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ABSTRACT: 6-O-methyl-scutellarein (5) demonstrated potent antithrombotic
activity, stronger antioxidant activity and balanced solubility and permeability
compared with scutellarin (1), which warrants further development for the treatment
of ischemic cerebrovascular disease.
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ABSTRACT: Scutellarin {) could be hydrolyzed into scutellarei?) {n vivo and then
converted into methylated, sulfated and glucuraedd@orms. In order to investigate
the biological activities of these methylated metabs, eight methylated analogs of
scutellarein 2) were synthesizedia semi-synthetic methods. The antithrombotic
activities of these compounds were evaluated thrdlig analyzation of prothrombin
time (PT), activated partial thromboplastin timeP(AT), thrombin time (TT) and
fibrinogen (FIB). Their antioxidant activities werassessed by measuring their
scavenging capacities toward 1,1-diphenyl-2-piorgihazyl radical (DPPH) and the
ability to protect PC12 cells against®}-induced cytotoxicity. Furthermore, the
physicochemical properties of these compounds daty aqueous solubility and
lipophilicity were also investigated. The resullowed that 89-methylscutellarein
(5) demonstrated potent antithrombotic activity, strer antioxidant activity and
balanced solubility and permeability compared vatiutellarin {), which warrants
further development ob as a promising lead for the treatment of ischemic

cerebrovascular disease.

Keywords: Scutellarin, Scutellarein, Metabolism, MethylationThrombin,
Antioxidant



1. Introduction

Nowadays, ischemic cerebrovascular disease is a moom and
frequently-occurring disease that seriously endemmbaman health, and it has been
one of the leading causes of disability and deatildwide [1]. Some evidences
suggest that thrombin plays a critical role in &ic cerebrovascular disease [2], it
is generated in response to vascular injury. As udtifunctional serine protease,
thrombin can catalyze the proteolytic cleavage loé tsoluble plasma-protein
fibrinogen to form insoluble fibrin, which leads tot formation. In addition,
thrombin also serves as a potent platelet agontstaanplifies its own generation by
feedback activation of several steps in the coaigumlacascade [3]. Furthermore,
oxidative stresses are major causes of ischemebomrascular disease [4,5], some
reactive oxygen species (ROS) including superoxidien radical (@), hydroxyl
radical {OH), hydrogen peroxide ¢é.), singlet oxygen'©,) and nitric oxide (NQ
are constantly generated in the human body [6]. @@ the excessive production
of ROS may lead to increased level of low-densipoprotein (LDL), and the
oxidative modification of LDL can impair the endettal derived relaxing factor
(EDREF, nitric oxide, NO)-mediated bioactions [7].

On the above basis, some researchers have propodesbarched some natural
products with antithrombotic capacity and antioxidactivity for the treatment of
cerebrovascular disease [8]. Traditional Chinesdiomees have been used clinically
for many years and can be regarded as potentialcedufor drug discovery.
Scutellarin {) (Fig. 1), which is the main effective constitue(#85%) of
breviscapine, a natural drug consisting of totaldnoids of Erigeron breviscapus
(Vant.) Hand-Mazz. (Compositae), has been usedtter treatment of cerebral
infarction, angina pectoris and coronary heartafisewith a large market share in
China [9]. Nowadays, the research on scutellajrh&s become a hot topic in China
due to its distinguished efficacy in the clinichletapy. Pharmacological studies
found that scutellarin 1 exhibited antithrombotic and antioxidant actegi to

attenuate neuronal damage, tiasl a wide range of benefits to brain injury caused



by cerebral ischemia/reperfusion [10-12].

(Fig. 1

Interestingly, some researches showed that scute(ly is readily hydrolyzed
into scutellarein) (Fig. 1) before absorptiam vivo, and scutellareir?] is absorbed
into the blood and can metabolite into methylagdfated or glucuronidated forms
[13]. 6-O-Methylscutellarein §) (Fig. 1), which is one of the majain vivo
metabolites, might be responsible for the therapeitects of scutellarinl] [13]. In
order to study the biological activities of Gmethylscutellarein §) and other
methylated scutellarein analogs, in this paper,regort here on the synthesis of a
series of monomethylated scutellarein, dimethylagedtellarein and trimethylated
scutellarein derivativesvia semi-synthetic methods. Then the antithrombotic
activities of these compounds were evaluated thralig analyzation of prothrombin
time (PT), activated partial thromboplastin timeP(AT), thrombin time (TT) and
fibrinogen (FIB). Their antioxidant activities werassessed by measuring their
scavenging capacities toward 1,1-diphenyl-2-piorgihazyl radical (DPPH) and the
ability to protect PC12 cells against®}-induced cytotoxicity using MTT assay
method. Furthermore, the physicochemical propeitiekiding aqueous solubility

and lipophilicity were also investigated in thipoet.

2. Results and discussion

2.1. Synthesis
2.1.1. Synthesis of monomethylated scutellarein alogs

The 4-O-methylscutellarein 3) is synthesized as summarized in Scheme 1.
Scutellarein 2) was obtained from scutellarid)(by hydrolysis with 6N HCI in 90%
ethanol under reflux [14,15]. Treatment o with 1.5 equiv. of
dichlorodiphenylmethane in diphenyl ether at 175[16] led to the formation of
desired producil in 85% yield after the reaction mixture had pro@se®0 min.
Then the reaction df1 with iodomethane (1.5 equiv.) affordéd in 91% yield with

a methyl group at the C-4phenol hydroxyl position. Under hydrogenolysis



conditions, the diphenylmethylene ketal could beaeed and the best results were
obtained with 10% palladium on carbon as a cataty&tOH, this procedure allowed
deprotection to afford in 92% vyield and no side product was detected b T

analysis.
(Scheme ]

The 5O-methylscutellarein 4) is synthesized as summarized in Scheme 2.
Reaction of2 with an excess of chloromethyl methyl ether (4dbiie) led to the
formation of13in 72% yield, whose phenolic functions except tigdrbxyl group at
C-5 position were protected [17]. Because the phleydroxyl group at C-5 position
could form a hydrogen bond with the carbonyl gramiC-4 position, the reaction of
13 with iodomethane and KX O; did not work. Fortunately, the treatment1d with
1.5 equiv. of iodomethane and 2.0 equiv. of Nakhm solution of DMF led td4 in
78% vyield with a methyl group at the C-5 phenol doyyl position. At last, the
hydrolysis of the MOM ether groups by hydrochlorecid provided the
5-O-methylscutellarein4) in 90% yield.

(Scheme 2

The synthesis of @-methylscutellareing) is shown in Scheme 3. The reaction
of 11 with 1.5 equiv. of benzyl bromide in the present&,CO; afforded15in 93%
yield. From compound5, we focused on the deprotection of diphenylmetingle
ketal, two different methods were available for theavage of this protecting group:
hydrogenolysis or hydrolysis. Fortunately, underdidayysis conditions the
diphenylmethylene ketal was deprotected by usiegHBAc solution. This method
gavel6in 95% yield and no side product was detected b @nalysis. Benzylation
of 16 with benzyl bromide and ££O; in DMF led to the di-benzyl ether produlct
in 93% vyield. A cross-peak observed in the ROES¥cspm of17 between 5.03
(-OCH:Ph) with 6.87 (C8-H) indicated that one of the twemzyl group was at C-7
phenol hydroxyl position, other cross-peaks betwBei8 (—OCHPh) with 7.18
(C3,5—-H) indicated that the other benzyl group was &t @henol hydroxyl position.

