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LOI CAM POAN
T6i xin cam doan dé tai nghién ctru trong luan van nay 1a cong trinh nghién ctu
cua to1 dua trén nhiing tai li¢u, s6 liéu do chinh t6i ty tim hiéu va nghién ctru
duéi su hudng din khoa hoc ctia TS. Nguyén Lé Anh. Chinh vi vy, cac két qua
nghién ctru dam bao trung thuc va khach quan nhat. Pong thoi, két qua nay chua
tig xudt hién trong bat ctr mot nghién ctru ndo. Cac s lidu, két qua néu trong

luan van la trung thuc néu sai toi hoan chiu trach nhiém truée phap luat.
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LOI CAM ON
Dé tai: “Nghién ctru tong hop cac dan xuit ciia quinazoline va danh gia hoat
tinh sinh hoc ctia mot s6 hop chét téng hop dugc” dugc thuc hién ¢ Vién Han
lam Khoa hoc va Cong nghé Viét Nam.

T6i xin bay to 1ong biét on chan thanh dén TS. Nguyén Lé Anh di giao dé tai,
huéng dan tan tinh, cting véi sy quan tAm va hd tro quy bau gitip t6i hoan thanh

luan van nay.

Toi cling Xin guri 101 cam on dén céac anh chi déng nghiép tai Vién Hoa Hoc,
Vién Han Lam Khoa hoc va Cong ngh¢ Vi¢t Nam da ludn chi bao, dong vién

va tao diéu kién thuén loi trong qua trinh thyc hién nghién cuu.

TOi xin guri 101 cam on Ban Lanh dao, phong Pao tao, cac phong chirc nang
va cac thﬁy co tai Hoc vién Khoa hoc va Cong nghé Viét Nam da tao diéu kién

cho t6i trong suét qué trinh hoc tp va thuc hién luan vin.

Cud1 cung, t01 vO cung bi€t on gia dinh va ban be da luon bén canh ung hg va

dong vién toi trong sudt thoi gian hoan thién luan vin.
Luan vin thuc hién dugce tai trg boi dé tai ma sd: NCXS 01.02/24-26.

To61 xin chan thanh cam on!

Ha Noi, thang 04 nam 2026
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MO PAU

1.Ly do chon dé tai

Céc hop chit di vong ludn duoc quan tdm boi ching c6 nhiéu hoat tinh sinh
hoc 1y thi. Trong s6 d6, khung quinazoline duoc quan tAm nhu mdt cau trac “da
nang”, xut hién trong nhiéu hop chét ty nhién va thube diéu tri véi pho hoat tinh
rat rong. Nhiéu nghién ctru d3 chi ra ring cic dan xuat quinazoline ¢ nhiéu hoat
tinh dang cha ¥ nhu khang ung thu, khang viém, khang khuén, ciing nhu tic dong
1én hé than kinh trung wong [1]. Chinh vi vay, viéc nghién ciru phuong phap méi
tong hop cac hop chat co khung quinazoline ludn duoc quan tAm cua nhiéu nha
khoa hoc trén thé gidi.

Mot diém dic biét dang quan tam 1a khi thay thé nguyén tir oxy bang luu huynh
trong khung quinazoline, tao thanh cac dan Xuét quinazoline-2,4-dithione, hoat
tinh sinh hoc ctia hop chét ¢ thé thay d6i dang ké. Cac nghién ctru gan day cho
thiy nhitng hop chat nay c6 kha ning trc ché vi khuan lao, e ché enzyme
phosphodiesterase-7 (PDE7) — mot dich quan trong trong diéu tri bénh viém va
mién dich — cling nhu thé hién tac dung bao vé than kinh [2-3]. Piéu nay goi mo
rang viéc thiét ké va tong hop cac din xuét chira luu huynh khong chi don thuan
1a bién d6i cau tric, ma con co thé tao ra nhimng thay doi co ¥ nghia vé mat duoc
ly.

Bén canh viéc téng hop, danh gia hoat tinh sinh hoc — dac biét 1a hoat tinh gay
doc té bao — 1a budc quan trong nham xac dinh tiém nang tng dung cia cac hop
chat méi. Viée két hop giira tong hop hoa hoc va sang loc sinh hoc khong chi
gitip hiéu rd mdi lién hé ciu triic — hoat tinh (SAR) ma con gop phan dinh hudng
phat trién cac hop chat dan dau trong nghién ctru thude.

Tir nhitng co so khoa hoc va thuc tién néu trén, dé tai “Nghién ciru tong hop
cac din xuit ciia quinazoline va danh gia hoat tinh sinh hoc ciia mot so hop
chit téng hop dwoce” dugce lua chon nham:

o Khai thac tiém ning ctia khung quinazoline trong hoa dugc;

Phat trién cac phuong phap tong hop méi, hiéu qua va than thién méi trudng;

Panh gia hoat tinh sinh hoc dé dinh huéng tng dung trong tuwong lai.

[\°]

. Muc tiéu cia nghién ciru

Nghién ctru phuwong phap méi tong hop cac din xuit cta quinazoline

tir cadc dan xuat cua isatine va thiocyanate



e Danh gi4 hoat tinh gay ddc té bao ctia mot s6 hop chét tong hop duoc.
3. Phuong phap nghién ctru

1. Tong hop hitu co: sir dung cac phuong phép tong hop.
2. Phuong phap xac dinh cau tric:
e Sir dung cac phuong phép phd: *H-NMR, 3C-NMR.

3. Panh gié hoat tinh sinh hoc ctia mot s6 hop chét tong hop duoc

e Hoat tinh gdy ddc té bao trén 2 dong té bao ung thu ¢ ngudi (HepG2, MCE-
7) dugc thuc hién dua trén phuong phap MTT dugc md ta bédi Tim Mosman.

4. Noi dung nghién ciru

1. Téong hop mot sé dan xuat quinazoline mai tir phenyl isothiocyanate va
isatine.

2. Xac dinh va phan tich cau trdc cac hop chat thu duoc bang cac phuong
phap ph hién dai nhu 'H-NMR, 2C-NMR, 2D-NMR, IR, HRMS.

3. Panh gia hoat tinh gay doc té bao ctia mot s6 dan xuat tong hop duoc.
5. Co s6 khoa hoc va tinh thue tién ciia dé tai
Nghién ctru nay hudng toi viée tong hop cac dan xuat quinazoline, Vi trong

tam 1a cac hop chét quinazoline-2,4-dithione, thong qua phan tmg da thanh phan
giira isatin, isothiocyanate va luu huynh dudi diéu kién xuc tac base. Cach tiép
can nay dugc lya chon trén co s& xu hudng phat trién cua héa hoc hiru co hién
dai, trong d6 cac phan tng da thanh phan dugc uu tién nho kha ning xay dung
nhanh va hi¢u qua cac khung di vong c6 gia tri tr nhitng nguyén liéu don gian.
Déng thot, viéc sit dung luu huynh nhu mdt tac nhan phan tng linh hoat cho
phép hinh thanh cac hé di vong chira dong thoi nguyén tir nito va luu huynh—
nhirng cAu tric von duoc ghi nhén c6 nhiéu hoat tinh sinh hoc dang quan tam.

Vé phuong dién tmg dung, cac hop chat tong hop duoc tiép tuc danh gia hoat
tinh sinh hoc, dac biét 1a hoat tinh gay doc té bao, nham dinh hudng tim kiém
céc phén tir tiém ning trong linh vic hoa duoc. Do d6, nghién ciru khong chi gop
phan hoan thién va mé réng cac phuong phap tong hop hién co, ma con hudng

t61 viée phat hién cac hop chat méi co trién vong tmg dung trong thyc tién.



CHUONG 1: TONG QUAN NGHIEN CUU

1. Tong quan vé khung quinazoline

1.1. Giéi thiéu vé khung quinazoline

Trong nhitng nghién ctru trude ddy, cac hop chat di vong déu thé hién hoat tinh
sinh hoc. Nhitng hop chét di vong nay khong chi gop phan tao nén dic tinh hoa
hoc riéng biét ma con quyét dinh cach thirc phan tir twong tac voi cac muc tiéu
sinh hoc trong co thé. Pic biét, cac di vong chira nguyén tu nito nhu indole,
quinoline, quinazoline, benzimidazole va triazole dugc xem la nhitng khung cau
tric trung tAm, xuat hién phd bién trong nhiéu hop chit c6 tiém ning duogc 1y cao
[4-5]. Trong s d06, quinazoline ndi bat nhd kha ning thé hién nhiéu dang hoat
tinh sinh hoc khac nhau, tir chong ung thu, khang viém, khang khuan cho dén
khang virus [4-5]. Pang cht ¥, khung 4-anilinoquinazoline di trd thanh nén tang
cho su phat trién cta mét loat thudc diéu tri ung thu hi¢n dai nhu gefitinib,
erlotinib va lapatinib — cac chat &rc ché chon loc tyrosine kinase tai thu thé EGFR,
c6 vai tro quan trong trong viéc ngin chin sy ting sinh cua té bao ung thu [6-8].
Khong chi dimng lai ¢ linh vuc diéu tri ung thu, cac dan xuat quinazoline con cho
thay pho hoat tinh rong rai, v6i kha ning chéng trdm cam, chong sot rét, giam
dau, khang nidm va diéu hoa mién dich [9-11]. Mot s6 hop chat mang nhan
quinazoline di dugc tng dung trong diéu tri 1am sang, trong khi nhiéu hop chét
khac dang dugc danh gia & giai doan tién 1am sang, cho thiy tiém ning 1én cua
hé khung nay trong thiét ké thudc hién dai. Vé mat téng hop, cac phuong phép
truyén théng tao dan xuat quinazoline thuong dua trén phan (ng ngung tu giira
amin thom va cac hop chat chira nhom chirc nhu axit aminobenzoic, axit
anthranilic, isatoic anhydride, aldehyde hodc ketone [12-17]. Tuy nhién, nhiing
nghién ctru nay thudng doi hoi diéu kién phan tmg khac nghiét nhu nhiét do cao,
thoi gian phan ung dai, sy hién dién ctua xtc tadc kim loai dat tién va dung moi
doc hai, han ché vé mit ciu trac khién viéc tang quy mo san xuét tré nén kho
khan va lam giam hiéu suit tong hop [18-20]. Nham khic phuc nhimng han ché
d6, xu hudng nghién ciru gan day tap trung vao viéc phat trién cac phuong phap
téng hop xanh, hudng dén su bén ving va than thién voi moi truong. Cac quy
trinh m&i wu tién st dung xuac tac phi kim loai, dung moi xanh hodc khong dung
moi, diéu kién phan tmg nhe hon va loai bo viéc dung cac chat oxy hoa doc hai
[21-23].
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Hinh 1.1. M6t sb hop chét di vong khung quinazoline

1.2. Cac hop chit thién nhién c6 chira khung quinazoline
1.2.1. Cac alkaloid nhom Vasicine
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Hinh 1.2. Cac hop chét alcaloid thudc khung vasicine

Bharat Singh va cong su [24] da phan 1ap nam alkaloid pyrroloquinazoline tur
ré Adhatoda vasica va danh gia hoat tinh sinh hoc thong qua cac md hinh khang
viém in vivo ciing véi thir nghiém khang khuan, khang nam in vitro. Két qua cho
théy tat ca cac hop chit déu c6 hoat tinh khang viém r0 rét. Cu thé, vasicine thé
hién hiéu qua cao nhét trong md hinh viém cap tinh do carrageenan, véi mirc trc
ché phu né dat 59,51% tai liéu 20 mg/kg sau 6 gio, trong khi vasicinone ndi bat
trong mo hinh viém man tinh do CFA, v&i muc e ché toi da 63,94% tai licu 10
mg/kg sau 4 ngay va duy tri tic dung dén ngay thir 16. Nhitng két qua nay ching
minh rang céc alkaloid tir A. vasica c6 kha ning tac dong hiéu qua trén ca hai
giai doan viém cap va man.

Khandelwal va cong su [25] da tong hop va phan tich cac dit liéu duoc hoc lién
quan dén Adhatoda vasica (ho Acanthaceae), mdt loai thuc vat tir 1au duoc su
dung trong y hoc ¢ truyén dé diéu tri ho, hen suyén, viém phé quan, xuat huyét
trf va nhiéu bénh 1y dudng ho hap khac. Theo cac tac gia, nhom alkaloid chu dao
cta loai nay thudc khung pyrrolo-quinazoline, bao gdm vasicine, vasicinone,
vasicinol, adhatodine, adhatodinine, adhavasinone va anisotine. Vasicine dugc



ghi nhan c6 hoat tinh khang khuan manh dbi v6i Escherichia coli va khang nim

d6i v6i Candida albicans, dong thoi thé hién hiéu qua trén cac ching

R,

Adhavasinone

Mycobacterium tuberculosis da khang thudc.

Adhatodine Anisotine

Hinh 1.3. Cau tric hoa hoc ctia céc alcaloid ty nhién chtra khung quinazoline

1.2.2. Nhom Evodiamine

N
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N +
@Qb Q/\Q\N/ ©/\WN
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Evodiamine Rutecarpine Dehydroevodiamine

Hinh 1.4. Céu tric hoa hoc ciia Evodiamine, Rutaecarpine va
Dehydroevodiamine

Evodiamine, mgt alkaloid dugc phan 1ap tor Evodia rutaecarpa, da dugc ghi
nhén sé hiru nhiéu hoat tinh sinh hoc dang chu y, dac biét trong linh vuc chéng
ung thu. Theo nghién ciru ciia Tao Zhang va cong su [26], hop chét nay ¢ kha
nang e ché su tang sinh ciia cac dong té bao ung thu bang quang 253J va T24
theo ca liéu lwong va thoi gian xir 1y, véi gia tri ICso tuong tmg 1a 1,90 pM va
2,14 uM sau 24 gio.

Xét vé hoat tinh khang viém, nghién ctru ciia Hui Yu va cong su [27] cho thiy
evodiamine c6 kha ning tc ché sy san sinh nitric oxide (NO) trén dong té bao
dai thuc bao RAW 264.7. Co ché cua tac dung nay duoc cho 1a lién quan dén
viéc diéu hoa va 1am gian doan con dudng tin hiéu do IFN-y trung gian, qua d6
g6p phan 1am suy giam phan tng viém.

Evodiamine thé hién phd hoat tinh chéng ung thu rong trén nhiéu dong té bao

khac nhau. Co ché tac dung ctia hop chat ndy mang tinh da dich, bao gom: (i) tc



ché tang sinh té bao théng qua gay ngimg chu ky tai pha G2/M do diéu hoa phirc
hop Cdc2/cyclin B; (ii) cam tng apoptosis thong qua ting biéu hién Bax va giam
Bcl-2; va (iii) diéu hoa céc truc tin hiéu quan trong lién quan dén sy sdng con va
tang sinh cua té bao nhu NF-kB, PI3K/Akt va ERK. Ngoai ra, evodiamine con
c6 kha ning uc ché xam lan, di cin va dong thoi tac dong lén enzym
topoisomerase I/Il. Nhitng dic diém nay cho thiy evodiamine 13 mot tac nhan
chdng ung thu tiém ning véi co ché tac dong da muyc tiéu.

Evodiamine khong chi thé hién hoat tinh chéng ung thu ma con c6 vai trd déng
ké trong diéu hoa chuyén hoa va bao vé da co quan. Trong bdi canh béo phi,
nghién ctru cua Kobayashi va cong su [28] cho thay hop chét nay thic day sinh
nhiét thong qua hoat hoa protein UCP1 tai mé md nau, dong thoi e ché qua trinh
biét hoa té bao md théng qua cac con duong tin hiéu ERK/MAPK va Akt. Bén
canh do, evodiamine con cai thi¢n tinh trang dé khang leptin, tang d0 nhay
insulin, déng thoi diéu hoa hanh vi dn uéng thong qua viée lam giam nhu dong
duong tiéu hoa va ting ndng do cholecystokinin (CCK).

Pbi voi hé tim mach, nghién ctru cta Chiou va cdng su [29] chi ra rang
evodiamine c6 kha nang gay gian mach phu thuoc ndéi mo, tang bai ni¢u thong
qua e ché aldosterone, dong thoi bao vé co tim trudc cac ton thuong do phan
ung qua man hodc thiéu mau cuc b, c6 thé lién quan dén su hoat hoa peptide
CGRP. Trong linh vuc than kinh, theo Marambaud va cong su [30], evodiamine
cho théy tiém nang trong diéu tri bénh Alzheimer khi cai thién chirc nang nhan
thirc trén mo hinh dong vat, ting hap thu glucose tai ndo va giam biéu hién cac
yéu t6 viém than kinh nhu COX-2, IL-1f, IL-6 va TNF-o, mic du khong anh
huong dang ké dén su tich tu amyloid-p. Ngoai ra, dan xuat dehydroevodiamine
con duge xem 1a khung ciu tric tiém ning cho viéc phat trién cac chat e ché
enzym cholinesterase.

1.2.3. D4n xuit ciia Tryptanthrin

Tryptanthrin

Hinh 1.5. Cau trac hoa hoc ciia hop chat Tryptanthrin



Céc din xudt cia tryptanthrin dd dugc ching minh c6 phd hoat tinh sinh hoc
da dang, trong d6 ndi bat 1a tiém ning Gng dung trong diéu tri ung thu. Theo
nghién ctru ctia Gao va cong sy [31], hai dan xuat ky hiéu 1 va 2 thé hién kha
nang (rc ché manh sy ting sinh cta cac dong té bao ung thu gan nhu Hep3B va
SK-Hep1. Pang chu ¥, hop chat 2 cho thy hiéu luc vuot troi véi gia tri ICso dat
1,4 pM, thap hon dang ké so voi tryptanthrin ti nhién.

Céc hop chét 1 va 2 thé hién co ché chéng ung thu theo huéng da dich, bao
gdm trc ché tang sinh thong qua gy gian doan chu ky té bao tai pha S va G2/M
do diéu hoa giam céc protein then chdt, ddng thoi cam tng apoptosis theo con
duong phu thudc caspase voi su tham gia ctia caspase-3 va cac truc tin hi¢u Akt,
NF-kB, MAPKSs. Bén canh do, su gia ting ROS nd1 bao va hoat héa p53 gop
phan thiic day qua trinh chét té bao theo chuong trinh. Céac két qua nay khang
dinh tiém ning ctia hai hop chat trong diéu tri ung thu gan, dong thoi cho thay
gia tri cia khung indoloquinazoline nhu mét nén tang ciu trac cho phat trién
thudc chéng ung thu da muc tiéu.
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Hinh 1.6. Dan xuat 1 va 2 theo nghién ctru cia Gao va cong sur

Theo Xuemei Liao va cOng su [32], tryptanthrin thé hién hoat tinh tc ché tao
mach thong qua co ché da dich, bao gdm giam biéu hién cac yéu t6 lién quan
dén tao mach (Ang-1, PDGFB, MMP2) va tic ché phosphoryl hoa VEGFR2 tai
Tyr1175, tir 6 1am gian doan truc tin hiéu ERK1/2. Nhitng két qua nay cho thay
tiém ning cua tryptanthrin nhu mot tac nhan chong tao mach trong diéu tri cac
bénh ly, dac biét 1a ung thu.

