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A novel environment-friendly method to access bioactive
oroxin A through a one-pot/two-step process from naturally
abundant and inexpensive baicalin is described. The
procedure presented here has several advantages including
clean, one-pot, synthetic ease, and large-scale feasibility. This
work also provides a model strategy for rapid and diverted
access of natural molecules sharing the common skeleton of
this family.

Plant-derived natural products have the potential to treat various
human diseases. More than 65% people in the world rely
primarily on traditional herbal medicines for the health. It is
estimated that above 50% of current clinical drugs are derived
from natural products.'” Notably, there is increasing interest on
the development of low toxic natural antioxidants as promising
leads especially those compounds that are widely distributed in
the plant kingdom.* Polyphenolic flavonoids as a large group in
dietary plants exhibit a diverse range of pharmacological and
biological properties including anticancer, antioxidant,
antithrombotic, antiplatelet, and antibacterial effects.” Till now,
more than 5,000 polyphenolic flavonoids have been isolated and
characterized, which are classified into over 10 subgroups.® The
multifunctional properties of these promising natural products are
due to the presence of multiple oxygenated moieties.”®
Accumulating evidence has demonstrated that flavonoids exhibit
potential health protective effects in vivo, resulting in several lead
compounds in preclinical and clinical trials.”'® Besides the
flavonoids having favorable pharmacological effects, flavonoid
glucosides as another subgroup of flavonoids also gained much of
interest in the research recently. It was found that glycosylated
flavonoids possessing similar bioactivity, stability and improved
solubility, are more efficacious than their aglycones in
pharmaceutical studies."! However, in contrast to an extensive
investigation on flavonoids, flavonoid glycosides have not yet
been thoroughly explored, owing to the limited preparative
accessibility and the lack of an efficient and convenient synthetic
methodology. Among them, oroxin A (1, baicalein-7-O-
glucoside, Figure 1) was identified from a traditional herbal
medicine of Asian countries, Oroxylum 1213
Accumulating studies have demonstrated the beneficial biological
effects of oroxin A including antioxidant, anticancer, antibacterial
and anti-virulence properties.'*'” Despite the promising
biological evidence, extensive investigation including in vivo
toxicological study and efficacy evaluation of oroxin A is limited
because of scarce availability.
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In order to obtain sufficient oroxin A for pharmacological
evaluation, several groups have made substantial efforts in recent
years. Generally, oroxin A was previously produced either by
natural product purification or through biological engineering.
For instance, oroxin A can be isolated as one of the major
constituents in the seeds of Oroxylum indicum by high-speed
counter-current chromatography (HSCCC)."®** However, the
presence of strong polar hydroxyl groups in oroxin A results in a
low solubility in organic solvents. Hence, the separation and
purification of oroxin A by HSCCC using conventional solvents
is very difficult. To overcome this limitation, Liu et al
established a preparative HSCCC by using ionic liquids as the
modifier of the two-phase solvent system.”' Despite application
of ionic liquids in separation procedure makes it possible to
produce oroxin A in a relatively large scale; however, the cost of
natural purification limits it further application. To address this
issue, Sohng and coworkers developed the biotransformation of
baicalein (2, Figure 1) into oroxin A by applying engineered
Escherichia coli (E. coli)® Glucosylation of baicalein in
engineered E. coli might be beneficial for the large scale
industrial production of oroxin A; however, various uncertain
factors including time-consuming, complex of products, low
yield and high cost in biological engineering still make it far from
practical application.

OH O
Oroxin A (1)

Figure 1. Chemical structures of oroxin A (1) and baicalein (2).

Baicalein (2)

Chemical synthesis remains to be an ideal option to yield pure
desired natural products and plenty of key intermediates for
further investigation of structure—activity relationships and
potential applications in drug discovery. To this end, we report
the chemical synthesis of oxorin A by a facile and efficient
synthetic strategy.

