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Linh vue ky thuit dwgc dé cip

Giai phép hitu ich thudc linh vic bao ché dugc phdm, cu thé hon giai phép hitu ich
d& cap dén cac hop chét 13 cic axit hydroxamic chira hé quinazolinon lién hop ding lam

chit chdng ung thu va quy trinh tdng hop cac hop chét nay.
Tinh trang ky thuat cia gidi phap hiru ich

Ngay nay, mot trong nhiing vAn d& quan trong nhat lién quan dén strc khoe & cac
nuée phat trién va dang phat trién 13 ung thu. Udc tinh ¢6 9,6 triéu ca tir vong xay ra vao
nim 2018 do cdn bénh nay. Trén toan cau, khoang 1 trong 6 trudng hop tr vong la do
ung thu. Ngoai ra, sb lidu théng ké duge bao cdo boi Lién minh Qudc té vé Ung thu
(UICC) chi ra ring mdi ndm c6 hon 11 triéu trudng hop ung thu méi dugce chan doan
trong s& d6 ¢6 hon 7 triéu ngudi chét, trong do6 ty 1& t6i 16 1 tir cac nu6e thu nhap thap
va trung binh (Nan, M et al.; selective histone deacetylase inhibitors with anticancer
activity. Curr. Top. Med. Chem., 16 (2016), 415-426). Mt trong nhitng 1y do chinh cho
didu nay c6 thé 1a khang thubc va tac dung phu bt lgi clia héa tri (Arrowsmith, C. H et
al.; epigenetic protein families: a new frontier for drug discovery. Nat. Rev. Drug
Discov. 11 (2012) 384—400). P& phat trién cac tic nhan chong ung thu hiéu quéa va dang
tin cdy hon, khic phuc nhitng han ché nay, viéc tim kiém céc tac nhan chéng ung thu

m&i hién dang rat cap bach.

Ung thu la m§t nhom cac bénh lién quan dén viéc phan chia té bao mot cach vo td
chirc va céc té bao nay c6 kha ning xam 14n cac mo khac bang cach phat trién truc tiép
vao mo 1an cén hoac di chuyén dén noi xa, hay con goi 1 di cin. Hién c6 khoang 200
loai ung thu khac nhau va néu khong duoc chita tri sém, hau hét cac loai ung thur c6 thé
gay tir vong, diy 1a mot trong nhitng nguyén nhan gay tir vong chinh & nhitng nudce phat
trién. HAu hét cc bénh ung thu c6 thé chita trj va nhiéu bénh c6 thé chita lanh, néu dugc
phét hién va didu tri sém. C4c loai bénh ung thu thudng gip nhit & Viét Nam bao gdm
15 loai phé bién 13 ung thu phdi, ung thu vi, ung thu dai tryc trang, ung thu da day, ung
thu gan, ung thu tién liét tuyén, ung thu tir cung hodc ¢ tir cung, ung thu thyc quén, ung
thu bang quang, u lympho khéng Hodgkin, ung thu khoang miéng, bénh bach cdu, ung
thu tuy, ung thu budng trimg va ung thu than, trong d6 thuong gap nhat & nam giéi 1a
ung thu phéi va & nit giéi 1a ung thu v, tiép d6 1a ung thu dai tryc trang, ung thu da day,
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ung thu tién liét tuyén & nam gidi va ung thu tir cung hodc c6 t cung & nit gidi.

Céc hop chét khang ung thu da dugc sir dung nhiéu nim trong viéc chita tri cac
bénh gdy ra boi ung thu co thé ké dén, vi du, paclitaxel, 5-flouraxil (5-FU),
xyclophosphamit, tamoxifen, v.v.. Mbi loai thube nay dic tri cho cac loai ung thu riéng.
Tuy nhién, sy khang lai cac thudc ung thu theo thoi gian da dugce ghi nhan. Vi vay, viéc

tim kiém cac hop chat méi véi co cheé tac dung méi ludn 1 van de cap thiet.

Phuong phap tiép c4n dua trén dich phan tir dé khdm pha thudc hién dang thu hut
rat nhidu sy quan tdm ciia cdc nha hoa dugc trong viéc nghién clru va phat trién thudc
chéng ung thu trén toan thé gi6i. Trong s6 nhiéu dich phan tir ctia thudc chéng ung thu
d3 dugc xac dinh, histon deacetylase (HDACs) hién duoc coi 1a myc ti€u hap din cho
thiét ké thudc chéng ung thu (Marks, et al.; histone deacetylases and cancer: causes and
therapies. Nat. Rev. Cancer 1 (2001) 194-202; Witt, O et al.; HDAC family: What are
the cancer relevant targets?. Cancer Lett. 277 (2009) 8-21). Histon acetyl tranferase
(HAT) la cac enzym xuc tac dé chuyén nhom acetyl clia coenzym A thanh dudi lysin cua
co chét protein, trong khi HDAC xtic tac loai bo cac nhom acetyl tir dudi lysin ¢ dudi
histon. Ca hai nhém enzym déu hd trg mirc do acetyl hoa histon can thiét, cac yéu to
phién mi va cac protein hat nhan va té bao chat, va didu nay din dén ngung tu chromatin
va trc ché sy phién ma. Ngoai ra, sy tham gia cia HDAC trong viéc didu hoa biéu hién
gen va ciu tric nhiém séc thé d3 duoc cong nhan va xéac dinh vai trd quan trong trong
tién trinh chu ky t& bao va qué trinh gay ung thu (Witt, O et al.; HDAC family: What are
the cancer relevant targets?. Cancer Lett. 277 (2009) 8-21); West, A. C et al.; new and
emerging HDAC inhibitors for cancer treatment. J. Clin. Invest.,124 (2014), 30-39;
Choi, J.-H et al; expression profile of histone deacetylase 1 in gastric cancer tissues.
Cancer Sci. 92 (2001) 1300-1304.; Halkidou, K et al.; upregulation and nuclear
recruitment of HDAC1 in hormone refractory prostate cancer. Prostate 59 (2004) 59,
177-189.; Zhang, Z et al.; HDAC6 expression is correlated with better survival in breast
cancer. Clin. Cancer Res. 10 (2004)6962-6968.; Zhu, P et al.; induction of HDAC2
expression upon loss of APC in colorectal tumorigenesis. Cancer Cell 5 (2004) 455-
463.; Wilson, A. J et al.; histone deacetylase 3 (HDAC3) and other class I HDACs
regulate colon cell maturation and p21 expression and are deregulated in human colon
cancer. J. Biol. Chem 281 (2006) 13548—-13558).

Cho dén nay, trong tong s6 18 enzym HDAC cua dong vét c6 vii duge xac dinh va

phan loai dua trén cac dic diém cau tric va chiac nang cua ching, HDAC loai I
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(HDAC]I, 2, 3 va 8), loai Ila (HDACA4, 5, 7 va 9), loai IIb (HDACS, va 10) va 16p IV
(HDACI11) chia sé mdt cation k&m (II) & trung tdm khoang xdc tac clia chung, 1a muc
tidu ctia mot sd chit e ché HDAC d3 duogc phé duyét (Ververis, K et al.; histone
deacetylase inhibitors (HDACIs): multitargeted anticancer agents. Biol. Targets Ther.
2013 (2013) 47-60). Nghién ciru ca hai mé hinh tién 1dm sang in vitro va in vivo déu
nhan ra rﬁng su e ché HDACs dan dén su biét hoa té bao, su chét té bao theo chuong
trinh va bét gift chu ky t& bio & mot s6 dong té bao ung thu (Ropero, S et al.; the role of
histone deacetylases (HDACs) in human cancer. Mol Oncol., 1(2007) 19-25.; Ververis,
K et al.; histone deacetylase inhibitors (HDACIs): multitargeted anticancer agents.
Biologics., 7(2013) 7, 47-60.; Qiu, T et al.; effects of treatment with histone deacetylase
inhibitors in solid tumors: a review based on 30 clinical trials. Fut. Oncol., 9 (2013)
255-269.; West, A.C et al.; new and emerging HDAC inhibitors for cancer treatment. J.
Clin. Invest., 124 (2014) 30-39.; Bolden, J.E et al.; anticancer activities of histone
deacetylase inhibitors. Nat. Rev. Drug Discov., 5 (2006) 769—784.; Dokmanovic, M et
al.; histone deacetylase inhibitors: discovery and development as anticancer agents.
Expert Opin. Invest. Drugs., 2005, 14, 1497-1511.; Johnstone, R.W et al.; histone-
deacetylase inhibitors: novel drugs for the treatment of cancer. Nat. Rev. Drug Discov.,
1 (2002) 287-299.; Glaser, K.B et al; HDAC inhibitors: clinical update and
mechanism-based potential. Biochem. Pharmacol., 74 (2007) 659—-671.; Dallavalle, S et
al.; design, synthesis, and evaluation of biphenyl-4-yl-acrylohydroxamic acid
derivatives as histone deacetylase (HDAC) inhibitors. Eur. J. Med. Chem., 44 (2009)
1900-1912). Do d9, cac chit tc ché HDAC hira hen s& tré thanh mdt nhém céc tac
nhan tri lidu bénh gay ra boi t& bao khdi u, biét hoa va chét té bao theo chuong trinh
trong cac khdi u 4c tinh va huyét hoc khac nhau (West, A.C et al.; new and emerging
HDAC inhibitors for cancer treatment. J. Clin. Invest., 124 (2014) 30-39.; Bolden, J.E
et al.; anticancer activities of histone deacetylase inhibitors. Nat. Rev. Drug Discov., 5
(2006) 769-784.; Dokmanovic, M et al.; histone deacetylase inhibitors: discovery and
development as anticancer agents. Expert Opin. Invest. Drugs., 14 (2005)1497-1511.;
Johnstone, R.W et al.; histone-deacetylase inhibitors: novel drugs for the treatment of
cancer. Nat. Rev. Drug Discov., 1 (2002) 287-299.; Mercurio, C et al.; histone
deacetylases and epigenetic therapies of hematological malignancies. Pharmacol. Res.,
1 (2010) 18-34.; Stimson, L et al.; HDAC inhibitor-based therapies and haematological
malignancy. Ann. Oncol., 8 (2009) 1293-1302).

Trong nghién ciru va phat tridn cac chét tc ché HDAC, mét sb lugng 16n md
hinh cho céc thude e ché HDAC phu thudc kém da duge thiét ké va tdng hop dién hinh
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bao gdbm mot nhom lién két v6i kém (ZBG), mét cau ndi va mot nhém nhan dién bé mit
bang cach bit chude acetyl-lysin ty nhién va nhitng chét nay phat huy tac dung cia
chiing bang cach phéi hop trung tim k&m (II) véi cac phéi tir nhu benzamid, cacboxylat
hoidc axit hydroxamic (Khan, O et al.; HDAC inhibitors in cancer biology: emerging
mechanisms and clinical applications. Immunol. Cell Biol. 90 (2012) 85-94).