Treatment ofL7 with 1.2 equiv. of iodomethane led selectivelyi®with the desired
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methyl group was at the C-6 phenol hydroxyl positio 94% vyield. Then the
deprotection of di-benzyl groups under hydrogematiconditions using 10%

palladium on carbon as the catalyst in THF/EtOldraliedS in 96% vyield.
(Scheme 3}

Preparation of ©-methylscutellarein) is shown in Scheme 4. Scutellarei) (
was converted intd9 (90% yield) after it was reacted with acetic anigel under
the catalyst of N,N-dimethylaminopyridine (DMAP) in pyridine. Interasgly, the
reaction of19 with benzyl bromide issued the substitution ofti@cgroup by benzyl
group to afford20 in 70% vyield. The position of benzyl group 20 was confirmed
by ROESY spectrum, a cross-peak between 5.36 (-P@Hh 6.87 (C8-H)
indicated that the benzyl group was at the C-7 phédrydroxyl position. This
preferential reaction [18,19] might be that thectlenically deficient C-4 carbonyl
group in19 was para to the C-7 acetoxy unit, thus the C-4 carbonylugreould
accept electron density from the C-7 oxygen, whiohtributed to a weakening of
the ester bond and facilitated its rupture, thumdileg to the benzyl substituted
intermediate20. Deprotection of the benzyl group #0 was accomplished under
hydrogenation conditions with 10% palladium on carbas the catalyst in
EtOH/CH,CI, gave2l in 95% vyield, then the treatment 2f with iodomethane (1.5
equiv.) led to22. Finally, the hydrolysis of acetyl groups #2 with a solution of
sodium hydroxide afforde@in 81% vyield.

(Scheme 4

2.1.2. Synthesis of dimethylated and trimethylatedcutellarein analogs

The synthesis of 6,7-dimethylscutellareif) {s shown in Scheme 5. Treatment
of 16 with 3.0 equiv. of iodomethane led28 in 86% yield, then the cleavage of the
benzyl group by hydrogenolysis gavan 91% yield. Because the reactivity of two
phenol hydroxyl groups at C-4' and C-7 position§-40@-methylscutellareing) were
very active, so the reaction bfwith 1.5 equiv. of iodomethane producé@nd8 in
38% and 49% respectively (Scheme 5). Furthermdwe,methylation of the free

phenol hydroxyl function at C-6 and C-7 position8iwith iodomethane (3.5 equiv.)
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afforded9 and10in 32% and 54% respectively (Scheme 5).

(Scheme %

2.2. Biological investigations
2.2.1. Antithrombotic activity

Because the antithrombotic activity can be assedsgdmeasuring the
prolongation of the plasma clotting time of TT, ARTNR increasement of PT, and
reduction of FIB content according to our previstigdies [20], so the thrombin time
of different compounds was investigated for TT, RP,TT and FIB, and the results
were shown in Table 1.

From the results we could see that the antithroiokaattivity remained when
the glucuronyl group in scutellaril)(was hydrolyzed to produce scutellaref), (
although the PT decreased and the FIB contentaeerkin scutellareir?), the TT
and APTT in scutellareir?] increased compared to those in scutellda)ntbis result
indicated that the glucuronyl group was not imparfar the antithrombotic activity.
In the series of monomethylated scutellareins, st active compounds were
6-O-methylscutellarein §) and 70O-methylscutellarein §), these two compounds
prolonged TT and PT, decreased FIB content comparadutellareind). The less
active compound was O-methylscutellarein J), it decreased TT, APTT, and
increased FIB content compared %o Furthermore, three plasma coagulation
parameters o8 including TT, PT and APTT were decreased in thamaration tco.
Interestingly, when the phenol hydroxyl group at (osition was etherized by
methyl group, the antithrombotic activity decreaseaghificantly, this result could be
seen that the TT and APTT of@methylscutellarein 4) decreased, and the FIB
content increased compared to those db-ethylscutellareind). So the phenol
hydroxyl group at C-5 position was not methylatedhe subsequent multiple-methly
derivatives of scutellareir2). These results showed that the methyl group ietabr
at the C-6 phenol hydroxyl position was very impattto keep the antithrombotic

activity.



In the series of dimethylated scutellarein analdbe, most active compound
was 6,70-dimethylscutellareinq), it prolonged TT and APTT, increased PT and
decreased FIB content significantly compared taedlewein @). The less active
compounds were 4'6-dimethylscutellareing) and 4',70-dimethylscutellarein9),
compound8 only increased TT compared % compound9 showed no stronger
antithrombotic activity compared t0 in the above four indicators. For compound
4',6,70-dimethylscutellarein0), where the three phenol hydroxyl groups were all
etherized by the methyl groups, the antithrombadictivity decreased, this
phenomenon could be seen tHH} only increased TT compared b These
pharmacological activity results indicated that thethyl group both etherized at the
C-6 and C-7 phenol hydroxyl positions could imprdive anticoagulant activity.

Interestingly, most of the synthesized analogs gix¢end9 showed decreased
APTT compared t@ in the four indicators, these results indicated tha other three
indicators including TT, PT and FIB might contribub the antithrombic activity in

these methylated scutellarein analogs.
(Table 1)

2.2.2. Antioxidant activity

The in vitro antioxidant activities [21] of these scutellareiaridatives were
assessed by measuring their scavenging capactiesd DPPH assay and the ability
to protect PC12 cells against®p-induced cytotoxicity.
2.2.2.1. DPPH radical-scavenging activity

DPPH assay [22] measured the hydrogen-donatingtyabil antioxidants to
convert the stable DPPH free radical into 1,1-dipth-picrylhydrazine [23]. The
reaction was accompanied by a change in color fteap-yellow to light-yellow and
was monitored spectrophotometrically.

The data obtained in the DPPH assay was depictédhble 2. From the results
we can infer that, the monomethylated scutellaréerivatives showed potent
antioxidant activities. &-methylscutellareing) (ICso= 23.67uM), in which only

the C-6 phenol hydroxy was etherized by the metiwgdup, showed stronger



antioxidant activity in this DPPH assay compareddotellarin {) (ICso= 27.93uM).
The less active compound wasQGtmethylscutellarein 3), in which only the C-4'
phenol hydroxy was etherized by the methyl groughowed the 165 of 25.29uM in
the DPPH assay. 6-methylscutellarein 4), in which the C-5 phenol hydroxyl
function was etherized by methyl group, showed &sgsoxidant activity compared
to 3 with its IG5, was 28.85uM. 7-O-methylscutellarein §), showed the least
antioxidant activity in the series of monomethythtgcutellarein analogs, with its
ICs0 was 30.17uM. Furthermore, if there were two methyl groupseeited at the
phenol hydroxyl functions in scutellarei®)(the antioxidant activity decreased, these
results could be seen that one methyl group eterat the C-7 phenol hydroxyl
positionand C-4' phenol hydroxyl position in@methyl-scutellareing) to produce
6,7-O-dimethylscutellarein ) and 4',6-O-dimethylscutellarein §), their [1Ggs
changed into 189.88 yM and 169.82 puM respectively. Although
4'-O-methylscutellarein3) and 70-methylscutellarein@) showed strong antioxidant
activity in this DPPH assay, when the methyl grobpth etherized at the C-4' phenol
hydroxyl and C-7 phenol hydroxyl positions to prodd¢@-O-dimethylscutellarein
(9), the antioxidant activity was decreased witH@s, was 158.6 M. At last, when
the three phenol hydroxyl functions at C-4', @r@l C-7 positions were all etherized
by the methyl groups, the obtained prodliBtiost its antioxidant activity with its
ICs50 was 462.7UM.

2.2.2.2. Inhibitory Effect on PC12 Cells Induced byOxidative Stress

PC12 cells can adopt a neuronal phenotype andliesm used extensively as a
model for catecholamine-secreting neuronal celg.[Active mitochondria of living
cells can cleave MTT to produce formazan, the arnotinvhich directly related to
the number of living cells. So the neuroproteciffects of the synthesized methyl
scutellarein derivatives were evaluated by theitgthid protect PC12 cells against
H,O2-induced cytotoxicity using MTT assay method [25].

