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(57) Sang ché d¢ cap dén dugc pham hodc thyc pham chirc nang chira hop chat verbenon
va mudi dugc dyung cua n6 dong vai tro nhu cac hoat chat dé diéu tri hodc ngan ngira bénh
thoai hoa than kinh. Cu thé hon 14, hop chat verbenon theo sang ché 1am giam sy chét te
bao than kinh va sy mit can bang oxy hoa, va c6 hiéu qua cao trong viéc ngan ngua t6n
thuong néo do thiéu mau cuc bo va sy di tra ctia t& bao viém & chuot, qua do dé xuat duoc
pham hodc thuc pham chirc ning c6 ich trong diéu tri bénh thoai hoa than kinh.
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Linh vue ky thuit dwoc dé cap

Sang ché d& cap dén viéc st dung hop chét verbenon dé diéu tri bénh thodi
héa than kinh, va cu thé hon dé cép dén duoc phém dé ngan nglra hodc diéu tri
bénh thoai hda than kinh, dugc phém nay chtia hop chét verbenon hoic mubi ctia
n6, chét nay co tac dung @ ché su chét té bao than kinh gay ra béi doc tinh kich
thich, trc ché sy mAt can bing oxy héa, va trc ché sy di trd hogc sy thim nhiém cta
céc té biao viém ndi mach (vi dy, dai thuc bao va bach cau trung tinh) vao vung nio
bi tén thuong, va sang ché con dé cap dén phuong phép ngan ngira hodc didu tri

bénh thodi héa than kinh bing céch st dung duoc pham nay.

Tinh trang k¥ thuit ciia sang ché

Bénh thodi héa thin kinh 12 bénh lién quan dén tudi tac gdy ra boi su hoat
dong bét thuong clia céc té bao than kinh, va méi quan tAm cta x3 hdi vé bénh
tho4i hoéa than kinh ngdy cang gia tdng cing voi sy tang 1én nhanh chong cua dan
sd gia. Bénh thoai hoa than kinh duoc phén loai theo céc trigu ching lam sang
chinh va cac vung ndo bi anh hudng, bao gém bénh Alzheimer, bénh Parkinson,
bénh Huntington, da xo cing va xo cung ¢t bén teo co.

Bénh thoai héa thin kinh dugc biét 1a gy ra bdi su chét cia céc té bao than
kinh quan trong nhét trong viéc truyén thong tin trong hé than kinh so nfo, boi
khiém khuyét trong sy hinh thanh hodc cac chtic nang cua khop than kinh ma
truyén thong tin gilta cc té bao than kinh, va béi sy khdc thuong hodc sut giam
hoat dong dién cua cac t& bao than kinh, nhung van kho diéu tri triét dé, va nguyén

nhan cta bénh cling van chua rd rang.
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V6i su phat trién gan day ctia nganh sinh hoc phan tir va té bao, nguyén nhan cua
bénh thoai héa than kinh va viée phat trién c4c tac nhan diéu tri chéng lai bénh thodi hda
than kinh d& dugc tich cuc nghién ciru. Céc nghién ciru vé viéc phat trién cac tac nhan
diéu tri chdng lai bénh thoai héa than kinh duoc tap trung chi yéu vao cac huéng sau: (1)
kich thich hoat dong tiét axetylcholin; (2) khéng céc thu thé NMDA (N-metyl-D-
aspartat); (3) nghién ctru sinh hoc phan tir va té bao vé sy chuyén héa cta protein p-
amyloit hodc protein Tau, va phat trién vacxin va khang thé diéu tri khang lai protein sinh
ra B-amyloit nhu khédng nguyén; (4) cdm Ung sy bidu hién cia yéu t6 dinh dudng than
kinh; (5) phat trién chét chdng oxy hoéa c6 kha ning tc ché tdn thwong oxy héa dbi véi
céc t& bao than kinh do protein gay ra; va (6) phét trién céc thudc khang viém c6 kha
nang e ché phan tng viém do sy thAm nhiém qua mirc va hoat dong clia céc té bao viém
(Sonkusare et al., Pharmacological Research, 51(1), 1-17, 2005; Stanaione et al., Ann Ist
Super Sanita, 47(1), 49-54, 2011; Halperin et al., Neurotherapeutics, 6(1), 128-140,
2009).

Chét e ché AChE, chét nay 14 tic nhén tiét axetylcholin, trc ché sy phéan huy cua
ACh va do d6 khoi phuc hoat dong cua chit dan truyén than kinh tiét axetylcholin. Cac
chét rc ché AChE nhu tarcrien, donepezil, rivastigmin va galantamin da dugc Cuc Quan
Iy Thye phdm va Dugc phdm Hoa Ky (FDA) cong nhén va dang dugc bén trén thi trudng.

B4o c4o cho thiy sy mit cin bing oxy hoéa 13 nguyén nhan chu yéu cua bénh
thoai hoa thin kinh cia hé thin kinh trung tdm, vi du nhu bénh Alzheimer, bénh
Parkinson, va bénh Huntington (Jin DQ et al., Biochemical and Biophysical Research
Communications, 331, 1264-1269; Lim CS et al., Biological and Pharmaceutical Bulletin,
29, 1212-1216, 2006).

S bénh nhan mic cac bénh mach mau thiéu méu cuc bd (nhéi mau co tim, dot
quy va ngh&n mach) trén thé gidi 1a 25 triéu nguoi vao nam 2007, va con sd nay dugc dy

doén s& tiép tuc ting 1én dén 28 triéu ngudi vao nim 2017 (DataMonitor, 2007). J héu
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hét cac qudc gia thude T4 chirc hop tac va phat trién kinh té (OECD), c4c bénh mach mau
thiéu mau cuc bd 12 nguyén nhan hang diu dan dén tir vong (226,6 ngudi trén 100.000
ngudi vao ndm 2004), dimg sau 1a bénh ung thu (165,6 nguoi). Dot quy dugc chia thanh
dot quy xudt huyét - dic trung béi tén thuong mé nio do v& mach mau ndo, va dot quy
thiéu mau cuc bod tirc 13 nhdi mau ndo do tic dong chay clia mau vao ndo. Dot quy 1a cin
bénh c6 ty 16 méc phai rat cao, dot quy ciing v6i ung thu 12 nguyén nhan ding déau hodc
dtng tht hai dAn dén tt vong m&i nam & Han Quéc (s liéu tir nam 2002 dén 2008 cua
Cuc Théng ké Qudc gia Han Québc), va Han Qudc ding thtr hai trong sb céc quéc gia
thuéc OECD vé ty 18 tir vong do d6t quy. Theo bdo cdo nim 2008 ctia Hiép hoi Tim
mach Hoa Ky (American Heart Association - AHA), 65,5 ty do la tiéu tbn mdi nam cho
bénh dot quy dé diéu tri va cham séc cac bénh mach mau thiéu mau cuc bd, nhung thi
trudong tac nhan diéu tri bénh d6t quy chi chiém 1,3 ty d6 la. Do d6, dd c6 nhitng nd lyc
tich cuc dé phat trién c4c tac nhan didu tri d6t quy thiéu mau cuc by, thi truong tiém ning
cta c4c tac nhan didu tri ndy s& 6 quy mola 22 ty do-la hodc nhidu hon néu c6 bét ky tac
nhan didu tri nao c6 hiéu qua dwoc kim ching ra mét thi trudng trong mot vai nim téi.

O Han Quéc, dot quy 1a nguyén nhan hang déu dan dén tir vong, thir hang nay cao
hon ¢4 & nhimg nudc phat trién manh bao gdm Hoa Ky, Canada, Uc va c4c nuéc twong
tw khac. Dot quy pha hity chit luong cudce sdng bang cach gay ra ton thuong dén day than
kinh van dong va cac chirc ning cam gidc, va sy bat thuong trong cac chirc ning béc cao
hon nhu ghi nhé, nhén thirc, van dong va suy luén, va gy ra nhiéu ndi dau vé mat thé xac
va tinh than cho bénh nhan va gia dinh cia ho cho dén khi bénh nhén d6 qua doi. Trong
nhitng nim gin day, khi d4n s gia ngay cang ting nhanh, ty 1& dot quy va viéc ting thoi
gian séng s6t sau khi bj dot quy trd thanh mdt van dé 16n cia xa hoi. Do do, can phai phat
trién cac thudc didu tri dé 1am thuyén giam céc triéu ching va diéu tri bénh dot quy,.

Méc du y nghia 14m sang cia bénh dot quy va quy md thi trudng 16n nhu duge

néu trén, sy phét tri€n clia cac tdc nhan di€u tri bénh dot quy van khong dang ké, va céac
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tac nhan diéu tri bénh dot quy duogc chép nhén vé mit 14m sang chi bao gém chét hoat
hoa plasminogen mo (tissue plasminogen activator - t-PA). Dot quy la do nhiéu nguyén
nhan khéc nhau gdy ra, va gdm nhiéu bénh Iy véi cac yéu té bénh nguyén khéc nhau bao
gdm nhdi méu ndo, xuit huyét ndo, xuét huyét dudi mang nhén va cdc nguyén nhén
twong tu. Ngoai ra, dot quy c¢6 thé do nhidu bénh mach mau ndo khic nhau gay ra, bao
gém X0 cing déng mach, bénh mach mau ndo dang tinh bot va dit dong mach chu, va
ciing ¢6 thé do chimg nghé&n mach tir tim do ching loan nhip tim hodc bénh dong mach
vanh gdy ra. Nguyén nhén giy ra dot quy rit da dang nhu dwgc md ta trén dy, nhung
theo quan diém sinh hoc té bao, sy sut giam ngudn cung cip mau va dan dén chét té bao
duoc xem la co ché chung. Vi ly do nay, viéc hiéu co ché cua sy chét té bao than kinh do
thiéu méu cuc b6 1a k¥ thuat cbt 161 dé phét trién chién lugc diéu tri dé ngédn ngua, kiém
sodt va diéu tri dot quy.

4 Han Quéc va mdt s6 nudc khéc, nhidu nhém nghién ctu da nd lyc tim cach
ngin ngira cac bénh vé ndo bang cach nghién ciru co ché cia su chét té bao than kinh néu
trén. Trong trudng hop dot quy, tic nhan diéu tri ddc hiéu chua dugc tim ra, va nhidu bac
sT14m sang mi&n cudng ding t-PA, tic nhan diéu tri duy nhét nay duoc sir dung 1am sang
dé 1am tan cuc huyét khéi sinh ra trong mach méu ndo, do t-PA c¢6 cac tac dung phu nhu
xudit huyét ndio. Cho dén nay, nhidu nhém nghién ctru da c¢d ging phat trién tic nhan diéu
trj dot quy dwa trén ca chit dbi khang voi thy thé axit glutamic 13 chit dan truyén than
kinh kich thich, va chit chéng oxy héa, nhung nhimg ¢ ging nay cta ho di thit bai do
hidu qua khong dang ké hay doc tinh ciia thude.

Thoi gian cin thiét dé dwa bénh nhan dot quy dén phong cip ctru bénh vién sau
khi b d6t quy thuong 1 vai tiéng hodc 1au hon. Trong vai phit dén vai gid sau khi bj dot
quy, cac t& bao than kinh bi tn thuong so cdp boi doc t6 than kinh kich thich gay ra boi
sy giai phong qua muc axit glutamic, va bi tén thuong thtr cép do tiép xtic qua mirc vé6i

oXy va cdc goc nito sinh ra theo thoi gian. Sau vai chuc gio, céc te bao than kinh bi ton
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thuong lién tuc va nghiém trong do cdc phan tng viém, va trong truong hgp nay, vigéc

dung thubc wrc ché doc tinh than kinh kich thich 12 v6 nghia vé& mit 1am sang.

Nhu dwoc néu trén, dot quy khong phai 14 bénh gy ra boi mot yéu t6 don nhit,
ma 13 bénh dan dn ton thuong nfo béi nhiu con dudng va co ché gay chét té bao khac
nhau. Trong nhitng nim gin déy, da c6 nhing cb géng dé dat dugc hiéu qua didu tri ddng
van chéng dot quy bang cach st dung két hop cac thudc véi cac co ché khac nhau. Ching
han nhu, viéc ding aspirin két hop vé6i dipyridamol da cho thay tién trién c6 loi cho bénh
dot quy hon 1a chi dung mdi aspirin (Chatuvedi S., Clin Therap, 30(7), 1196-205, 2008).
Ngoai ra, viéc két hop 17B-estradiol va t-PA da kéo dai cira s6 thoi gian didu tri cho cic
bénh nhan bi 46t quy thiéu mau cuc bd, do 17B-estradiol [am gidm xuét huyét ndo do su
tang biéu hién cua urokinaza gdy ra, MMP2 va MMP9 do t-PA géy ra (Liu R. et al., J
Pharmacol Exp Ther, 332(3), 1006-12, 2010). Viéc ding Memantin (14 chit dbi khang
thu thé NMDA) két hop véi Clenbuterol (12 chét d6i khang thu thé beta 2 beta-adrenalin)
da cho théy hiéu qua déng véan trong viéc Uc ché tén thuong nédo do thiéu mau cyc bd &
md hinh 4 thiéu mau cuc bo kéo dai. Viéc ding memantin két hop véi chit phong bé ion
canxi Topiramat ciing cho thiy hiéu qua dong van trong viéc trc ché tén thwong ndo do sy
giam oxy-huyét gy ra & chudt so sinh (Culmsee C. et al., Stroke, 35(5), 1197-202, 2004).
Tuy nhién, nhitng nghién ciru ndy cht yéu nhim muyc dich 1am thuyén giam triéu chimg,
va khong cho thdy céc hiéu qua ddng vén dua trén cac co ché bao vé md nio.

Pé hidu v& tn thurong mo ndo thidu mau cyc bd gay ra boi ching thiéu mau cyc
bo va dé phat trién thube trc ché ton thuong mé ndo nay, co ché va qua trinh tén thuong
md ndo sau khi bi thiéu méu cuc bd cdn dugc hiéu rd. Nhin chung, tén thuong hoic su
chét té bao ndo sau khi bi thiéu méau cuc bo 14 do nhidu yéu t6 khac nhau gy ra. Ching
han nhu, ddc tinh kich thich, khir cuc quanh 5 nhdi mau, sy mit can bang oxy hoéa va

viém duge biét 14 lién quan téi su phat trién ton thuvong ndo do thiéu méu cuc bd (Dirnagl
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et al., Trends Neurosci., 22, 391-397, 1999). Do d6, didu cbt yéu 1a phai hiéu dugc bién
do thoi gian rit da dang (vi du, phat bénh va kéo dai) va phai pha v& dot bénh ly cia
chiing mgt cach phu hop.

Su chét té bao than kinh do ddc tinh kich thich c6 thé dugc e ché bing chét dbi
khéng thy thé glutamat, va cac thu thé ion ma trén d6 glutamat hoat dong 14 AMPA (axit
a-amino-3-hydroxy-5-metyl-4-iso-xazolepropionic), kainat va cac thu thé NMDA (N-
metyl-D-aspartat). Cu thé 13, nhiéu nghién ctru vé su chét t& bao do hoat dong cua thy thé
NMDA @i duoc tién hanh (Standridge J.B., Clin. Ther., 26(5), 615-630, 2004). Tuy nhién,
bat chip cac nd luc nay, cac thude e ché thy thé NMDA d3 khong thanh cdng trong cac
thir nghiém 14m sang, do ching cé tac dung khong dang ké hodc c¢6 doc tinh. Thube e
ché thy th8 NMDA MK-801 lam giam dang ké ton thwong ndo do thiéu mau cuc bd,
nhung cé bét loi 16m vé cira 36 thoi gian diéu tri so bd. MK-801 d cho théy tdc dung bao
vé té bao than kinh & chudt va chudt nhay chi khi n6 dugc dung trong vong mdt gidr sau
khi bi thiéu mau cuc bo khu tra (Margaill et al., J Cereb Blood Flow Metab, 16, 107-113,
1996; Hatfield RH et al., Eur J Pharmacol, 216, 1-7, 1992). MK-801 ciing tri hoén su
chét té bao thin kinh sau thidu mau cuc bo, nhung khong cai thién sy phuc hdi than kinh
hay kha ning séng s6t cudi ciing sau vai tudn didu tri (Valtysson J. et al., Acta Neurochir
(Wien), 129, 58-63, 1994; Von Lubitz DK et al., Eur J Pharmacol, 233, 95-100, 1993).
Céc thu thé cia axit glutamic dén truyén than kinh kich thich bao gbm thy thé AMPA va
thy thd NMDA. C4c chét d6i khang cac thy thé AMPA khéng cho thiy cac tac dung bao
vé dang k& chéng lai khiém khuyét thdn kinh 28 ngay sau MCAO (Colbourne F et al.,
Stroke, 30, 662-668, 1999). Ctra sé diéu tri ngin va su thiéu hiéu qua diéu tri 1au dai cua
c4c chat dbi khang thu thé NMDA va AMPA chi ra ring céc thu thé nay chi déng vai tro
thoang qua trong dot thiéu mau cuc bd ban diu. Do d6, cic qué trinh sinh 1y bénh khac,
ma khéng bj anh hudng boi cac phép didu tri ndy, dwoc cho 12 gép phan vao tén thuong

néo do thiéu mau cuc bo tré.
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Nhu nhiéu bénh suy thoai khéc, sy mét can bang oxy héa cé anh hudng 16n dén
s chét hodc mét chire ning té bao trong dot quy. Do d6, cac nghién ctru v& cac hidu qua
diéu tri cua cac chét chéng oxy hoéa dbi voi bénh dot quy do thiéu mau cuc bo da duogc
tich cuc tién hanh (Salama M. et al., Co-Enzyme Q10 to Treat Neurological Disorders:
Basic Mechanisms, Clinical Outcomes, and Future Research Direction, CNS Neurol
Disord Drug Targets, 2013; Rodrigo R. et al., Oxidative Stress and Pathophysiology of
Ischemic Stroke: Novel Therapeutic Opportunities, CNS Neurol Disord Drug Targets,
2013). G Nhat Ban, edaravon c6 co ché chinh 12 tac dung chéng oxy hoéa dugc ban trén
thj truong nhu mot tac nhan didu tri dot quy (Firuzi O et al., Curr Med Chem., 18(25),
3871-88, 2011; Yoshida H. et al., CNS Drug Rev., 12(1), 9-20. 2006).

