Substituted beta-phenyl - al pha --hydroxy propanoic acid, synthesis nethod
and use thereof 5 Technical Field The present invention relates to a
substituted P)-phenyl-a-hydroxyl-propionic acid derivative, a process for
synt hesi zi ng the sanme, and use thereof for the manufacture of a nedi canent
for treatment and prevention of cardiovascular and 10 cerebrovascul ar

di seases. Background Art Dan-shen Root (Radix Salviae MIlitiorrhizae) is a
traditional Chinese nedicine for treatment of cardi ovascul ar and

cer ebrovascul her resent, 15
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Di scl osure of t nvent1on obj ect of the present invention is to

provi de a 1 2 (3-phenyl -a-hydroxy-propionic acid derivative
and a proc@ggﬁégﬁﬂhgﬁ%ﬁ%esizing the same, as well as use of the substituted
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Chinese medicine for ftreatment of cardiovascular and
cerebrovascular diseases with definite therapeutic effects. At present,

15 1t is generally presumed that salvianic acid (chemical name:
f-(3,4-dihydroxyphenyl)-a-hydroxyl-propionic acid) is the main
active ingredient in the water-soluble components of Dan-shen Root.
It is  demonstrated in  Pharmacological  tests  that
J-phenyl-a-hydroxylpropionic acid is the pharmacologically active

20 portion in propanoid acid, but its potency is not desirable. Thus, the
substituted /-phenyl-a-hydroxylpropionic acid was modified, and
the resulting modified derivatives might possess the same or greater
potency than the parent compound, and might also exhibit an
improved therapeutic effect in the treatment and prevention of

25 cardiovascular and cerebrovascular diseases. For example, borneol is
capable of passing through cardiocerebral barrier, while propanoid
acid i1s not prone to pass through cardiocerebral barrier. Therefore,
propanoid acid may be modified in structure by incorporating the
chemical structure of borneol.

30  Disclosure of the Invention

One object of the present invention is to provide a substituted



5 cerebrovascul ar di seases. In one aspect of the present invention a
substituted (3-phenyl-a-hydroxy-propionic acid derivative, specifically a
conmpound of the formula (1), is provided: 0O RR R Rq Rz2 123 10 (1)
Wherein, Rl, R2, R3 are each independently selected fromthe group
consisting of H OH F, d, Br, nethoxy,and ethoxy; or alternatively, Rl
and R2 together form-0OCH2O-, R3 is selected from the group consisting of
H OH net fephicngl-tekydaodybpiqpensc a6iR4desivatver @ad| axyproB8ss sfarel ect ed
fromthe grou consistaﬁg of cycloalkoxgl, am no  an %%%2 itBted ami no,
with the prEUHESIEHE n $&Cs A8 ndVCHheds atse eldt SHORMIURY and R3
is not H F i he - pr. i i:on ! I
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0- acet gxybenz oxy, 3-pyridin enzoyl oxy or 4-pyridinyl benzoyl oxy. In a
furthe2¥enﬁgﬁﬁﬁgﬁ?¥ﬁﬂﬁ¥ﬁamﬁ?§§%nt invention, R5 is: 3 CH. mi UH ,~~
CH or JlIn a,still further emhodinment, R and R2 respectively are ORIn a

still further EvbddérerdSPaR! afifl RBQ ogees@il f dRviengonocrrcsubstituted
preferred gnoodi JRALhydPERyHrofldniP "GERFCIUEAVARIE  specifically a

compound of the formula (1), is provided:

10 (D

Wherein, R;, Ry, R; are each independently selected from the
group consisting of H, OH, F, Cl, Br, methoxy and ethoxy, or
alternatively, R and R, together form -OCH,0-, R; is selected from
the group consisting of H, OH, methoxy, ethoxy and halogens:;

15 Rs 1s OH or acyloxy;

R; 1s selected from the group consisting of cycloalkoxyl, amino
and substituted amino, with the proviso that when R; is amino, then
at least one of R;, R, and R; is not H.

In one embodiment of the present invention, R4 is OH.

20 In another embodiment of the present invention, Ry is aroyloxy
or heterocyclic radical-substituted acyloxy. Preferably, R, is
o-acetoxybenzoyloxy, 3-pyridinylbenzoyloxy or
4-pyridinylbenzoyloxy.

In a further embodiment of the present invention, R is:



CH,

[ 3- (3, 4-di hydr oxyl phenyl ) - a- hydr oxyl propi onate ester as

(). HO CH2CHCOO-7- OH 10 HO (I1) In another preferred enbodi nent,

HNC C13, OH, then R3=H, R4=0CH, and R5=, i.e., the conpound is

R, and R2 together -O--" form-0OCH2O, then R3=H, R4= 10 or -~ , and
CH, R5=H,,C'\ CH, or alternatively, R3:§-I Ra= 0 , and cry R5= or further

alternatively, R3=H, R4=0CH, and CO EQH " RS=~ or

bor nyl

shown in fornul a
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I n anot her aspect of the

present invention, a process for sjnthe5|2|ng a conmpound of the fornula
is provided, whi qh 5 conpris€si~reacting a conpound qf”.the formul a
(rrr)y wth a corrpmmd( ofmf ormula (V). or =a hydr at e t her eof JI n the presence
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In a still further embodiment, R; and R, respectively are OH.
In a still further embodiment, R; and R, together form
5 -OCH,O-.
In a preferred embodiment, when R; and R, respectively are
(. s cil
OH, then R;=H, R4=0H, and Rs= o , 1.e., the compound

is bornyl f-(3,4-dihydroxylphenyl)-a-hydroxylpropionate ester as
shown in formula (II).
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0 R R OH R 15 RBR4-H (V) (M) Werein R, R-,, R3 and R5 have the
sane neanings as defined 5 _ above for the formula (1), and R4 is acyl oxy.
The said catal yst can be selected from concentrated H?S04i silicotungstic
aci d, phosphonol ybdic acid, p-toluene sulfonic acid, S20/zrQ2 , al um num
trichloride, zinc chloride and/or 5 rragggsi um chl oride. Preferably, the
said catalyst is p-toljyene sulfonic acfd, s20/ Zr02 , alum num
trichloride and/ omczihc ghloride. It is particularly advantageous to use
p-tol uene sul fonic ‘adkd and/or S,0s /Zr02. The reaction nolar ratio of the
conmpound of the fQ%...mjL_ai“* 111) to 10 the conpound of the formula (almﬁs can
be 1:0.81: Rs5 preferably , tonifurther natterpatyehgblRs=1H]1. Re+QHs, t
preferably 1:1.5. The reaction nolar rati-q of-the:conpound of the fornula
(V) to the conpound of ‘[K’f“het_for mul a (VI{) cdn béi"1:"0.81:1.5, preferably
1:11:1.5, nore_preferably 11251045, gpostspreferably 1:1.5. 15
Optional ly, t emr;?act ion #s conduycted in’la solvent. The solvent may be
sel ected fROD_Jyﬂt\/ group consi féelj eLHyl acetate, dichloronethane,
¥ ne,

t etrahydrof tiran, acetone, tol 1, 4-di oxane and® N, N-di net hyl f or mam de.
Preferably, the solvent is select fromthe roup.consi sting of
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0C- 150C. P(lj@tfagngl y, the reaction tenperature is 25C 100C.

0
Ry OH
Ry
R;
Rs Rs-H
(1) (IV)
10 Wherein R;, R;, R;, Ry and Rs have the same meanings as

defined above for the formula (I);

Or alternatively, said process comprises: reacting a compound of
the formula (V) with a compound of the formula (VI) or a hydrate

thereof in the present of a catalyst:
o

OH
15 Bs R,-H

V) (VD)

Wherein R;, R,, R; and Rs have the same meanings as defined



More preferably , the reaction tenperature is 65C. The reaction duration
can be 2h-24h, preferably 5h-15h, nore preferably 8h- 12h, nost preferably
8h. 30 In one specific enbodinment, there provided is a process for

synt hesi zi ng a conpound of the fornmula (I11), which conprises: 6 reacting
/- (3, 4-di hydr oxyl phenyl ) - a- hydroxyl propLonic acid with borneol in the
presence of a catalyst. The catalyst can be a Lewws acid catalyst, such as

t ol uene suIhbmw@ﬁyﬁﬂkgﬁﬁ@@ukg(gganquymgqﬁguok i chi oride and/or zinc
h aid 5 g

chloride, preferably szo8 /Zro,. In the s rocess, the nolar ratio of
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pr ef er abl yS@HONES aCW!ixeﬁz@g rpar,@gunymg@drwﬁo CoR G sENG GRIOEKIC. / Zr 0z
- .addi.

can 15 beyoptignall repared by the follown roce g_agueous
cmoni ot olizPopteslaty iiaitazdentils s diafaiORiEtmE Mte i anni ng
the pelletS,0b /leOfree of CY, heating in an oven to dryness, grinding,
then adding into a solution of (NH4)2S208 for dipping, filtrating, drying,

i ndi ng, d j 7 = i i 8
?Elgzin?n :nfurt e?ggégggP%%¥59%%Kggg}éﬁkxﬁﬂégﬁpgéﬁfEﬁgg?gh@g%3?g2§8is use
of d‘t hd()conﬂ?md)nﬁpouhd prfe_ﬂmwtfohrdmﬂat (Iov) iart ][hm rlagyﬁfabiluﬁ%e p"zfefa%ably
medi canent, f.or, t reventi.on t nt.of cardi avascgul ar, an
cer ebr ovastuiral: ldgsggér@spreégﬁ@}gﬁfall Fl;-%ts’“’ 885, prg%era?ﬁy 1.5

/- (3, 4-di hydroxyl pheny] ) - a- hydr oxyl propi onate ester (the_ conmpound of the
formula (11)) ﬁlet mcﬁmmfayrr@tm o4 t%@om@mund of the formula (V) to

the compound of the formula (VI) can be 1:0.8~1:1.5, preferably
1:1~1:1.5, more preferably 1:1.25~1:1.5, most preferably 1:1.5.

15 Optionally, the reaction is conducted in a solvent. The solvent
may be selected from the group consisting of ethyl acetate,
dichloromethane, tetrahydrofuran, acetone, toluene, 1,4-dioxane and
N,N-dimethylformamide. Preferably, the solvent is selected from the
group consisting of tetrahydrofuran, acetone, toluene, 1,4-dioxane,

20 and N,N-dimethylformamide. More preferably, the solvent is
selected from tetrahydrofuran and acetone. Most preferably
tetrahydrofuran is used as the solvent. These solvents can be used
either alone or in any combination.

The reaction temperature can be varied depending on the

25 solvent being used. Advantageously, it is controlled within the range

of 0°C~150°C. Preferably, the reaction temperature is 25°C~100°C.
More preferably , the reaction temperature is 65°C.,

The reaction duration can be 2h~24h, preferably 5h~15h, more
preferably 8h~12h, most preferably 8h.

30 In one specific embodiment, there provided is a process for
synthesizing a compound of the formula (II), which comprises:



prevention and treatnent of cardiovascul ar and cerebrovascul ar di seases.
Brief Description of the Drawings 30 Fig.1l shows a schene for the synthesis
of the compound of the formula (I11) in Exanple 1, i.e., bornyl

[ J- (3, 4-di hydr oxyl phenyl ) - a-hydroxyl propionate ester. Fig.2 shows the nass
spectrum of the final product obtaineqm%n_ Exanple 1. Fig.3 shows the

I nfrared spectrum of the final product 0Obtained |n Exanple 1. 5 Fig.4

shows the rerBa p¢¢(3,lﬂrd®lflydi‘t&‘xjflpiﬁin}m&d¢1§*dt b mgmc Baadgplwith. Fig.5
roauct o

shows the 11) rum of the final ined in Exanple 1. The
present i nVERBFQ Pﬂﬁ@nqq IQfs@r%ﬂtébb’Stn bejamtalysdncan the alb.awis _
fol I owi ng aasﬁirwaeémm §M@hh§§'t§l@&%tﬁﬁf@1‘?ﬁf @:eg@dxsn@m PZJC?StélumHﬁYtﬁVer It
shoul d be under st odod hese exanples are nerely °intended

i || ustrat efripitonge rﬁﬂd@y zlcnq |cﬂm1®r1dtehq3r@fe@ﬁy i@ ntZreny.. Exahpl gaid:

Synt h f b | /3-(3, 4-di hyd | ph I yd t
oater 35 ( byOesin noshie of Elig) of éﬁéyp Co H-edndiRyd e bbeaa T ack,
0. 33nol d

agi tg?ed u%tc}':l?&w&}%ﬁi%%ldj%q% Bﬁa no ace ﬁebg gydrl esmfgﬁé added

dropwi se ubhdeR5~dt:dr5, ng)reTpBefarabLy d 1hefs, ?‘h@oreauion agidaiductednir auousl y
t hen,su eII ts were washed and dr/ ed,

for 50 20 Ki n ter é
resul ting ?%ﬂ@%l Wé“@ﬁ tﬁegecstﬁ I dﬁ'Qm 8 @%SYQQP SGHSENg &
2- et hyl X dgn ol.an necked
lask, 0. zo@‘t‘?‘?‘fy‘%ﬁ??ﬁﬁ y%g‘?%“%% e PSR e iCat e "0
0. 26md0 apm}f@mimbr sddtnazrhyatrelfarzm wEhe m«tenhn tdrapeisnre eaeticcvanbyldri de
was added, xed ho ous stirrin The reactjon wa rfornmed
for an i n 8BSRdInE o Jeh SORNeRt hethe Wyeth ndid  Ho generally” cBifrolRd
within the range of 65°C~150°C, preferably at 65°C. The reaction
duration can be 8h~12h, preferably 8h.

When 8,07 /Zr0, is used as the catalyst, the $,0? /ZrO, can

15 be optionally prepared by the following process: adding aqueous
ammonia to ZrOCl, solution at 0~10°C to reach a pH of 9-12, aging,
washing the pellets to be free of CI', heating in an oven to dryness,
grinding, then adding into a solution of (NH4),S,0z for dipping,
filtrating, drying, grinding, and then baking at 500~700°C for 2-5h,

20 resulting in 8,02 /Zr0,.

In a further aspect of the present invention, there provided is use

of the compound of the present invention in the manufacture of a

medicament for the prevention and treatment of cardiovascular and

cerebrovascular  diseases, especially use of  bornyl

25 p-(3,4-dihydroxylphenyl)-a-hydroxylpropionate ester (the compound

of the formula (II)) in the manufacture of a medicament for

prevention and treatment of cardiovascular and cerebrovascular
diseases.