1.3. Cac hop chit ¢ chira khung quinazoline xuat hién trong thudc

Shagufta va cong su [33] khang dinh rang khung quinazoline 1a mot nén tang
cAu tric quan trong trong hoa dugc hi¢n dai, véi nhiéu dan xuit da duoc phé
duyét va ing dung 1am sang trong diéu tri ung thu, tiéu biéu & cac bénh nhu ung
thu phéi khong té bao nho, ung thu vi va tuyén giap.

Vé co ché tac dung, cac dan xuat quinazoline chu yéu phat huy hoat tinh chéng



ung thu thong qua tic ché cac tyrosine kinase then chét (EGFR, HER2, VEGFR),
tir 36 kim him sy ting sinh va kha ning sdng sot cia té bao ung thu. Bén canh
d6, cac hop chit thé hé méi con thé hién co ché da dich khi tac dong 1én nhiéu
hé thdng sinh hoc nhu tubulin, topoisomerase I, G9a, truc PI3K/Akt/mTOR va
PARP-1, dong thdi cam tmg qua trinh apoptosis thong qua hoat hoa caspase va
rdi loan chtic ning ty thé.

Nho nhitng dic diém ndy, cac dan xuit quinazoline khong chi cho thy hoat
tinh manh va d6 chon loc cao ma con c6 tiém nang han ché hién tuong khang
thudc, qua d6 khang dinh vai tro ctia quinazoline nhu mot khung ciu trac dan
Xudt trién vong trong phat trién thubc chéng ung thu nham tring dich voi doc

tinh thap hon so véi hoa tri truyén thong.
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0 j\] 0, 7
X 3
Lapatinib O
Afatinib
Hinh 1.7. C4u trac hoa hoc cua cac thude trc ché EGFR chira khung
quinazoline

Theo Abualassal va cong su [34], nhiéu hop chat ty nhién mang khung
quinazoline da dugc phan 14p va cho thay hoat tinh sinh hoc da dang. Tiéu biéu
1a febrifugine voi tic dung chdng sot rét; dehydroevodiamine (DHED) c6 kha
nang Uc ché acetylcholinesterase va cai thi¢n nhan thirc; cung voi1 vasicine va
deoxyvasicine thé hién tic dung ting cuong din truyén cholinergic thong qua

di€u hoa enzym lién quan.
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Hinh 1.8. Cac hop chét 2.4-diaminoquinazoline va dan xuat lién quan

Theo nghién ctru cia Murthy Boddapati va cong su [35], cac dugc chat dugc
dé cap déu mang nhiing bién thé cau tric dic trung cia khung quinazoline, qua
d6 phan 4nh rd tinh da dang vé mit cau triic cling nhu pham vi tic dung duoc 1y
rong cua hé di vong nay. Cu thé, mot sd thudc cd dién nhu methaqualone,
diproqualone, etaqualone, cloroqualone, proquazone, albaconazole va nolatrexed
déu chira khung quinazolinone, trong d6 nhan quinazoline dugc chirc hoa boi
nhom carbonyl tai vi tri C-4.

Pic diém ciu tric nay dugc xem 13 yéu to quan trong chi phdi hoat tinh sinh
hoc ctia cac hop chit, thudng lién quan dén céc tac dung duoc 1y nhu an than,
giam dau, khang viém, khang nim hodc @c ché enzyme thymidylate synthase.
Nhiing phén tich ndy cho thay viéc bién ddi cau tric trén khung quinazoline, dic
biét & dang quinazolinone, déng vai tro then chét trong viéc dinh huéng va t6i

uu héa hoat tinh ciia cac hop chat trong phat trién thudc.
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Hinh 1.9. Cau tric hoa hoc ctia mot sé thude mang khung quinazolinone nhu
methaqualone, diproqualone, etaqualone, cloroqualone, proguazone,
albaconazole va nolatrexed.

O-CH;
O N O,CH3 CH; CH; H Cl o
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NH2 1 H
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CH; NH, \NJ O\CH3
Bunazosin 4-anilinoquinazoline Trimetrexate

Hinh 1.10. Céu tric hoa hoc ctia cac hop chit khung quinazoline tiéu biéu
dugc img dung trong di€u tri

2. Cac phwong phap tong hop

Céc phuong phap tong hop quinazoline truyén thdng cha yéu dua trén phan
mg ngung tu cla cac dan xuat anthranilic (nhu 2-aminobenzamide, acid
anthranilic, ester anthranilate) v&i aldehyde, imidate, guanidine hodc cac tac

nhan chtra nito khac. Bén canh d6, nhiéu phuwong phap hién dai ciing da duoc
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phat trién, tiéu biéu nhu oxy hoa vong hoa, xtc tac kim loai (Pd, Cu, Zn) va

phan rng mot n61 nham nang cao hi¢u suat va m¢é rong pham vi img dung.

2.1. Phwong phap xiic tic kim loai (phan ing Ullmann tao lién két C—N)

Cu(I) cat
O Orn
base

3 4 5

HNu = NHRR', HOAr, HSR,...
X =1, Br, Cl

So do 1.1. Phan tng ghép cap C—Nu xuc tac dong

Phuong phap ndy thudc nhém tong hop quinazoline thong qua phan tng day
chuyén xuc tac kim loai, bao gdm ghép cap kiéu Ullmann két hop véi qua trinh
oxy héa hiéu khi. Uu diém ndi bat ctia phuong phap 1a khong can sir dung phéi
tir hay chat phy gia, dong thoi tan dung cac nguyén liéu dau sin co va dé tiép
can, tu do cho phép thu dugc san phrflm v6i hiéu suit cao.

Theo nghién ctru ciia Wei Xu va cong su [36], cac tac gia dd dé xuat mot
phuong phap xtc tic ddng kha don gian nhung hiéu qua dé tong hop cac din
xuat quinazolinone. Piém hay ctia phuong phap ndy nim ¢ chd né sir dung cac
nguyén liéu dau nhu 2-halobenzamide thé va aryl methanamine — déu 14 nhiing
hop chat dé tim va chi phi thip — dong thoi dung ludn khong khi (O2) 1am chat
oxy hoéa, gitip quy trinh trd nén thyc té va than thién hon véi méi truong.

O 0

NH CuBr, K,CO;, DMSO, air
Rm{:ﬁL 2 4 HN— 23 R, ﬂ\I\H
X Ar Domino reaction N/ Ar
f@ rQOJ g
HNT N HzNﬁ@

g 7h

So d6 1.2. Phan tng domino xtc tac dong tong hop din xuit quinazolinone

thong qua ghép cap kiéu Ullmann va oxy héa hiéu khi
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So db 1.3. Tong hop quinazoline qua phan tmg Ullmann két hop oxy hoa hiéu
Khi

Co ché tong hop quinazolinone trong cong trinh ctia Wei Xu va cong sy dién
ra qua chudi phan tng lién tiép gdm ba budc chinh. Pau tién, phan tng ghép cap
kiéu Ullmann xuc tac dong tao san pham N-arylation tir 2-halobenzamide va
(aryl) methanamine. Tiép theo, trung gian ndy bi oxy héa hiéu khi tao lién két
C=N. Cudi ciing, nhom amide tdn cong ndi phan tir vao carbon imine, dan dén
dong vong va sau do tiép tuc oxy hoa dé hinh thanh san phim quinazolinone on
dinh.

2.2. Phwong phap tong hop quinazoline tir isatoic anhydride

Phuong phap tong hop hiéu qua cac dan xuat 2,3-dihydroquinazolin-4(1H)-
one trong nghién ctru ctia Abbas va cong su [37] da dugc phat trién dya trén phan
mg da thanh phan trong mot ndi (one pot). Phuong phap nay sir dung isatoic
anhydride, aldehyde va amine (hoic mudi ammonium) 1am cac chit phan tng
dau, thuong phdi hop véi mot chat xuc tic nham ting tde d6 va hiéu qua phan
ung.

Qua trinh téng hop dién ra theo cac buédc tuan tu: dau tién, nhém amino thuc
hién tAn cong nucleophile 1én carbonyl cua isatoic anhydride, tao trung gian
amid. Tiép theo, trung gian nay trai qua qua trinh loai bo CO,, sinh ra 2-amino-
N-substituted-benzamide. Trung gian nay sau d6 phan tng voi aldehyde duoc
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xuc tac, tao ra imine. Cudi cung, qué trinh déng vong nodi phan tir hinh thanh
khung di vong 2,3-dihydroquinazolin-4(1H)-one.

0 0 0
@ﬁko NH,X or R,NH, @ﬁLN’RI R,CHO ©\)LN,R1
H ~
E/l%o NH, cat. NJ\R2

cat.

14 15 16
So dd 1.4. Tong hop cac 2,3-dihydroquinazolin-4(1H)-one 2 va quinazolin-
4(3H)-one tir isatoic anhydride

Trong coéng bd ctia Mahdavi va cong sy [38], mot phuong phap tong hop céc
dan xuat 2-substituted quinazolin-4(3H)-one da duoc phat trién dya trén phan
g mot ndi (one-pot) két hop oxy hoa hiéu khi. Phuong phap nay st dung isatoic
anhydride va (het)arylmethanamines 1am cac chat phan ng dau, phdi hop vai
CuBr Iam xuc tac va K, CO5 lam base trong dung méi DMSO & 120 °C duéi diéu
kién hiéu khi. Qua trinh tong hop dién ra theo cac budc lién tiép: (i) nhém amino
tan coéng nucleophile 1én isatoic anhydride, tao thanh N-substituted
anthranilamide trung gian; (ii) trung gian nay trai qua oxy hoa hiéu khi xuc tac
boi CuBr dé hinh thanh imine trung gian; va (iii) tan cong ndi phan tir vao lién
két imine, két hop voi oxy hoa tiép theo, dan dén dong vong va hinh thanh khung
quinazolin-4(3H)-one hoan chinh.

O one-pot O
(:ﬁl\o AI‘CHzNHz NH
N&o DMSO, CuBr, K,COs, N/)\Ar
H TBAB, 120 °C
14 17

So db 1.5. Tong hop cac dan xuat 2-substituted quinazolin-4(3H)-one theo

nghién ctru cua Mahdavi

Trong cong bd cua Fei Ji va cong su [39], mot phuong phap tong hop hiéu qua
cac dan xuat 2-amino-4(3H)-quinazolinone da duoc phat trién dya trén phan tng
mot ndi (one-pot), két hop hop 1y giita hai qua trinh then chdt: md vong isatoic
anhydride va chén isocyanide xuc tac boi palladium trong diéu kién oxy hoa.
Cach tiép can nay sir dung tryc tiép isatoic anhydride, amine va isocyanide lam

cac nguyén liéu dau dé tiép can, qua d6 don gian héa dang ké quy trinh tong hop.
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Q 0 0 )
‘©\)J\O + H.N-R 1) Solvent, t °C ~©\)‘\N’R1 N j\i |
R oNTRy R i , !
2 N/&O 2 NH, One-pot N" NH
H 2)[Pd]/Oxidant reagent R,
18 19 unisolated isocyanide
20 21

So dd 1.6. Phuong phap tiép can tong hop cac dan xuat 2-amino-4(3H)-
quinazolinone theo Fei Ji

2.3. Phwong phap oxy hoa vong héoa

Trong cong bd ctia Xueyan Lv va cdng su [40], mdt phuong phap tong hop hiéu
qua cac dan xuit quinazoline-4-one di duoc phat trién dya trén phan Gmg mot
ndi (one-pot), két hop gitra hai qua trinh: tai sap xép Meinwald cua epoxide tao
aldehyde trung gian va phan ing vong hoa—oxy hoa ndi phan tir dudi hé xtic tac
I,/acid. Cach tiép can nay st dung truc tiép 1-(2-aminophenyl)-pyrrole va
styrene oxide lam cac nguyén liéu dau dé tiép can, qua d6 hinh thanh trung gian
imine, tiép tuc dong vong va aromat hoa dé tao khung quinazolin-4-one trong
cung mot hé phan tmg, gbp phan don gian hoa quy trinh tong hop va nang cao

hiéu qua chuyén hoa.

—_— O pr—
QNQ ©/u I, acid (AcOH / TFA / TsOH) @N%
+
Solvent ( CH;CN / EtOH /Toluene ), N7
24

NH,
120 °C

22 23

So d6 1.7. Tong hop quinazoline tir epoxide theo co ché vong hoa — oxy héa
trong mot noi (one pot)

2.4. Phuong phap ngung tu

Trong cong bd ctia Jatangi Nagesh va cong su [41], mot phuong phép téng hop
hiéu qua cac dan xuét N,4-disubstituted quinazoline-2-amine va quinazoline-3-
oxide da duoc phét trién dya trén chién luoc phan tmg mot ndi (one-pot), st dung
xuc tac i6t phan tir (I,) trong diéu kién khong kim loai. Phuong phap nay két hop
giita cac qua trinh: ngung tu tao trung gian thiourea, hinh thanh imine, tiép theo
la dong vong nodi phan tr va oxy hoa (aromat hoa) dé xdy dung khung
quinazoline.
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Ph
O
25NH2 Ph
24 I,, DMSO, 50 °C NN
NH,OAc, 2-3 h 26
R, =aryl
X =H, Cl

So db 1.8. Tong hop N,4-disubstituted quinazoline-2-amine tir
phenylisothiocyanate va aminobenzophenone

Ph
X\©\)\\N,OH
NH, Ph
27 -
R,—NCS : SN
! AR,
24 I,, DMSO N N
rt1-2 h H
R1 =aryl 28
X =H,Cl

So d6 1.9. Tong hop phenyl-2-(phenylamino) quinazoline 3-oxide tir
phenylisothiocyanate va (2- aminophenyl) (phenyl)methanone oxime

Trong cong trinh ctia Hennequin va cong su [42], mot phuong phap tong hop
cac dan xuat quinazolinone dd duoc phat trién dua trén phan Gng ngung tu giira

imidate va acid anthranilic (2-aminobenzoic acid).

0]
NH
OH N )J\ MCOH
MeO” “(CH,),CN )\
80°C, 1.5h (CH,),CN

NH,
— 0
29 30 n=1, 80%
n=2,70%
n=3,50%

So d6 1.10. Tong hop dan xuat quinazoline tir imidate va acid anthranilic
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Trong nghién ctru ciia Hess va cong su [43], cac dan xuit amino-quinazolin-
4(3H)-one dugc tong hop thong qua phan ing ngung tu gitra ester anthranilate
va guanidine. Cu thé, methyl anthranilate duoc cho phan tng véi luong du
guanidine trong moi truong ethanol, dudi sy xtic tac cia natri ethoxide dong vai
tro base, qua d6 thiic day qué trinh ngung tu va dong vong ndi phan tir dé hinh
thanh khung quinazolinone.

O O
OMe N j\ILH NaOEt _ NH
H,N” "NH P
NH, 2 2 130°C,5h N~ "NH,
EtOH
32 33 66% 34

So do 1.11. Tong hop amino-quinazolin-4(3H)-one tir methyl anthranilate va
guanidine

2.5. Tong hop tir anthranilic acid
Khodarahmi va cong su [44] di xay dung mot quy trinh tong hop cac din xuét
quinazolinone ngung tu vong dua trén hudéng tiép can tir anthranilic acid, dong

thoi 6 nhimg cai tién dang cht y vé mat thiét ké phan ung.

35 36
@COOH 4-Chlorobutyryl chlorid CQPH acetic anhydride
H
O 0
Hydrazine hydrate g
)O\/\/ Ethanol (j‘\ i\l\)
N @ q, N7
o
37 6}6%1110]6 38
C,
O O/ G(a[ O
d EI;} Br% / Glacial acetic acid db
N~ z
Br Br N
40 39

So d6 1.12. Tong hop cac dan xuat quinazolinone ngung tu vong tir
anthranilic acid thong qua trung gian benzoxazinone
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Cu thé, anthranilic acid trudc tién duoc acyl hoa bang chloroacyl chloride dé
tao thanh din xuat N-acyl anthranilic acid. Trung gian nay sau d6 duoc xu 1y voi
acetic anhydride, dan dén qua trinh dong vong kém khir nude, hinh thanh cau
tric benzoxazinone dong vai trd then chdt trong toan b chudi phan tmg. O budc
tiép theo, sy tAn cong nucleophile ctia cic tac nhan nhu hydrazine hydrate,
ammonium acetate hodc cac amine khac nhau gy mé vong benzoxazinone, dong
thoi kich hoat qué trinh tai dong vong dé tao thanh khung quinazolinone.

Vijai Anand va cong su [45] d3 dé xudt mot quy trinh tong hop cic dan xuat
quinazoline mang nhoém amide thé dya trén huéng tiép can tir anthranilic acid,
ddng thoi t6i uu hoa theo huéng don gian va linh hoat hon vé mit ciu tric.

Step 1

0
@ECOOH Cl @ECOOOH (CH;C0),0 do
+ < H —_— E—
~
42 43 44
Step 2

glacial acetic acid

NaCNO
g™ O
. . . O)'_Nﬂz

45
46
Step3 O
Ethanol

CLx_ - O Seoed
N/)\© )'_ NH, Reflux /)\©

(0]

47 48

So d6 1.13. Tong hop quinazoline thong qua phan ing ngung tu

benzoxazinone v&i phenyl urea

Trong d6, anthranilic acid trudc hét dugc benzoyl hoa dé tao thanh N-benzoyl
anthranilic acid, sau d6 chuyén hoa thanh trung gian benzoxazinone thong qua
phan img dong vong dudi tac dung cua acetic anhydride. Trung gian nay dong
vai tro then chdt, tiép tuc phan tmg vé6i cac dan xuat phenyl urea trong méi truong
ethanol dudi diéu kién dun hoi luu, ddn dén qua trinh md vong két hop voi tai

dong vong dé hinh thanh khung quinazoline.
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Trong cong bd ciia Rafat M. Mohareb va cong su [46], mot phuong phap tong
hop hiéu qua cac din xuit dihydroquinazoline-2-thioxo di duoc xay dung dwa
trén phan ung gilra axit anthranilic va ethoxycarbonyl isothiocyanate. Phuong
phap nay thudéc nhém ngung tu két hop dong vong ndi phéan tir, trong d6 axit
anthranilic ban dau phan tng voi isothiocyanate dé tao thanh trung gian thiourea,

sau d0 trai qua qua trinh déng vong ndi phan tir dé hinh thanh khung quinazoline

dac trung.
o)
@COOH N o 1,4-dioxane @[COOH N/COOEt
NH, SCNJLO/\ NH-('Sf-NHCOOEt g’gs
41 50 51 52

So d6 1.14 Tong hop ethyl 4-oxo-2-thioxo-1,4-dihydroquinazoline-3(2H)-
carboxylate tir 2-aminobenzoic acid va ethoxycarbonyl isothiocyanate

Cu thé, phan g duoc thyc hi¢n trong dung moi 1,4-dioxane, tao ra hgp chit
trung gian ethyl 4-oxo-2-thioxo-1,2-dihydroquinazoline-3(4H)-carboxylate,
dong vai tro 13 tién chat trung tdm cho céc bién doi tiép theo. Qua trinh S-alkyl
hoa voi cac tac nhan o-halocarbonyl cho phép tao thanh cac dan xuat thioether,
qua d6 cung cip nén tang cho cac phan tmg di vong hoa tiép theo.