The results of the inhibition rate against cell dgewere summarized in Table



2. Comparison of the data reported in Table 2 miéid all the monomethylated
scutellarein derivatives showed higher inhibitoffee than scutellarinl) against
H,O2-induced cytotoxicity in PC12 cells, especially #rO-methylscutellarein 3)
and 6O-methyl-scutellarein §). In a concentration of 5@M, 3 and 5 showed
89.38% and 88.05% inhibition rate against cell dgenand in a concentration of 25
uM, 3 and 5 showed 63.27% and 62.39% inhibition rate agairedt damage
respectively, while the inhibiting rates of the gratr compoundL were 79.20% and
53.10% at 50 and 25 uM respectively. The less actoompounds were
7-O-methylscutellarein §) and 50-methylscutellarein 4), these two compounds
exhibited 82.30% and 81.42% inhibition rate agacel damage in a concentration
of 50 uM respectively. All the dimethylated scutellareirerigdatives were less
effective at protecting these neuronal cells agai®©,-induced oxidative injury
than scutellarin k), for example, 6,0-dimethylscutellarein 1) and

4' 7-0-dimethylscutellarein9) showed 76.11% and 74.34% inhibition rate against
cell damage in a concentration of 5@M respectively. Unfortunately, the
trimethylated scutellarein derivativi® lost its protective activity against cell damage
with its inhibition rate was 20.35% in a concentmatof 50 uM. In addition, all the
synthesized analog3-10 showed a lower inhibitory effect tha? these results
indicated that the presence of more phenol hydrgsxyips would be more important

to protect the PC12 cells againsiO#-induced oxidative injury.

(Table 2

2.2.3. Physicochemical property

Physicochemical profile plays a major role in maodeirug discovery [26],
aqueous solubility [27] and lipophilicity, usuallgxpressed as n-octanol/water
distribution coefficient, loB [28,29], are among the most important properties t
can provide a guideline for predicting a drug’subdity characteristics [30]. These

properties influence the distribution of drugs witlthe body since drugs must



possess some lipophilic properties to cross biokdgmembranes, and hydrophilic

properties to be taken up in systemic circulation.

2.2.3.1. Water solubility determination

The aqueous solubility of the synthesized methglateutellarein derivatives
was determined using UV spectrophotometer [31-3Be results were shown in
Table 3. Although the introduction of methyl grompthe scutellarein could increase
the lipid solubility, these methylated scutellareiarivatives still maintained some
water solubility. Among the monomethylated scutella derivatives,
4'-O-methylscutellarein 3) and 50-methylscutellarein 4) showed better water
solubility than the others with their values wereg816 pg/ml and 5.72 pg/ml
respectively. ™-methylscutellarein § and 6O-methylscutellarein J) exhibited
good solubility in water with their values were @&.5ug/ml and 4.27 pg/mi
respectively. Introduction of more methyl groupsr@ased the water solubility of
the scutellarein  derivatives, this phenomenon coulle seen that
4', 7-0-dimethylscutellarein 9, 4',6-0-dimethylscutellarein 8 and
4',6,7-trimethylscutellarein1Q) exhibited remarkable decreases in solubility with

their values were 3.20 pg/ml, 1.36 pg/ml and 0.8k respectively..

2.2.3.2. Partition coefficient

The partition coefficient between n-octanol and féuffor the methylated
scutellarein derivativexompared to the parent compounds scutellafin gnd
scutellarein 2) was determined using traditional shake-flask metf34-36], the
buffer included three different solutions which @é€r.1mol/L HCI, 0.15mol/L NaCl
and 0.15mol/L NaHCg) and the results were summerized in Table 3. Digf |
values of scutellarinlj were found to be 0.5924, 0.3647 and -0.0513 énttiree
different solutions respectively. Introduction ofetnyl groups in scutellarein
significantly altered the partition coefficient fgh in a range from 0.7846 to 2.6358
(Table 3). Interestingly, the &-methylscutellareing) showed the best IBgamong

the monomethylated scutellarein derivatives, wishvalues were 1.7651, 1.6805 and
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1.0175 respectively. The |Bgvalues of 4',6,7-trimethylscutellareifhiQj increased to
2.6358, 2.5492 and 2.2707 respectively when theethrethyl groups etherized at the
C-4', C-6 and C-7 phenol hydroxyl positions. Thassults showed that the
introduction of the methyl group had a promisinfgetf on the increasing of |&yof
the synthesized compounds compared to scutellat)p thus increased the

lipophilicity of these compounds that may effedt penetration.

(Table 3

3. CONCLUSION

In summary, eight novel methylated scutellareinvédgives have been designed
and synthesized based on the metabolic mechanissoudéllarin 1) in vivo. The
antithrombotic activities of these compounds weraweated through the analyzation
of PT, APTT, TT and FIB, the results showed that amethyl group etherized at the
C-6 phenol hydroxyl position was very importankeep the antithrombotic activity.
Theirin vitro antioxidant activity was evaluated by DPPH radsxavenging activity
assays and the protective effects og©Hinduced cytotoxicity in PC12 cells using
MTT assay method, the presence of the phenol hytlgyeup was very important to
antioxidant activity. The results of aqueous sdityband lipophilicity showed that
the introduction of the methyl group had a prongsaffect on the increasing of the
lipophilicity of these compounds that may effect Il cepenetration.
6-O-methyl-scutellareing), which had only one methyl group etherized at @16
phenol hydroxyl position, demonstrated potent hrdinbotic activity, stronger
antioxidant activity and balanced solubility andrrpeability compared with
scutellarin 1), warranted further development of this agent gsamising lead for

the treatment of ischemic cerebrovascular disease.

4. Experimental
4.1. Chemical synthesis

Reagents and solvents were purchased from comresoiaces and used

11



without further purification unless otherwise spied. Air- and moisture-sensitive
liquids and solutions were transferréd syringe or stainless steel cannula. Organic
solutions were concentrated by rotary evaporateov 45 °C at approximately 20
mm Hg. All non-aqueous reactions were carried auden anhydrous conditions
using flame-dried glassware within nitrogen atmesphin dry, freshly distilled
solvents, unless otherwise noted. Yields referradl d¢hromatographically
homogeneous materials, unless otherwise statedctiBes were monitored by
thin-layer chromatography (TLC) carried out on 8:020 mm Yantai silica gel
plates (RSGF 254) using UV light as the visualizagent. Chromatography was
performed on Qingdao silica gel (160—200 mesh)gupetroleum ether (60-90) and
ethyl acetate as the eluanting solvéRtNMR spectra were obtained using a Bruker
AV-300 (300 MHz) or Bruker AV-500 (500 MHz). Chenaicshifts were recorded in
ppm downfield from tetramethylsiland. values were given in Hz. Abbreviations
used were s (singlet), d (doublet), t (tripletYggartet), b (broad), and m (multiplet).

ESI-MS spectra were recorded on a Waters Synapt SBpectrometer.

4.1.1. 5,6,7-Trihydroxy-2-(4-hydroxyphenyl)-4H-chranen-4-one (2)

Water (10 ml) was added to a stirring mixture aftettarin ) (10.0 g, 21.6 mmol)
and concentrated hydrochloric acid (120 ml) in Bthig120 ml), then the reaction
mixture was refluxed under ar, ldtmosphere for 36 h. After being cooled down to
the room temperature, the mixture was poured indbery the solid obtained was
filtered, and purified by column chromatography ¥o@thyl acetate in petroleum
ether) to afford2 (1.05 g, 17.0% yield) as a yellow solftH NMR (DMSO-ds, 300
MHz) § 6.57 (s, 1H, 8-H), 6.74 (s, 1H, 3-H), 6.91 Jd 8.8 Hz, 2H, 3',5'-H), 7.90 (d,

J = 8.8 Hz, 2H, 2',6"-H), 8.71 (s, 1H, 6-OH), 10.29 {H, 7-OH), 10.44 (s, 1H,
4'-OH), 12.78 (s, 1H, 5-OH); ESI-M&Vz 287 [M+H]".