Brief Description of the Drawings

30  Fig.l shows a scheme for the synthesis of the compound of the formula
(II) in  Example 1, ie, bornyl f-(3,4-dihydroxylphenyl)-
a-hydroxylpropionate ester.



tenperature was el evated to 100C and the reaction was continued 30 for 1 h
under stirring. The reaction m xture was cooled to room _ 8 tenperature
and then placed in a refrigerator for further cooling. 100nm. water was
added to the reaction m xture under stirring to precipitate a yell ow
crystal at the bottom After sucking filtration, washing and drying, a
yellow crystal was obtained in a yield of 5 75.0% (3) Synthesis of

/- (3, 4- di afegdxghieny| flreamass aspeataaeny ldft thachidal nprodudt adtairfed Sl
2-nethy|-4;;3,4-&%?cetoxybenzylidene) oxazol one, 166nL acetone and 166nL
distilled p e added, 10 then slowy heated to boiling, and refl uxed
by heating _for. 3h. The m xture was decol orized using active carbon. After
filtrationFigae shows the dnleared speatruon ef yke dinak groduct tahdained in
SUCking'fitﬁﬁﬁﬁgl rashed and dried resulting in an ecru crystalline powder
inayield?® '9% was obtained. 15 (4) Synthesis

7 (3, a0 okttt AR e A LRSIE sieafupmi &F Qo 10k swoduct ohtained in

hydrochl or Eg aggplt yvas added. Then the mixture was heated for reflux under
stirring for 8h. After decolorization wusing active carbon and sucking

filtrati : j 1 o]l : ystal .
el re ) CPEIASRbUL e RERR SHRESIE b ek SRAE PhPLLR! R 1ML
| oose crystEkampke lyield of 48.1% (5) Synthesis of

/ 3- (3, 4-di hydr oxyl phenyl ) - a- hydroxyl propionic acid 25 Into 0.17nol

I 3- (3, 4- di hydrig! phgevt)inRehtddrt 18dugthrl Aured MR AFIRAbILSPRAL of
1.4 mol L-1 hyg;?chLorlc acid solution were added, and the reaction was
per f odfed hedollawingrxamples enl spathgsivandiheshamacodyaanis, teste

anhydr ous ROSBSEE t Tl be, SIRErsRiE) e JBREE, EXampI€S' &0 WLy
/%(ib4éd/i hiydendgd nbehhustrate; bydbexsbpiapiteniimiacihd pesscontiaveatiom a yield
o] . 3%

Example 1: Synthesis (I) of bornyl f$-(3,4-dihydroxylphenyl)-
a-hydroxylpropionate ester

15 (1) Synthesis of acetyl glycine

Into a 250mL three-necked flask, 0.33mol glycine and 100mL
destilled water were added and vigorously agitated until dissolution,
and 0.67mol acetic anhydride was slowly added dropwise under
stirring. The mixture was vigorously agitated continuously for 50

20  min, then sucking filtered. The pellets were washed and dried,
resulting in a white crystal with a yield of 86.0%.

(2) Synthesis of 2-methyl-4-(3,4-diacetoxybenzylidene)-
oxazolone

Into a 250mL three-necked flask, 0.20mol

25  3,4-dihydroxylbenzaldehyde, 0.24mol acetylglycine and 0.26mol
anhydrous sodium acetate were added, then 189mL acetic anhydride

was added, and mixed homogeneously by stirring. The reaction was
performed for 4h in a 80°C water bath under stirring, then the
temperature was elevated to 100°C and the reaction was continued

30 for 1h under stirring. The reaction mixture was cooled to room



9 (6) Synthesis of bornyl /))-(3,4-dihydroxyl phenyl)

- a- hydroxyl propi onate ester Into a flask, 0.12nvol

[ 1- (3, 4-di hydr oxyl phenyl ) - a-hydroxyl propi onic acid and 0. 18npbl bor neol

were added, then 5 0.86g p-toluene sulfonic acid or 2.00g of self-nade

S2082-/ Zr 2 was added as catal yst, and 500nL tetrahydrofuran was added. The

reaction was perfornmed at 65C for 8h. After the conpletion of the

reaction, térapeaatirgstndt Heersaplaert] andattefrigoratet ¢or burtleet oserleng.r enoved
nce,, which was further 1Q separated using

1 bt ai i 1 ,
o oo R AT 3 G a0y D G MIXCHE. wAdaT T raseey) o1 oo

Sotuti on-op TORIRE #3RARGORRIE! B Ui SO AT R I TRRI AN, 2
i ce-wat er basiingddndgdsymg,ya gehomt-¢ryagaleouss abtamed dmopwivseldirofi | pH

reache 107 3gyng for 15 12h. suction filtrating; washing the filter cake
wth distil? ater until no d- could be deternined (using

O | nmol L-" AgNQB ,test); .. baking.the filter cake at 110C for | 0Oh; X

comm nut i ng: sééli %nthesxs. %&é%fh yBBEDY ﬁ—a@@tamﬁqowyhicon
filtrating, ying; comm nuting; and baking in a nuffle furnace at 600C
for 3h to obtain S20827/Zr2. (7) The mass spectrum infrared spectrum

the nass spect P o FASKoed Bty e stk 251 4ol Bilerde s e
nol ecul ar bﬂﬁz@kﬁi@,OI66Mﬂ:i2é?)etoﬁ@dahﬂelggg%mgéii{,g%@@gggg?wb% alent  of

333.69; Fig.3 shows the IR(KBr) ,v/cm: . , 3. 12( ),
2013, 96( Hhen $How B eatoy, to busling, asd TekBixahby bzabagond h.oThene

nydr oyl ). BESEF o Gegsted (ifl Ehtiver St SRLAUERRNIPE Y 4
shows t he' it ecﬁQ@M'dﬁ'é/@ﬁalli@afﬁM - fmsudRingHilté¥ed) washed
4.10-4.32(m 1H O -). 4. 83(t, IH - GH ), . . o

and dried resulting in an ecru crystalline powder in a yield of 72.9%

was obtained.
15 (4) Synthesis of f-(3,4-dihydroxylphenyl)pyruvic acid

Into 0.25mol f-(3,4-diacetoxyphenyl)-a-acetamidoacrylic acid,
1500mL of Imol-L™" hydrochloric acid was added. Then the mixture
was heated for reflux under stirring for 8h. After decolorization
using active carbon and sucking filtration, the filtrate was

20 concentrated to precipitate as a crystal, The mixture was sucking-
filtered, washed and dried, resulting in a white loose crystal in a
yield of 48.1%.

(5) Synthesis of f-(3,4-dihydroxylphenyl)-a-hydroxylpropionic
acid
25 Into 0.17mol fA-(3,4-dihydroxylphenyl) pyruvic acid, 112g zinc
amalgam and 1808mL of 1.4 mol-L”" hydrochloric acid solution
were added, and the reaction was performed under heating and
refluxing for 8h. After filtration, the filtrate was extracted using
ethyl acetate repeatedly, dried using anhydrous Na,SO,. After
30 removal of cthyl acetate, /-(3,4-dihydroxylphenyl)-
a-hydroxylpropionic acid was obtained in a yield of 40.3%.



2.79-2.92(m 2H, -CH2-); Fig.5 shows the 13CNMR(CDC1l3, 500MHz)b: 174.790,
143.807, 143.056, 128.557, 121.549, 116.895, 115.488, 81.983, 71.646, 5
48. 860, 47.881, 44.798, 39.871, 36.506, 27.918, 27.057, 19.653, 18.774,
13.501. The above characterization data proved that bornyl

19- (3, 4-di hydr oxyl phenyl) - a- hydroxylproglonate ester was obtained by
synthesis. 10 Exanple 2: Synthesis (11)” of bornyl

/ 3- (3, 4-di hydr ¢6Y! phefhyhiresss hydiodxy! phoni ﬁlnat efs e(Si&tdﬂ?}&imycﬁﬁl?hsnyl
perfornmed throu same rocedure of anple 1, except t

/3-(3, 4-di NV&FX&W@H@WP)QH 1§ &SIBY dr oxyl propi onic aci d and 0. 15nol borneol
were added to the t hree-necked fl ask, then 0.86g 6£ tol uene sulfonic acid as

catalyst and 3000 t e r ahyidagk,ur an Owb2maldded f-Ghd-ditey draactlpbendy

encti on danyAREUBlrobtinica Ry AT GG MPabien SuhEEHER R ng 20

vi scouss su@s&@gm ey salfedidnciaciuml f JrHado @@g /ZFC Wyaspunp in

t ef at to renove borneol, then 200nL et acet at'e was

a boilin
added. Tﬁegﬁdgm @sngadalysti andad0fashe tetiphydsatunaat ewas Nagided. sdiheét i on to

ool uene. Cathm avas et FEORECTDA B, RPGXSHEYORIPBMRIL 603" =

concent r at gghotiste thedunatydir ebeuselveriteauldt g uireachsdVBori&sioveere
substance, which was furtHer separated by col umm chronat ogr aph obt ai ni ng

a yel | owi sfﬁIBIOIVedTIﬁ@ eltain &nbl’OWéll VoSF QWS GUDShABCE h v kighe Vras SUshan rum
(i 6 L ShaRERARE Sa kiR shPe iR oby L0t AT BB ishio® cscer The
hat “8_5'1%3’?5/ e ShOBR, SLOHO R AT SRET HyP ProceS Bfsift
the following steps: preparing a solution of Imol-L" ZrOCl, with
0.025mol ZrOCl,-8H,0; stirring in an ice-water bath; adding slowly
6 mol-L”! aqueous ammonia dropwise until pH reached 10; aging for
15 12h. suction filtrating; washing the filter cake with distilled water
until no CI" could be determined (using 0.1mol-L'AgNO; test);
baking the filter cake at 110°C for 10h; comminuting; soaking in
0.5mol-L(NH,),S,05 solution for 12h; suction filtrating; drying;
comminuting; and baking in a muffle furnace at 600°C for 3h to
20  obtain S,04°/ZrO,.

(7) The mass spectrum, infrared spectrum, 'HNMR spectrum
and "CNMR spectrum of the resulting yellowish oil

Fig.2 is the mass spectrum of the obtained yellowish oil, which
shows 351.7 is the molecular ion peak of (M+H,0), and the oil has
25 a molecular weight of 333.69;

Fig.3 shows the IR(KBr) viem™: 3363.61(OH), 2953.12(CH,),
2913.90(CH,), 1725.51(C=0), 1608.20, 1521.53, 1450.32(backbone
of the benzene ring ), 1281.36(C=0 of the ester), 1114.39(C-O of
the secondary hydroxyl), 885.71 and 805.68(1,2,4-trisubstituted

30 benzene ring);

Fig.4 shows the ]HNMR(CD3COCD3, 500MHz)o: 6.57-7.64(m,



5 a- hydroxyl propionic acid and 0. 12nol borneol were added to the

t hree-necked flask, then 1.33g s,0R /zro2 as catal yst and 400nL

1, 4-di oxane were added, and the reaction was perforned at 100C for 8h.
After the conpletion of the reaction, the catalyst s208 /Zr02 was renoved
by sucking filtration, and the solvent was renoved by 10 vacuum
distillation, and the resulting vi scoud Ysubst ance was treat ed by vacuum

(1.3 X 10-3Pp) A$iHY, an POI4 BOCRLI N 1, DOTIHIOEIAY ST 41T, T ELY CIOIE),
u

borneol . The_ Tresultant black brown viscous bst ance was’ separ at ed’usi ng
col umm chr dn&?-cyPapmy 2Kdpt&@ithi-hg a yel | owish oil, which has the same nass
spectrumand infrared spectrpmas that in 15 Exanple 1. Exanple 4:

Synt hesihs (1V) Fag.Dshows thef(ﬂNMREﬁHD@ly,l @@@MH)Z-)ﬁa{W%gV9®ylchﬁﬁhnat e I
ester The t is S r r t he ro 0 Exanpl e
1, except ?ﬁgtﬁgOGH@%5%(SPirad%dr%Mnﬂﬁﬁgghygﬁagégpréﬂn «c acid
and 0. G9no e e t t e I e g:5;9]¢)

al um ng)?n tkrligg%g%r ?!Jéggg’cﬁ%%s’t gagthg?lm%tsnl%@w?zynle h;ﬂgfﬁ@ﬁ}[‘g%%

sol vent wel 8, Ad#el3.dhd the reaction was performed at 150C for | Oh. After
t he conpletion of the 25 reaction, the solvent was renoved by vacuum

di stillation, dit thgbovesuthanactersmois subatancarowedtr dadted yrmdcuum
(1. 3X10-3P3) sing an oil. pu in a boiljng-water bath to renpve borneol.
The resulEaﬁ%ﬁ[ﬁrﬁl%@'@Whgnmaﬂhwmy%@w@n@@ sty was ughtamned

chr omat ogrgg@y tﬁgéﬁi ning a yellow sh oil, which has the sanme mass 30
spectrum an |r{]frared spectrum as that of Exanple 1. _ 12 Exanple 5:

Synt hﬁ is of bornyl /]-(4-chlorophenyl)- a-hydroxyl propi onate ester (1)
2- et @I -4-(4-chl orobenzyl i dene) oxazol one was synthesized in a way simlar

e 4l hyclr oxy| SATAD Bory doy IR AL AFRar Ve b SN BAIONAPIFTEG of
87. 4% (Z)Q_S}yyr@ml%rgi){&iét@-&%pr ophenyl ) - a-acet am doacrylic acid
The synthesis was performed through the same procedure of
Example 1, except that 0.12mol p-(3,4-dihydroxylphenyl)-
15 a-hydroxylpropionic acid and 0.15mol borneol were added to the
three-necked flask, then 0.86g p-toluene sulfonic acid as catalyst and
500mL tetrahydrofuran were added, and the reaction was performed
at 65°C for 12h. After the completion of the reaction, the reaction
solvent was removed by vacuum distillation, and the resulting
20  viscous substance was treated by vacuum (1.3x107Pa) using an oil
pump in a boiling-water bath to remove borneol, then 200ml ethyl
acetate was added. The resulting solution was washed with saturated
NaHCO; solution to remove unreacted A-(3,4-dihydroxylphenyl)
-a-hydroxylpropionic acid and p-toluene sulfonic acid. The obtained
25 ethyl acetate layer was concentrated under reduced pressure,
resulting in a brown viscous substance, which was further separated
by column chromatography, obtaining a yellowish oil. The resultant
yellowish oil has the same mass spectrum and infrared spectrum as
that in Example 1.