Gan day, chung t6i da didu ché mot loat cac axit hydroxamic va sang loc hoat
tinh ttc ché ezym HDAC va hoat tinh gdy doc t& bao. Mot s6 hop chét thé hién hoat tinh
gay doc voi mot sb dong té bao ung thu nhu: SW620, PC-3 va AsPC-1 véi gia tri ICso -
tr 0,05-0,07 uM, manh hon 70 13n so v&i chit dbi chimg suberoylanilid hydroxamic
axit (SAHA) (Huong et al.; novel 2-oxoindoline-based hydroxamic acids: synthesis,
cytotoxicity, and inhibition of histone deacetylation. Tetrahedron Lett. 56 (2015) 6425—
6429). Ngoai ra, mdt s6 axit hydroxamic chira khung artemisinin dugc tbng hop gan
day thé hién hoat tinh giy ddc véi cac dong té bao: HepG-2, MCF-7 va HL-60 véi gia
tri ICso twong ung 1a 2,50; 2,62 va 1,28 pg/mL (Ha, et al.; design, synthesis and
biological evaluation of novel hydroxamic acids bearing artemisinin skeleton. Bioorg.
Chem. 66 (2016) 63-71). Nam 2010, Xiong cai va cong da tong hop cic axit
hydroxamic chita nhan quinazolin, mt s6 chét thé hién hoat tinh trc ché thu thé EGFR,
HER?2 va thé hién hoat tinh gy doc t& bao manh hon SAHA tir 1,5-2 1an (Xiong cai., et
al.; Discovery of 7-(4-(3-Ethynylphenylamino)-7-methoxyquinazolin-6-yloxy)-N-
hydroxyheptanamite (CUDC-101) as a Potent Multi-Acting HDAC, EGFR, and HER2
Inhibitor for the Treatment of Cancer. J. Med. Chem. 53 (2010) 2000-2009.

Gan day mot s6 axit hydroxamic chira khung quinazolin cling dugc bao cdo co
hoat tinh gay ddc té bao gip 5-10 1an chit déi ching SAHA (Doan Thanh Hieu et al.,
Quinazoline-Based Hydroxamic Acids: Design, Synthesis, and Evaluation of Histone
Deacetylase Inhibitory Effects and Cytotoxicity. Chem. Biodiversity 2018, 15,
€1800027).

Gan day nhit, chung t6i dd cong bd cong trinh khoa hoc trong d6 c6 axit
hydroxamic chita khung quinazolinon (Nguyen V Minh, et al.; Design, Synthesis and
Biological Evaluation of Novel N-hydroxyheptanamites Incorporating 6-
hydroxy-2-methylquinazolin-4(3H)-ones as Histone Deaxetylase Inhibitors and
Cytotoxic Agents. Anti-Cancer Agents in Medicinal Chemistry.19 (2019) 1543-1557)
¢6 hoat tinh khang mot s6 dong t& bao ung thu manh hon 70 14n chit di chimg SAHA
(suberoylanilide hydroxamic acid, vorinostat).
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Ban chit ky thuét ciia giai phap hitu ich

Muc dich ctia giai phap hitu ich 14 d& xut cac hop chit axit hydroxamic chira hé
lién hgp cta quinazolinon c6 hoat tinh trc ché sy phat trién hodc tiéu diét cac té bao ung
thu.

Cu thé hon, theo khia canh tht nhat, giai phap hiru ich @& xuét cac hop chat 1a cac
axit hydroxamic chira hé lién hop quinazolinon c6 hoat tinh trc ché su phat trién hodc

tiéu diét cac t& bao ung thu, c6 cong thirc chung (I) sau day:
O
JHN O\CE\L N PN
HO \n/\/\/\/
O N7 |

R

b

ey
trong do, R 1a phﬁn tr thé duoc chon tir nhém bao gﬁ”)m: H; 2-OCH3; 3-OCH3; 4-OCHs;
2-F; 3-F; 4-F; 2-NO2; 3-NOg; 4-CHs.
Theo mot phwong an duge uu tién, hop chét theo giai phap hitu ich 1a cac hop
chit 6a, 6b, 6¢, 6d, 6e, 6f, 6g, 6h, 6i, 6j cu thé sau ddy, trong d6 R 1an lugt 1a cac nhém
thé: H; 2-OCHj; 3-OCHs; 4-OCHs; 2-F; 3-F; 4-F; 2-NOz; 3-NOg; 4-CHs, véi cong thire

cau tao cu the dudi day:
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Cac hop chit dugc uvu tién trén day 1a cac chit d3 duoc thir nghiém va chon loc,
c6 hoat tinh khang ung thu manh véi cac dong té bao duge thir nghiém. Cu thé hon, hop
chét 6a thé hién hoat tinh v4i dong té bao HepG-2 (t& bao ung thu gan), MCF-7 (ung thu
vii) va SKLu-1 (ung thu phéi) véi ICso lan lugt 1a 3,62; 5,90 va 3,98 pg/mL. Hop chét
6¢ thé hién hoat tinh v6i ba dong té bao trén 1an luot 12 3,46; 3,55 va 3,32 pg/mL, hop
chét 6f thé hién hoat tinh v&i ba dong té bao trén 1an luot 12 1,90; 1,86 va 1,13 pg/mL.

Theo khia canh thir hai, giai phap hitu ich con @2 xuét quy trinh tong hop céc hop

chat axit hydroxamic néu trén.
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Mo ta van tat cac hinh vé

Hinh 1 12 hinh v& thé hién so d quy trinh tong hop cic hop chét axit hydroxamic
¢6 cong thirc (I) theo giai phap hiru ich.

MBO ta chi tiét giai phap hiru ich
Giai phap hitu ich s& md t& mot cach chi tiét hon théng qua cac phuong an cu thé

duoc wu tién vé quy trinh tong hop cac cac hgp chét c6 cong thire (I) bao gdbm céc budc

thuc hién va diéu kién k¥ thuat cia tirng budc thuc hién cua quy trinh nay.

Nhu duge thé hién trén Hinh 1, theo mot phuong 4n cua giai phap hitu ich, quy
trinh tdng hop hop chat 6f, 1a hop chit cu thé dugc wu tién trong sb cac day chét axit

hydroxamic cé cong thitc chung (I), bao gdm cic buéce sau day:

' 0
HO©\/KO
N/)\

Hop chat 2

Bude 1: Téng hop hop chat 2

Pun hdi lwu hdn hop cla axit 5-hydroxy anthranilic trong anhydrit axetic & 150
°C trong 2 gio. Hon hop sau d6 dugc b ra nudc da. Tua tao thanh duogc loc, giira bang
nuée cat va 1am kho trong chan khong thu duge chét 2, duoc str dung ludn cho céc bude
tiép theo.

Budc 2: Téng hop hop chat 3

@)
HO\@\)kN/\/\
N/)\

Hop chat 3

M6t hdn hop cta hop chét 2 (1,0 g; 5,64 mmol) va n-butylamin (16,92 mmol)
trong axit axetic (10 mL) dugc dun hdi luu & nhiét do 120 °C trong 14 gio. Tién trinh
phan tmg duoc kiém tra boi sic ky 16p méng (n- hexan : etyl axetat = 1 : 1). Hon hop
phan Gng dugce trung hoa bang NaHCO; 50% dén pH =7 va chiét v6i CH,Cl, (3 x 20
mL). Pha hitu co duoc téch ra, lam khan bing Na,COs, béc hoi dusi 4p suat giam. Cén
sau bdc hoi duge tién hanh sic ky cot silica gel st dung hé trién khai »n- hexan : etyl
axetat =1 : 1 cho san pham 3: 3-butyl-6-hydroxy-2-metylquinazolin-4(3 H)-on.
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'H NMR (500 MHz, CDCl3, & (ppm)): 7,85 (d, J = 3,0 Hz, 1H); 7,54 (d, J = 9,0 Hz,
1H); 7,31 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,63 (brs, 1H); 4,09 (t, J = 7,5 Hz, 2H, CHy);
2,64 (s, 3H, CHs); 1,74-1,70 (m, 2H); 1,50-1,46 (m, 2H); 1,0 (t, J = 7,5 Hz, 3H, CHa).
13C NMR (125 MHz, CDCls, & (ppm)): 162,2; 155,2; 152,4; 141,4; 128,3; 124,2; 121,2;
110,1; 44,7; 30,7; 22,8; 20,3; 13,7.

Buéc 3: Téng hop hop chit 4f

Hop chét 4f
(trong d6 R 1a 3-F)

Hoa tan 3-butyl-6-hydroxy-2-metylquinazolin- -4(3H)-on (3) va 3-flobenzandehit trong
dung mdi axit axetic khan; thyc hién phan ung ¢ 140°C ¢o khudy tir va hdi luu trong 16
gid; hdn hop san pham thu dugc sau phan Ung dem chiét CH,Cl : H>O 3 lan, thu pha
hitu co dem lam khan, c6 quay dudi ap suat giam thu dugc san pham tho; tiép tuc két
tinh trong hé etyl axetat : n-hexan, sau d6 loc rira tinh thé bang n-hexan lanh trén phéu
Buchner va 1am kho trong t séy, thu dugc san phém 4f;

Hop chét 4f: (E)-3-butyl-6-hydroxy-2-(3-flostyryl) quinazolin-4(3H)-on: 'H
NMR (500 MHz, CD;0D, 8 (ppm)): 7,81 (d, J= 15,5 Hz, 1H); 7,63 (d, J= 8,5 Hz, 1H);
7,53-7,44 (m, 4H); 7,37 (d, J = 15,5 Hz, 1H); 7,33 (d, J = 9,0 Hz, 1H); 7,16-7,12 (m,
1H); 4,33 (t, J = 7,5 Hz, 2H, CHy); 1,78-1,75 (m, 2H, CHa); 1,51-1,47 (m, 2H, CHa);
1,03 (t, J = 7,0 Hz, 3H, CHs). *C NMR (125 MHz, CD;OD, & (ppm)): 165,6; 163,4;
158,1; 151,1; 142,2; 140,0; 139,4; 131,8; 129,7; 125,5; 124,9; 122,5; 121,9; 117,3;
114,9; 110,3; 44,4; 32,2; 21,0; 14,1,
Rudc 4 : Téng hop chit 5f

Hop chat 5f
(trong do R 1a 3-F)
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Hdn hop 5f va KOH (1,2 duong lugng) trong acetonitril (15 mL) d& dugc nhd tir
tir etyl-7-bromheptanoat (1,2 dwong luong); hdn hop phén Gmng duge khudy & 60 °C
trong 24 gid; phan tng duoc theo ddi boi sic ky 16p mong bang cach st dung (n-hexan
. etyl axetat = 1: 1) 1am hé dung mo6i trién khai; hdn hop phan Gng sau d6 duogc pha
lofing v6i CHaCly (15 mL) va duge chiét bang nuée (3 x 15 mL); pha hitu co duoe tach
ra, lam kho trén NaxSO4 khan va cd bbc hoi dén can; phﬁn cin sau d6 dugce thiy phan
trong hdn hgp CH2Cl: MeOH = 9: 1 trong diéu kién kidm (NaOH 0,2 N trong EtOH)
trong 24 gid; hon hop cubi cung duge pha lodng véi CH2Clz (20 mL) va duogc chiét véi
H,0 (2 x 15 mL); pha nudc duge gom lai, axit hoa dén pH = 3 bang HCI 0,2N va dugc
chiét bing CH2Cl> (3 x 15 mL); pha hitu co dugc tach ra, 1am khan trén NaxSO4 khan
va cb bay hoi dén cin; hop chit 6f thu dugc bang phuong phap sdc ky cot nhanh trén
silica gel st dung CH>Cl: MeOH lam hé dung moi rora giai;

Hop chit 5f: Axit (E)-7-((2-Buty1—3-(3-ﬂostyry1)-4—oxo-3,4-dihydroquinazolin—6-
yl)oxy)heptanoic

'H NMR (500 MHz, DMSO-d6, 8 (ppm)): 8,50 (s, 1H, OH); 7,85 (d, J = 15,5 Hz, 1H);
7,74 (d, J = 9,0 Hz, 1H); 7,63-7,60 (m, 2H); 7,51-7,46 (m, 2H); 7,45 (d, J = 15,5 Hz,
1H); 7,41 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,23 (dt, J= 2,0 Hz, 8,5 Hz, 1H); 4,32 (t, J="7,5
Hz, 2H, CHy); 4,07 (t,J = 6,5 Hz, 2H, CHa); 1,93 (t, /= 7,5 Hz, 2H, CHy); 1,76-1,73 (m,
2H, CHy); 1,64-1,61 (m, 2H, CHp); 1,55-1,45 (m, 2H, CHa); 1,42-1,39 (m, 2H, CH2);
1,35-1,22 (m, 4H, 2CHa); 0,92 (t, J = 7,5 Hz, 3H, CH;). 13C NMR (125 MHz, DMSO-
d6, & (ppm)): 163,3; 163,5; 160,8; 157,1; 149,5; 141,4; 137,9; 130,8; 128,9; 124,5;
124.4; 121,3; 120,8; 116,0; 114,0; 113,8; 106,8; 68,1; 42,1; 37,7; 30,9; 29,1; 28,6; 26,2;
25,5; 19,4; 13,6. ESI-HRMS tim thdy: 467,23115; tinh todn C7H32FN204 [M + H]™:
467,23461.