0

.COOEt _.COOEt
CLA™ g coocn, 200 @d

NS Cl SCH,COOC,H;

52 53

0 0

N COOEt EtOH N COOE

A + H,C-COCH, )\

NS Cl SCH,COCHj;

52 55 56

0

elele):: EOH COOEt

B + H,CO COCH,Br /)\

NS SCH, c OCH3

H

52 57 58

So dd 1.15 Phan tmg S-alkyl hoa cac dan xuat quinazolinone bang alkyl
halide

Bén canh d6, cac phan Gmg da thanh phan giira ddn xuét quinazoline trung gian

v6i aldehyde thom va cac hop chat chira nhém methylene hoat hoéa nhu
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malononitrile hodc ethyl cyanoacetate da duoc thuc hién, dan dén sy hinh thanh
cac hé di vong ngung tu nhu pyran va pyridine. Ngoai ra, cac bién doi tiép theo
thong qua phan Gmg véi isothiocyanate va cac dan xuat a-halocarbonyl trong moi
tru’(‘)’ng base con cho phép xay dung cac khung thiazole va thiadiazine.

N-COOEt
)\ + X—@CHO + Hz(I:‘CN
SCHzCOOCH3 X

60aX=H 61a X=CN
59 60b X =Cl 61b X = COOC,H;
60c X = OCH;
1,4 dioxane
Et;N

H,CO

0 63aX=H,Y =NH,
63bX=H,Y=OH
63¢ X=Cl,Y =NH,
63d X=Cl, Y = OH
63e¢ X = OCH;, Y =NH,
63fX = OCH;,Y =OH

So db 1.16 Tong hop din xuét quinazolinone da chuc tir aldehyde thom va
hop chat methylene hoat hoa

2.6. Tong hop bang phuwong phap dién héa

Trong cong bd ctia Zhenghong Zhou va cong su [47], mdt phuong phap téng
hop hiéu qué cac dan xuat quinazoline va quinazolinone da duoc phat trién dya
trén dién hoa thong qua oxy hoa anod truc tiép két hop phan ting amin hoéa tai

lién két C(sp*)—H va cit lién két C—N cua amine bac ba trong mdi truong nude.
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Ph electrolyte (N source) Ph
CCE
0 /N N
TN N7 g CH
NH, A solvent N
anode/cathode 66
64 65

So dd 1.17 Tong hop quinazoline bang phuong phap dién hoa thong qua oxy
hoa anod va phan tng amin hdéa — vong hdéa ndi phan tir theo nghién clru cua
Zhenghong Zhou

Phuong phép nay duoc xép vao nhom tong hop dién hoa két hop lién két C—H,
trong d6 amine bac ba dong vai trd nhu ngudn cung cap don vi carbon. Cuy thé,
dudi tdc dung cia dong dién, amine bi oxy hoa tai anot tao thanh trung gian
iminium c6 hoat tinh cao; trung gian nay sau d6 trai qua qua trinh thuy phan dé
tao cac tiéu phan phan ung thich hop. Céc tiéu phan nay tiép tuc tham gia phan
g ngung tu véi o-carbonyl aniline hodc 2-aminobenzamide, din dén sy hinh
thanh lién két C—N then chét. Tiép theo, hé trung gian trai qua qua trinh dong
vong ndi phan tir két hop voi cac bude oxy hoa ké tiép, qua d6 hinh thanh khung
quinazoline hodc quinazolinone dac trung.

Theo nghién ctru cia Huiging Hou va cong su [48], mot phuong phap tong hop
hiéu qua cac dan xuat quinazolinone di dugc phat trién dua trén phan tng giita
alcohol va 0-aminobenzamide du6i diéu kién dién hoa trong méi truong nuéc,
v6i sy xuc tac cua 6t (I2). Phuong phap nay duoc xép vao nhém oxy héa dién
hoa két hop phan mg day chuyén, trong d6 dong dién va I phdi hop déng vai

trd nhu hé xtic tac oxy hoa “xanh”, thay thé cho cac chat oxy hoa hoa hoc truyén

thong.
0 L, (0.4 eq), NaOH (4 eq) O
NH, I =80 mA, H,0, r, N~
6h
67 68 69

So d6 1.18 Phan tng tong hop 2-arylquinazolin-4(3H)-one tir anthranilamide

va phenol duéi diéu kién dién hoa xuc tac I
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Cu thé, qua trinh phan trng dugc khéi dau béng su oxy hoa anod cua ancol, tao
thanh aldehyde tai chd thong qua su tham gia cia L. duoc sinh ra va tai sinh trong
chu trinh dién hoéa. Aldehyde nay sau d6 ngung tu voi 0-aminobenzamide dé
hinh thanh trung gian imine hoat hoa. Tiép theo, trung gian ndy trai qua qua trinh
dong vong ndi phan tir két hop khtr hydro, dan dén su hinh thanh khung
quinazolinone dic trung.

Dang chu ¥, toan b qua trinh dién ra trong méi truong nude va khong yéu cau
str dung xtic tac kim loai chuyén tiép hay chat oxy hoa manh, qua d6 thé hién rd
vu thé vé tinh bén viing va than thién moi trudng. Ngoai ra, phuwong phép cho
thay pham vi co chét rong, dung nap tt nhiéu nhoém thé khac nhau trén ca alcohol
va 0-aminobenzamide, voi hiéu suat cao. Vi nhitng wu diém trén, phuong phap
nay duoc xem 1a mot hudng tiép can hiéu qua va hién dai trong tong hop céac di
vong chtra nito, ddc biét la cac dan xuét quinazolinone theo dinh hudng hoa hoc
xanh.
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CHUONG 2: THUC NGHIEM

2.1.1. Héa chat
Bang 2.1. Cong thirc hoa hoc, danh phap, xuat xt hoa chat thuc nghiém

TT | Cong thirc héa hoc Danh phép Xuit xir
O
1 @o Isatin Merck
N
H
2 @\ Phenyl isothiocyanate Merck
NCS
NES 1-isothiocyanato-4-
3 Merck
Me methylbenzene
NCS o
1-isothiocyanato-3-
4 Merck
methylbenzene
Me
NCS 1-isothiocyanato-2-
5 Merck
Me methylbenzene
NCS o
1-isothiocyanato-3-
6 Merck
methoxybenzene
OMe
NCS 1-fluoro-4-
7 N Merck
. isothiocyanatobenzene
NCS
1-fluoro-3-
8 Merck

e

isothiocyanatobenzene
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1-chloro-4-

NCS
9 /©/ —_ Merck
cl isothiocyanatobenzene
NCS
1-chloro-3-
10 . Merck
isothiocyanatobenzene
Cl
NES 1-bromo-4-
11 . Merck
Br isothiocyanatobenzene
NES 1-bromo-2-
12 . Merck
Br isothiocyanatobenzene
NCS
13 1-isothiocyanatonaphthalene Merck
14 Me™ “NCS isothiocyanatoethane Merck
15 Me_~nes 1-isothiocyanatopropane Merck
16 N""ncs 3-isothiocyanatoprop-1-ene Merck
NCS ] _
17 O isothiocyanatocyclohexane Merck
1-(isothiocyanatomethyl)-4-
18 g - ( ¢ ¥ Merck
MeO methoxybenzene
0]
Me - - -
19 mo 5-methylindoline-2,3-dione Merck
B
O
20 Qf}o 7-methylindoline-2,3-dione Merck
H
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O
21 m 5-fluoroindoline-2,3-dione Merck
H
O
22 m 5-chloroindoline-2,3-dione Merck
b
O
23 m 5-bromoindoline-2,3-dione Merck
b
O
24 m 5-iodoindoline-2,3-dione Merck
i
1,4-diazabicyclo [2.2.2] octane
25 Merck
(DABCO)
Dimethyl Sulfoxide
26 Merck
(DMSO)

Cac tac nhan, dung moi cho phan ing dugc mua tir cong ty Merck. Céac dung

mdi dé tinh ché va 1am sach dwoc mua tir trong nuéc va st dung truc tiép khdng

tinh ché lai.

Céac tac nhan khac cho phan ung: NaS.5H,O, cic dung mdi phan Ung

(methanol, ethanol, DMSO, dichloromethane).

Dung mdi mua ctia Trung Qubc dung tinh ché san pham sau khi tong hop:
methanol, dichloromethane, n-hexan, ethyl acetate duoc cat lai trude khi dung.

Ban mong: TLC silica gel 60 Fzs4, Merck.

2.1.2. Thiét bi

e May c0 chan khong: IKA RV 10 Digital va IKA RV 10 Basic.

e May khuay tir IKA RH Basic 2.




25

bén UV 366 nm, 254 nm.

Can dién tir 10 Ohaus Explorer Pro EP613C (610 g/1 mg).

Tu hut khi doc Viét Nam.

Va céc dung cu thuy tinh khéc.
2.2. Phuong phap xac dinh d9 sach va nghién ctru cdu triic sin pham
2.2.1. Sic ky ban méng

Sic ky ban mong duogc st dung dé kiém soat phan tng va dung dé dinh tinh
cac san pham cua phan tng. Cac hé dung méi dugce st dung cho sic ky ban mong
(n-hexane: ethyl acetate; heptane: ethyl acetate; dichloromethane: methanol).

2.2.2. Sic ky cdt

Séc ky cot 1a phuong phap dé tach san pham tir hdn hop phéan tmg: str dung cot
(20 x 50 mm) va silica gel thuong c& hat: 40-230 mesh dé tach san pham. Hé
dung moi chay cot sit dung n-hexane: ethyl acetate, heptane: ethyl acetate va
dichloromethane: methanol.

2.2.3. Phwong phap xac dinh cdu tric

Phé cong huong tir hat nhan *H-NMR, C-NMR, duoc do trén may BRUKER
ADVANCE — 500MHz ctia Dtic tai Phong phan tich cau trac, Vién Hoa hoc -
Vién Han Lam Khoa hoc va Cong nghé Viét Nam. Cac diéu kién do: tan s6 500
MHz va 125 MHz, dung mdi CDCls, CD;0D va DMSO-ds, chit chuin ndi TMS.

2.3. Quy trinh tong hop cac din xuit quinazoline

Hon hop isatin 70 (1 eq, 1 mmol) va phenyl isothiocyanate 71 (1.2 eq) 1am md
hinh phan tng ban dau. Phan img duoc tién hanh véi sy c6 mit ctia luu huynh
nguyén t6 (Ss) (2 eq, 2 mmol, 64 mg) va DABCO (20 mol%) déng vai tro xuc
tac bazo, st dung DMSO (3 eq) lam dung mo1 ¢ 60 °C trong 16 gio.

Két thuc phan tmg, cic dan xuit c6 khung quinazoline duoc tinh ché bang sic
ky cot trén silica gel véi hé dung moi: hexan : ethyl acetate (EtOAc) = 97:3

2.4. Danh gia hoat tinh sinh hoc

Hoat tinh sinh hoc cuia cac dan xuat quinazoline-2,4(1H,3H)-dithione tong hop

duoc trong nghién ctru duge danh gia thong qua kha ning gy doc té bao in vitro
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bang phuong phap MTT — mét phuong phap phd bién nham xac dinh mutc do
song sot cua té bao dua trén hoat dong chuyén hoa cua ty thé.

2.4.1. Nguyén ly danh gia

Phuong phap MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium)
duoc xay dung dua trén hoat tinh ctia hé enzym khir hydro trong ty thé cta té bao
sdng. Cac enzym nay c6 kha niang khir MTT — mot hop chit c6 mau vang — thanh
san phim formazan khong tan ¢6 mau tim. Luong formazan duoc hinh thanh
phan anh truc tiép s6 luong té bao con sdng trong mau thir.

Sau khi két thuc qué trinh phan Gng, tinh thé formazan dugc hoa tan bang
DMSO va mat do quang (OD) cua dung dich dugc do tai bude song 540 nm. Gia
tri OD thu duoc duoc str dung dé danh gia mtc do tang truong hodc te ché cua
té bao dudi tac dong clia cac chat khao sat. Tir d6, gia trj ICso — nong d6 can thiét
dé rc ché 50% su phat trién ctia té bao — duge xac dinh va st dung nhu mot chi
s6 dinh luong cho hoat tinh gay doc té bao.

2.4.2. Pbi twong va diéu kién thi nghiém

Céc dong té bao ung thu nguoi duoc sir dung trong nghién ctru bao gém ung
thu biéu mé biéu moé KB (CCL -17™), ung thu gan Hep G2 (HB - 8065™), ung
thu phoi LU-1 (HTB - 57™), ung thu vt MCF-7 (HTB - 22™) va ung thu da
SK-Mel 2 (HTB - 68™) déu c6 ngudn gbc tir ngan hang té bao ATCC. Té bao
duoc nudi cay trong moi trudng DMEM hodc MEME ¢6 b sung 7—10% huyét
thanh bao thai (FBS), dudi cac diéu kién tiéu chuan gém nhiét d6 37 °C, 5% CO:
va d6 am khoang 98%. Cac té bao duoc str dung cho thi nghiém & pha sinh

truong lily thira nham dam bao tinh 6n dinh va do tin cay cta két qua.

Céc hop chat khao sat duoc hoa tan ban dau trong DMSO dé tao dung dich
gbc véi ndng d6 20 mg/mL, sau d6 dugc pha lodng thanh cac diy nong do khéc
nhau (128; 32; 8; 2 va 0,5 pg/mL) phuc vu cho danh giéd hoat tinh. Ellipticine
duoc sir dung lam chat d6i chimg duong trong cac phép thir.

2.4.3. Quy trinh tién hanh

Té bao dugc trypsin hoa, dém mat do va phan bd vao dia 96 giéng (khoang 1—
3 x 10 té bao/mL). Sau d0, cac dung dich chat thtr duoc thém vao timg giéng va
Ui trong 72 gio. Tiép theo, dung dich MTT dugc bo sung va i thém 4 gid dé hinh
thanh tinh thé formazan. Sau khi loai bd méi truong, tinh thé dugc hoa tan bang
DMSO va do OD tai 540 nm bing may quang phd.
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2.4.4. Xt 1y va danh gia két qua
Phén trim @c ché sy phat trién té bao duogc tinh theo cong thirc:
% tic ché t& bao = (ODing (+)— ODrmiu thi)/( ODeching (+)— ODehimg () X 100%

(Highlnh% - 50) X (HighConc B LOWConc)

Conc ~ .
Highyo, - LOWype,

(Trong d6, Highcono/LOWconc: chét thir & ndng d6 cao/chat thir thap ¢ nong do
thap; Highinnoe/ LOWinnoe: % trc ché & ndng d6 cao/% tc ché & ndng do thap ).

Gia tri ICso dugc x4c dinh tir duong cong tuong quan gitta nong do va % e ché
bang phan mém xir 1y dit liéu.

Mot hop chit duge xem 1a ¢6 hoat tinh giy doc té bao déng ké khi:
e Gia tri ICsp < 20 pg/ml (voi dich chiét tho)

e 1Cs0 <4 pg/ml (v6i chit sach) duge danh gia 1a c6 hoat tinh gay doc té
bao.
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CHUONG 3: KET QUA VA THAO LUAN
3.1. Khao sat diéu kién phan &ng tong hop quinazolin-2,4-dithione.

Céc phuong phép tong hop din xuét quinazolin-2,4-dithione trudc day con han

ché do yéu cau nhiéu budc phan tng hoac str dung cac tdc nhan phuc tap, doc

hai véi con nguoi va méi trudng. Do d6, viéc phat trién mot phuong phap tong

hop truc ti€p, hi€u qua tor cac nguyén li€u don gian, san c¢6 nhu isatin va

isothiocyanate 13 can thiét.

Trong nghién ctru nay, chiing toi Iya chon isatin 70 (1 eq, 1 mmol) va phenyl
isothiocyanate 71 (1.2 eq) 1am mé hinh phan tng ban dau. Phan tmg duoc tién

hanh véi sy c6 mit ctia luu huynh nguyén t6 (Ss) (2 eq, 2 mmol, 64 mg) va
DABCO (20 mol%) déng vai tro xuc tac bazo, st dung DMSO (3 eq) lam dung
moi & 60 °C trong 16 gio. Két qua ban dau cho thdy san pham quinazolin-2,4-
dithione 72 dugc tao thanh véi higu sudt 65%.

O

©\/Z¥o + PhNCS
N

H

S (2 equiv)
base (20 mol %)

DMSO (0.2 mL)

T °C, 16h

-CO,

70, 1 mmol 71, 1.2 equiv

72

So d6 3.1. Tong hop quinazoline-2,4-dithione tir isatin va phenyl

isothiocyanate

Bang 3.1. Anh hudng cua dung moi dén hiéu suat phan tng

Muc? Base (x mol %) Dung moi Nhi¢t do | Hiéu sudt phan tng®
phan g phéan ng
1 DABCO (20) DMSO 60 65
2 DABCO (20) | NMPone® 60 63
3 DABCO (20) Dioxane 60 14
4 DABCO (20) PhCN 60 10
5 DABCO (20) Pyridine 60 32
6 DABCO (20) PhCH, 60 12
7 DABCO (20) DMSO 80 73
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DABCO (20) DMSO 100 71

- DMSO 80 0

10 NEt, DMSO 80 65
11 N(n — Pr), DMSO 80 64
12 DIPEA DMSO 80 70
13 NMP DMSO 80 71
14 Na,S.3H,0 DMSO 80 55
15 DABCO (10) DMSO 80 56
16 DABCO (50) DMSO 80 72

3.1.1. Khéo sat dung méi va chit phu gia
Tiép theo, chiing t6i tién hanh khao sat anh huong ciia dung méi dén hiéu suat
phan ung. Két qua cho thay N-methylpyrrolidin-2-one (NMP) Ia dung méi ph
hop, ngugc lai, cac dung moi nhu dioxane, benzonitrile, pyridine va toluene cho
hiéu suit thip, chimg t6 kha ning hoat héa phan tng kém.
Bang 2.2. Khao sat c4c chat phu gia

STT Sw thay ddi so véi diéu kién chuan Hiéu suat (%)
1 Dioxane thay thé N-methylpyrrolidin-2-one 14
2 PhCH; thay thé N-methylpyrrolidin-2-one 12
3 PhCN thay thé N-methylpyrrolidin-2-one 10
4 DMSO thay thé N-methylpyrrolidin-2-one 65

3.1.2. Khao sat nhi¢t do phan Grng

Khi ting nhiét do phan tmg tir 40 °C 1én 100 °C, hiéu suat phan tng ting dang
ké tir 65% 18n 73%. Tuy nhién, khi tiép tuc ting nhiét do 1én cao hon, hiéu suét
khong duogc cai thién thém dang ké. Diéu nay cho thdy nhiét d6 80 °C 1a tbi vu

cho phan tng.
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Bang 3.3. Anh hudng cua nhiét d toi hiéu sut phan tmg cua qua trinh tong
hop Quinazoline-2,4(1H,3H)-dithiones vdi sy ¢6 mat cua N-methylpyrrolidin-

2-one
Nhiét do (°C) Hiéu suét %
40 0
60 65
80 73
100 71
80
70
60
__ 50
X
= 40
‘Z 30
S%. 20
10
0
0 20 40 60 80 100 120
Nhiét d6 (°C)

Hinh 3.1. Khao sat nhiét d6 phan tmg tong hop Quinazoline-2,4(1H,3H)-
dithiones

3.1.3. Khao sat vai tro cia bazo

Thi nghiém dbi chtng cho thay khi khong c6 bazo, phan tmg khong xay ra va
cac chat ban dau dugc thu hdi nguyén ven. Diéu nay ching minh vai tro thiét yéu
clia bazo trong viéc hoat hoa luu huynh va khoi dau phan mg.

