1587, 1460,
1319, 1273, 1247, 1203, 1145, 1068, 1027, 969, 800, 745; *H NMR (250 MHz, CDCls) (see figure 4) &
(ppm): 8.25 (s, 1H, CH=N), 7.99 (s, 1H, H-Ar), 7.89 — 7.78 (m, 2H, H-Ar), 7.71 — 7.60 (m, 1H, H-Ar), 7.32
(d, J = 8.4 Hz, 1H, H-Ar), 6.40 (d, J = 2.2 Hz, 2H, H-Ar’), 6.32 (t, J = 2.2 Hz, 1H, H-Ar’), 4.07 (s, 3H, OCHs),
4.02 (s, 3H, OCHs), 3.92 (t, J = 7.3 Hz, 2H, -CH,-), 3.76 (s, 6H, 2 OCHs), 2.99 (t, J = 7.3 Hz, 2H, -CH,-); 3C



NMR (63 MHz, CDCls) (see figure 5) 6 (ppm): 183.71 (C=0), 181.39 (C=0), 160.77 (CH=N),159.86 (C-
OCHjs), 159.76 (C-OCHs), 141.91 (C-OCHs), 141.01 (C-OCHs), 135.09 (2xCq), 134.71 (2xCq), 134.01
(aromatic CH), 119.78 (aromatic CH), 119.00 (aromatic CH), 118.22 (aromatic CH), 114.91 (aromatic
CH), 107.46 (Cq), 107.26 (Cq), 107.08 (2x aromatic CH), 98.21 (aromatic CH), 62.92 (CH,), 56.69(OCHs),
56.56(0OCHjs), 55.25(2x0OCHjs), 37.54 (CH,).
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Fig. 5. *C NMR Spectrum for compound 5 in CDCl; at 63 MHz



Synthesis of amine 6 via reductive amination
Indirect reductive amination

Imine 4 (1.0 equiv.) was dissolved in methanol with 5.0 equivalents of anhydrous magnesium sulphate
previously added in a flask equipped with a calcium chloride tub. Then, 10 equivalents of sodium
borohydride were added, and the reaction mixture was stirred at room temperature for 30 min. The
reaction was quenched using a saturated solution of NaHCOs. Solvent was evaporated under vacuum
and the resulting solid was extracted with dichloromethane. The extracts were dried over anhydrous
magnesium sulfate and evaporated in vacuum to afford a mixture. The mixture was analysed using
HPLC and LC-MS.

In situ stepwise reductive amination

4,5-Dimethoxy-9,10-dioxo-9,10-dihydroanthracene-2-carbaldehyde (3) (1.0 equiv) and a primary
amine (5.0 equiv) were dissolved in methanol. Anhydrous magnesium sulphate (5.0 equiv) was added.
The resulting reaction mixture was stirred at room temperature in a flask equipped with a calcium
chloride tub. After 2 hours, 10 equivalents of sodium borohydride were added, and the reaction
mixture was stirred at room temperature for another 30 min. The reaction was quenched using a
saturated solution of NaHCOs. Solvent was evaporated under vacuum and the resulting solid was
extracted with dichloromethane. The extracts were dried over anhydrous magnesium sulfate and
evaporated in vacuum to afford a mixture. The mixture was analysed using HPLC and LC-MS.

Product: HPLC: RT = 1,85+ 0,01 min; LC-MS ([ES+], [C20H17NO4+H]"): m/z = 336,1225 (calculated m/z:
336,1237)

Results and discussion

Starting from aloe-emodin, two transformations must be conducted before the reductive amination.
The first one is the protection of the phenolic hydroxy groups to avoid any influence of the acidity of
these groups in the reaction or in the workup after the completion of the reaction. Methyl groups
were used as protective group in this case.

The methylation of aloe-emodin using dimethyl sulfate and a base is a well-known procedure
reported in literature.*’2%%) A large excess of dimethyl sulfate and a mild base, to deprotonate only
the phenolic hydroxy groups, are used. The low solubility of aloe-emodin in acetone determines the
use of large amounts of the solvent. In this work, optimal conditions for the methylation of aloe-



emodin included the use of 5 equivalents of Me,SOsand 5 equivalents of K,CO3 (both added in two
portions) at 0,04 M concentration of aloe-emodin in acetone. Attempts to increase the yield of the
reaction by prolonging the reaction time for longer than 24 hresulted in the appearance of significant
amounts of the over-methylated by-product, which is the most common impurity found on the
desired product. Recrystallization was used for the purification of the 1,8-O-dimethylated aloe-
emodin 2. This purification method was selected due to the increased solubility of the impurities in
acetone compared to the low solubility of the desired product. Using these conditions, the product
was obtained in 75% yield.