Budc 5: Tong hop chit 6f

Hop chét 6f
(trong d6 R 1a 3-F)

-10-
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Mot hdn hop cia NH,O-THP, 5f, EDC.HCI va DMAP trong CH:Cl, (15 mL)
duoc khuéy & nhiét do phong trong 24 gid; phan tng duge theo doi boi séc ky ban
mong bang cach sir dung (CH2Cl: MeOH = 30: 1) lam hé dung méi trién khai; hon hop
phan (g sau d6 dugc pha lodng véi CH2Cl (15 mL) va dugce chiét lién tiép véi 5%
NaHCOs, 5% HCI va H,0; pha hitu co dugc tach ra, lam khan bang NaySO4 khan va cd
bay hoi dén cin; phin cin sau d6 dwgc hoa tan trong etanol (5 mL), lam mat bang nude
d4; benzoyl clorua (2 giot) dugc thém vao va hdn hop nay va hdn hop duge khudy thém
6 gid; tiép theo, hon hop phan tmg dugc pha lodng véi H0 (10 mL) va duoc chiét voi
CH,Cl, (2 x 15 mL); pha hiru co duoc tach ra, 1am khan bang Na,SO4 khan; hop chét 6f
thu duge bing sic ky cot trén silica gel sir dung CH2Cl: MeOH (20: 1) lam hé dung
moi rua giai;

Hop chit 6f: (E)-7-((2-Butyl—3-(3-ﬂ0styry1)-4-ox0—3,4—dihydr0quinazolin—6-
yl)oxy)-N-hydroxyheptanamit.

'H NMR (500 MHz, DMSO0-d6, & (ppm)): 10,32 (s, 1H, OH); 8,65 (s, 1H, NH); 7,85 (d,
J=15,5 Hz, 1H); 7,74 (d, J = 9,0 Hz, 1H); 7,63-7,59 (m, 2H); 7,50-7,48 (m, 2H); 7,46
(d, J= 15,5 Hz, 1H); 7,40 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,22 (dt, J = 2,0 Hz, 8,5 Hz, 1H);
431 (t, J = 7,5 Hz, 2H, CHy); 4,06 (t, J = 6,5 Hz, 2H, CHa); 1,97 (t, J = 7,5 Hz, 2H,
CHa); 1,76-1,73 (m, 2H, CHa); 1,64-1,61 (m, 2H, CHz); 1,54-1,51 (m, 2H, CH); 1,44-
1,40 (m, 2H, CHy); 1,39-1,30 (m, 4H, 2CHy); 0,92 (t, J = 7,5 Hz, 3H, CHs). BC NMR
(125 MHz, DMSO-d6, 8 (ppm)): 169,1; 163,5; 161,6; 160,8; 157,1; 149,5; 141,4; 137,9;
130,8; 128.8; 124,5; 121,3; 120,8; 116,2; 114,0; 120,9; 106,8; 68,0; 42,1; 32,2; 30,9;
28.4: 28,3; 25,2; 25,0; 19,4; 13,6. ESI-HRMS tim thiy: 482.24058; tinh toan
Cy7H33FN304 [M + H]*: 482.24551.

Tuong tu, cac hop chét 6a-j dugc tong hop theo quy trinh twong tw nhu 12 quy trinh tong
hop cia cac din xuéit 6f ndu trén. Cac hop chét niy dugc didu ché va dir lidu vé cau tric

clia cac chat nay va chat trung gian duge md ta trong Bang 1 dudi day.
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Bang 1: Cong thirc cAu tao va tinh chat ctia cac hop chét 13 cac axit hydroxamic theo giai

phap hitu ich va cac hop chét trung gian cta quy trinh tdng hop

Hop chat Pho NMR MS

'"H NMR (500 MHz, DMSO-d6, ESI-HRMS:

o NN 8 (ppm)): 10,32 (s, 1H, OH); tim thay:
HO\NMO/Q%(\(\/\ 8,64 (s, 1H, NH); 7,88 (d, J = 464,25390; ly
. 15,5 Hz, 1H); 7,80 (d, J = 7,0 thuyét:

6a Hz, 2H); 7,64 (d, J = 9,0 Hz, Cz7H34N304
1H); 7,49 (d, J = 3,0 Hz, 1H); [M + H"
7,46 (d, J = 7,5 Hz, 1H); 7,43- 464,25493.
7,41 (m, 2H); 7,40 (d, J = 15,5
Hz, 1H); 4,31 (t, J= 17,5 Hz, 2H,
CH>); 4,07 (t, J = 6,5 Hz, 2H,
CH>); 1,96 (t, J = 7,5 Hz, 2H,
CH); 1,76-1,73 (m, 2H, CHy);
1,66-1,63 (m, 2H, CHy); 1,54-
1,51(m, 2H, CHyz); 1,45-1,42 (m,
2H, CHy); 1,39-1,30 (m, 4H,
2CH>); 0,92 (t, J = 7,5 Hz, 3H,
CH;). BC NMR (125 MHz,
DMSO-d6, & (ppm)): 169,1;
160,8; 157,0; 149,8; 141,5;
139,2; 135,3; 129,5; 128,9;
128,8; 127,9; 124.4; 120,7;
119,9; 106,8; 68,0; 42,1; 33,2;
30,8; 28,4; 28,3; 252; 25,0;
19,4; 13,6.

'"HNMR (500 MHz, DMSO-d6, ESI-HRMS

0 NW 8 (ppm)): 10,32 (s, 1H, OH); tim thiy:
\JKMA/@[( 8,63 (s, 1H, OH); 8,12 (d, J = 494,26401; ly
" I 15,5 Hz, 1H); 7,81 (d, J = 8,0 thuyét:
&b Hz, 1H); 7,65 (d, J = 8,0 Hz, CasH3sN3Os
1H); 7,49 (d, J = 3,0 Hz, 1H); [M + H]"
7,43-7,38 (m, 3H); 7,13 (d, J= 494,26550.
8,0 Hz, 1H); 7,05-7,02 (m, 1H);

-12-
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431 (t, J = 7,5 Hz, 2H, CHy);
4,06 (t, J = 6,5 Hz, 2H, CHy);
3,91 (s, 3H, OCH3); 1,96 (t, J =
6,5 Hz, 2H, CH>); 1,76-1,73 (m,
2H, CHy); 1,65-1,62 (m, 2H,
CHy); 1,54-1,51 (m, 2H, CHy);
1,45-1,31 (m, 6H, 3CHz); 0,92
t, J = 7,5 Hz, 3H, CH3). *C
NMR (125 MHz, DMSO-d6, 6
(ppm)): 169,0; 160,8; 157,6;
156,9; 150,1; 141,6; 134,3;
130,9; 128,8; 128,5; 124,3;
123,7, 117,0; 120,7; 119,8;
111,7; 106,8; 67,9; 55,6; 42,2;
38,0; 32,2; 30,8; 29,7, 28.4;
25,2; 19,5; 13,6.

'"H NMR (500 MHz, DMSO-
d6, & (ppm)): 10,32 (s, 1H,
OH); 8,64 (s, 1H, OH); 7,84
(d, J=15,0 Hz, 1H); 7,63 (d, J
= 8,5 Hz, 1H); 7,49 (d, J = 3,0
Hz, 1H); 7,42-7,34 (m, SH);
6,99-6,97 (m, 1H); 4,31 (t, J =
7,5 Hz, 2H, CHy); 4,06 (t, J =
6,5 Hz, 2H, CHy); 3,82 (s, 3H,
OCH3); 1,97 (t, J= 6,5 Hz, 2H,
CHy); 1,76-1,73 (m, 2H, CHy);
1,65-1,62 (m, 2H, CH>); 1,54-
1,49 (m, 2H, CH»); 1,45-1,40
(m, 2H, CH2); 1,39-1,30 (m,
4H, 2CHy); 0,92 (t, J = 7,5 Hz,
3H, CH;). 3C NMR (125
MHz, DMSO-d6, & (ppm)):
169,1; 160,8; 159,6; 157,0;
149,7; 141,5; 139,2; 136,8;
129,9; 128,8; 124,4; 120,7;
120,3; 120,0; 115,3; 113,0;
106,8; 67,9; 55,2; 42,1; 32,2;

-13-

ESI-HRMS
tim thay:
494,26491; ly
thuyét:
C2sH36N30s
M + HI*:
494,26550.
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30,8; 28,4; 28,2; 25,2; 25,0;
19,4; 13,6.

'H NMR (500 MHz, DMSO-
d6, & (ppm)): 10,32 (s, 1H,

. ' OH); 8,64 (s, 1H, OH); 7,85
\)'\AMQ;;/\A (d, J= 15,0 Hz, 1H); 7,75 (d, J
Do — 9,0 Hz, 2H); 7,61 (d, 7= 9,0

Hz, 1H); 7,47 (d, J = 3,0 Hz,
1H); 7,40 (dd, J = 3,0 Hz, 9,0
Hz, 1H); 7,24 (d, J = 15,0 Hz,
1H); 7,09 (d, J = 9,0 Hz, 2H);
431 (t, J = 7,5 Hz, 2H, CHa);
4,06 (t, J = 6,5 Hz, 2H, CHa);
3,81 (s, 3H, OCHa); 1,96 (t, J
= 6,5 Hz, 2H, CHy); 1,76-1,73
(m, 2H, CHz); 1,65-1,62 (m,
2H, CH,); 1,54-1,51 (m, 2H,
CHz); 1,45-1,31 (m, OH,
3CH>); 0,92 (t, J= 7,5 Hz, 3H,
CH;). BC NMR (125 MHz,
DMSO-d6, & (ppm)): 169,1;
160,9; 160,4; 156,8; 150,0;
141,7; 139,0; 129,5; 128,6;
128,0; 124,3; 120,5; 117,0;
114,3; 106,7; 67,9; 55,3; 42,0,
32,2; 30,8; 28,4; 28,3; 25,2,
25,0; 19,4; 13.6.

OCH;3

'H NMR (500 MHz, DMSO-
d6, 5 (ppm)): 10,40 (s, 1H,

" OH); 7,56 (d, J = 8,5 Hz, 1H);
/GKPN/\A 7.54-7,52 (m, 2H); 7,35 (m,
I 2H); 7,20-7,16 (m, 2H); 537

(s, 2H); 4,09 (t, J= 6,5 Hz, 2H,

F CH,); 2,58 (s, 3H, CHa); 1,96

(t, J=17,0 Hz, 2H, CHz); 1,75
(m, 2H, CHy); 1,52 (m, 2H,
CHy); 1,43 (m, 2H, CHy); 1,31

-14-

ESI-HRMS
tim thay:
494,26414; ly
thuyét:
CasH36N30s
M + HI"
494,26550.

ESI-HRMS
tim thay:
482,24051; ly
thuyét:
C27H33FN304
M + H"
482,24551.



