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ABSTRACT

Chalcones are a unique and significant group of chemical
compounds that are naturally found in various plant species.
They have the potential for antibacterial, antiviral, antifungal,
and antioxidant activities, making them promising candidates for
the development of new drugs. Ongoing research is focused on
optimizing their biological and chemical properties to meet the
stringent requirements of pharmaceutical and biological
applications. The Claisen-Schmidt condensation reaction is a
commonly used method for chalcones synthesis. This article
aimed to present synthetic methods of chalcones based on the
Claisen-Schmidt reaction. The advantages and disadvantages of
different  catalysts conditions for the Claisen-Schmidt
condensation were also discussed.
TOM TAT

Chalcone la mot nhom hop chét héa hoc déc ddo va quan
trong, dwoc tim thcfy tw nhién trong nhiéu logi thuc vat. Chung co
tiem ndng khang khudn, khdng vi-rit, khdng nam va hoat tinh
chong oxi héa, diéu nay hika hen trong viéc phdt trién thanh cdc
logi thuéc méi. Céc nghién ciru dang tdp trung vao téi wu héa
tinh chat sinh hoc va héa hoc ciia chalcone dé ddp g cdc yéu
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cau khat khe cia céc vmg dung diege phdam va sinh hoc. Phdn iing
ngung tu Claisen-Schmidt la mét phicong phép phé bién dé tong
hop chalcone. Nghién cuu nay tdp trung trinh bay cdc phuong
phap tong hop chalcone dwa trén phan iing Claisen-Schmidt. Mot
$6 wu va nhwoce diém vé cdc diéu kién xic tde va cdc budce phat
trién cho phwong phdp da dwge thao ludn trong ban thao nay.

1. GIOI THIEU

Chalcone (Hinh 1) 13 mét cdu tric héa hoc
don gian xuat hién ty nhién trong nhiéu hop chit
va duoc phan bd rong rii trong rau qua, tra va
céc loai cay khac. Tir "chalcone" xuét phat tir
tiéng Hy Lap "chalcos", c6 nghia 1a "ddng", lién
quan dén mau sic cua hau hét cac chalcone tu

/ —_—
O . O

(E)-chalcone

nhién (mau vang nhat dén vang nau). Cau tric
chinh cua chalcone goi la chalconoid, 1a 1,3-
diaryl-2-propen-1-on, ton tai dugi dang hai hop
chat dong phan frans va cis. Trong d6, chat
ddng phan trans 6n dinh hon vé mat nhiét dong
hoc [1],[2].

(Z)-chalcone

Hinh 1. Chalcone (chalconoid)

Céc hop chit chalcone thu huat nhiéu su
quan tdm khong chi tir khia canh tong hop va
sinh hoc ma con bdi nhiing hoat tinh sinh hoc
da dang va thu vi cia nd. Trong hang ngan nam
qua, chalcone da dugc sur dung trong cay co va
thao dugc dé didu tri nhidu rdi loan y té nhu
ung thu, viém nhiém va tiéu duong. Mot s6
hop chat dua trén chalcone da dugc chap thuan
st dung trong lam sang, ching han nhu
metochalcone 13 mot loai thude kich mat va
sofalcone ting dugc st dung dé diéu tri loét va
bao v€ niém mac [1],[5].

Mac du chalcone da dugc nghién ciru rong
rai voi nhiéu bai viét tong quan da xudt ban, co
ché hoat dong chinh x4c cia no trong cac hoat
tinh sinh hoc da dang van chua duoc hiéu rd.
Bai viét nay nhiam tip trung vao nhirng tién bod

gan day trong viéc st dung chalcone nhu mot
cAu tric quan trong trong hoa hoc dugc, dac biét
1a cac nghién ctru vé sir dung phan tng ngung
tu Claisen-Schmidt dé diéu ché chalcone. Bai
viét sé téng hop mot s6 khia canh cua viéc st
dung chalcone, bao gom sinh tong hop, phuong
phap tong hop va tmg dung phat trién, ciing nhu
céc nghién ciru trong 3 ndm gan day vé cac hop
chat chalcone.
2. PHUONG TIEN VA PHUONG PHAP
Nghién ctru duge thuc hién bing phwong

phap tong hop tai liéu theo cac chu dé sau day:
2.1 Chalcone tir nguon tw nhién

Chalcone 1a khung suon cta nhiéu hop chét
thi vi vé mit sinh hoc tir da dang cac ngudn tu
nhién. Chung da thu hat sy cht y cho cac nghién
ctru trong nhiéu thap ky qua (Hinh 2).
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Hinh 2. Biéu d6 phan b6 cac nghién ciru vé chalcone dwge tra ciru trén hé thong SciFinder".
Tra ctru theo tir khoa “chalcone” (A) va tra ciru theo cau triic chalcone (B)

