Substituted beta-phenyl - al pha -hydroxy propanoic acid, synthesis nethod
and use thereof 5 Technical Field Thepresentinventionrel atestoasubstituted
fl - phenyl - a- hydr oxyl - propi oni c acid derivative, a process for synthesizing
the same, and use thereof for the manufacture of a nedi canent for treatnent
and prevention of cardi ovascul ar and—106-cer ebrovascul ar di seases.
Background Art Dan-shen Root (Radix Salviae Mlitiorrhizae) is a

tradi tional Chinese nedicine for treatnent of cardiovascul ar and

cer ebr ovasculSubsfiteitbbetatpheiet]l-nalph hé'_f)é(h;p(jf@tﬂ}jmis: adid,present, 15
: fhised

a
it is generally presuned that salviani Lcal nane:
8- (3, 4- di hydr oxypheny1) ¥l @x%qtﬁp ?ﬁ ﬁgfé‘ﬁﬁ the main active

ingredient in the water-soluble conponents of Dan-shen Root. It is
denonstrated in Pharnmacol ogical tests that fl-phenyl-a-hydroxyl propionic
acid iss the phar gically active 20 portion in propanoid acid, but its
potenéy i e?Pg'Pc g?ﬁ? | e. Thus, the substituted

der Pvat fves midt poseasatt noirbiamidl orBtes Lo Bhe, A rar SRR T o
conpound, ﬁ%@%%@ﬁﬁk};@%@ﬂmﬁ@ | geidveibrivaticecutd cpebtesy ifort he

t r eat ment revent |1 on cardi ovascul ar _and cerebroyvascul ar_ di seases.
For exanpéynthesmznlg ithe csane, cand pse sthegeohriorgthe anansdacByicanibarri er,

Ther of or cisheganalta faF: ehedieBl bl RtETehHol R, GrEAGHAF bt g ne

chemijeal ééfé!ﬁ@%gcﬁiarhﬁrseﬁs)és. 30 Disclosure of the Invention -2-

13- phenyl - a- hydr oxy- propionic acid derivative and a process for

synt hesi zj as well as use of the substituted
13-pheny|1-3§-gr‘f?g§g§9f%¥topi onic acid derivative in the manufacture of a

medi canment fo t a ] Oh 1+ i utar, B
cerebrovascul Qa[}[i‘:gbgﬂsgg)rbt Eﬁawf%@éﬁe%w{ ﬁgﬁg@egsgr‘ﬁ %{l:%\l/lglr?tnlaén a
substi tgt@?liﬁﬁs@Pe@Mbcl{ﬁ;ﬂ(;F?r ofor pr n-@amdema(ilo% decalv(‘o&it)i\'/\asculﬂl'e%il dndal | %Ba
conpound of the for a, (1), is proyvided: . rein, : :

are each ce:zf@g@méﬁafqr @@ﬁa&@%&rlﬁmﬁffmﬂée@hem%mgﬁﬁghig Atniesent, F, q,

- Br, hoxy :an : naf,Lye ‘R1:an f -~ OCH20- ,
re' 1 I ol iS5 Gepidaly, Gfesflhean ey piivighie "Aef¥, (OHemeAL | gade: 70
hal ogens; Y34 4dibsydpoxgphemylpa-hydroxiyb-propienict adid) om tihe gmmam

consi sting of cycloal kox am no anij substituted am V—“ﬁ]tgglﬁt e proviso

|
t hat yvhena‘i‘v@‘/ﬂslngﬁﬁ3 : ttlﬁet_;hf‘awat%§9 _%@anH%IS 0_ - | n one
embodi menfy of e PAGRRRstALAN | o RIPh cotbitAnot ztiéﬁtse”b grent of

the present invention, I'saroyl oxy or.heterocy radi cal - substi tut ed
acyl oxy. Prphenybbyhy@doxylpropienic dred zisy the yphamycoltigigalynactivexy or
4- pyrj di nyl benzayl oxy. In. fudthe{.enbo i ment of tdqe.lpreiseli.t i nyegntion, R5
ig 20 f;ortlon in prépanoid acid, but its potency 1s not desirable. Thus, the
substituted S-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 is 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



-3 -- In a still further enbodinent, R1 and R2 respectively are OH
In a still further enbodinent, RL and R2 together form5 -OCH20-. In a
preferred enbodi nent, when Rl and R2 respectively are OH then R3=H, R4=0H,
and R5=, i.e., the compound is bornyl

- (3, 4-di hydr oxyl phenyl) - a- hydr oxyl propi onate ester as shown in fornula
(rry. [1) In another preferred enmbodi nent, when Rl and R2 toget her
I n anot he[é phgedradty mwgmommvmdl alerivativec asd fmrpmﬁegbm ng a

conmpound of . f.or mul,a .S provid which 5 ¢ | ses ng a
conpound %fmﬁnﬁ’ h&e %ailslew @7 aW™ @iﬂp@ﬁnduﬁ‘? f%fmg (S%Stﬁp%%d hydr at e
t hereof i LeseyEro 0?% BMhes and R5
have t he s?m’lr‘gaﬁl ngs a)g}(}ﬁ‘ e%i%%g{/%q‘egr t he ?g?rlrllljéll %ldfﬁlfaeﬁlr%f

al t er nat i ¥emgdicamendr tore pseventionsasd treatpiony afcnmﬁwwasmlarmd ornul a
(V) W|th a c ou nd ]%&d}he formula (VI) or a hydrate thereof in the present

of a at a‘l:?r Vagcu ¢85t he fornul a (1), and R is acyloxy. The

sai d catal yst, can be sel ected concentrated H2SO4, sili u ic acid,
phosphonol ybdlt 1€, 3spest ueﬂé 40€t oRFESSHi qINeIHigon 4 05U setmﬁﬁ:%

trichlori H—‘i}h@ﬂﬁcaqlﬂﬂf&fd)%‘? HoPiShic acid derivative, specifically a

compound of the formula (I), is provided:
)

10 @

Wherein, R;, R;, 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 R, is OH or acyloxy;

R is selected from the group consisting of cycloalkoxyl, amino
and substituted amino, with the proviso that when Rs 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, R4 is aroyloxy
or heterocyclic radical-substituted acyloxy. Preferably, R4 is
o-acetoxybenzoyloxy, 3—pyridinylbenzoyloxy or
4-pyridinylbenzoyloxy.

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



5 magnesi um chloride. Preferably, the said catalyst is p-toluene sulfonic
acid, s2028 izro2, alumnumtrichloride and/or zinc chloride. It is
particul arly advantageous to use p-toluene sulfonic acid and/or /zro2.
The reaction nolar ratio of the conpound of the formula (I1l) to 10 the
conpound of the fornula (1V) can be 1,0.8-1:1.5, preferably 1:1-1:1.5, nore
preferably 1:1.25-1:1.5, nost prefgrably 1:1.5. The reaction nolar ratio
of the compound of the forrmula (V)|to the conpound of the formula (VI) can
be 1:0.8-1:1.5, preferably 1:1-1:1.% nnre preferably 1:1c25-1:1.5, nost
preferably 1:1.5uc-15 3tc;{onally, : tion is conducted|in a solvent. The
sol vent nmay -Ie&. :
di chl or onet hane, ydrofuran, acet one, tol ug 1, 4- di oxane and
N, N—dlnethylfornanlde Pref erabky, tte sol vent i el ected fromthbe group
consi sting of tet+tah rof ran, acetone, toluene, 1,4-dioxane, 20 and
N, N-dlnethylfor%éiirﬁ?L e preferably, the solvent is selected from

W ans@andracetone. Mst preferably tetrahydrofuran is used as the
sol vent . Ivents can be used either alone or in any conbination. The
reaction 2t ure can be varied depending on the 25 sol vent being used.
Advant ageously, it is controlled within the range of 0C 150C. Preferably,

EQﬁpéfifhiE“iir?”pﬁfﬁtfﬂﬁ%én ABGTf @K@%&*&fﬁ%ﬁ@@?ﬁ er abl y
h- 15h, f 8h-12h f bl 30l f

erbodi rent .t Her & 01; GaH1ies STBpogisTor RayAMbsRei 1GERIEINIBIRY of t he
fornuga (QR g{%XLCh conprises: -6 - reacting

f1-(3,74-di yl phenyl) - a- hydr oxyl propi onic acid with borneol in the
presence of a h C a such as
t ol uene sul f oﬁ?iﬁ iié‘éﬁéﬂgglgq%%éﬁgl %%Ergl’tcb%\ani& Qég)éﬁij%&%{%
chloride, preferably s2cl- / zro, . In thec &, process, t hermol arr at i oof
fl-(3,4- d|hydroxylpheny1) a- hydroxylpg onifscaci d to borneol can be
1:1-1:1. referably 1 25-1:1.5, nore p ly, 1:1. 5 The reactlon IS
conduct eoOI-E, thew |ReetH, RM‘fF(BH,CandbRﬁel ect ed T¥om t.kg theoopmpoundti ng of

or ef or 3o 5 ety GrbFAAiny S RN L bGP RF IO RiGH AR Ser ot

dependi n ]ﬂ@wﬁpﬁlﬁﬁhﬂ ggglng used, and is generally controled within the
range of 65C- 150C, preferably at 65C. The reaction duration can be 8h-12h,
preferably 8h. Wen s20;- zro, is used as the.ca alyst the s21: X zro, can
15 be optionally prepared by the follomnng proce‘ addi ng aqueous ammoni a
to ZrOCl2 sol ution at (}OC to reaeﬁ{ 1gi ng, washing the
pellets to be free of "~he RG1 N n oven to.-@ 5s, grinding, then
PS208 gppr  di ppi ng, | trating, drying,

adding into a solution of (
grinding, and then baking =z
In alOurther aspect of H®e présent invention, there provided is use of the
conpound of the present invention in the nuf acture of a nedi canent for
the prevention and treatnent of cardi ovddbll ar and cerebrovascul ar

di seases, especially use of bony!