Vai gio sau khi nhiém doc than kinh kich thich sau khi thiéu méau cuc bo, phan
mg viém bét dau xay ra & ving ndo bi tdn thwong, va tiép tuc trong vai ngay dén vai tudn,
lam tén thuong ndo ning thém. Do dé, trong nhitng nim gan ddy, cac nd luc didu tri dot
quy do thiéu mau cuc bd bang cach sir dung cic tic nhan khang viém da duoc tich cyc
thyc hién (Price CJ et al., J Neurol Neurosurg Psychiatry, 74, 1476-1484, 2003; Salama
M, Co-Enzyme Q10 to Treat Neurological Disorders: Basic Mechanisms, Clinical
Outcomes, and Future Research Direction, CNS Neurol Disord Drug Targets, 2013;
Rodrigo R. et al., Oxidative Stress and Pathophysiology of Ischemic Stroke: Novel
Therapeutic Opportunities, CNS Neurol Disord Drug Targets, 2013). Ngoai ra, bdo céo
gan day ciing cho thdy céc té bao viém thAm nhiém tir mach méau déng vai tro chinh trong
viéc 1am trdm trong thém tén thuong ndo & bénh dot quy (Kang GH et al., J Neurol Sci.,
15, 318(1-2), 25-30, 2012; Choi IY et al., Am J Pathol, 179(4), 2042-52, 2012; Choi YK
et al., Free Radic Res., 44(8), 925-35, 2010; Choi IY et al., Free Radic Res., 44(5), 541-
51, 2010; Lee JC et al., Glia, 50(2), 168-81, 2005). Hon nitra, bdo cdo cho thz“iy cac phan
tng khéng viém do thu thé cannabinoid B2 trc ché ton thuong dén mé ndo thiéu méu cuc

b0 (Choi IY et al., Am J Pathol, 182(3), 928-39, 2013).
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Do d6, sy phat trién céc thube c6 nhiéu hoat tinh bao vé té bao khac nhau dugc
xem 1a cin thiét cho phép diéu tri bénh dot quy hoan chinh. Nhim dat duge muc dich nay,
nghia 1a, nhim phét trién mot loai thube diéu tri da hiéu c6 nhiéu co ché bao vé té bao
khéc nhau, céc tac giad da phat trién dan xuét cua (15)-(-)-verbenon. (1S)-(-)-verbenon la
pheromon chéng két tu tu’ nhién tao ra bdi bo canh cing tir tién chét nhua cdy chu, alpha-
pinen. Céc tinh dau chira (15)-(-)-verbenon da dugc thong bio 13 thé hién céc hoat tinh
sinh hoc nhu hoat tinh khéang khudn hay hoat tinh trir sdu (Bernarde WA, Z Naturforsch C,
65, 588-93, 2010; Martinez-Velazquez M., J Med Entomol, 48, 822-827,2011). Ngoai ra,
cong bd don quéc t& WO 2000/63159 bdc 1o ring verbenon [(is, 5S)-4,6,6-
trimetylbixyclo[3.3.3] hept-3-en-20n) va cac dan xudt ciia né c6 cac hiéu qua khang viém
& duodng tho.

Tuy nhién, tai liéu patent trén khong bdc 16 hay goi y tic dung cia cac din xuat
verbenon 1én viéc 1am giam sy chét t& bao thin kinh va sy mit cn bing oxy hoda, sy trc
ché ton thuong nédo do thiéu méau cuc bod va sy trc ché sy di tra cua céc té bao viém.

Theo d6, céc tac gia da do doc tinh kich thich gy ra béi NMDA va su chét té
bao & md hinh chudt bi thiéu mau cuc bd va giam oxy-huyét nham kiém ching tac dung
clia cac din xuét verbenon 1én viée 1am giam sy chét té bao than kinh va sy mét cn bing
oxy hoa va su trc ché ton thwong ndo do thidu méu cuc bd va cac phan ung viém, va tién
hanh thir nghiém v& hoat tinh chéng oxy hoa cua cac din xudt verbenon. Két qua 13, cac
tac gia d4 1an ddu tién phét hién ra ring cac din xuit verbenon c6 anh hudéng dén viéc
~ diéu tri bénh thoai héa than kinh. Cuy thé hon 13, c4c tic gia sdng ché da phat hién ra ring
céc din xuét verbenon theo sang ché 1am giam sy chét t& bao than kinh va sy mét cén
b%mg oxy hoa, va c6 céc tadc dung vuot trdi 1€n sy trc ché tén thuong néo do thiéu mau cuc

b va cac phén g viém in vivo, qua d6 hoan thién sang che.
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Ban chét k§ thuit ciia sang ché

Muc dich cta sang ché 14 d& xuét viéc sir dung din xuit verbenon trong viéc
ngin ngira va diéu tri bénh thoai héa than kinh.

Nhim dat dwge muc dich nay, sang ché dé xudt dugc phidm ngin ngira hodc didu
tri bénh thoai héa than kinh, dugc phdm nay chira ddn xuit verbenon c6 cong thirc cdu
tao 1 hodc mudi dugc dung cua n6, lam thanh phé‘m hoat tinh:

Céng thirc 1

O

trong d6 mdi Ry, Ry, Rs, Ry va Rs doc 14p it nhat 1a mot gbe dugce chon tir nguyén
t hydro, nguyén tit halogen dugc chon tir F, Cl, Br va I, nhém hydroxyl, nhém ankyl C;-
C;, nhom alkoxy C;-C3, nhém amino, nhém ankylamin C;-C;, nhém ankyldiamin C;-Cs,
vong thom Cs-Cg, mach vong Cs-Cg, va di vong thom Cs-Cg; mdi X, Y va Z doc lap 1a

nguyén tr cacbon hoic it nhét 1 mot di nguyén tir dwoc chon tir nhém gdm céc nguyén

tdN,OvaS; vd se==--- biéu thi lién két d6i hoic lién két don.

Theo séng ché, din xuét verbenon néu trén c6 thé c6 chirc ning 1am giam sy chét
té bao thin kinh va sy mét can bing oxy héa, sy trc ché tdn thwong néo do thiéu méau cuc
b, va su trc ché su di tri cua céc té bao viém.

Theo sang ché, bénh thoai hoa thin kinh c6 thé 1a dot quy, ligt, sa sat tri tué,

bénh Alzheimer, bénh Parkinson hay bénh Huntington. Cu thé 13, bénh thoéi héa than
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kinh c6 thé 1a dot quy, sa sut tri tu¢ do mach hoac sa sut tri tué loai do bénh Alzheimer.
Cu thé hon, bénh thoai héa thin kinh c6 thé 13 dot quy, va cu thé hon nira 1 bénh dot quy
do thiéu mau cuc bo.

Theo sang ché, dugc phim nay con c6 thé chtra chit dan thudc, t4 duoc hogc
chit pha loang phi hop thudng dugce ding trong bao ché dugc pham.

Theo sang ché, duoc phém nay co thé dugc bao ché hodc duge st dung két hop
v6i mot hodc nhidu loai thudc dwge chon tir nhém gém cac thube phong bé kénh canxi,
céc chit chdng oxy hoa, céc chét khang glutamat, céc thudc chdng két tu, cac thudc
chdng tang huyét 4p, cc thubc chéng huyét khéi, cac thude khang histamin, cac thudc
khéng viém, cac thubc chbng ung thu va cac loai khéng sinh.

Sang ché ciing d& xuét st dung din xuit verbenon ¢ cong thire cdu tao 1 hodc
mudi duge dung ctia n6 dé ngédn nglra hodc diéu tri bénh thoai hoa than kinh.

Sang ché ciing d& xuét phuong phap ngan ngira va diéu tri bénh thodi hoa thin
kinh bang c4ch str dung din xuit verbenon c6 cong thirc cdu tao 1 hodc mudi dugc dung
cua no.

Sang ché ciing dé xuét phuong phap ngin nglra va didu tri bénh thoai héa than
kinh, phuong phép bao gdm cho ddi twong ding dan xut verbenon c6 cong thirc cdu tao
1 hodc mudi dugc dung cua no.

Sang ché ciing d& xuét thuc phdm chire ning dé ngin ngira hodc lam gidm bénh
thoai héa than kinh, thyc phdm chirc ning nay bao gdm dAn xuit verbenon c¢6 cong thirc

cdu tao 1 1am thanh phén hoat tinh.
M6 ta vin tit cdc hinh vé

Fig.1 thé hién tac dung cia cac hop chét din xuét theo sang ché 1én sy bao vé cac

té bao than kinh vé nédo cta chudt.
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Fig.2 thé hién tic dung cta c4c hop chét din xuét theo sang ché chdng lai doc
tinh kich thich gy ra béi NMDA.

Fig.3 thé hién tac dung cuia cac hop chét dan xuét theo sang ché 1én viéc tc ché
s mét can bang oxy héa ndi bio.

Fig.4 thé hién tac dung cta cac hop chit dan xuit theo sang ché 1én viéc lam
giam tén thuong do thiéu mau cyc bd, phi ndo va khiém khuyét than kinh trong md hinh
b thiéu mau ndo cuc bd in vivo.

Fig.5 thé hién tac dung ctia cic hop chit din xudt theo sang ché 1én sy tang hoat
tinh chéng oxy héa trong md ndo bi tdn thwong do thiéu mau cuc bd trong mo hinh &
thiéu m4u ndo cuc bd in vivo.

Fig.6 thé hién tac dung ctia cac hop chit dan xuidt theo sang ché trong viéc tc
ché sy di tra va sy thdm nhiém cua céc t& bao viém vao md ndo bi tdn thuwong do thiéu
mau cyc b trong mé hinh b thiéu mau ndo cuc bd in vivo.

Fig.7 thé hién tac dung cua cac hop chit dan xuét theo séang ché trong viéc trc
ché sy biéu hién xytokin trong mé ndo bi tén thwong do thiéu mau cyc bd trong mé hinh
b thiéu méau ndo cuc bd in vivo.

Fig.8 thé hién tac dung cua céc hop chét din xuét theo sing ché trong viée e
ché sy ting tinh thAm cta hang rdo mau - ndo quanh md ndo bi tdn thuong do thiéu mau
cuc by trong mo hinh b thiéu mau ndo cuc bd in vivo.

Fig.9 thé hién tac dung clia cac hop chit ddn xuét theo sang ché 1én sy ting ty 18
sdng s6t 1au dai va kha ning phuc hdi thin kinh ciia chudt c6 tdn thuong do thiéu mau
cuc by trong mo hinh b thiéu mau ndo cuc bo in vivo.

Fig.10 thé hién céc hop chit dan xuét theo sang ché khong thé hién su ting dang
ké trong khu vyc khéi tu méu gy ra boi mau tw than trong trong mo hinh dot quy xuét

huyeét in vivo.
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M0 ta chi tiet sang che
Theo mot khia canh, sing ché dé cdp dén viéc st dung din xuat verbenon cé
cong thirc cau tao 1:

Cong thuc 1

@)

trong d6 mdi Ry, Ry, R3, Ry va Rs ddc 14p it nhét 1a mot gde duoce chon tir nguyén
ttr hydro, nguyén tr halogen dugc chon tir F, Cl, Br va I, nhém hydroxyl, nhém ankyl C;-
C;, nhom alkoxy C;-C3, nhom amino, nhém ankylamin C,-C;, nhém ankyldiamin C;-Cs,
vong thom Cs-Cg, mach vong Cs-Cg, va dj vong thom Cs-Cg; mdi X, Y va Z doc 1ap 1a
mdt nguyén tr cacbon hodc it nhét 12 mot dj nguyén tir duge chon tir nhém gém cac
nguyén tr N, O va S; va  ======  bjéu thi lién két doi hodc lién két don.

Trong s céc hop chét thudc dinh nghia ciia Cong thirc 1, tdt hon 13 cac hop chét
trong d6 mdi Ry, Ry, Rs, Ry va Rs ddc lap it nhét 12 mot nhém duge chon tir nhém gém
nguyén tr hydro, nguyén tr halogen dugc chon tir F, Cl, Br va I, nhém hydroxyl, nhom
metyl, nhom etyl, nhém metoxy, nhém etoxy, nhom amino, vong thom Cs-Cg, mach vong
Cs-Cg, va di vong thom Cs-Cg, va t5t hon nira it nhat 13 mot nhém duge chon tir hydro,
nguyén tr halogen dugc chon tir F, Cl, Br va I, nhém hydroxyn, nhom metyl, nhom

metoxy, nhém phenyl, nhém pyrrole, nhém pyridin; va méi X, Y va Z doc lap c6 mdt
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nguyén tir cacbon hoic it nhit 13 mét di nguyén tir duge chon tir nhém gdm cc nguyén
tr N, O va S; va tét hon nita 13 it nhét 1a m6t nguyén tir dugc chon tir nhém gdm nguyén
tr cacbon va nguyén tir N.

T6t nhét 13, hop chit thudc nhom cua cac hop chét thude dinh nghia cia Cong
thire 1 dugce chon tir cac hop chét sau:

(1S,5R)-4-(4-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (3a);

(1S,5R)-4-(4-hydroxy-2-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on
(3b);

(1S,5R)-4-(3,4-dihydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (3¢);

(1S,5R)-4-(3-Brom-4-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on
(34d);

(1S,5R)-4-(4-hydroxy-2,6-dimetoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-
on (3e);

(1S,5R)-4-(3,4-dihydroxy-5-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-
on (31);

(1S,5R)-4-(3-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (3g);

(1S,5R)-4-(2-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (3h);

(1S,5R)-4-(2-hydroxy-4-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on

(3i);
(1S,5R)-6,6-dimetyl-4-styryl-bixyclo[3.1.1]hept-3-en-2-on (4a);
(1S,5R)-4-(4-fluorostyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (4b);
(1S,5R)-4-(4-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (4¢);
(1S,5R)-4-(2-(biphenyl-4-yl)vinyl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (4d);
(1S,5R)-4-(4-(1H-pyrrol-1-yl)styryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on
(4e);

(1S,5R)-4-(3,4-dimetoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (4f);
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(18,5R)-4-(3,5-dimetoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (4g);
(1S,5R)-4-(2,5-dimetoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (4h);

(1S,5R)-4-(5-brom-2-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on

(41);

(1S,5R)-6,6-dimetyl-4-((E)-2-(pyridin-2-yl)vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(Sa);

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-3-yl)vinyl)-bixyclo[3.1.1]hept-3 -en=2-oh
(5b); va

(1S,5R)-6,6-dimetyl-4-((E)-2-(pyridin-4-yl)-vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5¢).

Céc hop chit méi duge biéu dién bdi Cong thire 1 ¢6 thé duge diéu ché dusi
dang mudi duoc dung hodc cic solvat theo cac phuong phap thong thuong da bibt trong
linh vyc nay.

Tét hon 13, mubi duoc dung la mudi cOng axit dugc tao ra véi axit ty do duge
dung. Mudi cong axit ¢6 thé dugc didu ché bing cach st dung phuong phap thong thuong,
vi dy, bang cach hoa tan hp chét trong lwgng dung dich axit du dé tao ra mudi va két tua
mudi ndy nhd st dung dung méi hiru co c6 thé pha tron véi nuée, vi du nhu metanol,
etanol, axeton hodic axetonitril. Hodc 13, mudi cong axit c6 thé duoc tao ra béng cach
nung néng lugng ding mol ctia hop chét va mot axit trong nuwdc hodic ¢dn (vi du, glycol
monometyl ete), va sau d6 1am khd hdn hop bing cach bay hoi hay loc mubi két tiia bang
cach hut.

0 day, axit ty do cd thé 13 axit vo co hodc axit hitu co. Cac vi du cia axit vo co
bao gbm axit clohydric, axit photphoric, axit sunfuric, axit nitric va axit stannic, va cac vi
du cua axit hitu co bao gE‘)m axit metan sunfonic, axit p-toluensulfonic, axit axetic, axit
trifloaxetic, axit xitric, axit maleic, axit sucxinic, axit oxalic, axit benzoic, axit tactric,

axit fumaric, axit mandelic, axit propionic, axit lactic, axit glycolic, acit glucomic, axit
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galacturonic, axit glutamic, axit glutaric, axit glucuronic, axit aspartic, axit ascobic, axit
cacbonic, axit vanilic va axit hydroiodic.

Ngoai ra, mubi kim loai dugc dung c¢6 thé duge diéu ché bang cach sir dung bazo.
C6 thé thu dugc mudi kim loai kiém hodc mubi kim loai kiém thé, vi du, béng cach hoa
tan hop chat trong lwong du dung dich hydroxit kim loai kiém hodc hydroxit kim loai
kiém thd, loc mudi khong hoa tan, va sau d6 1am khé phin loc duge bing cach bay hoi.
Céc mudi kim loai nhu natri, kali hay canxi déu 1a dugc dung. Ngoai ra, ciing ¢6 thé thu
dwoc cac mubi bac trong tmg tir phan tmg ctia mudi kim loai kiém hodc mudi kim loai
kiém thé véi mubi bac thich hop (vi du, nitrat bac).