30



0. 10nmol 2- net hyl -4- (4-chl orobenzyl i dene) oxazol one, 11 OrL 10 acetone, | |
OnL water and 2nL concentrated hydrochloric acid were added to a fl ask,
heated slowy to boil, and then kept on heating for reflux for 3h. After
decol ori zation using active carbon and filtration, the filtrate was placed
for crystalization, and an orange cryrstql line powder was obtained in a

yield of 81.1% by sucking filtration, 5 washing and drying. (3) Synthesis

of /3-(4-chlordbenyle PySunitkedsi dIf) 8%bhorny] -(3,4-dihydroxylphenyl
/) -(4-chl or ophenyl ??a- acet g?ﬁri doacrgl ?}c acid, le/rrL( of 1 I}r/D| L"'y Rydr%c)hl oric
aci d sol ut rémMydPXIpropHmateresiatded to a flask, and the nixture was

heated for reflux for I Oh. After 20 decol orization using active carbon and

filtration, thdlfe synshesmasvaspipechorrhed thrysigh ithat same pndcedund fofinhi t e
talli wd bt ai ped i i.el d, of 77, 3% Ki filtration,

calh v anB BT SRRl 1581 O 7 TG BR

/3-(4-chl 0Eﬂ]@96ﬂ¥>k9£@§¥6ﬁ%¥ﬂ0@d°@ﬁ@“@8ﬁi%ﬁ 8&@% Qere: an d to the

/ - (4-chl or gphenyl ravic acld, .0 n ) am., of Em)FL

hyér ochl or cf{@%% aik. ﬁﬁ@nsoh.gﬁgo?ﬁz%gfr ?Qagcﬂfed?,at%]é%ﬁtteaﬁdoﬁoloén]-uxed

for 10h. Aftery.the filtrati S rformed when the reactio } re was

ot “tne 1114 ib8naoveES bl adnd s FeacuoBoHRsaRar gt el bt

After suckfoig8R0 After theiaympletsbhnof tide yenotiand thearatahalt! kzohg 7:0

boiling-water, a white floccular crystal was obtained in a yield of 64.0%

13 (5) Sywaseginsowedboy rspckiag(filtcationgpinehihg salvéydmasy romopicshbye est er
| nt t hr ge- fhask, 0. 12mol /1-(4-chl. henyl )- a- hyd | i oni
aci d a9 oV GeRER BlstlARORe e B et NuSo0BE St an S AL HdRBHC nc o
as catal ys m&ﬁﬁm.geqmrmiwﬁaanw PUEASE o 1IN WARE bath 42

tfe comptetion of the

performed at 65C for 12h. Aftér eaction, the

reaction simene hagneelholbe mssultentublack dromwmivisapus rﬁlﬂmﬂiﬂatﬁe‘dfasi scous
b o5 e . o
boi 11 ng- vet e BLeh FingtoRBH Chimatoeraliith SBbAHEE n lRWBL W added
to obtai n which has the same mass spectrum and infrared spectrum as that in
15  Example 1.

Example 4: Synthesis (IV) of bornyl f-(3,4-dihydroxylphenyl)-
a-hydroxylpropionate ester

The synthesis was performed through the same procedure of
20 Example 1, except that 0.06mol pA-(3,4-dihydroxylphenyl)-
a-hydroxylpropionic acid and 0.09mol borneol were added to the
three-necked flask, then 0.60g aluminum trichloride as catalyst and
200mL. N,N-dimethylformamide as solvent were added, and the
reaction was performed at 150°C for 10h. After the completion of the
25  reaction, the solvent was removed by vacuum distillation, and the
resulting viscous substance was treated by vacuum (1.3x107°Pa)
using an oil pump in a boiling-water bath to remove borneol. The
resultant black brown substance was separated using column
chromatography, obtaining a yellowish oil, which has the same mass

30 spectrum and infrared spectrum as that of Example 1.



solution. The resulting solution was washed with saturated NaHCO3 sol ution
to renove unreacted /i-(4-chlorophenyl)-a.-hydroxyl propionic acid and
p-tol uene sulfonic acid. The obtained organi c phase was concentrated under
vacuum 15 resulting in a brown viscous substance, which was separated
using colum chronmat ography to obtain 3 yellow sh oil. IR(KBr) vicm':
3461. 45(0CH), 2981.99(CH3), 2935. 46(C|—|2) 1731. 08(C=0, 1598.03, 1492.10,

1453. 90( backbore; ot nzene 26 6 f 22(C 0
of SECOI(’ldaI‘ p:b@(;xyl) 8%%ﬁ31?86%ra%£? g%ég?t)?t ut/hﬁ4%ﬁmﬂl\)/gh%ﬁga—iz (

CDCl 3) 3S: 6~ 137517076)4 paenatg esfer 4. 10- 4. 32(m  1H, CH(O—l) ), 4.83(t, 1H,
-CH), 2.79-2.92(m 2H, -CH2-), 1.205(t, 3H -CH3); 13CNVR(500MHz,
CDC13) (5: 13.5(119. 5, Qgrr&thgfk@(ﬂfamlmobelqzyhd@ﬁ x8zokmes, 49 Was50 6,

71.3, 82.4, 1 28. 129.1, 129,1 31 7. 70. 8. | e 6:

Synt hesi s 8}’3@595,1@?& {13 Sre Yy SHTHIRH o§1® Sﬁ@@‘pf i-@ r%&WlE) fﬁﬁate

ester 3 (l)cm@fgb@ﬁbaﬂjé}i?yd@t hoxy- &fq@cet oxy%@ayl i den%ggé%ﬁol one gfas
anp

synthe5|zed|navvay simlar to Ex e 1(2), except that

3- net hoxy- 3411&1! yayopethen zddohydeasAudedwmstiaatabfwas obtained in a

3, 4-di hydr be hyde. A yellow crystal was obtain in a yield of
73.5% (2)39;%ld %Pﬁztzﬁ%xy 4- acet oxyphenyl ) - a-acetam doacrylic acid 5 was

> ety .Z?f'('g“@ SS&@@S@'@E@X%EE%%M&% AsrehBidaacdia acidst cad of

2- met hyI-4-(3§ toxyb zyl i dene) oxazol one, A ecru | oose crystal
powder was obt lné alsdf 474-ehdoncbenzylidene)oxazolone, 110mL

/3- (3t ho h tof‘lehﬂ{f(%ﬁ¥ a@gggs}ﬁ{gg}i ContefiMBid HOdRYABSR! 28% Wil vy

simlar to anpf e

/ 3- ( 3- met hadged tace tasky Hesnted- doaeist aﬁnbéﬁhcazydilthemk@w@ﬁ hisging fogt ead of

cetam doacrylic acid. yel | owi sh | oose

/3(34d|a to nyl ).- a
crystal X g %gbt%ﬁﬁ‘é‘o(?@(ﬁﬂlé)rylfﬁl@l dESlsg apyve Carbon and filtration,
the filtrate was placed for crystalization, and an orange crystalline

powder was obtained in a yield of 81.1% by sucking filtration,
15 washing and drying,.

(3) Synthesis of f-(4-chlorophenyl) pyruvic acid

4.55g [p-(4-chlorophenyl)-a-acetamidoacrylic acid, 91mL of

Imol-L" hydrochloric acid solution and 45mL THF were added to a

flask, and the mixture was heated for reflux for 10h. After

20 decolorization using active carbon and filtration, the filtrate was

placed for crystalization, and an off-white crystalline powder was

obtained in a yield of 77.3% by sucking filtration, washing and
drying,

(4) Synthesis of f-(4-chlorophenyl)-a-hydroxylpropionic acid

25 Into 15.00g f-(4-chlorophenyl) pyruvic acid, 98.00g Zn(Hg),
219mL of 2.5mol-L" hydrochloric acid and 35mL THF solution
were added, heated for refluxed for 10h. After the filtration was
performed when the reaction mixture was hot, the filtrate was
concentrated to reach 80mL and stood overnight. After sucking

30 filtration, washing, drying and recrystallizing in boiling-water, a
white floccular crystal was obtained in a yield of 64.0%.



(4) /3-(3-nethoxy-4-hydroxyl phenyl ) -a-hydroxyl propi onic acid 15 was
synthesized in a way simlar to Exanple 5(4), except that

/ 3- ( 3- net hoxy- 4- hydr oxyl phenyl ) pyruvi ¢ acid was used instead of

/ 3- (3, 4-di hydr oxyl phenyl ) pyruvic acid. A yellowi sh oil or crystal was

obtained in a yield of 77.8% (5) BornyIIB_____ 20
/- (3- met hoxy- 4- hydr oxyl phenyl ) - a- hydr oxyl propi onate ester was synthesized

inaway sinld&b)to Eﬁglmhesfs( 5), ekceptbbhayl $-(4-chlorophenyl)-c-

/- (3-net hm%,ﬁ g//g& hen I - a- hydr oxyl p?g%l oni c/ a(C| d wasp useyd)l nst ead
of /3-(3,4 2 ﬁS &- hydr oxyl propionic acid. A yellow sh
crystal was obt al ned |n a yield of 59 8% . 25 IR(KBr) v/icm1l: 3363.61(CH),
2953. 12( CH3), 2Bix. 9o( dlrpe-nadesd s1{lesky , (L.éAsnaD, /i&éacblzarophenyl)

of the sectnnanio HPBIGHR: daidThnd" EEs R PR ool Gkl Rilieda Bzene
1ing). 5 120658 p 1GIICrRLshialieid o8t bet) sl S04 A0My JRAGRRCS. ) o6

6. 679- 6. 869(m 4. 920- 4. 2%55117&&!4; 286(1 .,
| H, - CH( OH) Wereza @é,sande,uhe r@mwn Wasquiomwdmt ﬁé"C(ﬁme I2h. After

454, 40, 4 sEOPERI U ihe rigbight, ity ieactio Jobysdl yas sgutyetpy s -

;S%HSCOEL?(R\(;B?%EKBQ?SOQIIﬁEO&g ntgfbteg)})fﬁ%gfed{ﬁzﬁééty&s lsbsbanzeltadlidbmed b%- yl)-
| | X S
2- et hyl - %%\é‘ﬁ%%)ﬁl ﬁ}ﬁﬁ)g 8) - Bsijgratholepemp xaz 81 badingawatgmbatisiteed in a

vas ud% ?IE%P X5 BPPn ol e, GEBPIL, ct0k] ARIEE MY ARBR) TpyobRiGac ™™

obt ai ned |$01a1t1cm eTtleqfesilﬁlﬁgﬁsoﬁﬁtl(o?ﬁ was washed with saturated NaHCO;.
/?-(benzo[ 1,.3] di oxol -5-yl)-a-acetam doacrylic acid was synthesi zed in a

way simlat? o} I anpl e 1(3), @xcept that remove unreacted
2- et hyl - 4p (e ~ 0 ead of
2ot 1 - 4 (3 e LTGRO ¢ A R Gy BTk Sur it
01d The obtained organic phase was concentrated under vacuum,
15 resulting in a brown viscous substance, which was separated using
column chromatography to obtain a yellowish oil.

IR(KBr) vicm™: 3461.45(0H), 2981.99(CHs,), 2935.46(CH,),
1731.08(C=0), 1598.03, 1492.10, 1453.90(backbone of benzene
ring), 1269.86(C=0 of the ester), 1106.22(C-O of secondary

20 hydroxyl), 846.84(para-disubstituted);

"HNMR(500MHz, CDCL3)é: 6.57-7.64(m, 3H, Ar-H), 4.10-4.32(m,
IH, -CH(OH)-), 4.83(t, 1H, -CH-), 2.79-2.92(m, 2H, -CH,-), 1.205(t,
3H, -CHs);

PCNMR(500MHz, CDCI3)d: 13.5, 19.5, 19.5, 23.3, 30.2, 32.5,
25 40.8,45.4,49.4, 50.6, 71.3, 82.4, 128.7, 128.7, 129.1, 129.1, 131.5,
137.5, 170.8.

Example 6: Synthesis of bornyl
f-(3-methoxy-4-hydroxylphenyl) -a-hydroxylpropionate ester

30 (1) 2-methyl-4-(3-methoxy-4-acetoxybenzylidene)oxazolone
was synthesized in a way similar to Example 1(2), except that



| oose crystal powder was obtained in a yield of 78.7% 20 (3)

/'l1-(benzo[ 1, 3] di oxol -5-yl)pyruvic acid was synthesized in a way simlar to
Exanpl e 1(4), except that /]-(benzo[ 1, 3]dioxol-5-yl)-a-acetam doacrylic
acid was used instead of /-(benzo[1, 3]dioxol-5-yl)-a-acetam doacrylic
acid. A yellow sh |oose crystal was ohtained in a yield of 65.4% 25 (4)
/- (benzo[ 1, 3] di oxol -5-yl)-a-hydroxyl propi onic acid was synthesized in a
vva_ydsi mi | aB-mtE&?lypgehidﬂ?X}(rl?mél d!!%élgyﬁe : i ﬁ\(at%elanisl:cB] dii%tédacﬁ-Ayldfﬁ’r uvi ﬁ
acid was used j.nstea - - di roxyl phenyl )pyruvic acid. A yellow s
oil or cr ygsg’rdlhé@folib’fﬁ@mdieh%i@yi%lXE]&WYSI.‘M? was opbainvemtehyleld

[ 3- (benzo[ ;LL)faj}dE)o()(ol -5-yl)-a-hydroxyl propionate ester was synthesized in a
way simlar to’ 3‘an e 5(5), except that

/'-(b 1, 3] di ey -Cavl| -h I i oni id d,.instead of
1 0o o iy S TR 4E g et A0 3o ik 46101 1 was
bt ai ) i fi : i lr25-

obtai negl. (fs Sytthesizedofinmantpyy él}mflﬁ?nﬁ?[ﬁxﬂrﬂﬂe@ﬁgp% gég%(gep(g_ fhat |

-a-(nicotinoyloXy) propionate ester Into a three
ment hyl / 2Z¢bwiihy]-#-63 dnekodx g-4Hacetax nhenoylidpnopooast lonest easwased

di ssol ved I G ne. ot hep_an amgunt qgf .t he cat al,yst DVAP was
added. A sb‘%ﬁ?hgn&ﬁ% 8?%MT£_I(§CA(;T({}HP@%&[}6€%)@§%¢ Xar?(gﬁﬂe' didHe was
added dropyhes: &rysal p@w@@twasTmaﬁﬁqata_gmem?fm%ff&r”ed in the ice bath
for 2h, then undér roomtenperature for Ih. After the conpletion of the

reaction, vacu sucH O,k 4 10 f - 1 he tio ol vent
was renoved by@}. sti }I‘ tlnfc])%ﬂ,ht({a d4_ %g@xgﬁ%@?ﬁ%@éﬁﬁgl%s égggd tg/atﬁhe
resul tlént yystdwsszedibsnarme wayThsimhiai ned Exlampler Wié ) waskeepmi thata
sat ur at ed CO3_,sol uti40n to renove.unreacted.nicotinic agcid and the
catal yst. "8?%@%& pﬁ%@&&@%ﬁm@c FidaaeryNacacid t washtiser a
brown vi sc ShHS L/ _Anku ?s{% I at Is | omak ogr aphy
to obtai nﬁ?&g%&ﬁl oévl\nps h/ﬁ-g?;ﬁ dr‘\r}ﬂ%dr:l?t%y /-?%22@?@%@1@@%?%?&?)&&6' A
- a- (ni cot i yeltdwsigh doope arystalgsowdernvas yibshrhedf 1 4. wedd ofy 64.2%.
(4) f-(3-methoxy-4-hydroxylphenyl)-a-hydroxylpropionic acid
IS was synthesized in a way similar to Example 5(4), except that
f-(3-methoxy-4-hydroxylphenyl)pyruvic acid was used instead of
$-(3,4-dihydroxylphenyl)pyruvic acid. A yellowish oil or crystal was
obtained in a yield of 77.8%.

(5) Bornyl
20 f-(3-methoxy-4-hydroxylphenyl)-a-hydroxylpropionate ester was
synthesized in a way similar to Example 5(5), except that
f-(3-methoxy-4-hydroxylphenyl)-a-hydroxylpropionic  acid  was
used instead of 4-(3,4-dihydroxylphenyl)- a-hydroxylpropionic acid.

A yellowish crystal was obtained in a yield of 59.8%. .

