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A new series of tanshinone IIA (DIIA) derivatives were synthesized through the reaction of brominated
tanshinone IIA (1-Br DIIA) and aromatic acids in the presence of K;COs. Twenty compounds were synthe-
sized, and all of them were novel. Vasodilative activities for synthesized compounds were valuated
in vitro on the contractile response of vascular thoracic aorta smooth muscle from Wistar rats. The results
showed that most compounds exhibited a concentration-dependent inhibition on the contractile
response of norepinephrine. Four prepared compounds, 4, 5, 8 and 13 revealed relatively remarkable

© 2012 Elsevier Ltd. All rights reserved.

Danshen, the root of Salvia miltiorrhiza, is one of the commonly
used traditional Chinese medicines which has a definite effect on
cardiovascular and cerebrovascular diseases.™* It has been re-
ported that the relaxation by danshen in rat aorta ring is endothe-
lium dependent and is possibly mediated by the nitric oxide-
guanylyl cyclase pathway.>” DIIA (Fig. 1) is one of the major li-
pid-soluble components extracted from danshen which shows
the significant effects in cardiovascular system, antiarrhythmic
activity, vasodilation and cardi protection, etc.®® But there were
few reports about the vasodilative activity of vascular thoracic aor-
ta smooth muscle of DIIA derivatives.

To improve the polarity and activity of DIIA, a series of re-
searches were carried out in our laboratory. In our previous work,
DIIA derivatives were synthesized through the reaction of DIIA
with aromatic aldehyde in the presence of p-TsOH, their vasodila-
tive activities were investigated in vitro and the results showed the
synthetic products exhibited good activities.'® In this study, DIIA
derivatives were synthesized by the reactions of 1-Br DIIA with
some aromatic acids for the first time. Twenty compounds were
synthesized, and all of them were novel. Their vasodilative activi-
ties were investigated on thoracic aorta rings of rats in vitro. The
results showed that most compounds exhibited a concentration-
dependent inhibition on the contractile response of norepineph-
rine. Four prepared compounds, 4, 5, 8 and 13 revealed relatively
remarkable vasodilative activity.
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1-Br DIIA was synthesized by the free radical reaction of DIIA
and NBS in the presence of BPO (Scheme 1).!"'2 In the 'H NMR
spectra,'® the shift of two hydrogen protons in the C; of the cyclo-
olefin of DIIA at 6y 3.18 were disappeared in comparison to that of
one hydrogen proton appeared at 5y 6.89. In the '>C NMR spectra,
the shift of C; in DIIA at 6 37.91 was upfield in comparison to that
of 1-Br DIIA at § 48.12. It was concluded that one hydrogen proton
was replaced by one bromine in the reaction.