3032

(m, 2H, CH,). *C NMR (125
MHz, DMSO-d6, & (ppm):
169,58; 162,95; 161,02;
160,68; 158,24; 132,12;
129,42, 129,35; 129,35;
125,69; 120,64; 116,0; 107,97,
67,71, 46,96; 32,66, 28,82;
28,76; 25,64; 25,52; 21,54.

'H NMR (500 MHz, DMSO- ESI-HRMS
d6, & (ppm)): 10,32 (s, 1H, tim thay:
OH); 8,65 (s, 1H, NH); 7,85 482,24058; ly
(d, J=15,5Hz, 1H); 7,74 (d, J thuyét:

= 9,0 Hz, 1H); 7,63-7,59 (m, Cz7H33FN304
2H); 7,50-7,48 (m, 2H); 7,46 [M + HJ":
(d, J= 15,5 Hz, 1H); 7,40 (dd, 482,24551.

J = 3,0 Hz, 9,0 Hz, 1H); 7,22

(dt, J = 2,0 Hz, 8,5 Hz, 1H);

431 (t, J = 7,5 Hz, 2H, CHy);

4,06 (t, J = 6,5 Hz, 2H, CH>);

1,97 (t, J = 7,5 Hz, 2H, CHy);

1,76-1,73 (m, 2H, CHy); 1,64-

1,61 (m, 2H, CHy); 1,54-1,51

(m, 2H, CHy); 1,44-1,40 (m,

2H, CHa); 1,39-1,30 (m, 4H,

2CHa); 0,92 (t, J= 7,5 Hz, 3H,

CHs3). *C NMR (125 MHz,

DMSO-d6, 6 (ppm)): 169,1;

163,5; 161,6; 160,8; 157,1;

149,5; 141,4; 137,9; 130,8;

128,8; 124,5; 121,3; 120,8;

116,2; 114,0; 120,9; 106,8;

68,0; 42,1; 32,2; 30,9; 284;

28,3; 25,2; 25,0; 19,4; 13,6.

'H NMR (500 MHz, DMSO- ESI-HRMS
d6, & (ppm)): 10,33 (s, 1H, tim thay:
OH); 8,64 (s, 1H, NH); 7,88 482,24066; ly
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(t, J= 8,5 Hz, 2H); 7,86 (d, J =
15,5 Hz, 1H); 7,63 (d, J = 9,0
Hz, 1H); 7,48 (d, J = 3,0 Hz,
1H); 7,41 (dd, J = 3,0 Hz, 9,0
Hz, 1H); 7,35 (d, J = 15,5 Hz,
1H); 4,31 (t, J = 7,5 Hz, 2H,
CHb): 4,06 (t, J = 6,5 Hz, 2H,
CHy); 1,96 (t, J = 7,5 Hz, 2H,
CHa); 1,77-1,72 (m, 2H, CHy);
1,66-1,60 (m, 2H, CHa); 1,55-
1,50 (m, 2H, CHy); 1,46-1,42
(m, 2H, CHa); 1,41-1,30 (m,
4H, 2CH); 0,92 (t, J = 7,5 Hz,
3H, CH;). 3C NMR (125
MHz, DMSO-d6, & (ppm)):
169,1; 161,8; 160,8; 160,0;
149,7; 141,5; 138,0; 132,0;
120,2; 128,8; 124,4; 120,7;
119,6; 115,9; 106,8; 68.0;
42,1; 322; 30,9; 28,4; 28.3;
25.2;25,0; 19,4; 13,6.

'H NMR (500 MHz, DMSO-
d6, & (ppm)): 11,33 (s, 1H,
OH); 8,65 (s, 1H, NH); 8,15
(d, J = 15,5 Hz, 1H); 8,09-8,6
(m, 2H); 7,84 (t, J = 7,5 Hz,
1H); 7,67 (&, J = 7,5 Hz, 1H);
7,65 (d, J = 9,0 Hz, 1H); 7,51
(d, J = 3,0 Hz, 1H); 7,44 (d, J
= 15,5 Hz, 1H); 7,43-7,41 (m,
1H); 4,31 (t, J = 7,5 Hz, 2H,
CHo); 4,09 (1, J = 6,5 Hz, 2H,
CHy); 1,97 (t, J = 7,5 Hz, 2H,
CHa); 1,79-1,73 (m, 2H, CHa);
1,69-1,63 (m, 2H, CHy); 1,57
1,51 (m, 2H, CHy); 1,48-1,43
(m, 2H, CHp); 1,40-1,31 (m,
4H, 2CHy); 0,92 (t, J = 17,5 Hz,

-16-

thuyét:
Ca7H33FN304
M + HI":
482,24551.

ESI-HRMS
tim thay:
509,24113; 1y
thuyét:
C27H33N406
M + H"
509,24001.
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3H, CH;). *C NMR (125
MHz, DMSO-d6, & (ppm)):
169,1; 160,7; 157,3; 149,0;
148,3; 141,3; 133,7; 133,6;
130,2; 129,2; 129,0; 124,6;
124,4; 120,9; 106,8; 68,0,
42,2; 32,2; 30,9; 28,4; 28,3,
25,2;25,0; 19,4; 13,6.

'H NMR (500 MHz, DMSO-
d6, & (ppm)): 10,33 (s, 1H,
OH); 8,63 (s, 1H, NH); 8,26
(d, J = 8,0 Hz, 1H); 8,26 (d, J
= 8,0 Hz, 1H); 7,97 (d, J =
15,5 Hz, 1H); 7,74 (t, J = 8,0
Hz, 1H); 7,65 (d, J = 9,0 Hz,
1H); 7,63 (d, J = 15,5 Hz, 1H);
7,50 (d, J = 3,0 Hz, 1H); 7,43
(dd, J = 3,0 Hz, 9,0 Hz, 1H);
435 (t, J= 7,5 Hz, 2H, CHy);
4,08 (t, J = 6,5 Hz, 2H, CHy);
1,97 (t, J = 7,5 Hz, 2H, CHa);
1,79-1,73 (m, 2H, CHy); 1,69-
1,63 (m, 2H, CHy); 1,57-1,51
(m, 2H, CH); 1,48-1,43 (m,
2H, CHy); 1,40-1,31 (m, 4H,
2CHa); 0,92 (t, J= 17,5 Hz, 3H,
CHs). 3C NMR (125 MHz,
DMSO-d6, & (ppm)): 169,1;
160,8; 157,2; 149,4; 148.4;
141,4; 1372, 136,9; 134,1;
130,3; 128,9; 1244; 123,6;
122,8; 122,2; 120,9; 106,8;
68,0, 42,1; 32,2; 30,9; 28,4;
28,3; 25,2; 25,0; 19,4; 13,6.

'H NMR (500 MHz, DMSO-
d6, & (ppm)): 10,33 (s, 1H,
OH); 8,64 (s, 1H, NH); 7,84

-17-

ESI-HRMS
tim thay:
509,24102; ly
thuyét:
C27H33N40s
M + HI"
509,24001.

ESI-HRMS
tim thay:
478,27013; ly
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(d, J=15,0 Hz, 1H), 7,68 (d, J
= 8,0 Hz, 2H); 7,62 (d, J = 8,5
Hz, 1H); 7,47 (d, J = 3,0 Hz,
1H); 7,40 (dd, J = 2,5 Hz, 8,5
Hz, 1H); 7,32 (d, J = 15,0 Hz,
1H); 7,26 (d, J = 8,0 Hz, 2H);
429 (t, J = 17,0 Hz, 2H, CH>);
4,06 (t, J = 6,5 Hz, 2H, CH>);
2,34 (s, 3H, CH3); 1,96 (t, J =
7,5 Hz, 2H, CH); 1,76-1,73
(m, 2H, CH); 1,65-1,60 (m,
2H, CHy); 1,54-1,50 (m, 2H,
CHy); 1,45-1,42 (m, 2H, CHy);
1,39-1,30 (m, 4H, 2CHy); 0,92
(t, J = 7,5 Hz, 3H, CHs). *C
NMR (125 MHz, DMSO-d6, &
(ppm)): 169,1; 160,9; 156,9;
149,9; 141,6; 139,3; 139,2;
132,6; 129,5; 128,9; 128,7;
127,9; 124,4; 120,6; 118,5;
106,8; 68,0; 42,1; 32,2; 30,8;
28.4; 28,3; 25,2; 25,0; 21,0;
19,4; 13,6. /

'H NMR (500 MHz, DMSO-
d6, & (ppm)): 12,04 (brs, 1H,
OH); 7,88 (d, J = 15,0 Hz,
1H); 7,79 (d, J = 7,5 Hz, 2H);
7,64 (d, J = 9,0 Hz, 1H); 7,49
(d, J=3,0 Hz, 1H); 7,46 (d, J
= 8,0 Hz, 1H); 7,43-7,41 (m,
2H); 7,40-7,37 (m, 1H); 4,31
(t, J = 17,5 Hz, 2H, CHy); 4,07
(t, J = 6,5 Hz, 2H, CHy); 2,22
(t, J=17,5 Hz, 2H, CHy); 1,77-
1,74 (m, 2H, CHz); 1,66-1,63
(m, 2H, CHz); 1,55-1,50 (m,
2H, CHy); 1,46-1,41 (m, 2H,
CHz); 1,39-1,33 (m, 4H,

-18-

thuyét:
C2sH36N304
M + HI"
478,27058.

ESI-HRMS
tim thay:
449,24309; ly
thuyét:
C27H33N204
M + HI":
449,24403.
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2CH»); 0,92 (t, J=17,5 Hz, 3H,
CH;). BC NMR (125 MHz,
DMSO0-d6, & (ppm)): 174,4;
160,8; 157,0; 149,8; 141,5;
139,2; 135,3; 129,5; 128,9;
128,7; 127,9; 124,4; 120,7,
120,0; 106,8; 68,0; 42,1; 33,6;
30,8; 28,4; 282; 25,2; 24,4,
19,4; 14,0.

'H NMR (500 MHz, DMSO-
dé6, & (ppm)): 8,54 (s, 1H, OH);
8,11 (d, J= 15,5 Hz, 1H); 7,79
(d, J= 8,0 Hz, 1H); 7,63 (d, J
=9,0 Hz, 1H); 7,48 (d, J=2,5
Hz, 1H); 7,43-7,38 (m, 3H);
724 (d, J = 15,5 Hz, 1H); 7,12
(d,J=18,5 Hz, 1H); 7,03 (t, J=
7,5 Hz, 1H); 4,26 (t, J = 7,5
Hz, 2H, CHy); 4,06 (t, J = 6,5
Hz, 2H, CHy); 3,91 (s, 3H,
OCHa); 1,89 (t, J= 6,5 Hz, 2H,
CHa); 1,76-1,73 (m, 2H, CHo);
1,67-1,62 (m, 2H, CHy); 1,48-
1,44 (m, 2H, CH); 1,43-1,36
(m, 4H, 2CHy); 1,32-1,28 (m,
2H, CHy); 0,93 (t, J = 7,5 Hz,
34, CH;). 3C NMR (125
MHz, DMSO-d6, & (ppm)):
177,1; 174,6; 160,9; 157,6;
157,0; 150,1; 141,6; 134,4;
130,9; 128,8; 128,6; 124.4;
123,7; 120,8; 119,9; 111,7;
106,8; 68,1; 55,6; 42,3; 38,2;
30,8; 29,2; 28,6; 26,4; 25,5;
19,5; 13,6.