Trur khi dugce chi dinh khéc trong ban mod t& nay, cac mudi dugc dung cuda céac
hop chét ¢ cong thirc cdu tao 1 bao gdm cdc mudi cia nhém axit hodc bazo cé thé c6
trong cac hop chét c6 Cong thire 1. Chéng han nhu, cic mudi dugc dung bao gdm muédi
natri, canxi va kali thudc nhém hydroxyl, va cac mubi duge dung khéac thudc nhém amini,
bao gdm hydrobromua, sulfat, hydro sulfat, photphat, hydro photphat, dihydro photphat,
axetat, succinat, citrat, tactrat, lactat, mandelat, metansulfonat (mesylate va para-
toluensulfonat (tosylat). Cac mudi c6 thé dwoc didu ché bang céach sir dung phuong phap
diéu ché mudi da biét trong linh vyc nay.

Céc hop chét c¢6 Cong thirc 1 ¢6 thé dugc diéu ché bang cac phuong phap tbng
hop da biét trong linh vuc nay, va ¢ thé dugc tdng hop bang cac phuong phap héa hoc

thé hién trong so dd phan g dudi day, nhung bi khong bi giéi han & do.
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So dd phan tmg 1

2d Ry = 3' Br} 4'—0MOM
Ze,, Ry =2,6" leMe 4' OMOM

-3e R1 =
3f, Ry=

3a; Ri=
3b; R,
30 R1

3g: Rl =3w0H

3h; Ry =2:0H
3i; Ry=2:0H, 4“OMe

“Phin émg va didu ki¢n: a) KOH, MeOH, 60 °C, 6'h; b) 10% HC, MeOH, rt, 24 h,

(1S)-(-)-verbenon (1) ¢ béan trén thi trudng c6 thé duge cd duge ngung tu véi

cac dan xuét benzandehyt (2a-i) c6 nhom hydroxystyryl v6i sy c6 mit ciia bazo, va sau

d6 dugc khir nhém bao vé bang axit, nhd d6 nhiéu din xuét verbenon khac nhau (3a-i) c6

nhém thé alkoxy hodc bromo hoic nhém chirc phenolic.

So dd phan g 2

4a; R1 =H
ab; Ry = 4-F

4c; Ry =4'-OMe

4d; R, = 4-Ph

4e; R, = 4'-pyrrole

4f, R, =3',4'-di-OMe
49; Ry = 3',5'-di-OMe
4h; R, = 2',5'-di-OMe
4i; R, =2'-OMe, 5'Br

aPhan tmg va diéu kién: a) KOH, MeOH, 60 °C, 6 h.
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So dd phén g 3

“Phan @ng va didu kién: @) NaOMe, MeOH, 60 °C, 6 h.

Trong mét phwong phap tong hop dan xuét khac, (15)-(-)-verbenon (1) ¢6 ban
trén thi truong c6 thé dugc dua vao quy trinh twong ty v6i quy trinh trén So dd phan tng
1 nhim dwa nhém styryl vao céc dan xuét c6 nhidu nhém chirc khac nhau, qua d6 didu
ché nhiéu dan xudt verbenon khéac nhau (4a-i, 5a-c) c6 vong thom.

Theo sang ché, tac dung méi ctia cac din xuét verbenon 1én viéc didu tri bénh
thoai hoa than kinh duge phén tich. Két qué 13, phét hién ra ring céc din xuét verbenon
da trc ché doc tinh kich thich gdy ra boi NMDA va sy mét can biang oxy héa ndi bao, lam
tang hoat tinh chdng oxy hoéa, e ché sy di tri va tham nhidm cua cac t& bao viém, va wrc
ché biéu hién xytokin. Két qua cia phén tich dugc md ta chi tiét trong céc Vi du sau day.

Theo mot khia canh khéc, sang ché @ xuit viéc sir dung din xuét verbenon c6
cdng thirc c4u tao 1 hodc mudi duge dung cia no dé ngin ngira hodc diéu tri bénh thoai
héa than kinh.

Ngodi ra, sang ché d& xuit duoc phdm dé ngan ngira va didu tri bénh thoai hoa
than kinh, duoc phém nay chira dan xuét verbenon c6 cong thuc cAu tao 1 hoic mudi

dugc dung clia né, lam thanh phan hoat tinh, va phwong phap dé& ngan ngira hodc didu tri
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bénh thoai héa than kinh bing cach st dung dan xuét verbenon ¢ cong thire céu tao 1
hodc mudi dugc dung cua no.

Theo mot phwong 4n, sang ché dé cap dén phuong phap d& ngin ngira va didu tri
bénh thodi héa than kinh, phwong phap nay bao gdm viéc cho mot dbi twong ding din
xuét verbenon cé cong thuce ciu tao 1 hodc mubi duge dung cua nd. o) day, viéc dung
thudc c6 thé duoc thuc hién in vivo hodc in vitro.

Theo sang ché, bénh thoai hoa than kinh c6 thé dwoc chon tir nhém gém dot quy,
li€t, sa sut tri tug, bénh Alzheimer, bénh Parkinson, bénh Huntington, da xo clirng va xo
cling cdt bén teo co. Khi dugce st dung & ddy, thuat ngir “bénh thoai hoa than kinh” c6
nghia 13 bénh bat ky gdy ra boi sy chét té bao thin kinh quan trong nhét trong viéc truyén
thong tin trong hé than kinh so nfo, béi khiém khuyét trong sy hinh thanh hodc céc chuc
ning cta khdp than kinh truyén théng tin giita cic té bao thin kinh, va béi sy khic
thudng hodc sut giam hoat dong dién ciia céc té bao than kinh.

Theo séng ché, bénh thoai hoa than kinh thudng 1a dot quy, va cu thé 13 bénh dot
quy do thiéu méu cuc bd.

Dugc pham theo sang ché c6 thé dugc dung bing nhidu con dudng khac nhau,
bao gém, nhung khong gi6i han &, duong miéng, trong tinh mach, trong co, trong dong
mach, trong tily séng, trong mang clng, trong tdm vi, qua chén bi, dudi da, trong mang
bung, trong miii, trong da day — rudt, khu tra, dudi ludi va qua truc trang. Tét hon 13,
duoc phim theo sang ché dugc dung theo dudng mi¢ng hodc ngoai dudng rudt. Khi duge
str dung & ddy, thuat ngit “ngodi duwdng rudt” bao gém tiém dudi da, trong da, trong tinh
mach, trong co, trong khép, trong hoat dich, trong xuong trc, ndi tity mac, ndi thuong ton
va ndi hdp so hodc cic phwong phap truyén. Duge pham theo sang ché ciing c¢6 thé dugc
ding duéi dang thube dan qua dudng truc trang.

Dugc phim theo sang ché c6 thé dugc diung theo dudong miéng dudi moi hinh

thirc li€u luvong chap nhén dugc, bao gom, nhung khong gidi han ¢, vién nang, vién nén,
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va dung dich va huyén phi trong nudc. Trong truong hop udng vién nén qua dudng
miéng, céc chit din thudc thudong duoc st dung bao gdm lactoza va tinh bdt ngd. Céc
chit bbi tron, nhu magie stearat, ciing thuong duge thém vao. Trudong hop ding dang
vién nang theo dudng miéng, cc chét pha lodng hitu hiéu bao gém lactoza va tinh bot
ngd khd. Khi cac huyén phi trong nuée duge ding theo dudng miéng, hoat chit dwoc két
hop v6i cac chét nhii hoa va huyén phi héa. Néu duge nhu mong doi, cac chit tao vi ngot
va/hodc tao hwong vi va/hodic tao mau nhit dinh c6 thé dugce thém vao.

Mirc d6 lidu lwong cia duge phim theo sang ché s& phu thude vao nhidu yéu tb
khac nhau, bao gém hoat tinh ctia hop chat dic hiéu duoc st dung, tudi tac, can nang,
tinh trang strc khée néi chung, gi6i tinh, ché do an ubng, thoi gian ding thudc, duong
dung thude, tdc d6 bai tiét, su két hop thube va mac do nghiém trong ctia bénh cu thé can
dwoc ngin ngira hodc didu tri. Dugc phim theo sang ché c6 thé duoc bao ché dudi dang
vién thudc, vién nén boc duong, vién nang, dich 1ong, dang gel, siro, huyén phu dic hodc
dich huyén phu.

Theo sang ché, duoc phém c6 thé dugce bao ché hodc su dung két hop véi mot
hoic nhiéu chit dugc chon tir nhém gdm cac thude phong bé kénh canxi, cac chit chéng
oxy hoéa, cac chit khang glutamat, cac thudc chng két tu, cac thude chéng tang huyét 4p,
céc tac nhan chéng huyét khéi, cac tdc nhan khéng histamin, cac tac nhin khang viém,
céc tac nhan chdng ung thu va cac loai khang sinh.

Theo mét khia canh khéc nita, séng ché dé xuét phuong phap ngin ngira hodc
diéu tri bénh thoai héa than kinh, phuong phép bao gém cho m6t di tugng ding dugc
phdm dé ngan ngira hodc didu trj bénh thodi hoa thin kinh, dugc phim nay chira din xuit
verbenon ¢6 cong thirc cu tao 1 hodc mudi duge dung ctia n6, 1am thanh phé‘m hoat tinh.

Dugc phdm va phwong phép ngan ngira va diéu trj theo sang ché c6 thé dugc sir

dung mot cach c6 1¢i, vi chung sir dung din xuit clia verbenon c6 ngudn goc tlr vat chat
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ty nhién c6 hoat tinh vugt trdi trong viéc trc ché sy chét té bao thin kinh va sy mét can
bing oxy héa va gy ra it doc tinh va tc dung phu hon.

Theo mdt khia canh khac nita, sang ché dé xuét thuc phdm chirc ning hosc chét
phu gia thuc phidm c6 tic dung ngin ngira hogc diéu trj bénh thoai hoa thin kinh va bao
gdm dén xuét verbenon cé cong thirc ciu tao 1 hoiic mudi duge dung cia nd, lam thanh
phan hoat tinh.

Thuc phdm chire ning chira hop chit theo sang ché c6 thé duge sir dung trong
nhiéu tng dung, bao gém thudc, thuc phdm hodc d ubng dé ngin ngira sy viém. Céc vi
du cta thyc phidm chirc ning theo sang ché bao gdm nhiéu loai thuc phdm, keo, sécola,
dod uéng, keo gbém, tra, phtrc h§ vitamin, thyc phém bao vé stc khde, va cac loai tuong tu
khac, va chiing c6 thé dugc sir dung duéi dang thudc bot, cdm, vién nén, vién nang hoic
b ubng.

Din xuét verbenon chira trong thyc pham chirc ning theo séng ché lam thanh
phén hoat tinh c6 tdc dung vuot trdi trong vig¢c bao ve¢ céc t& bao than kinh, wrc ché sy mét
can bang oxy hoa va trc ché sy biéu hién xytokin, nhu dugc ching minh mét cach rd rang
tir cdc két qua phan tich céc co ché sinh hoc nhu duge mé ta sau day. Do d6, hién nhién
d6i v6i ngudi c6 hidu biét trung binh trong linh vuc nay 13 viéc st dung dan xuét
verbenon trong céc thuc phém thé hién céc tac dung vuot troi.

Dugc phidm chira hop chét theo sang ché c¢6 thé duge bao ché theo phuong phap
thong thuong. Chéng han nhu, n6 c¢6 thé duge bao ché dudi dang thudc bot, cdm, vién
nén, vién nang, huyén phu, nhil twong, siro, dang phun va cac dang twong tw dé ding theo
duong miéng, cic chét dé dung theo dudng bén ngoai 1a thube dan, va cac dung dich tiém
v tring. Céc chit din thudc, t4 dugc va chit pha lodng c¢6 thé dugc chira trong duge
phém theo sang ché bao gﬁ“)m lactoza, dextroza, sucroza, sorbitol, manitol, xylitol,
erythritol, maltitol, tinh bt, gdbm acaxia, anginat, gelatin, canxi photphat, canxi silicat,

xenluloza, metyl xenluloza, xenluloza vi tinh, polyvinylpyrolidon, nudc,
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metylhydroxybenzoat, propylhydroxybenzoat, magie stearat va dau khoang. Dugc phim
chira hgp chét theo sang ché dwocbao ché bing cach sir dung chét pha lodng hoic ta duogc
thudong dugce st dung, chéng han nhu c4c chat 1am da“ly, chit don, chét gén két, chit lam
4m, chat gy rd hodc chét hoat dong bé mit. Cac dang bao ché rin dé dung theo dudng
miéng bao gém vién nén, vién hoan, thudc bot, cdm, vién nang, v.v.. Cac dang bao ché
rin nhu thé dugc bao ché béng cach tron hop chét theo sang ché véi it nhit mot ta duoc,
nhu 1a bong, tinh bdt, canxi cacbonat, sucroza, lactoza, gelatin, v.v.. Ngoai cac ta dugc
don gian, céac chét 1am tron nhu magie stearat, bot talc, v.v. cling c6 thé duoc thém vao.
Céc dang bao ché 1ong d& ding theo dwdng miéng, ching han nhu huyén phu, dung dich
udng, nhii trong, siro, v.v. ciing c6 thé chtra cac chét pha lodng don gian, vi du nhu nudce
va paraffin 16ng, cling nhu nhiéu t4 dugc khac vi du nhu chéit 1am 4m, chét tao vi ngot,
chit thom, chét bao quan, v.v.. Cac dang bao ché dé dung ngoai dudng rudt bao gbm cic
dung dich nréc vo tring, dung méi kho, huyén phi, nhii trong, chit 1am khé lanh, thudc
dan, v.v.. C4c dung moi kho va huyén phi c6 thé dugc didu ché bang cach sir dung glycol
propylen, glycol polyetylen, cac loai ddu thyc vat nhu dau 6liu, hodc cac ete ¢6 thé tiém
duogc nhu etyloeat. Vi vai tro 13 chit nén cho thudc dan, Witepsol, Macrogol, Tween 61,
cacao béo, laurin béo, glyxerogelatin, v.v. ciing c6 thé dugc sir dung.

Lidu dung thich hop ciia hop chét theo sang ché c6 thé dwoc lya chon phu hop
tiry thudc vao nhiéu yéu td khac nhau, bao gdm tinh trang bénh Iy va c4n ning cta bénh
nhan, mirc d9 nghiém trong ctia bénh, loai thude, dudng ding va giai doan ding thudc, va
c6 thé dugc xac dinh phi hop boi chuyén gia trong linh vye nay. Tuy nhién, nhim dat
dugc hiéu qua mong mudn, hop chét theo sang ché ¢ thé dugc ding véi lidu hang ngay
tir 0,01mg/kg dén 10g/kg, va t&t hon 1a tir Img/kg dén 1g/kg. Hop chét nay c6 thé duge
ding mot liéu mot ngay hodc nhiéu lidu mot ngay. Lidu ding khong nhim han ché séng

ché theo bat ky phuong dién nao.
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Hon nita, sang ché d& xuét thyc phim chirc ning dé ngin ngira hogic cai thién
bénh thoai héa than kinh, thuc phdm nay bao gdm din xuét verbenon c6 cong thirc cdu
tao 1 hodc mubi dugc dung ctia n6, 1am thanh phz‘?ln hoat tinh.

Thuc phdm chirc ning nay bao gdm hop chét theo sang ché c6 thé duoc st dung
trong nhiéu tmg dung khéc nhau, bao gdm thudc, thyc phdm va dd ubng dé ngan ngira va
cai thién bénh thoai héa than kinh. Céc vi du ctia thuc phdm chirc ning theo sang ché bao
gém nhidu loai thuc phém, dd uéng, keo gom, tra, phirc h¢ vitamin, thyuc phém bao vé suc
khoe va céc loai tuong tu, va né cé thé duoc st dung duédi dang thubc bot, cdm, vién nén,
vién nang hodc thubc ubng.

Céc vi du cta céc thuc phim ma hop chét theo sang ché c6 thé dugc thém vao
bao gém nhiéu loai keo, dd uéng, keo gbm, tra, phtrc hé vitamin, hodc thuc phém bédo vé
strc khoe va céc loai tuong tu.

Hop chit theo sang ché c6 thé dugc thém vao thuc phdm hoic dd udng dé ngin
nglra va cai thién bénh thoai héa than kinh. V& ham luong cta hop chit nay trong thuc
phdm hodc d6 udng, nhin chung hop chét theo sang ché c6 thé dugce thém vao mot lugng
nim trong khoang tir 0,01 dén 15% khéi luong trén téng khébi lwong thuc phidm chuc
ning theo sang ché, va hop chét theo sang ché c¢6 thé dugc thém vao mot lvgng ndm
trong khoang tir 0,02 dén 10g, va tot hon 13 0,3 dén lg, trén 100ml ché phdm dd ubng
chirc ning theo sang ché.

Mién 14 ché phim d6 udng chirc niing theo sang ché chira hop chit nay 1am thanh
phdn thiét yéu, thi khong c6 gi6i han cu thé trong céc thanh phan chét 16ng khac cia ché
phdm d6 udng, va ché phidm nay c6 thé con bao gdbm mot hodc nhidu phu gia, ching han
nhu cac chét tao mii thom hodc carbohydrat ty nhién, cac chat nay thudong dugc sir dung
trong céc loai dd udng. Cac vi du cta carbohydrat phuc vu muyc dich nay bao gdm cac
loai dudng thong thuong nhu monosacarit, vi dy, glucoza, fructoza va cac loai dudng

tuong ty; disacarit, vi du, maltoza, sucroza va céc loai dudng tuong tu; va polysacarit, vi
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dy, dextrin, xyclodextrin va céc loai duong twong ty, va duong cod géc ruou nhu xylitol,
sorbitol, erythritol va céc loai duong tuwong tw. Ngoai nhitng chét da néu trén, véi vai trd
13 chét tao huong vi, cac chét tao hwong vi ty nhién (hop chét thaumatin, stevia, vi du,
Rebaudioside A, glyxyrinzin va céc cht tvong tw), va cac chét tao huong vi tdng hop
(sacarit, aspartam va cac chét twong tu) cé thé duoc st dung mot cach c6 lgi. Ham luong
carbohydrat trong dugc phim theo séang ché 1a nim trong khoang 1 dén 20g, va tét hon 1a
nim trong khoang 5 dén 12g, trén 100ml dugc phim.