f1-(3, 4- di hydhx@dﬂ@%/kmryp)‘gﬁemgdlrOmqultmebhamdlmtﬁu andeRootggeth@rof the
formula (I1)) in the manufacture of a nedic t for prevention and
treatment of cardi ovascul ar and cere?rovasculaﬂ di seabes. Brigef Description
of the Drawi ngs e S N

form -OCH,0-, then R3=H, Rs= ° or g_o , and

- A

(o]

Rs=we” ~en . or alternatively, R;=H, R4=§—° ° , and



30 Fig.1 shows a schene for the synthesis of the conpound of the formula
(') in Exanple 1, i.e., bony! /3-(3,4-di hydroxyl phenyl) -

a- hydr oxyl propi onate ester. -7- Fig.2 shows the nass spectrum of the final
product obtained in Exanple 1. Fig.3 shows the infrared spectrum of the
final product obtained in Exanple 1._3 Fig.4 shows the 1HNMR spectrum of
the final product oQ%alned in Exanple 1. Fig.5 shows the 13CNVR spectrum of
the final produei -cta&@ed in Exanple 1. The present invention is further
illustrated gﬂoon Lerction with 10 the fol | owi ng exanpl es on syntheS|s and
t he phar macodynafi st s. However, it shoul d_be unders ese
exanpl es Bge nerely intendédt dortharysl 'EQI’KEUV@}Y, \@4 t he

present invention. Exanpl e 1: Synt Iljpf born I
fi-(3,4-di hydroxyl pheryl) - a- hydroxyl-rop onate ester 15(1) Synt hesi s of
acetyl glycine | nt'a @5250nL : d flask, 0.33nol glycine and

100mL destilf at er wetr e addeI gorously agitated until dissolution,
and 0.67@3__~ i ¢ anhydride gﬁ v added dropwi se under stirring. The
m xture 3 V|gorously agltap d continuously for 50 20 mn, then sucking

filtered. Thopellche wel s s hed Bnd et HoRHiGNTd o' fof'vota

wth a vyield

2-met hyl - Iﬂh Cﬁt Gandi @ﬂ’“ﬁie f@iﬁi@ aOf(d) is prov1ded wh1

| nt 0a250 ree ne ked 0. 20nol 3, d|hy roxy benzal ehy , 0. 24nol
acet ybgl ymmmrmes oramﬁmgaraqymmmmmdl oh 4bet dosnwdlae @bdedyvitbheh 189nL
acetic anhydride dde nm xe The
reaction %3@./1@ (i/;/a 34@"?}]05 %%@W%ﬂ%ﬁ%@ ﬁ‘n@i‘? %EF %'H?%é),f?hen t he
t enper at Ui elevated to 100C and the reaction was continued 30 for 1 h

under stirrirmg. The reaction mxture was cooled to room - 8- tenperature
and then placed in a refrigeratgr for further cooling. 100nL water was
added to the ﬁeactlon nlxture ulder stirring to precipitate a yell ow
crystal at the bqttoh A A1C |ﬁ§1flltrat|on washi ng and drying, a
yeIIOM/crystaI wad .|ned iin ayield of 5 75.0% (3) Synthesis of

) a- aget am doacrylic acid Into a flask, 0.15nvl
A oxybenzylldene) oxazol one, 166nL acetone and 166ni

Ii

R Rs-H
(I11) (IV)
10 Wherein R;, R;, R, R4 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)

Ry Rs
OH
15 R; R4'-H

V) (VD

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



10 then slowWy heated to boiling, and refluxed by heating for 3h. The
m xture was decol orized using active carbon. After filtration, the filtrate
was placed for crystallization, then sucking-filtered, washed and dried
resulting in an ecru crystalline powder in a yield of 72.9% was obt ai ned.
15(4) Synthesi s of fl- (3, 4-di hydroxyl phenyl ) pyruvic acid Into 0.25n01

- (3, 4-di acet oxyphenyl) - a- acet am doacrylic acid, 1500niL of 1nol-L-1
hydrochl oraboweiforthe farnada (T)l,eﬂ:ndﬂh'msm:yl@(yvas heated for reflux under
stirring for 8h. After decolorization using active carbon and sucki ng

filtration, tThe ishid atstalest a@ncbecseldcaeddfﬂcﬂnpcencantmt@daIsI H8(0y, ystal .
The mxturi was sucgking-filtered,, was and dried, resulting i a white

| oose crySiHQONAZSNG; cAGider PIEOSPRO yB@ie haiid, ofp-toluene  Sulfonic

8- (3, 4-di 2ph 1) a p aci 51 7
fl-(3, 4- dﬁ%% Vi ;/)%?n’y %nyfﬁl\i}?%ﬁac?ﬁ,@hﬁhgem r@ngmé%@%ﬁé%d@}iéi&m of 1.4

nol. 13- 1 Mmhumlchm(ﬂesoPmﬁemblwehed@aw @athl ¢ ivapttotnenes

per f or med er he g.an X|n for Sm Itratl%g lﬁ%

Pr1t rat e iLofls SR e a0l ie5cEs iiriBui tetPlofgednd/or FiftkisHior

anh drou

rem%val of 'It\%?ﬁac (f‘]g[ %B; @g@tﬂg%@ﬁ &Pol}(%/ te(?]l;‘/‘f)“e Sulrfog}%)%: %rac%ygm c acid

was obt ai i/dr@, yield of 40.3% -9--
Synt hesi sof bony! f | - (3, 4-di hydr oxyl phenyl ) -a hydr oxyl propi onate ester

[t oaf | ask, 0. Thlditich tnotabydtoxsT Meesipoantof gy formptatli) esi ¢ and

0. 18nol borneol wer e add ol uene sul fonic acid or 2.00g

3; ssgcli)g egﬂ&ﬁe csmpguzdoafvﬂk idmlas(léé) zﬂ%lstbe 4. Sselohi5 « meﬁ@r?ggr uran
of the reLth hgr]r 5 ﬁ‘g)r%agr\%?‘ég ﬁe@&”@ek iﬁ‘(?%hﬁe{ﬁfbﬁt e&%or neol were
Lifﬁéeﬂofﬁnﬁb iR, SR SPndAE B IRE AothiarcuRegoper o
o opar { ng GG sPrRpRaAGOPHHE ﬁf@ﬁﬁﬁ%&‘@%ﬁ'w&zgﬁl’%%%?;%?I?%'P?st. ring

in an i ce-halt~el:1bas moredoirefgrabkyn yl .@5rdl: 115, 1mexsth gorecratakyrii:4. 51ropvm se
until pH reached 10, aging for 15 12h. suction filtrating;, washing the

filtgs cake w(} m;m@lﬂ | theel matﬁonum cbndacted aauh ddleedtet 'fhaﬂ sr@ldrehw ng
0. 1nol - L-1 Ag tes&?tﬁaélkf? e filter cake .at. 110C.for conmi nut i ng;
soaki ng .mao’ | SE ) an@s & &IOYR feHNSIsHNgS Rk .%M. |afcve;§aﬁeag

dryin c d at e to 20Mai
0 1770 . SR iaha e cRdh flrd firdnt dot ot fAIRERCT FUIbx e
spectr umMN-dﬁﬁbﬁBflfpﬂmmmendferalﬂgu thersplyeht Qsmselecied from theg. 2 is

t he mass ectrum of .t he qbt | ow sh oil |chso 351.7 is the
ol coul arSIOD eIy RT RS AT HETS ACRRNG S HﬁFl@cﬁi Ardigkans, of

2013 200( 48 B/ Obblidsy) MO coretifabfis’ (it olvdn b

benzene rseigcbed 1fﬁdn86(t€trﬁh rofierarst and Iii:ﬂloﬁ@(CMosf lpn'efembd)yldary
ZKS\rN(S)x%/Ih)et nd 80?5 68 1 2 4 tri subg ut e dSéRfen%QZCea%eb%l ﬂg%d Fig. 4

either alone or in any combmatlon.

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:



-10- 3H, Ar-H), 4.10-4.32(m 1H, -CH(OH)-), 4.83(t, 1H, -CH), 2.79-2.92(m
2H, -CH2-); Fig.5 shows thel 3SCNMR(CDC13, 500MHz)5: 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 proveg-that bonyl

11- (3, 4- di hydr oxyl phenylﬁl a- hydr oxyl propi onate ester was obtaj ned by

synt hesi seagting ~ f yairosyiphesyb)-erhydesxylprppionic acid with

per 1£ gr frei‘?‘ﬁ"re&ﬂg# ?ﬁ% li%&ﬂgpo‘)ég )ﬁé{egyggxm gaﬁa%@; S8y bghitf%wigea s was

fl-(3, gdct:jdlddcmba}yﬁarwh as&ﬁo[aremwdsul@mh coamglg Szcaéfvldr@ ,dahmﬁnum bomegl
were a e ree-neckKke ol uen S Onl acl as
cat a ystdmlélq@éﬁfﬁwéﬁerﬁ@apo@ ke PECTIably S ¥ ReOr alncthe,

12 i
P enes o idicsste wlher o moldey I ROEL | DRty SRk et g 20
viscous syltgidiasgyIpropiortia! sélcbytov@@rﬁebl loah - BRa)L :4sS ngreferably punp in

a boiling-wat o renove horneol, then 200nL et hyI ‘acet at e vias added.