-19-

ESI-HRMS
tim thay:
479,25143; ly
thuyét:
Ca3H35N205
M + HI"
479,25460.
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'H NMR (500 MHz, DMSO-
d6, 8 (ppm)): 8,51 (s, 1H, OH);
7,84 (d, J= 15,0 Hz, 1H); 7,63
(d, J=9,0 Hz, 1H); 7,48 (d, J
= 3,0 Hz, 1H); 7,40 (dd, J =
3,0 Hz, 9,0 Hz, 1H); 7,38-7,34
(m, 4H); 6,99-6,97 (m, 1H);
4,26 (t, J = 1,5 Hz, 2H, CHy);
4,06 (t, J = 6,5 Hz, 2H, CHy);
3,82 (s, 3H, OCH3); 1,90 (t, J
= 6.5 Hz, 2H, CHy); 1,77-1,73
(m, 2H, CHy); 1,65-1,62 (m,
2H, CHz); 1,49-1,43 (m, 2H,
CH»); 1,43-1,36 (m, 2H, CHa);
1,38-1,34 (m, 2H, CH>); 1,32-
1,28 (m, 2H, CHa); 0,93 (t, J =
7,5 Hz, 3H, CH3). C NMR
(125 MHz, DMSO-d6, o
(ppm)): 166,2; 160,9; 159,6;
157,0; 141,5; 139,1; 136,8;
129,9; 128,8; 124,4; 120,7,
120,3; 120,0; 115,3; 113,0;
106,8; 68,1; 55,2; 42,0; 37,9;
30,8; 29,1; 28,6; 26,3; 25,5;
19,4; 13,6.

'"H NMR (500 MHz, DMSO-d®6,
8 (ppm)): 8,53 (s, 1H, OH);
7,85 (d, J = 15,5 Hz, 1H); 7,75
(d, J=9,0 Hz, 2H); 7,61 (d, /=
8,5 Hz, 1H); 7,47 (d, J = 3,0
Hz, 1H); 7,39 (dd, J = 3,0 Hz,
9,0 Hz, 1H); 7,24 (d, J = 15,5
Hz, 1H); 7,02 (d, J = 9,0 Hz,
2H); 4,30 (t, J = 7,5 Hz, 2H,
CH>); 4,06 (t, J = 6,5 Hz, 2H,
CH>); 3,81 (s, 3H, OCHs); 1,88
(t, J = 6,5 Hz, 2H, CHy); 1,76-
1,73 (m, 2H, CHy); 1,65-1,62
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ESI-HRMS
tim thay:
479,25155; 1y
thuyét:
C2sH3sN20s
M + HI*:
479,25051

ESI-HRMS
tim thay:
479,25033; ly
thuyét:
C2sH3sN20s
M + HI":
479,25460.
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(m, 2H, CHp); 1,47-1,35 (m,
6H, 3CH»); 1,32-1,28 (m, 2H,
CHy); 0,93 (t, J = 7,5 Hz, 3H,
CH;). BC NMR (125 MHz,
DMSO-d6, & (ppm)): 160,6;
160,2; 156,6; 149,7; 1414;
138,6; 129,0; 1282; 127,9;
123,8; 120,3; 116,9; 114,1;
107,1; 68,0; 41,9; 55,0; 42,0;
37,8; 30,5; 28,8; 28,3; 26,0;
25,1; 19,0.

'"H NMR (500 MHz, DMSO-d6,
3 (ppm)): 8,53 (s, 1H, OH); 8,0-
7,95 (m, 2H); 7,66 (d, J = 8,5
Hz, 1H); 7,50-7,45 (m, 3H);
7,42 (dd, J = 3,0 Hz, 9,0 Hz,
1H); 7,34-7,30 (m, 2H); 4,30 (t,
J=1,5 Hz, 2H, CHy); 4,07 (t, J
= 6,5 Hz, 2H, CHy); 3,46-3,42
(t,J= 6,5 Hz, 2H, CH»); 1,86 (t,
J=1,5Hz, 2H, CH»); 1,76-1,73
(m, 2H, CHy); 1,67-1,64 (m,
2H, CHp); 1,47-1,36 (m, 4H,
2CHy); 1,32-1,28 (m, 2H,); 0,92
(t, J = 7,5 Hz, 3H, CHs). 1°C
NMR (125 MHz, DMSO-d6, 6
(ppm)): 176,7; 161,1; 160,5;
157,0; 149,2; 141,2; 130,8;
128,7; 124,5; 120,6; 123,9;
122,8; 122,1; 106,7; 120,6;
115,6; 107,1; 68,1; 42,0; 37.8;
30,5; 28,8; 28.,3; 26,0; 25,1;
19,0; 13,1.

'"H NMR (500 MHz, DMSO-
dé, d (ppm)): 8,50 (s, 1H, OH);
7,85 (d, J= 15,5 Hz, 1H); 7,74
(d, J = 9,0 Hz, 1H); 7,63-7,60
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467,23101; ly
thuyét:
C27H32FN204
M + HI"
467,23461.

ESI-HRMS
tim thay:
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(m, 2H); 7,51-7,46 (m, 2H);
7,45 (d, J= 15,5 Hz, 1H); 7,41
(dd, J = 3,0 Hz, 9,0 Hz, 1H);
7,23 (dt, J = 2,0 Hz, 8,5 Hz,
1H); 4,32 (t, J = 7,5 Hz, 2H,
CH»); 4,07 (t, J = 6,5 Hz, 2H,
CH»); 1,93 (t, J = 7,5 Hz, 2H,
CH); 1,76-1,73 (m, 2H, CHy);
1,64-1,61 (m, 2H, CH); 1,55-
1,45 (m, 2H, CHz); 1,42-1,39
(m, 2H, CH2); 1,35-1,22 (m,
4H, 2CH»); 0,92 (t, J= 17,5 Hz,
3H, CH;). C NMR (125
MHz, DMSO-d6, & (ppm)):
163,3; 163,5; 160,8; 157,1;
149,5; 141,4; 137,9; 130,8;
128,9; 124,5; 124,4; 121,3;
120,8; 116,0; 114,0; 113.8;
106,8; 68,1; 42,1; 37,7; 30,9;
29,1; 28,6; 26,2; 25,5; 19,4,
13,6.

'"H NMR (500 MHz, DMSO-d6,
5 (ppm)): 8,51 (s, 1H, OH);
7,87 (t, J = 8,5 Hz, 2H); 7,86 (d,
J=15,5 Hz, 1H); 7,61 (d, J =
9,0 Hz, 1H); 7,47 (d, J = 3,0
Hz, 1H); 7,38 (dd, J = 3,0 Hz,
9,0 Hz, 1H); 7,34 (d, J = 15,5
Hz, 1H); 7,27 (t, J = 8,5 Hz,
2H); 4,30 (t, J = 7,5 Hz, 2H,
CH>); 4,06 (t, J = 6,5 Hz, 2H,
CH,); 2,01 (t, J = 7,5 Hz, 2H,
CH>); 1,76-1,73 (m, 2H, CHa);
1,65-1,62 (m, 2H, CHy); 1,54-
1,51 (m, 2H, CH»); 1,45-1,33
(m, 6H, 3CH2); 0,92 (t, J = 7,5
Hz, 3H, CH3). ®C NMR (125
MHz, DMSO-d6, & (ppm)):

-2

C27H32FN204
M+ H]*:
467,23461.

ESI-HRMS
tim thay:
467,23107; ly
thuyét:
C27H32FN204
M + H"
467,23461.
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174,5; 163,7, 161,7; 160,8;
157,0; 149,7, 141,5; 138,0;
132,0; 130,1; 128,7; 124,3;
120,6; 119,5; 115,9; 106,7;
67,9; 42,1; 33,6; 30,8; 28.,4;
28,2;25,2; 24,4; 19,4; 13,6.

"H NMR (500 MHz, DMSO-d6,
& (ppm)): 11,08 (s, 1H, OH);
8,13 (d, J= 15,5 Hz, 1H); 8,08
(t, J= 8,0 Hz, 2H); 7,82 (t, J =

ESI-HRMS
tim thay:
493,22021; ly
thuyét:

8,0 Hz, 1H); 7,68 (d, J = 8,0 Ca7H32N30¢
Hz, 1H); 7,63 (d, J = 9,0 Hz, [M + HJ"
1H); 7,49 (d, J = 3,0 Hz, 1H); 493,22129.
7,42 (d, J= 15,5 Hz, 1H); 7,41-

7,39 (m, 1H); 4,30 (t, J = 7,5

Hz, 2H, CH,); 4,08 (t, J = 6,5

Hz, 2H, CHy); 2,22 (t, J = 7,5

Hz, 2H, CHz); 1,78-1,74 (m,

2H, CH); 1,65-1,62 (m, 2H,

CH»); 1,55-1,52 (m, 2H, CHb);

1,46-1,42 (m, 2H, CH); 1,40-

1,33 (m, 4H, 2CH>); 0,92 (t, J =

7,5 Hz, 3H, CH3). )C NMR

(125 MHz, DMSO-d6, &

(ppm)): 174,4; 160,7; 157,3;

149,0; 148,3; 141,2; 133,7;

133,6; 130,2; 130,1; 129,2;

128,9; 124,6; 124,4; 120,9;

106,8; 68,0; 42,2; 33,6; 30,9;

28,4; 282; 252; 244; 194;

13,6.

oN

'H NMR (500 MHz, DMSO-d6, ESI-HRMS

& (ppm)): 11,94 (s, 1H, OH); tim thay:
8,63 (s, 1H); 8,26 (d, J = 8,0 493,22011; ly
Hz, 1H); 8,22 (d, J = 8,0 Hz, thuyét:

1H); 7,97 (d, J = 15,0 Hz, 1H); C27H3N306
7,73 (t, J=8,0Hz, 1H); 7,64 (d, M + HJ":

-23-
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Hz, 1H); 7,42 (dd, J = 2,5 Hz,
9,0 Hz, 1H); 4,34 (t, J= 17,5 Hz,
2H, CHy); 4,08 (t, J = 6,5 Hz,
2H, CHy); 2,22 (t, J = 7,5 Hz,
2H, CH); 1,78-1,74 (m, 2H,
CHy); 1,65-1,62 (m, 2H, CHy);
1,55-1,52 (m, 2H, CHy); 1,46-
1,42 (m, 2H, CH); 1,40-1,33
(m, 4H, 2CH>); 0,92 (t, J = 7,5
Hz, 3H, CHs3). 3C NMR (125
MHz, DMSO-d6, & (ppm)):
174,4; 160,8; 157,2; 149,4;
148,4; 141,4; 137,2; 136,9;
134,0; 130,3; 128,9; 124,4;
123,6; 122,8; 122.2; 120,9;
106,8; 68,0; 42,1; 33,6; 30,9;
28,4; 28,2; 25,2; 24,4; 19.4;
13,6.

'HNMR (500 MHz, DMSO-d6,
3 (ppm)): 11,09 (s, 1H, OH);
7,84 (d, J = 15,5 Hz, 1H); 7,68
(d, J=8,0 Hz, 2H); 7,62 (d, J =
9,0 Hz, 1H); 7,48 (d, J = 3,0
Hz, 1H); 7,40 (dd, J = 3,0 Hz,
9,0 Hz, 1H); 7,33 (d, J = 15,5
Hz, 1H); 7,26 (d, J = 8,0 Hz,
2H); 4,30 (t, J = 7,5 Hz, 2H,
CHy); 4,07 (t, J = 6,5 Hz, 2H,
CH>); 2,35 (s, 3H, CHa); 2,22 (¢,
J=1,5Hz, 2H, CHy); 1,76-1,74
(m, 2H, CHz); 1,65-1,62 (m,
2H, CHz); 1,55-1,52 (m, 2H,
CHa); 1,46-1,42 (m, 2H, CHa);
1,40-1,33 (m, 4H, 2CHy); 0,92
(t, J = 7,5 Hz, 3H, CHs). 13C
NMR (125 MHz, DMSO-d6, §

-24-

AN J =90 Hz, 1H); 7,62 (d, J = 493,22129.
/Q;g«/\/\ 15,0 Hz, 1H); 7,49 (d, J = 2,5

ESI-HRMS
tim thay:
463,25168; 1y
thuyét:
CasH35N204
M + HI"
463,25968.
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(ppm)): 174,2; 160,9; 156,9;
149,9; 141,6; 139,3; 139,2;
132,6; 129,5; 128,7; 127,9;
124,4; 120,6; 118,6; 106,8;
67,9; 42,1; 33,6; 30,8; 28,4;
28,2; 252; 24,4; 21,0; 19,4,
13,6.