The second transformation that must be conducted before the reductive amination is the oxidation of
the 1,8-O-dimethylated aloe-emodin to the carbaldehyde. This oxidation has been reported in
literature  using  different  oxidizing agents like  pyridiniumchlorochromate  (PCC),
TEMPO/trichloroisocyanuric acid, VO(acac),/DABCO/O, and others.!?¢%) Yang-Ming et al. reported
the oxidation of aloe-emodin 1 to aldehyde in the presence of manganese dioxide in refluxing
acetone.®” Aldehyde 3 was synthesized by oxidation of 1,8-O-dimethylated aloe-emodin 2 with an
excess of manganese dioxide (50 equivalents) in ethyl acetate (see figure 6) at room temperature,
which resulted in the desired aldehyde 3 (gram scale reaction) in good yield (62 %) within 8 h.

OH O OH 1)49equiv. Me,80, HsCiy  §  -CHs

4.9 equiv. K,CO3
acetone, reflux, 16 h
»
O‘ OH 2) 4.9 equiv. Me,SO, ‘ OH
4.9 equiv. K,CO43

e} reflux, 6 h O
Aloe-emodin 1 2 (75%)

50 equiv. MnO,
EtOAc, rt, 8 h

3 (62%)

Fig. 6. Synthesis of 4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracene-2-carbaldehyde, 3

Although reductive amination is a well-known reaction in Organic Chemistry, it has not been

thoroughly explored for anthraquinoniccarbaldehydes. Only the reductive amination of 9,10-dioxo-

(19)

9,10-dihydroanthracene-2-carbaldehyde has been reported in literature and there are no reports

using polihydroxyanthraquinonescarbaldehydes, including aloe-emodin carbaldehyde 3.



Adbel-Magidet al. published a series of articles describing the several experimental conditions that
can be use in this type of reaction.'*?? They reported reductive aminations of aldehyde and ketones
in direct or indirect (stepwise) procedures using different reducing agents and gave an insight of the
best conditions for obtaining good conversion rates. These results were used in this work.

Rl
HO NHR' - N~
R™ 'R R” ~H
Hemiaminal Imine

Aldehyde 1° amine | |

l[H]

NHR'

R H
H

2° amine

Fig. 7. Reductive amination mechanism for the reaction of an aldehyde and a primary amine

Since it is believed that reductive amination mechanism (figure 7) includes the formation of an imine
intermediate, the first step of the indirect procedure is the formation of the above-mentioned imine.
The imine is then reduced in situ or isolated and reduce in different conditions. In this work, both
procedures were conducted, along with the direct procedure.

The formation of the imine was tested in methanol. The reaction between aldehyde 3 and
propargylamine was conducted in deuterated methanol and followed by 'H NMR. After 1 hour, the
signal corresponding to the aldehydic proton disappeared and the signals corresponding to the imine
were observed. These conditions were used then to synthesize the imine. Imine 4 was obtained in
good yield (78 %) in methanol using magnesium sulfate as a drying agent. Same procedure was tested
using another two amines to obtain the corresponding imines. Imine 5 was obtained in a similar yield
(79 %) as imine 4, but imine 6 could not be obtained, probably due to the less reactivity of the amine
(see figure 8).
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Fig. 8. Imines Synthesis

Aldehyde 3 was selected for testing the reductive amination considering the protected phenolic
groups. Several conditions were tested, starting with the direct reductive amination of aldehyde 3 in
dichloromethane using 3 equivalents of sodium triacetoxyborohydrideas reducing agent at room
temperature. This procedure was selected following the report in literature of a reductive amination
on an anthraquinoniccarbaldehyde.™® After stirring the reaction mixture overnight, no conversion to
the amine was observed using HPLC and ‘H NMR techniques, only the formation of the imine was
observed by 'H NMR. Acid-base catalysts were used then, and the same results were observed (see
table 1).

A stronger reducing agent was considered then for the reaction (figure 9). The procedure was
conducted stepwise. The aldehyde and the imine were added to the solvent and reacted for 2hbefore
adding the reducing agent to the mixture. Using 1.2 equivalents of sodium borohydride in methanol a
conversion of 4,1 % was obtained (table 1). An increased in the amount of reducing agent led to an
increased in the conversion up to 35-37 %. Same results were obtained using the imine as starting
compound.
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Fig. 9. Reductive amination of aldehyde 3 in different conditions.