25 IR(KBr) viem™: 3363.61(OH), 2953.12(CH;), 2913.90(CH,),
1725.51(C=0), 1608.20, 1521.53, 1450.32(backbone of benzene
ring), 1281.36(C=0 of the ester), 1114.39(C-O of the secondary
hydroxyl), 885.71, 805.68(1,2,4-trisubstituted benzene ring),
1237.58, 1027.61(aryl alkyl ether);



|R(KBr) v/icm': 3056.56(H C=C), 2967.42(CH3), 2940.54(CH2), 1723.02(C=0,
1597. 32, 1520.17, 1462. 10(backbone 25 of benzene ring), 1452.62, 1480. 34,
1585( backbone of pyridine ring), 1268.53(C=0 of ester), 1235.79,

1017. 23(aryl al kyl ether), 1. 125. 33(C- O of secondary hydroxyl), 884.43 and
798.62(1,2,4-trisubstituted); 'HNVR(400)Hz, CD3COCD3.)r5: 7.56-9.00(m 4H,
30 Pyridinio-H, 6.679-6.869(m 3H, Ar 1|5I)”",' 6. 06(s, 2H, -0OCH20O) 5.10(m 1

H, - CH( O 4.9 8 2 D-
H g:N ?\/R% 500 mm&g%g%nlw cmﬂgé 0)216 g%ag‘%@;g& (‘STH Nr H H 9)
37.8, 39.64 14 9%3(s), 151,6:CHba), 2}. 2672428645 14, Qﬁl(ﬁ)H) 1)22’3 8}91@,6 0,

Sy _Ees.li’ﬁéﬁ e, BRoda ity 3L Gt 0 o8 o Bamle
i lar o Exami SVIRCHIEATE (0GR T Saabnds eed Tndoda ol

nicotimgc f rcpdu f l+1 bt yield

o 51 8, S A R B DL 3 e Mo 101 8
- (i soni coBBrhyl 42y, 1pk.Gpiloitae ester. IR(KBr) v/cm: 2966. 27(CH3) ,

2943 14(CH2), 1720.82(C=0O, 1592.37, 1517.09, 1467.10(backbone of benzene

ring), 1452.24, 1484.56, 1598. 23(backbone of pyridine ring), 1267.67(C=0

of ester), 15 1237.58, 1027.61(aryl al kyl ether), 1103.14(C O of secondary

Chace 3 o o RO T SR 1, A gy

6.06(s, 2HI- (-IIJDBB(DOMOXS’ pmpmnatﬁesteﬁ(q ), 4.920-4.983(m | H,
-OCH(clcy)-), 20 2.804-2.978(m 2H, -CH2-): 13CNMVR(500MHz, CD3COCD3)JS:

20.7, 181.0, 21(D) 22231;1‘16‘25}/74 (12&150[1%3]@10)371 8- ylfﬁﬁeﬁl léﬁe}l~o><7a’¢2(ﬂoné5 6,
101.2, 112 7, 115 22.9, ,122.9, 1260, 132, 7. 136 ? 1460, 1487
150. 3, 150W8S %’gﬂéés%? 81 95V i ar 'tey deramnieof (Bdr sycept 't

I3- (benzo[BesloMi N@oxvlélS-carbaldehyde  was  used  instead  of
3,4-dihydroxylbenzaldehyde. A yellow crystal was obtained in a
yield of 76.5%.

15 (2) p-(benzo[l,3]dioxol-5-yl)-a-acetamidoacrylic acid was
synthesized in a way similar to Example 1(3), except that
2-methyl-4-(benzo[1,3]dioxol-5-ylmethylene)-oxazolone was used
instead of 2-methyl-4-(3,4-diacetoxybenzylidene)oxazolone. An ecru
loose crystal powder was obtained in a yield of 78.7%.

20 (3) p-(benzo[1,3]1dioxol-5-yl)pyruvic acid was synthesized in a
way similar to Example 1(4), except that
f-(benzo[1,3]dioxol-5-yl)-a-acetamidoacrylic acid was used instead
of f-(benzo[1,3]dioxol-5-yl)-a-acetamidoacrylic acid. A yellowish
loose crystal was obtained in a yield of 65.4%.

25 (4) p-(benzo[1,3]dioxol-5-yl)-a-hydroxylpropionic acid was
synthesized in a way similar to Example 5(4), except that
f-(benzo[1,3]dioxol-5-yDpyruvic acid was used instead of
f-(3,4-dihydroxylphenylpyruvic acid. A yellowish oil or crystal was
obtained in a yield of 78.7%.



a- (2- acet oxybenzoyl oxy) propi onate ester The steps (1) to (4) of the
synthesis were identical to the steps (1) to (4) in exanple 7. (5) Bornyl
/ 3- (benzo[ 1, 3] - di oxol -5-yl)-a-hydroxyl propi onate 30 ester was synthesi zed
in away simlar to Exanple 5(5), except that 18 borneol was used instead
of menthol, and a yellow sh oil was obtained. (6) Bornyl
J)-(benzo[1,3]-dioon-5-y|)-a-(2-acetb%9ibenzoyloxy) propi onate ester was

thearots >y ) Ao _
Y ncet oxybenzors) acy S oL BeRABIT Ao R0l 5 e asplnifpropionate
/ - (benzo[ 1€8leraves AyrBhes)zed hydr vsay sriopiaontat Exesnple 5083, aseept txatead of
thyl /34 , 3] 5di -5yl )- a-h | pr. opi ont ter. A light
br own. yel | B Bt SIG S st sy T o el o 6 45 88 1 8Pk icer
/e 29 Dby : 1R,
145, 90( barkiong o Hakgonany rexyIDHRtby I HgbxyIphafidhic 8 1 o o
secondary NgHoswph)oil ssas abtammdl.795. 81(1, 2, 4-tri substi tut ed),
746. 84(ortho-di substituted); 'HNVR(400MHz, CD3COCD3)5: 7.18-8.00(m 4H,
Ar-H), 15 6.6(6)6. 889nthesisH, af- H meéntsfls, 2H(bedzePRI))didxdBbayl)

|
ORS00 T e OOPR Y P aBITe sE 15 5 %20, 3, 23, 5 30,2, 32,5,
12105, ‘1255, laln 3. sho. 7 thieiscket, o, Gad; 1a)anolzes. scnbulo,
ax- hyr oyl WL bhenOXP S8 PR PP R FS: Seh s dissolvele ot ops
L), 3000 ekt o, o i, Ll BCOIMAAP -
6. 500" hordbibhy Al SATHEON2STND. biAYeL CUSOMEnSFId weissalied, Tandmaky HO
gas was fegAiRfar whi 4488d TagplAsd' B9 ¥ASice bath. The reaction was
performed in the ice bath for 2h, then under room temperature for 1h.
After the completion of the reaction, vacuum suction filtration was
15 performed, the reaction solvent was removed by distillation, and
200mL ethyl acetate was added to the resultant viscous substance.
The obtained solution was washed with a saturated NaHCO; solution
to remove unreacted nicotinic acid and the catalyst. The organic
phase was concentrated under vacuum to obtain a brown viscous
20  substance, which was separated using column chromatography to
obtain a yellowish oil, menthyl p-(benzo[1,3]dioxol-5-y1)
-a-(nicotinoyloxy)propionate ester in a yield of 45.5%.

IR(KBr)  vem™: 3056.56(H-C=C), 2967.42(CHs;),

2940.54(CH,), 1723.02(C=0), 1597.32, 1520.17, 1462.10(backbone

25 of benzene ring), 1452.62, 1480.34, 1585(backbone of pyridine ring),

1268.53(C=0 of ester), 123579, 1017.23(aryl alkyl ether),

1125.33(C-O of  secondary hydroxyl), 884.43 and
798.62(1,2,4-trisubstituted);

'HNMR(400MHz, CD;COCD;.)o: 7.56-9.00(m, 4H,

30 Pyridinio-H), 6.679-6.869(m, 3H, Ar-H), 6.06(s, 2H, -OCH,0-),

5.10(m, 1H,-CH(O)-), 4.920-4.983(m, 1H, -OCH(clcy)-),
2.804-2.978(m, 2H, -CH,-);



30 stopped after 1.5hr, and the reaction apparatus was changed. The 19
reaction mxture was heated for reflux for 1.5h. After the conpletion of
the reaction, nost of ethanol was renpoved by distillation to precipitate a
| arge anount of white crystal, and then 19.2g of white needle crystal was
obt ai ned after sucking filtration, thg and 5 drying. The white crystal
was di ssol ved i n an aqueous solutlon the PH of the resultant sol ution

was adj ust ed ué?@mm rsntmt @3(20‘@@)991 90,90 Mag, 94t agpeyl asing ethyl

ether. Then _the solv resul ti n%ﬁl n i4’ 929 col orl ess ‘or

yeI | owi sh EReli 43i 9L §7y$,e38 6,0147713, 5%6,165(@) 1 n2,hé§257,01115 2, 121.0,

et hoxycar banyl~ BTSNy B it dati ik b5 T LY Slg. 165.9, 1708,
/ 3- (benzo[ 1, 3] - di oxol -5-yl)-a-hydroxyl - propionic acid and 12nL CH3CN were
added, and the flask was cooled exteriorly with a m xture of ice and

water. 0.62g e 2-am no- 4- phenyl buty ter and 0.02g wer e
added tﬁnder ?‘taéfﬂp% %e%}’ﬁt}@él%yog ginf i mzﬁé,i)]&koxnh%vﬁ-

m xture 45g DCC was added. The reaction

t enper at ure 6hfq(g\%§g%ﬂ@prégf(?ﬁéﬁgesrtggm tenperature under stirring, and
the reaction romed at ro rature for.5 ter sol vent
was renoved bﬁlfog Hﬁ&?%‘h Iaﬁtp%lE? OTEYG{) |51 eV A e S1 rattﬁ}d Hi e’[Jt ai ned
sol ution igx@tMy thace§@ R oMascIasTEdy A4 tdSedNﬁ'fﬁ@ads@tfqh'c%m@qa@@iUSAHCI

sol ution, 1;;u,nd wat er, then distilled wunder vacuumto obtain a crude product
of the desflngl prodssinal yedtawishpwil twastobtaineds e @ruabd priodicd3 by

o P I 538 LGP0 SBL 3 080 Ry

2934. 21( CHagopidbnade €8{&=0 , 1669.97(C=0 of am de), 1593.37, 1515.19,
1463. 13(backbone of benzene ring), 1239.98, 1026. 76(ary| aIkyI et her),

1111. 35(C O of gggﬂga 0. h

792.17(1, 2 tr]$ u |"E/jt?tn§d E%@?J(ngf' %@3%{;!%0(3 |¥tzj%gc§2b(enze e
ring); HI\WZ@(W—I&S]GD@@QCDQW | @(heekhant nof Sbenzenddring), 1452.24,

1484.56, 1598.23(backbone of pyridine ring), 1267.67(C=0 of ester),

15 1237.58, 1027.61(aryl alkyl ether), 1103.14(C-O of secondary

hydroxyl), 880.43 and 795.81(1,2,4-trisubstituted);

'HNMR(400MHz,  CD,COCD;)5:  7.56-9.00(m,  4H,
Pyridinio-H), 6.679-6.869(m, 3H, Ar-H), 6.06(s, 2H, -OCH,0-),
5.10(m, 1H,-CH(O)-), 4.920-4.983(m, 1H, -OCH(clcy)-),

20 2.804-2.978(m, 2H, -CH,-);

BCNMR(500MHz, CD;COCD;)d: 20.7, 21.0, 21.0, 22.3, 25.7,
28.5, 33.9, 37.8, 39.6, 47.1, 72.6, 75.6, 101.2, 112.7, 115.2, 122.9,
122.9, 126.0, 132.7, 136.4, 146.0, 148.7, 150.3, 150.3, 165.9, 170.8.

25 Example 9: Synthesis of bornyl f-(benzo[l1,3]-dioxol-5-yi)-
a-(2-acetoxybenzoyloxy)propionate ester

The steps (1) to (4) of the synthesis were identical to the steps
(1) to (4) in example 7.
(5) Bornyl f-(benzo[l,3]-dioxol-5-yl)-a-hydroxylpropionate
30 ester was synthesized in a way similar to Example 5(5), except that



- 20 6.13(s, 2H, -OCH2O ), 4.82(m 1H,-CH(NH)-), 4.55(m 1H, -CH(CH)-),
4.12(q, 2H, -0OCH2-), 2.804-2.978(m 2H, -PhCH2-), 2.30-2.54(m 4H,
-CH2CH2-), 1.31(t, 3H, -CH3); 73CNVR(500MHz, CD3COCD3)5: 14.1, 30.3, 32.3,
41.7, 52.7, 5 61.3, 73.3, 101.2, 112.7, 115.2, 121.0, 126.1, 128.1, 128.1,
128.9, 128.9, 132.7, 138.0, 146.0, 143 ______ 171 5, 172.7. Exanple 11:
Synt hesi s of 2- hydroxyl 3-(benzo[ 1, 3] ﬁoxo

yl) - N-[ 2- hppdinayl -waklugadhihepewi- @ffowéﬂnmﬂopa@aaﬁ” e@l@x&%hﬂtﬁlsms (1)

to (4) of the synthesis were identical to thé steps to (4) in exanple
7. (5) Syn@hé&lmcbf 1- napht hyI epoxypropyl et her Into a 500nL t hree-necked
round bottom fl ask, 10.03g - napht hol , NaCH, 20.4g epichl orohydrin
(S/IR) and 0. 5g(6(} Bomylef)e(baﬂmﬂﬁl 3]admmbﬁhyb)t ha(rﬂ}lacaasxy&dlmrtoy'iha | ask

th | { Th t f t 30C
Under st F Proigiosiflc R0 es %ﬁ%@%@m%ﬁﬁ%ﬁ%ﬁs SR DAL Fon
T XCUr & vagx EBBMIEATBYRLORTHEHTbIORCId bi4PL8d {ASEADEE KiEbHAR ScHRS

concentrated to obtain an o stance was a e to e0|Iy

subst ance, aadd harayhi ¥t-(benwals! 8)}id1@&@é€ﬁwlbw-én}h&bxgﬂ}hmp10nﬁlﬁ@ esteyl et her
| ayers were conbi n and tha ol hen ed th
Hzé once. THe et h%‘? I a;)@ﬁ %&Q d jsh In%n mé@%ﬂi'ﬁbf teWIand
concent r at &%&@r&bﬂ?r@pl@n@@s@r AU MWBWI}J}‘EIR)\M' 811doPicr93tad Ayadd (6)

Synt hesis of "1 napht oxy propanol” 450nL concentrated aqueous

amoni a wa@ tﬂlacédna:yaekbafﬁl?nﬁﬁ)flask special for nicrowave, then 3.Qg
1- napht hyl epoxypropyl ether was added, and the reaction was perforned at

X?C urid)ﬁr nagnéR(lKBJs)t vzfcrmngrgé)ﬁil Q%Gﬁﬁjxrm%éé(ﬂlég),aﬂbh%(cqf@) n.
ter the eti the r e reacti.on m xture was
concent r at ggggyg &%@Q&i rléfﬁb@@ﬂaﬁfégpa@e wRs adZehd tTHREhH was
adjusted t e t r C
fi JI trati on9269%%%@36?f§%}2hm19§y@2 @o‘%ﬁ%@%@ﬁy ﬁmﬁigdézl(glg vif\g'/aggpg%t ai ned,
and 795.81(1,2,4-trisubstituted), 7 6 84(ortho-disubstituted);
1HNMR(4OOMHZ, CD;COCD;3)d: 7.18-8.00(m, 4H, Ar-H),
15 6.679-6.869 (m, 3H, Ar-H), 6.06(s, 2H, -OCH,0-), 5.10(m,
1H,-CH(O)-), 4.920-4.983(m, 1H, -OCH(clcy)-), 2.804-2.978(m, 2H,
-CHz-);
“CNMR(500MHz, CD;COCD:)d: 13.5, 19.5, 19.5, 20.3, 23.3,
30.2, 32.5, 37.8, 454, 494, 50.6, 56.1, 72.6, 82.1, 112.7, 115.2,

20 1209, 121.0, 121.5, 125.5, 130.3, 132.7, 133.5, 146.0, 148.7, 153.6,
165.9, 169.0, 170.8.