OH O OH O
Baicalin (3) Oroxin A (1)
1kg/$60 19/$1,500

Scheme 1. Synthesis of oroxin A (1) from baicalin (3).
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According to the chemical structure of oroxin A, baicalin (3)
has the similar structure which contains a glucuronide moiety at
7-O-position of baicalein, while, oroxin A is the glucoside of
baicalein (Scheme 1). Notably, baicalin is a cheap natural

s product (only $60/kg), which is abundantly available as the major
ingredient extracted from traditional Chinese medicine
Scutellaria baicalensis.® Our efficient method follows the
semisynthetic route using baicalin as the starting material.
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Scheme 2. Reagents and conditions: (a) cat. H,SO4, MeOH,
2 reflux; (b) NaBH,, different solvents, 0 °C to 25 °C.

As shown in Scheme 2, key intermediate (4) was prepared in
high yield by treating baicalin with catalytic amount of
concentrated H,SO4; in the solution of methanol without

25 purification. Sufficient amount of methanol was crucial for the
outcome of this reaction due to the low solubility of baicalin. The
formation of gel/colloidal material becomes feasible when the
concentration of key intermediate is high. In this regard, the
concentration of the starting material of baicalin in methanol

30 should not be less than 25 mg/mL. This phenomenon indicates
that baicalin and this key intermediate may be a good natural
material for cosmetics and food industry.

With the key intermediate 4 in hand, we set out to find a
reliable condition for the simple conversion of 4 to the desired

35 product oroxin A. Sodium borohydride (NaBHy,) is the traditional
reagent for the reduction of esters. We utilized this reducing

Table 1. Optimization of the NaBH, Reduction Condition.

o agent in order to get a feasible and scalable process. The key
intermediate 4 is suspended in methanol and cooled to 0 °C, and
then 1.0 equiv of NaBHj is added portionwise (Table 1, entry 1).
By reaction of compound 4 with NaBH,, we observed that the
reduction of glucuronic acid methyl ester was capable of
affording the desired product after 1 h of reaction time at 0 °C.
Despite the yield is only 14%, it was noteworthy that the desired
product was smoothly generated and about 85% of the starting
material was recovered. Since this key reduction step appeared to
be applicable for cost-effective and fast synthesis, the reduction
70 of 4 by using NaBH, was investigated under different reaction
conditions in terms of time and temperature as well as a variety of
solvents (Table 1).
Based upon our preliminary result mentioned above, we
extended the reaction time from 1 h to 24 h. However, this
7s reduction reaction was still incomplete and the reductive product
was a complex reaction mixture of several components (entry 2).
It seems that the desired product might decompose under this
condition for a long time. In order to improve the yield and to
avoid the undesired reaction, we added 5.0 equiv of NaBH, and
so the reaction was stirred at 0 °C for 1 h or 4 h, respectively. In the
case of 1 h, no undesired byproduct was detected on silica gel
TLC (entry 3), while the reaction was still incomplete after a
reaction time of 4 h and some small amounts of byproducts can
be found in TLC (thin-layer chromatography) (entry 4). We
ss decided to carry out the reduction at 25 °C with 1.0 equiv of
NaBH,. As expected, this reaction proceeded faster at elevated
temperature (entry 5). Increasing the amount of NaBH, resulted
in significant improving the synthetic effect, especially when we
used 10.0 equiv of NaBH,, the isolated yield was up to 75%
(entry 6 and entry 7). Among different solvents including EtOH
and THF, the results showed that MeOH was superior for this
reaction (entries 7—-9). In this regard, the evaporation of methanol
in the first step seems unnecessary. Therefore, a more
straightforward procedure was possible. After reaction of baicalin
os with cat. H,SO4 in MeOH, followed by reduction with NaBH,
and subsequent workup procedure by adding appropriate amount
of 10% AcOH/H,0, the mixture was concentrated to afford the
desired product in an excellent yield.
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Entry NaBH, (equiv) solvent T(C) Time(h) Conversion (%) Yield (%)°
i 1 1.0 MeOH 0 1 15% 14%
2 1.0 MeOH 0 24 51% 19% (decomposed)
3 5.0 MeOH 0 1 40% 38%
4 5.0 MeOH 0 4 60% 49%
50 5 1.0 MeOH 25 1 36% 34%
6 5.0 MeOH 25 1 76% 69%
7 10.0 MeOH 25 1 82% 75%
8 10.0 EtOH 25 1 69% 64%
55 9 10.0 THF 25 1 2% trace
10 10.0 MeOH 25 24 91% 15% (decomposed)