Table 1- Reductive amination of aldehyde 3 in different conditions

Reducing Agent Equiv. Solvent Media Conversion® (%)
Na(OAc);BH 3 CH,Cl, - 0
Na(OAc);BH 3 CH,Cl, EtsN 0
Na(OAc);BH 3 CH,Cl, HOACc 0

NaBH, 1.2 MeOH - 4.1

NaBH, 5 MeOH - 19.9

NaBH, 10 MeOH - 349

# Conversion refers to area percent for the peak of the amine obtained from HPLC followed by LC-MS of the
crude product.

The reaction (figure 10) was conducted in Argon atmosphere using the same conditions (table 2),
considering that the oxygen in the air could influence the formation of the imine from the desired

product. The conversion was 20.3 %, which shows that oxygen might not be the reason for the low
conversions.

H
HsC. _CH HaC o _CH
o o o 7'¢ 1) HzN/ o0 o o ¢
MgSO,, MeOH, rt, 2h
90 4 - QLI i~
=0 2) 10 equiv. NaBH, N Z
o) o)

Fig. 10. Reductive amination of aldehyde 3 in different atmospheres and reaction times

Table 2- Reductive amination of aldehyde 3 in different atmospheres and reaction times.

Time (min) Atmosphere Conversion® (%)
60 Air 37,4
60 Argon 20,3
30 Air 58,9

? Conversion refers to area percent for the peak of the amine obtained from HPLC followed by LC-MS of the crude
product.




Considering the previous results, the reaction was then conducted in the same conditions, but the
reaction time was set at 30 minutes. An increased in the conversion up to 58.9 % was observed. This
result suggests the idea that the imine is a thermodynamically more stable product, probably due to
resonance stabilization, and it is formed by oxidation of the desired product at longer reaction times.

Conclusions

The reductive amination of 4,5-dimethoxy-9,10-diox0-9,10-dihydroanthracene-2-carbaldehyde was
performed at different conditions. The best conversions (59 %) were obtained using a stepwise
procedure, 2 hours for the imine formation and 30 minutes after the addition of the reducing agent,
with 10 equivalents of sodiumborohydridein methanol in an open flask. The reduction was also tested
starting from the corresponding imine with the same results. Two new imines were synthesised for
that purpose.

Aknowledgements

The Flemish Development Cooperation is acknowledged for financial support given through the
Flemish Interuniversity Council-University Cooperation for Development (VLIR-UQOS) in the framework
of an Institutional University Cooperation programme with Universidad de Oriente, Santiago de Cuba,
Cuba. VUB is acknowledged for financial support (Starting Grant G.V.)

References

1. CARCASONA, A.; GRIMMINGER, W.; HIETALA, P.; ZAESKE, H.; WITTHOHN, K. "Method of preparing
Diacetyl Rhein". Madaus AG. Germany. US005393898A. 1995-02-28

2. MITSCHER, L. A. "Anthracycline synthesis". University of Kansas Endowment Association. USA.
US4215062 A. 1980-07-29

3. LIN, H.-D.; LI, K.-T.; DUAN, Q.-Q.; CHEN, Q.; TIAN, S.; CHU, E. S. M.; BAI, D.-Q. "The effect of aloe-
emodin-induced photodynamic activity on the apoptosis of human gastric cancer cells: A pilot study".
Oncology Lett. 2017, 13, 3431-3436. ISSN: 1792-1082.

4. CHANG, X.; ZHAO, J.; TIAN, F.; JIANG, Y.; LU, J.; MA, J.; ZHANG, X.; JIN, G.; HUANG, Y.; DONG, Z.; LIU,
K.; DONG, Z. "Aloe-emodin suppresses esophageal cancer cell TE1 proliferation by inhibiting AKT and
ERK phosphorylation". Oncology Lett. 2016, 12, 2232-2238. ISSN: 1792-1082.



5. THHMMEGOWDA, N. R.; PARK, C.; SHWETHA, B.; SAKCHAISRI, K.; LIU, K.; HWANG, J.; LEE, S.; JEONG,
S. J.; SOUNG, N. K.; JANG, J. H.; RYOO, I.-J.; AHN, J. S.; ERIKSON, R. L.; KIM, B. Y. "Synthesis and
Antitumor Activity of Natural Compound Aloe Emodin Derivatives". Chem Biol Drug Des. 2015, 85,
638-644. ISSN: 1747-0285.