Chung toi tién hanh khao sat mot loat bazo khac nhau nhu N(n-Pr);, DIPEA,
N-methylpiperidine va Na,S.3H,0. Mic du tat ca cac bazo nay déu thu duoc san
pham, DABCO cho hiéu suat cao nhat (73%). Ngoai ra, khi giam lugng DABCO
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xudng 10 mol%, hiéu suat phan ng giam dang ké. Trong khi 0, ting lugng xtic
tac 1én 50 mol% khong 1am cai thién hiéu suat cta phan tng.

3.1.4. Khio sat aryl isothiocyanate

Sau khi thiét 1ap duogc cac didu kién phan tng t6i wu, ching t6i tién hanh danh
gia tinh téng quat ctia phuong phap thong qua viéc khao sat cac co chat
isothiocyanate va isatin mang nhitg nhom thé khac nhau, & quy mé 1,0 mmol
(tinh theo isatin). Két qua cho thiy phan tmg c6 kha ning ap dung trén nhiéu loai
co chat véi hiéu qua twong ddi 6n dinh.

Cu thé, cac dan xuit isothiocyanate mang nhom tolyl & cac vi tri para-, meta-
va ortho- déu tham gia phan tng thuén loi, tao ra cic san pham twong tng (72b—
72d) v6i hidu suat 1an luot dat 61%, 73% va 72%. Su ¢6 mit ciia cic nhom day
electron, dién hinh nhu methoxy, hau nhu khong 1am suy giam hiéu qua phan
mg; cac din xuit m- va p-methoxyphenyl isothiocyanate van tao thanh san pham
72e va 72f voi hiéu suét twong Gmg 62% va 70%.

Tuong tu, cac co chit chira nhom thé halogen nhu F, Cl va Br cling thé hién do
tuong thich tdt, tao ra cac san pham (72g—72m) véi hiéu suat dao dong trong
khoang 51-72%. Két qua nay cho thiy phuong phap c6 kha niang dung nap twong
d6i rong d6i voi cac nhom chire khac nhau. Ngoai ra, 1-naphthyl isothiocyanate
cling tham gia phan tng hiéu qua, cho san phim 79n voi hiéu suét dat 62%, gop
phan ciing ¢6 tinh linh hoat ctia quy trinh tong hop.

aromatic isothiocyanates :

@N @N
ngs R = halogen : N/&S
H H

72g, R =4-F, 65% 72n, 62%
72h, R = 3-F, 72%
721, R = 2-F, 63%

R=EDG:
72b, R =4-Me, 61%

72¢, R = 3-Me, 73% ; R = EWG

’ ’ 72j, R = 4-Cl, 72%
72d, R = 2-Me, 72% R = 300 3800 720, R = 4-NC, 35%
72¢,R=3-Me0,62% 15 0 b ol 72p, R = 2-F3C, 34%

— _ 0
72f, R = 4-MeO, 70% 72m, R = 2-Br, 53%

Hinh 3.2. Khao sat anh hudng ctia nhom thé trén isothiocyanate thom dén
hi¢u suat phan ung



32

aliphatic isothiocyanates :

S S /O
N Me dN
N N
72q, R = Me, 90% /2% R=n-Pr, 65% 72w, 70%

(2 equiv MeNCS) 72t, R=allyl, 61%  ixture of 2 rotamers

72r, R=Et, 71%
Hinh 3.3. Khao sat anh huéng cia nhom thé trén isothiocyanate thom dén
hi¢u suat phan ung

Nguoc lai, khi st dung cac aryl isothiocyanate mang nhoém rat dién tir manh
nhu p-cyano hodc o-trifluoromethyl, hiéu suat phan tmg giam dang ké, chi thu
duoc cac san pham 720 va 72p véi hiéu suat 34-35%. Nguyén nhan c6 thé 1a do
cac isothiocyanate nay dé chuyén hoa thanh N,N’-diarylthiourea, 1am giam
lwong tac chat tham gia vao qua trinh tao san pham chinh.

3.1.5. Pé xuit co ché phan ing

Dua trén cac két qua thyc nghiém va tai liéu tham khéo, co ché phan ing duoc
dé xuat nhu sau: ban dau, luu huynh b1 bazo hoat hoa tao thanh zwitterion A, sau
d6 cong vao isothiocyanate dé hinh thanh chat cong polysulfide—isothiocyanate
B, t6n tai can bang v&i dang dong phan B’. Tiép theo, B’ phan tmg voi isatin tao
trung gian C, chat ndy trai qua qua trinh tai sap xép kiéu Baeyer—Villiger théng
qua trung gian epoxide D dé tao thanh 4-thioisatoic anhydride E. Dudi su xuc
tac cia DABCO, E bi decarboxyl hoa tao zwitterion F, sau d6 loai b6 DABCO
dé hinh thanh trung gian hoat héa cao aza-0-quinone methide G. Cudi cing,
trung gian G tham gia phan tng vong hoa vdi isothiocyanate, tao ra san pham
guinazolin-2,4-dithione.
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DABCO™ Sg + DABCO 0
S S,~-DABCO" S 0
A 5 s— N
PhNCS - N +OCBAI)/ N ————————— H
71 PH /
B p’Ph 70 \
A5 a "OCBAD
"OCBAD ~g
S (*Sn 1 )\
Pho 7S,
CL X @ﬁ? &
DABCO* o ©\)¥O
H © thio-Baeyer-Villiger \
E ) rearrangement
SIl 1 C
DABCO - ™\
-CO, PhNCS + Sg
+ DABCO
DABCO"
’/S /,S
S -DABCO C 71 C N,Ph (G +71]
L, — KL, e
NH" \N NH g
F H
G
aza o-quinone
methide

So do 3.2. Bé xuat co ché phan ting
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3.2. Tong hop cac din xuit quinazolin-2,4-dithione bing diéu kién t6i wu
trén

Y S (2 equiv) b oh
base (20 mol %) N~
O + Ph-N=C=§ ————"> be
N DMSO (0.2 mL) NS
T °C, 16h H

-CO,
70, 1 mmol 71, 1.2 equiv 72

S i @Me 8 @ S Q
O O T o

72a 72b 72¢ 77d
S F
L O A AL 1 o
N OMe N N .
N’gs A A 1
H NS NS N”gs
H H H
72e 72F 72¢g 7h
N cl N N N O
d g @ﬁ& @ﬁ& I @ﬁ&
NTYg N™ S N S N™ S
H H H H
72i 72i 72k 721
S S S S O
ses s aulisoadiive:
NS N&S N/gS NN
H H H H
72m 72n 720 72p
S S S S
M _Ph
N © N nTh F Ph
A A PN N
NS OMe NS NI PN
H H H N S
Me H
72q 72r 72s

72t
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S S S

Cl\(:ﬁLN,Ph Br\(:ﬁLN,Ph I@N/Ph
N&s N&S N&s
H H H

72u 72v 2w

Hinh 3.4. Cac din xuat quinazoline tir 72a dén 72w

Céac dan xuét quinazoline-2,4(1H,3H)-dithione (72a-72w) di duoc tong hop
thanh cong thong qua phan g da thanh phan xtc tac base, voi sy tham gia cta
isatin, isothiocyanate va nguyén t6 luu huynh. Phan tng dién ra trong diéu kién
tuong ddi ém diu, cho hiéu suét tir trung binh dén tét (34—73%), cho thay tinh
hiéu qua cta phuong phap chuyén hoa truc tiép tir khung isatin sang hé di vong
chtra Iwu huynh. Khao sat pham vi co chat cho thay phan tmg c6 kha ning dung
nap t6t d6i v6i nhiéu isothiocyanate mang cac nhom thé khac nhau trén vong
thom. Cac nhém déy dién tir nhu methyl (-CHs) hodc methoxyl (-OCH3) hau nhu
khong anh hudng nhiéu dén hiéu suét, vdi cac san pham thu duoc trong khoang
61-73%. Ddi voi cac nhoém thé halogen, phan tmg van dién ra thuén loi, tao san
pham (72f-72K) vé6i hiéu suat kha (58-72%), cho thay hé phan tmg it bi chi phdi
bo1 hi¢u tng dién tir @ muc do trung binh. Tuy nhién, khi c6 mat cac nhom hut
dién tir manh nhu cyano hodc trifluoromethyl, hi¢u suit giam ro rét (34-35%),
c6 thé do su canh tranh hinh thanh cac san phém phu, dic biét 1a dan xuat
thiourea.

Bén canh do, cac isothiocyanate mang nhom alkyl, bao gdm ca mach thang va
mach vong, cling tham gia phan tng hiéu qu4, tao ra cac dan xuat N-alkyl trong
{rmg véi hiéu suat tot. Tuy nhién, cac co chit c¢6 can trd 1ap thé 1on nhu tert-butyl
khong cho san pham mong mudn, phan anh anh hudng bat lgi ciia yéu t6 khong
gian dén qua trinh phan ung. Pong thoi, cac din xuat isatin c6 nhom thé nhu
methyl, halogen ciing twong thich tot v&i diéu kién phan tmg, gop phan mé rong

dang ké pham vi ciu trac ctia cac hop chét thu duoc.
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Dé khang dinh qua trinh phan tmg da téng hop thanh cdng hop chit quinazoline
ching t6i lua chon hop chit 72d 1am dai dién dé ching minh ciu trdc cua cac
hop chat nay bang phd cong huong tir hat nhan NMR: *H, C nhu sau:

e 3-(0-Tolyl) quinazoline-2,4(1H,3H)-dithione (72d)

I RRADOFRBABHAESRINIACSREZAGCEEIRARESR
ERR R iR s R R R R R RS R RERCR R R SRR R S SR R R ]
hhRTE8IIBBYLIPLIIIRBRLGAIZFES O
L I N N NSNS N SSS

24
5
5
%8

22,1917

—11.2

i m
’\\\/ILN S
7/;//;':5 NM"NSKN "\7?/“ \T7P "\\"Q\T? N )
H

f1 (ppm)
l h 1L LJ_A N

S i
Sesan 2
38535

—

1001
05—

T T T T T T T T r T T r T T T T T T T T T T T T T T r T T r )
150 14.5 14.0 13.5 13.0 125 12.0 115 11.0 10.5 100 95 9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 10 0.5 0.0
f1 (ppm)

Hinh 3.5. Phé 'H caa hop chat 72d

Phé tH-NMR cua hop chat 72d thé hién rd cac tin hiéu dic trung caa mot hé
lien hop gom vong phenyl gan véi nhém —NH va mét vong thom di vong chira
nito va luu huynh. Phé 1H NMR caa hop chat ghi nhan tin hiéu singlet tai &
11,22 ppm cho 1 proton, dugc gan cho proton nhdm amino ngoai vong (—NH-)
lien hop vai hé di vong chira nhom thiocarbonyl (C=S). P dich chuyén héa hoc
|6n cua tin hiéu nay cho thay proton NH chju anh huéng manh caa hiéu tng hat
electron tir hé lién hop va co thé tham gia lién két hydro noi phan tu.

Trong vung thom, tin hiéu tai 6 8,51 ppm (dd, J = 8,2; 1,1 Hz, 1H) dugc quy
cho proton nam gan nguyén tir nito ctia khung quinazoline, do chiu anh hudng
khtr che chan manh nén xuat hién ¢ ving truong thap. Cac tin hiéu cong hudng
trong khoang & 7,67-7,11 ppm tuong ng Vi bay proton thom con lai cua hai
vong benzen. Cu thé, céc tin hiéu da dinh tai § 7,67—7,61 ppm (1H), 7,46-7,38
ppm (3H), 7,34-7,29 ppm (1H) va 7,15-7,11 ppm (1H) duoc gan cho cac proton
cua hai nhan thom lién hop, trong khi tin hiéu doublet tai 6 7,18 ppm (J = 8,0
Hz, 1H) dic trung cho proton tham gia hé ghép ortho trén vong benzen. Tng sd
proton thom quan sat duoc 12 tim proton, hoan toan phd hop véi cau tric phan
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tr. Ngoai ra, phd xuét hién tin hiéu singlet tai & 2,19 ppm voi cudng d6 twong
g ba proton, dugc gan cho nhém methyl gan truc tiép trén vong thom. Sy Xuét
hién cua tin hiéu nay ¢ vung truong cao la dac trung cua nhom Ar—CHs.

mmmmmmmmmmmmmm
mmmmmmmmmmmmmm

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

188.9674
—172.8347
—17.4430

r T T T T T T T T T T T T T T r T T T T ,
200 190 180 170 160 150 140 130 120 110 100 0 80 70 60 50 40 30 20 10 0
f1 (ppm)

Hinh 3.6. Phé 13C cua hop chit 72d

Phd 13C-NMR cua hop chit 72d ghi nhan 15 tin hiéu carbon, phi hop véi cau
trdc gém mot khung quinazoline-4-thione lién hop véi nhém aminomethylene
va mot vong phenyl mang nhém methyl thé.

Tin hiéu xuét hién tai & 189.0 ppm duoc gan cho carbon thiocarbonyl (C=S),
dic trung cho carbon c6 do khu che chan cao trong hé thioamide hoic
thioquinazoline. Tin hiéu tai 6 172.8 ppm dugc quy cho carbon imine (C=N) cua
khung di vong quinazoline. Tin hiéu 6 142.8 ppm tuong Gtng v4i carbon thom
bac bon lién két tryc tiép voi nguyén tir nito, trong khi céc tin hiéu tai & 135.7,
135.3 va 134.4 ppm dugc gan cho cac carbon thom bac bén nam tai cac vi tri ndi
gitra vong benzen va h¢ di vong lién hop. Céc tin hiéu trong viung 6 133.1-115.2
ppm duoc quy cho cac carbon sp2 caa hai vong benzen, bao gém ca cac carbon
proton hda va carbon bac bon chiu anh hudéng cia cac nhom thé. Dac biét, tin
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hiéu tai & 115.2 ppm dugc gan cho carbon thom chiu tic dong cua nhdm amino
ngoai vong, dan dén su gia ting mat do electron va dich chuyén tin hiéu vé phia
trrong cao. Ngoai ra, tin hiéu tai 6 17.4 ppm la dac trung cta carbon nhom
methyl gan trén vong thom. Nhin chung, céc tin hiéu quan sat duoc hoan toan
phU hop Véi cau trdc muc tiéu, ddng thai xac nhan su hién dién caa cac nhom
chuc quan trong nhu thiocarbonyl (C=S), imine (C=N), h¢ vong thom lién hop
va nhom methyl thé trén nhan thom.

Nhu vay, chiing t6i da thanh cong téng hop cac dan xuat caa quinazoline bang
phuong phap méi di tir cac dan xuat caa isatin va isothiocyanate

Cac dir liu 'H NMR, C NMR cua cac din xuat quinoline (72a-72w) dugc

mo ta nhu sau:

3-Phenylquinazoline-2,4(1H,3H)-dithione (72a)

e

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (198 mg, hiéu suat 73%).

'H NMR (500 MHz, DMSO) & 13.46 (s, 1H), 8.31 (d, J = 8.1 Hz, 1H), 7.77 (t,
J=75Hz, 1H), 7.50 - 7.42 (m, 3H), 7.37 (t, ) = 7.4 Hz, 1H), 7.33 (t, J = 7.7 Hz,
1H), 7.22 (d, J = 7.6 Hz, 2H).

13C NMR (126 MHz, DMSO) 6 189.8, 172.8, 144.2,135.8,135.3,131.7,129.2,
128.5, 127.9, 125.2, 123.7, 115.96.

3-(p-Tolyl) quinazoline-2,4(1H,3H)-dithione (72b)

e

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san phim & dang chat ran mau vang nhat (173 mg, hiéu suit 61%).

'H NMR (500 MHz, DMSO) & 13.43 (s, 1H), 8.32 (dd, J = 8.3, 1.1 Hz, 1H),
7.84 —7.72 (m, 1H), 7.44 (d, J = 8.1 Hz, 1H), 7.37 — 7.32 (m, 1H), 7.27 (d, J =
8.2 Hz, 2H), 7.07 (d, J = 8.2 Hz, 2H), 2.36 (s, 3H).
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13C NMR (126 MHz, DMSO) 6 189.9, 173.0, 141.8,137.2,135.8, 135.3, 131.8,
129.8, 128.2, 125.3, 123.7, 116.0, 20.8.
3-(m-Tolyl) quinazoline-2,4(1H,3H)-dithione (72c)

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (207 mg, hiéu suat 73%).

'H NMR (500 MHz, CDCl3) 6 10.96 (s, 1H), 8.50 (dd, J = 8.2, 1.1 Hz, 1H),
7.68 —7.60 (m, 1H), 7.50 — 7.41 (m, 1H), 7.34 — 7.28 (m, 2H), 7.15 (d, J = 8.1
Hz, 1H), 7.04 (d, J = 6.4 Hz, 2H), 2.44 (s, 3H).

13C NMR (126 MHz, CDCl3) 6 190.1, 173.6, 143.9, 140.0, 135.6, 134.2, 133.2,
129.8, 129.7, 128.8, 126.1, 125.3, 124.8, 115.1, 21.7.

3-(o-Tolyl) quinazoline-2,4(1H,3H)-dithione (72d)

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (205 mg, hiéu suat 72%).

IH NMR (500 MHz, CDCl3) & 11.22 (s, 1H), 8.51 (dd, J = 8.2, 1.1 Hz, 1H),
7.67 — 7.61 (m, 1H), 7.46 — 7.38 (m, 3H), 7.34 — 7.29 (m, 1H), 7.18 (d, J = 8.0
Hz, 1H), 7.15 — 7.11 (m, 1H), 2.19 (s, 3H).

13C NMR (126 MHz, CDCl3) § 189.0, 172.8, 142.8, 135.7, 135.3, 134.4, 133.1,
131.5,129.3, 128.0, 127.7, 126.2, 124.5, 115.2, 17 .4.

3-(3-Methoxyphenyl) quinazoline-2,4(1H,3H)-dithiongEr Bookmark not defined.

(72e)
S
©\)J\N/©\0Me
s

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san phém ¢ dang chat rin mau vang nhat (186 mg, hi¢u sudt 62%).