Ngodi ra, duge phidm theo séng ché con c6 thé chira nhidu chét dinh dudng,
vitamin, khodng chét (chét dién phén), gia vi (gia vi nhén tao va gia vi ty nhién), chét tao
mau va chét cai thién (phomat, sdcdla va cac chit twong t), axit pectic va cac mubi cua
né, axit alginic va cdc mudi cua né, cac axit hitu co, cic chit cd dic keo bao vé, chit
kiém soat do pH, chit 6n dinh, chét bao quan, glyxerin, cdn, cac chit cacbonat dugc st
dung trong cac dd ubng c6 ga, va cic chit twong ty. Ngoai ra, duoc phim theo sang ché
con c6 thé chira thit qua dé didu ché cac loai nudc ép trai cdy ty nhién, nude ép trai cdy
va nude rau. Cac chit phu gia nay c6 thé dwoc st dung doc 1ap hodc két hop véi nhau.
Mic di ham lwong cia cac chit phu gia nay trong dwgc phim theo sang ché khong dic
biét quan trong dbi voi sang ché, nhung né thuong chiém mot khoang 0 dén 20 phén trén
100 phén trong lwong ctia duge phim theo sang ché.

Dugc phim theo sang ché bao gdm hop chit véi lugng tir 0,01 dén 99% khéi
lugng trén tong khéi lugng duge phdm. Tuy nhién, duge phdm theo sang ché khong bi
gi6i han & d6, ma c6 thé bién ddi tiy thudc vao tinh trang bénh 1y ciia bénh nhan, loai
bénh va mirc d6 tién trién cta bénh.

Dugc phdm chita hop chét theo sang ché con c¢6 thé bao gdbm chét dan thudc, ta
dugc hodc chit pha lodng phi hop, cac chét ndy thuong dwoc st dung trong didu ché

dwoc phim.
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Vi du thwe hién sing ché

Duéi day, sdng ché s& dugc md ta chi ti€t hon c6 dua vao céc vi du. Tuy nhién,
hién nhién 1a d0i v&i ngudi ¢ hi€u biét trung binh trong linh vyc nay thi nhitng vi du nay
chi phuc vu myc dich minh hoa va khong nham giéi han pham vi cua sang che.

, ¢ A A , x A
Vi du 1: Pieu ché cac dan xuat verbenon

Cic chit phan {ng va dung cu

Loai chét phan tng (1S)-(-)-verbenon, cic andehyt, metylclometylete (MOM-CI),
diisopropyletylamin (DIPEA), kali hydroxit (KOH), and natri metoxit (NaOCHj3) duoc
mua trén thi trudng. T4t ca cac chit phan tmg va dung médi duge mua ¢ do tinh khiét cao,
va dugce st dung truc tiép ma khong cén tinh ché thém, trir diclometan duoc cét véi canxi
hydroxit. Trir khi cé quy dinh khéc, phan Gng dugc thyc hién trong binh chén khong
duoc 1am kho dudi ngon Itra trong diu kiéntrong bau khi nito kho. Phép sic ky 16p mong
(thin-layer chromatography - TLC) dwgc thuc hién bing cach st dung gel silic oxit
Merck 60 F,s4, hién thidudi anh sdng tr ngoai, va phép sic ky cot dugc thyc hi¢n béng
cach st dung gel silic oxit (E.Merck silica gel, 70-230, 230-400mesh). Phd 'H-NMR va
BC.NMR duge do bang thiét bj (Varian) & 500 MHz, va su chuyén vi héa hoc dugc
thong bao bing ppm tir tetrametysilan (TMS) dudi dang ndi chudn (CDCls:d 7,26ppm),
va hing s ghép duoc ghi lai bang Hertz. D6 boi duge ghi lai bing cach sir dung cac chir
viét tit sau: mirc don (s), mirc d6i (d), mic doi cia mirc d6i (dd), mic ddi ciia mirc doi
cia muc d6i (ddd), mirc ba (t), mirc ba ciia mic d6i (td), mirc d6i clia mirc ba (dt), mirc
bén (q), mirc bdi (m), va mirc rong (br). Phd khdi d6 phan giai cao (high-resolution mass
spectra - HRMS) duoc ghi lai bing dung cu (phd ké vi khéi Q-TOF nudc), va phép xoay
quang dugc do biang dung cu (phén cuc ké JASCO kiéu 1P-2000) & 589nm. T4t ca cac
hop chét duge do bing pha nguge HPLC trong diéu kién sau day, va do tinh khiét cua n6
16n hon 95%: Phuong phép 1 (Dung mdi A: nude, Dung mdi B: axetonitril), tbc do chay:

0,2ml/phut: 90% cua B trong 20 phuat; Phuong phép 2 (Dung mdi A: nuéc, Dung mdi B:
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axetonitril), tbc d6 chay: 0,1ml/min: Tir 40% cta B dén 100% trong 40 phut. Huyét thanh
bao thai bo (fetal bovine serum - FBS) dugc st dung dugc mua tir cong ty (Hyclone,
Logan, UT), va mdi truong Neurobasal (neurobasal medium - NBM) va chit bd sung
B27 str dung duge mua tir céng ty (Invitrogen, Carlsbad, CA). Ngoai ra, tit ca cac hoa
chét va chét phan tung duge st dung dwgc mua tir cong ty (Sigma—Aldrich, St. Louis,
MO).

Vi du 1-1: Diéu ché (15,5R)-4-(4-(metoxymetoxy)styryl)-6,6-

dimetylbixyclo[3.1.1] hept-3-en-2-on (hop chit 2a)

Pé thu dugc dien tir (15)-(-)-verbenon bang cach ngung tu andol, (1S)-(-)-
verbenon 1 (200mg, 1.33mmol) va 4-(metoxymetoxy)benzaldehyt (332mg, 2.00mmol)
duoc khudy trong MeOH (7mL), va duge xtr lybang KOH (149mg, 2,66mmol). Hn hop
phan tmg duge khudy & 60°C trong 6 tiéng, va duge 1am lanh xudng nhiét d6 trong phong.
Mot lwong nude nhé dugc thém vao hdn hop, hdn hop nay sau d6 duge dé & nhiét do
trong phong trong 24 tiéng. Sau d6, hdn hop dugc co dudi 4p sudt giam dé thu duoc san
phdm mau vang, san phim nay sau d6 dugc loc bing séc ky cot gel silic oxit, qua d6 thu
dugc 1§,5R)-4-(4-(metoxymetoxy)styryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop
chit 2a) 14 chét rdn mau vang (353mg, hidu sudt 89%). Hop chét thu dugc duogc ding
1am méAu trong cac Vi du Thuc nghiém duéi day.

mp 88-90 °C;

[a]*°p-211,6° (c1.0,MeOH);

'H-NMR (CDCl;,500MHz): d7,45(d,J= 8,80 Hz, 2 H), 7,04 (d, J= 8,80 Hz, 2 H),
6,81-6,92 (m, 2 H), 5,90 (s, 1 H), 5,20 (s, 2 H), 3,48 (s, 3 H), 3,03-3,17 (m, 1 H), 2,91 (dt,
J=9,48, 5,53 Hz, 1 H), 2,72 (t, J= 5,62 Hz, 1 H), 2,12 (d, /= 9,29 Hz, 1 H), 1,58 (s, 3 H),
1,01 (s, 3 H);
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BC.NMR (CDCl3,75MHz); d 204,25, 164,57, 158,00, 134,51, 129,75, 128,73,
125,62, 121,83, 116,44, 94,171, 58,09, 56,09, 52,78, 43,59, 39,98, 26,72, 22,10

HRMS: trj s tinh dwgc C1;H;30, (M-H) 253,1229, trj s6 do dugc 253,1221

Két qua phan tich HPLC: (phuong phép 1) 100,0% (tz= 3,67 phut).

Vi du 1-2: Piéu ché (15,5R)-4-(3-metoxy-4,5-bis(metoxystyryDstyryl)-6.6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 21)

Bing cach str dung phwong phap twong tw nhu phwong phép diéu ché hop chét
2a, (1S,5R)-4-(3-metoxy-4,5-bis(metoxymetoxy)styryl)-6,6-dimetylbixyclo[3.1.1]hept-3-
en-2-on (hop chét 2f) thé hién céc tinh chét sau day dugc didu ché (hiéu sut 90%). Hop
chét thu dugc dugce sir dung 1am mAu trong cac Vi du Thuc nghiém duéi day.

IH-
NMR(CDCl;,500MHz);d6,94(d,J=1,96Hz,1H),6,84(s,2H),6,78(d,J=1,71Hz,1H),5,92(s, 1
H),5,22(s,2H),5,15(s,2H),3,89(s,3H),3,60(s,3H),3,52(s,3H),3,09(t,J=5,75Hz,1H),2,90(dt,
J=9,48,5,53Hz,1H),2,72(td,J=5,75,1,47Hz,1H),2,10(d,J=9,29Hz,1H),1,57(s,3H),1,00(s,3
H);

BC-NMR(CDCls,75MHz); d203,92, 164,02, 153,63, 151,19, 136,64, 134,76,
132,10, 126,91, 122,43, 108,91, 104,88, 98,37, 95,33, 58,19, 57,11, 56,07, 52,70, 43,78,
39,93, 26,70, 22,11.

Vi du 1-3: Piéu ché (15.,5R)-4-(4-hydroxystyryl)-6,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 3a)

Pé thu dugc dien tir (15)-(-)-verbenon bing cach ngung tu andol, HC1 10% dugc
nhé timg giot vao dung dich dd duoc khudy cua hop chit 2a (200mg, 0,67mmol) trong
MeOH (3mL), va hdn hop phan timg duge dé qua dém dén khi két thuc phan tng. Sau dé,
dung dich NaHCOj; bdo hoa dugc thém vao hdn hgp phan tng, hdn hgp ndy sau d6 duoc
chiét b%mg etyl axetat va lam khd béng MgSO, khan. Chéit con lai dugc loc bang sic ky

cot dé& thu duoge (1S,5R)-4-(4-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on
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(hop chét 3a) 12 chit rdn mau vang thé hién c4c tinh chét sau. Hop chét thu dwoc duoc sir
dung 1am mAu trong cac Vi du Thyuc nghiém duéi day (162mg, hiéu suit 95%).

mp 88-90 °C.

[a]*°p-211,6° (c1,0,MeOH);

'H-NMR (CDCl;,500MHz); d7,40(d,J= 8,56 Hz, 2 H), 6,78-6,92 (m, 4 H), 6,45
(br.s., 1 H), 5,91 (s, 1 H), 3,12 (t, /= 5,75 Hz, 1 H), 2,88-2,95 (m, 1 H), 2,74 (t, J= 5,62
Hz, 1 H), 2,13 (d, /= 9,29 Hz, 1 H), 1,58 (s, 3 H), 1,02 (s, 3 H);

BC.NMR (CDCls, 75MHz); d205,14, 165,56, 157,32, 135,24, 129,13, 128,51,
124,89, 121,29, 116,00, 58,10, 53,22, 43,86, 40,23, 26,79, 22,15;

HRMS: trj s6 tinh dugc Ci7H;50, (M-H)253,1229, tri s do duge 253,1221;

Két qua phan tich HPLC: (phwong phap 1) 100,0% (tz=3,67 phut).

Vi du 1-4: Didu ché (1S.5R)-4-(4-hydroxy-2-metoxystyryl)-6,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 3b)

Bing cach sir dung phwong phép tuong tu nhu phwong phép didu ché hop chét
3a, (1S,5R)-4-(4-hydroxy-2-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (3b)
thu dugc 13 chét rin mau vang thé hién cac tinh chét sau (hiéu suét: 97%). Hop chét thu
duge dugc st dung 1am mau trong cac Vi du Thuc nghiém dudi day.

mp 78-80 °C;

[a]*°p-140,0°(c1,0,MeOH);

'H-NMR(CDCl3,500MHz); d7,45 (d, J = 8,07 Hz, 1H), 7,24 (d, J = 16,63 Hz,
1H), 6,88 (d, J = 16,38 Hz, 1H), 6,42-6,48 (m, 2H), 5,88 (s, 1H), 3,86 (s, 3H) 5,64 (br. s.,
1H),3,16 (t, J = 5,75 Hz, 1H), 2,91 (dt, J = 9,35, 5,59 Hz, 1H), 2,72 (td, J = 5,60 Hz, 1H),
2,12 (d, J =9,29 Hz, 1H), 1,58 (s, 3H), 1,02 (s, 3H);

BC-NMR (CDCl3,75MHz) ; d 205,53, 166,76, 159,17, 158,94, 130,48, 128,48,
124,75, 120,62, 117,50, 108,19, 99,19, 58,10, 55,53, 53,25, 43,87, 40,33, 26,80, 22,16;
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HRMS: trj s6 tinh dugc CygH00; (M+H)285,1491, tri s6 do duoc 285,1480;
Két qua phan tich HPLC: (phuong phép 1) 99,4% (tz=3,80 phut).

Vi du 1-S: Piéu ché (15.5R)-4-(3.4-dihydroxystyryl)-6.6-

dimetylxyclo[3.1.1]hept-3-en-2-on (hop chit 3¢)

Bing cach st dung phuong phép trong tw nhu phwong phap didu ché hop chat
3a, (1S,5R)-4-(3,4-dihydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (3c¢) thu
duge 1 chit rin mau vang thé hién c4c tinh chit sau (hiéu suit: 84%). Hop chét thu duogc
dugce st dung 1am mau trong cac Vi du Thyc nghiém duéi day.

mp 68-70 °C;

[a]*°p-208,6°(c1,0, MeOH);

'H-NMR(CDCl;,500MHz); d7,13 (s, 1H), 6,70-6,96 (m, 4H), 5,92 (s, 1H), 3,12 (t,
J=5,50Hz, 1H), 2,86-2,95 (m, 1H), 2,71-2,81 (m, 1H), 2,14 (d, J/=9,54Hz, 1H), 1,58 (s,
3H), 1,00 (s, 3H);

BC.NMR (CDCls,75MHz) ; d206,39, 166,93, 146,23, 144,51, 136,47, 128,75,
124,62, 121,91, 120,72, 115,38, 113,17, 60,55, 58,04, 53,84, 44,01, 40,55, 26,78, 22,12;

HRMS: tri sb tinh duge Cy7H;505 (M-H)269,1178, tri s6 do dugc 269,1169;

Két qua phén tich HPLC: (phwong phap 1) 100% (tz=3,47 phiit).

Vi du 1-6: Didu ché (15,5R)-4-(3-brom-4-hydroxystyryl)-6.6-

dimetylxyclo[3.1.1]hept-3-en-2-on (hop chit 3d)

Bing cach st dung phuong phép twong ty nhu phuong phap didu ché hop chét
3a, (1S,5R)-4-(3-brom-4-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hgp
chét 3d) thu dugc 13 chét rin mau vang thé hién c4c tinh chét sau (hiéu sudt: 95%). Hop
chét thu dugc dugce st dung 1am mau trong cac Vi du Thuc nghiém duéi day.

mp 238-240 °C;

[]*°p-181,4°(c1,0,MeOH);
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'H-NMR(CD;0D,500MHz);d7,75 (d, J=2,20Hz, 1H),7,45(dd, J=1,96, 8,56Hz,
1H), 7,02 (d, J=16,50Hz, 1H), 6,97 (d, J=16,50Hz, 1H), 6,92 (d, J=8,56Hz, 1H), 5,90 (s,
1H), 3,24 (t, J=5,99Hz, 1H), 2,97 (td, J=5,59, 9,35Hz, 1H), 2,62 (dt, J=1,50, 6,00Hz,
1H), 2,05 (d, J=9,54Hz, 1H), 1,60 (s, 3H), 0,98 (s, 3H);

BC-NMR(CD;0D,75MHz): d203,02, 165,13, 155,42, 134,47, 132,29, 129,42,
128,79, 125,75, 121,59, 117,11, 110,36, 58,16, 52,33, 43,30, 26,83, 22,43;

HRMS: trj s6 tinh dugc Cy7H;;BrO, (M+H)333,0490, tri s6 do dugc 333,0479;

Két qua phan tich HPLC: (phwong phap 1)98,9%(tz=3,91 phut).

Vi du 1-7: Diéu ché (15,5R)-4-(4-hydroxy-2,6-dimetoxystyryl)-6,6-

dimetylxyclo[3.1.1]hept-3-en-2-on (hop chit 3e)

Béng c4ch sir dung phuong phép trong tw nhu phuong phép diéu ché hop chat
3a, (1S,5R)-4-(4-hydroxy-2,6-dimetoxystyryl)-6,6- dimetylbixyclo[3.1.1]hept-3-en-2-on
(hop chit 3e) thu duoc 12 chét rin mau vang thé hién cac tinh chét sau (hidu sut: 94%).

Hop chét thu dugc duoc sir dung 1am mau trong cac Vi du Thue nghiém duéi ddy.
mp 216-218 °C;

[a]*p-175,4"(c1,0,MeOH);

'H-NMR(DMSO-d,,500MHz); d7,28 (d, J=16,50Hz, 1H), 7,23 (d, J=16,50Hz,
1H), 6,12 (s, 2H), 5,73 (s, 1H), 3,80 (s, 6H), 3,10 (t, J=5,38Hz, 1H), 2,89 (td, J=5,50,
9,05Hz, 1H), 2,53 (t, J=5,50Hz, 1H), 1,93 (d, J=9,29Hz, 1H), 1,53 (s, 3H), 0,91 (s, 3H);

BC-NMR(DMSO0-d,75MHz); d202,56, 166,66, 160,48, 160,27, 126,68, 126,11,
119,22, 104,67, 92,17, 57,50, 55,71, 55,67, 51,67, 42,59, 26,42, 21,96;

HRMS: trj s6 tinh dugc CioHpO04 (M+H)315,1596, tri sb do duge 315,1583;

Két qua phén tich HPLC: (phwong phap 1)99,3%(tz=3,70 phut).