6. YAO, G.-Y.; YE, M.-Y.; HUANG, R.-Z.; LI, Y.-J.; PAN, Y.-M.; XU, Q.; LIAO, Z.-X.; WANG, H.-S. "Synthesis
and antitumor activities of novel rhein a-aminophosphonates conjugates". Bioorg Med Chem Lett.
2014, 24, 501-507. ISSN: 0960-894X.

7. HUANG, P.-H.; HUANG, C.-Y.; CHEN, M.-C.; LEE, Y.-T.; YUE, C.-H.; WANG, H.-Y.; LIN, H. "Emodin and
Aloe-Emodin Suppress Breast Cancer Cell Proliferation through ERa Inhibition". Evidence-Based
Complementary and Alternative Medicine. 2013, 2013, (Article ID 376123). ISSN: 1741-4288.

8. YANG, X.; SUN, G.; YANG, C.; WANG, B. "Novel Rhein Analogues as Potential Anticancer Agents".
Chem Med Chem. 2011, 6, 2294-2301. ISSN: 1860-7187.

9. PECERE, T.; GAZZOLA, M. V.; MUCIGNAT, C.; PAROLIN, C.; VECCHIA, F. D.; CAVAGGIONI, A.; BASSO,
G.; DIASPRO, A.; SALVATO, B.; CARLI, M.; PALU, G. "Aloe-emodin Is a New Type of Anticancer Agent
with Selective Activity against Neuroectodermal Tumors". Cancer Res. 2000, 60, 2800-2804. ISSN:
1538-7445.

10. DIVYA, G.; PANONNUMMAL, R.; GUPTA, S.; JAYAKUMAR, R.; SABITHA, M. "Acitretin and Aloe-
emodin loaded chitin nanogel for the treatment of psoriasis". Eur J Pharm Biopharm. 2016, 107, 97-
109. ISSN: 0939-6411.

11. AGARWAL, S. K.; SINGH, S. S.; VERMA, S.; KUMAR, S. "Antifungal activity of anthraquinone
derivatives from Rheum emodi". J Ethnopharm. 2000, 72, 43-46. ISSN: 0378-8741.

12. NG, Y. C,; KIM, Y. W.; RYU, S.; LEE, A.; LEE, J.-S.; SONG, M. J. "Suppression of norovirus by natural
phytochemicals from Aloe vera and Eriobotryae Folium". Food Control. 2017, 73, 1362-1370. ISSN:
0956-7135.

13. LI, S.-W.; YANG, T.-C.; LAI, C.-C.; HUANG, S.-H.; LIAO, J.-M.; WAN, L.; LIN, Y.-J.; LIN, C.-W. "Antiviral
activity of aloe-emodin against influenza A virus via galectin-3 up-regulation". Eur J Pharmac. 2014,
738, 125-132. ISSN: 0014-2999.

14. BARNARD, D. L.; HUFFMAN, J. H.; MORRIS, J. L. B.; WOOD, S. G.; HUGHES, B. G.; SIDWELL, R. W.
"Evaluation of the antiviral activity of anthraquinones, anthrones and anthraquinone derivatives
against human cytomegalovirus". Antiviral Res. 1992, 17, 63-77. ISSN: 0166-3542.

15. DAI, Y.; HARINANTENAINA, L.; BOWMAN, J. D.; FONSECA, I. O. D.; BRODIE, P. J.; GOETZ, M.;
CASSERA, M. B.; KINGSTON, D. G. I. "Isolation of antiplasmodial anthraquinones from Kniphofia
ensifolia, and synthesis and structure—activity relationships of related compounds". Bioorg Med
Chem. 2014, 22, 269-276. ISSN: 0968-0896.

16. PILLAY, A. Synthesis and Biological Activity of Aloin Derivatives. Master Thesis. University of
KwaZulu-Natal, Pietermaritzburg, South Africa, 2008

17. CUI, X.-R.; TAKAHASHI, K.; SHIMAMURA, T.; KOYANAGI, J.; KOMADA, F.; SAITO, S. "Preparation of
1,8-Di-O-alkylaloe-emodins and 15-Amino-, 15-Thiocyano-, and 15-Selenocyanochrysophanol
Derivatives from Aloe-Emodin and Studying Their Cytotoxic Effects". Chem Pharm Bull. 2008, 56(4),
497-503. ISSN: 1347-5223.