The resulhln%5"5éllht5| dnomqomefgrﬂdwmltthéEh@a’ca@tmmogdmt@dmntm renove

Sul  oni ¢ S¥EhEr e BiCH S TR BE " Rlebred e e PRURE BofSlofifEi el unaer
reduced %ﬁ%ﬁw&oml t't@lherib ,a1 - oxhecor SVaVhdimets:d fodinamides further

separated by ¢ol umm chromat ography, obtaining a yellow $h ojl. The
resu|10antpr;£@°erah!wsh teirahydso éﬂbe rf@getl@petﬁmpﬁrme iogty Be aearigdct rum as

o0, u ik oat i sqlvgnr BRifls, padiin AP U8, Behbtalty SORbIed o

perlE gr Zegkv%tm%ﬁuﬂfti trhag aad)iﬁ @Wﬁﬂo%cof rEf@mtily at @g@pghgh%a&fdrgvl |'
i hydr oxyl p opionic acid an mol bor neo
wer e addéi:llltaél(tfhﬁaﬂﬂ? é%lné&ibcplﬁ%@é"iﬁ é?lén 1.33g s,(X- izro, as catal yst
and 400nL 1, oxane re added, gnd the reaction was performed at 100C
for 8h. After WheN S/ éZrQn asathe satalyst the a5.2: /?AZ%I €30, was

k fil . d 10
Gt St P ol bk, DB iy e, BRUSHHE prbEtstis BREEe cdaffodSeuum
(1.3 x10-gfigotd 18 ZFOCY) sgNITion AL DI 1 eakhra pHL b9 I EBiAghor neol

The resultant_ bl ack brown vi scous substance was sep ted usi.ng col um

chr omat ogwaghing she peliety to hel fresi oh (41, heamnghlman oven Jandryness, spect r um

(v of r%ﬁﬁgfr?g?ftt%éﬁhﬁ‘@ﬂh%t@@ é S Sof AT Br dipHiBer “mhe
synthes! Sileatiner oyt i, bl seer tfkdagdar SO0~ ABXAPIRSh, excent
droxy phenyl) a- hydroxyl propi oni ¢ acid and

t hat .Q. 06nol g&,ﬁ
0.09R81 H&SHEINE §2Qd e7dotzo the three-necked flask, then 0.60g al un num
trichloride as catal yst and 200nL N, N-di net hyl f or mam de as_sol vent were

added, and tHa a farthesraspest pdither preseat insontioo, there provided ieusenpl et i on
of the 25 action, the,s nt _was em)ve by.vaeuum distill ati and t he
Pesul ti nh FAE Smbaiiid, At present davegt 9&%%&%@@3@% Tding an
oi | punp AyRdgcHichi %‘r"‘ﬁfeepr@@éﬂubﬁ aff {f‘l‘féaﬁﬁéﬁ?@f cﬂi*lﬁo‘va’s‘ Ia#an@! ack
brown substance was separa using co hr omat ogr aphy, talnlng a
yel | owi srcarebromwﬂams tdiscases, masespeciaphct r umsend i of r ar drayéct r um as
that Hgf I%‘ftLjrf)él—d111iydroxylphenyl)-oc—hydroxyl];)mp1onavte 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
(I in Example 1, ie., bornyl f-(3,4-dihydroxylphenyl)-
a-hydroxylpropionate ester.



-12-- Exampl e 5: Synthesis of bornyl fl-(4-chlorophenyl)-

a- hydr oxyl propi onate ester (D)

2- met hyl - 4- (4- chl or obenzyl i dene) oxazol onewas synthesized in a way simlar
to Exanple 1(2), except that 5 4-chl orobenzal dehyde was used i nstead of

3, 4-di hydr oxyl benzal dehyde. A brown crystal was obtained in a yield of

87. 4% .(2) Synthesis of fl-(4-chlorgphenyl)-a-acetam doacrylic acid

0. 10nol Figs2hshoms Ath@hmﬂrsébépwtl’ludén@f obty dliale pro (gl@taéﬁ,@@oﬁb, 110mL
wat er angEZnhﬁ%nfTentrat ed hydrochloric acid were added to a flask, heated
slowy t %% , ard then kept on heating for reflux for 3h. After

decol ori i Qn .usi ng,acti ¥e carbon ,and fid tratdon, the filirate was pl aced
f or crystzlgﬂlg-ga$lﬂ%w,s %lﬁff%?‘inﬂ%em@ é’If: ﬁtl‘&?etﬂd}ﬁad@o o Bb{aépﬁgdl n a
yield of g1 ﬁ?@@yl.sucki ng filtration, 15 washing and drying. (3)

Synt hesi s o? -(4-chl orophenyl) pyruvic acid 4. 55¢g

aci o ol hieon ey TR SHicutchiy . the 0t Bloddy hidiaBEnge o' ©

heat ed foEXaﬁipllexl,f or 10h. After 20 decolorization using active carbon and
filtration, the filtrate was placed for crystalization, and an off-white

crystal | ipgy BoyRiswse BCRIVIE sgécm%ﬁtl@é fdaBroduetobiaigned inration,
washi ng and dryl ng. (4) Synthesis of

f1-(4-chl dEspmglel) - a- hydr oxyl propionic acid 25l nto 15.00g

18- (4-chl orophenyl) pyruvic acid, 98.00g Zn(Hg), 219nL of 2.5nmpl.1:1 ,
hydr ochl ori ¢ "Bhé resdnBinieitiors i furthervidhestratéddin leeatjariction wath uxed for

10h. Aft t filtrati f d when, th ti i Xt hot ,

the A { thectolavane cuphRlaoR S YrER SR thR OLEBM QTR (oA L or
| ol _ _ SHRR

boi i ng- vaeveVEE Jho YT el Bnderit RAL ARl (RERY pRMPIEI BrrelY 64, oo

-13- (5) Sntehded tofiblastrate) b byhhorwaydoylimit-theypresent pnventioat e est er

Into a three-necked flask, 0.12nol fl-(4-chlor opheny]é) - a- hydr oxyll pr opi oni ¢
acid and 0. 15ERhniskeqdt thexdded) ohdornyd. 848,4-di oryhpli¢oyi)e acid as
catal yst and goonﬁpt etra%%r ofurg(n)were adggcf&qand thgd?eactl onmwgs

per f or med2dty' ylproponataraster t he conpl etion of the reaction, the

reacti on solvent was renoved by vacuumdistillation, the obtained viscous
substlance was( k) 8ynthedy ofzanatyl glyeinelo- 3Pa) using an oil punp in a
boiling-water bath to 10 renove boneol, then 200nL ethyl acetate was added

to obtain a shitet adt60ifile theseincickeds blaski dh3dasohglyenerand E@miat ed

| yt,i d. . o qe .
{1 (4- chi PR LRte Witk RrIsEt apiovigoreusly agitased grudh issalitione aci d.
The obt ai g QIEARLS AUARE AR H 48| Qe wINSIQEE dBpwiSe! BRdet ng [ n

brown vi scous substance, I ch” was separated dsing colu chromat ography to

obt ai n a stetrimgy Fheimixture was1eigordustylagiatad Asgrdinuonsy foo(5H3),
2935,46(Cl112),.,1731. 08(C=0 1598. , 1492..10, 1453. 9Q( backb f, b

2P o000 Sansdhen; Sycking SRR, Thiss Dlfesso Wil Suamiad A58 "Arlidons o
846. 84 i t. ; : , CDC13) (5:

o 577 RACVIRE A WiREystl with a JIRPAEBEOME, XX o),
2.79-2.92(m &y - BRaindsis0°(&f 3H-midthiyli4-(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 lh under stirring. The reaction mixture was cooled to room



13CNVR(500MHz, CDC13)8: 13.5, 19.5, 19.5, 23.3, 30.2, 32.5, 25
f1-(3-nmethoxy-4-hydroxyl phenyl) -a-hydroxyl propi onate ester 30(1)

2- met hyl - 4- ( 3- net hoxy- 4- acet oxybenzyl i dene) oxazol one was synthesized in a
way simlar to Exanple 1(2), except that -14-

3- met hoxy- 4- hydr oxyl benzal dehyde was .gsed instead of

3, 4-di hydr oxyl benzal dehyde. A yellow crystal was obtain jn a yield of
73.5% ( Apniperaturetandkythenapaesd pie ay I§trigeratonniorofierther coelings was

> et iyl Qe SRR, A e 68T riaci uSRER, WikEr stitring losay of
2- met hyl -ﬁ'ei(:ﬁpgcaﬁé %Cgéﬂéy)@iﬁ}éfgﬂéld%ﬂfth@x@éﬁbﬁ@.eAﬂeﬁ%ﬁl@kﬁﬂgsﬁltﬁaﬁﬁh,al powder

was obt ai'n yield of 71.6%

f1 - (3- metwashing rantd d«wipggrmyqﬁo\)w cryistiadvwres 10b&ginede i 22 dyiekd 20hay

simlar t.ﬁ%ﬁ?rrpl e 1(4), except that

fl-(3"nmet 94- acet oxyphenyl) - a- acet am doacrylic acid was used instead of

fl-(3,4-diacetaoxyphenyl).- a- ace i doacrylic gcid., A yellow.sh | ogse crystal
powder was obég) ngﬁn%%s yiog]cQé-zgltg-@ﬁg@gtqw%enyl)—a—acekaml oacrylic

fl-(3- rret%qay%- hydr oxyl phenyl) - a- hydr oxyl propi oni ¢ acid 15 was synt hesi zed
in a way ilar to Exanple 5(4), except that

(1203 asai myobiRyEbr g ST amle AR A (58 daRoRgbedtvlienc)
obt ai ned gaEoborR), Al G6mi! -R¥tohe)akdé6R. distilled water were added,

11- ( 3- net hoxy- 4- hydr oxyl phenyl) - a- hydr oxyl propi pnat e este nt hesi zed
in al@ay thom B]aow{y) Isated| to nge reflaxed gyaltleatmg for 3h. “the

fl-(3-nmeth -4-h I -a=hyd i-Qni i : Lnst ead
of 11 (3, IR A SREe, ulul¥ Sae e ARG Gt The no O
was obt ai fifigateN wiasy 'Bﬁietd)ffoﬁ Q:r%%alli%&ti%&lh)envgmkmg&ﬂﬁéred; (veaghed

2953. 12( CH3), 2913.90(CH2), 17 5.51(C=0)l. 1608.@% .1521..5]21 £ 72,90

1450. 32( randt shied seswbimg i an geyu crystalinepewserine yiekt of 72940 39(c 0
of the se‘gr%ggg%éi% roxyl), 885.71, 805.68(1,2,4-trisubstituted benzene

ring), 12 .61(aryl al kyl ether); -15- | HNVR( 400VHz ,

4 25354, 286t (AhvnEaesimdt A3 i argRy ke DBvlic Bia 7 ) oy
-CH2-); | 3CNVR(50 , 6: 13.5,,19.5 19.5 23 3 30 2 5325,