4.1.2.
9-Hydroxy-6-(4-hydroxyphenyl)-2,2-diphenyl-8H-[1,3Hioxolo[4,5-g]chromen-8-

12



one (11)

To a stirring mixture of scutellarei)((10 g, 35 mmol) in diphenyl ether (200 ml)
was added dichlorodiphenylmethane (18 g, 52.5 mfnélequiv.), then the reaction
mixture was heated at 175 °C for 30 min. After lgeicooled down to room
temperature, petroleum ether (1000 ml) was addedsolid obtained was filtered,
and purified by column chromatography (25% ethydtate in petroleum ether) to
afford 11 (13.35 g, 85% vyield) as a yellow soltH NMR (300 MHz, DMSOds) &
6.69 (s, 1H, 3-H), 6.82 (s, 1H, 8-H), 6.96 (d, 2+ 8.7 Hz, 35-H), 7.47-7.50 (m,
6H, -Ph), 7.58-7.61 (m, 4H, -Ph), 7.94 (d, 2H= 8.7 Hz, 26-H), 10.41 (s, 1H,
4'-OH), 12.99 (s, 1H, 5-OH); ESI-MS: m/z 449 [M=H]

4.1.3.
9-Hydroxy-6-(4-methoxyphenyl)-2,2-diphenyl-8H-[1,3flioxolo[4,5-g]chromen-8-
one (12)

To a stirring solution ofll (200 mg, 0.44 mmol) in DMF (10 ml) was added
K2CO; (107 mg, 0.78 mmol, 1.75 equiv.) and iodometh&@4(l ml, 0.66 mmol, 1.5
equiv.). After stirring at 0 °C for 2 h, the reaxti mixture was allowed to warm to
room temperature and the stirring was maintained fo. Then the reaction mixture
was partitioned between 100 ml ethyl acetate afidmilOwater, and the organic layer
was washed with brine (100 ml), dried over,8@,, filtered and concentrated, the
crude material was purified by column chromatogyag3% ethyl acetate in
petroleum ether) to affordi2 (186 mg, 91% vyield) as a yellow solitH NMR (300
MHz, DMSO-ds) 8 3.88 (s, 3H, -OCH), 6.96 (s, 1H, 3-H), 7.11 (s, 1H, 8-H), 7.15 (d,
2H, J = 8.6 Hz, 35-H), 7.46-7.49 (m, 6H, -Ph), 7.55-7.60 (m, 4H, -FP8 (d, 2H,
J=8.6 Hz, 26-H), 13.10 (s, 1H, 5-OH); ESI-M3w/z 465 [M+H]"

4.1.4.5,6,7-Trihydroxy-2-(4-methoxyphenyl)-4H-chranen-4-one (3)
To a solution ofl2 (160 mg, 0.34 mmol) dissolved in ethanol (30 mgsvadded

10% Pd/C (16 mg) with vigorous stirring. Then tkagation vessel was evacuated and
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the atmosphere replaced with hydrogen. After 1thd reaction mixture was filtered,
and the filtrate was concentrated, the crude n@texsias purified by column
chromatography (20% ethyl acetate in petroleumritbeafford3 (94mg, 92% yield)
as a yellow solid"H NMR (300 MHz, DMSO#g) & 3.91 (s, 3H, -OCH), 6.59 (s, 1H,
3-H), 6.78 (s, 1H, 8-H), 6.92 (d, 2H,= 8.6 Hz, 35-H), 7.92 (d, 2HJ = 8.6 Hz,
2'.6'-H), 8.75 (s, 1H, 6-OH), 10.77 (s, 1H, 7-OH), 13(861H, 5-OH); ESI-MSm/z
299 [M-HT.

4.1.5.
5-Hydroxy-6,7-bis(methoxymethoxy)-2-(4-(methoxymetbxy)phenyl)-4H-chrom
en-4-one (13)

Chloromethyl ether (2.39 ml, 31.5 mmol, 4.5 equiwas added to a stirring
mixture of2 (2 g, 7 mmol) and pCO3(5.80 g, 42 mmol, 6.0 equiv.) in dry acetone
(100 ml) at room temperature. The reaction mixtas refluxed gently for 6 h. After
being cooled down to room temperature, the reaatiotiure was filtered, and the
filtrate was concentrated, the crude material wasgfipd by column chromatography
(20% ethyl acetate in petroleum ether) to affeBd(2.11 g, 72% yield) as a yellow
solid. *H NMR 300 MHz, DMSOdg) & 3.66 (s, 3H, -OCH), 3.76(s, 3H, -OCH),
3.87 (s, 3H, -OCH), 5.35 (s, 2H, -OCb), 5.48 (s, 2H, -OCH), 5.60 (s, 2H, -OCH),
6.95 (s, 1H, 3-H), 7.09 (s, 1H, 8-H), 7.16 (d, 21 8.7 Hz, 35-H), 8.06 (d, 2H,) =
8.7 Hz, 2,6-H), 12.93 (s, 1H, 5-OH); ESI-M3wz 419 [M+HJ".

4.1.6.
5-Methoxy-6,7-bis(methoxymethoxy)-2-(4-(methoxymetbxy)phenyl)-4H-chrom
en-4-one (14)

To a stirring solution 013 (200 mg, 0.48 mmol) in DMF (10ml) at 0 °C was atide
NaH (23 mg, 0.96 mmol, 2.0 equiv.), 30 min latée todomethane (0.04 ml, 0.66
mmol, 1.5 equiv.) was added, then the reactionumtvas allowed to warm to room

temperature. After 6 h, the reaction mixture wadifg@ned between 100 ml ethyl
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acetate and 100 ml water, and the organic layer washed with brine (100 ml),
dried over NaSQ,, filtered and concentrated, the crude material pasfied by
column chromatography (20% ethyl acetate in petrolether) to afford4 (162 mg,
78% vield) as a yellow solidH NMR (300 MHz, DMSOe) & 3.46 (s, 3H, -OC#),
3.47 (s, 3H, -OCHh), 3.48 (s, 3H, -OCBHJ, 3.49 (s, 3H, -OC#J, 5.32 (s, 2H, -OCH),
5.33 (s, 2H, -OCH), 5.34 (s, 2H, -OCb}, 6.43 (s, 1H, 3-H), 6.75 (s, 1H, 8-H), 7.23
(d, 2H,J = 8.7 Hz, 35-H), 8.06 (d, 2H,J = 8.7 Hz, 26-H); ESI-MS: m/z 433
[M+H] ™.

4.1.7. 6,7-Dihydroxy-2-(4-hydroxyphenyl)-5-methoxytH-chromen-4-one (4)

To a stirring solution of14 (100 mg, 0.23 mmol) in ether (5ml) and
dichloromethane (5ml) was added concentrated hytlvac acid (1ml) at 0 °C, then
the reaction mixture was allowed to warm to roomrmgerature. After 6 h, the
resulting mixture was partitioned between 100 rhi/eacetate and 100 ml water, and
the organic layer was washed with brine (100 mijeddover NaSQ;, filtered and
concentrated, the crude material was purified byma chromatography (30% ethyl
acetate in petroleum ether) to affer@2 mg, 90% vyield) as a yellow solftH NMR
(300 MHz, DMSO#g) & 4.23 (s, 3H, -OCH), 6.67 (s, 1H, 3-H), 6.92 (d, 2H,= 8.7
Hz, 3,5-H), 6.95 (s, 1H, 8-H), 7.92 (d, 2H,= 8.7 Hz, 26'-H), 8.73 (s, 1H, 6-OH),
10.30 (s, 1H, 40H), 10.73 (s, 1H, 7-OH); ESI-M$¥z 299 [M—H].