Vi du 1-8: Piéu ché (15.,5R)-4-(3.4-dihydroxy-5-metoxystyryl)-6.6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 3
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Bing cach sir dung phwong phép tuvong tw nhu phwong phép didu ché hop chét
3a, (1S,5R)-4-(3,4-dihydroxy-5-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on
(hop chét 3f) thu dugc 12 chit rén mau vang thé hién céc tinh chét sau (hiéu sudt: 92%).
Hop chét thu duogc duge st dung 1am mAu trong cac Vi du Thuc nghiém duéi day.

mp 168-170 °C;

[a]*p-158,8000°(c1,0,MeOH);

'H-NMR(CDCl;,500MHz)d6,78-6,82(m,3H),6,64(d,J=1,47Hz,1H),5,82-
6,01(m,3H),3,92(s,3H),3,10(t,J=5,62Hz,1H),2,91(dt,J=9,35,5,59Hz,1H),2,74(td,J=5,69,
1,59Hz,1H),2,12(d,J=9,29Hz,1H),2,04(s,2H),1,58(s,3H),1,01(s,3H);

130,
NMR(CDCl;,75MHz);d204,92,165,07,147,23,144,24,135,54,134,13,128,07,125,50,121,6
2,108,63,58,08,56,25,53,12,43,75,40,18,26,78,22,16;

HRMS: tr s6 tinh duge CygHyoO4 (M+H)301,1440, tri 6 do dwge 301,1453;

Két qua phan tich HPLC: (phuong phap 1) 100%(tz=3,46 phut).

Vi du 1-9; Piéu ché (18,5R)-4-(3-hydroxystyryl)-6,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 3g)

Bing céch sir dung phwong phéap turong tu nhu phuong phap diéu ché hop chét
3a, (1S,5R)-4-(3-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chét 3g)
thu duge 14 chét rin mau vang thé hién céc tinh chit sau (hiéu suit: 98%). Hop chét thu
duge duge str dung 1am mau trong cdc Vi du Thuc nghiém dudi day.

mp 106-108 °C;

[a]’p-176,6° (c1,0,MeOH);

'H-NMR(CDCl5,500MHz); d7,21-7,26 (m, 1H), 7,01-7,05 (m, 2H), 6,92 (d,
J=16,50Hz, 1H), 6,88 (d, J/=16,50Hz, 1H), 6,83-6,86 (m, 1H), 6,46 (s, 1H), 5,96 (s, 1H),
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3,11 (t, J=5,75Hz, 1H), 2,93 (td, J=5,53, 9,48Hz, 1H), 2,77 (dt, J=1,59, 5,69Hz, 1H),
2,14 (d, J=9,29Hz, 1H), 1,59 (s, 3H), 1,01 (s, 3H);

BC-NMR(CDCl3,75MHz); d205,19, 165,18, 156,53, 137,42, 135,36, 130,03,
127,44, 122,37, 120,19, 116,68, 113,65, 58,17, 53,39, 43,89, 40,28, 26,77, 22,14;

HRMS: trj s6 tinh dwoc Cy,H;50, (M-H)253,1229, trj s§ do duge 253,1228;

Két qua phan tich HPLC: (phwong phap 2)99,3%(tz=3,73 phut).

Vi du 1-10: Piéu ché (15,5R)-4-(2-hydroxystyryl)-6.6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chat 3h)

Béng cach st dung phuong phép tuong tw nhu phuong phap diéu ché hop chit
3a, (1S,5R)-4-(2-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hgp chét 3h)
thu duogc 13 chit rin mau vang thé hién c4c tinh chit sau (hiéu suit: 100%). Hop chét thu
duge duoc st dung lam mau trong cac Vi du Thuc hghiém dudi day.

mp 140-142 °C;

[a]*°p-296,6° (¢1,0,MeOH);

'H-NMR(CD;0D,500MHz);d7,56 (dd, J=1,59, 7,70Hz, 1H), 7,42 (d, J=16,14Hz,
1H), 7,15(dd, J=1,59, 15,53Hz, 1H), 7,13 (d, J/=16,38Hz, 1H), 6,80-6,87 (m, 2H), 5,89 (s,
1H), 3,25 (t, J=5,87Hz, 1H), 2,99 (dt, J=5,53, 9,48Hz, 1H), 2,65(td, J=1,71, 5,75Hz, 1H),
2,08 (d, J=9,29Hz, 1H), 1,61 (s, 3H), 1,01 (s, 3H);

C-NMR(CD;0D,75MHz); d207,46, 169,09, 157,56, 133,10, 131,67, 128,67,
127,63, 124,55, 122,03, 121,07, 117,05, 59,62, 54,52, 45,29, 41,45, 27,19, 22,58;

HRMS: trj s6 tinh dugc Ci7H;30, (M-H)253,1229, trj s6 do duge 253,1218;

Két qua phéan tich HPLC: (phwong phap 1)99,4%(tz=3,80 phut).

Vi du 1-11: Diéu ché (15,5R)-4-(2-hydroxy-4-metoxystyryl)-6,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 3i)
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Bing cach st dung phuong phép twong tw nhu phuong phap diéu ché hop chit
3a, (1S,5R)-4-(2-hydroxy-4-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hgp
chit 3i) thu duoc 1a chét gel mau vang thé hién céc tinh chét sau (hidu sudt: 96%). Hop
chét thu dwoc duogc str dung 1am mau trong cac Vi du Thuc nghiém duéi day.

[a]*°p-91,8°(c1,0,MeOH);

'H-NMR(CDCl;,500MHz); d8,46 (br.s., 1H), 7,37 (d, J=8,56Hz, 1H), 7,23 (d,
J=16,50Hz, 1H), 7,17 (d, J=16,00Hz, 1H), 6,42-6,55 (m, 2H), 6,04 (s, 1H),3,78 (s, 3H),
3,20 (t, J=5,38Hz, 1H), 2,88-2,98 (m, 1H), 2,76 (t, J=5,14Hz, 1H), 2,17 (d, J=9,54Hz,
1H), 1,59 (s, 3H), 1,05 (s, 3H);

BC.NMR(CDCls,75MHz); d206,56, 167,94, 161,72, 156,99, 132,26, 130,09,
125,37, 119,93, 116,29, 106,90, 101,73, 57,96, 55,28, 53,74, 43,85, 40,60, 26,76, 22,13;

HRMS: trj sb tinh dugc CysH,005 (M+H)285,1491, tri s6 do duge 285,1494;

Két qua phan tich HPLC: (phwong phap 1)99,2%(tz=3,75min).

Vi du 1-12: Diéu ché (15,5R)-6.6-dimetyl-4-styrylbixyclo[3.1.1]hept-3-en-2-on

(hop chit 4a)

Bing céch st dung phuong phép twong tw nhu phuong phép diéu ché hop chét
2a, (18,5R)-6,6- dimetyl-4-styrylbixyclo[3.1.1]hept-3-en-2-on (hop chét 4a) thu duoc 1a
chit gel mau vang thé hién céc tinh chét sau (hiéu suét: 92%). Hop chét thu dwoc dugc sir
dung 1am mAu trong c4c Vi du Thuc nghiém duéi day.

[a]*°p-91,8° (¢1,0,MeOH);

'H-NMR(CDCl3,500MHz); d7,50(d, J=7,09Hz, 2H), 7,35-7,40 (m, 2H), 7,33 (d,
J=7,34Hz, 1H),6,97 (d, J=16,00Hz, 1H), 6,92 (d, J=16,00Hz, 1H), 5,94 (s, 1H), 3,12 (td,
J=1,47, 5,87Hz, 1H), 2,93 (dt, J=5,62, 9,54Hz, 1H), 2,74 (td, J=1,71, 5,75Hz, 1H), 2,13
(d, J=9,29Hz, 1H), 1,59 (s, 3H), 1,02 (s, 3H);

“C-NMR(CDCl;,75MHz); d204,13, 164,23, 135,99, 134,96, 129,15, 128,88,
127,42, 127,35, 122,66, 58,23, 52,87, 43,76, 40,03, 26,78, 22,16;
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HRMS: trj s tinh duge Ci7H;50 (M+H)239,1436, tri sb do dugc 239,1426;
Két qua phéan tich HPLC: (phuong phép 1)95,0%(tg=4,82 phut).

Vi du 1-13: Piéu ché (15,5R)-4-(4-flostyryl)-6.6-dimetylxyclo[3.1.1]hept-3-en-

2-on (hop chit 4b)

Bing céch sir dung phwong phép tuong tw nhu phuwong phép diéu ché hop chit
2a, (18,5R)-4-(4-flostyryl)-6,6-dimetylxyclo[3.1.1]hept-3-en-2-on (hop chét 4b) thu duoc
1a chét gel mau vang thé hién céc tinh chét sau (hiéu suét: 92%). Hop chét thu dugc dugc
st dung 1am mau trong cdc Vi du Thue nghiém dudi day.

[a]*°p-33,2° (¢1,0,MeOH);

'H-NMR(CDCl;,500MHz); d7,46-7,51 (m, 2H), 7,04-7,09 (m, 2H), 6,90 (d,
J=17,00Hz, 1H),6,86 (d, J=16,50Hz, 1H),5,93 (s, 1H), 3,10 (td, J=1,35, 5,81Hz, 1H),
2,92 (dt, J=5,62, 9,29Hz, 1H), 2,74 (td, J=1,71, 5,75Hz, 1H), 2,12 (d, J=9,29Hz, 1H),
1,59 (s, 3H), 1,02 (s, 3H);

BC-NMR(CDCl3,75MHz); d204,04, 164,03, 162,13, 133,62, 132,21, 129,04,
127,15, 122,61, 116,02, 58,17, 52,83, 43,72, 39,99, 26,73, 22,12;

HRMS: trj s6 tinh dwgc C,7H;;FO (M+H)257,1342, tri s6 do dwoc 257,1343;

Két qua phan tich HPLC: (phuong phap 1)90,6%(tg=4,52 phut).

Vi du 1-14: Piéu ché (15,5R)-4-(4-metoxystyryl)-6,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 4¢)

Bing cach sir dung phwong phap twong tu nhu phuong phép didu ché hop chét
2a, (1S,5R)-4-(4-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 4c)
thu dugc 13 chit rin mau vang thé hién céc tinh chét sau (hiéu sudt: 90%). Hop chét thu
dugc duge stir dung 1am miu trong cac Vi du Thue nghiém dudi dy.

mp 138-140 °C;

[a]*p-172,0° (c1,0,MeOH);
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'H-NMR(CDCl;,500MHz); d7,46 (d, J=8,80Hz, 2H), 6,91 (d, J=9,05Hz, 2H),
6,90(d, J=15,90Hz, 1H), 6,84 (d, J=16,50Hz, 1H), 5,90 (s, 1H), 3,85 (s, 3H), 3,12 (td,
J=1,35, 5,81 Hz, 1H), 2,92 (dt, J=5,53, 9,48Hz, 1H), 2,73 (td, J=1,71, 5,75Hz, 1H), 2,13
(d, J=9,54Hz, 1H), 1,59 (s, 3H), 1,03 (s, 3H);

3C-NMR(CDCl3,75MHz); d204,17, 164,63, 160,50, 134,64, 128,83, 128,78,
125,25, 121,66, 114,35, 58,17, 55,34, 52,74, 43,76, 39,99, 26,76, 22,15;

HRMS: trj s6 tinh dugc Cy5H,00, (M+H)269,1542, tri sé do dugc 269,1549;

Két qua phan tich HPLC: (phuong phap 1)100%(tz=4,58 phit).

Vi_ du 1-15: Pidu ché _ (1S,5R)-4-(2-(biphenyl-4-yl)vinyl)-6,6-

dimetylxyclo[3.1.1]hept-3-en-2-on (hop chit 4d)

Bing céch st dung phuong phap twong ty nhu phuwong phap diéu ché hop chét
2a, (1S,5R)-4-(2-(biphenyl-4-yl)vinyl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on  (hgp
chit 4d) thu dugc 13 chit rin mau vang thé hién cac tinh chit sau (hiéu suét: 92%). Hop
chét thu dugc dugce st dung 1am mau trong céc Vi du Thyuc nghiém duéi day.

mp 148-150 °C;

[a]*’p-152,4" (c1,0,MeOH);

'H-NMR(CDCl;,500MHz); d7,55-7,65 (m, 6H), 7,45 (t, J=7,58Hz, 2H), 7,34-
7,39 (m, 1H), 7,01 (d, J=16,50Hz, 1H), 6,96 (d, J=16,50Hz, 1H), 5,95 (s, 1H), 3,14 (t,
J=5,75Hz, 1H), 2,94 (dt, J=5,50, 9,54Hz, 1H), 2,75 (t, J=5,62Hz, 1H), 2,14 (d,
J=9,29Hz, 1H), 1,60 (s, 3H), 1,03 (s, 3H);

BC-NMR(CDCl;,75MHz); d204,12, 164,23, 141,86, 140,23, 134,99, 134,50,
128,87, 127,84, 127,69, 127,51, 127,38, 126,94, 122,65, 58,24, 52,86, 43,77, 40,02, 26,79,
22,18;

HRMS: trj s6 tinh duge Cp3HypO (M+H)315,1749, tri s6 do dugce 315,1737;

Két qua phén tich HPLC: (phwong phép 1)100%(tg=6,35 phut).
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Vi du 1-16: Piéu ché  (15,5R)-4-(4-(1H-pyrrol-1-yD)styryl)-6,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 4e)

Bing cach st dung phuong phép trong ty nhw phwong phap didu ché hop chit
2a, (1S,5R)-4-(4-(1H-pyrrol-1-yl)styryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop
chét 4e) thu dugc 1a chit rin mau vang thé hién c4c tinh chét sau (hiéu suit: 41%). Hop

chét thu dugc dugce sir dung 1am mau trong céc Vi du Thuc nghiém duéi day.
mp 146-148 °C;

[a]*°p-142,4° (c1,0,MeOH);

'H-NMR(CDCl;,500MHz); d7,55(d, J=8,56Hz, 2H), 7,39 (d, J=8,56Hz, 2H),
7,12 (t, J/=2,20Hz, 2H), 6,95(d, J=16,00Hz, 1H), 6,91 (d, J=16,00Hz, 1H), 6,36 (t,
J=2,20Hz, 2H), 5,94 (s, 1H), 3,12 (t, J=5,75Hz, 1H), 2,93 (td, J=5,59, 9,35Hz, 1H), 2,74
(dt, J=1,71, 5,75Hz, 1H), 2,13(d, J=9,29Hz, 1H), 1,59 (s, 3H), 1,03 (s, 3H);

13C-NMR(CDC13,75MHZ); d203,97, 164,03, 140,92, 133,78, 133,21, 128,57,
127,14, 122,61, 120,25, 118,95, 110,94, 58,19, 25,79, 43,72, 39,97, 26,75, 22,14;

HRMS: trj s tinh dugc C, H, NO (M+H)304,1701, tri s& do duoc 304,1691;

Két qua phan tich HPLC: (phwong phép 1)94,7%(tz=5,10 phut).

Vi du 1-17: Piéu ché (15,5R)-4-(3,4-dimetoxystyryl)-6.,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 4f)

Bing céach sir dung phwong phép twong ty nhu phuong phap diéu ché hop chét
2a, (1S,5R)-4-(3,4-dimetoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chét
4f) thu duoc 12 chét gel mau vang thé hién c4c tinh chit sau (hiéu suét: 92%). Hop chét
thu dugc dugce st dung lam mau trong cac Vi du Thyc nghi¢m dudi day.

[a]*°p-111,2° (c1,0,MeOH);

'H-NMR(CDCl;,500MHz); d7,02-7,09 (m, 2H), 6,89 (d, J=16,00Hz, 1H), 6,86 (d,
J=7,00Hz, 1H), 6,83 (d, J/=16,50Hz, 1H), 5,91 (s, 1H), 3,93 (s, 3H), 3,91 (s, 3H), 3,11 (t,
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J=5,75Hz, 1H), 2,91 (dtd, J=1,47, 5,56, 9,41Hz, 1H), 2,72 (tt, J=1,74, 5,72Hz, 1H), 2,11
(d, J=9,29Hz, 1H), 1,58 (s, 3H), 1,02 (s, 3H);

PBC-NMR(CDCl3,75MHz); d204,03, 164,46, 150,28, 149,30, 134,89, 129,10,
125,42, 121,75, 111,24, 109,29, 58,19, 55,94, 52,69, 43,82, 39,96, 26,76, 22,15;

HRMS: trj 6 tinh dwgc CioHp» 03 (M+H)299,1647, tri sé do duge 299,1657;

Két qua phan tich HPLC: (phuong phap 2)97,9%(tz=9,19 phiit).

Vi du 1-18: Piéu ché (15.,5R)-4-(3,5-dimetoxystyryl)-6.,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 4g)

Bing céch sir dung phwong phap twong ty nhu phwong phap diéu ché hop chit
2a, (1S,5R)-4-(3,5-dimetoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit
4g) thu duoc 1a chét gel mau vang thé hién cac tinh chét sau (hiéu suit: 90%). Hop chét
thu dugc duge st dung lam mau trong cac Vi dy Thyuc nghiém duéi day.