41. 1, )45. 4, Iz\{ﬁ.(lf@, 8%%%!0@%%1%&%}’@3&! r@:aqe%angﬁoﬁfﬂ% ?n%@.?o,
142.9, 15 7 . - ' '
fI-(benzo?é,égFng)xigﬁ?g)-lyII)- - (g(flglg{ %(% oy/ prg'ggigggtalthe/éneggeern}lxﬁm

10( 1) 2- mewiagl héatddrfo] tefioti mrdBrSst&lmnghf%En&bl.- Afics| daeolarszatydr hesi zed

in away simlar t.o Exanple 1(2 except t .
benzo[ 1, 3‘}1§ﬁn&oﬁ€h§-eca‘?%%h Wégcﬁ iqﬁtstfaeté(epbf the filtrate was

3, 4- dinhyd : | I [ K ineld of
7% 5%0“‘;{5%@@#1?‘??%3@&“??%3* P, T daer o ¢ ad ke
filtered, washed and dried, resulting in a white loose crystal in a
yield of 48.1%.
(5) Synthesis of $-(3,4-dihydroxylphenyl)-a-hydroxylpropionic
acid

25 Into 0.17mol p-(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 ethyl acetate, S-(3,4-dihydroxylphenyl)-
a-hydroxylpropionic acid was obtained in a yield of 40.3%.



synthesized in a way simlar to Exanple 1(3), except that

2- et hyl - 4- (benzo[ 1, 3] di oxol-5-yl net hyl ene) - oxazol one was used i nstead of
2-met hyl - 4- (3, 4- di acet oxybenzyl i dene) oxazol one. An ecru | oose crystal
powder was obtained in a yield of 78.7% 20(3)

f1-(benzo[ 1, 3] di oxol-5-yl)pynivic acig-was synthesized in a way simlar to
Exanpl e 1(4), except that fl-(benzo[1, 3]dioxol-5-y1)-a-acetam doacrylic

aci d was used(6hst eSynthesis- ( bevf of 1bmrﬂybx01{t(3,ﬂ)—dda}§dmmp&imd)/l ic
acid. A eI ?ﬁ&p&/&ﬂ(’)ose cr stal was obtained in a yield of 65.4% 25(4)

/ 3- (benzo‘[aI r(§)1§>{1)a QA oxyl propi oni ¢ acid was synt he5| zed in a
I t nmple 5 1- d
Bl d s usedliietend of Tk, 4 DiARGky| pHenrsUhyirexyEBhensDYel | o oh
oil or cr 78. h I
fl-(benzo %?@Q@BW@%@? ab@y% ;ﬂgrggﬁ)?longoeﬁlgg}évr@e\l;\%sadsdé%’hem ze)é in a
\[Niys]sgm |Zri’86t %ﬁu@hedﬁﬂﬁdﬁucﬁa@ﬂbbrtméﬂg/ af Sanmgle Sz(t);;’(grgz was
, i 0X0 yl) - a- r oxyl propj oni.c aci sed instea

1115 (3, 4-aided 3%y Catd }m) 2k, 00 o olen, Wes 4999w The of | vas
obt ai ned. I

-a- (Inl cot |er'ﬁ183t/ll yfﬁl pFopr ona g ﬁ?gmlﬂﬁgpﬁ%%eﬁﬁéwg%ﬁéh %f tlﬁment hyl
fl- (benZQfehc$ﬂ(ﬂ1 ,oted catali)st; ahbysblvenitpandi heaumreactsd \kanneoi;swleved 10 in

15nL acet one, en a apount. of the.catalys DIVA| s added. . A sol ution
of 0. 15nﬂremp¥§ 1 %Ilté@WUeHlﬁcrﬁ)%ﬁub§m W;émﬁd‘d'@é Hbﬁfse in an

oo é*&peﬂéﬁ&@ @ﬁ%ﬁﬁ?ﬁf@@%ﬁ%ﬁf QG2 yZopish O L
st ati on, 18 o051 2R s Pebsf Eb?"%iﬂjﬁé%%s@?ﬁaﬁﬁ@igoﬁi

subst ancetheW@ll@ngﬁgﬁbpsal pirepu“rmgsmmlae@mdﬂﬂm@l@ rZIré)C oS

solution to renmove unreacted nicotinic acid and th at alé The organic
phase was0OZeal ZrQQln{EO shtune: B @Btlé‘rien“’@@‘r vaddng slowlyibst ance,

eyl 19 Lz ofduspus oy, AROBUCHRN WEf ReHsA 0 aEma or P,

T Bl vt 1 ooy e el
|
L4es o5 Gmbib 0 o leterminPA I CHeIg 1) mabba ASKES Eshes or ).

ééi%égan%ﬁ%ﬁégrf‘ e LT %mﬁmﬁ@%%%%ﬁ@ /)

) (5: 7. 560361 SPQ) dobirtiod) fo. $2R; Guxadsm fidiratiAp: Hlryigd6(s, 2H,
2. 504-2. @épﬁ%ﬁ?m&&ﬁ?f i 1528 i B BRI 3 1 21 o,
21. ogozz Sotn §,084033- 9. 37.8, 39.6, 47.1, 72.6, 75.6, 101.2, 112.7,
115. 7, 2

L

(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  amolecular weight of 333.69;

Fig.3 shows the IR(KBr) v/em™: 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 Dbenzene ring);

Fig.4 shows the HNMR(CD;COCDs, 500MHz)s: 6.57-7.64(m,



121.0, 122.1, 126.0, 132.7, 136.4, 146.0, 148.7, 150.4, 151.4, 165.9,

170.8. 5Exanple 8: Synthesis of nenthyl fl-(benzo[1, 3]clioxol-5-yl)-

a- (i soni coti noyl oxy) propi onate ester The synthesis was performed in a
way simlar to Exanple 7, except that isonicotinic acid was used instead of
nicotinic acid. A final product of ye|jow sh oil was obtained, in a yield
of 47.83% 10 which was nenthyl fl-(benzo[1, 3]di oxol-5-yl)-

a- (i soni GH| nAt-8XY) 4ilopil BR{ne, edthr . -CH(OR)Y B).83(tsniliH, 2966197 ( CH3)
2943. 14( 592 ]95&88%&_% 2?)92 37, 1517.09, 1467.10(backbone of benzene
ring), y) 4 Ho a23(backbone of pyr| d| ne ring), 1267.67(C=0 of
ester), 15 1237.58, 1027.6%¢aryl al et her& iC 0 of secondary
hydroxyl ). 88Big3 shawsdhes Md‘)@ubao NeHa): 174.790, 143867,

1HNVR( 40 6 69 3H,
Ao DO e PS4G LTIA S of I A4 oot 98 BB

- OCH( S' Cy48,8602042 @@F 2149798m 39 *87 1,C8%. 5061wm@509ma57 CO3CSB3) 5:
20. 7, 339,378, 39.6, 47.1," 72.6, 75.86,

101. 2, 11128 77411153 501122 9 122 9 '126.0 132.7, 136.4. 146.0, 148.7
150. 3, 150.3, 165.9, 170.8. o
The above characterization data proved that bornyl

B-(3,4-dihydroxylphenyl)-a-hydroxylpropionate ester was obtained
by synthesis.

10

Example 2: Synthesis (II) of bornyl f-(3,4-dihydroxylphenyl)-
a-hydroxylpropionate ester

The synthesis was performed through the same procedure of
Example 1, except that 0.12mol f-(3,4-dihydroxylphenyl)-
15 a-hydroxylpropionic acid and 0.15mol bormeol 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 yeliowish oil. The resultant
yellowish oil has the same mass spectrum and infrared spectrum as

that in Example 1.

30



25Exanpl e 9: Synthesis of bornyl 18-(benzo[1, 3]-di oxol-5-y1)-

a- ( 2- acet oxybenzoyl oxy) propi onat e ester The steps (1) to (4) of the
synthesis were identical to the steps (1) to (4) in exanple 7. (5)
Bornyl fl-(benzo[1, 3]-dioxol-5-yl)-a-hydroxyl propionate 30 ester was
synthesized in a way sinmlar to Exanp{g_5(5), except that -18- borneol was
used instead of nenthol, and a yellow sh oil was obtai ned. (6) Bornyl

fl-(benzo[1, 3Exanqﬂ@13SfMMﬁhwshQ(ﬁﬁéud&bobnyk¢%{3x®&hhwdm0xykﬂnngd)er was
synt hesi zed r {) Exanpl e 7(6), 5 except that
2 acet oxy%hyﬁrexgﬁﬁ/@m&ga% &8 nst ead of nicotinic acid, and bornyl

- (benzo[ 1, ,t di oxol-5-yl)-a- hydr oxy pi onate ester was used in tead of
nent hyl fI - h@o{s:szn esds g¥ep-Be Q)rmeaf ﬁﬁa@ug | Bre Fasne Presedure 207 |

i 8?7}“?6'2%%%@ cﬁél) 4 %@@P&Q?Eh%? hhds oy iBygtgsdithelyin )

1453. 30( hpdigadriox igeacichand Iﬁﬂign&ﬁl( Geftnebl eweee )addeDGo2 & O of
secondary roxg 4 ]and 3% %Q% A %ééfébﬁﬁlg te (%b%dﬁggﬂ A1

84(orth
R L %{ g %@@(@84@%%99@8%@ A AOFE o
Synt hesi sfosf8hl A(ﬁ@mﬂw 1:931]119 tmnﬁm)rea@timgﬂwycatalyse S Hengio 1