Nhu trong nhiéu bai bdo, thuit ngi
“chalcone” thuong ding dé chi cac hoa chét
chtta nhém carbonyl o, B bt bdo hoa (khéng
no) [2],[5]. Do @6, ho chalcone c6 su da dang
vé cAu truc rong rai va co thé dugc tam phan
loai thanh hai loai: khung suon chalcone don
gian/co dién va chalcone lai v&i khung 13i 1a
1,3-diaryl 2-propen-1-one. Bichalcone, chang
han nhu rhuschalcone tir Rhus pyroides, chira
hai gbc chalcone trong mot cau tric duy nhét
[6]. nhu
flenchalcone tur Flemingia philippinensis, 1a

Dihydrochalcone, ching han
mdt nhom cac hop chat ¢o lién két doi khong
bdo hoa o, bi khir [7]. Pau nam 2020 dén nay,
mot s6 hop chat chalcone da dugc phan 1ap tir
cac nguén thuc vat khac nhau véi cau trac da
dang va hoat tinh tiém nang (Bang 1). Mot s
hop chit cho thiy kha nang giy doc té bao
dang ké va 1a nhan t6 cho céc cong viéc phat
trién thudc didu tri ung thu.
2.2 Sinh tong hgp chalcone

Chalcone synthase (CHS), siéu ho
polyketide synthase (PKS) loai I1I dau tién dugc
phat hién vao nhitng nam 1970, 1a mot enzyme

phd bién & thuc vat bac cao [8]. CHS ciing da
dugc phat hién & mot s6 loai thuc vat bac thap,
ching han nhu Marchantia polymorpha [9].
CHS chiu trach nhiém sinh téng hop cac
chalcone khéac nhau. Cac enzyme ho CHS cé
lién quan dén qua trinh sinh tong hop cac chat
chuyén héa tht cip da dang, bao gdm
flavonoid, stilben va aurones. Noel va cac cong
su da phat trién mot khung quan trong cho co
ché sinh tong hop bang cach két tinh CHS tir
cay ho dau Medicago sativa, mot qua trinh cung
cap thong tin cau tric rd rang vé qué trinh sinh
tong hop chalcone [10]. CHS tao ra chalcon
bang cach chuyén mot nira coumaroyl tir mot 4-
coumaroyl-coenzyme A (CoA) sang Cysl64
nhu 13 budc dau tién. Sau do, ba thioester
malonyl-CoA tao thanh chét trung gian thong
qua phan tng polyketide. Sau khi tao ra mot
tetraketide lién két voi thioester, mot chu ky
kiéu Claisen dic hiéu theo viing xay ra va tao
thanh mdt hé théng vong moi dé tao ra chalcone
naringenin. Cac qué trinh sinh tong hop
chalcone va so d6 da duogc chiing toi miéu ta kha
chi tiét trong bai “Panh gid so luge vé tiém nang
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diéu tri bénh ung thu ciia cac dan xuét chalcone”
dugc xuét ban trén Tap chi Khoa hoc va Phat
trién Kinh té, S6 19 gan day [11].
2.3 Tong hop chalcone trong phong thi nghiém
C6 nhidu phuong phéap dé tong hop chalcone
trong phong thi nghiém (Hinh 3), phd bién nhit
van 1a ngung tu Claisen—Schmidt [12]. Vi qué
trinh ngung tu Claisen—Schmidt d6i khi dan dén
tao ra mot hdn hop phirc tap khé tinh ché dé tao
ra hop chit chalcone tinh khiét mong muén, cac
phan tmg ndi tiéng khac da dugc kham pha dé
téng hop chalcone, bao gdm cac phan tmg ghép
cap chéo (phan ung Suzuki, phan tng Heck,
phan ung Julia—Kocienski, phan tng Wittig),
acyl hdéa Friedel—Crafts, vv [1-5]. Trong bai
danh gia ndy, chung t6i chu yéu thao luan vé
phuong phap ngung tu Claisen—Schmidt, dua ra

mot s6 yéu to anh huong, din chimg minh hoa
va cac bude tién bo tir cac nghién ciru tiéu biéu
trude day.
2.4 Ngung tu Claisen-Schimidt