Example 10: Synthesis of f-(benzo[l,3]-dioxol-5-yl)-
a-hydroxyl-N-(3-phenyl-1-ethoxycarbonyl-propyl)propionamide

25 The steps (1) to (4) of the synthesis were identical to the steps
(1) to (4) in example 7.
(5) Synthesis of ethyl 2-amino-4-phenylbutyrate ester
Into 16.50g homephenylalanine, 350ml. anhydrous ethanol

was added, and dry HCI gas was fed under stirring. The feeding was
30 stopped after 1.5hr, and the reaction apparatus was changed. The



and then dried to result in a white solid. The solid was dissolved in 5
wat er by heating, and the pH was adjusted to alkaline. After cooling, a
| arge anount of white solid was precipitated out. The precipitate was
sucking filtrated and dried, resulting in 2.0y white solid in a yield of
63% (7) Preparation of 2- hydroxyl 3- (B%nzo[l 3] -dioxol -5-yl)- 10 N

[ 2- hydr oxyl - 3- (1- napht hoxy) pr opyl ] - pr opi‘onami de 0. 43g

1- am no- 3- (dacohtmextire2was draned ﬁ@@%e@l@@%wdsh NAfignihepgshipletioren,
0. 45g DCC a 010 DJVAPwereaded and 40

d g
/ J- (benzo[ 913th @.@a&{t}—cal,ymosﬁ Ay étl &wbrwpsmmoar@dd bydi distill haditbn rto5rrL

perf or med BECTOIR Pempara arioTht CRRAGT Al bl W 19 A LT o

was producededhé tarystéle veaambietainad ohftet heudleiagt iftitratidie W@sﬂzhgn aigxt ure
was su% fJItr?&ed and the filtrate was concentrated to dry, then

et hyl El%s gdediteocrysial measdissalvedyipasdagacons sadshed, wndh

ob i ni ﬁS' M, P, oo s el o REE T FeFe NI PLARLERY .

li qui d chr Qilwt eghatidy . wa. @dgaveld avi eghyl \@;@hepggfﬁema BoBy atitelidhsof
y.dr ox ,

32.8% I R(KBr) v/ 409..82( al cohol

2969. 37( 04!%@“’102’@&12 r?ﬂ@%llag 1111% 2 colayl eS&GBﬂY@H()@H@LIdM@Q &l )3 yiglg

1591. 77, %%8920 1469. 21( backbone of benzene ring), 1235.78, 1029.63(aryl
al kyl et her ({'1 15(C O of secondary hydroxyl), 885.53 and

780, 63 monosuble]t SVBMERR! A5 2R AR S TomcTObm - -eratderRy b

6. 75- 8. 30((B- ﬁl’fggg_l'ﬂ dﬂloxy@:@rﬁoﬁﬁ—})roé’g‘agtg%‘@@ainId% 55(m 2H_ CHZ(NH) ),

4.55(m 1H, 4.02(q, 2H,
gsgg 37g7gm 7%11%}0 IDI1a01 ?gkio}) 36%5“(%?@ d%m%aohﬁﬁé")ﬁﬁlzs 4,
126.1, 126p@ypionde. acidiznds, 121132 CHIEN 5wetdeaddedAand, thesflask 19as7. 5
Exanp e 1201y ext%g?lor?y Wit§%4 mixture of ice and water, 0.62g ethyl
15 2-amino-4-phenylbutyrate ester and 0.02g DMAP were added under
agitation generated by a magnetic stirring bar. After the mixture was
stirred to clarification, 0.45g DCC was added. The reaction
temperature was elevated naturally to room temperature under
stirring, and the reaction was performed at room temperature for 5h.
20 After the solvent was removed by vacuum distillation, ethyl acetate
was added. The obtained solution in ethyl acetate was washed with
NaHCO; solution, aqueous HCI solution, and water, then distilled
under vacuum to obtain a crude product of the desired compound.
After purification of the crude product by chromatography, 0.39¢

25  white solid was obtained in a yield of 51.3%.

IR(KBr) vicm™: 3417.26(alcohol hydroxyl), 3255.79(NH),
2967.53(CHs), 2934.21(CH,), 1723.79(C=0), 1669.97(C=0 of
amide), 1593.37, 1515.19, 1463.13(backbone of benzene ring),
123998, 1026.76(ary!l alkyl ether), 1111.35(C-O of secondary

30 hydroxyl), 884.45 and 792.17(1,2,4-trisubstituted); 698.69,
750.62(monosubstituted benzene ring);

'HNMR(400MHz, CD;COCD;)S: 6.18-7.50(m, 8H, Ar-H),



1. Effects of horny]. /1-(3,4-dihydroxyl phenyl) -a-hydroxyl propi onate
ester (hereinafter briefly cited as "bornyl salvianate ester”) on bl ood
fl ow of cerebral microcirculation in rats wth mddle cerebral artery
occlusion 10 60 SD rats with a body wei ght of 220+20g were randonmy

di vided into normal control group, nodel contral group, salvianic acid
injection group (ip. In/kg), and groU&OOf bor nyl

/3-(3, 4-di yl pHeny]oOe r I pi t }ﬁi}(ﬂ .t g@lll, i ddl e
and | arge gglsge@rges%géti v%ley %(ID?; 2%3812@&9, ?%56 &]gg([) he‘g'r at ’1510 > nor mal
Adm 014

. and

group and nod&{Obhenp dnb2E] ni@@ﬂ*ﬁd),wilﬁoﬁleng | W, of PipBY¥Ei-0) ogi ¢
saline by i rats r et , i eritoneal injection of I
% pent obar gﬁ%@?é&%rﬁﬁf'@ﬁma 133(&40’%! R@}iﬁﬁen pl aced at supi ne
osition, headif] C ski ervjcal, _mddle.line rachea
(F:)ann_ul a, was i ;ed:mRmmézr gI&@@QEﬂ)( héﬁ«ieﬁ@%i ggvx%ddlﬂoisgggianeous
respires Rogh, gomon ) 80Y!jar 7vey s and pogOME3r of b jar f 9ky| veng §sol at ed
and a suture was 1ntrodute of latef use.’Anrnmal’s Wereé frxed on a ’rat

st er eot axi ¢28pph3Ats] 3& Ocrla6.8] 1i8ndoW/ Wi F,h] Z2S1.ze of 6x8mm was opened at
the right tenple with a dental drill, after henostasis, cerebral dura

mat er 25 was cut open with scissors to expose cerebral pia mater. The
wi ndow was covered and sealed with glass and dental cenent, and the |aser

probe of a Ias@xaqﬁp_elp_é ey rﬁﬁbsfsanftQr_uyglk%l-g'{eqéﬁ%[g[ﬁ]ﬂfﬂaﬁoxbl-xse—d on

I
the cranial w ndow. " Then the aninmals were | aters position, the
ri ght commph-datdthytlrtdry-(lanaphthexty)-prgpyéh paopidramader oxi mal part and
carefully cut with scissors, a nylon suture having a dianmeter of about
0. 3nmlwas i nt r dhecstbpsn(b) thé4arafethe sThehesisswane ddbativaenotthe srepsry cut
and the pg(l p'aﬂ.the rat.s s 23 . marked before the suture was
i ntroducedt 5\/&%(\ HLCXHMCs (it ure was i ntroduced to approach the marked
position, the s §eg fo introduci ng the suture should sl ow down and t he
cerebral micr OE } Symihesip %ﬁbd@ﬂph&ﬂleﬁpﬁ&f{m&p)ﬂy@tﬂ% | aser - doppl er 5
mcro circulatory blood flow neter should be observed sinultaneously. Wen
the suture arrined at Y0G@mile tkrabneckadt eroundnbottom flask, 10.03g

1-naphthol, 3.1g NaOH, 20.4g epichlorohydrin (S/R) and 0.5g KI

15  were added, then 330mL ethanol was added. The flask was then
placed in a microwave reactor. The reaction was performed at 30°C
under stirring and 300W microwave irradiation for 12min. The
reaction mixture was then removed and suction filtrated, and the
filtrate was concentrated to obtain an oily substance. H,O was added

20  fo the oily substance, and the mixture was extracted with ethyl ether.
The ethyl ether layers were combined and washed with a solution of
NaOH, then washed with H,O once. The ether layer was dried using
anhydrous magnesium sulfate and concentrated to obtain 12.95¢ of
the product in a yield of 93.2%.

25 (6) Synthesis of 1-amino-3-(1-naphthoxy)-2-propanol

450mL concentrated aqueous ammonia was placed in a reaction

flask special for microwave, then 3.0g 1-naphthyl epoxypropyl ether

was added, and the reaction was performed at 40°C under magnetic
stirring and 300W microwave irradiation for 14min. After the

30 completion of the reaction, the reaction mixture was concentrated to



abrupt decrease of the mcrocirculatory blood fl ow woul d be observed.
After the observation of a decrease in the mcrocirculatory blood flow,
the suture was further penetrated by about 1 nm and the 10 distal end of
the cut and the suture in the artery were ligated securely. Spare suture
was cut-off. After the end of the test, it was checked whether the nylon
suture blocked the initiation site of tztlue m ddl e cerebral artery, and the

data of angrangsal th/dip%@hﬁr ta@emmfaﬁ/a@oadd@ﬁo%@idtw C@@s;eédi tedN®

animals of t e cont r ol group were not treat ed rani al w ndow

was prepar a4l lflhéVﬁhol@@Wmi’éntzdodﬂydrmé prder - Acff:@ﬂ e&uohlﬁgoﬁlﬁaﬂcm,ory

i nt i ned arigur UaPeBiuRbrek afGPRhEL, MyTRGhoRRt, ARG, e

m croci r cuhatdohenodeed fd %@uhqfrpaewhh@asonﬂ ame R0litbwazOdiskalesd 120 60ni n

after ljigation g/re recorded, and the data of the animals in the

dr ug- t Peat HHET golpatings andet@@rpbhwaas adyslsggdéomikalm rﬂﬁterm@im@an

Gesi gnat od &t ek g SREESIIIRE b Ttsip Thibio vl dlhe HE LR

poi nt. 25 Wadsl sudkirkg fekiratednandr dbicd, raseidpbr twl20or wibteosblidow kn rats
with mddle é[lgs%fegéﬁ artery occl usi on (n=10) M crocirculatory blood fl ow
(nL) G oup! /- 15min 30min 45min 60min  Control / 65.3%5.7 67.47.4
678686515964285 Model / 10.2+2.3 11.4+3.4 13.24.1 14.03.4 14.96.5
Sal vi ani ¢ 1/ k@) 10Pssp@&atm 6. @f* 31hpdrax 133(bmxza}[fi 2bddexol-5-gh)- acid

Test 4 1 16, 06.9 Test Drug 15my/k
0 43, 30 M@@%’ﬁ‘ g fié 422 Yt)gpzf&’Pé&f Propionginige 35ng;aig 10.82.7 02
19.45.1 ** 32 ** 35 48, 05 gk th the nodel
group: *P<0. os6 Ui bR A RAP ALY gna%aggmqafaf\%awﬁsqlwgd%& e

cerebral af$#{ly acdt@8nb!Pehed 458eperetna 0Nog M AR leYadlig@dahtiow i n
0.40¢g p-(benzo[1,3]-dioxol-5-y1)-a-hydroxylpropionic acid
dissolved in 5mL acetone was added dropwise under magnetic

15  stirring. The reaction was performed at room temperature for 1h, and
a large amount of white solid was produced. After the completion of
the reaction, the reaction mixture was suction filtrated, and the
filtrate was concentrated to dry, then ethyl acetate was added to the
resultant dry product and washed with NaHCOs; solution. The ester

20 layer was concentrated to dry, thereby obtaining a brown oily
substance, which was purified via preparative liquid chromatography.
0.27g yellowish oil was obtained in a yield of 32.8%.