'H NMR (500 MHz, DMSO) 6 13.42 (s, 1H), 8.33 (d, J = 8.2 Hz, 1H), 7.78 (dd,
J=11.3,4.0 Hz, 1H), 7.44 (d, J = 8.2 Hz, 1H), 7.41 — 7.31 (m, 2H), 6.95 (dd, J
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= 8.3, 2.2 Hz, 1H), 6.84 (d, J = 1.8 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 3.75 (s,
3H).

13C NMR (126 MHz, DMSO) 6 189.6, 172.7, 160.2, 145.1, 135.8, 135.3, 131.7,
129.9, 125.2,123.7, 120.8, 115.9, 114.5, 113.4, 55.2.

3-(4-Fluorophenyl) quinazoline-2,4(1H,3H)-dithione (72f)

Se
2
s

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (187 mg, hiéu suat 65%).

'H NMR (500 MHz, CDCl3) & 11.30 (s, 1H), 8.51 (dd, J = 8.2, 1.2 Hz, 1H),
7.71 —7.61 (m, 1H), 7.36 — 7.32 (m, 1H), 7.30 — 7.26 (m, 2H), 7.23 — 7.18 (m,
3H).

13C NMR (126 MHz, CDCl3) 6 190.3, 173.6, 162.5 (d, J = 249.2 Hz), 139.7 (d,
J=3.6 Hz), 135.8, 134.2, 133.2, 130.3 (d, J = 8.7 Hz), 126.3, 124.7, 117.1 (d, J

=23.2 Hz), 115.2.
3-(3-Fluorophenyl) quinazoline-2,4(1H,3H)-dithione (729)

LA
@fj\N F
s

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (207 mg, hiéu suat 72%).

'H NMR (500 MHz, CDCl3) & 11.07 (s, 1H), 8.48 (dd, J = 8.2, 1.2 Hz, 1H),
7.70 — 7.63 (m, 1H), 7.57 — 7.51 (m, 1H), 7.35 - 7.29 (m, 1H), 7.24 — 7.19 (m,
1H), 7.17 - 7.14 (m, 1H), 7.05 — 7.02 (m, 1H), 7.00 — 6.95 (m, 1H).

13C NMR (126 MHz, CDCl3) 6 189.9, 173.3, 163.7 (d, J = 248.0 Hz), 144.8 (d,
J=10.3 Hz), 135.9, 134.2, 133.1, 131.0 (d, J = 8.9 Hz), 126.3, 124.7, 124.4 (d, J
= 3.4 Hz), 116.5 (d, J = 23.7 Hz), 116.2 (d, J = 20.9 Hz)., 115.2.
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3-(4-Chlorophenyl) quinazoline-2,4(1H,3H)-dithione (72h)

o

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (219 mg, hiéu suat 72%).

'H NMR (500 MHz, DMSO) § 13.50 (s, 1H), 8.31 (dd, J = 8.2, 1.1 Hz, 1H),
7.81—-7.75 (m, 1H), 7.57 — 7.51 (m, 2H), 7.44 (d, J = 8.1 Hz, 1H), 7.36 — 7.31
(m, 1H), 7.30 — 7.26 (m, 2H).

13C NMR (126 MHz, DMSO0) 5 189.8,172.7, 143.1, 135.9, 135.3, 132.5, 131.7,
130.7,129.4, 125.3, 123.7, 116.0.

3-(3-Chlorophenyl) quinazoline-2,4(1H,3H)-dithione (72i)

LA
©\)J\N cl
s

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (176 mg, hiéu suat 58%).

'H NMR (500 MHz, CDCl3) 6 11.03 (s, 1H), 8.48 (dd, J = 8.2, 1.2 Hz, 1H),
7.69 — 7.63 (m, 1H), 7.52 — 7.45 (m, 2H), 7.34 — 7.29 (m, 1H), 7.24 (t, J = 1.8
Hz, 1H), 7.18 — 7.11 (m, 2H).

13C NMR (126 MHz, CDCl3) 5 189.9, 173.3, 144.6, 135.9, 135.5, 134.2, 133.1,
130.9, 129.3, 129.0, 127.0, 126.3, 124.7, 115.2.

3-(4-Bromophenyl) quinazoline-2,4(1H,3H)-dithione (72))

o

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (178 mg, hiéu suat 51%).

'H NMR (500 MHz, CDCls) 6 10.50 (s, 1H), 8.48 (d, J = 8.2 Hz, 1H), 7.72 —
7.57 (m, 3H), 7.32 (t, J = 7.7 Hz, 1H), 7.10 (t, J = 7.9 Hz, 3H).
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13C NMR (126 MHz, CDCl3) § 190.0, 173.3,142.9, 135.9, 134.2, 133.4, 133.2,
130.2, 126.2, 124.7, 123.0, 115.1.
3-(2-Bromophenyl) quinazoline-2,4(1H,3H)-dithione (72k)

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (185 mg, hiéu suit 53%).

'H NMR (500 MHz, CDCl3) 6 10.99 (s, 1H), 8.50 (dd, J = 8.2, 1.1 Hz, 1H),
7.76 (dd,J =8.1, 1.3 Hz, 1H), 7.69 — 7.63 (m, 1H), 7.55 — 7.49 (m, 1H), 7.41 —
7.36 (m, 1H), 7.35-7.29 (m, 2H), 7.18 (d, J = 8.1 Hz, 1H).

13C NMR (126 MHz, CDCl3) 6 188.7,172.7, 142.5, 135.9, 134.3, 134.0, 133.1,
130.4,130.4, 129.0, 126.2, 124.4, 122.6, 115.3.

3-(Naphthalen-1-yl) quinazoline-2,4(1H,3H)-dithione (72I)

s

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (199 mg, hiéu suit 62%).

'H NMR (500 MHz, CDCls) 6 10.64 (s, 1H), 8.50 (d, J = 8.2 Hz, 1H), 8.00 (d,
J=8.3Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.68 — 7.61 (m, 2H), 7.57 (d, J = 8.3
Hz, 1H), 7.52 — 7.49 (m, 1H), 7.46 — 7.43 (m, 2H), 7.32 (t, J = 7.7 Hz, 1H), 7.11
(d, J=8.1 Hz, 1H).

13C NMR (126 MHz, CDCl3) 5 189.7, 173.7, 140.5, 135.8, 134.7, 134.4, 133.3,
129.5,129.2, 128.8, 127.4, 126.8, 126.6, 126.1, 126.0, 124.6, 121.8, 115.

3-Ethylquinazoline-2,4(1H,3H)-dithione (72m)

s
©\)‘\N/\Me

NKS

H

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu

duoc san phim & dang chat ran mau vang nhat (158 mg, hiéu suit 71%).
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'H NMR (500 MHz, CDCls) & 11.24 (s, 1H), 8.50 (d, J = 8.3 Hz, 1H), 7.62 (t,
J=7.7Hz, 1H), 7.30 — 7.26 (m, 1H), 7.19 (d, J = 8.1 Hz, 1H), 5.24 (d, J = 6.7
Hz, 2H), 1.47 (t, J = 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl3) 6 188.2,172.3,135.2, 133.8, 133.2, 126.1, 124.6,
114.9, 49.7, 10.8.

3-Propylquinazoline-2,4(1H,3H)-dithione (72n)

S
N/\/Me

Vs
H

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san phﬁm ¢ dang chit rin mau vang nhat (154 mg, hi¢u suét 65%).

'H NMR (500 MHz, CDCl3) & 11.11 (s, 1H), 8.50 (d, J = 8.3 Hz, 1H), 7.62 (t,
J=7.7Hz, 1H),7.28 (t, J=7.7 Hz, 1H), 7.16 (d, J = 8.1 Hz, 1H), 5.17 — 4.93 (m,
2H), 2.00 — 1.88 (m, 2H), 1.03 (t, J = 7.4 Hz, 3H).

13C NMR (126 MHz, CDCl3) 6 188.5,172.6, 135.2,133.8, 133.4, 126.1, 124.5,
114.8,55.7, 18.5, 11.1.

3-Allylquinazoline-2,4(1H,3H)-dithione (720)

s
NN

Nks
H

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (143 mg, hiéu suat 61%).

'H NMR (500 MHz, CDCl3) 6 10.38 (s, 1H), 8.51 (d, J = 8.1 Hz, 1H), 7.63 (t,
J=75Hz,1H),7.29 (t, J=7.7 Hz, 1H), 7.08 (d, J = 7.9 Hz, 1H), 6.08 — 5.95 (m,
1H), 5.85 (d, J = 4.8 Hz, 2H), 5.43 — 5.34 (m, 1H), 5.31 (d, J = 10.3 Hz, 1H).

13C NMR (126 MHz, CDCl3) 5 188.5, 172.8, 135.4, 133.8, 133.5, 129.7, 126.1,
124.4,119.4, 114.7, 55.7.

3-Cyclohexylquinazoline-2,4(1H,3H)-dithione (72p)

von

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu

dugc san pham & dang chat rin mau vang nhat (193 mg, hiéu sut 70%).
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'H NMR (500 MHz, DMSO) & 13.18 (s, 1H), 8.31 (d, J = 8.2 Hz, 1H), 7.66 (t,
J=7.6 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.26 (t, J = 7.7 Hz, 1H), 6.30 (m, 1H),
3.20 (s, 2H), 1.80 (d, J = 12.8 Hz, 2H), 1.68 — 1.57 (m, 3H), 1.36 — 1.25 (m, 2H),
1.20 —1.09 (m, 1H).

13C NMR (126 MHz, DMSO) & 135.6, 134.6, 125.7, 116.0, 66.2, 27.3, 26.6,
25.5 (Mot s6 tin hiéu bi thiéu do hién tuong mé rong tin hiéu).

3-(4-Methoxybenzyl) quinazoline-2,4(1H,3H)-dithione (72q)

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san phérn o dang chit rin mau vang nhat (204 mg, hi¢u suit 65%).

'H NMR (500 MHz, CDCls) 6 10.74 (s, 1H), 8.44 (d, J = 8.2 Hz, 1H), 7.57 (t,
J=7.6 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.6 Hz, 1H), 7.04 (d, J =
8.1 Hz, 1H), 6.79 (d, J = 7.8 Hz, 2H), 6.39 (s, 2H), 3.73 (s, 3H).

13C NMR (126 MHz, CDCl3) 5 188.8, 173.4, 159.0, 135.4, 133.7, 133.6, 129.2,
127.2,126.1, 124 .5, 114.9, 113.8, 56.1, 55.4.

6-Methyl-3-phenylquinazoline-2,4(1H,3H)-dithione (72r)

s
Me\©\)k _Ph
N
Nks
H

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (148 mg, hiéu suat 52%).

'H NMR (500 MHz, CDCl3) 6 11.96 (s, 1H), 8.29 (s, 1H), 7.63 — 7.58 (m, 2H),
7.57-7.52 (m, 1H), 7.41 (dd, J = 8.3, 1.8 Hz, 1H), 7.27 — 7.23 (m, 2H), 7.13 (d,
J=8.3 Hz, 1H), 2.41 (s, 3H).

13C NMR (126 MHz, CDCl3) 6 190.0, 172.7, 143.9, 136.9, 136.4, 132.3, 132.2,
129.8, 128.9, 128.4, 124.6, 115.3, 21.2.
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8-Methyl-3-phenylquinazoline-2,4(1H,3H)-dithione (72s)

S
.Ph
N
s
Me

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san phim & dang cht ran mau vang nhat (156 mg, hiéu suit 55%).

'H NMR (500 MHz, CDCls) 6 9.49 (s, 1H), 8.38 (d, J = 7.9 Hz, 1H), 7.58 —
7.54 (m, 2H), 7.53 - 7.47 (m, 2H), 7.23 — 7.20 (m, 3H), 2.46 (s, 3H).

13C NMR (126 MHz, CDCl3) 6 190.3, 173.5, 144.3, 136.5, 132.9, 131.4, 129.9,
128.9, 128.3, 125.4, 124.6, 122.3, 16.3.

6-Fluoro-3-phenylquinazoline-2,4(1H,3H)-dithione (72t)

s
F\©\)J\N/Ph
s

Tinh ché hdn hop tho bang sic ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (173 mg, hiéu suat 60%).

'H NMR (500 MHz, CDCl3) & 11.94 (s, 1H), 8.17 (dd, J = 9.3, 2.8 Hz, 1H),
7.60 (t,J=7.6 Hz, 2H), 7.54 (t,J=7.3 Hz, 1H), 7.38 — 7.32 (m, 1H), 7.26 — 7.21
(m, 3H).

13C NMR (126 MHz, CDCl3) 6 188.8, 173.0, 160.2 (d, J = 247.3 Hz), 143.7,
130.8 (d, J=1.8 Hz), 130.0 (2C), 129.1, 128.3 (2C), 126.1 (d, J = 8.7 Hz), 123.8
(d, J=25.0 Hz), 118.1 (d, J = 26.0 Hz), 117.6 (d, J = 8.0 Hz).

6-Chloro-3-phenylquinazoline-2,4(1H,3H)-dithioneEert  Bookmark ot defined.

(72u)
S
CI\©\)J\ _Ph
N
s
H

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san phim & dang chat ran mau vang nhat (186 mg, hiéu suit 61%).

'H NMR (500 MHz, CDCls) 8 11.56 (s, 1H), 8.45 (s, 1H), 7.60 — 7.50 (m, 4H),
7.19 (dd, J =26.9, 7.9 Hz, 3H).
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13C NMR (126 MHz, CDCl3) 5 188.6, 173.3, 143.8, 135.6, 132.8, 132.2, 132.0,
130.1, 129.2, 128.3, 125.7, 116.9.
6-Bromo-3-phenylquinazoline-2,4(1H,3H)-dithione (72v)

s
Br\dLN,Ph
s

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
dugc san pham & dang chat rin mau vang nhat (195 mg, hiéu suét 56%).

'H NMR (500 MHz, CDCl3) 6 8.60 (d, J = 2.1 Hz, 1H), 7.68 (dd, J = 8.6, 2.1
Hz, 1H), 7.58 (t, J = 7.5 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.21 (d, J = 7.4 Hz,
2H), 7.08 (d, J = 8.6 Hz, 1H).

13C NMR (126 MHz, CDCl3) 5 188.3, 173.3, 143.6, 138.3, 135.2, 133.1, 130.0,
129.1, 128.2, 125.9, 119.2, 116.9.

6-lodo-3-phenylquinazoline-2,4(1H,3H)-dithione (72w)

s
|\©\)J\N/Ph
s

Tinh ché hdn hop tho bang sac ky cot trén silica gel (hexan:EtOAc = 97:3) thu
duoc san pham & dang chat ran mau vang nhat (210 mg, hiéu suat 53%).

'H NMR (500 MHz, CDCl3) 6 10.80 (s, 1H), 8.80 (d, J = 1.9 Hz, 1H), 7.89 (dd,
J =85, 1.9 Hz, 1H), 7.60 — 7.55 (m, 2H), 7.51 (t, J = 7.5 Hz, 1H), 7.22 — 7.17
(m, 2H), 6.89 (d, J = 8.5 Hz, 1H).

13C NMR (126 MHz, CDCl3) 5 188.3, 173.5, 143.9, 141.5, 133.8, 130.6, 130.0,
129.1, 128.3, 126.1, 116.9, 89.1

3.3. Két qua danh gia hoat tinh giy doc té bao ciia cic hop chit
quinazoline

TT Hop chat ICs0 UM
HepG2 MCF7
1 72a 75.12+3.02 78.262.09
72b 81.51+2.22 80.79+2.94
72¢ 100.08+3.75 112.95+3.32
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4 72e 103.08+3.0 105.53+3.03

5 72f 90.0+3.81 89.58+3.53

6 72s 91.88+3.62 103.90+5.43

7 72t >128 >128

8 72u >128 >128

9 72v >128 >128
Ellipticine 0.59+0.01 0.57+0.03

Bang 3.4. Két qua danh gia hoat tinh gay doc té bao cuia cac hop chat
quinazoline

Két qua danh gia hoat tinh gay doc té bao cho thiy cac hop chét thudc din
xuat Quinazoline-2,4(1H,3H)-dithiones (72) thé hién mirc d6 hoat tinh yéu dén
rat yéu trén ca hai dong té bao ung thu gan HepG2 va ung thu vt MCF7. Gia
tri ICso ctia cac hop chat ndy dao dong trong khoang tir 75 uM dén 16n hon 128
uM, trong khi chat d6i ching Ellipticine thé hién hoat tinh manh véi ICso chi
khoang 0,57-0,59 uM. Sur chénh 1éch dang ké nay cho thiy cac hop chat nghién
ctru c6 hoat tinh kém hon nhiéu 1an so véi chat chuén, dong thoi phan anh rang
khung cAu tric hién tai chua thue sy toi wu cho tac dung giy doc té bao.

Do s6 lugng din xuat quinazoline-2,4(1H,3H)-dithione tong hop dugc tuong
dbi 10n, viéc danh gia hoat tinh gay doc té bao dugc thyc hién trén mot nhom
hop chit dai dién nham khao sat so bo méi lién hé cau trac — hoat tinh (SAR).
Céc hop chét duoc lya chon bao quat cac hudng bién ddi ciu triic chinh cua
day nghién ctru. Trong d6, 72a duoc st dung lam hop chét tham chiéu mang
nhom phenyl khong thé tai vi tri N-3. Cac hop chat 72b va 72¢ chira nhom
methyl tai vi tri para va meta ctia vong phenyl, cho phép danh gia anh huéng
ctia nhom alkyl day electron va vi tri nhom thé trén vong thom. Hop chét 72e
mang nhom methoxy & vi tri meta, dai dién cho nhém thé co6 kha nang cho
electron manh théng qua hiéu tmg cong huong. Hop chat 72f chira nguyén tir
fluor trén vong phenyl, dai dién cho nhom hut electron ¢6 kich thudc nhé va do
am dién cao.

Céc hop chét 725-72v duoc lua chon nham khao sat anh hudng cua nhom thé
trén nhan quinazoline dén hoat tinh gay doc té bao. Trong d6, 72s mang nhém
methyl 12 nhom déy electron yéu, trong khi 72t, 72u va 72v lan luot chira cac

nguyén tur fluor, chlor va brom la nhitng nhém hut electron theo hi¢u img cam
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{mg. Diy hop chat nay cho phép danh gid mot cach hé théng anh huéng cua
tinh chat dién tir ciing nhu kich thudc nhom thé trén khung quinazoline, tir d6
lam 6 vai tro cta cac yéu to nay d6i voi hoat tinh sinh hoc cua khung
guinazoline-2,4-dithione.

Trong sb cac hop chét khao séat, 72a va 72b 12 hai chit thé hién hoat tinh t6t
nhét véi gia tri ICso 1an lugt 12 75,12 uM va 81,51 uM trén dong HepG2, ciing
nhu 78,26 uM va 80,79 uM trén dong MCF7. Tuy nhién, mirc 4o hoat tinh nay
van con kha han ché va chua dat ngudng dugc xem 14 tiém ning cho cac tac
nhan chdng ung thu. Cac hop chét con lai nhu 72¢, 72e, 72f va 72s cho thay
hoat tinh suy giam r0 rét, voi ICso Xép xi hodc vuot qua 90-100 uM. Pang cha
¥, cac hop chat 72t, 72u va 72v hau nhu khong thé hién hoat tinh gay doc té
bao (ICso > 128 uM), cho thiy nhiing bién doi ciu tric trong cac dan xuit nay
c6 thé dd lam mét di kha ning tuong tac hiéu qua véi dich sinh hoc.