- et hoxycar bonyl - ayl )pro de.25The s 1) to (4) of t Qq;ynt hesi s

wer e .dedwaaat]em@ve by sueking tilration, ARdeehpolvént Wep repov of et hyl
2- an fo- 4;,p anoﬁf&ﬂi@ﬁ@abghar il }esqumgmgag{eﬁ@gm 350

anh as was rstrrri . The
f eedl ng Vigss v&@uslmr(ne:ﬂx 40 Pra)lusﬁhg ammill pttml? ¢acd boiliagpantérbatiato changed.
The -19- reaction eat |ux .for 1.5h. After the

conpl et d‘ﬁné@V@HéO t. e l’r%bl tagt brom VISGONE SURPLRRCE iWa%t i on to

Crosio el IPERbeth SRR RADi, OB £ R Tret -
whi te crywhith des thessainediass apeeturuﬁmmdsmhﬁ'wed speatruheadthaf in he

r esul ;éant sol ut.i on was adj usted using a NaOH sol ution. The sol uti on was
extra te(ﬁﬁémﬂe ‘hyl ether. Then the solvent was renoved, resulting in
14.92g colorless or yellowish liquid in a yi eld of 78.2% 10(6) Synthesis
of P-(benzo[1, 3] -dioxol-5-yl) -a-hydroxyl -

(3-phenyl-1-et hoxycar bonyl - ﬁr opyl ) propi onam de Into a flask, 0.40g

/ 3- (benzo[ 1, SExd 14SSWI])‘[ asisy \@(Qfdwmm}dnﬁfﬁaféﬂhha{ddoxylphﬂlﬁ@l\l wer e
added, andﬂfﬁ_ isk Was d exteriorly with a m xture of ice and water.
0.62g et 1] RYQRLOA ﬁ hutyrate ester and 0.02g DVAP were added

d db bar. Af h
Stired o cl LPerREaticsss Wissaenooned huaush e Sasae pRieeitserht ur o was
el evaped mebuiabl v L0 EogRpl eReal Uy B6HIGET A3 ALy dRBRy ifegRc! | On ves

performe oom ténp
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 (1.3x107Pa)
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.



20 After the solvent was renoved by vacuumdistillation, ethyl acetate was
added. The obtained solution in ethyl acetate was washed w th NaHCCO3

sol ution, aqueous HCl solution, and water, then distilled under vacuumto
obtain a crude product of the desired conmpound. After purification of the
crude product by chromatography, O. 25 white solid was obtained in a
yield of 51.3% | RCKBr) v/cncl: 3417.26(al cohol hydroxyl), 3255.79(NH),
2967. 53( CH3) ,Exaaplel( &), Synthesis( Caff, honeyb7 (L @f:ohlanﬁpiﬁ)nynsgs. 37,

Shor) . Ao B OB G 30 v oyl ) g6 45 ang LY ALY
792.17(1, 2, 4-tri subst d): 698.69, 750.6 bst | d b i ng) :
PR 3000 {108 o b Be ) - s loRo BB A e ) OXPBOLOBe 13 o vaag . )
B2 AR e R . i, o
géi’ssc;l?_ghl@m 2 @%gz ddlejlt%l?m%él% 111'2%5%@0"2%3 iﬁ&%@i' 7’122637’ 128.9

7. &%d%mk.’, gnzaldetyde, A7brawn cristadyveas; obtgjneded 4 o
%?ﬁygr Oiﬁb-f l&mcg{gl 3] -Zdi oxol - 5- ! Spehe °
o he s n?h% y( >3 (L napht hoxy) - propyl kpr opi onam de 10The steps (1) to (4)
Synt gezig of @l)ngﬁﬂ{hﬁﬁls é’m—f{%r%@ol?ﬁﬁw -a'gﬁ%@fﬁ@ﬁﬁé"ﬁcﬁ : necléed

.. 1Q. 03q, 1- . 3.1g NaOH, .20. 4q, epi i

(SR ood oy 1Bmek emethikeh e oiloreBsnty benenx gl ditedl TORL f | ok
vas §0en RAGRE, 110G RRIPIRAIBAT Loncdiifiated HydhchisriBediangRee at 30C

under “stiTTing an mcrowave irra he reacti on

m xt ure vakdédeo a daskeheated | s;]!ow‘t}gntd bbil; earEﬂllz ihemdceﬂe%miheatmg rf{ms_ |
concentrated taq ohtaip.an pi subsSt ance. Was e 0 f.he oily
Sobet ancaettin fob Shm AT daqaloBiitic Bing FRUse b and FHeatidhy ! of ner
| ayers i 1 | 441 I}ﬁ% t d with
' Hz)é onc\g.BC hgﬂgﬁkﬁs’gﬁﬁ?&%s}ﬁﬁrWS??ﬁdﬁhy rg'%% ma ﬁ&?ﬁﬁ%ﬁ ate and
concent r gyearder wasaiobtaih@bdmofa tyieldprobiBl. 1% byyisacking fAbration25(6)

Synt hesi s of, 1-am nos; 3-( 1- napht hoxy) - 2- propanol 450niL concentrated agueous
am‘rm]lga M@Sl&r%@ﬁaid{ydﬁgeacti on flask special for microwave, then 3.0g

1- napht hyl epoxypropyl .ether was added, and the reactjon was perforned at
40C under nmm Enﬁwsflw%gé-&ﬂdcb@owfaﬁ@y VIG a8iGtion for 14min. After
the 30 conpletion of the reaction, the reaction m xture ,was concentrated to
-21- dryness,455gn Bi(@ychieraphenyhsr-asetamidaacrlic pAcids dbmist el to
acidic wih ncent ¢ at hydr ochl ofi.de Af i LI '

1-am no- ﬁ@?iﬁapﬁ{Wﬂ?f‘%nﬁr %ﬁ%&%&q@@rﬁ %5@30@;@98%@;% %l@gba;tﬂaat hen
dried to flgsil tand ehehinhitaeei dvasiThReald dfyesrefilggolfoed 1i0h.5 Ateer by

heating, and the pH was .adjusted to alkaline._ After copl |g3® a | arge anmount

of wR0te degalorization aisipie: acky eowarbone apdedilgiation, the BlERingvas| trat ed
and driedy)0eFUES WybthifzatfodMahd 88' b White R)stallind Pbwder was

obtained in a yield of 77.3% by sucking filtration, washing and
drying.
(4) Synthesis of 5-(4-chlorophenyl)-a-hydroxylpropionic acid

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

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



(7) Preparation of 2-hydroxyl-3-(benzo[1, 3]-di oxol-5-y1)- 10

N 2- hydr oxy1l- 3- ( 1- napht hoxy) pr opyl kpr opi onam de 0. 43¢

1- am no- 3- ( 1- napht hoxy) - 2- propanol was di ssol ved in 15nL acetone then,
0.45g DCC and 0. 10g DVAP were added, and 0.40g

fl1-(benzo[ 1, 3] -di oxol-5-yl)-a-hydroxyjfropionic acid dissolved in 5nL
acetone was added dropw se under magnetic 15 stirring. The reaction was

performed at {Bom t eSypethsise foofl h, doinyll ar g@-ehmhlorophemyl)easol i d was
pr oduced. A(ater t he con%)l etion of the reaction, the reaction m xture was
suction fRY4FOXYPIORINNAELHPl t rate was concentrated to dry, then ethyl

e A g S e B oo o
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roq o101 B ContEABANY i telthbhy (HEFALIRL salvent was removed by

780. 62( moywsubst distiléstionphthbabbtidnedngiscolis Ny SARE2 waSDEEAtEB Hp:
6.75-8.30(m 10H,_ Ar- 30 6.13(s, 2H, -OCH20-), 3,55(m 2H,-CH2(NH)-),

4. 55(m mcultmc{kéﬁ)l'a'?l’a) WSiRg amy ol gy 1y, 2 harking-veater hathoto |

2.90+4. 07 T 2-4.; 0 : 41,7,
45. 1?668.@9§53[?05@,’ thsp g%fﬂlr ?thX]ﬁC'}a‘q%@(a% g%%mggi)%z. 2,
125. 4, 1Xplutiolk6llee rédilting Sdlutionl®2aswasBéd SwithtSathratedB NaHC, 8,

172. 7. 5Exei 12: Phar macodynam c test

| e
1. Ef f ect S6HH | / 3- (3, 4- di By dr oxyl phenyTEMQV@ydr oxyl pr opilgHgasted er
h i naf ] i . i 1 ow of
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1H, -CH(OH)-), 4.83(t, 1H, -CH-), 2.79-2.92(m, 2H, -CH.,-), 1.205(t,
3H, -CHs);
BCNMR(500MHz, CDCI3)8: 13.5, 19.5, 19.5, 23.3, 30.2, 32.5,
25 408,454,494, 506, 71.3, 82.4, 128.7, 128.7, 129.1, 129.1, 131.5,
137.5, 170.8.

Example 6: Synthesis of bormnyl
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
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M cr a6i r cwlagt eyntlidsindd§ irova (way) sendlgr RosExample 5(4), except that
B-(3-methoxy-4-hydroxylphenyl)pyruvic acid was used instead of
f-(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
S-(3-methoxy-4-hydroxyiphenyl)-a-hydroxylpropionic acid was
used instead of §-(3,4-dihydroxylphenyl)- a-hydroxylpropionic acid.

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

25 IR(KBr) v/em™: 3363.61(0OH), 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);




5min 15mn 30mn 45mn 60mn Control / 65.3+45.7 67.47.4 67.86.8 65.15.9
64.28.5 Mddel / 10.22.3 11.43.4 13.24.1 14.03.4 14.96.5 Salvianic I nL/kg
10.8+3.6
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"HNMR(400MHz, CD;COCD;.)d: 6.679-6.869(m, 3H, Ar-H),

4.920-4.983(m, 1H, -CH-), 4.257-4.286(t, 1H,-CH(OH)-), 3.819¢(s,
3H, -OCHs,), 2.804-2.978(m, 2H, -CH,-);

BCNMR(500MHz, CD;COCD;)8: 13.5, 19.5, 19.5, 23.3, 30.2,
5 325, 41.1, 454, 494, 50.6, 56.1, 71.3, 82.4, 113.1, 116.8, 121.4,
133.0, 142.9, 151.3, 170.8.