IR(KBr) vem™: 3409.82(alcohol hydroxyl), 3251.72(NH),

2969.37(CHs;), 2944.74(CH,), 1723.49(C=0), 1664.74(C=0 of ester),

25 1591.77, 1519.90, 1469.21(backbone of benzene ring), 1235.78,

1029.63(aryl alkyl ether), 1101.15(C-O of secondary hydroxyl),

885.53 and 794.61(1,2,4-trisubstituted); 3050(backbone of
naphthalene), 798.69, 780.62(monosubstituted naphthalene ring);

'HNMR(400MHz, CD;COCDy)d: 6.75-8.30(m, 10H, Ar-H),

30 6.13(s, 2H, -OCH,0-), 3.55(m, 2H,-CH,(NH)-), 4.55(m, 1H,

-COCH(OH)-), 4.35(m, 1H, -CH(OH)-), 4.02(q, 2H, -OCH.-),
2.90-3.07(m, 2H, -PhCH,-);



bl ood-supply region (frontal and parietal |obe) decreased rapidly and 5
kept at a relatively lowlevel. Only after the artery was bl ocked for
30mn did the cerebral microcirculatory blood flow i ncrease slightly,
whi ch indicated that cerebral ischem a nodels were successfully

establ i shed. Meanwhil e the cerebral §5OCI rculatory blood flow increased
slightly 30 mnutes or 15 minutes after“the administration 10 of bornyl
/1-(3, 4-di hydr 5@ NG00V By A0Xg O BR) on a7 eber. 88,5, LI kozand

hese results sug ditation of arteriole, and

35ng/ kg respectively
The g el BT NS bl T a5 2 A0, 22 Al 2 Shed DB b be6ia e

mechant sm h3ddE 13766 155 b foskrt odedh PIS BT LIGR I T Tocts of bornyl

sal vianate ester on cardiac ischema reperfusion (I/R) injury 52 SD rats
having a body wei ght of 220209 were randomy divided into nodel control

group, salviannc ac ction oup (im 20 1 nL/kg), and group of
bornyl ¥3-(3, 4 %)&? yngc WWBQW?)W opi onate ester at a small,

m ddl e and | arge dose é@p 5, 15, 35% The rats of the nornal roup
and the nodel &ontroEfieatsp weraf i p hylst er d&(ﬁﬁ,4+d1hgdmexyl4ﬂn@mﬂ

Conseout (v SODRy IORT ey ke, (EPRA SoPpd TR 8 Tl e

they were mlmﬁ@ﬂeeestem aneblhed i 16w o\fﬂdé}eﬂar@f’/me%@i?@ﬁbaﬁ@h L
45my/ kqg) , n a catheter was 11 25 jnserted into the right carotid artery,

and connecWé  puiddde cespbialateryt ecahisipght - edchannel ed physi ol ogi cal
recorder. Tracheal cannula_ was perforned, and the ventilation rate was

mai nt d0ned at 60 ST e nwith 'meb(nxhﬁswel\ght ape 2&0+206/ Wesat radowdyused to
forma 5 | 0R aa a Slt%%};ﬁ 13 t he root f t he anterior deTcendlcn
coronary a(? éfl9 UHE Ropingd; e é‘og]egV@épq a4 Gh&%lf r SUGHPt R YEBHC "t hen
e, oop et gpeth e, 1o ot R e dgipmopapeiigr e,
of the nygedBdtdlihydsexglpatowl)t he-hydevxplpropionate ester at a small,
middle and large dose respectively (ip. 5, 15, and 35mg/kg). The rats
I5 of normal group and model group were administered with
equal-volume of physiologic saline by ip. The rats were anesthetized
by intraperitoneal injection of 1% pentobarbital sodium at an amount
of 40mg/kg, then placed at supine position, head fixed, and cut skin
along cervical middle line. Trachea cannula, was inerted into the rats
20 and they were allowed to spontaneous respire. Right common
jugular vein and common carotid artery were isolated and a suture
was introduced for later use. Animals were fixed on a rat stereotaxic
apparatus, a cranial window with a size of 6x8mm was opened at the
right temple with a dental drill, after hemostasis, cerebral dura mater
25  was cut open with scissors to expose cerebral pia mater. The window
was covered and sealed with glass and dental cement, and the laser
probe of a laser-doppler microcirculatory blood flow meter was
fixed on the cranial window. Then the animals were fixed at lateral
position, the right common carotid artery was lifted, ligated at the
30  proximal part and carefully cut with scissors, a nylon suture having a
diameter of about 0.3mm was introduced into the artery. The
distance between the artery cut and the paropia of the rats was



10 becane darker. 30 mnutes |later, the plastic pipe was pulled out to

all ow coronary artery blood flow ng again and cause hyperem a of | ocal

ti ssue during reperfusion. For the groups subjected to ischema. for 30mn
and reperfusion for 30mn, the nyocardial infarction areas were recorded
before the test, after ischema for Imyy and 30mn, 15 and after
reperfusion for 30mn; for the groups bjected to ischemia for 30mn and

reper f usi omAiecd?bef@@y tcagutiresyvas SAMIARR St W Hedkgfe neden fsixerk waisng 10%
formalin, enbedded with paraffin, seriall sliced into sections with a

t hi ckness SAr@RuUcEdd Kepappreagh dilis esrasiedo pomiiomi sthehepieedr yfarest s;

the rats o op Lon syhj.ect n to, th

i ntroducti E)%&Qﬁu?ﬁ?%} éﬁgutﬁﬁggi rsﬁmaﬁsﬁg\grt‘g&h& %g‘lde) !tl%? |“i%855%‘.
Effects onnmigpoceirduddtoirpf abldodr eflveausdsibisedansy acheus thger-dofpRit er the
rats were subjected to |sctbema ang1 reperfusion for 25 30m nutes, their

anterior dBYcEReiRYlaOrBnarbleodrer Haw gatragtergai shoukhenbeheyohsawed

sacrificedg; ' S | M, f..1% eyans bl ue
vas. 1 nj oot SARDRERIY-WEE 1h€ B GR. BrTRH A mls Seriref et ol o
regi ons andbtiyet ndecricasbewifc thegimansrocifbulatothebhead t fRswi uppald beght
ventricle V\ﬁre cu({-dgff, &pge heart Waspg.o refrlger,ate}gqat_ - 20C for 30mn,
then pl aceBDPFEG aAMFisT-thedebsenivadionyoday decksaseciin the BHgTORECUGH@TEXI s t o
o m 2 bl ARS (AL e VEEeRlTEF el bl CORIRSANRE e, Purf e
][egi olriaﬁ ﬁndlstafbendtzo'dfﬁr:]theegimﬁﬁd thigesutiuire 18l tlh@eza‘tl eey evérexigared bed0rfély. ]

or mal dehyde for t o enhan ai ning cqlor, for contrast photography.
After the_yggaﬁ%é%%%_tmtcytr%ﬁ? ngtéf&&_r@]egﬁn i@gﬁge\/\g‘s‘tdﬂ/f\‘éﬁaﬁc ﬁ_@@@dnor mal
> myocardi §Hethf Yhe h9EAIeSGurY WRIKA (Be it sikNBMER! thidile
nyocardion in gray. A ctonputer | nage analysSis software was use 0

cal cul at e ¢érebpel eeteryyeand thee dataao bfamsheninfadr sthoneoeatatiyalvag egiton

| sche o ik & CTenenie gl JTRaneTAN Ao Caom St Wethaatc
non-i nkar cfreRY. MNP BeaAdahiaPRANIRY REAS PREBIR Pl tHNBraBEDT J 12200
type laser-doppler microcirculatory blood flow meter was fixed at
the cranial window, and the probe was maintained without
displacement and rotation during the whole test. The
microcirculatory blood flows before ligation and 5, 15, 30, 45 and
20 60min after ligation were recorded, and the data of the animals in the
drug-treatment groups were recorded at the same time points. The
mean microcirculatory blood flow observed within 1min at each
time point was designated as the microcirculatory blood flow of the
respective time point.

25 Table 1. Effects on cerebral microcirculatory blood flow in rats with
middle cerebral artery occlusion (#n=10)

Microcirculatory blood flow (mL)

Group Dose

Smin 15min 30min 45min 60min
Control / 65.3+5.7 67.4+£74 G7.8+6.8 65.1+£5.9 64.2+8.5
Model / 102423 11.443.4 13.244.1 14.0+3.4 14.946.5

Salvianic 1mL/kg 10.8+£3.6 20.1£6.9%% 3].249.5%% 33.0:0.8%* 29.446.0%*



of the infarct nyocardi al region based on the whole area of the

myocardi a(nec/lv) to indicate the degree of infarct, as well as the
percentage of the area of the risky nyocardia based on the area of the

| eft ventricle(aar/lv). 15 Table 2. Effects on nyocardial infarction areas
caused by cardiac nuscle I/R - ------ 2— meemeeae- Ani mal G oup Dose
Nunmber aar /1 v(.9% -necllv(% -necl.aar( %9..... fiodel 12 67.1011.40.50. 5215. 65
64.1013. 03 ¢pptrol Salvianic acid |m_/ kg 10 50.217.10* 41.415. 49*

49. 877 83* Test drug 5 ng/kg 9 64.0918. 10 48.4517.11 61.7214.65 Test drug

53, 6518 0a T Sep S pREndt, frdds 85 P2aPTR: ﬁ%g-?rf Lo W T et Bt S ont r o

group: *P <. 0..05 he .r.esul showed that, in arison with the
nodel contrgr pl %‘r”@uﬁmtgﬂ@ §I4&és7 of ! ‘%gﬁp 2rQe7é'73l%7 a%@oﬁ%g?aa?4i4ﬁ418ﬁe | ar ge
dose group_  respectively decreased by 22. 50/ 20. 4% and 22% ( P<0. 012

suggest i ng {CHAPTUEhSSELdE ofC. 3k W%&éﬁd Al 32 ntaett 8adsed*hy3s QiWOCardl a

|/ R can be Towered Effects~onthe protei-nexpressi-on-ofBax,~Bcl=2;"
caspase-3, MiPc@npaitoPRARhStaddBgdup:moNisst debeni stry ABC and SP
met hods were enployed for staining. Bax: anti-rabbit polyclonal antibody
(Santa 10 Crudiietedtncegules shodivedt thot, offtdr 208; mBdRe: ca:ebralr abtarly

200 caopade: sbladkedy aher iR e e el A | O
at a dilutg Omniap?g%eg'}{?ﬁ (ﬁ'énft%ﬂ an@@?ﬁ%tal%' @038l A1y and

( Nor mar ker s
5 kept at a relatlvely low level. Only after the artery was blocked for

30min did the cerebral microcirculatory blood flow increase slightly,
which indicated that cerebral ischemia models were successfully
established. Meanwhile the cerebral microcirculatory blood flow
increased slightly 30 minutes or 15 minutes after the administration
10 of bornyl f-(3,4-dihydroxylphenyl)- a-hydroxylpropionate ester at
I5mg/kg and 35mg/kg respectively. These results suggest the
ditation of arteriole, and the increase of microcirculatory blood flow
may have possible positive effects on ischemic cerebrovascular
diseases, but the corresponding action mechanism needs to be
15 investigated.

2. Protection effects of bornyl salvianate ester on cardiac
ischemia reperfusion (I/R) injury

52 SD rats having a body weight of 220+20g were randomly

divided into model control group, salviannic acid injection group (im

20 1mL/kg), and group of bornyl
f-(3,4-dihydroxylphenyl)-o-hydroxylpropionate ester at a small,
middle and large dose (ip 5, 15, 35mg/kg). The rats of the normal
group and the model control group were ip administered with
equal-volume of physiologic saline. The rats of all groups were

25 administered for consecutive 5 days. When the rats were
administered for the last time, they were simultaneously anesthetized

with 1.5% pentobarbital sodium (ip 45mg/kg), then a catheter was



15 1:200; PPARy: anti-caprine polyclonal antibody (Santa Cruz Bio, 1Inc.),
at a dilution of 1:500. The specific procedures were perforned in
accordance with the instructions of the ABC and SP kits, DAB was used for
col or devel opnent, and neutral resin was used for nmounting. PBS was used
instead of the first antibody as a neg t|ve 20 control. Cells with positive

expression of the test polypeptides we of brown-yellow color, with Mw-2

protei n beifgpe@Ians the rigﬁt’bﬁ%ﬁér‘aﬁ&@} @n@@frﬁ?&ﬁ@d'ﬂa@%@ﬁddﬁ%}’mane

and cytoplasm Bax mainly”in cytoplasmdand partially in nucleus,

caspase- 3 l@radihl @lgh’i-ﬁ:ﬁkdﬁaﬁum ledd plarsiokogigal rrecprdepr. aélhacbwah&arrmda
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val ues of the obtained nyocardial tissue slices. . Effects on the
prot ei M exfeRsdlorg ¢ftaBale2man- fromadhaseoat oﬁaahmveznizcrlandd ERARAINE=10)

0. 240, 03 oo TR Breeiy, BRI FPIaSeS TGN M Guced Phrallph thedtorp. >
0. 080.02* &iBAh4ISLI2 I AiEhErdd. @5, TIRAGHABEL oTeslecttnrdioptdsa
0.120.03 0.150.03 0.350.14 0.140. 05 160. 05 eSt drug /k 0. 090. 05
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participate_. in the regulation, of cell a,pop 0s| s. "Bornyl

I 3- (3, 4- di BjAPoLPraRaRy arterhpleedyilprapigongatn éasxdeucaaambb’p@mmea ofhe
expressi o pla) B, ang ﬁ?lgpf%‘?ef*r%gg c?ﬁeFBP RGPS Lhed 15RERERAN ©f

Bcl -2 proteln, sugges nyl
for 30min and reperfusion for 30min, the myocardial infarction areas

were recorded before the test, after ischemia for Imin and 30min,

15 and after reperfusion for 30min; for the groups subjected to ischemia
for 30min and reperfusion for 2h, cardiac tissue samples were taken
and fixed using 10% formalin, embedded with paraffin, serially
sliced into sections with a thickness of 4um, and separately
subjected to immunohistochemistry tests; the rats of the sham

20 operation group were subjected only to the introduction of suture but
their coronary arteries were not ligated.

Effects on myocardial infarct areas caused by cardiac muscle
I/R

After the rats were subjected to ischemia and reperfusion for

25 30minutes, their anterior descending coronaries were ligated again,
then they were sacrificed, their hearts were removed promptly, and
0.5mL of 1% evans blue was injected into heart chambers via aorta

to distinguish the ischemic regions and the non-ischemic regions.
After the heart atrium and right ventricle were cut-off, the heart was

30 refrigerated at -20°C for 30min, then placed in a tailor-made slice
groove, and cut along the long axis to form 2mm slices. The slices
were immersed in 1% TTC phosphoric acid buffer solution (pH7.4),



[i-(3, 4-di hydroxyl phenyl ) - a- hydr oxyl propi onate ester could initiate the
sel f-protective nechani smof cells against injury by inducing the 10
expression of Bel-2 and reducing the |levels of Bax and caspase-3, reverse
the cell apoptosis and necrosis processed stinulated by the nyocardi ac

| /R, thereby exhibit protection effectz on nyocardial cells. MWP-2 is
associated with cardiac nuscle I/R inj Py which is 15 achi eved by the

cl eavage ofnir ppaiidied, ammlf@ntyomlw%ddmu@qhbﬁ nlskgdré%oml bnd
apoptosis. MWP-2 specific inhibitor could inprove c function of
rats with n@oﬂztn@m aglomsa Thed theesliesst warsufixed wiidi ¢8eformealdobydgl

/3-(3,4-d d . d
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through t heegiopnoiegabased an ttheyarganod thef riskgnmyagasdighsegiem (aar,
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15

Table 2. Effects on myocardial infarction areas caused by cardiac

muscle I/R
Animal
Group Dose aar/Iv(%) nec/1v(%) nec/aar(%)
Number
Model _
/ 12 67.10+11.40  50.52+15.65 64.10+£13.03
control
Salvianic
) ImL/kg 10 50.21£7.10* 41.41+£549*% 49 .87+7.83*
acid
Test drug 5 mg/kg 9 64.09+£18. 10  48.45+17.11  61.72+14.65

Test drug I5 mg/kg 10 63.02+1598  48.23£15.34 62.63£13.82

Testdrug 35 mg/kg 11 51.97£13.04% 40.21£12.65% 50.01£9.03%

20 In comparison with the model control group: *P < 0. 05



acqui sition and processing systemvia RM 6000 nulti-channel 20 pol ygraph,
and recorded, analyzed and processed by PowerlLab/8Sp. The abdonen was
opended 1.5cm bel ow xi phoid bone to isolate duodenum a snall incision was
formed on the duodenum away from bl ood vessels by ophthal mc scissors, a
catheter was inserted and the incision was fixed by suture for

adm nistration. 25 After the end of o‘b’@?ati on and a further waiting period

of 30min, nor male dasaruandy ed thdedi pasbhidsoRiRtes e MBdepeiherqd were

stable. Test drugs were enal 'y 'adm nistered via the cathether, and the
i ndexes wegetoupnthoveluds ofaarde, neo/lvamnameci2onmmtla {arge dese poup

adm ni stration. .Thg change rati @s of .t i nde wer,e culated |

accor dancer%HSﬁ:tl‘ﬁjyf ﬁq%ﬁaﬁﬁdf g’rym.é%tg?5 g’nd%@#@"s udid fﬁ/ Ost(lz{tﬁfgt i QP):

anal ysis a p 0 ( r ofdpmh0i $t4a 4 -3 e i i Bi,ration)
Change rg?gg?%lﬁg Sﬁ:l-aﬁ f(heiog‘féz%e?gr 2&? gﬁobrfn@(%rgit]?gt }@%frgf lcE ed(;t gyon t he
heart raatemyfocarska ddRicaadbedosveriod.t est results indicated that the