Bén canh do, sy khac biét vé gia tri ICso giita hai dong té bao HepG2 va MCF7
1a khong dang ké d6i voi hau hét cac hop chat, cho thdy day chat nay khong
biéu hién tinh chon loc rd rét trén timg dong té bao ung thu.

Moi lién hé céu triic — hoat tinh sinh hoc: Viéc thay thé nhom carbonyl
(C=0) bang nhom thiocarbonyl (C=S) dan dén nhiing thay d6i dang ké vé dic
tinh hoa ly va dién tir cia phan tir. Do nguyén tir luu huynh c6 kich thuéce 16n
hon va ban kinh van der Waals 16n hon oxy, su thay thé nay c6 thé 1am thay
d6i hinh hoc khong gian ciing nhu kha ning tuong thich ctia phan tir v6i hoc
gan két ctia protein dich. Bén canh d6, do 4m dién thap hon ctia lvu huynh lam
thay ddi su phan bd mat do dién tich trong phan tir, tir d6 anh huéng dén cac
tuong tac tinh di¢n v&1 moi truong sinh hoc. So v&i nhom carbonyl, nhom
thiocarbonyl ciing ¢6 kha nang nhan lién két hydro yéu hon, dan dén su suy
giam hodc thay doi cac twong tac lién két hydro quan trong giita hop chat va
cac amino acid tai vi tri hoat dong cua protein. Ngoai ra, su thay d6i vé do phan
cuc, d6 phang phén tir va do wa lipid khi chuyén tir C=0 sang C=S c6 thé anh
huong dén kha ning dinh hudng, mirc d6 gan két va do on dinh ctia phirc hop
ligand—protein. Nhimg yéu t6 nay c6 thé lam giam 4i luc lién két véi dich tac
dung, qua d6 dan dén sy suy giam hoat tinh sinh hoc cta cac dan xuat chira

nhom thiocarbonyl so v6i cac hop chit carbonyl twong tng.
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KET LUAN VA KIEN NGHI

KET LUAN

Luan van di tong hop thanh cong 23 dan xuat khung quinazoline-2,4(1H,3H)-
dithione tir cac nguyén liéu sin c6 nhu isatin, isothiocyanate va lwu huynh
nguyén to. Phan Gmg duoc xtc tac boi base (t6i vu véi DABCO) trong diéu kién
turong d6i nhe, cho hiéu suat kha (dén 73%) va khong can str dung chét oxi hoa
ngoai. Két qua ctia luéin vin ciing dd duoc chip nhan ding trén tap chi European
Journal of Organic Chemistry (IF = 2.7, Q2).

Pham vi phan tng rong da duoc ching minh véi nhiéu dan xuét isothiocyanate
va isatin mang cac nhom thé khac nhau, bao gdm ca aryl va alkyl, tao ra loat hop
chét da dang vé cau triic. Pang chu ¥, phuong phap cho phép tiép can tryc tiép
cac dan xuat N-alkyl quinazoline-dithione — nhiing cau triic kho tong hop bang
cac con duong truyén thdng, diéu ndy ciing dugc nhan manh trong nghién ctru
gdc khi cac dan xuat N-alkyl khong thé thu dugc truc tiép bang cac phuong phép
trude d6.Cac nghién ciru co ché cho thiy vai tro then chdt cua base trong viée
hoat héa luu huynh, thiic day qua trinh mo vong isatin, tiép theo 13 tai sap xép
kiéu thio-Baeyer—Villiger, khir carboxyl va chén isothiocyanate dé tao san pham
cudi.

Nhin chung, phuong phap dé xuat khong chi don gian, hiéu qua ma con mé ra
hudng tiép can mai cho viée thiét ké va tong hop cac hé di vong chira lwu huynh
co gia tri hdéa duogc.

Hoat tinh sinh hoc ctia cac hop chat duoc danh gia dya trén kha ning giy doc
té bao ddi voi hai dong HepG2 va MCF7. Két qua cho thay phan 16n cac hop
chét chi biéu hién hoat tinh & mirc yéu dén rat yéu, voi gia tri ICso trong d6i cao
va khong co su khac biét dang ké giira hai dong té bao, cho thdy chua c6 tinh
chon loc 16 rét. Trong s6 do, cac hop chit 72a va 72b thé hién hoat tinh t6t hon
50 v6i cac dan xuat con lai, tuy nhién mic d6 nay van con han ché khi so sanh
v6i chit ddi ching, cho thay can tiép tuc t6i vu hoa cau trac dé nang cao hiéu
qua sinh hoc.

KIEN NGHI
1. Tiép tuc nghién ctru mod rong pham vi ctia phan tmg tong hop quinazoline.
2.Danh gia khao sat hoat tinh khang viém ctia mot s6 hop chét tong hop dugc.



PHU LUC

Phu luc Noi dung Phu luc NOi dung

1 |Pho 'H NMR, *C NMR| 13 |Pho 'H NMR, *C NMR
cua chat 72a cua chat 72m

2 Phd 'H NMR, “C NMR 14 | Phd 'H NMR, *C NMR
cua chat 72b cua chat 72n

3 |Pho 'H NMR, *C NMR| 15 |Pho 1H NMR, 13C NMR
cua chat 72c cua chat 720

4 |Pho 'H NMR, ®C NMR| 16 |Pho 'H NMR, ®C NMR
cua chat 72d cua chat 72p

5 Phd 'H NMR, “C NMR 17 | Phd 'H NMR, “C NMR
cua chat 72e cua chat 72q

6 Phd 'H NMR, “C NMR 18 | Phd 'H NMR, “C NMR
cua chat 72f cua chat 72r

7 |Pho 'H NMR, *C NMR| 19 |Pho 'H NMR, ®C NMR
cua chat 72g cua chat 72s

8 Phd 'H NMR, C NMR| 20 Phd 'H NMR, C NMR
cua chat 72h cua chat 72t

9 Phd 'H NMR, “C NMR| 21 Phd 'H NMR, C NMR
cua chat 72i cua chat 72u

10 |Pho 'H NMR, *C NMR| 22 |Pho 'H NMR, *C NMR
cua chat 72j cua chat 72v

11 | Pho H NMR, BC NMR| 23 |Pho 'H NMR, BC NMR

cua chat 72k

cla chat 72w
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Pho *H NMR, “C NMR
cua chat 72|




PHU LUC 1
3-Phenylquinazoline-2,4(1H,3H)-dithione (72a)
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PHU LUC 2
3-(p-Tolyl)quinazoline-2,4(1H,3H)-dithione (72b)
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PHU LUC 3

3-(m-Tolyl)quinazoline-2,4(1H,3H)-dithione (72c)
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PHU LUC 4

3-(o-Tolyl)quinazoline-2,4(1H,3H)-dithione (72d)
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3-(3-Methoxyphenyl)quinazoline-2,4(1H,3H)-dithione (72e)
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3-(4-Fluorophenyl)quinazoline-2,4(1H,3H)-dithione (72f)
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3-(3-Fluorophenyl)quinazoline-2,4(1H,3H)-dithione (729)
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3-(4-Chlorophenyl)quinazoline-2,4(1H,3H)-dithione (72h)
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3-(3-Chlorophenyl)quinazoline-2,4(1H,3H)-dithione (72i)
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3-(4-Bromophenyl)quinazoline-2,4(1H,3H)-dithione (72))
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3-(2-Bromophenyl)quinazoline-2,4(1H,3H)-dithione (72k)
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3-(Naphthalen-1-yl)quinazoline-2,4(1H,3H)-dithione (72I)
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3-Ethylquinazoline-2,4(1H,3H)-dithione (72m)
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3-Propylquinazoline-2,4(1H,3H)-dithione (72n)
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3-Allylquinazoline-2,4(1H,3H)-dithione (720)
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3-Cyclohexylquinazoline-2,4(1H,3H)-dithione (72p)
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3-(4-Methoxybenzyl)quinazoline-2,4(1H,3H)-dithione (72q)
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6-Methyl-3-phenylquinazoline-2,4(1H,3H)-dithione (72r)
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8-Methyl-3-phenylquinazoline-2,4(1H,3H)-dithione (72s)

PHU LUC 19
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6-Fluoro-3-phenylquinazoline-2,4(1H,3H)-dithione (72t)
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PHU LUC 21
6-Chloro-3-phenylquinazoline-2,4(1H,3H)-dithione (72u)
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PHU LUC 22
6-Bromo-3-phenylquinazoline-2,4(1H,3H)-dithione (72v)
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6-lodo-3-phenylquinazoline-2,4(1H,3H)-dithione (72w)
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ABSTRACT

A base-catalyzed and elemental sulfur-promoted decarboxylative insertion of a C=N motif of isothiocyanates into an isatin ring to

construct quinazoline-2,4(1H,3H)-dithione has been described. This approach starts from easily available isatins, isothiocyanates,

and sulfur, affording a series of structurally valuable heterocycles in satisfactory yields under mild conditions. Mechanism studies
indicate that a base is essential to mediate the ring-opening and thio-Baeyer-Villiger rearrangement of isatin ring to pave the way

for subsequent isothiocyanate insertion.

1 | Introduction

Quinazoline-2,4(1H,3H)-dione scaffold represents a significant
class of pharmacophore aza-fused heterocyclic scaffold. This
chemical entity is present in a variety of biologically active natural
products, as well as in synthetic compounds designed for agro-
chemicals and veterinary applications [1]. Recent reports on the
biological evaluation have shown that its dithio analogs, i.e., qui-
nazoline-2,4(1H,3H)-dithione, displayed interesting bioactivities
such as antimycobacterial agents 3.1 [2], phosphodiesterase 7
inhibitors [3], neuroprotective agents 3.3 (or 3a) [4], and so on
(Scheme 1) [5]. The synthesis of these compounds was generally
based on the transformation of the C=0 bond to C=S bond using
Lawesson’s reagent or P,Ss on the corresponding 2-thioxo-2,
3-dihydroquinazolin-4(1H)-ones 4 [2-4], which in turn prepared
from aryl isothiocyanates (ArNCS) and isatoic anhydrides
5 [6-9]. The latter could be obtained from oxidation of readily
available isatin 1 with strong oxidizing agents (H,O, and deriva-
tives) [10-12]. The synthesis could be shortened in one step from

© 2026 Wiley-VCH GmbH.

isatins 1 to 4 based on one-pot procedures [13-15] or via reactions
of 2-lithiophenyl isothiocyanates (from lithiation of 6) with ArNCS
2 [16, 17].

Transformation of parent cyclic frameworks into structurally
related compounds through the break-and-build strategy in
which a ring linkage is broken along with the introduction
of a new fragment has attracted increased attention over the
last decades [18-24]. This strategy paves the way to a wide
range of new shape-similar molecules with modified pharma-
cokinetic properties. Recently, we have demonstrated that
sulfur could be used as an excellent tool for ring editing
purpose, allowing direct access to thiophenes from 2,
3-dihydrofurans [25].

This unique element has been identified as a valuable and mul-
tifaceted instrument in the domain of organic chemistry. This is
primarily due to its cost-effectiveness, ease of use, stability, low
toxicity, and the fact that it is a free-flowing solid. Most notably, it
possesses a remarkably extensive chemistry [26-28]. It has
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Selected bioactive quinazoline-2,4(1H,3H)-diones
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Synthesis of quinazoline-2,4(1H,3H)-diones

Drawbacks of existing methods:

(o) (o)
» Multistep syntheses in most cases
(0] NI N’Ar » Complex reaction conditions
/& /& « Reactions conditions sensitive to either
H S

moisture, oxygen, or temperature
* Not applicable to alkyl isothiocyanates

4 1. n-BuLi Br

: .78 °C ©:
Lawesson’s
reagents 2 ANCS 2 NCS
or P,Ss ’ 6
o) S
Our strategy:
o ANCS 2/8 N-AAT + Direct access

N base /g « Simple reaction conditions
H N S

1 H

-CO2 * In expensive starting materials
* Applicable to alkyl isothiocyanates
3

SCHEME 1 | Quinazoline-2,4(1H,3H)-dithione scaffolds.

TABLE 1 | Screening of the reaction conditions.
e} S (2 equiv) S [ i
%o + oraeoes P (20 mol %) Ph /'x? Ao o
N DMSO (0.2 mL) A j\(«\ &
H T°C,16h H S O O
1a, 1 mmol 2a, 1.2 equiv -CO, 3a CCDC 2128520

Entry” Base (X mol %) Solvent Temp (°C) Yield (%)°
1 DABCO (20) DMSO 60 65
2 DABCO (20) NMPone 60 63
3 DABCO (20) Dioxane 60 14
4 DABCO (20) PhCN 60 10
5 DABCO (20) Pyridine 60 32
6 DABCO (20) PhCH, 60 12
7 DABCO (20) DMSO 80 73
8 DABCO (20) DMSO 100 71
9 — DMSO 80 0°
10 NEt; (20) DMSO 80 65
11 N(n-Pr); (20) DMSO 80 64
12 DIPEA (20) DMSO 80 70
13 NMP (20) DMSO 80 71
14 Na,S«3H,0 (20) DMSO 80 55
15 DABCO (10) DMSO 80 56
16 DABCO (50) DMSO 80 72

“Reaction conditions: isatin 1a (1 mmol, 147 mg), PhANCS 2a (1.2 mmol, 162 mg), sulfur (2 mmol, 64 mg), base (x mol %) in solvent (0.2 mL) at T°C for 16h in a
7 mL closed test tube mounted with an inflated balloon for CO, evacuation, unless otherwise noted.

"Yield of isolated 3a by column chromatography unless otherwise noted.

“Determined by 'H NMR spectra of the crude mixture.

dNMPone: N-methylpyrrolidin-2-one.
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previously been demonstrated that the combination of elemental
sulfur and an isothiocyanate can serve as an effective tool for
the synthesis of a diverse array of heterocyclic compounds
(thiazole-2-thiones [29], 2-iminonaphtho-1,3-oxathioles [30],
2-aminobenzoxazoles [31], 2-aminobenzothiazoles [32], and

O

4-hydroxythiazolidine-2-thiones [33]) from readily available scaf-
folds such as chalcones [29], 2-naphthols [30], o-nitrophenols
[31], o-halonitrobenzenes [32], and 2-tetralones [33].

In conjunction with the previously developed reactions, we wish
to employ elemental sulfur as both oxidant (in place of H,0,) and

SN DABCO (20 mol %) N .R
RIS + + R-N=C=8 _'_
R N © 2 DMSO (0.2 mL) . /g
H

80°C, 16 h
1, 1 mmol 2 equiv 2, 1.2 equiv -CO, 3
aromatic isothiocyanates:
4
57 i O
X
N L0

NAS R = halogen: ”/&S

H 3g, R = 4-F, 65% 3n, 62%
R = EDG: 3h, R=3-F, 72%
3b, R =4-Me, 61% 3i, R=2-F, 63%
3c, R=3-Me, 73% 3j, R=4-Cl, 72% R =EWG:

3d, R =2-Me, 72%
3e, R = 3-Me0,62%
3f, R=4-MeO,70%

aliphatic isothiocyanates:

N,Me
N/gs
H

3q, R = Me, 90%
(2 equiv MeNCS)
3r,R=Et, 71%

3s, R=n-Pr, 65%
3t, R=allyl, 61%

N
NS
H

3w, 70%
mixture of 2 rotamers

LG
NAS OMe

H
3z, 65%
substituted isatins:
3ab, X = Me, 52%
3ac, X =F, 60%
PN 3ad, X = Cl, 61%
N S

SCHEME 2 | Scope of isothiocyanates 2 and isatins 1.

mixture of 2 rotamers

3aa, 77%

3k, R = 3-Cl, 58%
3l,R=4-Br, 51%
3m, R = 2-Br, 53%

30, R = 4-NC, 35%
3p, R = 2-F,C, 34%

A LD

A NS

%f‘ d
A21,770%

3v, 75%

N
N
H

3y, 68%
mixture of 2 rotamers

CCDC 2485226

3ae, X = Br, 56%
3af, X = |, 53%
3ag, X = F5CO, 40% A

Cl
3ah, 61%
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sulfur source to promote the decarboxylative insertion of an
isothiocyanate into the isatin scaffold and provide direct transfor-
mation of isatins into quinazolin-2,4-dithiones.

2 | Results and Discussion

We commenced our investigations by choosing unsubstituted isa-
tin 1a (1 equiv, 1 mmol scale) and phenyl isothiocyanate 2a (1.2
equiv) as model substrates. The initial reaction was performed
with sulfur (2 equiv, 2 mmol, 64 mg) and DABCO (20 mol%)
in DMSO (3 equiv) at 60°C for 16 h (Table 1).

To our delight, the dithione product 3a could be obtained in 65%
(entry 1). As the reaction proceeded, we could observe the for-
mation of gaseous CO,. The structure of dithione 3a could be
unambiguously confirmed by X-ray crystallography (CCDC
2128 520). While N-methylpyrrolidin-2-one was shown to be a
good solvent for this reaction (entry 2), other solvents such as
dioxane, benzonitrile, pyridine, and toluene displayed weak acti-
vating effect [34] (entries 3-6).

Gratifyingly, the yield increased to 73% when the reaction was
performed at 80°C (entry 7), though further heating did not
significantly improve the outcome (entry 8). The role of a base
catalyst was demonstrated by a control experiment in the absence

Theoretical equation
0 S
_Ph
o + S + PhNCS /'L + COz (eq.0)
N N S
H H
1a 2a 3a
No additional oxidant required
Control experiments:
DABCO (20 mol %)
o) N-methylpyrrolin-2-one
(0.2 mL) NE 1
o+ S + PhNCS argon atmosphere /& (eq-1)
N ° N~ s
H 80°C, 16 h N
1a, 1 mmol 2 equiv 2a, 1.2 equiv -CO, 3a, 71%
DABCO (20 mol %)
DMSO (0.2 ) unchanged 2a
S + PhNCS 80°C. 16 h (eq. 2)
2 equiv 2a, 1.2 equiv
0 DABCO (20 mol %)
DMSO (0.2 mL) ed 1
+ S unchanged 1a eq. 3
o 80°C, 16 h (q-9)
N
H
1a, 1 mmol 2 equiv
@] S
PhNGS base (20 mol %) N,Ph
+ + eq. 4
v o @ DMSO (0.2 mL) e (eq. 4)
: 80°C, 16 h N S
R R
1-N-Me, R=Me 2equiv 2a, 1.2 equiv 3a-Me, R = Me
1-N-Ph, R = Ph base = DABCO, trace
1-N-Ac, R =Ac base = Na,S+*3H,0, 21%
1-N-Bog, R = Boc 3a-Ph, R = Ph, not detected with both bases
@]
DABCO (20 mol %)
Ph\[HL _nBu
N + S + PhNCS eq. 5
I N DMSO (0.2 mL) unchanged 4 (eq. 5)
~80°C,16h
7, 1 mmol 2 equiv 2a,1.2 equiv

SCHEME 3 | Control experiment.
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of a base, which resulted in unchanged starting materials 1a,
2a, and Sg (entry 9). Further evaluation of a series of bases
such as NEt;, N(n-Pr);, DIPEA, N-methylpiperidine (NMP),
or Na,S¢3H,0 confirmed the superiority of DABCO (entries
10-14 vs. entry 7), although these bases were all catalytically
active. Lowering the base loading to 10% led to lower yield (entry
15). Conversely, performing the reaction with 50 mol% base
catalyst did not increase the yield (entry 16).