[a]*°p-94,2° (¢1,0,MeOH);

'H-NMR(CDCl;,500MHz); d6,93 (d, J=16,00Hz, 1H), 6,85 (d, J=16,00Hz, 1H),
6,65 (d, J=2,20Hz, 2H), 6,45 (t, J=2,20Hz, 1H), 5,94 (s, 1H), 3,82 (s, 6H), 3,10 (t,
J=5,75Hz, 1H), 2,92 (dt, J=5,62, 9,54Hz, 1H), 2,74 (td, J=1,59, 5,69Hz, 1H), 2,12 (d,
J=9,29Hz, 1H), 1,58 (s, 3H), 1,02 (s, 3H);

PC-NMR(CDCl3,75MHz); d204,04, 163,03, 161,03, 137,88, 134,93, 127,83,
122,81, 105,32, 101,51, 58,19, 55,40, 52,82, 43,73, 39,99, 26,73, 22,12;

HRMS: tri s6 tinh dugc CigHp,05 (M+H)299,1647, tri s6 do duge 299,1662;
Két qua phan tich HPLC: (phuong phép 1)100%(tg=4,58 phut).

Vi du 1-19: Piéu ché (15,5R)-4-(2,5-dimetoxystyryl)-6.,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 4h)

Bing cach sir dung phwong phap tuong tu nhu phuong phép didu ché hop chét
2a, (1S,5R)-4-(2,5-dimetoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chét
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4h) thu duge 1a chit gel mau vang thé hién céc tinh chit sau (hiéu suét: 93%). Hop chét
thu duge duge sir dung 1am mau trong cac Vi du Thue nghiém dudi day.

[a]*°p-94,8° (¢1,0,MeOH);

'H-NMR(CDCl3,500MHz); d7,29 (d, J=16,38Hz, 1H),7,11 (d, J=2,69Hz, 1H),
6,95 (d, J=16,14Hz, 1H), 6,81-6,88 (m, 2H), 5,92 (s, 1H), 3,84 (s, 3H), 3,81 (s, 3H), 3,16
(dt, J=1,50, 6,00Hz, 1H), 2,91 (td, J=5,62, 9,29Hz, 1H), 2,72 (dt, J=1,71, 5,75Hz, 1H),
2,11 (d, J=9,29Hz, 1H), 1,58 (s, 3H), 1,02 (s, 3H);

BC-NMR(CDCl3,75MHz); d204,16, 164,83, 153,74, 152,04, 129,50, 127,74,
125,62, 122,37, 115,85, 112,34, 111,85, 58,24, 56,13, 52,76, 43,76, 40,03, 26,76, 22,15,

HRMS: tri s6 tinh dugc C1oH,,05 (M+H)299,1647, tri s6 do dwoce 299,1650;

Két qua phan tich HPLC: (phwong phap 1)96,4%(tz=4,69 phut).

Vi du 1-20: DPiéu ché (15,5R)-4-(5-brom-2-metoxystyryl)-6,6-

dimetylbixyclo[3.1.1]hept-3-en-2-on (hop chit 4i)

Bing cach sir dung phuong phép tuong tw nhu phwong phép diéu ché hop chét
2a, (1S,5R)-4-(5-brom-2-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (hop
chét 4i) thu dwgc 1a chit gel mau vang thé hién céc tinh chit sau (hidu suét: 97%). Hop
chét thu dugc dugce sir dung 1am mAu trong cdc Vi du Thuc nghiém dudi day.

[a]*p-71,6°(c1,0,MeOH);

'H-NMR(CDCl3,500MHz); d7,66 (s, 1H), 7,36 (dd, J=2,45, 8,80Hz, 1H), 7,20 (d,
J=16,38Hz, 1H), 6,95(d, J/=16,14Hz, 1H), 6,77 (d, J=8,80Hz, 1H), 5,93 (s, 1H), 3,87 (s,
3H), 3,12 (t, J=5,62Hz, 1H), 2,91 (dt, J=5,35, 9,60Hz, 1H), 2,73 (t, J=5,14Hz, 1H), 2,11
(d, J/=9,29Hz, 1H), 1,58 (s, 3H), 1,01 (s, 3H);

BC-NMR(CDCl;,75MHz); d203,97, 164,31, 156,40, 132,53, 129,53, 128,69,
128,09, 127,04, 122,89, 113,28, 112,75, 58,22, 55,77, 52,76, 43,71, 39,98, 26,73, 22,11;

HRMS: tri s6 tinh dugce Ci5H;oBrO, (M+H)347,0647, tri s6 do duge 347,0651;
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Két qua phan tich HPLC: (phuong phap 1)99,0%(tz=6,23 phtt).

Vi du  1-21: Diéu ché (15.5R)-6,6-dimetyl-4-((E)-2-(pyridin-2-

yl)vinyDbixyclo[3.1.1]hept-3-en-2-on (hop chit 5a)

Pé thu duoc dien tir (15)-(-)-verbenon bang céch ¢b dic andol, (15)-(-)-verbenon
1 (200mg, 1,33mmol) va 2-pyridincacboxaldehyt (171mg, 1,60mmol) dugc khudy trong
MeOH (7mL), va duge xir Iy bing NaOCH; (25% khéi lwong dung dich trong MeOH).
Hon hop phan tng duge khudy & 60°C trong 6 gid, va duoc 1am lanh xubng nhiét do
trong phong. Mot lugng nudce nhéd duge thém vao hdn hop, hdn hop nay sau d6 dugc dé &
nhiét d6 trong phong trong 24 gid. Tiép theo, hdn hop duge ¢d dudi ap sudt quy dbi, va
dwoc loc bang sdc ky cot, tir d6 thu dugc (1S,5R)-6,6-dimetyl-4-((E)-2-(pyridin-2-
ylyvinyl)bixyclo[3.1.1]hept-3-en-2-on (hop chit 5a) 13 chat dich mau vang thé hién cac
tinh chét sau (258mg, hiéu suit 81%). Hop chét thu dugc dugc sir dung 1am miu trong
céc Vi du Thyc nghiém dudi day.

[a]*°p-102,0000° (c1,0,MeOH);

IH-
NMR(CDCl;,500MHz);d8,60(dd,J=4,77,0,61Hz,1H),7,67(td,J=7,70,1,71Hz,1H),7,45(d,
J=15,90Hz,1H),7,39(d,J=7,83Hz,1H),7,19(ddd,J=7,52,4,83,0,86 Hz,1H),6,96(d,J=15,89
Hz,1H),6,02(s,1H),3,08-3,14(m,1H),2,87-
2,95(m,1H),2,73(td,J=5,69,1,59Hz,1H),2,11(d,J=9,29Hz,1H),1,57(s,3H),1,00(s,3H);

BC.NMR (CDCl;,75MHz);d203,92, 163,51, 154,33, 149,96, 136,65, 133,90,
131,15, 124,29, 123,13, 58,27, 52,90, 43,86, 39,97, 26,71, 22,12;

HRMS: tri s6 tinh dugc C;6H;,NO (M+H)240,1388, trj s6 do dugc 240,1392;

Két qua phén tich HPLC: (phuong phap 1) 98,4% (tz=4,28 phiit).

Vi du 1-22: Diéu ché (1S.5R)-6,6-dimetyl-4-((E)-2-(pyridin-3-

yl)vinyDbixyclo[3.1.1]hept-3-en-2-on (hop chit 5b)
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Bang cach sir dung phuong phép twong ty véi phuong phéap didu ché hop chét 5a,
(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-3-yl)vinyl)bixyclo[3.1.1]hept-3-en-2-on (hop chét
5b) thu duoc 12 chét rin mau vang thé hién céc tinh chét sau (hiéu suét: 77%). Hop chét
thu duoc duoc st dung 1dm mau trong céc Vi du Thuc nghiém duéi day.

mp 102-104 °C;

[a]*p-204,0°(c1,0,MeOH); [A] 20 D -204,0 ° (¢ 1,0, MeOH);

'H-NMR(CDCl; ,500MHz); d 8,70 (d, J= 1,96Hz, 1H),8,54 (dd, J= 1,22, 4,65Hz,
1H), 7,85 (td, J= 1,86, 8,01Hz, 1H), 7,31 (dd, J= 4,77, 7,95Hz, 1H), 7,02 (d, J= 16,00Hz,
1H), 6,91 (d, J= 16,00Hz, 1H), 5,97 (s,1H), 3,12 (dt, J= 1,10, 5,81Hz, 1H), 2,94 (td, J=
5,62, 9,54Hz, 1H), 2,76 (dt, J= 1,71, 5,75Hz, 1H), 2,13 (d, J= 9,54Hz, 1H), 1,60 (s, 3H),
1,03 (s, 3H);

BC-NMR(CDCl; ,75MHz); d203,72, 163,28, 149,82, 149,35, 133,12, 131,73,
130,98, 129,34, 123,61, 58,23, 52,84, 43,64, 39,96, 26,72, 22,13;

HRMS: trj s6 tinh duge Ci6H;,NO (M+H)240,1388, tri sé do dwgc 240,1397;

Két qua phan tich HPLC: (phwong phap 1)98,7%(t R =3,89 phut).

Vi_du 1-23: Diéu ché (15,5R)-6,6-dimetyl-4-((E)-2-(pyridin-4-

yDvinyl)bixyclo[3.1.1]hept-3-en-2-on (hop chit S5¢)

Bing cach sir dung phuong phép twong ty v6i phuong phap diéu ché hop chit 5a,
(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-4-yl)vinyl)bixyclo[3.1.1]hept-3-en-2-on (hop chét
5c) thu duge 1a chit gel mau vang thé hién cac tinh chét sau (hiéu suit: 80%). Hop chét
thu dugc dugc st dung 1am mau trong céc Vi du Thuc nghiém duéi day.

[a]*°p-152,0°(c1,0,MeOH);

'H-NMR(CDCl;,500MHz); d8,62 (d, J=5,87Hz, 2H), 7,35 (d, J=5,87Hz, 2H),
7,13 (d, J=16,14Hz, 1H), 6,84 (d, J=16,14Hz, 1H), 6,01 (s, 1H), 3,10 (t, J=5,87Hz, 1H),
2,95 (td, J=5,62, 9,54Hz, 1H), 2,77 (dt, J=1,59, 5,69Hz, 1H), 2,13 (d, J/=9,54Hz, 1H),
1,60 (s, 3H), 1,02 (s, 3H);
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BC.NMR(CDCL;,75MHz); d203,57, 162,78, 150,42, 143,12, 131,89, 131,57,
124,62, 121,23, 58,24, 52,90, 43,68, 39,95, 26,70, 22,11;

HRMS: trj s tinh dugc C1¢H7NO (M+H)240,1338, tri s6 do dugc 240,1378;

Két qua phan tich HPLC: (phwong phap 1)98,4%(tzg=4,29 phut).

Vi du 2: Tac dung ciia din xuit verbenon lén ddc tinh kich thich, hoat tinh

A ” ~ A oA e -~ A
chong oxy hoa va 0 thiéu mau ndo cuc bo

Chuén bi dong vat thi nehiém

Chudt SD (Sprague-Dawley) (260-270g, duc) dugc mua tir phong thi nghiém
Charles River (Seoul, Korea) va dugc lam cho thich nghi véi méi truong trong chu ky 12
gid sang/12 gidr t6i trude khi tién hanh thi nghiém. Nhitng con vat nay dwgc cho ubng
nudc theo nhu cdu, va thi nghiém dugc thyc hién dudi sy phé chuén cia, Huéng dan
Cham séc va Sir dung Pong vat Thi nghiém cua Vién nghién ctru Sire khée Qudc gia va
Uy ban Str dung & Chidm séc Pdng vét thi nghiém Pai hoc Han Quéc,.

Phén tich thdng ké

S6 lidu duge biu dién bing cac gia trj trung binh = sai s& chuén cia gié tri trung
binh (Standard Error of the Mean - S.E.M), va phéan tich théng ké dugc thuc hién béng
cach phan tich mot chidu phuong sai (ANOVA) va kiém dinh Bonferrroni trong Post Hoc.
P <0,05 dugc coi 12 ¢6 ¥ nghia. Trudc phan tich ANOVA, tri s6 P cta kiém dinh Levene
cho déng thirc cua cac phuong sai duge x4c dinh (P <0,05). Néu cén thiét, sb liéu con
dugc phén tich bﬁng kiém dinh Kruskal-Wallis, ké tiép 12 kiém dinh Mann-Whitney.

Vi du 2-1: Tac dung ctia din xuit verbenon 1én ddc tinh kich thich

Dé kiém chimg tac dung ctia cdc mau thu duge tir cac Vi du néu trén 1én doc tinh
kich thich, thi nghi¢m sau ddy dugc thuc hién theo phuwong phap dugce boc 16 trong tai
lidu (Ju C. et al., BBRC, 431(3), 484-489, 2013).

(1) Nubi cdy céc té bao thin kinh vé ndo
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Céc t& bao thin kinh v6 ndo (5 x 10°cells/ml) dugc phan 1ap tir bao thai chudt SD
(16 dén 17 ngay). Cu thé 13, vo ndo dd dugc cit ra, va céc té bao duge phan lap tir mod
bang cach nghién nhé lap di lap lai nhd sir dung pipet Pasteur trong dung dich dém (Dung
dich mudi can bing Hanks, Hanks’ Balanced Salt Solution - HBSS). Huyén phu té bao
(1,8 x 10° t& bao/mm?) duoc phén tan trén dia Petri d& dwoc xir Iy truée bing poly-D-
lyzin(100mg/ml)/laminin (4mg/ml). Céc t& bao dugc dit trong méi trudong NBM chira

FBS 10%, va dugc nudi cdy trong bau khi quyén c6 96% khong khi/5% khi CO, & nhiét
d6 37°C. Sau khi nuéi cdy 15 dén 16 ngay, thir nghiém dugc thuc hién.

(2) T4i oxy héa sau khi 18y di oxy-glucoza (Oxygen-Glucose Deprivation - OGD)

bé gdy ra cac triéu chirng thiéu méu cyc bo - thiéu OXYy in vitro, cac té bao dugc
duoc dit trong budng thidu oxy huyét (4p lyc oxy riéng phadn <2 mmHg). Cac té bao
dwoc u véi moi trudong DMEM khéng chtra glucoza trong khi dugc suc bing hdn hop khi
ky khi (95% N, va 5% CO,) trong 30 phit dé loai bd oxy du, va dugc & & 37°C trong 90
phit dé 14y di oxy. Sau 90 phut, dung dich tiép xtic dugc thay thé bing méi truong
DMEM chira 25mmol/L glucoza dé dimg phan tng OGD, va cac té bao duge khdi phuc
lai trang thai oxy binh thudng. Céc té bao dbi chimg khong dugc tiép xtic véi OGD dugce
1 trong mdi truong DMEM chira glucoza (25mmol/L) dugc cung cdp hdn hop khi hiéu
khi (95% khong khi va 5% CO,). Céc té bao dugc xir ly bing mdi mau 30 phut trude va
trong toan bo thoi gian OGD/tai oxy hoa.

(3) Po dbc tinh kich thich giy ra boi NMDA (N-metyl-D-aspartat)

Sau khi @ trén dia trong 15 dén 18 ngay, cac t& bao than kinh v6 ndo duge cho
tiép xtic véi NMDA (100 mM) trong dung dich (dung dich mudi can bang Earle khong
chira Mg2+ (Earle’s balanced salt solution - EBSS); chira 1,8mM CaCl, va 10mM glyxin)

trong 10 phut. Sau d6, céc té bao nay duoc rira bing dung dich EBSS chira MgSOy,, va
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dugc U trong moi truong DMEM chira glucoza 25mmol/L trong ndi 0 5% CO, & nhiét do
37°C. 30 phut trude khi xi 1y bing NMDA, cac té bao dugc xir Iy bang mdi mau (10mM).

(4) Po tdn thuong té bao hoic su chét té bao

Pé do tdn thuong t& bao hoic sy chét t& bao, lwong LDH giai phéng vao moi
trudngduge do bang cach sir dung kit do kha ning sdng ctia té bao (Sigma-Aldrich, St.
Louis, MO). Kha ning sbng cua t& bao dugc thé hién dudi dang phan trim LDH so véi
v6i tbng mirc LDH té bao do dwgc trong céc mé nudi cdy cung loai dugc phan giai bing
cach dong cing — gidi dong sau thtr nghi¢m.

Doc tinh kich thich 12 yéu té chinh trong su chét t& bao than kinh gay ra béi thiéu
mau cuc bd, dic biét 1a thiéu méau ndo cuc bd sém. OGD 13 md hinh thir nghiém mé
phéng su gidn doan dot ngdt ctia ngudn cung cép méu va sy tiéu thu ning luong trong
thiéu méau cuc bd. Tén thwong té bao gay ra bdi OGD va tén thuong mang té bao va ton
thuwong than kinh c¢6 thé dugc d4anh gia bing cach do sy giai phong protein nhu LDH vao
mbi truong. Két qua 13, quan sat thdy ring cac hop chat (3a, 3¢ va 3f) 1am gidm mét cach
dang k& tdn thwong té bao thin kinh, so v6i MK801 (chét dbi khang thu thé NMDA da
biét), va khong thé hién tinh doc té bao (Fig.1). Doc tinh kich thich gy ra béi su kich
thich qui murc cua thu thé8 NMDA 13 yéu té chinh lién quan t6i tén thwong than kinh
trong qué trinh OGD/R va tén thwong ndo do thiéu mau cuc bd do san sinh ddng thoi cac
gbc ty do din dén sy mét can bing oxy hoa. Cac két qua cia thir nghiém nay chi ra rang
céc hop chét (3a, 3c, 3f, 3i va 5a) theo sang ché 1am giam mot cach dang ké tn thuong té
bao thin kinh gy ra béi NMDA trong cic té bao than kinh vé ndo nudi cdy, mic du cac
hoat tinh ctia n6 thip hon céc hoat tinh chéng ddc tinh kich thich cia MK-801 (Fig.2).
Pidu nay dua ra gia thuyét ring su (rc ché doc tinh kich thich té bao than kinh gay ra boi
NMDA ctia céc hop chét theo sang ché gop phan vao hoat tinh chéng thiéu méu cuc bo.