Example 7: Synthesis of menthyl S-(benzo[1,3]dioxol-5-yi)-
a-(nicotinoyloxy)propionate ester

10 (1)  2-methyl-4-(benzo[1,3]dioxol-5-ylmethylene)-oxazolone
was synthesized in a way similar to Example 1(2), except that
benzo{1,3]dioxole-5-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]dioxol-5-yl)pyruvic acid was synthesized in a
way similar to Example 1(4), except that
fB-(benzo[1,3]dioxol-5-yl)-a-acetamidoacrylic acid was used instead
of S-(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
p-(benzo[1,3]dioxol-5-yl)pyruvic acid was wused instead of
S-(3,4-dihydroxylphenyl)pyruvic acid. A yellowish oil or crystal was
obtained in a yield of 78.7%.



20.16.9** 31.29.5** 33.06.8** 29.46.9** -24 - acid Test Drug
5mg/ kg 11.4+5.4 12.4+4.6 12.9+5.1 16.1+4.1 16.0+6.9 Test Drug 15ng/ kg
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(5) Menthyl p-(benzofl,3]dioxol-5-yl)-a-hydroxylpropionate
ester was synthesized in a way similar to Example 5(5), except that
f-(benzo[1,3]dioxol-5-yl)-a-hydroxylpropionic acid was used
instead of p-(3,4-dibydroxyiphenyl)-a-hydroxylpropionic acid. A

5 yellowish oil was obtained.

(6) Synthesis of menthyl f-(benzo[l,3]dioxol-5-yl)
-a-(nicotinoyloxy) propionate ester

Into a three-necked flask, 0.12mol menthyl

B-(benzo{1,3]dioxol-5-y1) -a-hydroxylpropionate ester was dissolved

10 in 15mL acetone, then an amount of the catalyst DCC/DMAP was

added. A solution of 0.15mol nicotinic acid dissolved in 5SmL

acetone was added dropwise in an ice 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 NaHCOQO; 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 vyellowish oil, menthyl pS-(benzo[l,3]dioxol-5-yl)
-a-(nicotinoyloxy)propionate ester in a yield of 45.5%.

IR(KBr) v/em™: 3056.56(H-C=C), 2967.42(CH,),

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), 1235.79, 1017.23(aryl alkyl ether),

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

'HNMR(400MHz,  CD;COCDs.)d:  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,-);
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group: *Pc3.05, "P<0.01 The test results showed that, after the mddle
cerebral artery was bl ocked, the cerebral mcrocirculatory blood flowin
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35ng/ kg respectively. These results suggest the ditation of arteriole, and
the increase of mcrocirculatory blood flow may have possible positive
effects on ischem c cerebrovascul ar di seases, but the correspondi ng action
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reper f usi on. @Nmmmzsubj €Dy OChHsphen a7{36-9300{mm, and 4Fper f usi on
for 30mn, the nyocardial infarction_areas were recorded efgr t he test,

after isdhpridanieH) 66728604, 31, AnH).t £.0066pedhsi i n; for

i ssile. samiPbBer HLAEIIANET A2 BI00  or hER: n. QLA 0h
paraphm >804aP!y78(rhc ¥ ICHsections with a thickness of 4pm and

separately subjected to i’mmundhi’st ocheni stry tests; the rats of the sham 20

operati on gr o¥g NBRAR j OE?JT-)E DOL7.0 [ f23 out their
coronary arter iEes vver(ggw Zle,dgg;)éjég zk?sgg'n”’ g%l)'(caa’r%ip'a(l)l2 %%gék%?']gr eas

caused by2&4, B2O,diE8,89.6, 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 p-(benzo[l,3]-dioxol-5-yl)-
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 p-(benzo[1,3]-dioxol-5-yl)-a-hydroxylpropionate
30 ester was synthesized in a way similar to Example 5(5), except that



I/R After the rats were subjected to ischem a and reperfusion for 25

30m nutes, their anterior descending coronaries were |igated again, then
they were sacrificed, their hearts were renoved pronptly, and 0 5nL of 1%
evans blue was injected into heart chanbers via aorta to distinguish the

I schem ¢ regions and the non-ischemc yregions. After the heart atrium and
right ventricle were cut-off, the hed® was 30 refrigerated at -20C for

30m n, t ' ' ' : I I
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axis to ) I ces. The slices were | rsed i'n 1% TTC phosphoric acid
buf f er sabtaimed.(pH7.4), -26- and incubated at 37C for 30mn to
di stinguish risky regions and necrotic regions. Then the slices were fixed

with 10% f or r(@T)deYﬂﬁl iB(berroft1q3 natiancd-Siyd)-ni-(@-avatoxytbenzoyilonast
phot ography. /After the above treainent, the nyoca di?l rﬁi Ssu di vi ded
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based on ddi bosaybf ibenzof k)3 paliweobitayl)-edhpdrdegpropicnate ssteri c
nyocardi a, including jschemc ipfarct egfl omgd 10 Llég &mc ggn- nf ar ct

r egi on) ( éas aaysedandinsgieager taBberﬁil)& he gnze[ | pd-dioxgl 'ﬂb‘ocardi al
region b I oh 1{; dy 15 t Qb d3G t he
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nyocar di btageed on a isgldr(ﬂé43f8%3e left ventricle(aar/lv). 15 Table 2.

Ef fects on nmyocardial infarction areas caused by cardiac nuscle I/R G oup

Dosej@ni mal  NREEBryaythy /2984099 H;)N2035460C HYIE731.08 (C=0),
| 1598.03, 1492.10, 1453.90(backbone of benzene ring),
1269.86(C=0 of ester), 1106.22(C-O of secondary hydroxyl), 880.43

and 795.81(1,2,4-trisubstituted), 746.84(ortho-disubstituted);

'HNMR(400MHz, CD;COCD;)6: 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,
-CH;-);
BCNMR(500MHz, CD;COCDs)d: 13.5, 19.5, 19.5, 20.3, 23.3,
30.2, 32.5, 37.8, 45.4, 49.4, 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 p-(benzo[1,3]-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 ethy! 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



control 12 67.10+11.40 50.52+15.65 64.10+13. 03 Sal vi ani c acid | m./kg
10 50. 21+7.10* 41.41+5.49* 49.87+7.83* Test drug 5 ng/kg 9 64.09+18. 10
48. 45+17. 11 61. 72+14. 65 Test drug
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reaction mixture was heated for reflux for 1.5h. After the completion
of the reaction, most of ethanol was removed by distillation to
precipitate a large amount of white crystal, and then 19.2g of white
needle crystal was obtained after sucking filtration, washing and

5 drying. The white crystal was dissolved in an aqueous solution, and
the PH of the resultant solution was adjusted using a NaOH solution.
The solution was extracted using ethyl ether. Then the solvent was
removed, resulting in 14.92g colorless or yellowish liquid in a yield
of 78.2%.

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

Into a flask, 0.40g p-(benzo[l,3]-dioxol-5-yl)-a-hydroxyl-
propionic acid and 12mL CH;CN were added, and the flask was
cooled exteriorly with a 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
stired 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, 0.39g

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

IR(KBr) wem™: 3417.26(alcohol hydroxyl), 3255.79(NH),
2967.53(CH;), 2934.21(CH,), 1723.79(C=0), 1669.97(C=0 of
amide), 1593.37, 1515.19, 1463.13(backbone of benzene ring),
1239.98, 1026.76(aryl 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;)5: 6.18-7.50(m, 8H, Ar-H),
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in conparison with the nodel control group, the values of aar/lv, nec/lv
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and 22% (P<0. 01), suggesting that the area of the nyocardial infarct
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val ues of(I)hte bt mi erdmplechr dial tissue slices. Table 3. Effects on

the protein expression of Box, Bcl-2, caspase-3, 30 MW-2, and PPARy (n=10)
G oupDoseOD va( §pSynthés of 1-naphthyl epoxypropyl ether
Into a 500mL three-necked round bottom 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. HO was added
20 to 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 12.95g 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



Box Bcl-2 Caspase-3 MW-2 PPARy Model control /0.130.04 0.140.03
0.370.11 0.160.04 0.170.02 Salvianic acid I nL/ kg 0.080.02*

—n1—
dryness, then ethyl acetate was added, and the pH was adjusted to
acidic with concentrated hydrochloride. After sucking filtration,
[ -amino-3-(1-naphthoxy)-2-propanol hydrochloride was obtained,
and then dried to result in a white solid. The solid was dissolved in

5 water by heating, and the pH was adjusted to alkaline. After cooling,
a large amount of white solid was precipitated out. The precipitate
was sucking filtrated and dried, resulting in 2.0g white solid in a
yield of 63%.