With the optimized conditions in hand, the generality of the
method was evaluated by using various functionalized isothio-
cyanates and isatins on a 1.0 mmol scale (based on isatins)
(Scheme 2). As expected, para, meta-, and ortho-tolyl isothiocya-
nates underwent the transformation smoothly, affording the
desired products 3b-3d in isolated yields of 61%, 73%, and
72%. The presence of an electron donating group such as
methoxy did not alter the reaction efficiency, with the m- and
p-methoxy derivatives producing 3e in 62% and 70% yields. A
similar trend was observed for halogen-substituted derivatives,
resulting in dithione 3g-3m in 51%-72% yields. 1-Naphthyl
isothiocyanate exhibited good reactivity on the transformation,
giving rise to dithione 3n in 62% yield. On the other hand, phenyl
isothiocyanates substituted by an electron withdrawing group
such as p-cyano or o-trifluoromethyl resulted in the expected
dithione products 30 and 3p in 34%-35% yields.One of the rea-
sons is the ready transformation of aryl isothiocyanates bearing
strong electron-withdrawing groups into the corresponding
N,N'-diarylthioureas.

Subsequently, a range of alkyl isothiocyanates (methyl, ethyl,
propyl, allyl, cyclohexyl, p-methoxybenzyl, and benzyl) was

DABCO* = Sg+ DABCO

proven to be competent substrates, leading to N-alkylated
dithiones 3m-3aa. In case of methyl isothiocyanate, due to
its high volatility (bp 119°C), using twofold excess of MeNCS
resulted in complete conversion of isatin into the expected
N-methyl product 3q, which could be conveniently isolated
in an excellent yield of 90% via a simple trituration with
methanol followed by a filtration. Gratifyingly, this filtration
technique could be applied for a 10-mmol scale to provide prod-
uct 3q in 92% yield.

The reactions with isothiocyanate bearing a secondary alkyl
group such as cyclopropyl, cyclopentyl cyclohexyl, cycloheptyl,
and isopropyl resulted in the expected products 3u-3y in good
yields although t-butyl isothiocyanate fails to deliver the
corresponding dithione. According to *C NMR, we notice
rotamerism for products bearing a hindered secondary alkyl
group such as cyclohexyl, cycloheptyl, and isopropyl 3w-3y.
Interestingly, such phenomenon is typical for dithione deriva-
tive and is not present in mono- or di-oxygenated analogs
[35, 36].

We emphasized that these N-alkyl derivatives have never been
directly obtained by previously developed methods. The structure
of N-benzyl derivative 3aa was confirmed by X-ray crystallogra-
phy (CCDC 2 485 226).

We next sought to apply the established reaction conditions to
substituted isatins. Gratifyingly, a series of the expected products
3ab-3ah could be obtained from isothiocyanates and diversely
substituted isatins. These substituents could be methyl (3ab),
halogens (3ac-3af and 3ah), and trifluoromethoxy (3ag). The

Sh1 : : 0
. —DABCO* S
Sa S — s N
PhNCS =—— N /) N--d---------- H
0a o DABCO* |
Ba Ph 1a
N~
s N-pn \
2 DABCO* DABCOT
n-1
s’ Pho, A~s,
0 o N )
NAO DABCO* /C}thio-Baeyer-Villiger \9
H -8 N N rearrangement N
E 7 Ph p H c H
DABCO Se-1 N
CO l N phNGS + 8,
2 + DABCO
DABCO?
co r e
s -DABCO <:/EC 2a (IC NN 14+ 2)
—_— 1 _— 3a
NH- ~ N NH T
F G

aza o-quinone

methide
SCHEME 4 | Proposed mechanism.
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presence of halogens is very interesting as a starting point for
further functionalization of dithiones 3ac-3af and 3ah via
coupling reactions.

To gain insight into the mechanism, we suggest some key con-
siderations (Scheme 3). According to the reaction equation, the
formation of dithione product 3a is a result of the combination of
an equimolar mixture of 1a, 2a, and sulfur with elimination of
one CO, molecule (Equation 0).

Consequently, the reaction could proceed without any added
oxidant. Based on this reasoning, we performed experiments
in which any component that is susceptible of acting as an oxidant
such as DMSO or air oxygen is eliminated. As expected, a reaction
of 1a, 2a, and sulfur in the presence of DABCO (20 mol%)
and N-methylpyrrolin-2-one as a solvent under argon led to
dithione 3a in excellent yield (Equation 1, Scheme 3). Second,
we found that phenyl isothiocyanate 2a remained unchanged
upon heating with sulfur and DABCO in DMSO (standard condi-
tions without isatin 1a) (Equation 2, Scheme 3). In the same man-
ner, without PhANCS 2a, isatin 1a was unreactive toward sulfur and
DABCO in DMSO (standard conditions without PhNCS 2a)
(Equation (3), Scheme 3).

Next, during the scope survey, we noticed that N-methylisatin
1-N-Me was practically inactive as its reactions with phenyl iso-
thiocyanate 2a resulted in 3a-Me in trace amounts and most of
the starting N-methylisatin remained unchanged (Equation 4).
However, the expected N-methyl adduct 3a-Me could be formed
if a stronger base such as Na,S¢3H,0 was used in place of
DABCO. In this case, unreacted PhNCS was extensively trans-
formed into N,N’-diphenylthiourea. Additionally, N-phenylisatin
1-N-Ph was shown to be more inert and could be recovered
unchanged under both conditions. This observation suggested
that a nucleophilic attack to the ketone group of isatin could
be strongly assisted by the hydrogen bonding between the NH
moiety of isatin and the nucleophile.

Conversely, N-acylated isatins, specifically N-Boc isatin 1-N-Boc
and N-acetylisatin 1-N-Ac, proved unstable, leading to complex
and intractable mixtures. This is likely due to facile ring-opening
of the isatin core under basic conditions yielding intermediately
2-(2-((tert-butoxycarbonyl)amino)phenyl)-2-oxoacetic acid or
2-(2-acetamidophenyl)-2-oxoacetic acid, respectively, consistent
with previous literature observations [37, 38].

Additionally, we found that an open chain analog of isatin such
as N-butyl-phenylglyoxamide 7 was unreactive with PhNCS
under the standard conditions, implicating that a cyclic dicar-
bonyl structure of isatin is a prerequisite condition.

Based on the results and related literature on sulfur organic
chemistry [26-28], a possible mechanism has been proposed
(Scheme 4). First, sulfur was attacked by a base to yield
zwitterion A, which added to isothiocyanate 2a to generate
reversibly polysulfide-isothiocyanate adduct B, existing in
equilibrium with its isomer B’. Addition of B’ to isatin 1a would
lead to C, which underwent a Baeyer-Villiger-type rearrange-
ment into 4-thioisatoic anhydride E via fragmentation of epox-
ide D. With the aid of DABCO, thioisatoic anhydride E
underwent decarboxylation into zwitterion F [39], which
underwent elimination of the DABCO moiety to give aza
o-quinone methide G. Cycloaddition of G to PhNCS [40, 41]
provided dithione 3.

3 | Conclusion

In conclusion, we demonstrated that isatins can be readily trans-
formed into the corresponding quinazolin-2,4-dithiones through
a novel multicomponent reaction [42, 43] involving isothiocya-
nates and elemental sulfur. This cascade reaction is proposed
to proceed via a sequence of sulfuration with elemental sulfur,
rearrangement, decarboxylation, and insertion of isothiocyanate,
all occurring in a single operation.
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vién Khoa hoc va Cong nghe vé viée cong nhan hoc vién cao hoc dot 1 nim 2024;

- Cin cir Quyét dinh sb 978/QD-HVKHCN ngay 02/10/2025 ctiia Giam déc Hoc vién
Khoa hoc va Cong ngh? vé viéc cng nhan dé tai va ngudi hudng dan lufn vin thac sf;

- Xét dé nghi ctia Trudng khoa Héa hoc, Trudng phong Dao tao,
GIAM POC HQC VIEN KHOA HQC VA CONG NGHE

QUYET PINH

Piéu 1. Thanh lap Hoi ddng danh gia luin vén thac si cho hoc vién
Pham Quéc Trung véi dé tai: “Nghién ciru tong h0'p cac dn xuét ciia quinazoline
va danh gia hoat tinh sinh hoc ciia mét s0 ho’p chit tong hop dugc”

Nganh: Hoa hitu co Ma sb: 8 44 01 14

Danh séach thanh vién Hoi ddng d4nh gia luan vin kém theo Quyét dinh nay.

Piéu 2. Hoi dong c6 trach nhiém danh gla luén vin thac si theo dung quy ché
hién hanh ctia Bo Gido duc va Dao tao, Hoc vién Khoa hoc va Cong nghé.

Quyét dinh nay c6 hiéu lyc trong thoi han tbi da 60 ngay lam viéc ké tir ngay
ky va phai dam béo thoi han dao tao theo quy dinh ctua Hoc vién. Hoi dong tur gidi
thé sau khi hoan thanh nhiém vu.

chu 3. Trudng phong T6 chirc - Hanh chinh, Trudng phong Dao tao, Trudng
phong K& toén, Truong khoa Khoa Héa hoc, cac thanh vién c6 tén trong danh sich Hoi
ddng va hoc vién cao hgc ¢6 tén tai Pidu 1 chju tréch nhiém thi hanh Quyét dinh nay. S

Noi nhan: fo—G pPOCH
- Nhu Diéu 3,
- Luu hd so NCS, 7

- Luu VT,DT, ™©).
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DANH SACH HOI PONG PANH GIA LUAN VAN THAC SI
(Kém theo Quyét dinh s6 <19 /QD-HVKHCN ngay 30 /5 /2026

K

*/ HOC VIEN

Cho lu ﬁ an'stia'lidc vi

o

Nganh: Héa hitu co
Mi s6: 8 44 01 14

Zottti Gitin

% \VA CONG NGHE /;
\“Nghicn

u/Q

A

{oc Hoc vién Khoa hoc va Cong ngh¢)

: Pham Quéc Trung

tong hop cic diin xuit ciia quinazoline va dénh
t s6 hop chat tong hop dwoc”.

Nguoi hudng dan: TS. Nguyén L& Anh - Hoc vién Khoa hoc va Céng nghé,

Vién Han 1dm Khoa hoc va Cong nghé Viét Nam

Trach
bl ~ h h 1 A oA
TT LA ?c e Chl‘lyen Co quan cong tic nlugmm
hoc vi nganh trong Hoi
déng
AT e Vién Hoéa hoc, . L
1. | GS.TS. Ngé Quoc Anh Héa hitu co Vién Han lam KHCNVN Chu tich
g fece £ e Trudng Pai hoc Khoa hoc, N
2. | PGS.TS. Pham The Chinh | Héahituco Dai hoc Théi Nguyén Phéan bién 1
PGS.TS. Poan Thi Mai| .., , . ‘Vién Héa hoc, e
3 | Huong Héahluco | yier pan1am KHONVN | PhanbiénZ
4 PGS.TS. Pham Vin Héa hitu co Vién Héa hoc, Uy vie
" | Cudng Vién Han 1am KHCNVN yvien
PGS.TS. Trin Quang e Vién Héa hoc, Uy vién-
> | Vinh Héahluco | visn Han lim KHCNVN Thu ky

Héi déng gom 05 thanh vién.gt/
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VIEN HAN LAM PANG CONG SAN VIET NAM
KHOA HQC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONG NGHE
*

Ha N¢i, ngay 16 thang 6 nam 2026

BIEN BAN HQP HQOI PONG DANH GIA LUAN VAN THAC SI

~ Thyc hién Quyét dinh s6: 276 -QD/HVKHCN ngdy 20/5/2026 ciia Gidm
doc Hoc vién Khoa hoc va Coéng qghé vé viéc thanh 14p Hoi dong danh gia ludn
vin thac si cta hoc vién Pham Qudc Trung
Tén dé tai: Nghién ctru téng h9‘p cac dfmw xuit ciia quinazoline va
danh gia hoat tinh sinh hoc ctia mot so6 hop chat tong hop dwoc
Nganh: Hoéa hitu co
Mi s6: 8 44 01 14

Hom nay, ngay 16/6/2026 Hoi déng da hop tai hdi trudng ting trét Vién
Hai duong hoc vao luc 14h00, Hi dong gom 05 thanh vién:

TT Ho va tén Chirc danh
1. | GS.TS. Ngb Quéc Anh Chu tich
2. | PGS.TS. Pham Thé Chinh Phan bién 1
3. | PGS.TS. Poan Thi Mai Huong Phan bién 2
4. | PGS.TS. Pham Vin Cudng Uy vién

x . Uy vién-
5. | PGS.TS. Tran Quang Vinh Thur ky

Thanh vién vang mat:

NOQI DUNG LAM VIEC

1. Pai dién co s& dao tao doc quyét dinh thanh lap Hoi dong danh gia ludn vin
2. Chu tich Héi dong, diéu khién phién hop

3. Thu ky HD, doc li lich khoa hoc va bang diém cta hoc vién

4. Hoc vién trinh bay luin van trudgc Hoi déng

5. Phanbién 1:
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- D& tai ¢6 y nghia khoa hoc va thuc tién tét. Luan vin con 13i ché ban cin chinh
lai, xem xét viéc dua ra trong l6i cam doan.

- Cau hoi: Giai thich vi sao céc din xuit quinazoline-2,4-dithione chtra sulfur
thudng cho hoat tinh sinh hoc cao hon cac dan xuét quinazoline chita oxygen tuong
img ?

Hoc vién tra 1o1

- Céc d4n xuét quinazoline-2,4-dithione thuong thé hién hoat tinh sinh hoc cao hon
cac din xuét quinazoline-2,4-dione twong tmg do sy thay thé nguyén tir oxygen bang
sulfur 1am thay déi ding ké cac dic tinh dién tr va héa ly cla phan tir. So véi
oxygen, sulfur c6 kich thudc nguyén tir I16n hon va d6 phén cuc cao hon, gitip tang
cudng kha ning tuong tac véi cac dich sinh hoc thong qua céc tuong tic van der
Waals, tuong tic ludng cuc. Péng thai, su hién dién ctia nhém thiocarbonyl (C=S)
lam tiing tinh than lipid ctia phan tir, tir d6 cai thién kha ning thdm qua mang té bao
va ning cao ndng d6 hop chét tai vi tri tac dong.

Phéan bién 2:

- Dé tai c6 ndi dung, chit lugng tét.

-0 ph?m muc tiéu nghién ct, can néu chinh x4c loai hoat tinh dugc thuc hién
trong luan van 1 hoat tinh dugc thuc hién trong ludn van la hoat tinh gdy doc té bao
ung thu thay vi néu chung chung hoat tinh sinh hoc.

- Trong phin phuong phap nghién ciru, phwong phéap thir hoat tinh gdy déc té bao
ung thu chi thuc hién trén 2 dong té bao ung thu thi x6a bé cic dong té bao ung thur
khéng sir dung nhu KB, Lu-1 va SK - Mel di khéng néu vao phan phuong phap.

- Xem lai chit chon 72d dé xé4c dinh c4u tric.

- Cau hoi: Tai sao chi chon ra 9 chét tdng hop dugc dé danh gid hoat tinh sinh hoc?
Hoc vién tra 161
- Do sb lugng din xudt quinazoline-2,4(1H,3H)-dithione tong hop dugc kha 1én,
viéc danh gia hoat tinh gay doc té bao duoc tién hanh trén mét nhém hop cht dai
dién nhim khao sat so bd méi quan hé cAu triic — hoat tinh (SAR). Cac hop chat

duoc lua chon dai dién cho nhimg hudng bién ddi ciu triic chinh trong ddy nghién

_
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<HO
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/
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I
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ctru, bao gom su thay dbi nhém thé trén vong phenyl gin tai vi trf N-3 va trén nhan
quinazoline. Hop chit 72a dugc sir dung lam chét tham chiéu, trong khi céc hop chat
72b, 72¢, 72e va 72f cho phép danh gia anh hudng clia cic nhém thé c6 tinh chat
dién tir khac nhau trén vong phenyl. Bén canh d6, cac hop chit 72s—72v dugc lua
chon dé khao st tic dong ciia cc nhém ddy va hit electron trén khung quinazoline.
Cach Ira chon nay gitip danh gia mét cach hé théng anh hudng cia ban chat dién tt,
vi tri va kich thuéc nhém thé dén hoat tinh gdy doc té bao, tir d6 1am sang to cac yéu
td chu tric quan trong chi phdi hoat tinh sinh hoc ciia khung quinazoline-2,4-
dithione.

Céc thanh vién Hbi dong

- PGS.TS. Pham Vin Cudng: Nén miéu ta chi tiét quy trinh phan img cling nhu

xtr I phén tmg sau khi két thiic ciia mét chat. s

%

Hoc vién tra 101 &
Viéc mo ta quy trinh phan tmg va xir Iy sau phan tmg la can thiét dé dim bao tinh 10
tai lap ciia nghién ctru. Tuy nhién, cic din xudt trong dé tai déu dugc téng hop theo ic
cling mdt quy trinh da duoc téi wu héa, chi khic nhau vé co chit du vao. Do d6, em _“;c

trinh bay chi tiét mét quy trinh tng hop chung va 4p dung cho toan bg day hop chit,
trong khi céc thong sb dic trumg nhur hiéu sudt va dit liéu phé duoc trinh bay riéng
cho timg chét.

8. Hoi ddng hop kin va cho diém

- Hoi dong bau ban kiém phiéu gém 3 thanh vién:
Trudng ban: PGS.TS Pham Van Cudng
Uy vién: PGS.TS Poan Thi Mai Huong
ny vién: PGS.TS Tran Quang Vinh

- Két qua kiém phiéu nhur sau:
S phiéu phat ra: 05 phiéu

S phiéu thu vé: 05 phiéu
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Téng sé diém: 43,1 diém

Piém trung binh: 8,62 diém

Diém thudng cong trinh céng bd: 1

Tong diém danh gia ludn vin va thudng cong trinh cong bé: 9,62 diém

- K&t luan ctia Hoi ddng: Ludn van dat yéu cau (dat/khong dat yéu cau)

- Tinh khéng trung 13p ndi dung va tén dé tai véi cac cong bd: Két qua cua luin

vin khdéng trung 13p véi cac cdng trinh nghién ctru trong va ngoai nudc trudc

day. Tai liéu tham khao dugc trich dan day d0, 15 rang va cép nhat.