4.1.8.
6-(4-(Benzyloxy)phenyl)-9-hydroxy-2,2-diphenyl-8H-],3]dioxolo[4,5-g]chromen
-8-one (15)

To a stirring solution ofill1 (200 mg, 0.44 mmol) in DMF (10 ml) was added
K>CQO; (107 mg, 0.78 mmol, 1.75 equiv.) and benzyl bra({@.078 ml, 0.66 mmol,
1.5 equiv.). After stirring at 0 °C for 2 h, theaotion mixture was allowed to warm to

room temperature and the stirring was maintained 2oh. Then the reaction mixture
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was partitioned between 100 ml ethyl acetate af@dmilOwater, and the organic layer
was washed with brine (100 ml), dried over,8@,, filtered and concentrated, the
crude material was purified by column chromatogya3% ethyl acetate in
petroleum ether) to affordl5 (221 mg, 93% vyield) as a yellow solitH NMR (300
MHz, DMSO-ds) § 5.22 (s, 2H, -OCH), 6.95 (s, 1H, 3-H), 7.08 (s, 1H, 8-H), 7.22 (d,
2H,J = 8.7 Hz, 35-H), 7.32-7.48 (m, 11H, -Ph), 7.55-7.61(m, 4H, -FhP4 (d, 2H,

J = 8.7 Hz, 26-H), 10.40 (s, 1H, 40H), 13.10 (s, 1H, 5-OH); ESI-MSnwz 541
[M+H] ™.

4.1.9. 2-(4-(Benzyloxy)phenyl)-5,6,7-trinydroxy-4Hzhromen-4-one (16)

Compoundl5 (150 mg, 0.28 mmol) was dissolved in 20 ml of HGA©O (4:1)
solution and the reaction mixture was refluxed uradis, atmosphere for 1.5 h. After
being cooled down to the room temperature, the urextvas poured into 100 ml
water, extracted with ethyl acetate (50 mlIx3), ttl@organic layer was washed with
brine (100 ml), dried over N8O, filtered and concentrated, the crude material was
purified by column chromatography (25% ethyl aaeiatpetroleum ether) to afford
16 (100 mg, 95% yield) as a yellow solitH NMR (300 MHz, DMSO#dg) & 5.28 (s,
2H, -OCH), 6.81 (s, 1H, 3-H), 6.92 (d, 2H,= 8.7 Hz, 35-H), 7.00 (s, 1H, 8-H),
7.35-7.45 (m, 3H, -Ph), 7.51-7.54 (m, 2H, -Ph)47®, 2H,J = 8.7 Hz, 2,6-H), 8.74
(s, 1H, 6-OH), 10.35 (s, 1H, 7-OH), 12.69 (s, 1HDH); ESI-MS:m/z 375 [M—H].

4.1.10. 7-(Benzyloxy)-2-(4-(benzyloxy)phenyl)-5,6fd/droxy-4H-chromen-4-one
(a7)

To a stirring solution 016 (200 mg, 0.53 mmol) in dry DMF (20 ml) was added
K>CO; (109 mg, 0.80 mmol, 1.5 equiv.) and benzyl brom(@d®8 ml, 0.68 mmaol,
1.3 equiv.) at 0 °C, then the mixture was warmebton temperature. After 12 h, the
reaction mixture was partitioned between 100 myledbetate and 100 ml water, then
the ethyl acetate layer was washed with brine (h00Q dried over NgSO,, filtered

and concentrated, the crude material was purifiedddumn chromatography (25%
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ethyl acetate in petroleum ether) to affard(230 mg, 93% vyield) as a yellow solid.
'H NMR (300 MHz, DMSOs) 5 5.03 (s, 2H, -OCH), 5.23 (s, 2H, -OCh}, 6.62 (s,
1H, 3-H), 6.87 (s, 1H, 8-H), 7.18 (d, 2H,= 8.6 Hz, 35-H), 7.31-7.53 (m, 10H,
-Ph), 8.04 (d, 2HJ = 8.6 Hz, 26-H), 10.82 (s, 1H, 6-OH), 13.11 (s, 1H, 5-OH);
ESI-MS:m/z 465 [M—H].

4.1.11.
7-(Benzyloxy)-2-(4-(benzyloxy)phenyl)-5-hydroxy-6-mthoxy-4H-chromen-4-one
(18)

To a stirring solution ol7 (84 mg, 0.18 mmol) in dry DMF (20 ml) was added
K>CO; (48 mg, 0.35 mmol, 1.4 equiv.) and iodomethan@l@.ml, 0.22 mmol, 1.2
equiv.) at room temperature. After 12 h, the reactnixture was then partitioned
between 100 ml ethyl acetate and 100 ml water. 8thgl acetate layer was then
washed with brine (100 ml), dried over 48&, filtered and concentrated, the crude
material was purified by column chromatography (288tyl acetate in petroleum
ether) to afford18 (81 mg, 94% yield) as a yellow solidH NMR (300 MHz,
DMSO-0s) 8 4.00 (s, 3H, -OC#), 4.95 (s, 2H, -OCh), 5.28 (s, 2H, -OCh}, 6.62 (s,
1H, 3-H), 6.94 (d, 2HJ = 8.6 Hz, 35-H), 7.00 (s, 1H, 8-H), 7.32-7.42 (m, 6H, -Ph),
7.44-7.54 (m, 4H, -Ph), 7.94 (d, 2H,= 8.6 Hz, 26-H), 12.69 (s, 1H, 5-OH);
ESI-MS:mz 481 [M+H]".

4.1.12. 5,7-Dihydroxy-2-(4-hydroxyphenyl)-6-methoxyH-chromen-4-one (5)

To a solution ofL8 (100 mg, 0.21 mmol) dissolved in ethanol (10 nmigl FHF
(20 ml) was added 10% Pd/C (2 mg) with vigorousisty. The reaction vessel was
then evacuated and the atmosphere replaced wittodpa. After 8 h, the reaction
mixture was filtered and the filtrate was conceeftlathe crude material was purified
by column chromatography (50% ethyl acetate ingbetim ether) to affor8 (60 mg,
96% vyield) as a yellow solidH NMR (300 MHz, DMSO#g) § 3.72 (s, 3H, -OCH),
6.58 (s, 1H, 3-H), 6.89 (d, 2Hd,= 8.6 Hz, 35-H), 7.11 (s, 1H, 8-H), 7.87 (d, 2R~
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8.6 Hz, 2,6-H), 10.19 (s, 1H, 40H), 10.72 (s, 1H, 7-OH), 12.76 (s, 1H, 5-OH);
ESI-MS:m/z 299 [M-H].

4.1.13. 5,6,7-Triacetoxy-2-(4-acetoxyphenyl)-4H-cbmen-4-one (19)

Pyridine (5 ml) and 4-dimethylaminopyridine (DMAB)2.2 mg, 0.1 mmol) were
added to a stirring solution & (286 mg, 1.0 mmol) in acetic anhydride (5 ml) at
0 °C, then the mixture was warmed to room tempegatAfter 4 h, the reaction
mixture was poured into 100 ml water, and the solained was filtered and
purified by column chromatography (25% ethyl aceiatpetroleum ether) to afford
19 (408 mg, 90% yield) as a yellow solitH NMR (300 MHz, DMSO#dg) & 2.32 (s,
3H, —-COCH), 2.35 (s, 3H, —COC¥), 2.37 (s, 3H, —COC¥), 2.38 (s, 3H, —COCH}),
6.95 (s, 1H, 8-H), 7.36 (d,= 8.7 Hz, 2H, 3',5'-H), 7.84 (s, 1H, 3-H), 8.14 J& 8.7
Hz, 2H, 2',6'-H); ESI-MSm/z 455 [M+H]".