'"H NMR (500 MHz, CDsOD, &
(ppm)): 7,82 (d, J = 15,5 Hz,
1H); 7,69 (d, J = 7,0 Hz, 2H);
7,62 (d, J = 9,0 Hz, 1H); 7,52
(d, J = 3,0 Hz, 1H); 7,46-7,43
(m, 2H); 7,40 (d, J = 7,0 Hz,
1H); 7,32 (d, J = 2,5 Hz, 1H);
7,30 (d, J = 15,5 Hz, 1H); 4,30
(t, J=1,5 Hz, 2H, CHy); 1,78-
1,75 (m, 2H, CH»); 1,51-1,46
(m, 2H, CHy); 1,02 (t, J = 7.5
Hz, 3H, CHj3). 3C NMR (125
MHz, CD3;0D, & (ppm)): 163,5;
157,9; 151,5; 142,3; 141.4;
137,0; 130,7; 130,0; 129,6;
128,8; 125,5; 1224; 120,3;
110,3; 44,4; 32,2; 21,1; 14,1.

"HNMR (500 MHz, DMSO-d6,
d (ppm)): 10,09 (s, 1H, OH);
7,81 (d, J = 15,0 Hz, 1H); 7,79
(trung chap, 2H); 7,57 (d, J =
8,5 Hz, 1H); 7,49 (d, J = 8,5
Hz, 2H); 7,42 (d, J = 3,0 Hz,
1H); 7,39 (d, J = 15,0 Hz, 1H);
7,28 (dd, J = 3,0 Hz, 8,5 Hz,
1H); 4,27 (t, J = 7,5 Hz, 2H,
CHy); 3,38 (s, 3H, OCH3); 1,62-
1,59 (m, 2H, CH); 1,38-1,36
(m, 2H, CH2); 0,91 (t, J = 17,5
Hz, 3H, CH3). *C NMR (125

-25-
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MHz, DMSO-d6, & (ppm)):
160,76 (C=0); 156,08; 148,77;
140,36; 137,35; 134,37; 133,81;
129,53; 128,84; 128,77; 124,02;
121,00; 120,63; 109,08; 55,24,
42,05; 30,89; 19,44; 13,60.

'H NMR (500 MHz, CD30D, §
(ppm)): 7,64 (d, J = 15,5 Hz,
1H); 7,59 (d, J = 9,0 Hz, 1H);
7,50 (d, J = 2,5 Hz, 1H); 7,35-
7,28 (m, 2H); 7,25-7,22 (m,
2H); 7,19 (d, J = 15,5 Hz, 1H);
6,97 (d, J=9,0 Hz, 1H); 4,27 (t,
J=1,5 Hz, 2H, CHy); 3,85 (s,
3H, OCH3); 1,76-1,73 (m, 2H,
CHy); 1,50-1,45 (m, 2H, CHy);
1,02 (t, J = 7,5 Hz, 3H, CHs).
3C NMR (125 MHz, CDs0D, §
(ppm)): 163.,4; 161,6; 157.9;
151,4; 142.3; 141,4; 138,3;
131,0; 129,6; 125,5; 1224;
121,2; 120,6; 116,4; 113,9;
110,3; 55,8; 44,4; 32,1; 21,0;
14,1.

'H NMR (500 MHz, DMSO-d6,
& (ppm)): 10,03 (s, 1H, OH);
7,81 (d, J = 15,0 Hz, 1H); 7,72
(d, J=8,5 Hz, 2H); 7,55 (d, J =
9,0 Hz, 1H); 7,42 (d, J = 3,0
Hz, 1H); 7,27 (dd, J = 3,0 Hz,
9,0 Hz, 1H); 7,21 (d, J = 15,0
Hz, 1H); 7,0 (d, J= 8,5 Hz, 2H,
CHa); 4,26 (t, J = 7,5 Hz, 2H,
CHb>); 3,80 (s, 3H, OCH3); 1,65-
1,60 (m, 2H, CHa); 1,41-1,33
(m, 2H, CHp); 0,92 (t, J = 7,5
Hz, 3H, CHs). 3C NMR (125
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MHz, DMSO-d6, & (ppm)):
160,84; 160,35; 155,78; 149,2;
140,54; 138,55; 129,44; 128,60;
123,97, 120,77; 117,11; 114,32;
109,03; 55,24; 41,98; 30,84;
19,45; 13,61.

'H NMR (500 MHz, CD3;0D, &
(ppm)): 7,95 (d, J = 15,5 Hz,
IH, H-B); 7,78-7,75 (m, 1H);
7,65 (d, J = 8,5 Hz, 1H); 7,53
(d, J=2,0 Hz, 1H); 7,44 (d, J =
15,5 Hz, 1H, H-o)); 7,33 (dd, J =
2,5 Hz, 9,0 Hz, 1H); 7,29-7,26
(m, 2H); 7,23-7,19 (m, 1H);
431 (t, J = 7,5 Hz, 2H, CH»);
1,80-1,77 (m, 2H, CHa); 1,52-
1,48 (m, 2H, CHy); 1,04 (t, J =
7,0 Hz, 3H, CH;). C NMR
(125 MHz, CD;OD, 6 (ppm)):
163,6; 161,6; 157,9; 151,1;
142,4; 133,8; 132,2; 130,4;
129,9; 125,9; 125/4; 124,8;
123,4; 122,6; 117,1; 110,5;
44.4; 32,2; 21,0; 14,0.

'H NMR (500 MHz, CD30D, §
(ppm)): 7,81 (d, J = 15,5 Hz,
1H); 7,63 (d, J = 8,5 Hz, 1H);
7,53-7,44 (m, 4H); 7,37 (d, J =
15,5 Hz, 1H); 7,33 (d, J = 9,0
Hz, 1H); 7,16-7,12 (m, 1H);
433 (t, J = 7,5 Hz, 2H, CHy);
1,78-1,75 (m, 2H, CHa); 1,51-
1,47 (m, 2H, CHy); 1,03 (t, J =
7,0 Hz, 3H, CH;). *C NMR
(125 MHz, CD30D, é (ppm)):
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165,6; 163,4; 158,1; 151,1;
142,2; 140,0; 139,4; 131,8;
129,7; 125,5; 124,9; 122,5;
121,9; 117,3; 114,9; 110,3;
44.4;32,2; 21,0; 14,1.

'"H NMR (500 MHz, CD3;0D, §
(ppm)): 7,83 (d, J = 15,5 Hz, 1H);
7,77-1,74 (m, 2H); 7,64 (d, J =
9,0 Hz, 1H); 7,53 (d, J = 2,5 Hz,
1H); 7,34 (dd, J = 2,5 Hz, 9,0 Hz,
1H); 7,29 (d, J = 15,5 Hz, 1H);
7,22-7,18 ((m, 2H); 4,33 (t, J =
7,5 Hz, 2H, CHp); 1,81-1,75 (m,
2H, CHy); 1,52-1,48 (m, 2H,
CHy); 1,04 (t, J = 7,5 Hz, 3H,
CH;). BC NMR (125 MHz,
CD;0D, & (ppm)): 165,9; 163,5;
157,9; 151,5; 142,3; 140,1; 133,5;
130,9; 129,6; 125,5; 122,5; 120,3;
117,0; 110,3; 44,4; 32,2; 21,0;
14,1.

'H NMR (500 MHz, CDCl3, &
(ppm)): 8,15 (d, J = 15,0 Hz, 1H);
8,06-8,04 (dd, J = 1,0 Hz, 8,5 Hz,
1H); 7,96 (d, J = 7,5 Hz, 1H);
7,77 (t, J=1,5 Hz, 1H); 7,64 (d, J
= 9,0 Hz, 1H); 7,61 (d, J = 1,0
Hz, 1H); 7,53 (d, J = 3,0 Hz, 1H);
7,34-7,31 (dd, J = 3,0 Hz, 9,0 Hz,
1H); 7,31 (d, J = 15,0 Hz, 1H);
4,32 (t, J = 8,0 Hz, 2H, CHy);
1,80-1,74 (m, 2H, CHy); 1,51-
1,44 (m, 2H, CH); 1,01 (t, J =
7,0 Hz, 3H, CH3). 13C NMR (125
MHz, CDCl, & (ppm)): 163,4;
158,4; 150,4; 150,1; 142,1; 135,9;
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134,6; 132,1; 131,1; 130,1; 130,0;
125,7; 125,6; 125,4; 122,7; 110,4;
44.5; 32,3; 21,0; 14,1.

'"H NMR (500 MHz, DMSO-ds, &
(ppm)): 10,12 (s, 1H, OH); 8.60
(t, J=1,5 Hz, 1H); 8,24 (d, J =
7,5 Hz, 1H); 8,20 (dd, J = 1,5 Hz,
8,0 Hz, 1H); 7,93 (d, J = 15,0 Hz,
1H); 7,12 (t, J= 8,0 Hz, 1H); 7,58
(d, J=9,0 Hz, 1H); 7,56 (d, J =
15,0 Hz 1H); 7,43 (d, J = 3,0 Hz,
1H); 7,28 (dd, J = 3,0 Hz, 9,0 Hz,
1H); 4,31 (¢, J = 7,5 Hz, 2H,
CHy); 1,64-1,61 (m, 2H, CHb);
1,39-1,34 (m, 2H, CHz); 0,92 (t, J
= 7,5 Hz, 3H, CH3). *C NMR
(125 MHz, DMSO-ds, 6 (ppm)):
160,7; 156,3; 148,5; 148,4; 140,3;
137,3; 136,4; 133,9; 130,2; 128,9;
124,0; 123,5; 122,9; 122,1; 121,1;
109,1; 42,0; 30,9; 19,4; 13,6.

'H NMR (500 MHz, CDs;0D, &
(ppm)): 7,91 (d, J = 10 Hz, 2H);
7,66 (d, J= 8,0 Hz, 1H); 7,49 (d, J
=7,0 Hz, 1H); 7,34 (d, J = 7,5 Hz,
1H); 7,26-7,22 (m, 2H); 7,06 (d, J
= 15,5 Hz, 1H); 4,26 (m, 2H,
CH>); 2,39 (s, 3H, CHs); 1,82-1,80
(m, 2H, CH»); 1,52-1,50 (m, 2H,
CHy); 1,03 (t, J = 7,5 Hz, 3H,
CH;). *C NMR (125 MHz,
CDCl3, & (ppm)): 162,4; 154,4;
149,9; 142,2; 140,4; 139,9; 133,2;
129,7; 129,2; 127,7; 124,3; 121,4;
118,1; 110,6; 43,7; 31,3; 21,4,
20,3; 13,7.
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(0] 'H NMR (500 MHz, CDCIs, &
HO N (ppm)): 7,85 (d, J = 3,0 Hz, 1H);
7,54 (d, J=9,0 Hz, 1H); 7,31 (dd,
~
N/K

J = 3,0 Hz, 9,0 Hz, 1H); 7,63
(brs, 1H); 4,09 (t, J= 7,5 Hz, 2H,
CH»); 2,64 (s, 3H, CH3); 1,74-
1,70 (m, 2H); 1,50-1,46 (m, 2H);
1,0 (t, J = 7,5 Hz, 3H, CH3). *C
NMR (125 MHz, CDCls, 6
(ppm)): 162,2; 155,2; 152,4;
141,4; 128,3; 124,2; 121,2; 110,1;
44,7, 30,7; 22,8; 20,3; 13,7.