4.5mg/ kg, 9mg/ kg and 18ny/ kg doses of bornyl sal vianate ester showed no
significant 5Hiféest snonheherbmant expressibnandsBeet,i Bxd-2 atcaspase-3,

significan I£fere be observed as conpared to the bl ank control
group; whi Wé‘ejﬁﬁgﬁﬁ)ﬁa@}irochl oride significantly reduced the heart rate
and significant di f;pgr,ence ca}g_ be observed as conpared to the nodel group
(P<0.05 or P<oStandardhppemunoiusiachemisteyt ABG wah S ¢ mathpdsr vesar e,

SyotoLie PEERABYER, TR0 et SREVEMEh AORRIDRS) SiSS03 (g oo
o0, SYSUBIOE Lo mabom Al o 1200kt b ottt o
di 19 fer ence%n%an}’nggng%é)@l@ip &gz)&f}ﬁm @@?@ﬂ a@tﬁrhnﬂ% @oﬁiﬂﬂ?ﬂongﬂfup wer e
chser e, | 10he CHSERBLILS BjBRBe. helhdPOantibiad P (NEREe o oup
Fromont, CA), at a dilution of 1:200; MMP-2: anti-murine
monoclonal antibody (NormarkersFromont, CA) at a dilution of
15 1:200; PPARy: anti-caprine polyclonal antibody (Santa Cruz Bio.
Inc.), at a dilution of 1:500. The specific procedures were performed
in accordance with the instructions of the ABC and SP kits, DAB
was used for color development, and neutral resin was used for
mounting, PBS was used instead of the first antibody as a negative
20 control. Cells with positive expression of the test polypeptides were
of brown-yellow color, with MMP-2 protein being present in
acytoplasm, Bcl-2 expressed in nuclear membrane and cytoplasm,
Bax mainly in cytoplasm and partially in nucleus, and caspase-3
mainly in nucleus and partially in cytoplasm. CMIAS image analysis
25 system was used for random selection of fields of slices and
automatic selection of sites for analysis, and statistic analysis was
performed by using mean optical density values or integral optical
density values of the obtained myocardial tissue slices.

Table 3. Effects on the protein expression of Bax, Bcl-2, caspase-3,
30 MMP-2, and PPARY (n=10)

Group Dose OD value




arterial pressure, systolicsystolic pressure and diastolic pressure of
anest heti zed rats exhibited a decrease tendency, and significant 20

di fferences (P<0.05 or P<0.01) fromthe blank control group were observed
at 15 and 60 min; in the 4.5mgy/kg group of bornyl salvianate ester, the

nmean arterial pressure, systolicsystoli¢ pressure and diastolic pressure
of anesthetized.rats . .exhibited. no sn gni“Ficant....change,.. and nn signi.f.i cant
di fference fromthe blank co 25 wer e o?’ser]}/@ﬁ? il rapam |
hydrochl oride coul d signifi cggh xI y Ege th éri PASE) % rpgjé\sfﬁ

systoli csystg%qd%hpr essure and di astol ic pressure of anest hetl zed rats and

significant rence (P< f ?%d,% gon o]

observed at &uudp, 30, 7 g%jt and q%lé&f Pes 5&1% ﬁii E}fﬁ%dﬁ:% 3
Ef fects on left |ntraventr|cul ar pressure of anesthetized rats 1In the
18mg/ kg growpof.;bornyl salvianate ester, the left - 31 intraventricul ar

pressure of anest etiged,r 8l08+61099id, 'l&ﬂﬁéti Y. fegreased 129(5 b§f0 3440,08%*
adm ni strati omid and si gni f| cant differences (P<0.05 or 0.01) fromthe

bl ank control group were observed at 15, 30, 60, 90 and 120 mn; in the

9ng/ kg gr oupediinfor myheskal U BRAt® ap1£r0.03 he Jsebli45 emu@aﬁnbm@@gl@ﬁ
pressure of anestheti zed rats exhi bited a decrease tendency, and

f t t.8lg
wer'e observed a0 i o ne B i e Qi oG b ke el il Rae Gster
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di fference frﬁm t he bl ank control_ grou observed; while verapam |

hydr ochl ori de/s¢gmFseaRt ihyhy @H’G@e‘f}l’n{‘ﬁgﬁo%ﬁpfr@t PaSdt T Pl ar pressure of
anest heti zed r and signifi i fferences (P<Q,01 t he nodel
control group ﬁ;fe %‘Bﬂ ééﬁgﬂa& tgﬁ e&BY@SAOEf@%%%I éna@fg;%ﬁxa‘ﬂé‘s dp/ dt
of anest hefyFod C‘Tl{azl yl t he
the dp/dt o ane gl zeg %nﬂ{%gfﬁcan llsbgéfgf e%@@ég ﬁge ﬁate%hgﬂz

adni ni st r gpadrcipatel smgnrtlﬁecame didgtienencds (d2iD. Oapoptds3. 01 Bdmyh t he

bl k ob 15,. 30, .60, 90 d 12 h
gng?kg%ont[} % 4%{18y%roxy‘fphe§§f Vedh)%roxylpropmnate ester cou Old reduce the

the expression of Bax and caspase-3 proteins and increase the
expression of Bcl-2  protein, suggesting that  bornyl
f-(3,4-dihydroxylphenyl)-a-hydroxylpropionate ester could initiate
the self-protective mechanism of cells against injury by inducing the

10 expression of Bcl-2 and reducing the levels of Bax and caspase-3,
reverse the cell apoptosis and necrosis processed stimulated by the
myocardiac I/R, thereby exhibit protection effects on myocardial
cells.

MMP-2 is associated with cardiac muscle I/R injury, which is

15 achieved by the cleavage of troponin I, which in turn would directly

lead to cell apoptosis. MMP-2 specific inhibitor could improve the

cardiac function of rats with myocardiac I/R, and the test results

indicated that bornyl f-(3,4-dihydroxylphenyl)-a-

hydroxylpropionate ester could cause the decrease of MMP-2

20 protein, which could be another mechanism for bomyl

f-(3,4-dihydroxylphenyl)- o-hydroxylpropionate ester to protect
myocardia from I/R injury.



20 group of bornyl salvianate ester, the dp/dt of anesthetized rats

exhi bited a. decrease tendency, and significant differences (P<0.05 or
P<0.01) fromthe blank control group were observed at 60 and 120min; in
the 4.5ng/ kg group of bornyl salvianate ester, the dp/dt of anesthetized
rats was not significantly affected after 25 adm nistration, and no
significant difference fromthe bl ank &8t r ol group was observed; while

verapam | hydrac i e C H - - i zed
rats, and si gni?f' @:gﬁtb Ek‘éi ffere cle%ﬂwz%g%geg%{%??%Iénhflﬁgg/ngg%ﬁ%égmIr}ég[r oup
wer e obser vedtricunlarBiaosik @ fanestBetiz&d rgtoups of bornyl sal vianate ester,

30 the -dp/dt of anesthetized rats exhibited a decrease tendency, and
significant di Racereas (@x3tBstiged P§. Gdirapesitohkal birgektioantofol20%r oup

wer e observed. at 6 120mn, in the 4.5nmglkg group of 32 bornyl
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si gni fi cantdagheaticandul hevasipsirted; Soanesnheatoted artgry, wasdselaedf acant

differences (P<0.0 fromthe del cqgntrol.. group were obseryved (Tables
o 10y Theatdiat Gatbets WaniubeveRd: dboma (eicAmes Gl ois
reduce | ef {h+yn v Y S (o I , i ests
t hat bor nyfn??a}%ﬁaﬁg%lfeﬂg}gf ?P@Eggﬁemtg%ygl%r?&%% ugf%gﬁﬁew% %E%%St%#\%g
cardi ac ef wiith eacyrefsueocaadsdliceon(T-RA0) i 0§y, RMd6006 rmaidteatimmrel
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i.e., the prgssuréAweres inputi to dthecdifterargidt ianphifidr (D el &)r afe. The

of bormyl RNIh QAR eRIB RERRLER e Aok avasTd BRemIPIIaralS 9160 wel o
rats were mRpdaging dhl deerdRifs IR_RMIPEhALNVRRHCEER: pressure (dp/dtmax
15 -dp/dt..); right femoral artery was isolated, the arterial blood
pressure was measured by using cannula; a recording electrode of
electrocardiograph  was  connected to record type Il
electrocardiogram. All data were input into PowerLab/8Sp data
acquisition and processing system via RM-6000 multi-channel
20 polygraph, and recorded, analyzed and processed by PowerLab/8Sp.

The abdomen was opended 1.5¢cm below xiphoid bone to
isolate duodenum, a small incision was formed on the duodenum
away from blood vessels by ophthalmic scissors, a catheter was
inserted and the incision was fixed by suture for administration.

25  After the end of operation and a further waiting period of 30min,
normal data were recorded once the indexes to be monitored were
stable.

Test drugs were duodenally administered via the cathether, and

the indexes were monitored 5, 15, 30, 60, 90 and 120min after the

30 administration. The change ratios of the indexes were calculated in

accordance with the following formula, and were used for statistic
analysis among groups.



(0. 5% Pol oxamer, 10mL/kg), nodel control group (0.5% Pol oxaner, | Or/kg),
verapam | group (verapam | tablet, 10ng/kg), and bornyl salvianate ester
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anesthetized rats significantly decreased after administration, and

15 significant differences (P<0.05 or P<0.01) as compared to the blank
control group were observed at the timepoints of 15, 60, 90 and 120

min; in the 9mg/kg group of bornyl salvianate ester, the mean
arterial pressure, systolicsystolic pressure and diastolic pressure of
anesthetized rats exhibited a decrease tendency, and significant

20 differences (P<0.05 or P<0.01) from the blank control group were
observed at 15 and 60 min; in the 4.5mg/kg group of bornyl
salvianate ester, the mean arterial pressure, systolicsystolic pressure
and diastolic pressure of anesthetized rats exhibited no significant
change, and no significant difference from the blank control group

25 were observed; while verapamil hydrochloride could significantly
reduce the mecan arterial pressure, systolicsystolic pressure and
diastolic pressure of anesthetized rats, and significant differences
(P<0.01) from the model control group were observed at 5, 15, 30,
60, 90 and 120 min (Tables 5, 6 and 7).

30 3.3 Effects on left intraventricular pressure of anesthetized rats

In the 18mg/kg group of bornyl salvianate ester, the left
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dlfferences (P<0.01) from the model control group were observed
(Table 8).
15 3.4 Effects on dp/dt and -dp/dt of anesthetized rats

In the 18mg/kg group of borny! salvianate ester, the the dp/dt of
anesthetized rats significantly decreased after administration, and
significant differences (P<0.05 or P<0.01) from the blank control
group were observed at 15, 30, 60, 90 and 120 min; in the 9mg/kg

20 group of bornyl salvianate ester, the dp/dt of anesthetized rats
exhibited a decrease tendency, and significant differences (P<0.05 or
P<0.01) from the blank control group were observed at 60 and
120min; in the 4.5mg/kg group of bornyl salvianate ester, the dp/dt
of anesthetized rats was not significantly affected after

25 administration, and no significant difference from the blank control
group was observed; while verapamil hydrochloride significantly
reduced the dp/dt of anesthetized rats, and significant differences
(P<0.01) from the model control group were observed.

In the 9mg/kg and 18mg/kg groups of bornyl salvianate ester,

30 the -dp/dt of anesthetized rats exhibited a decrease tendency, and
significant differences (P<0.05 or P<0.01) from the blank control
group were observed at 60 and 120min; in the 4.5mg/kg group of
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The test results indicate that bornyl salvianate ester could
reduce left intraventricular pressure, dp/dt and -dp/dt, which
suggests that bornyl salvianate ester has effects of reducing the

10 negative cardiac efficiency of myocardial contractility, and the
effects on negative cardiac efficiency could be the reason of the
decrease of the mean arterial pressure, systolic pressure and diastolic
pressure of anesthetized rats.

In the meantime, the test results showed that the dp/dtmax

15 decreased, but the heart rate did not change significantly, i.e., the

dp/dtmax was not in direct correlation with the heart rate. The
mechanism for these phenomena needs further studying.

4. Protective effects of bornyl salvianate ester on acute
myocardial ischemia in rats

20 60 Male rats were randomly divided into sham operation group
(0.5% Poloxamer, 10mL/kg), model control group (0.5% Poloxamer,
10mL/kg), verapamil group (verapamil tablet, 10mg/kg), and borny!
salvianate ester groups (10mg/kg, 20mg/kg and 40mg/kg). At 0.5h
after the rats of these groups were administered intragastrically, the

25 standard II lead electrocardiogram (before modeling) was recorded,
and the height of ST-T segment was measured. The rats of sham
operation group were then subjected to coronary artery braid without
ligation , and the rats of other groups were subjected to coronary
artery ligation in accordance with the following method to establish

30 cute myocardial ischemia models. The rats were subjected to
etherization, fixed at supine position, and their normal
electrocardiograms (before modeling) were recorded. The skin of
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coronary artery origin and between the pulmonary conus and the left
auricle of heart, then the heart was sent back to thorax cavity
immediately and sutured the incision. Penicillin was smeared
topically for the prevention of infections. After operation, the
electrocardiogram of postischemia was recorded immediately (at 0
10 min after modeling), and the height of ST-T segment was measured.

At 24h after the animals of these groups underwent the operation,
they were anesthetized by peritoneal injection of 20% urethane
5mL/kg, and the electrocardiogram was recorded again (at 24h after
modeling), and the height of ST-T segment was measured; blood
15 samples were drawn from abdominal aorta, sera were separated, and
the activities of lactate dehydrogenase (LDH), creatine kinase (CK),
creatine kinase isoenzyme (CK-MB) and superoxide dismutase
(SOD) and the content of malondialdehyde (MDA) were measured;
the heart was taken out by open chest and washed with cold
20  physiological saline, the heart atrium was removed, the heart
ventricle was cross cut to form 3~4 slices, the slices were dipped in
0.25% NBT solution and stained under 37°C water-bath for 10min,
the infarct cardiac muscles were cut and weighed, and the weight
percentage of the infarct cardiac muscles based on the cardiac
25 muscles of the whole heart ventricle was calculated (Tables 11-14).
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The results showed that in all the bornyl-salvianate-ester dosed
groups, the proportion of the infarct cardiac muscles in the whole
ventricle was reduced, in which relative potent effects were observed
in the middle and large dose groups (P<0.05 or P<0.01); in all dose

30 groups, the activities of lactate dehydrogenase (LDH), creatine
kinase (CK), creatine kinase isoenzyme (CK-MB) decreased 24h
later; the superoxide dismutase (SOD) in rats with acute myocardial



alAT®Oi HOMM'dNC "1 bti bhd INMONNMVHC mMm™C r H
""1 Nr Nr HI-1 ,N -' HNG O-NOOON-~'"V f' ~~*~HG bO.* WMH
HAp NNNHNN'rrr 00r M InCN ~Or Mheh OJ, Nr_ b~ N2> NH H-
tipti{ NNVMIOis '~{ Nd r NCNWNC7 f~0SI(] CL Mb ~~Mmr-~
"1 n.b-1r Mrn Ob ~ I1NU Ol MmMMCGOL Q_ Gecz, MI\FWOOG
{1 GO6 .H1J N Mrbi ref r~I KNN¥M JMbCM V2VOIl~hCP! CH
"~ * N 'H idcH 4 h ] ! | u
|\/|~ .y "1}%1)6! Tldlil inbed r p‘Nééli\lall mv\)/l%é/'c}hr%é‘l’_&‘(%eoﬁéuf) O(PJOT) WM !