DII A

Figure 1. Structures of tanshinone IIA (DIIA).
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Scheme 1. Reagents and condition: 1 equiv NBS, BPO, anhydrous CCly, 76-78 °C,
reflux, 2.5 h.
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Table 1
The relaxant effects of norepinephrine (10~®mol/L) induced contraction in rat
o 0 thoracic aorta (X + SEM) (n, the number of cases used)
Br N\ Ar A\
o o %Inhibition of norepinephrine contraction in rat thoracic aorta
‘O - ‘O Compound 1x10*M n Compound 1x107*M n
1 -941+29 3 11 -17.83+8.81 3
2 758%337 6 12 1280445 5
Brominated tanshinone IT A P-Py 3 -025+£308 4 13 29.38+741 4
4 2348+1004 4 14 2022+1.13 3
Scheme 2. Reagents and condition: 1 equiv K,COs, aromatic acid, anhydrous DMF, 5 2240+474 4 15 -037+178 5
_50°C 7 6 19.05+336 3 16 -492+280 3
45-50°C, 2-3 h.
7 939+130 5 17 -1.67+274 4
8 21.77+124 3 18 1.92+1.97 4
s . . 9 -359+014 5 19 —2.78+392 4
Those DIIA derlvatlve_s were §ynthe51zed through the reaction 10 -330:137 3 20 1330376 3
of 1-Br DIIA and aromatic acids in the presence of K,CO3; (Scheme DIA 186+275 3
2).1415 yasodilative activities for synthesized compounds were val- The raw material of 4  3.86+1.43 5 The raw 575+430 5
uated in vitro on the contractile response of vascular thoracic aorta ;“E*te“al of
smoot.h mqscle from male \f\élstar rats p.re—contracted with norepi- The raw material of 8 7784172 5 The raw 3674286 5
nephrine bitartrate (1 x 107" M) according to the known standard material of
procedure.!®!” The results were presented in terms of percentage 13
of the maximal control norepinephrine-induced responses. Most
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Figure 2. Influence of synthesized compounds on contracture induced by norepinephrine bitartrate (NE) in thoracic aortic rings of rats.
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of compounds showed a concentration-dependent inhibition on
the contractile response of norepinephrine (Table 1). Especially 4,
5, 8 and 13, exhibited better activity (Fig. 2),'® and compared to
their raw materials, the relaxant effects of bioactive products (4,
5, 8 and 13) were improved in varying degrees (Table 1).

The structure-activity relationship showed that the benzoic
acids substituted derivatives presented better pharmacological
vasodilative properties than that of phenylacetic acids substituted
derivatives. Most methoxy-substituing derivatives presented good
pharmacological vasodilative properties, suggesting that, methoxy
has a distinct role to improve the vasodilative activity. In addition,
the electron donating group substituted derivatives presented bet-
ter vasodilative activity than the electron attracting group substi-
tuted derivatives.

In summary, a series of DIIA derivatives have been synthesized
for the first time and the vasodilative activities in vitro of them
were valuated on the contractile response of vascular thoracic aor-
ta smooth muscle from Wistar rats. The results revealed that the
polarity of products contrasted with DIIA was increase and some
synthetic products exhibited good activity. The preliminary struc-
ture-activity relationship showed that it is valuable to develop po-
tent vasodilatve activity of tanshinone IIA derivatives.
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Screening of vasodilative activity synthesized compounds was carried out on

the thoracic aortic rings of male Wistar rats (200-300 g), which were stunned

and dislocated in the cervical. Then thoracic aortas were immediately
dislodged from Wistar rats and placed in a Krebs-Henseleit solution which

was composed of (in mM): NaCl, 118.0; KCl, 4.7; NaHCOs, 25.0; CaCl,, 2.5;

NaH,P04, 1.2; MgS04, 1.2; EDTA, 0.016; glucose, 12 and was saturated in a gas

of 95% 0,/5% CO, at 4 °C. After surface tissues were removed, the aortas were

cut in 2-3 mm ring and fastened in 10 ml organ baths, which maintained at

37 °C in a gas of 95% 0,/5% CO,. The preparations were allowed to balance for

2 h under 1.5 g basal tension and the Krebs-Henseleit solution in the organ

baths was changed every 20 min. The integrality of aorta’s endothelium was

checked before synthesized compounds were added to the organ baths. If the
percentage of relaxation of pre-contracted aorta by norepinephrine bitartrate

(1 x 1075 M) by acetylcholine (1 x 10~> M) was greater than 80%, endothelium

was deemed to be intact. Removal of functional endothelium which was

confirmed by the lack of relaxation (<10%) in the presence of acetylcholine. The
tested compounds were dissolved in dimethylsulfoxide (DMSO) as stock
solution (50 mg/mL). Contrast tests were performed in the presence of DMSO
alone, at the same concentrations as those used with the synthesized
compounds, in order to check contractile response of aorta rings was not
affected. All the results were performed as mean * the standard error of the
mean (SEM). Dose-response curves were used to exhibit different effects of
compounds. Differences between different concentrations were considered
statistically significant when paired Student’s t-test was under the condition of
P <0.05.
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