18. KOYAMA, M.; TAKAHASHI, K.; CHOU, T.-C.; DARZYNKIEWICZ, Z.; KAPUSCINSKI, J.; KELLY, T. R,;
WATANABE, K. A. "Intercalating Agents with Covalent Bond Forming Capability. A Novel Type of
Potential Anticancer Agents. 2." Derivatives of Chrysophanol and Emodin". J Med Chem. 1989, 32,
1594-1599. ISSN: 0022-2623.

19. HANESSIAN, S.; GUESNE, S.; RIBER, L.; MARIN, J.; BENOIST, A.; MENNECIER, P.; RUPIN, A,;
VERBEUREN, T. J.; DE NANTEUIL, G. "Targeting ACE and ECE with dual acting inhibitors". Bioorg Med
Chem Lett. 2008, 18(3), 1058-1062, ISSN: 0960-894X.

20. SHI, D.-H.; HUANG, W.; LI, C.; WANG, L.-T.; WANG, S.-F. "Synthesis, biological evaluation and
molecular modeling of aloe-emodin derivatives as new acetylcholinesterase inhibitors". Bioorg Med
Chem. 2013, 21, 1064-1073. ISSN: 0968-0896.

21. ABDEL-MAGID, A. F.; MARYANOFF, C. A.; CARSON, K. G. "Reductive Amination of Aldehydes and
Ketones by Using Sodium Triacetoxyborohydride". Tetrahedron Lett. 1990, 31(39), 5595-5598. ISSN:
0040-4039.

22. ABDEL-MAGID, A. F.; CARSON, K. G.; HARRIS, B. D.; MARYANOFF, C. A.; SHAH, R. D. "Reductive
Amination of Aldehydes and Ketones with Sodium Triacetoxyborohydride. Studies on Direct and
Indirect Reductive Amination Procedures". J Org Chem. 1996, 61, 3849-3862. ISSN: 1520-6904.

23. MATTSON, R. J.; PHAM, K. M.; LEUCK, D. J.; COWEN, K. A. "An improved method for reductive
alkylation of amines using titanium(lV) isopropoxide and sodium cyanoborohydride". J Org Chem.
1990, 55(8), 2552-2554. ISSN: 1520-6904.

24. BANDGAR, B. P.; NIKAT, S. M.; WADGAONKAR, P. P. "The Reduction of Aromatic Oximes to Amines
with Borohydride Exchange Resin-Nickel Acetate System". Synth Comm. 1995, 25(6), 863-869. ISSN:
1532-2432.

25. BRUSSEE, J.; BENTHEM, R. A. T. M. V.; KRUSE, C. G.; GEN, A. V. D. "Magnesium ion mediated
stereospecific formation of N-substituted ethanolamines during reductive amination". Tetrahedron:
Asymmetry. 1990, 1(3), 163-166. ISSN: 0957-4166.

26. SHI, D.-H.; HUANG, W.; LI, C.; LIU, Y.-W.; WANG, S.-F. "Design, synthesis and molecular modeling
of aloe-emodin derivatives as potent xanthine oxidase inhibitors". Eur J Med Chem. 2014, 75, 289-
296. ISSN: 0223-5234.

27. LIU, J.,; WU, F.; CHEN, C. "Design and synthesis of aloe-emodin derivatives as potent anti-
tyrosinase, antibacterial and anti-inflammatory agents". Bioorg Med Chem Lett. 2015, 25, 5142-5146,
ISSN: 0960-894X.

28. ROY, B. N.; SING, G. P.; LATHI, P. S. "Eco-friendly method for catalytic aerial oxidation of Aloe-
emodin to rheinal: An intermediate for diacerein". Indian J Chem. 2012, 51B, 988-991. ISSN: 0975-
0983.

29. ZHANG, Y.; ZHANG, C.; WU, W. "Preparation of rhein from aloe-emodin in nonmetallicoxidate
medium". Dalian Gongye Daxue Xuebao. 2009, 28(1), 13-16.

30. YANG-MING, Z.; DIANGEN, Z.; WENIJIE, W.; BO, W. "Technique for preparing diacerein by two-step
oxidation process". SHANGHAI AUSPURE BIOTECHNOLOGY CO LTD; NORTHCAROLINA CHEMLABS
SHANGHAI CN101104583B.



