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Methyl Aryloxy Gallates as Regulators of Vascular Smooth Muscle Cell Proliferation
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Abnormal proliferation and migration of vascular smooth 
muscle cell (VSMC) have been shown to be important events 
in pathogenesis of atherosclerosis. Platelet-derived growth factor 
(PDGF) plays a key role in the VSMC proliferation and pheno
typic transform among many factors contributing to VSMC 
activation.1 Among PDGF family (PDGF-AA, AB, BB, CC, 
DD) PDGF-BB can bind to all PDGF receptors with high affi
nity and strongly stimulates VSMC proliferation. Thus, regula
tion of PDGF -BB-induced VSMC proliferation is considered 
to be a promising therapeutic target to prevent progression of 
atherosclerosis.

With respect to the development of small molecule regulator 
with antiproliferative effect on VSMC, we have reported that
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Scheme 1. Obovatol and synthesis of its derivatives 

obovatol, isolated from Magnolia obovata, potently inhibit the 
growth of rat aortic VSMCs and DNA synthesis induced by 
platelet-derived growth factor (PDGF)-BB.2 Based on our pre
vious results, combined with our continuing efforts toward 
diaryl ether compounds,3 we have made efforts to develop more 
potent molecules through studies on structure activity relation
ship. Herein we report synthesis of obovatol derivatives and 
their anti-proliferative effects on rat aortic VSMC, a cellular 
model for SMC proliferation.

The synthetic route for the obovatol derivatives is illustrated 
in Scheme 1 and 2. Most compounds were obtained according 
to the procedure in our previous report.4 In brief, with methyl 
gallate in hand, selective dimethylation and Cu(OAc)2 catalyzed 
etherification provided the desired diaryl ethers. Cleavage of 
methyl ethers with BBr3 furnished catechol derivatives. Syn
thesis of derivatives bearing alkoxy group in B ring was accom
plished via mono TBS-protected intermediate, which was 
obtained by reacting methyl gallate with TBSCl only under 
K2CO3 in DMF. Other conditions using tert-amine such as E3N 
and Hunig base gave the product in a poor yield due to many 
undesired side reactions.

Rat aortic vascular smooth muscle cells (RAVSMCs) were 
isolated by enzymatic dispersion according to the modified 
method of Chamley et al.2,5

The anti-proliferation activity of the obovatol derivatives at 
10 卩M is summarized in Table 1. Saturated obovatol analog 1 
was equipotent to obovatol. Acetylated analog 2 of obovatol
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Scheme 2. Synthesis of derivatives from methyl gallate
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Table 1. Anti-proliferation activity of obovatol derivatives at 10 卩M

compound obovatol 1 2 3 5l 5e 5i 5h 5c 5k 6a

% inhibition 100 100 100 0 0 12.3 100 0 0 0 100
compound 6b 6c 6d 6f 6g 6h 6i 6j 6k 8f 8g

% inhibition 100 100 0 0 0 8.5 5.5 100 22.3 9.8 100

Table 2. IC50 values of selected derivatives

compound 1 2 5i 6a 6b 6c 6j 8g obovatol

IC50 (卩M) 2.73 2.93 2.99 0.99 0.96 1.23 4.91 2.48 3.00

Figure 1. Effect of the representative compounds (6 a, 6b and 6 c) on PDGF-BB induced proliferation in RAVSMC.

still retained anti-proliferation activity. However, introduction 
of oxiranes (3) led to a complete loss of activity. Methyl ester 
functionality was introduced to replace the ally group in A ring. 
These analogues were found to possess significant anti-proli
ferative activity for VSMC. Compound 6b, methyl ester deriva
tive of compound 1, was 3-fold more active than obovatol 
(Table 2). We next explored modification of phenoxy moiety, 
B ring. Incorporation of acetyl group (6k) or chloro (6i) or fluoro 
(6h) atom into B ring resulted in a considerable loss of activity. 
Derivatives possessing alkyl group such as n-propyl (6a), n- 
butyl (6b) or t-butyl (6c) exhibited inhibitory effect about 3-fold 
better than obovatol. As shown in Figure 1, anti-proliferative 
activity of derivatives for smooth muscle cells is clearly not 
driven from intrinsic cytotoxicity, but by inhibition of PDGF-BB 
dependent signaling events. Unlike chloro (6i) or fluoro (6h) 
compound having high electron negativity, bromo analog (6j) 
was exceptionally active, but weaker than obovatol. In addition, 
strong electron donating groups (6d, 6f and 6g) led to complete 
loss of activity as well. It indicates that neither strong electron
withdrawing or donating substituents at B ring are favorable 
to activity. Unexpectedly, while TBS-protected 8f showed very 
weak activity, 8g showed anti-proliferative activity slightly 
better than obovatol. However, removal of TBS group of 8g 
resulted in loss of activity. Hence, it may not be true that TBS 
group is expected to be unstable and removed easily in physi
ological condition in this case. It has been reported that a TBS- 
protected compound showed excellent biological activity.6 Di
rect comparison of catechol 6c and dimethoxy 5c revealed that 
catechol moiety is essential to exhibit anti-proliferative activity. 
Only 4-chloro analog 5i retained activity among dimethoxy deri
vatives, thus we hypothesize it could have different binding 
mode.

In summary, we have discovered potent inhibitors for PDGF- 
BB induced VSMC proliferation. Some methyl aryloxy gallate 
compounds showed better inhibitory activity than obovatol. 
We identified obovatol derivatives that are potentially promising 
agents for targeting the progression of atherosclerosis and 
need attention for further investigation.
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