4.1.14. 7-(Benzyloxy)-5,6-diacetoxy-2-(4-acetoxyphd)-4H-chromen-4-one (20)

To a stirring solution 019 (227 mg, 0.50 mmol) in dry acetone (20 ml) was adde
K>CO; (484 mg, 3.50 mmol, 7.0 equiv.) and benzyl bromi@d®7 ml, 0.60 mmoaol,
1.2 equiv.), after the reaction was refluxed foh6the mixture was partitioned
between 100 ml ethyl acetate and 100 ml water. 8thgl acetate layer was then
washed with brine (100 ml), dried over J$&), filtered, and concentrated, the crude
material was purified by column chromatography (288tyl acetate in petroleum
ether) to afford20 (186 mg, 74% vyield) as a yellow solitH NMR (300 MHz,
DMSO-ds) 6 2.31 (s, 3H, —COC¥), 2.32 (s, 3H, —COC¥), 2.34 (s, 3H, —COC¥),
5.36 (s, 2H, Ch), 6.87 (s, 1H, 8-H), 7.36—7.45 (m, 7H, 3',5'-H &), 7.60 (s, 1H,
3-H), 8.13 (dJ = 8.8 Hz, 2H, 2',6'-H); ESI-MS1w/z 503 [M+H]".

4.1.15. 7-Hydroxy-5,6-diacetoxy-2-(4'-acetoxyphenyl -4H-1-benzopyran-4-one
(21)

To a stirring mixture o0 (426 mg, 0.85 mmol) in dichloromethane (50 ml) and
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ethanol (50 ml) was added 10% Pd/C (43 mg). Thetiea vessel was then
evacuated and the atmosphere replaced with hydro§ier 12 h, the reaction
mixture was filtered, concentrated and purified dojumn chromatography (25%
ethyl acetate in petroleum ether) to aff@t(322 mg, 92% vyield) as a yellow solid.
'H NMR (300 MHz, DMSOdg) & 2.31 (s, 3H, -OC-Ch), 2.34 (s, 3H, -OC-CH,
2.35 (s, 3H, -OC-C}h), 6.78 (s, 1H, 3-H), 7.08 (s, 1H, 8-H), 7.38 (&, 2 = 8.8Hz,
3,5-H), 8.18 (d, 2H,J = 8.8Hz, 26'-H), 11.52 (s, 1H, 7-OH); ESI-MS3w/z 411
[M—H]".

4.1.16. 7-Methoxy-5,6-diacetoxy-2-(4'-acetoxyphernyl-4H-1-benzopyran-4-one
(22)

To a stirring solution o21 (200 mg, 0.49 mmol) in dry DMF (10 ml) was added
K2COs(117 mg, 0.85 mmol, 1.75 equiv.) and iodomethan@y@nl, 0.74 mmol, 1.5
equiv.) at room temperature. After 6 h, the reactioixture was then partitioned
between 100 ml ethyl acetate and 100 ml water. 8thgl acetate layer was then
washed with brine (100 ml), dried over 48&, filtered and concentrated, the crude
material was purified by column chromatography (288tyl acetate in petroleum
ether) to afford22 (188 mg, 90% vyield) as a yellow solitH NMR (300 MHz,
DMSO-ds) 6 2.30 (s, 3H, -OC-C}J, 2.31 (s, 3H, -OC-C¥), 2.33 (s, 3H, -OC-C¥),
4.09 (s, 3H, -Ch), 6.88 (s, 1H, 3-H), 7.36 (d, 2H,= 8.8Hz, 35-H), 7.38 (s, 1H,
8-H), 8.12 (d, 2HJ = 8.8Hz, 2,6-H); ESI-MS:m/z 427[M+H]".

4.1.17. 5,6-Dihydroxy-2-(4-hydroxyphenyl)-7-methoxyH-chromen-4-one (6)

A solution of sodium hydroxide (0.5 M, 1 ml) wasdad to a stirring mixture of
22 (85 mg, 0.20 mmol) in methanol (10 ml) at 0 °C unie atmosphere, after 1h,
the mixture was then partitioned between 100 mjletbetate and 100 ml water. The
ethyl acetate layer was then washed with brine (@)Qdried over NgSO,, filtered,
and concentrated, the crude material was purifieddlumn chromatography (25%

ethyl acetate in petroleum ether) to affér49 mg, 81% yield) as a yellow solitH
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NMR (300 MHz, DMSOds) 5 4.49 (s, 3H, -Ch), 6.59 (s, 1H, 3-H), 6.78 (s, 1H,
8-H), 6.93 (d, 2H,) = 8.8Hz, 35-H), 7.92 (d, 2H,] = 8.8Hz, 2,6-H), 10.33 (s, 1H,
4-OH), 13.16 (s, 1H, 5-OH): ESI-M$z 299 [M—H].

4.1.18. 2-(4-(Benzyloxy)phenyl)-5-hydroxy-6,7-dimbbxy-4H-chromen-4-one
(23)

To a stirring solution 016 (200 mg, 0.53 mmol) in dry DMF (10 ml) was added
K2CO; (256 mg, 1.86 mmol, 3.5 equiv.) and iodomethangl(énl, 1.59 mmol, 3.0
equiv.) at room temperature. After 6 h, the reactmixture was then partitioned
between 100 ml ethyl acetate and 100 ml water. §thgl acetate layer was then
washed with brine (100 ml), dried over 48&, filtered and concentrated, the crude
material was purified by column chromatography (288tyl acetate in petroleum
ether) to afford23 (184 mg, 86% vyield) as a yellow solitH NMR (300 MHz,
DMSO-ds) 5 3.76 (s, 3H, -Ch), 3.87 (s, 3H, -Ch), 5.29 (s, 2H, -Ch), 6.95 (s, 1H,
3-H), 7.08 (s, 1H, 8-H), 7.14 (d, 2H,= 8.7 Hz, 35-H), 7.35-7.53 (m, 8H, -Ph),
7.65-7.74 (m, 2H, -Ph), 8.06 (d, 2H,= 8.7 Hz, 26-H), 12.90 (s, 1H, 5-OH);
ESI-MS:mVz 405 [M+H]".

4.1.19. 5-Hydroxy-2-(4-hydroxyphenyl)-6,7-dimethoxytH-chromen-4-one (7)

To a solution o3 (100 mg, 0.25 mmol) dissolved in ethanol (30 mésvadded
10% Pd/C (10 mg) with vigorous stirring. The reantvessel was then evacuated and
the atmosphere replaced with hydrogen. After 1thé reaction mixture was filtered
and the filtrate concentrated, the crude materiads wpurified by column
chromatography (20% ethyl acetate in petroleumrgtbeafford7 (71 mg, 91% vyield)
as a yellow solid'H NMR (300 MHz, DMSOds) & 3.92 (s, 3H, -Ch), 3.98 (s, 3H,
-CHs), 6.86 (s, 1H, 3-H), 7.52 (s, 1H, 8-H), 7.36 (#,3 = 8.7 Hz, 35-H), 8.15 (d,
2H,J = 8.7 Hz, 26-H), 10.40 (s, 1H, 40H), 13.05 (s, 1H, 5-OH); ESI-M$®¥z 313
[M—H]".
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4.1.20. 5,7-Dihydroxy-6-methoxy-2-(4-methoxypheny®}H-chromen-4-one (8)

To a stirring solution 0% (200 mg, 0.67 mmol) in dry DMF (10 ml) was added
K>CO;3(184 mg, 1.33 mmol, 2.0 equiv.) and iodomethané7(@nl, 1.00 mmol, 1.5
equiv.) at room temperature. After 6 h, the reactioixture was then partitioned
between 100 ml ethyl acetate and 100 ml water. 8thgl acetate layer was then
washed with brine (100 ml), dried over 48&, filtered and concentrated, the crude
material was purified by column chromatography (288tyl acetate in petroleum
ether) to afford7 (80 mg, 38% vyield) an8 (103mg, 49% vyield) as yellow solid3.
'H NMR (300 MHz, DMSO#dg) 6 3.40 (s, 3H, -Ch), 3.51 (s, 3H, -Ch), 6.63 (s, 1H,
3-H), 6.88 (s, 1H, 8-H), 7.19 (d, 2H,= 8.7 Hz, 35-H), 8.04 (d, 2HJ = 8.7 Hz,
2',6-H), 10.91 (s, 1H, 7-OH), 13.07 (s, 1H, 5-OH); B8S$: mVz 313 [M—H].