Phan tng Claisen—Schmidt dugc dat theo
tén hai nha nghién ctru tién phong, Claisen va
Schmidt, va miéu ta qud trinh trong dé mot
benzaldehyde va mot methyl ketone dugc dong
hoa trong sy hién dién cua cac chét xuc tac [12].
Phan tmg nay dugc coi la mot trong nhiing phan
trng c6 dién nhat trong héa hoc hitu co. Cac chat
xuc téc ¢ thé 1a cac base manh hoic acid. Trong
truong hop xtc tac bang base, chalcone dugc
tao ra tir san pham aldol thong qua qua trinh loai
b6 nudc trong co ché enolat, trong khi trong
truong hop xuc tac bang acid, né dugc tao ra
thong qua co ché enol [13].

Bang 1. Mt s chalcone tiéu biéu dwgc phan 1ap tir ngudn géc ty nhién tir nim 2020 dén 2022

Cautric  Hoat tinh Loai phén lap

2-Geranyl-2',3,3,4'-
2020 tetrahydroxydihydrochalc
one

2'4'-Dimethoxy-4,5',6'-

2020
trihydroxychalcone

3-(3,4-Dimethoxyphenyl)-
2020  1-(4-methoxyphenyl)
prop-2-en-1-one

2020 Parinarioidin B

Chéngkét  Artocarpus
tap tiéu cau altilis

Uc ché
enzyme Perilla
xanthine frutescens

oxidase

O N
= o__ Bao vé than Celelastrus
O kinh paniculatus
Brosimum
Chua c6 L

hong ti parinarioides
thong tin Ducke
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5020 A-4'-0-p-D- 0 g Bao vé than Carthamus
o] . .
glucopyranoside on kinh tinctorius
OH
o)
=
Gay doc t Selaginella
2022 Trichocladabiflavone A /@“‘dj@\oc ay Oc‘e e
HO bao
Chéng
nhiém
2022 Schi A O © nd trf{ng’ Schinopsis
cHnopsone 0 O @: o ChONgVICM, . asiliensis
4 Q o OH tic ché
.O OH acetylcholin
esterase
(E)-1-(2,4-dihydroxy-3 "o
(2- ‘ Gay docté  Caesalpinia
2022 HO OH T .
hydroxybenzyl)phenyl)-3- O ‘ bao digyna
phenylprop-2-en-1-one ~
Gay docté  Cryptocarya
2022  Cryunchalcone 4 Qc‘e P ry'
bao  yunnanensis

Han ché chinh ciia phan tng nay 1a téc do
phan tmg cham; phan @ng thuong can mot vai
ngay dé hoan thanh. Phan ung ciing c6 thé din
dén mot hon hop phirc tap chira san pham
mong mudn, cac san phim phu va d6i khi la
céc tac chat con du thira. Do d6, hiéu suét cé
thé thay ddi dang ké, tuy thudc vao cic chat
phan tng va chit xiic tic, tir < 10% dén gan
100% dugc chuyén héa. Tuy nhién, phan tng

nay di dugc sir dung trong hiu hét cac nghién
ctu do tinh don gian cua thi nghiém. Sy hi¢n
dién cua cic nhom day dién tir trong aldehyde
cho thiy wu thé cho qué trinh tong hop bang
acid, trong khi céc thay thé rit dién tir hiéu qua
cho qua trinh tong hop bang diéu kién base.
N6i chung, diéu kién base ph bién hon trong
tong hop chalcone (Bang 2).
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Hinh 3. Mot s6 phan irng dic trung tong hop chalcone