] mdcaelanﬁrlaigwdese gmmps a devneaﬂeNt@ideme of che ©Erumb h it
m M n CII

" 0o 1 by MiERR o ERt g bseryet], put fio_efRgt differcnespfto £ N w -

~ b I
P NO T Il’hch@?lz C:AI/n\ﬂ_‘d)l“ |grole Qds Q%@ﬂv'{ézd‘ af"ﬂl}'i Nﬁ&\?fw (ﬁtﬂ)légl\éx?/ @rtérﬁv E r

tt M N rligasion,ahe 51 vvsegm@bele\bat@mmwtknemlpcm)aabdnoguram7msl\| h N 4
0 eF MONOr ogs%lxyer& é@p@%}lya1%%§: lllngreord%%ggl%ﬁp r(f?<085)t.) Thi' festlts® M O
indicated that the bornyl salvianate ester could reduce the area of

myocardial infarction in rats, and exhibit protective effects on acute
myocardial ischemia in rats,
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G oup region region (nmg kg) nunber weight(g) weight (g) weight (g) (u -~0)
Sham / 10 0.660. 03 operation Model control / 10 0.680.05 0.450.03 0.230.04
33.774.31 bonyl 10 10 0.680.09 0.470.07 0.200.05 30.095.69 salvianate
ester bornyl 20 10 0.680.08 0.490.09 0.180.05* 25.736.35** salvianate
ester bornyl 40 10 0.630.07 0.450.06 0.180.04* 28.955.57* salvianate ester
Verapam | 10 10 0. 650.09 0.460.08 0. 18@ 04* 27.605.03** |n conparison with
the model contr ofalskconp: ETReds o afe’kap(??na#‘oirﬁ%ﬂlﬁl iﬁfarggb%cfnsré’c the
activities._ of serum.LDH and _QKM,ln rats ocar I schem a G oup
Dose Ani mal CK CK- MB LDipho:py . ngr@%l 7&U/N[c)n-(nhfﬂrbt) (hfakx  Sham operation /
10 653. 1164. 9¢romb5. 3122. 2** 1 2 Moded contgieh / %fc‘ifﬁ ¥ 5150. 0
1422.6182. 3 2351. 4220. 83gtxgy N4 T Pl g@,é% g% @%74 4(

1663. 7374.43** sal vianate ester bonyl 20 10 94. 5176 074. 1116 8* *
2022. 7202. 63*Shamal vi anat g ester 10 778.0177.1** 906.399. 9**

1712. 5209. 1* spera@byvi anat € est er IQ/er%éf’rpi 310 10 752.2102.8** 776.6127. 6**
1160. 8145. 0** In conparison with the nodel control group: *P<O0.O05,

**P<0. 01 40Modedbbetrd3. Ef/f ects of t B&3a006VIHELG0Df 026£000M SAR. 2. NDA. in
rats with nyocardial ischema Goup Dose (ng kg) Animal nunber SOD(U ni)

VDA | /L) ‘spram t / 10,15 4 6 |
M g nmol / GS%W e gﬁ@ériomn 00 158:6886.504847:8086828.L0.05 VPHEd0.SHY T O

bornyl

salvianate ester 20 10 0.68£0.08 0.49+0.09 0.18%0.05* 25.734£6.35%*
bornyl :

salvianate ester 40 10 0.63£0.07 0.45+0.06 0.1840.04* 28.9545,57*

Verapamil 10 10 0.65+0.09 0.46+0.08 0.18+0.04* 27.60+£5.03**

In comparison with the model control group: *P<0.05, **P<0.01

Table 12. Effects on the activities of serum LDH and CK in rats with

5 myocardial ischemia
" Dose  Apimal  CK CK-MB  LDH
Group )
(mg/kg) number (U/L) (U/L) (U/L)
Sham operation /10 653.1%164.9%*% 565.3£122.2%% 1091.7£259.7%%
Model control / 10 1058.5£150.0 1422.6+182.3 2351.4+220.83
bornyl *
salvianate ester 10 10 1214.2+160.2% 1267.0+274.4 1663.7+374.43%%
bornyl
salvianate ester 20 10 894.5£176.3% 1074.1£116.8%% 2022.7+202.63%*
bornyl
calvianate ester 40 10 778.0£177.1%% 006.3+£99.9%*  1712.5+209.1%*

Verapamil 10 16 752.2+£102.8%* 776.6+127.6%% 1160.8+145.0%*

In comparison with the model control group: *P<0.05, ¥¥P<(,0]



bornyl salvianate 10 10 117.6631.97 21.6927.94 ester bornyl salvianate 20
10 111. 3220.36 10.6011.156 ester bomyl salvianate 40 10 119. 6323. 53*
9.436.57 ester Verapam | 10 10 126.1628.10* 11.865.93 1In conparison with
t he nodel control group: *P<0.05, **P<0.01 Table 14. Effects on the ST-T
segnent of ECGin rats with 5 nyocardl@_rlschem'a -----------------
-------- - -- Dose Aninmal Elevation of T segnent (nV) G oup Nunber-----
------ Table 13, Effects (dmﬂ’@hcﬁ@iﬁé@ O‘f@e”uﬁ{ S@Dzéﬂi'd MITA m”@@ i ng
rmdel i ng nodeling 10 0.180.08 0. 150.25 O, Sham oper ati on ange
rate(% 140.08161.56 22.3421 %mh*myocardml 1schem1ao 0. 200. 09 o 1190.41

0.230.10 Model _control Change rat e(%Allﬁﬁa]G?lSS 10 92.6791.35  ----------
------------- Group. . .. hBpiRAmae)10 0,210,,06 0.4 FmL). 17M1b©(nn§&4nwanate

ester Change.rat.e(.%. 95 0078. 34.49.0036. 27 bor nyl .20.10.0..170..07.0..130..16

0.110. 10 salShaanenceatost er Change rate( %) 1®1. 61135088 16657739, 686+5.67* -

--------- - - bornyl 40 10 0,.210. 06 0.

sal vi anat e estoéire C@r%lg%e rate(% 103.87148.26 29 9814%89@@5 Vergngll%lqo 10

0. 230. 04 0. e@dyhalGark8o. 04 ge rate(9 172

conpari son Wt heftte nodel con%PoI group/?o‘P<0 g%&gﬁié% 4%1%%%3'5145

clainmed is: .
bornyl salvianate

o 20 10 1113242036 10.60+11.156
bornyl salvianate 40 10 119.6323.53* 0.4346.57
ester
Verapamil 10 10 126.16428.10% 11.8645.93

In comparison with the model control group: *P<0.05, **P<0.01

Table 14. Effects on the ST-T segment of ECG in rats with
5 | ~_myocardial ischemia

Dose Animal Elevation of ST-T segment (mV)

Group

(mg/kg) Number — Before Omin after 24h after
e ROdeling  modeling  modeling
Sham operation / 10 0.18+0.08 0.15+0.25 0.12+0.06
Change rate(%) 140.08+161.56 22.34+2].51%*
/ 10 0.2040.09 0.19+0.41 0.23+0.10
Model control Change rate(%) 155.67:158.10 926749135
bornyl 10 10 021006 024024  0.170.09
salvianate ester Change rate(%) 95.00+£78.34  49.00+£36.27
bornyl 20 10 0.17£0.07 0.13+0.16 0.11£0.10
salvianate ester Change rate(%) 91.61+£116.85 60.77£39.69
bornyl 40 10 0214006  036+0.17  0.18+0.07
salvianate ester Change rate(%) 103.87£148.26 29.01:418.99*
10 10 0.23+0.04 0.23+0.12 0.18+0.04

Ve il
T erapam _ Change rate(%) 34.36:35.86* 19.17£20.94*

In comparison with the model control group: *P<(,05, *¥P<(.01



1. A conpound of the formula (I): 0 R RS Ry RZ R3 5 () wherein R, R2
and R3 are each independently selected fromthe group consisting of H, OH,
F, d, Br, nethoxy and ethoxy; or alternatively, RI and R2 together form
-OCH2O-, and R3 is selected fromthe group consisting of H OH nethoxy,
et hoxy and hal ogens; 10 R4 is OH or acyloxy; R5 is selected from

cycl oal koxyl, am no and substituted anino and when R5 is am no, at | east
one of RI, Watasdimnedisiot H 2. The corrpound according to claimil1,
wherein R4 is OH 3. The compound according to claim1, wherein R4 is

aroyl oxy 15 or heterocyclic radical-substituted acyl oxy. 4. The conpound
according to claim3, wherein R4 |s 0- acet oxybenzoyl oxy,

3-pyridi nyl benﬂoﬁ@ﬁmmundquﬁhe mppukehoyl " oxy. 5. The conpound
according to any one of clainms 1-4, wherein %0 R5 is: CH HNC / Clh /e,
J~2. 42 oil 6. The conpound accord| ng to claijm1l, wherein R and R2
separately are OH 7. The ¢ i i
5 together form-0OCH2O-. 8. The
R3=H, R4=OH, CH H A Cli, R5=

S (D
wherein R, R, and R; are each independently selected from the
group consisting of H, OH, F, Cl, Br, methoxy and ethoxy; or
alternatively, R; and R, together form -OCH,0-, and Rj; is selected
from the group consisting of H, OH, methoxy, ethoxy and halogens;

10 R4 is OH or acyloxy:

R;s is selected from cycloalkoxyl, amino and substituted amino,
and when R; is amino, at least one of R, R, and R; is not H.

2. The compound according to claim 1, wherein Ry is OH.

3. The compound according to claim 1, wherein Ry is aroyloxy
15 or heterocyclic radical-substituted acyloxy.

4. The compound according to claim 3, wherein Ry
o-acetoxybenzoyloxy, 3-pyridinylbenzoyloxy or
4-pyridinylbenzoyloxy.

5. The compound according to any one of claims 1~4, wherein
20 Rsis:

140 o 2 J B
\/ 3 \/' \0, “ ./._/1\_-.\ ’-‘__/\\A\//. \_\ . ’/‘__, 2
i il
_,. - ’\ Q ’J‘\ “\ \—[
HJC./ “CHy “\-.%7.’ or



9. The conpound according to claim?7, wherein R3=H CR, ON/ \ OR4 or s
-. -0 RS= H,CCM10 10. The conpound according to claim?7, wherein R3=H, 1
JI C13, ~ \ CH3 S R4, R5= 11. The conpound according to claim7,
wherein R3=H, R4=OH, g O G Noil R5= or 12. A process for synthesizing a
conpound according to claiml1, 15 which conprises reacting a conmpound of
formula (111) with a conpound of for"r'fﬁlzé"'(l\/) or a hydrate thereof in the
presence of a cagtahyst™435 OR J'---Ol Ry R~ R3R5-H (lIl) (1V)
wherein Rl, R2i R3, R4 and R5 have the sane neanings as in the fornmula (1);
or 5 which et r"i‘g&es “Yeacting a conpound of the formula (V) with a
conpound o] fo rrulé (VI) or a hydrate thereof in the presence of a

cat al yst: AR-JIR5 OH R2

6. The compound according to claim 1, wherein R; and R,
separately are OH.

7. The compound according to claim 1, wherein R; and R,
5 together form -OCH,O-.

8. The compound according to claim 6, wherein R;=H, R,=0H,
CH;

HyC o,

A=

Rs

9. The compound according to claim 7, wherein Riy=H,

CHz

10

11. The compound according to claim 7, wherein Ry;=H, R4=OH,
NN

COEL

E'(\\\J///\\,/l\ﬁ/}l . - Ry
Rs=" or i ’

12. A process for synthesizing a compound according to claim 1,

oy

15 which comprises reacting a compound of formula (III) with a
compound of formula (IV) or a hydrate thereof in the presence of a
catalyst:



R3 R41-1-1 (V) (M) 10 wherein R,, R2, R3 and R5 have the sanme neaning
as inthe formula (1), and R4' is acyloxy. 13. The process according to
claim12, wherein the catalyst is concentrated H2SO4, silicotungstic acid,
phosphonol ybdi ¢ acid, p-toluene sulfonic acid, sz0,' /Zr02 , alum num
trichloride, zinc 15 chloride and/or nmagnesi umchloride. 14. The process
according to claim 12, wherein the reaction is perforned in a solvent. 15.
The process according to claim14; wherein the solvent is ethyl acetate,
di chl or onet haneg,. t et rahydr of ur an, gg@ﬁpne, t ol uene, 20 1, 4-di oxane and

N, N- di net hyl f or mam-gde, one in any conbination. 44 16. Use of a
conpound accordi ng iml {n the manufacture of a nedicanent for the
prevention or trea f cargli ovascul ar or cerebrovascul ar di seases. 17.
Use according ta;éiai 16, wherein the conpound is a 5 conpound of the
formula (11): HO CHZCHCOO OH HO (I1) 10

Rs Rs-H
(11I) (IV)

wherein Ry, R,, R;, Ry and Rs have the same meanings as in the
formula (I); or

5 which comprises reacting a compound of the formula (V) with a
compound of formula (VI) or a hydrate thereof in the presence of a

catalyst:
O
. [
O
R;
R Rqr__ H
(V) (VD)

10 wherein Ry, R;, R; and Rs have the same meaning as in the formula
(1), and R4 is acyloxy.

13. The process according to claim 12, wherein the catalyst is
concentrated H,SO,, silicotungstic acid, phosphomolybdic acid,
p-toluene sulfonic acid, $,02 /z:0,, aluminum trichloride, zinc

15 chloride and/or magnesium chloride.

14. The process according to claim 12, wherein the reaction is
performed in a solvent.

15. The process according to claim 14, wherein the solvent is

ethyl acetate, dichloromethane, tetrahydrofuran, acetone, toluene,

20 1,4-dioxane and N, N-dimethylformamide, alone or in any
combination,



5

10

16. Use of a compound according to claim 1 in the manufacture
of a medicament for the prevention or treatment of cardiovascular or
cerebrovascular diseases.

17. Use according to claim 16, wherein the compound is a
compound of the formula (II):

HO CH,CHCOO
OH

HO