Vidu 2-2: Hoat tinh chéng oxy héa ciia din xuit verbenon
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Nhim kiém chimg hoat tinh chéng oxy hoa truc tiép cta cac mau thu duoc trong
cac Vi du néu trén, thtr nghi€m sau day dugce thye hién theo phuong phap bde 16 trong tai
liéu (Ju c. et al., BBRC, 431(3), 484-489, 2013 ; Huang D. et al., J. Agric. Food Chem.,53,
1841-1856, 2005,)

(1) BPo murc ndi bao (huynh quang DCF) cua cac dang oxy hoat hda (reactive

oxvgen species - ROS)

Nhim kiém chimg hoat tinh loc sach gdc truc tiép cta cac méu, 1 gid sau khi tai
oxy hoa, cic té bio dugc nhudém biang maiu do huynh quang H2DCF-DA (2,7-
dihydroiclofloresxein diaxetat), mau do nay duogc sir dung rong rai d& do sy mat cén bing
oxy hoéa ndi bao. 2 gid sau, cac té bao duogc rira trong dung dich dém EBSS (chira 25mM
glucoza, 1,8mM CacCal,, 1,2mM MgSO, va 2,5 mM probenexit (pH7,4)), va huynh quang
cia DCF duoc do bing may doc vi dia huynh quang (SpectraMax GeminiEM; Ex =
485nm, Em = 530nm) hodc kinh hién vi huynh quang (DM IL HC Fluo, Leica, Wetzlar,
Pirc) ¢6 trang bj may anh k¥ thuét sé (DFC420C, Leica, Wetzlar, Ptrc). Cudng d6 huynh
quang dwoc b bang sy ty phat huynh quang (ttrc 13, huynh quang ciia cic té bao khong
dugce nap b%xng H,DCF-DA).

Céc két qua cta thir nghiém nay chi ra ring cic hop chat 3¢ va 3f 1am giam su
mét can bing oxy héa ndi bao giy ra bdi OGD (Fig.3).

(2) Po kha ning loc sach cic gdc nito (thir nghiém DPPH)

Céc miu dugce trén véi DPPH (23,6pug/ml, trong etanol), va duge U trong bong tdi
& nhiét d6 37°C trong 30 phut. Sy hap thu DPPH giam bdi mdi miu dugc do & bude séng

517nm. Vitamin C (Sigma-Aldrich, St. Louis, MO) dwoc st dung lam dbi ching, va trj
s6 trc ché DPPH (%) dugc tinh bing cach st dung phuong trinh sau day:

Phuong trinh 1

Hoat tinh IQC SaCh (%) = [Absmax(Vit.C)'Abssarnple]/ [AbSmax(Vit‘C)'AbSmin(Vit.C)]X1Ooa
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(3) Po kha ning hip thu gdc oxy (oxygen radical absorbance capacity - ORAC)

Thir nghiém ORAC dugc thyc hién nhu duge boc 19 trong tai li¢u (Huang, D. et
al., J. Agric. Food Chem., 53,1841-56, 2005).

AAPH (60mM) va floresxein (50nM) dugc chuén bi trong dung dich d¢ém (dung
dich dém photphat 75mM, pH7,4) ma khéng c6 miu hoic miu chuin (Trolox). M&i mau
va mau chudn dugc huyén phu trong dung dich chita 7% RMCD (beta-xyclodextrin dugc
metyl hoa ngiu nhién) trong axeton 50%. RMCD duoc sir dung dé 1am ting d6 hoa tan
clia cac miu tan trong dau. M3i mau dugc tron di véi dung dich floresxein (66nM,
190p]) bang cach lic trong 5 gidy. Sau khi U & nhiét ¢6 37°C trong 10 phut, AAPH
(500mM, 30p]) duge nhanh chéng thém vao mdi mau, va sy sut giam huynh quang dugc
do bing may doc vi dia huynh quang (Ex = 485nm, Em = 530nm; SpectraMax
GeminiEM, Molecular Devices, Sunnyvale, CA) & nhiét d¢ 37°C & céc khoang cach thoi
gian 5 phut trong 9 gid. Dé dinh lwong hoat tinh loc sach cic gbc peroxyl, AUC (dién-
tich-dugi-duong-cong - area-under-the-curve) dugc tinh theo phuong trinh 2 sau day, va
AUC thyc dugc tinh theo phuong trinh 3 sau day, va TE (duong lugng trolox - trolox
equivalents) cia mdi miu dugc tinh theo phuong trinh 4 sau ddy dua trén dudng cong
chudn ctia AUC thuc dugc v& db thi theo sy gia ting ndng do trolox.

Phuong trinh 2

AUC = (0,5 +fillo + flfo + filfo+ ... + foalfo + foalfo + Slfo) X 5,

trong d6 f; 12 huynh quang thtr nhét & 0 phut va thoi gian 1.

Phuong trinh 3

Ludi AUC = AUCpz,-AUC iy tring:

Phuong trinh 4

TE (dwong lugng trolox) ctia mdi miu = [AUCthuc,z, 625mM J/[AUCthuCyoiox
§25mM].
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Hoat tinh chéng oxy héa ciia dén xuét verbenon theo sang ché dugc do bang hai
phan tng héa hoc khac nhau sau ddy: (1) thir nghiém dya trén chuyén electron don ttc 1a
thir nghiém 2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl [DPPH], thir nghiém nay do su
gia ting DPPH hoat dong nhu chét sinh gbc ty do va miu do sy két thuc; va (2) tht
nghiém chuyén nguyén tir hydro tirc 12 thir nghiém khé néng hép thu gdc oxy [ORAC],
thir nghiém nay do dong ning phan ng canh tranh cia chét tao gbc peroxyl (AAPH;
2,2'-azobis-(2-metylpropionamit)-dihydroclorua) va mdi mau hoat dong nhu chét chdng
oxy héa d6i v6i mau do huynh quang oxy hoa duge (floresxein).

Céc két qua clia thir nghiém nay chi ra ring, trong thtr nghiém DPPH, hau hét céc
dan xuét styryl (3a-f, va 3h-i) c6 nhom phenol thé hién hoat tinh loc sach manh va tryc
tiép chdng lai sy trong tac cia DPPH dén cac gde tu do nito hitu co (xem Bang 1). Trong
s6 do, cac hop chét 3¢ va 3f thé hién hoat tinh loc sach manh hon so véi vitamin C & cung
ndng 4. Trong thitr nghiém ORAC, cho thdy hop chét (4e) c6 nhom pyrol va tAt ca cac
hop chét (3a-i) c6 nhém phenol déu thé hién hoat tinh loc sach géc peroxyl manh so v&i
trolox (xem Bang 1 va 2). Ngoai ra, phat hién ra ring viéc dua nhém hydroxyl vao céc vi

trf meta- va para- ciia nhom phenyl lam ting hoat tinh loc sach gbc tu do cia mdi hop

chét.
Bang 1
Thir nghiém
Cong thuc 2 Thtr nghi¢m ORAC
DPPH
Ma San phdm % (rc ché® | Luéi AUC® |  TEys®
R1 R2 R3 R4 RS
153,98 +

3a H H |OH | H H |[19,11+0,67 |68 3,43+ 0,04
3p |OCH;) H [ OH | H H |3813+5,62| 106,48+ (2,37+0,04
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1,89
131,29 £+ .
3c H |OH | OH | H H |91,62+3,27 3,11+0,11
11,97
168,12 £
3d H Br | OH | H H |[29,45+2,41 3,74 £0,12
5,24
166,26 +
3e |OCH;| H | OH | H |OCH;| 55,80+ 7,52 6.05 3,70+ 0,13
99,06 +
3f H | OH | OH |OCH;| H |83,64+6,19 2,83 +£0,22
37,80
3g H |OH | H ND 73,74 + 3,86 1,64 £ 0,09
3h | OH | H H H H 4,64 +0,60 |98,77 +2,53(2,20 £ 0,06
136,87 £
3i | OH | H |OCH;| H H |51,21+3,83 oy 3,05+£0,07
4a H H H H H ND 27,73 £0,7410,61 £ 0,01
4b H H F H H ND 26,15 £1,2610,62 + 0,02
4c H H |OCH;| H H ND 38,06 £2,00]0,79 £ 0,01
4d H H Ph H H ND 26,75 +1,2710,56 £ 0,01
4e H H |(Pyrrol] H H ND 98,31 +0,48(2,19+0,01
4f H |OCH;|OCH;| H H ND 39,35+ 1,67(0,88 £ 0,04
4g H |OCH;] H |OCH;| H ND 45,28 +£0,62|1,01 £0,01
4h |OCH;| H H |OCH;| H ND 32,44 +1,5410,72 £ 0,03
4i |OCH;| H H Br H ND 32,96 + 1,0310,73 £ 0,02
Cong thtrc 2
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Thi nghiém
Cong thuc 3 Thir nghiém ORAC
DPPH
Mi San pham % tc ché® | Net AUC® | TEps
X Y Z
Sa N C C ND 23,51 £0,7910,52 £ 0,02
Sb C N C ND 22,93 +£0,61]0,51+0,01
Sc C C N ND 22,51 +£0,34(0,50 + 0,01
Cong thuce 3
=
5 S W
o

Vi du 2-3: Thi nghiém trén mo hinh & thiéu mau n4o cuc bd

Nhim kiém chimg tac dung ctia cdc miu thu dugc trong céc Vi du néu trén 1én 6
thiéu mau ndo cuc bo, thi nghiém sau day dugc thuc hién theo phuong phap bdc 10 trong
tai liéu (Belayev L. et al., Stroke, 27, 1616-1622, 1996; thao luan 1623).

(1) M6 hinh & thiéu méau nio cuc bd

Chu6t duoc gy mé bang isofluran 3,0% trong hdn hop N,O va O, (70:30 v/v)
qua mit na va duge duy tri trong isofluran 2%. Trong sudt thoi gian thi nghiém, nhiét do
co thé duge kiém soat va giit & 37°C+ 0,3°C bing cach sir dung nhiét ké truc trang va
miéng dan nhiét cho dén khi con vat duge hdi phuc hoan toan khéi su gy mé sau phiu
thuat. O thiéu mau néo cuc bd duoc taora béng cach lam tic dong mach ndo gitta MCAO
qua ndi mach bén phai. Vin tit 13, chi khau phﬁu thuat nilon s¢i don 3-0 duge lam cun
bing nhiét (Ethicon Johnson & Johnson, Brussels, Bi) dugc 16ng vao long éng ctia mém
dong mach cdnh ngoai bén phai va dua séu 17,5mm vao dong mach canh ndi dé bit 16 ho
cia MCAO. Chi khau nay dugc léy ra sau 1,5 gid dé con vat hdi phuc. Céc con vat dbi
chimg ciing trai qua quy trinh phiu thuét twong tw, ngoai trir MCAO. Céc tri s6 sinh ly

hoc dugc do 15 phut trudc MCAO va 15 phut sau tai twdi mau, va huyét 4p trung binh
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duoc theo ddi trong 5 phit bing cach st dung may phan tich huyét ap (MicroMed,
Lousville, KY), va glucoza dugc theo ddi bing cach st dung may phén tich (Ciba
Corning Diagnostics Corp., Medfield, MA). M&u 5% (hop chét 3f) duoc hoa tan trong
DMSO, dugc pha lodng bing 10% cremophore va dung dich mudi v6 tring, va cho chudt
dung trong mang bung tir 2 gid sau khi gdy MCAO (100 mg/kg).

(2) Po thé tich 8 nhdi méau

Chudt duoc gdy mé bang cloral hydrat 3,5% (5Sml/kg, tiém trong mang bung) va
bi chit dau. Cac 14t cét hinh vong cua ndo (2mm) thu duge béng cach sir dyng khudn
(khuén ndo chudt, Ted Pella, Redding, CA) dugc nhudm mau bang triphenyltetrazolium
clorua 2% (Sigma-Aldrich, St. Louis, MO) & nhiét d 37°C trong 30 phut, dugc cb dinh
bing paraformaldehyt 4% (pH 7,4), roi sau dé dugc bao quan cryo trong dung dich dém
photphat chira 30% sucroza & nhié¢t 49 4°C trong 2 ngay. Dién tich mdt cit ngang cua
ving nhdi mau gifta céc vi tri thép +4mm (déng trudc) va -6mm (dang sau) dugc xédc
dinh bang phdn mém phan tich (chwong trinh phan tich anh OPTIMASS,1, BioScanlnc.
Edmonds, WA). Kich thudc 6 nhdi méu ndo dugc do thu cong bing cach phic v& phac
thao cac dudng bién cta cac khu vie nhdi mau. Tong thé tich nhdi mau (mm’®) duge tinh
theo phuong trinh 5 sau ddy nhu dugc bdc 10 trong tai liéu (J Neurosci Methods (1998)
84:9-16; J Cereb Blood Flow Metab (1990) 10:290-293), va dugc bu cho ching phu néo.
Chimg phil ndo dwgc x4c dinh boi s6 phan trim ting 1én ciia viing bén cdu cing bén/dbi
bén nhu dugc thé hién trong phuong trinh 6 say ddy. TAt ca cac phép do duge thuc hién
theo cach mu dai.

Phuong trinh 5

Téng thé tich nhdi mau (mm®) = thé tich cing bén (IVd) thu dugc bing phép do
truc tiép x [(thé tich d6i bén (Vc))/ thé tich cling bén (V)]

Phuong trinh 6
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Thé tich phi (%) = [(thé tich cung bén (V)) — thé tich d6i bén (Vc))/ thé tich dbi
bén (Ve)] x 100,

Sau d6, cac md duogc 1am déng lanh, cét thanh cac lat cit hinh vong 10 hoc
30um va bao quan & nhiét d¢ —20°C.

(3) Do tdn that than kinh

Tdn thét than kinh dugc do & 24 gio sau thiéu mau cuc bo, va dugc danh gia trén
thang 4 diém nhu dugc boc 16 trong tai liéu (0: khong c6 ton thit than kinh, 1: méng vudt
bi cong, 2: méng vudt cong, giam sirc chiu dung dbi v6i luc ddy bén, va khong quay, 3:
tuong ty nhu 2, nhung quay).

(4) Nhuém héa mo6 mién dich cho md nfo

Céc 14t cit md ndo dwoc chudn bi nhu d3 mo ta trén ddy dwoc xir Iy bang dung
dich dém chira 5% huyét thanh & nhiét d trong phong trong 1 gior dé e ché lién két
khéng thé khong dic hidu. Cac khang thé so cip duoc pha lodng dén ndng d9 thich hop
(khang thé MPO va ED-1-khéang-thé, ty 1& 1:100; khang thé Nitotiroxin, 1:50; IL-1a, IL-
1b, céc khang thd TNF-a, ty 18 1:100) dugc thém vao céc 14t cit md, cac 14t cit nay sau
d6 dwgc nhudm mau qua dém & 4°C. Khang thé so cdp khong lién két dugc loai bd bing
céch rtra, va sau d6 cdc 14t cit mod duge nhudm bing céc khang thé tha cip gin nhan
huynh quang & nhiét do trong phong trong 1 gid. Khéng thé thtr cip khong lién két dugc
loai bo b.%lng cach rira, va sau d6 nhan t& bao duoc nhudm mau bing thubc nhudém
Hoechst 33258 trong 20 phut, sau d6 dugc rira. Cac 1at cit mod duge dit trén ban kinh, va
sau d6 dugc quan sat biang kinh hién vi huynh quang ddng tu (Zeiss LSM510; Zeiss,
Oberkochen, Germany).

(5) Thit nghiém vé tinh thAm hang rio méu — ndo

Thudc nhudém mau (thubc nhudém xanh Evans, 2%) lién két véi huyét thanh
albumin ngay sau khi tiém trong tinh mach va dugc chuyén thanh chét c6 khéi lugng

phén tr cao khong c6 kha ndng di qua hang rdo méu — néo binh thudng, nhung trong md
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ndo chudt bi thiéu méau ndo cuc b, tinh thAm cta xanh Evans tang 1€n do sy phd huy -
hang rao méu — ndo, va do d6 lrong nhudm bing xanh Evans ting 1én. Tim ctia nhing
con chudt c6 6 thiéu méau ndo cuc bd duge tao ra nhu ¢ mo ta trén ddy dugce lam ngap
bing 200ml dung dich mubi sinh 1y. M6 ndo dwoc tach ra, cin va giir trong chat phan tng
(axit tricloaxetic, 60%) & nhiét do 4°C trong 24 gid. M6 dugc nghién, va ly tdm & téc do
10,000 vong/phut trong 15 phit, va phin ndi dwoc thu lai. Kha nang hip thu xanh Evans
trong md ndo duge do & 610nm va tinh nhu lwgng thudc nhudém trén gam ctia md.

(6) Thi nghiém vé ty 18 sdng sot 1au dai

Dbi v6i nhimg con chudt c6 & thiéu mau ndo cuc bd duge gy ra nhu md ta trén
day, ty 18 séng sot va khiém khuyét than kinh duge do sudt 3 tudn trong céc diéu kién
twong tw nhu trude khi tién hanh phiu thuat.