(7) Preparation of 2-hydroxyl-3-(benzo[1,3]-dioxol-5-yl)-
10  N-[2-hydroxyl-3-(1-naphthoxy)propyl]-propionamide

0.43g 1-amino-3-(1-naphthoxy)-2-propanol was dissolved in

15mL acetone then, 0.45g DCC and 0.10g DMAP were added, and

0.40¢g f-(benzo[ 1,3]-dioxol-5-yl)-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 NaHCO; 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) vicm™: 3409.82(alcohol hydroxyl), 3251.72(NH),

2969.37(CH;), 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(1,24-trisubstituted); 3050(backbone of
naphthalene), 798.69, 780.62(monosubstituted naphthalene ring);

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

30 6.13(s, 2H, -OCH,0-), 3.55(m, 2H,-CHy(NH)-), 4.55(m, IH,

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



0.180.04 0.210.12** 0.120.05 0.340.08** Test drug 5 ng/kg0.120.03 0.150. 03
0. 350. 14 0.140.05 0.160.05 Test drug 15 ng/kg 0.090.05 0.150.06 0.320.08
0.140.03 0.180.06 Test drug 35nmg/ kg 0.070.03* 0.210.04* 0.20+0.07**
0.110.03* 0.180.10 In conparison with the nodel control group: *P< 0. 05,
**pP< 0. 01 The results showed that t he expression of Bcl-2 and Bax was
I ndeed changed in the nyocardlal cel% ﬁT/R i ndi cating that they

participate il S r 5
11- (3, 4-di hydrgwlﬁgwqw (%IDB@P%;% Z ésjtagf nggfglr?é’dzgez”t he
expressi d) o, BH4.and 1@5@,01116 2, ROt h%lzﬂgdllh@r dXe 4 H@Gekpldéshpn of

Efl( g Bfr 3&%35 di’&%hi{%???ﬁ%@mmﬂéﬁgnéﬁé%&@%om dinitiate the

self-protective nmechani smof cells against injury by inducing the 10
expression of Bcl-2 and reducing the |levels of Box and caspase-3, reverse
the cell apoptosis and necrosis processed stinulated by the nyocardiac FR
therefy exhi Exappleek?i Bhammaeodynamio/testr di al cells. MVWP-2 is associated
with cardiac nuscle /R injury, which is

1. Effects of bornyl f-(3,4-dihydroxylphenyl)
-o-hydroxylpropionate ester (hereinafter briefly cited as “bornyl
salvianate ester”) on blood flow of cerebral microcirculation in rats
with middie cerebral artery occlusion

10 60 SD rats with a body weight of 220+£20g were randomly
divided into normal control group, model contral group, salvianic
acid injection group (ip. 1mL/kg), and group of bornyl
B-(3,4-dihydroxylphenyl)- o-hydroxylpropionate ester at a smali,
middle and large dose respectively (ip. 5, 15, and 35mg/kg). The rats

15 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



15 achi eved by the cleavage of troponin I, which in turn would directly
|l ead to cell apoptosis. MW-2 specific inhibitor could inprove the cardiac
function of rats with nyocardiac I/R and the test results indicated that
bornyl fi-(3,4-dihydroxyl phenyl)-ahydroxyl propi onate ester could cause the
decrease-of MWP-2 20 protein, which cguld be another mechani smfor bornyl

- (3, 4-di hydr oxyl phenyl) - a- hydroxyT%WBplonate ester to protect nyocardia
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among gr dhgs. cranial wmdow Jand the probe was maintained wit
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+£57 674174 67.8+6.8 65.1+£5.9 64.2+8.5
Model / 10223 11.44+34 13.2+4.1 14.0£3 .4 14.946.5

Salvianic 1mL/kg 10.8£3.6 20.1£6.9%* 31.2+9.5%% 33.046.8%% 29.4:6.9%




-30---- (After _adm nistration- Before _adm nistration)
Change ratio(%-x100 Before _admnistration 3.1 Effects on the heart rate
of anesthetized rats The test results indicated that the 4.5ny/kg,
9ng/ kg and 18ng/ kg doses of bornyl salvianate ester showed no significant 5
effects on the heart rate of anesthetjzed rats, no significant difference
can be observed as_conpared to the BI&hK control group: while verapanil
hydrochl oride,significantly reduced the heart rate and significant
di fference ¥ be observed as conpared to the nodel group (P<O0.05 or
P<0.01) (Table 4). 103.2 Effects on nmean arterial pressure, systolic
pressure aed Dpasomeks plddddre 24t heZ%ed r atld- 1341 | n WiEOgt oup at
t he does of 18ng/ kg bornyl salvianate ester, the mean arterial pressure,
systol i c Petdnugelamgkgi a3d6d.7c p2edsifh e 30.74h38t MY A4 =4 Fiii ficantly
decreased after adm nistration, and 15 significant differences (P<0.05 or
P<0.01) afest@®mpgr 8finglgt HO.BRanklTori.16t 3. Bufp2¥ter . EEZT c15. 2%5.8 e
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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
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-32- bornyl salvianate ester, the -dp/dt of anesthetized rats was not
significantly affected after admnistration, and no significant difference
fromthe blank control group was observed; while verapam | hydrochl oride
significantly reduced the -dp/dt of 5 anesthetized rats, and significant

di fferences (P<0.01) fromthe nodel ﬁg?trol group were observed (Tables 9,
10). The test results |nd|cate t bonyl sal vianate ester coul d reduce
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t aken out[/Ry open chest and washed with cold 20 physi ol ogi cal saline, the
heart atrium was renoved, the heart ventricle was cross cut to form 3-4
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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),




25 nmuscles of the whole heart ventricle was cal cul ated (Tables 11-14). The
results showed that in all the bonyl-sal vi anat e-ester dosed groups, the
proportion of the infarct cardiac nmuscles in the whole ventricle was
reduced, in which relative potent effects were observed in the m ddle and

| arge dose groups (P<0.05 or P<0.01);.in all dose 30 groups, the activities
of lactate dehydrogenase (LDH), creat%6ne ki nase (CK) creatine kinase
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i.e., ischemic myocardia, including ischemic infarct region and

10 ischemic non-infarct region)(nec/aar), and the percentage of the area
of the infarct myocardial region based on the whole area of the
myocardia(nec/lv) to indicate the degree of infarct, as well as the
percentage of the area of the risky myocardia based on the area of
the left ventricle(aat/lv).

15

Table 2. Effects on myocardial infarction areas caused by cardiac

muscle I/R
Animal
Group Dose aar/lv(%) nec/lv(%}) 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%  41.4145.49% 49.87+7.83%*
acid )
Test drug 5mg/kg 9 64.09+18.10  48.45+17.11 61.72£14.65

Testdrug 15 mg/kg 10 63.02+£15.98  48.23+1534  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
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suggesting that the area of the myocardial infarct caused by
myocardia I/R can be lowered.

Effects on the protein expression of Bax, Bcl-2, caspase-3,
MMP-2 and PPARYy

Standard immunohistochemistry ABC and SP methods were
employed for staining. Bax: anti-rabbit polyclonal antibedy (Santa
CruzBio. Inc.) at a dilution of 1:200; Bcl22: anti-rabbit polyclonal
antibody (TBD Tianjin Biotechnological Center). At a dilution of
1100; caspase-3: anti-rabbit polyclonal antibody (Normarkers
Fromont, CA), at a dilution of 1:200; MMP-2: anti-murine
monoclonal antibody (NormarkersFromont, CA) at a dilution of
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
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
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,
MMP-2, and PPARy (n=10)

Group Dose OD value
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Model
/ 0.13+£0.04 0.14+0.03 0.37=0.11 0.16%0.04 0.17+0.02
conirol
Salvianic
4 Iml/kg 0.08+0.02* 0.184:0.04 0.21+0.12%* 0.12+0.05 0.34+0.08**
aci

Testdrug 5Smgkg 0.12+0.03 0.15£0.03 0.35£0.14 0.14£0.05 0.16+0. 05
Test drug 15 mg/kg 0.09+0.05 0.15£0.06 0.32+£0.08 0.14+£0.03 0.18+0.06

Testdrug 35mg/kg 0.07+0.03* 0.21+0.04* 0.20+0.07%* 0.11+0.03* 0.18+0.10

In comparison with the model control group: *P < Q. 05, *¥*P < 0. 01

The results showed that the expression of Bcl-2 and Bax was
indeed changed in the myocardial cells I/R, indicating that they
participate in the regulation of cell apoptosis. Bornyl

5 f-(3,4-dihydroxylphenyl)-a-hydroxylpropionate ester could reduce
the expression of Bax and caspase-3 proteins and increase the
expression of Bel-2  protein, suggesting that bornyl
5-(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 [5-(3,4-dihydroxylphenyl)-a-

hydroxylpropionate ester could cause the decrease of MMP-2

20 protein, which could be another mechanism for bornyl

5-(3,4-dihydroxylphenyl)- a-hydroxylpropionate ester to protect
myocardia from I/R injury.
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3. Effects of bornyl salvianate ester on blood pressure and left
ventricular function of anesthetized rats

Rats were anesthetized by intraperitoneal injection of 20%

urethane 5Sml/kg and fixed; the skin of neck of rats were incised,

5 anterior cervical muscles were isolated, trachea was exposed, and
tracheal cannula was inserted; common carotid artery was isolated, a
cardiac catheter was introduced through the common carotid artery

into left ventricle, the left intraventricular pressure was measured
with a pressure transducer (T-200) of RM-6000 multi-channel

10 polygraph and the carrier amplifier (AP-601G) of RM-6000
multi-channel polygraph, then the signals of the left intraventricular
pressure were input to the differential amplifier (ED-601G) of
RM-6000 multi-channel polygraph to record the maximum rate of
increasing and decreasing the left intraventricular pressure (dp/dtyax

15 -dp/dty.y); 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 1.5cm 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.
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3.1 Effects on the heart rate of anesthetized rats

The test results indicated that the 4.5mg/kg, 9mg/kg and
18mg/kg doses of bornyl salvianate ester showed no significant
effects on the heart rate of anesthetized rats, no significant difference
can be observed as compared to the blank control group; while
verapamil hydrochloride significantly reduced the heart rate and
significant difference can be observed as compared to the model
group (P<0.05 or P<0.01) (Table 4).

3.2 Effects on mean arterial pressure, systolic pressure and
diastolic pressure of anesthetized rats

In the group at the does of 18mg/kg bornyl salvianate ester, the
mean arterial pressure, systolic pressure and diastolic pressure of
anesthetized rats significantly decreased after administration, and
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
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
were observed; while verapamil hydrochloride could significantly
reduce the mean 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).

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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intraventricular pressure 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 min; in the 4.5mg/kg group
of bornyl salvianate ester, the left intraventricular pressure of
anesthetized rats was not significantly affected after administration,
and no significant difference from the blank control group was
observed; while verapamil hydrochloride significantly reduced the
left intraventricular pressure of anesthetized rats, and significant

differences (P<0.01) from the model control group were observed
(Table 8).

3.4 Effects on dp/dt and -dp/dt of anesthetized rats

In the 18mg/kg group of bornyl 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
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
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,
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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;significantly affected after 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 (Tables 9, 10).