2.5 Pitu kién base

Phan tmg Claisen-Schmidt c6 dién dugc xuc
tic bang potassium tert-butoxide, sodium
hydroxide, hodc potassium hydroxide trong
methanol hodac ethanol ¢ nhiét do phong
[12],[13]. Phan trng nay da dugc su dung rong rai
dé téng hop chalcone cé gbc hydroxyl, thuong
v6i hiéu suét trung binh dén t6t (60-90%). Mot
nhém ferrocenylchalcone di dugc tong hop duéi
didu kién base thong thuong (NaOH) (Phan tng
3, Bang 2). Trong mdt s6 trudong hop, cin ting
nhiét d6 va diéu kién base ciing can duoc diéu
chinh. Vi du, a-carbon cua mdt ketone kho dé
khtr nuGe khi ketone bi thé dién tir (Phan ung 1,
Bang 2). Phan tng nhu vy yéu cau sbi ¢ nhiét
d6 cao hodc ton thoi gian hon & nhiét d6 phong.
Tuy nhién, véi su thé nucleophile trén vi tri a,
diéu kién nhe thudng 13 vira da cho phan ing xay
ra (Phan tng 2, Bang 2). Trong mét s6 truong
hop, qua trinh Claisen-Schmidt ¢6 dién da dugc

thue hién véi sy diéu chinh nhe vé xuc tac hodc
hé dung méi. Vi du, chalcone B-trifluorometyl
(Phan ung 4, Bang 2) c6 thé duogc chuan bi véi
hidroxit kim loai kiém thudc nhém kim loai
kiém tho (calsi, barium hodc strontium) trong
dung moéi aprotic dé d& dang loai bo nudc. Viée
loai bé nude dugc tao ra co6 lgi cho phan ung.
Do d6, diéu kién Dean-Stark st dung toluene
lam dung moéi dé loai bo nude c6 thé gia ting
tdc d6 phan tmg va da dugc xac nhan c6 thé thu
duogc chalcone trong thoi gian ngin hon va hiéu
sudt cao hon. Lithium bis(trimethylsilyl)amide
(LiHDMS) ciing da dugc st dung trudc d6 nhu
mot chat xtc tac dé xtc tac cho phan tng va thu
dugc chalcone véi hiéu suat dudi 50%. Hon hop
NaNOs; hoac LiNOs/photpho/methanol 1a mét
hd hop chét xuc tac base cuc ky hiéu qua khac
cho qua trinh Claisen-Schmidt, tir d6 chalcone
dé dang dugc thu dugc vdi hiéu suit cao & nhiét
do phong.
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Bang 2. Cac diéu kién co ban, xiic tac va phan urng dai dién téng hop chalcone tir cc tac chit khac
nhau

TT Xuc tac Dung méi Phan &rng minh hoa
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2.6 Piéu kién acid bién nhét st dung etanol bdo hoa vdi acid
Mic du cac chat xuc tic base thuong dugc Bronsted (HCI) chi dat hidu suat thap, chi tir 10-
st dung dé téng hop chalcone, cic acid 40%. Khi HCI1 kho da dugc chtirng minh la thuan
Bronsted, acid Lewis, va acid rin cling da dugc lgi hon cho phan ung vi né khong chi hoat dong
sir dung 1am chat xuc tac acid. Ung dung phd nhu mét chit xuc tac ma con hép thu nude.
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AICl3 ciing da dugc su dung nhu mdt acid
Lewis dé tong hop chalcone (Phan ting 8, Bang
2). 02 mol acetophenone/ 01 mol AICI3 phan
{mg tao ra san pham chalcone véi hiéu suat cao
(73%). Ung dung cua boron trifluoride-etherate
(BF:-Et,0) trong phan tng tong hop chalcone
da duge béo cdo 1an dau tién trong mot nghién
clru mo ta viée sir dung khi BF; trong tong hop
chalcone [14]. Nam 2007, Narender va cong su
da bao cdo viéc sir dung BF;-Et,O dé thu duoc
15 chalcone vdi hiéu sudt 75-96% trong thoi
gian phan ung it hon 3 gio [15]. 4-Hydroxyl-
chalcone dd dugc téng hop trong hé thdng
SOCly/ethanol véi hiéu suit cao (73-96%).
SOCI, dugc st dung nhu mot phuong phap thay
thé thuan tién cho HCI khi trong phén tmg, trong
d6 HCI dugc tao ra in situ bang phan ung cia
SOCI, v6i ethanol tuyét dbi. Chalcone ciing da
dugc thu dugc véi p-toluenesulfonic acid (p-
TsOH) lam chat xtic tac va acetic acid 1am dung
mdi & 70 °C véi hiéu suat 16n hon 70% (Phan
ung 6, Bang 2). Ngoai ra, Zn(bpy)(OAc),,
TiCly, Cp2ZrH2/NiCl: va RuCls cling da dugc su
dung 1am chét xuc tac acid trong phan tng.
2.7 Piéu kién khong sir dung dung méi