6. Chu tich Hdi ddng, cong bd két qua, yéu cdu hoc vién chinh stra luén vin véi
cac ndi dung sau: Chinh sira theo yéu ciu ctia Hoi dbng va dé nghi trinh Hoc
vién cip bang Thac si cho hoc vién.

Budi hop da két thiic vao  gid  phit ngay 16/6/2026

Ha Noéi, ngay 16 thang 06 nam 2026

THU KY HQOI PONG CHU TICH HOI PONG

¥ T

)
/ :; XAC NHAN CUA CO SO DAO TAO
KT. GIAM DOC

NPHO GIAM pOC

Nguyén Thj Trung
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CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap — Tr do — Hanh phiic

BAN NHAN XET PHAN BIEN LUAN VAN THAC SI

Ho va tén nguoi phéan bién: Poan Thi Mai Huong

Hoc ham, hoc vi: PGS.TS

Chuyén nganh: Héa hiru co

Co quan cong tac: Vién Hod hoc, Vién Han lJam KH&CNVN

Ho va tén hoc vién: Pham Quéc Trung

Pé tai: Nghién ciru tong hep cdc din xuit ciia quinazoline va dénh gi4 hoat tinh sinh
hoc ciia mdt s6 hop chét tong hop dwge

Chuyén nganh: Héa hiru co Ma s6: 8.44.01.14

NOI DUNG NHAN XET

1. Tinh cﬁp thiét, tinh thoi sy, ¥ nghia khoa hoc va thire tién ciia dé tai ludn viin

Dé tai tap trung vio nghién ciru tdng hop 23 din xuét cia quinazoline va danh gia
hoat tinh gdy ddc té bio ung thu cia céc hop chét tong hop duge. Pay 1a huéng nghién
ctru c6 tinh cAp thiét cao, xuét phét tir thuc té khung quinazoline dd dugc khing dinh 12
m{t trong nhitng cdu tric di vong quan trong trong héa dugc, c6 mit trong nhiéu hop
chét c6 hoat tinh sinh hoc manh, dic biét 1a hoat tinh chéng ung thw. V& tinh thoi sy, dé
tai bam sat xu hudéng nghién ciru hién dai cia héa hoc hitu co va héa dwgce, dé 1a phét
trién cac thr vién hop chét di vong tiém niing thng qua cic phuong phap tong hop hiéu
qua, kinh t€ va than thién hon véi méi trudmg.

Xét vé y nghia khoa hoc, dé tai c6 déng gop nhét dinh trong viéc bd sung dir liéu
vé tong hgp cac din xuét quinazoline. Téc gia da xiy dyng dugc quy trinh téng hop hop
ly, sir dung céc nguyén liéu sin c6 nhur isatin, isothiocyanate va luu huynh, cing véi xic
tac bazo DABCO, gép phin m& rong phuong phép tdng hop céc dan xuét quinazoline.
Viéc tong hop thanh cong s6 Iwgng twong déi 16n céc hop chit (23 din xuit) cho thdy sy
dAu tr cong phu va ning luc thuc nghiém tdt cua tic gid. Py 13 huéng nghién ciru phi
hop véi xu thé phit trién chung ciia héa hoc hitu co va héa dugce hién dai, gép phin lam
phong phii thém thur vién céc hop chét c6 tiém ning (mg dung trong y sinh hoc.
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Nhin chung, véi cdch tiép cin hep 1y, dé tai luan vin cé tinh cip thiét, tinh thdi sy
cao, dong thoi c6 ¥ nghia khoa hoc va thye tién, pht hgp véi dinh hudng nghién ctru hién
nay trong linh vyc héa hoc hitu co va héa duge.

2. Sy khong trung lip ciia dé tai nghién ciru so véi cdc cdng trinh nghién ciru truée
ddy; tinh trung thye, ré rang va ddy du trong trich din tai li¢u tham khao

Két qua cia luan vin khéng tring lip véi cdc cong trinh nghién ctru trong va
ngoai nudc trude ddy. Tai liéu tham khao duge trich din day du, rd rang va cép nhat.

3. Sy phit hop giira tén d2 tai véi ndi dung nghién ciru ciing nhw chuyén nganh va
ma s6 dao tao

Céc két luan cia luan vin phd hop véi cach dit van dé va muc tiéu nghién ciru dé
ra. Két qua nghién ciru cia d& tai di phan 4nh dung tén cua d tai. Tén dé tai hoan toan
phu hop gifra ngi dung véi chuyén nganh va ma s6 ciia chuyén nganh dao tao.

4, D) tin cdy va tinh hi¢n dai ciia phwong phap nghién ciru da sir dung dé hoan
thanh luin vin

Phurong phap nghién ciru khoa hoc, hién dai, phtt hgp véi ndi dung va muyc ti€u
nghién ctru. Hoc vién da thyc hién phan mg tdng hop cic hé di vong chira luu huynh mét
cach hiéu qua. Cac chét tong hop duge déu duge xac dinh cdu tric bing cic bing céc
phuong phap vit 1y trén céc thiét bi hién dai nhu phd cong hudng tir hat nhan. Phuong
phép thir hoat tinh gdy ddc té bao ung thu MTT 13 phuong phap chuén tai cic phong thi
nghiém trén thé gi6i.

5. Két qua nghién ciru ciia luin vin

Day 1a mét cong trinh nghién ctru c6 y nghia khoa hoc cao. Da téng hop dugc 23
din xuit khung quinazoline bing phuong phép téng hop hién dai, str dung cdc nguyén
liéu sn c6 nhu isatin, isothiocyanate, hru huynh va xic tdc DABCO nhu 12 1 xic tic
bazo.

Lya chon 9 hop chit tong hop dugc thir nghiém hoat tinh giy gay doc té bao ung
thu d5i véi 2 dong té bao ung thu 1a ung thur gan HepG2 va ung thu va MCF7, két qua
cho thdy 2 hop chét 72a va 72b thé hién hoat tinh gdy déc té bao tot nhit véi gi4 trj ICso
nim trong khoang 75,12 -81,51 pM.

Pang chi ¥, cic két qua nghién ctru cia ludn vin di dugc cong bd trén tap chi
quéc t€ uy tin SCIE, diéu niy phin nio khing dinh tinh méi va gié trj khoa hoc cia
huéng nghién ciru, ddng thdi cho thiy kha ning hdi nhap véi cong déng khoa hoc quéc
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6. Nhimg han ché, thiéu s6t ciia Iuéin viin vé ndi dung va hinh thirc
Luén vin duge trinh bay mt céch khoa hoc, cac hinh minh hoa, phy lyc duge bd

tri hop 1y, dAy dii va rd ring, tuy nhién con mét s6 sai sot nho cin phéi chinh sira nhr sau:

- O phin myc tiéu nghién ciru, cAn néu chinh x4c hoat tinh gdy gy doc t& bao ung
thur thay vi néu chung chung 13 hoat tinh sinh hoc

- Trong phin phuong phép nghién ctru & trang 2 va trang 26, phuong phép thir hoat
tinh gy gy ddc té bao ung thu chi thyc hién trén 2 dong té bao ung thur thi x6a bd
céc dong té bao ung thw khéng sir dung nhu KB va A549 di.

- Trong luin vin néu két qua tong hgp 23 hop chat, tuy nhién chi lya chon 9 hgp
chét d& thir hoat tinh gy dgc té bao ung thu, vy nén c6 giai trinh bién luén vé
viéc lya chon nay. '

- Phin bién lugn xéc dinh chu tric ciia hop chét 72a (trang 36-38) cin ra soat chinh
stra lai (vi du nhur trang 37 néu ¢6 1 nhém aldehyde (CHO) & dc 189,0 ppm nhung
chit nay khong c6 nhém aldehyde (CHO).

7. Néu téc gia chwa viét bai béo khoa hoc thi ndi dung ciia luin viin c6 thé viét
thanh cdc bai bdo dé giri ding hay khéng
Ludn vin c6 1 bai ding trén tap chi khoa hoc qudc té SCIE (Q2, IF 2.7), day 1a tap
chi khoa hoc uy tin c6 quy trinh phéan bi¢n nghiém ngit.

8. Két luin chung
Céc két qua nghién ciru phong phti va ¢6 d§ tin cdy cao. Bén lufn vén dép img day
dii ndi dung, hinh thirc cia mét ludn van thac si héa hoc c6 thé dua ra bao vé dé nhn hoc
si thac s theo qui dinh ctia B§ Gido duc va Dao tao.
Ha Ngi, ngay thdng  ndm 2026
NGUOI NHAN XET
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CONG HOA XA HOI CHU NGHIA VIET NAM
Dgc 1dp — Ty do — Hanh phiic

BAN NHAN XET PHAN BIEN LUAN VAN THAC Si

Ho va tén ngudi phan bién: Pham Thé Chinh

Hoc ham, hoc vi: PGS.TS.

Nganh: Hoéa hoc

Co quan cdng tac: Trudng Pai hoc Khoa hoc — PH Théi Nguyén
Ho va tén hoc vién: Pham Quéc Trung

Tén @& tai; Nghién ciu téng hop céc din xuét quinoline va d4nh gi4 hoat tinh sinh hoc
cua mot so hop chat tong hgp duge

NEANh: HOa MU CO ME SO: wverreereeeeesreeeeeeseesssessssseseessesssesssssessiesssesessssssssnsssssssssssssssasses
NQI DUNG NHAN XET

1. Tinh cép thiét, tinh thoi sw, y nghia khoa hoc va thye tién ciia dé tai lugn vin:
Quinazoline 1a hé dj vong cd vai trd dic biét quan trong trong héa duge hi¢n dai
do xuAt hién trong nhiéu thuc didu trj ung thu va c4c chit irc ché EGFR. Luan vin da
lva chon hudng nghién ciru c6 tinh théi sy cao khi tap trung téng' hop céc din xuft
quinazoline-2,4-dithione chira sulfur — nhém hop chit dugce ghi nhan ¢6 nhiéu hoat tinh
sinh hoc dang chii y nhu khang lao, bao vé thin kinh va rc ché enzyme PDE7. D& tii ¢6

y nghia khoa hoc va thuec tién tt khi két hgp nghién ctru tong hop httu co vé6i danh gia

hoat tinh sinh hoc nhdm dinh huéng phét trién cac hop chit tiém ning trong linh vyc
héa durgc.

2. Su khéng tring lip cila dé tai nghién citu so véi cdc cong trinh khoa hoc, lugn vin
di cong bé ¢ trong va ngoadi nwdc; tinh trung thuc, ré rang va dﬁy dit trong trich din

tai li¢u tham khao:

Luén vin di x4y dung phan tdng quan twrong dbi cong phu vé cac alkaloid ty nhién
chira khung quinazoline, cc thudc c6 chira khung quinazoline ciing nhw céc phuong
phap tdng hop quinaioline hién dai nhu phan ng Ullmann, phuong phép dién héa, oxy
héa vong héa va tdng hop tir isatoic anhydride. Tac gia c6 sy ké thira hop Iy céc cong
trinh nghién ctru trrée ddy nhung vin phat trién duge huéng nghién ctu riéng thong

qua viéc téng hop cic din xudt quinazoline-2,4-dithione tir isatin va phenyl

:  Scanned with !
i & CamScanner’;


https://v3.camscanner.com/user/download

isothiocyanate. Céc tai liu tham khdo durgc trinh bay twong déi dly di, cé tinh cép nhét
vi ddm béo tinh hoc thudt clia luén vin,

3, Suw phit hop giita tén dé tai véi npi dung nghién ciru cling nhi véi chuyén nganh
vd mi so dao tgo:

Tén dé tai phit hgp véi ndi dung nghién ciru va chuyén nginh Héa hitu co. Noi
dung nghién ciru dugc trién khai tuong dbi logic, bao gom khao sét diéu ki¢n phan img,
téng hop céc din xuét quinazoline-2,4-dithione, x4c dinh cu triic c4c hgp chét bing c4c
phuong phap phd hién dai va danh gié hoat tinh gay ddc té bao trén céc dong té bo ung
thur

.N0i dung phti hgp véi nganh dao tao
4. D§ tin cfy v tinh hign dgi ciia phicong phdp nghién cien i sie dung dé hoan thanh
lugn vin:

Luén véan da sir dung nhiéu phuong phép nghién ctru hién dai trong linh vyrc héa
hitu co va héa duge. Cu tric céc hgp chét tong hop duge x4c dinh bing cc k¥ thuft
phd hién dai nhu 'H-NMR, C-NMR, IR, HRMS va 2D-NMR, gép phin ning cao d¢
tin cdy ciia két qua nghién ctru. Hoat tinh gy doc té bao ciia cac hop chét dugc dénh gid
bing phuong phdp MTT trén cac dong té bao ung thu phit hgp. Bén canh d6, tic gia da
fién hanh khao sat diéu kién phan tmg mot cach hé théng thong qua viéc nghién ciru dnh
huéng ctia dung méi, phu gia va nhiét do dén hiéu suét phan tmg. Dic biét, lufn vin da
& xuét dugc co ché phan img tdng hop quinazoline-2,4-dithione, thé hién tir duy nghién
ctu va kha ning phén tich khoa hoc tét cita hoc vién, ddng thoi 12 diém tich cyc vé mit
hoc thuét cia cong trinh,

5. Két qua nghién ciru cita lugn vin:
Lun vin d4 dat dugc mét sb két qua déng ghi nhan:
« Tdng hop dwgc nhidu din xuét quinazoline tir 72a-72w.
« Xéc dinh dugc didu kién phan tmg tbi vu.
« Dinh gi4 hoat tinh gay ddc té bao ciia cdc hop chét tong hop duge.
« P& xult dugc co ché phan tmg hinh thanh quinazoline-2,4-dithione.
Céic két qué cho thiy hoc vién c6 kha nang trién khai nghién cifu thyc nghi¢m twong

d6i tét va xir ly di liéu phi hop.
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6. Nhitng han ché, thiéu sét ciia lugn viin vé nji dung va hinh thire:
+ Con 18i ché bén, can chinh lai

Céu héi: Téc gia c6 thé gidi thich vi sao céc din xuét quinazoline-2,4-dithione chira
sulfur thudng cho hoat tinh sinh hoc cao hon cic din xuét quinazoline chira oxygen
trong tng?
7. Néu tic gia chira viét bai bdo khoa hoc thi nji dung ciia lu@n vin cé thé duepe viét
thanh cdc bai bdo dé gii diing trén trén tap chi khoa hoc, sdch chuyén nganh hojc
tuyén tip cong trinh hi nghj khoa hoc ciip quc gia, quic 1 hay khong?

Cac két qua nghién ciru c6 thé phét trién thanh bai bdo qudc té hogic trong nudc vé
tdng hop dj vong chira sulfur va hoat tinh sinh hoc clia quinazoline.

8 . Két lu@n chung (khing dinh mirc dp ddp ing cdc yéu ciu doi véi mpt lugn vin
Thac si; lu@in vin cé thé dwa ra bio v¢ @& nhin hoc vi Thac si dwge hay khong?):

Luén vin dap umg tuémg déi tbt yéu cau cia mét luan viin Thac si chuyén nganh
Héa hiru co. Hoc vién di c6 kha ning nghién ciru dgc lap, trién khai thyc nghiém t6t va
xir 1y két qua phd hop. Luan vin di diéu kién dé dua ra béo vé truéc Hoi ddng chdm
lugn vin Thac si.

.......... , ngay ..... thang ..... ndm 20...
Ngudi phan bién
(Ky, ghi rd ho tén)

PGS.TS. Pham Thé Chinh
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VIENHANLAM DANG CQNG SAN VIET NAM
KHOA HQC VA CONG NGHE VN
HQC VIEN KHOA HQC VA CONG NGHE
%

_ BAN GIAI TRINH CHiNH SUA LUAN VAN
THEO KET LUAN CUA HQI PONG PANH GIA LUAN VAN THAC SI

Ho tén hoc vién: Pham Qudc Trung L&p: Hoa hitu co - 2024A - Ha Noi
Tén d& tai luan vin: Nghién ctru tong hop cac dan xuat ctia quinazoline va danh gia

hoat tinh sinh hoc ctia mét s hop chit tong hop dugc.

Chuyén nganh: Hoéa hiru co
Ma s6: 8 44 01 14

Ngudi huéng dan khoa hoc: TS.Nguyén Lé Anh
Ngay bao vé luan van:/3 /6/2026

Can c1r bién Ban hop Hgi dong danh gia ludn vin thac si, hoc vién da chinh stra

<

HOC V1
KHOA H
vA CONG!
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ludn van nhu sau:

VR NI
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STT | Nbi dung dé nghi bo sung, Ndi dung dé bo sung, chinh sira

%4 noe vt

chinh stra

1 |Chinh stta phuong phap |Hoat tinh giy doc té bao trén 2 dong
nghién ciru trang 2. té bao ung thu & ngudi (HepG2,
MCF- 7) (trang s6 2).

2 | B6 sung ly do chon 9 hop chit | Do sé luong dan xuat quinazoline-
dé thir hoat tinh gy doc té bao | 2,4(1H,3H)-dithione téng hop dugc
ung thu & trang s6 47 twong di 16n, viéc danh gié hoat tinh
gy doc té bao dugc thyc hién trén
mot nhém hop chét dai dién nhim
khao st so bd mdi lién hé cdu tric —
hoat tinh (SAR). Cac hop chat dugc

lua chon bao quat cac hudng bién ddi

cau truc chinh cua ddy nghién ciru

(trang s6 47).

s s P A 2 - re s A > a o £ s o5 LhA .,
Liru y: Cdc chit ky xdc nhin can gin véi ngi dung trén cang mit trang giay. Hoc vign sé khéng xdc
-~ Y A - g, ve s _As
nhdn néu phan chir ky tach roi voi néi dung.
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3 | Chinh stra phéan bién ludn xéc
dinh cdu tric ciia hop chit 72a
trang 36-38

Tin hiéu xudt hién & & 189.0 ppm
dugc gan cho carbon thiocarbonyl
(C=S) cua khung quinazoline-4-
thione (trang 36-38).

4 | Bo sung nhom thé X trang 11

Nhém thé X : I, Br, Cl

Bo sung giai thich tai sao viéc
thay thé oxy bang luu huynh
lai pha v& ai luc véi dich tac

dung

Viéc thay thé nhém carbonyl (C=0)
bang nhém thiocarbonyl (C=S) dén
dén nhimg thay ddi dang ké vé dic tinh
hoa ly va dién tir cia phan tir (trang 48)

Luu y: Trong truong hop Hgi dong yéu cau xin y kién cua 02 phan bién sau bao
vé, hoc vién can xin chit ky cua 02 phan bién xdc nhan.

Ha Néi, ngay 4T théng £ nam 2026.

CHU TICH HOI PONG TAP THE HUONG DAN HOC VIEN

g

s

XAC NHAN CUA HQC VIEN KHOA HQC VA CONG NGHE
KT.GIAM POC
PHO GIAM POC

W T&w}.

Nguyén Thj Trung
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