(7) M6 hinh dong vat bi do6t quy do thiéu méu cuc bod do tic mach

Céc con chudt (ning tir 270 dén 300g) dugc gy mé bang isofluran 3,0% trong
hdn hop khi 70% N,0/30% O, (70:30 v/v) va dugc duy tri trong isofluran 3%. Nhiét ké
tryc trang dugc léng vao trong chudt, va nhiét do co thé chuot dugc gitt & 37,0~37,9°C
bing cach st dung miéng dan nhiét ty dong duoc két ndi vé6i nhiét ké. Puong & giita cd
bi rach, dong mach canh chung (common carotid artery — CCA) bén phai, d0ng mach
canh ngoai (external carotid artery - ECA) bén phai va ddng mach cdnh ndi bén phai
(internal carotid artery - ICA) dugc tach ra, va dong mach canh ngoai va dong mach canh
chung dwgc b6 lai. Pong mach canh ngoai duogc siét chit tam thoi bing cach st dung kep
vi mach cong. C4c nhanh bét nguén tr dong mach canh ngoai va dong mach canh ndi bi
rach, va vat nghén mach 35mm dugc tiém vao dong mach canh noi béng 6ng tiém
Hamilton 100ul bang cach st dung dng thong PE-50 cai bién (dwong kinh ngoai:
0,58mm; dudng kinh trong: 0,3mm phu hop dé tiém nodi mach). Kep vi mach dugc thao
ra, va dng thong duogc dua sdu 16-17mm mot cach than trong vao trong dong mach canh

ndi va dén téi diém tng véi khodng 2mm tir di€m dau ctia dong mach canh gifra. Vat
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ngh&n mach cla 6ng thong dugc tiém vao trong dong mach canh ndi (10ul). 5 phit sau
khi tiém vat ngh&n mach, 6ng thong dugce théo ra. Nhanh ddng mach canh néi dugce bo lai,
va vét rach duge khau lai, va sau d6 cdc con chudt duge dé ding cho dén khi hdi phuc
khéi sy gy mé. Vat nghén mach dugc ding trong thir nghiém nay duoc tao ra bing cach
tiém nhanh mau dong mach dui (1iy tir chudt cho méu) vao éng PE-50 va dé yén méu &
nhiét do trong phong trong 2 gid va & 4°C trong 22 gid dé tao ra cuc nghén. Trudc thir
nghiém, éng dwoc ct, va cuc nghén dwoc chuyén dén 6ng théng PE-50 cai bién qua éng
PE-10 bang c4ch st dung éng tiém 1ml chira dung dich mudi ¢6 miii kim 23G.

Céc két qué cua thi nghiém chi ra rﬁng, trong mo6 hinh chudt bi thiéu mau cuc bd
thoang qua, viéc diéu tri hau thiu mau cyc bd bing mau 3f (50mg/kg) (tiém trong mang
bung; dung hai 1an (ttrc 13, 2 gid va 7 gid sau nhdi méu ndo)) lam giam déng ké tén
thuong do thiéu mau cuc bd, phi ndo va khiém khuyét than kinh (Fig.4). Ngoai ra, khi
hoat tinh chdng oxy hoa trong mé dugc do bing nhudm héa mé mién dich dbi véi
nitotiroxin trong cac 1at cit md ndo thu dwoc tir nhitng con chudt dugc ding cic miu nay,
thdy ring hoat tinh chéng oxy hoa trong md ndo cua nhém duge diéu tri bing mau ting
1én déng ké (Fig.5)

Trong khi d6, khi su thdm nhidm cua céc t& bao viém vao trong céc khu vuc nhdi
mau nfo va cac khu vuc ndo bi tén thuong duge kiém tra béng nhudm héa md mién dich,
quan sat théy réng su di tra cia bach ciu trung tinh/bach cdu don nhan dugc nhudm bé‘mg
khéng thé MPO va té vi bao than kinh dém/dai thuc bao duge nhudm bang khang thé ED-
1 da dugc trc ché dang ké (Fig.6). Ngoai ra, da phét hién ra ring cac mirc bidu hién cua
xytokin (chéng han nhw IL-1 alpha, IL-1 beta, and TNF-alpha, dugc biét 1a dong vai tro
quan trong trong ton thwong do thiéu mau cuc bd) & md duge giam dang ké trong nhém
dugc dung cac mAu (Fig.7). Hon nita, ¢4 phat hién ra ring céc hop chét theo sang ché lam

giam d4ng ké tinh thdm cta hang rao méu — ndo ma da tang 1én do ton thuong do thiéu
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mau cuc bd (Fig.8). Ngoai ra, khi quan sat céc tc dung cla cac mAu (cac hop chit) theo
sang ché Ién ty 1¢ sdng sot lau dai va sy phuc hdi than kinh trong hon 3 tuan sau khi cho
cac md hinh chudt duge giy thiéu mau cuc bo tam thoi dung cac mau, d3 phat hién ra
rang ty 18 sdng s6t 1au dai va sy phuc hdi thin kinh ciia nhitng con chudt dugc cho dung
cac miu d3 ting 1én dang ké (Fig.9). Trong trudong hop dot quy do thiéu mau cuc bd, viéc
chay méu nhiéu hon do thudc (vi duy, tPA) thudng xuyén x4y ra, viéc ndy co thé 1am ting
cac tdc dung 14m sang khong mong mudn (vi duy, gy chét hodc tién trién bénh x4u) cho
bénh nhan. Tuy nhién, cic mau theo sang ché khong anh hudng dang ké dén kich thuéc
ciia tén thwong ndo trong md hinh chudt in vivo ¢6 bénh dot quy do tic mach gy ra boi
méu tw than, didu ndy goi y rang c4c mau theo sing ché c6 it kha ning gay ra céc tac
dung phu nhu thé (Fig.10).

Dudi day, vi du vé céc dang bao ché ctia hop chét chira hop chét theo séng ché s&
dugc mo ta, tuy nhién céc dang bao ché vi du nay chi nhdm myc dich minh hoa va khong
lam gi6i han pham vi cta sang ché.

Cong thirec vi du 1: Bao ché thudc bot

Hop chat 3f 200 mg
Lactoza 100 mg
Bot talc 10 mg

Céc hop chét trén dugc tron véi nhau va nap vao géi kin khi dé tao ra dang bao
ché thubc bot.

Coéng thitc vi du 2: Bao ché vién nén

Hop chat 3¢ 200 mg

Tinh bt ngd 100 mg
Lactoza 100 mg

Magie stearat 2 mg

Céc hop chét trén dugc tron véi nhau, va sau d6 nén thanh vién nén theo phuong
phép thong thudng, qua do tao ra dang bao ché vién nén.

Cong thire vi du 3: Bao ché vién nang

RW | 200 mg
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Tinh thé xenluloza 3 mg
Lactoza 14,8 mg
Magie stearat : 0,2 mg

Theo phuong phép bao ché vién nang thong thudng, cic thanh phén trén dugc
trdn v6i nhau va nap vao vién nang gelatin, qua d6 tao ra dang bao ché vién nang.

Céng thirc vi du 4: Bao ché dung dich tiém duoc

Hop chit 4e 200 mg
Manitol 180 mg

Nude cit vb tring tiém dugc 2974 mg
NazHPO4,].2H20 26 mg

Theo phuong phap bao ché dung dich tiém dugc thong thuong, hdn hop cla cac

thanh phan trén dwoc db vao mdi bng tiém (2 M2).

Céng thirc vi du 5: Bao ché dang bao ché l1ong

Hop chét 5a 200 mg
Pudng dong phan hoa 10 g
Manitol 5g
Nudc tinh khiét Theo don thudc

Theo phuong phap bao ché dang bao ché long thong thudng, mdi thanh phén trén
dugc hoa tan trong nudce tinh khiét, va huong vi chanh dugc thém vao. Sau d6, nude tinh
khiét dugc thém vao hén hop dé tdng thé tich 1én dén 100ml, va dung dich dugc db vao
chai mau ndu va duge khtt tring, qua d6 tao ra dang bao ché long.

Cong thirc vi du 6: Bao ché thuc phdm chirc ning

Hop chit 3a 1000 mg
Hon hop vitamin Luong du
Vitamin A axetat 70 ug

Vitamin E 1,0 mg

Vitamin B1 0,13 mg

Vitamin B2 0,15 mg

Vitamin B6 0,5 mg

Vitamin B12 0,2 ug

Vitamin C 10 mg
Biotin 10 ug

Amit cua axit nicotinic 1,7 mg
Axit folic 50 g
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Canxi phantotenat 0,5 mg
Hbn hop khoang chit Luogng du
Sat sunfat 1,75 mg
Oxit kém 0,82 mg
Magie cacbonat 25,3 mg
Kali photphat monoaxit 15 mg
Canxi photphat diaxit 55 mg
Kali xitrat 90 mg
Canxi cacbonat 100 mg
Magie clorua 24,8 mg

Ham luong cta céc thanh phin trong m&i hén hgp vitamin va khodng chét 1a ham
lwong twong d6i phit hop véi thuc pham chitc ning, nhung c6 thé dugc thay ddi thanh tri
s6 bt ky khac. Theo phuong phép bao ché thuc phdm chirc ning thong thudng, céc thanh
ph?m trén dugc tron v4i nhau, va sau d6 dugce tao hat, va cac hat cdm nay co thé duge st
dung trong bao ché thyc phim chirc ning theo phuong phap thong thuong.

Cong thirc vi du 7: Bao ché dd ubng chirc ning

Hop chat 3f 1000 mg
Axit xitric 1000 mg
Oligosacarit 100 g
Man ¢ dic 2g
Taurin lg
Nude tinh khiét Pén 900 ml

Theo phwong phap bao ché dd ubng chirc nang thong thuong, cac thanh phén trén
dwoc tron véi nhau, va sau d6 dugc khudy va dun & nhiét @6 85°C trong 1 gid. Sau do,
dung dich dugec loc, d6 vao binh vo tring 2£, niém phong, bao quén lanh, va sau d6 dugc
str dung trong bao ché dd ubng chirc ning theo séng ché.

Ty 1 thanh phén néu trén twong dbi thich hop cho cac db udng duge wa chudng,
nhung c6 thé thay doi theo so thich cia timg dia phwong va timg nhom ngudi chéng han
nhu tht bac clia nguoi tiéu dung, nudce tiéu thy, myc dich sir dung va nhiing yéu t6 twong
tu.

Mic du sang ché duge mo ta chi tiét c6 dua vao cac dic diém cu thé, hién nhién

1a @i v6i ngudi ¢6 hidu biét trung binh trong linh vyc ndy thi ban mé ta trén chi danh cho

-55-



38133

phwong 4n wu tién va khong han ché pham vi cua sang ché. Do d6, pham vi thuc té cua

sang ché s& dugc x4ac dinh bing bo yéu cdu bao ho dinh kém va dang twong dwong cia né.

Kha ning ap dung cong nghiép

Nhu duge néu trén, duge phdm chira ddn xudt verbenon 1am thanh phﬁn hoat tinh
thé hién céc tic dung 1én viéc bao vé cic té bao than kinh, trc ché doc tinh kich thich gay
ra boi NMDA, trc ché sy mét can bing oxy héa ndi bao, va trc ché sy di tru cua cac té bao
viém, so v6i dugc phdm thong thudng. Do d6, né 6 tac dung didu tri bénh thoai hoa thin
kinh, d3c biét 13 ton thwong do thiéu mau ndo cuc bd. Thém vio d6, né ciing ¢b thé duge

sir dung trong céc thuc phdm chirc ning.
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YEU CAU BAO HOQ

1. Dugce phim dé ngan ngira va didu tri bénh thoai hoa than kinh, trong d6 dugc

phim nay chira hop chét duge chon tir nhém goém c6 cac hop chat sau, lam thanh phan
hoat tinh:

(3b);

(3d);

(18,5R)-4-(4-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (3a);
(1S,5R)-4-(4-hydroxy-2-fnetoxystyryl)-6,6-dimety1bi xyclo[3.1.1]hept-3-en-2-on

(18,5R)-4-(3,4-dihydroxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (3¢);
(18,5R)-4-(3-bromo-4-hydroxystyryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on

(18,5R)-4-(4-hydroxy-2,6-dimetoxystyryl)-6,6-dimetylbi xyclo[3.1.1]hept-3-en-2-

on (3e);

on (31);

(31);

(4d);

(4e);

(41);

(5a);

(18,5R)-4-(3,4-dihydroxy-5-metoxystyryl)-6,6-dimetylbi xyclo[3.1.1]hept-3-en-2-

(18,5R)-4-(3-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (3g);
(18,5R)-4-(2-hydroxy-4-metoxystyryl)-6,6-dimetylbi xyclo[3.1.1]hept-3-en-2-on

(1S,5R)-4-(4-flostyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (4b);
(1S,5R)-4-(2-(biphenyl-4-yl)vinyl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on

(1S,5R)-4-(4-(1H-pyrrol-1-yl)styryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on
(18,5R)-4-(3 ,4-dimetoxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (49);
(18,5R)-4-(3,5-dimetoxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (4g);
(18,5R)-4-(2,5-dimetoxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (4h);
(18,5R)-4-(5-bromo-2-metoxystyryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-2-yl)vinyl)-bixyclo[3.1. 1]hept-3-en-2-on

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-3-yl)vinyl)-bixyclo[3.1. 1]hept-3-en-2-on

(5b); va
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(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-4-yl)-vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5¢);

va mubi dugc dung ctia ching.

2. Dugc phdm theo diém 1, trong d6 dugc pham nay chira (1S,5R)-4-(3,4-
dihydroxy-5-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (3f) hodc mubi duoc
dung cia nd.

3. Thuc phdm chic ning dé ngin ngira hodc cai thién bénh thoai hoa than kinh,
trong d6 thyc phdm nay chita hop chét dugc chon tir nhom gbém c6 cac hop chét sau, lam
thanh phan hoat tinh:

(18,5R)-4-(4-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (3a);

(1S,5R)-4-(4-hydroxy-2-metoxystyryl)-6,6-dimetylbi  xyclo[3.1.1]hept-3-en-2-on
(3b);

(18,5R)-4-(3,4-dihydroxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (3¢);

(18,5R)-4-(3-bromo-4-hydroxystyryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on
(3d);

(18,5R)-4-(4-hydroxy-2,6-dimetoxystyryl)-6,6-dimetylbi xyclo[3.1.1]hept-3-en-2-
on (3e);

(1S,5R)-4-(3,4-dihydroxy-5-metoxystyryl)-6,6-dimetylbi xyclo[3.1.1]hept-3-en-2-
on (31); |

(18,5R)-4-(3-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (Bg);

(18,5R)-4-(2-hydroxy-4-metoxystyryl)-6,6-dimetylbi  xyclo[3.1.1]hept-3 -en-2-on

(31);

(1S,5R)-4-(4-flostyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (4b);

(18,5R)-4-(2-(biphenyl-4-yl)vinyl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on
(4d);

(1S,5R)-4-(4-(1H-pyrrol-1-yl)styryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on
(4e);

(18,5R)-4-(3,4-dimetoxystyryl)-6,6-dimetylbixyclo [3.1. 1]hept-3-en-2-on (4f);
(18,5R)-4-(3,5-dimetoxystyryl)-6,6-dimetylbixyclo [3.1. 1]hept-3-en-2-on (4g);
(18,5R)-4-(2,5-dimetoxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (4h);
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(18,5R)-4-(5-bromo-2-metoxystyryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on
(41);

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-2-yl)vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5a);

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-3-yl)vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5b); va

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-4-y1)-vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5¢);

va mubi dugc dung ctia ching.

4. Thyc pham chic niang theo diém 3, trong d6 thuc pham nay chita hop chat
(18,5R)-4-(3,4-dihydroxy-5-metoxystyryl)-6,6-dimetylbixyclo[3.1.1]hept-3-en-2-on (31)
hodc mudi duge dung ctia no.

5. Hop chit duoc chon tir nhém bao gém:

(18,5R)-4-(4-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (3a);

(1S,5R)-4-(4-hydroxy-2-metoxystyryl)-6,6-dimetylbi xyclo[3.1.1]hept-3-en-2-on
(3b);

(18,5R)-4-(3,4-dihydroxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (3¢);

(18,5R)-4-(3-bromo-4-hydroxystyryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on
(d);

(1S,5R)-4-(4-hydroxy-2,6-dimetoxystyryl)-6,6-dimetylbi xyclo[3.1.1]hept-3-en-2-
on (3e);

(18,5R)-4-(3,4-dihydroxy-5-metoxystyryl)-6,6-dimetylbi xyclo[3.1. 1]hept-3-en-2-
on (31);

(18,5R)-4-(3-hydroxystyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (Bg);

(1S,5R)-4-(2-hydroxy-4-metoxystyryl)-6,6-dimetylbi  xyclo[3.1.1]hept-3-en-2-on
(31);

(18,5R)-4-(4-fluorostyryl)-6,6-dimetylbixyclo[3.1.1] hept-3-en-2-on (4b);

(18,5R)-4-(2-(biphenyl-4-yl)vinyl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on
(4d);
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(18,5R)-4-(4-(1H-pyrrol-1-yD)styryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on
(4¢);

(18,5R)-4-(3 ,4-dimetoxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (49);

(18,5R)-4-(3,5-dimetoxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (4g);

(18,5R)-4-(2,5-dimetoxystyryl)-6,6-dimetylbixyclo [3.1.1]hept-3-en-2-on (4h);

(1S,5R)-4-(5-bromo-2-metoxystyryl)-6,6-dimetylbixyclo  [3.1.1]hept-3-en-2-on
(41);

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-2-yl)vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5a);

(18,5R)-6,6-dimetyl-4-((E)-2-(pyridin-3-yl)vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5b); va

(1S,5R)-6,6-dimetyl-4-((E)-2-(pyridin-4-yl)-vinyl)-bixyclo[3.1.1]hept-3-en-2-on
(5¢).
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FIG4

3f (mg/kg)

0o yuny uey) wolag

i
1
T
= ™~ ™~ - L~

T T | T
2] o= [ 2] <
™~ ~ -

O (%) nud yon ey

T
(2] <

L &

-63-



38133

FIG.5
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FIG.6
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FIG.10
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