Vi du thue hién giai phap hitu ich

Sau day, giai phap hitu ich s& dugc mo ta mot cach chi tiét hon thoéng qua céac vi du
minh hoa cho giai phéap hitu ich.
Vi du 1: Quy trinh tdng hop chit 6f

Budce 1

Pun héi Ivu hdn hop cia axit 5-hydroxy anthranilic (5,0 g; 32,67 mmol) va anhydrit
axetic & 150 °C trong 2 gid; hdn hop sau d6 duge db ra nudc da; tia tao thanh duge loc,
gitra bang nudc cat va lam kho trong chan khong thu duge chat 2 (5,03 g; 87%), dugc sir
dung ludn cho céc bude tiép theo;

Budc 2

Mot hdn hop cta hop chat 2 (1,0 g; 5,64 mmol) va n-butylamin (16,92 mmol) trong
axit axetic (10 mL) dugc dun hdi luu & nhiét d6 120 °C trong 14 gid; tién trinh phan Gng
duoc kiém tra boi sic ky 16p mong (n- hexan : etyl axetat = 1 : 1); hdn hop phan tmg dugc
trung hoa bang NaHCO3 50% dén pH = 7 va chiét v6i CH,Cly (3 x 20 mL); pha hitu co
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duoc tach ra, lam khan bé’mg NaxCO3, bde hoi dudi ap suét giam; cdn sau bdc hoi duge tién
hanh séc ky cot silica gel st dung hé trién khai - hexan : etyl axetat =1 : 1 cho san phim
3 (92%): (3-butyl-6-hydroxy-2-metylquinazolin-4(3H)-on);
'H NMR (500 MHz, CDCls, & (ppm)): 7,85 (d, J = 3,0 Hz, 1H); 7,54 (d, J = 9,0 Hz, 1H);
7,31 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,63 (brs, 1H); 4,09 (t, J= 7,5 Hz, 2H, CH>); 2,64 (s, 3H,
CHa); 1,74-1,70 (m, 2H); 1,50-1,46 (m, 2H); 1,0 (t, J = 7,5 Hz, 3H, CH;). C NMR (125
MHz, CDCls, & (ppm)): 162,2; 155,2; 152,4; 141,4; 128,3; 124,2; 121,2; 110,1; 44,7; 30,7;
22,8;20,3; 13,7.
Bude 3

Hoa tan 3-butyl-6-hydroxy-2-metylquinazolin-4(3H)-on (3) va 3-flobenzandehit
trong dung moi axit axetic khan; thyc hién phan tmg & 140°C c6 khudy tir va hdi lwu trong
16 gid; hdn hop san phim thu duogc sau phin tng dem chiét CH,Cl, : H,O 3 lan, thu pha
hitu co dem 1am khan, ¢6 quay dudi ap sudt giam thu dugc sin phim tho; tiép tuc két tinh
trong hé n-hexan: etyl axetat, sau d6 loc rira tinh thé bang n-hexan lanh trén ph&u Buchner
va lam kho trong ti sdy, thu dugc san pham 4f;

Hop chit 4f: (E)-3-butyl-6-hydroxy-2-(3-flostyryl) quinazolin-4(3H)-on: 'H NMR
(500 MHz, CDs0D, & (ppm)): 7,81 (d, J = 15,5 Hz, 1H); 7,63 (d, J = 8,5 Hz, 1H); 7,53-
7,44 (m, 4H); 7,37 (d, J= 15,5 Hz, 1H); 7,33 (d, J = 9,0 Hz, 1H); 7,16-7,12 (m, 1H); 4,33
(t, J=17,5 Hz, 2H, CHy); 1,78-1,75 (m, 2H, CHy); 1,51-1,47 (m, 2H, CHa); 1,03 (t, /= 7,0
Hz, 3H, CH3). *C NMR (125 MHz, CD30D, & (ppm)): 165,6; 163,4; 158,1; 151,1; 142,2;
140,0; 139,4; 131,8; 129,7; 125,5; 124,9; 122,5; 121,9; 117,3; 114,9; 110,3; 44,4; 32,2,
21,0; 14,1.

Budce 4

Hdn hop ctia 4f (1,96 mmol) va KOH (2,35 mmol) trong axetonitril (15 mL) da
duoc nho tir tir etyl-7-bromheptanoat (2,35 mmol); hdn hogp phan tng dugc khudy & 60 °C
trong 24 gidy; phan tng duge theo dai boi TLC bang cach st dung (n-hexan: etyl axetat =
1: 1) lam hé dung méi trién khai; hdn hgp phan ting sau d6 dugc pha loing véi CH2Clz (15
mL) va dugc chiét bang nude (3 x 15 mL); pha hitu co duge tach ra, lam kho bing
NaxSO4 khan va c¢d béc hoi dén cin; phan cin sau d6 duoc thuy phan trong hdn hop
CHyClo: MeOH = 9: 1 trong diéu kién kiém (NaOH 0,2 N trong EtOH) trong 24 gio; hon
hop cubi cung duoc pha lodng véi CH2Cl (20 mL) va dwoc chiét véi HoO (2 x 15 mL);
pha nuéc duoc gom lai, axit héa dén pH = 3 bang HCI 0,2N va duge chiét bing CH2CL (3
x 15 mL); pha hitu co dugc tach ra, 1am khan bing Na,SO4 va cb bay hoi dén cin; hop
chit 5f thu dugc bing phuong phép sic ky cot nhanh trén silica gel sit dung CH,Cl:
MeOH lam hé dung méi rira giai,
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Hop chit 5f (81%): Axit (E)-7-((2-Butyl-3-(3-flostyryl)-4-oxo-3,4-
dihydroquinazolin-6-yl)oxy)heptanoic

'"H NMR (500 MHz, DMSO-d6, & (ppm)): 8,50 (s, 1H, OH); 7,85 (d, J= 15,5 Hz,
1H); 7,74 (d, J = 9,0 Hz, 1H); 7,63-7,60 (m, 2H); 7,51-7,46 (m, 2H); 7,45 (d, J = 15,5 Hz,
1H); 7,41 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,23 (dt, J = 2,0 Hz, 8,5 Hz, 1H); 4,32 (t, J = 7,5
Hz, 2H, CHy); 4,07 (t, J = 6,5 Hz, 2H, CHy); 1,93 (t, J = 7,5 Hz, 2H, CHy); 1,76-1,73 (m,
2H, CHa); 1,64-1,61 (m, 2H, CHy); 1,55-1,45 (m, 2H, CHa); 1,42-1,39 (m, 2H, CH>); 1,35-
1,22 (m, 4H, 2CHy); 0,92 (t, J = 7,5 Hz, 3H, CH3). ’C NMR (125 MHz, DMSO-d6, 6
(ppm)): 163,3; 163,5; 160,8; 157,1; 149,5; 141,4; 137,9; 130,8; 128,9; 124,5; 124,4; 121,3;
120,8; 116,0; 114,0; 113,8; 106,8; 68,1; 42,1; 37,7; 30,9; 29,1; 28,6; 26,2; 25,5; 19,4; 13,6.
ESI-HRMS tim thiy: 467,23115; tinh toan Co7H3FN204 [M + H]": 467,23461.

Buéce 5

Mot hdn hop cia NH,OTHP (120 mg; 1,02 mmol; 1 dwong lugng), 5f (1,0 duong
lugng), EDC.HCI (194 mg; 1,02 mmol; 1 dwong lugng), DMAP (61 mg; 0,5 mmol; 0,5
duong luong) trong CH2Clz (15 mL) dugce khudy & nhiét d6 phong trong 24 gid; phan tng
duoc theo ddi boi séc ky ban mong st dung hé dung méi trién khai (CH2Clo: MeOH = 30:
1): hon hop phan tng sau d6 duge pha lodng véi CH2Cl (15 mL) va duoc chiét lién tiép
v6i 5% NaHCO3, 5% HCI va H>O; pha hitu co dugce tach ra, lJam khan béng NazS04 khan
va ¢ bay hoi dén cin; phin cin sau d6 duge hoa tan trong etanol (5 mL), 1am mat béng
nuéc d4; benzoyl clorua (2 giot) dwoc thém vao va hon hop nay va hon hop duge khudy
thém 6 gid; tiép theo, hdn hop phan img dugc pha lodng véi H20 (10 mL) va dwgc chiét
v6i CHyCla (2 % 15 mL); pha hitu co dugc tach ra, 1am khan bang Na;SOs; hop chit 6f thu
dwoc bang sic ky cot trén silica gel sir dung CH2Clo: MeOH (20: 1) 1am hé dung mdi ria
giai;

Hop chit 6f: (66%) (E)-7-((2-Butyl-3-(3-flostyryl)-4-oxo-3,4-dihydroquinazolin-6-
yl)oxy)-N-hydroxyheptanamit.

"H NMR (500 MHz, DMSO-d6, & (ppm)): 10,32 (s, 1H, OH); 8,65 (s, 1H, NH);
7,85 (d, J= 15,5 Hz, 1H); 7,74 (d, J = 9,0 Hz, 1H); 7,63-7,59 (m, 2H); 7,50-7,48 (m, 2H);
7,46 (d, J = 15,5 Hz, 1H); 7,40 (dd, J = 3,0 Hz, 9,0 Hz, 1H); 7,22 (dt, J = 2,0 Hz, 8,5 Hz,
1H); 4,31 (t, J= 7,5 Hz, 2H, CHy); 4,06 (t, J = 6,5 Hz, 2H, CH>); 1,97 (t, J = 7,5 Hz, 2H,
CHy); 1,76-1,73 (m, 2H, CH>); 1,64-1,61 (m, 2H, CHy); 1,54-1,51 (m, 2H, CH>); 1,44-1,40
(m, 2H, CH>); 1,39-1,30 (m, 4H, 2CHy); 0,92 (t, J = 7,5 Hz, 3H, CH3). 3C NMR (125
MHz, DMSO-d6, 6 (ppm)): 169,1; 163,5; 161,6; 160,8; 157,1; 149,5; 141,4; 137,9; 130,8;
128,8; 124,5; 121,3; 120,8; 116,2; 114,0; 120,9; 106,8; 68,0; 42,1; 32,2; 30,9; 28,4; 28,3;
25,2; 25,0; 19,4; 13,6. ESI-HRMS tim théy: 482,24058; tinh toan C27H33FN304 [M + HJ™:
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482,24551.

Vi du 2: Thir nghiém hoat tinh sinh hoc ciia cac hop chat thu duoc
Vi du 2a: Phuwong phéap nudi cdy té bao in vitro

Cac dong t& bao ung thu (TBUT) dugc nudi cdy dudi dang don 16p trong moi
trudng nudi cdy DMEM véi thanh phin kém theo bao gdm 2 mM L-glutamin, 10 mM
HEPES, va 1,0 mM natri pyruvat. Ngoai ra, 10% huyét thanh phéi bo (fetal bovine serum -
FBS (GIBCO)) con duge bd sung thém.

Té bao duge cdy chuyén sau 3-5 ngay v6i ty 18 1:3 va nudi trong ti &m CO; & didu
kién nhiét d§ 37°C, 5% COa.