Diéu kién khong sir dung dung méi ciing da
duogc ap dung cho tong hop chalcone, chang han
nhu xay nghién hoic chiéu tia vi séng. Phuong
phap st dung NaOH xay nghién véi mot
aldehyde va mot ketone dé thu dugc chalcone
voi hiéu suat 80%. Nitrochalcone cling da duogc
téng hop trong diéu kién xay nghién véi mot
chét xdc tac base méi KF-ALO; véi higu suét
trén 94% trong 5 phut (Phan ung 9, Bang 2).
Chiéu tia vi séng ciing da dugc ap dung trong
cic hé thong khong dung moi dé xiy dung
chalcone. Mgt phuong phdp than thién véi méi
truong, khong dung moi, st dung CaO nhu mét
chat xtc téc base ran dé tong hop chalcone trong

diéu kién chiéu tia vi song. Cac chalcone vdi cac
nhom rat va day dién tr trén ca hai phan tir
ketone va aldehyde da duoc diéu ché véi hiéu
suét tir 57-88% bang phuong phap nay (Phan
ung 8, Bang 2).

Phuong phép thé hé méi khong dung méi co
cac loi ich sau: (1) tranh anh hudéng cua dung
mdi va giam san phim phuy; (2) cho phép tinh
linh hoat cao cho nhiét d¢ phan tmg vi n6 khong
bi rang budc boi diém séi va tinh bay hoi cia
dung méi; (3) giam déng ké thoi gian phan tng;
(4) cai thién dang ké hiéu sut phan ting so vdi
céc hé thong dung méi thong thuong.

2.8 Cac diéu kién khac

Hoa hoc xanh, thu hut sy quan tdm 1én trong
tong hop hiru co, da duge ap dung gan day cho
tong hop chalcone. Nudc 1a dung méi 1y tuong
cho phan ung hitu co, trong do chalcone dugc
tao ra trong mot hé théng nudc ¢é su hién dién
ctia chat xuc tac chuyén pha (PTC). Duan va
cong sy dd bao cdo mot phuong phép sira doi
phan (g Claisen—Schmidt bang céch sir dung
nudc lam dung moi véi
cetyltrimethylammonium bromide (CTMAB)
lam chat xtc tic chuyén pha va carbonate kali
lam chét xtc tic base [16]. Cac chalcone chira
di vong di thu dugc bang cach sir dung
tetrabutylammonium bromide (TBAB) lam chét
xtc tac chuyén pha véi dung dich kiém khong
hitu co 1am chét xtc tic dudi diéu kién chiéu tia
vi séng (Phan tmg 10, Bang 2). Chét 16ng ion
cling da dugc st dung. Viéc st dung 1,3-
dibutyl-2-methylimidazolium tetrafluoroborate
([dbmin]BF;) 1am chét 16ng ion va hydrotalcite
lam chat xtc tac acid ran dé tao ra chalcone véi
hiéu suét 98,5% (Phan tng 7, Bang 2). Phuong
phap nay c6 mot s6 loi ich, nhu sir dung it chat
Xuc tac, tich san pham tién loi va tai ché chat
xuc tac ma khong giam hoat tinh.
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3. KET LUAN VA PE NGHI

Chalcone 1a mot hop chat hitu co quan trong
trong linh vuc hoa hoc va dugc pham. Chalcone
1a mot chat phé bién trong ty nhién, c thé duoc
tim thdy trong nhiéu loai thuc vat, dac biét 1a
trong hoa va qua. Chalcone da thu hut sy quan
tAm ctia cong dong nghién ctru khoa hoc nho
vao céc tinh chét sinh hoc va hoa hoc da dang
ctia n6. N6 da dugc khao sat rong rai vé kha
nang khang vi khuan, khang vi-rut, khang nim,
va hoat tinh chdng oxi hoa. Diéu nay lam cho
chalcone tré thanh mét tiém ning trong viéc
phat trién cac loai thudc méi va cac san pham
duoc phém. Hon nira, chalcone cling ¢6 vai tro
quan trong trong linh vyuc tong hop hoéa hoc.
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