* The conversion is based on the amount of isolated starting material.
® Isolated yield.
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Conclusions

In summary, a facile and efficient synthetic approach to access
oroxin A from inexpensive baicalin has been developed.
Optimized NaBH,; reduction as the key step after methyl
esterification of baicalin, resulted in a satisfactory yield of oroxin
A. Development of this method will greatly facilitate the
biological studies of oroxin A that has demonstrated great
potentials in food and pharmaceutical applications. The reported
synthetic protocol is concise and may be readily extended to the
synthesis of other flavonoid glycosides.

Experimental section

Synthesis of baicalin methylate (4)**: To the solution of baicalin
(2.0 g, 4.48 mmol) in methanol (80 mL) was added catalytic
amount of sulfuric acid (0.01 mL), and the solution was heated at
reflux temperature for 3 h. The mixture was cooled at room
temperature, and the solvent was concentrated under reduced
pressure to give the key intermediate as a yellow solid for direct
use in the next step without further purification (2.05 g, 99%).
Synthesis of oroxin A (1): The key intermediate baicalin
methylate (4) (0.916 g, 2.0 mmol) was suspended in methanol (40
mL) and cooled to 0 °C. Then NaBH, (0.76 g, 20.0 mmol) was
added portionwise, so that the temperature did not rise above 4 °C
and the hydrogen evolution was under control. After the addition
was complete, the mixture was stirred for an additional 1-2 h at
25 °C and then quenched with 20 mL of 10% AcOH/H,0. The
solution was evaporated to obtain the crude product as a yellow
solid. The residue was suspended in H,O/MeOH (10 mL, 1/1),
and oroxin A (1) was precipitated at 0 °C. The suspension was
seeded with the product mixture, cooled in the ice bath, filtered,
and washed with cold water. The product was dried in vacuo for
12 h at 40 °C to yield 650 mg (75%) of oroxin A (1) as a light
yellow solid (mp 221-222 °C, in 1it*>: 222-223 °C). "H NMR (400
MHz, DMSO-dy): 12.57 (s, 1H), 8.59 (s, 1H), 8.08 (d, 2H, J= 8.0
Hz), 7.57-7.63 (m, 3H), 7.06 (s, 1H), 7.02 (s, 1H), 5.42 (d, IH, J
=4.0 Hz), 5.16 (d, 1H, J=4.0 Hz), 5.11 (d, 1H, J=4.0 Hz), 5.02
(d, 1H, J = 8.0 Hz), 4.68 (t, 1H, J = 4.0 Hz), 3.74-3.78 (m, 1H),
3.48-3.52 (m, 2H), 3.18-3.24 (m, 1H). *C NMR (100 MHz,
DMSO-dq): 183.1, 164.0, 152.1, 149.7, 147.0, 132.5, 131.3, 131.1,
129.6, 126.9, 106.6, 105.2, 101.5, 94.8, 77.8, 76.4, 73.7, 70.2,
61.2. HRMS (ESI) caled for C;;H;90,0 431.0984 (M-H)", found
431.0973.

One-pot large-scale synthesis of oroxin A (1): To the solution
of baicalin (10.0 g, 22.4 mmol) in methanol (400 mL) was added
catalytic amount of sulfuric acid (0.05 mL), and the mixture was
heated at reflux temperature for 4 h. The mixture was cooled to 0
°C and then NaBH, (8.51 g, 224 mmol) was added portionwise in
1 h. After the addition was complete, the mixture was stirred for

an additional 2 h at 25 °C and then quenched with 200 mL of 10%

AcOH/H,0. The solution was evaporated to obtain the crude
product. The residue was suspended in H,O/MeOH (500 mL/100
mL, v/v 5/1), and the reaction mixture was acidified to pH 4 by
dropwise addition of 1 N HCI (aq). The desired product was
precipitated and filtered. The solid was washed with cold water
and dried in vacuo to yield 6.97 g (72%) of oroxin A (1). The
structural characterization data are same as those described above.
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