4.1.21. Synthesis of 9 and 10

To a stirring solution oB (200 mg, 0.67 mmol) in dry DMF (10 ml) was added
K2CGO5(368 mg, 2.67 mmol, 4.0 equiv.) and iodomethan&g@nl, 2.33 mmol, 3.5
equiv.) at room temperature. After 8 h, the reactioixture was then partitioned
between 100 ml ethyl acetate and 100 ml water.€fhgl acetate layer was washed
with brine (100 ml), dried over N&Q,, filtered and concentrated, the crude material
was purified by column chromatography (25% ethydtate in petroleum ether) to
afford9 (67 mg, 32% yield) anlO (118 mg, 54% yield) as yellow solids
4.1.21.1 5,6-Dihydroxy-7-methoxy-2-(4-methoxypheny#H-chromen-4-one (9)

'H NMR (300 MHz, DMSOdg) 5 3.73 (s, 6H, -Ch), 3.91 (s, 6H, -Ch), 6.67 (s,
1H, 3-H), 7.14 (s, 1H, 8-H), 7.16 (d, 28i= 8.7 Hz, 35-H), 7.98 (d, 2H,) = 8.6 Hz,
2',6'-H), 8.98 (s, 1H, 6-OH), 12.59 (s, 1H, 5-OH); ESSMn/z 313 [M—H].
4.1.21.2 5-Hydroxy-6,7-dimethoxy-2-(4-methoxyphen)#4H-chromen-4-one (10)

'H NMR (300 MHz, DMSOdg) 5 3.78 (s, 3H, -Ch), 3.91 (s, 3H, -Ch), 3.94 (s,
3H, -CHy), 6.71 (s, 1H, 3-H), 7.16 (d, 2H= 8.6 Hz, 35-H), 7.21 (s, 1H, 8-H), 8.06
(d, 2H,J = 8.7 Hz, 26-H), 12.95 (s, 1H, 5-OH); ESI-M3wz 329 [M+H]".

4.2. Antithrombotic assay
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4.2.1. Blood collection

Male New Zealand white rabbits, weighing 2-2.5 kgrevobtained from the
experimental animal center of Nanjing University ©hinese Medicine and were
approved by Animal Ethics Committee of Nanjing Uity of Chinese Medicine.
They were kept in plastic cages at 22 + 2°C widefaccess to pellet food and water
and on a 12 h light/dark cycle. Animal welfare asperimental procedures were
carried out in accordance with the guide for thee@nd use of laboratory animals
(National Research Council of USA, 1996) and relathical regulations of Nanjing
University of Chinese Medicine. Rabbits were anetstied with pentobarbital (50
mg/kg) and blood was drawn from the common carattdry. Blood was collected
into plastic tubes with 3.8% sodium citrate (cevatood: 1/9, v/v) for plasma
anticoagulation. Platelet-poor plasma (PPP) wasaraggd from blood by
centrifugation at 3000 rpm for 10 min.
4.2.2. Plasma antithrombotic assay

TT, PT, APTT and FIB were examined with commerdidgs following the
manufacturer’s instructions by a coagulometer (Mdde-PABER-I, Steellex Co.,
China). All the compounds were dissolved in 80%arth, and the concentration was
100 uM. TT was determined by incubating 40 PPP solution for 3 min at 37 °C,
followed by addition of 4Qu thrombin solution and 20l sample for 3 min at 37 °C.
PT was determined by incubating glOPPP solution for 3 min at 37 °C, followed by
addition of 40ul thromboplastin agent and 20 sample. APTT was determined by
incubating 1Qul sample solution and 5@ PPP solution with 5@l APTT-activating
agent for 3 min at 37 °C, followed by addition & @ CaCh. FIB was determined
by incubating 10ul PPP solution with 9Qul imidazole buffer for 3 min at 37 °C,
followed by addition of 50ul FIB agent and 10ul sample solution. The
antithrombotic activity was assessed by assayimg pitolongation of the plasma

clotting time of TT, APTT, INR increasement of RIhd reduction of FIB content

4.3. Antioxidant assay

4.3.1. DPPH radical scavenging assay
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The DPPH radical scavenging activity was measumembrding to previous
studies [14]The solution of the sample (100 pL) in dimethylexlfie (DMSO) was
added to 100 pL of DPPH radical in ethanol (0.2 mM®6-well plate. The sample
solution refers to the tested compounds and thergete antioxidants at various
concentrations, as well as DMSO as a control. ‘Dhatisns of the tested compounds
had concentrations ranging from 5 uM to 500 uM. Thaction leading to the
scavenging of DPPH radical was completed withim80 at 25 °C. The absorbance
of the mixture was then measured at 517 nm withicaaplate reader. The inhibition
of DPPH radical was expressed as percentage [l4favefging
rate % =[1 - A1 — A)/Ag] X 100%, wheré, was the absorbance of the test
substance acted with DPPH; was the absorbance of the test substance without
DPPH andA,was the absorbance of the blank. TheylZalue was defined as the

concentration of sample that causes 50% loss dDBfeH radical.

4.3.2. PC12 cells antioxidant assay

Cell viability was estimated by MTT assay. BriefB£12 cells were seeded in
96-well plates at a density of 5X1€ells/ml (100ul per well), then they were
cultured at 37 °C in humidified air containing 5%4or 24 h. The experiment was
divided into control group andJ, damage model group, each set five wells. In the
control group was serum-free DMEM medium. Thgdbldamage model group was
exposure to 40QuM H,O, for 1 h before the test drugs were added in. Drug
concentrations were 5(M and 25uM. The cells were incubated with 200f MTT
solution for 4 h at 37 °C. The formazan crystalsrfed in intact cells were dissolved
in 150l of DMSO, and then vigorously shaking for 10 mimally, the absorbance
was assessed at 517 nm. The inhibiting rate .Hhduced cytotoxicity in PC12
cells was calculated as inhibiting rate (%) A[€ A)/(Ao — A2)] x 100%, wherel;
was the absorbance in the presence of sample #dg A was the absorbance in the

presence of b0, (model),A, was the absorbance without sample as@;Hnormal).
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4.4. Physicochemical properties
4.4.1. Solubility determination

The solubility of scutellarein derivatives in watelas determined using the
known method [31-33] with minor modifications. TH&//UV device is composed of
a UV source (for UV photodegradation) and a UV apson detector (for on-line
UV measurement). The UV source is a low pressurecumg lamp and the UV
detector is a UV-vis spectrophotometer Antheliecfeam) controlled by software
Dathelie, version 4.1f. The pathlength of the Ssiprguartz cell is 10 mm and the
scan speed is 2000 nm minUnder the influence of UV radiation, methylated
scutellarein derivatives were monitored by UV apton spectrophotometry at the
wavelength of maximum absorbance (334 nm) from whele spectrum using a
multicomponent exploitation method. Each tested maund (250 pug) was dissolved
in 25 ml CHOH. The solutions of the tested compounds had e¢drateons ranging
from 0.1 pg/ml to 10 pg/ml. Different concentratisnlutions of each compound
were determined by UV scanning, and the absorbawees obtained. The results
showed a good linear relationship, then all thadded curves were completed. Each
tested compound (150 pg) was ultrasound dissolveDiml pure water for 1 h at
room temperature. The solutions were stranded fom# and centrifuged at the
speed of 30000 r/min. The aqueous solution of eachpound was determined by
UV scanning, and the absorbances were obtainedh fiteugh the analyzation of

standard curve, all the compounds in the waterbddahuwere obtained.