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
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/dtyax
decreased, but the heart rate did not change significantly, i.e., the
dp/dtymax 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

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 bornyl
salvianate ester groups (10mg/kg, 20mg/kg and 40mg/kg). At 0.5h
after the rats of these groups were administered intragastrically, the
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
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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4{ t: 41 Rt 4hofix 4vas incised under aseptic conditions, the 4™ intercostal
muscles were isolated in blunt way, the heart was extruded by light
pressure to the right thorax, the left anterior descending coronary
artery was ligated at a position 2~3mm departing from the left

5 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 O

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 malondiaidehyde (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).

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
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IQ/I(]E)A content was observed, but no significant difference from the
model control group was observed; at 24h after coronary artery

5 ligation, the ST-T segment elevation in the electrocardiogram was
observed, especially in the large dose group (P<0.05). The results
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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1010117. 66+31. 97 2010111. 32+20 36 4010119. 63+23. 53* 1010126. 16+28. 10*

6. 86+5. 67* 18.20+12.10 21.69+27.94 10.60+11. 156 9.43+6.57 11.86+5.93 1In
conparison with the nodel control group: *P<0.05, **pc.o Table 14. Effects
on the ST-T segnent of ECGin rats with nmyocardial ischema G oup Dose
(my/ kg) Animal Nunber Elevation of ST-T segnent (nV) Bef oreOm n after
nodel i ngnodel i ng 24h after —39—

Table 11. Effects on area of myocardial infarction in rats

Group Dose  Animal Ventricle No:agljirct izg?;if Percentage
M a
(mg/kg) number weight(g) weight (g) weight (g) (%)
Sham / 10 0.66£0.03
operation
Model control / 10 0.68£0.05 0.45£0.03 0.23+0.04 33.77+4.31
Salvi‘;‘r’gfester 10 10 0.68+£0.09 0.47+0.07 0.20+£0.05 30.09+5.69
Saivi‘;i‘;:é’lester 20 10 0.68+0.08 0.49+0.09 0.18+0.05% 25.73+6.35%*
Salvi‘;giglester 40 10 0.63:0.07 0.45+0.06 0.18+0.04* 28.95+5.57*
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  Animal 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
bomnyl 10 10 1214.2£1602* 1267.0:8274.4 1663.7+374.43%%
salvianate ester
bornyl 20 10 894.5+176.3% 1074.1£116.8%* 2022.7+202.63%*
salvianate ester
~_ bornyl 40 10 778.0£177.1%* 906.3£99.9%% 1712.54209.1%*
salvianate ester
Verapamil 10 10 752.24102.8%% 776.6£127.6%% 1160.8£145.0%*

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



nodel i ng 10 0.18+0.080. 15+0. 25 0. 12+0. 06 Sham oper ati on Change rate(%
140. 08+161. 56 22. 34+21.51** 10 0.20+0.090. 19+0. 41 0. 23+0. 10 Model control
Change rate(% 155.67+158.10 92.67+91. 35 bonyl 10 10 0. 21+0. 060. 24+0. 24
0.17+0. 09 sal vi anate ester

Table 13. Effects on the activities of serum SOD and MDA in rats
with myocardial ischemia

Group Dose (mg/kg) ifrﬁg:l SOD(U/mL)  MDA(nmol/mL)
Sham operation / 10 155.08121.45%%  6.86+5.67*
Model control / 10 95.46+26.05 18.20+12.10
bornyl salvianate 10 10 117.66+31.97 21.69+27.94
ester
bornyl salvianate 20 10 1113242036  10.60+11.156
 ester
bomyl salvianate 40 10 119.63+23.53* 9.43+6.57
ester
Verapamil 10 10 126.16+28.10% 11.86+5.93

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
modeling modeling modeling
) / 10 0.18+0.08 0.15+0.25 0.12+0.06
Sham operation Change rate(%) 140.08+161.56 22.34+21.51%*
/ 10 0.20::0.09 0.19+0.41 0.23+0.10
Model control Change rate(%) 155.67+158.10  92.67+91.35
bornyl 10 10 0.21+0.06 0.244:0.24 0.17+0.09
salvianate ester Change rate(%) 95.00+£78.34  49.00£36.27
bornyl 20 10 0172007 013016  0.11+0.10
salvianate ester Change rate(%) 91.61+116.85 60.77+39.69
bornyl 40 10 0.21+0.06 0.36+0.17 0.18+0.07
salvianate ester Change rate(%) 103.87£148.26 29.01+18.99*
Verapamil 10 10 0.23+0.04 0.23+0.12 0.18+0.04

Change rate(%) 34.36+£35.86*% 19.17+£20.94*

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



Change rate(% 95. 00+78. 34 49. 00+36. 27 bonyl 20 10 0. 17+0. 070. 13+0. 16
0.11+0. 10 sal vi anate ester Change rate(% 91.61+116.85 60. 77+39. 69 bony!
40 10 0.21+0.060.36+0. 17 0.18+0.07 saltianate ester Change rate(%

103. 87+148. 26 29. 01+18. 99* Verapam | 10 10 0. 23+0.040. 23+0. 12 Change
rate(% 34.36+35.86* 0.18+0.04

Claims:

1. A compound of the formula (f):

wherein R; and Ry are OH, and R; is selected from the group consisting of H, OH, F,
Cl, Br, methoxy and ethoxy; or alternatively, R; and Ry together form -OCH0-, and R; is
selected fiom the group consisting of H, OF, methoxy, ethoxy and halogens; |

Ry is OH or acyloxy; and
Rs ig cycloalkoxyl,
2. The compound according to* claim 1, wherein Ry is OH.

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

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

5. The compound according to any one of claims 1 to 4, wherein Ry is: -

CHy
CH,
Hy -
%—o-. S§\< ’ ?\/’%’ '
. or e t .

6. The compound according to any one of c¢laims 1 fo 5, wherein R; and R,
together form -OCH,O-.



19.17+20.94* In conparison with the nodel control group: *P<0.05, "P<0.01
-41 - dains: conpound of the formula (1): (1) wherein RI and R2 are
OH, and 113 is selected fromthe groupdkensisting of H OH, F, O, Br,

met hoxy and et hoxy; or alternatively, itl and R2 together form-0C1120-,
and 12.3 is gelected fromthe group consisting of H OH nethoxy, ethoxy and
hal ogens; 124-is @Pé@%@%@w@r@mobkﬁmﬂsom@dhnwddmmﬂl&%{,R4=(2H,a‘ﬂae conp
m nd according to clgim1, wherein 124 is OV 3. The conpound
according tog cl&Afm(1l, swherein li4 is aroyloxy or heterocyclic

radi cal -subgé'f uf o acyl oxy. 4. The conpound according to claim 3,
wherein_R4 is ﬂ@. benzoyl oxy, 3- pyridinyl benzoyl oxy or

4- pyri dRﬁ‘g'/I benzoyl oxy¥ . 5. The compound according to any one of clains
1to 4, wherein 1t5 is: - 42 - 7. The conpound according to

claim1 or aim in R3--.-1 4=Q11, anpd_a 8. The conmpound
accor di ng tgé'cl ai %ﬁ%@?@iaﬁ%ﬁ? cﬁ'a{mgrw@'?r%= 5=

T 0 |
%‘W/@ /N
~ O

R4=
£H,
S,
Ry 40
9. The compound according to claim I, wherein Rs=
O
F <

Re= g , , and Rs=

10. * A process for synthesizing a compound according to any one of claims 1 1o 9,
which comprises reacting a compound of formula (II) with a compound of formula (IV) or a
hydrate thereof in the presence of a catalyst:

[0
Ry oH

Ry
Ry . Rs-H
(m) | av)
wherein Ry, Ry, R3, R4 and Rs have the same meanings as in formula (I); or

which comprises reacting a compound of the formula (V) with a compound of
formula (V1) or 2 hydrate thereof in the presence of a catalyst:



9. The conpound according to claim1, wherein RrH, 10. A process
for synthesizing a conpound according to any one of clohns 1 to 9, which
conprises reacting a conpound of fonmdAd (111) with a conpound of fornula
(I'V) or a hydrate thereof in the presence of a catalyst R5-H wherein R

R2, RS, R4 and Rs have the sane neanings as in formula (l); or -43 -
R41-1-1 (V)(W wherein R, B3, and R5 have the sane neaning as in
formula (1), and R4RN 2, 11. The process according to claim
10, wherein the cataly§ ] nore of concentrated H2SO4,
silicotungstic acid, honolgebdi ¢ acid, p-toluene sulfonic acid, 820:- /

Zr02, alunlnun1tr|cH$or|ie, zinc chloride or nmagnesiura chloride. 12.
The process according t clain110 or claim1ll, wherein the reaction is
perfornmed in a solvent. 13. The process accordi ngR{d cl ai m 12, wherein
the solvent is ethyl acetate, dichloronmethane, tetrahydroftwan, acetone,

tol uene; 1, 4-di oxane or di net hyl fom sm de, al one or_in any conbi nati on.
14. Use of,a conpound ac ding to any one of clains | 9 in the

manuf acture of a medi canent for the prevention or treatnent of

car di owdsreih &y, By, RypaetR oiveve thd RUncinsSR&808s in formula @19, ankiTg! ﬁ%?gl%gﬂ' ng to

clai m 14, wherein the compound is 'a conpound of thé&”formula
11. The process accordmg to claim 10, wherein the catalyst is one ot more of
concentrated HpSOq, silicotangstic acid, phosphomolybdic acid, p-toluene sulfonic acid,

8,0¢/ Zr0, , aluminum trichloride, zinc chloride or magnesium chloride,

12.  The process according to claim 10 or claim 11, whetein the reaction is
performed in a solvent.

13.  The process according to claim 12, wherein the solvent is ethyl acetate,
dichloromethane, tetrahiydrofirran, acetone, foluene; 1,4-dioxane or N, N-dimethylformamide,
alone or in any combination.

14. Use qf.a compound according to any one of clajms t to 9 in the manufacture
of a medicament for the prevention or freatment of cardiovascular or cerebrovascular
diseases.

15.  Use according to claim 14, wherein the compound is a compound of the
formula (IT):

HO CH,CHCOO
i
OH

HO

a .