4.4.2. Determination of partition coefficient

The partition coefficient (log) between n-octanol and the buffer was
determined by a slight modification of the previansthod [36]. Briefly, 10Qul of a
stock solution (10ug/ml) was diluted with 1.9 ml of appropriate buffsolution
(0.1mol/L HCI, 0.15mol/L NaCl and 0.15mol/L NaHG@®@espectively) and mixed
with 2 ml of n-octanol (the organic and aqueoussphaas mutually saturated), the

vials were protected from light by wrapping in ailaom foil. The two phases were
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vortexed for 3 min and agitated for 5 h in a shgkivater bath at 25 + 0.1 °C. After
equilibration, the n-octanol phase was removed \aitlPasteur pipette and both
phases were assayed spectrophotometricallyx (= 334 nm) to determine drug
concentration. The partition coefficient was cadtetl as the ratio between molar
concentration in n-octanol and aqueous phase. dtakdoncentration in both phases
was measured by spectrophotometry and the expemir@artition coefficients (108)

was calculated by the following equation: Rog log[C] n-octanol/[C] aqueous.
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Scutellarin (1) Scutellarein (2) 6-O-Methylscutellarein (5)

Fig. 1. Chemical structures of scutellarit) (scutellareinZ) and 60-methylscutellareing).
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Table 1 Effect ofO-methylated analogs of scutellarein on thrombiretim
OR;

Compd. Plasma coagulation parameters

wopmy o R R TT () PT (s) APTT(s)  FIB(g/l)

Control — — — — 20.25+1.02 4.99+0.18 30.58£1.55 7.05:0.
1 H H H glucuronyl 23.08+0.87 6.28+0.08 34.18+2.25 6.13+0.15
2 H H H H 24.40+1.59 5.93+1.21 36.65%3.60 6.84+0.10
3 CH; H H H 24.98+0.66 6.40+0.50 31.53£3.67 5.67+0.19
4 H CHz H H 22.60+1.32 6.65+0.15 30.53+0.70 5.58+0.05
5 H H CH; H 25.96+1.16 6.25+0.05 33.10£1.68 5.38+0.11
6 H H H CHs 25.48+4.09 6.55+0.25 34.49+£1.94 5.74+0.26
7 H H CH; CHz 25.10+0.78 6.95+£0.04 39.42+1.69 5.65+0.18
8 CH; H CH; H 27.45+3.98 6.53+0.32 30.48+0.48 5.92+0.14
9 CH; H H CHs 23.33£1.10 6.931£0.24 38.284+4.34 5.94+0.10
10 CH; H CH; CHz 29.03+4.51 6.75+0.21 36.00£1.61 5.96+0.13

Data represent mean + Sib= 4.
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Table 2 In vitro antioxidatant activity in DPPH assay anabtpctive effect against hydrogen
peroxide-induced cytotoxicity in PC12 cells.

PC12 cells assay

Compd. DIFC):OF('“?\;)S ay
Concentrations of compduN1) Asi7 Inhibiting rate (%)

Normal — — 0.568 £ 0.005 —

Model — — 0.342 £ 0.004 —
1 27.93 > 046250002 5310
2 2258 > pptrty m MR
3 25.29 > 043550003 6327
4 28,95 > D4 s0002 5442
5 23.67 > 043350005 6239
6 3017 > 0469:0006 5619
7 189.88 > 0,460 £0,003 5221
8 169.82 > 0,442 £.0,002 225
9 158.67 > o453 0,003 833
10 462.79 = 036750005 1106

Table 3.The water solubility and partition coefficient afutellarein methyl derivatives.

lgP
Comp.  Solubility (ug/ml)
n-octanol/0.1 M HCI n-octanol/0.15M NaCl n-octaol5 M NaHCQ
1 7.62 0.5924 0.3647 -0.0513
2 6.85 0.8916 0.7720 0.4799
3 6.31 1.6458 1.4092 0.7846
4 5.72 1.5550 1.4684 0.8923
5 4.27 1.7651 1.6805 1.0175
6 4.56 1.5928 1.5374 1.0343
7 1.53 2.1942 2.1354 1.8086
8 1.36 2.1402 2.0937 1.8631
9 3.20 1.9372 1.7873 1.3959
10 0.31 2.6358 2.5492 2.2707
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Scheme 1.Reagents and conditions: (a) HCI, EtOH, Keflux, 36 h, 17%; (b) BECl, (1.5
equiv.), PBO, 175°C, 30min, 85%; (c) G3H(1.5 equiv.), KCO; (1.75 equiv.), DMF, 25°C, 6h,
91%; (d) H (1 atm), Pd/C (10 wt%), EtOH, 25°C, 12h, 92%.
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4

Scheme 2Reagents and conditions: (a) MOMCI (4.5 equiv)C&s (6 equiv.), acetone, reflux,
6h, 72%; (b) CH (1.5 equiv.), NaH (2.0 equiv.), DMF, reflux, 6/A8%; (c) HCI (1.0 M) in
Et,O/CH,CI, (1:1), 25°C, 6h, 90%.
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Scheme 3Reagents and conditions: (a) PhBH(1.5 equiv.), KCOs (1.75 equiv.), DMF, 25 °C,
12h, 93%; (b) HAc: KO (4:1), reflux, 1.5h, 95%; (c) PhGBIr (1.3 equiv.), KCO; (1.5 equiv.),
DMF, 25 °C, 12h, 93%; (d) C#H (1.2 equiv.), KCOs (1.4 equiv.), DMF, 25 °C, 12h, 94%; (e)
Pd/C (10 wt%), H (1 atm), THF/EtOH, 8h, 96%.



Scheme 4Reagents and conditions: (a) .8 pyridine, DMAP (0.1equiv.), 25°C, 12h, 90%; (b)
PhCHBr (3.0 equiv.), KCO; (7.0 equiv.), KI (1.0 equiv.), acetone, reflux,, 64%; (c) B (1
atm), Pd/C (10 wt%), CKCI,/EL,OH, 12h, 92%; (d) CH (1.5 equiv.), KCOs (1.75 equiv.), DMF,
25°C, 6h, 90%; (e) NaOH (0.5 M), methano}, 8PC, 1h, 81%.

OCH,Ph OCH,Ph

HO o O HsCO o} O HsCO
DU OGN &

HO

o} o}

Scheme 5Reagents and conditions: (a) £K3.0 equiv.), KCO; (3.5 equiv.), DMF, 25°C, 6h,
86%; (b) H (1 atm), Pd/C (10 wt%), EtOH, 12h, 91%; (c) L£LKL.5 equiv.), KCO; (2.0 equiv.),
DMF, 25°C, 6h, 38% fov, 49% for8; (d) CHsl (3.5 equiv.), KCOs (4.0 equiv.), DMF, 25°C, 8h,
32% for9, 54% for10.
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Research Highlights
1. Scutellarin had awide range of benefits to brain injury.

2. Eight methylated scutellarein derivatives were synthesized based on metabolism
invivo.

3. The thrombin inhibition activity, antioxidant activity and physicochemical
properties of these derivatives were eval uated.

4. Preliminary SARs of these derivatives were analyzed.

5. 6-O-methyl-scutellarein (5) showed good biological activity.