Vi du 2b: Phép thir sinh hoc xé4c dinh d§ doc té bao (cytotoxic assay)

Phuong phap thir d6 doc t& bao in vitro duge Vién Ung thu Qudc gia Hoa Ky
(National Cancer Institute - NCI) x4c nhén 14 phép thir d6 doc té bao chuin nhim sang loc,
phat hién cac chat c6 kha nang kim ham sy phét trién hogc tiéu diét TBUT & diéu kién in
vitro. Phép thir ndy dwoc thuc hién theo phwong phép dwoc dé cap trong céc tai lidu sau
day:

A. Monks, D.; et al. Feasibility of a high-flux anticancer drug screen using a diverse
panel of cultured human tumor cell lines; Journal of National Cancer Institute. 83 (11),
757-766 (1991);

D. A. Scudiero, et al. Evaluation of a soluble Tetrazolium/Formazan assay for cell
growth and drug sensivity in culture using human and other tumor cell lines; Cancer
Research. 48, 4827-4833(1988);

L. B. S. Kardono, et al. Cytotoxic and antimalarial constituents of the roots of
Eurycoma longifolia; J. Nat. Prod., 54 (5) 1360-1367(1991);

M. C. Alley, et al. Feasibility of drug screening with panels of human tumor cell
lines using a microculture tétrazolium assay. Cancer Research. 48, 589-601 (1988);

R. H. Shoemaker, et al. Application of high-throughput, molecular-targeted
screening to anticancer drug discovery. Curr. Top. Med. Chem.; 3(2), 229-246 (2002).

Phép thir tién hanh x4c dinh ham lwong tong protein t& bao dua vao mat d6 quang
hoc (OD - Optical Density) do duge khi thanh phin protein cta t& bao dwge nhudém bang
Sulforhodamin B (SRB). Gia tri OD ctia may do ty 1& thuan vé6i lugng SRB gin vé6i phan
tir protein, do d6 lwong té bao cang nhidu (lwong protein cang nhiéu) thi gia tri OD cang
16n. Phép thir duoc thuc hién trong diéu kién cu thé nhu sau:

- Chét thtr (20 pl) pha trong DMSO 10% dugc dua vao cac giéng cua khay 96 giéng
dé c6 ndng do sang loc 1a 100 pg/ml. Chit thir c6 hoat tinh dwgc xac dinh ICso nho dai
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ndng d6 100 pg/ml, 20 pg/ml, 4 pg/ml va 0,8 pg/ml;

- Trypsin hoa té bao thi nghiém dé lam roi té bao va dém trong budng dém dé diéu
chinh mét d cho phu hgp véi thi nghiém;

- Thém vao céac giéng thi nghiém lwong té bao phit hop (trong 180 pl moi trudng) va
d8 ching phat trién trong vong tir 3-5 ngay;

- Mot khay 96 giéng khac khong c6 chit thir nhung c6 TBUT (180 pl) s& dugce sir
dung lam déi ching ngay 0. Sau 1 gio, dia déi chimg ngay 0 s& dugc ¢d dinh té bao bing
axit tricloaxetic (TCA);

- Sau giai doan phat trién trong ti 4m CO,, t& bao dugc cb dinh vao day giéng bang
TCA trong 30 phit, dwge nhudm bing SRB trong 1 git & 37°C. Loai bo SRB va céc giéng
thi nghiém dugce rira 3 l4n bang 5% axit axetic roi dé kho trong khong khi & nhiét do
phong;

- Cudi cung, sir dung 10 mM Tris Base khong dugc dém dé hoa tan luong SRB di
bam va nhudém céac phan tr protein, dua 1én may lic dia lic nhe trong 10 phut va st dung
mday ELISA Plate Reader (Bio-Rad) dé doc két qua vé& ham lugng mau cia chat nhudém
SRB qua ph hap phu & budc séng 515 nm. Kha ning sdng s6t cua té bao khi c6 mit chit
thir s& dwoc x4c dinh bang cong thirc sau:

% song sot = [(OD(chét thiry - OD(ngay 0))x100]/[OD(déi chimg am) - OD(ngay 0)]
% (rc ché = 100% - % sdng sot

- Céc phép thir duoc lip lai 3 1an dé dam bao tinh chinh x4c. SAHA (Sigma) luén
duge st dung nhu 13 chit dbi chimg dwong va duge thit nghiém & cac noéng d 10 pg/ml, 2
ug/ml, 0,4 pg/ml va 0,08 pg/ml;

- DMSO 10% luén duogc sit dung nhu déi chimg am. Gia tri ICso (ndng d¢ tc ché
50% su phat trién) s& duge xac dinh nho vao phin mém may tinh Table Curve. Chét thtr
nao ¢6 ICso < 20 pg/ml (vdi chét chiét thé hodc v6i phan doan hoa hoc), hodc ICso < 4
ug/ml (v6i hoat chét tinh khidt) s& dugc xem 1a 6 hoat tinh gy ddc té bao va c6 kha ning
trc ché sy phat trién hoic tiéu diét TBUT.

Céc hop chét 13 cac axit hydroxamic chira hé lién hgp quinazolinon dugc thir tac
dung khang véi 3 dong té bao ung thu (TBUT) bao gdm MCF-7, SK-LU-1 va HepG-2. Két
qua 1a hop chit (E)-7-((2-butyl-4-oxo-3-styryl-3,4-dihydroquinazolin-6-yl)oxy)-N-
hydroxyheptanamit (6a) thé hién hoat tinh khang ung thu manh d6i véi ca 3 dong té bao
ung thu gan (HepG-2), va (MCF-7) va phdi (SK-LU-1) & ICso 1an luot 1a: 3,62; 5,90 va
3,98 pg/mL. Hop chét (E)-7-((2-butyl-3-(3-metoxystyryl)-4-oxo-3,4-dihydroquinazolin-6-
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yl)oxy)-N-hydroxyheptanamit (6¢) thé hién hoat tinh khang ung thu manh d6i voi ca 3
dong t bao ung thu gan (HepG-2), vt (MCF-7) va phdi (SK-LU-1) & ICso lan luot 1a: 3,46;
3,55 va 3,32 pg/mL.

Hop chét (E)-7—((2-buty1—3-(3-ﬂostyry1)-4-oxo-3,4-dihydroquinazolin—6-y1)0xy)-N-
hydroxyheptanamit (6f) thé hién hoat tinh khang ung thu manh dbi v6i ca 3 dong té bao
ung thu gan (HepG-2), va (MCF-7) va phdi (SK-LU-1) & ICso lan luot 13 1,90; 1,86 va
1,13 pg/mL.

Két qua cu thé dugc thé hién trong Bang 2 dudi day

Béng 2: Hoat tinh khang ung thu in vitro cua cc hop chét tbng hop theo giai phap hiru
ich

TT Nhém thé (R) Hoat tinh ddc t& bao (ICso, pg/mL)/dong té bao
HepG-2 MCEF-7 SKLu-1

6a H 3,62+0,59 5,90+0,72 3,98+0,57
6b 2-OCH; 10,52+1,99 9,12+1,69 927+1,23
6¢ 3-OCH; 3,46+0,51 3,55+0,58 3,32+0,37
6d 4-OCH; 11,50+1,85 13,13+1,21 10,36+1,59
6e 2-F 5,35+0,50 6,73+0,15 6,19+1,99
6f 3-F 1,90+0,46 1,86+0,37 1,13+0,48
6g 4-F 6,74+0,36 6,910,59 5,92+0,75
6h 2-NO 4,61+0,49 9,92+1,21 6,37+0,89
6i 3-NO; 29,09+2,13 40,41+3,63 43,62+4,60
6j 4-CHj 9,68+0,42 8,31+0,99 7,33+0,19
SAHA 0,30+0,01 1,9+0,02 0,039+0,04

Chét chudn SAHA c6 hoat tinh Grc ché cic dong té bao ung thu gan HepG-2
(ATCC-HB-8065), ung thu vi MCF-7 (ATCC-HTB-22) va ung the phdi SK-LU-1
(ATCC-HTB-57) v6i ICso lan lwot 14 0,30; 1,90 va 0,039 pg/mL. Cac gia tri la gia tri
trung binh cua 3 lan thir nghiém.
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YEU CAU BAO HQ

1. Hop chit axit hydroxamic c6 cong thirc chung (I):

(0]
HO \n/\/\/\/ !
0] N |

R

9

M

trong d6 R 1a phﬁn tr thé duoc chon tir nhém bao gém: H; 2-OCHs; 3-OCH3; 4-OCHs; 2-
F; 3-F; 4-F; 2-NOg; 3-NO; 4-CHs.

2. Hop chét theo diém 1, trong d6 hop chét nay 1a (E)-7-((2-butyl-4-ox0-3-styryl-3,4-
dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6a).

3. Hop chét theo diém 1, trong d6 hop chét nay 1a (E)-7-((2-butyl-3-(2-metoxystyryl)-4-
ox0-3,4-dihydroquinazolin-6-y1)oxy)-N-hydroxyheptanamit (6b).

4. Hop chét theo diém 1, trong d6 hop chét nay 13 (E)-7-((2-butyl-3-(3-metoxystyryl)-4-
ox0-3,4-dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6c).

5. Hop chét theo diém 1, trong d6 hop chét nay 1a (E)-7-((2-butyl-3-(4-metoxystyryl)-4-
0x0-3,4-dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6d).

6. Hop chét theo diém 1, trong d6 hop chit nay 1a (E)-7-((2-butyl-3-(2-flostyryl)-4-oxo-
3 4-dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6e).

7. Hop chit theo diém 1, trong d6 hop chat nay 1a (E)-7-((2-butyl-3-(3-flostyryl)-4-oxo-
3 4-dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6f).

8. Hop chét theo diém 1, trong d6 hop chit nay 1a (E)-7-((2-butyl-3-(4-flostyryl)-4-oxo-
3,4-dihydroquinazolin-6-y1)oxy)-N-hydroxyheptanamit (6g).

9. Hop chét theo diém 1, trong d6 hop chét nay 1a (E)-7-((2-butyl-3-(2-nitrostyryl)-4-oxo-
3,4-dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6h).

10. Hop chét theo diém 1, trong d6 hop chit nay 13 (E)-7-((2-butyl-3-(3-nitrostyryl)-4-oxo-
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3 4-dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6).

11. Hop chit theo diém 1, trong d6 hop chét nay la (E)-7-((2-butyl-3-(4-metylstyryl)-4-
ox0-3,4-dihydroquinazolin-6-yl)oxy)-N-hydroxyheptanamit (6j).

12. Quy trinh tong hop hop chét (6f) theo diém 7, trong d6 quy trinh nay bao gbém céc
budc:

i) dun hoi luu hdn hop cua axit 5-hydroxy anthranilic (5,0 g; 32,67 mmol) va
anhydrit axetic & 150 °C trong 2 gio; hdn hop sau d6 dugce db ra nudc d4; tua tao thanh
duoc loc, gitra béng nude cit va 1lam kho trong chan khong thu dugc chét 2 (5,03 g; 87%),

duoc st dung ludn cho cac budc tiep theo;

HO
A
N
2

ii) mot hon hop cua hop chit 2 va n-butylamin trong axit axetic (10 mL) dugc dun
héi luu & nhidt do 120 °C trong 14 gid; tién trinh phan tmng dugc kiém tra boi sic ky 16p
mong (n- hexan : etyl axetat = 1 : 1); hdn hop phan tng duge trung hoa bing NaHCO3
50% dén pH =7 va chiét voi CH2Cla (3 x 20 mL); pha hitu co dugc tach ra, 1am khan bang
Na;COs, bbc hoi dudi ap sudt giam; cin sau béc hoi duoc tién hanh sic ky cot silica gel st
dung hé trién khai n- hexan : etyl axetat = 1 : 1 cho san pham 3: (3-butyl-6-hydroxy-2-
metylquinazolin-4(3H)-on);

HO N
A
3

iii) hoa tan 3-butyl-6-hydroxy-2-metylquinazolin-4(3H)-on (3) va 3-flobenzandehit
trong dung moi axit axetic khan; thyc hién phan ing & 140°C c6 khudy tir va hoi luu trong
16 gid; hon hop san pham thu dwgc sau phan tng dem chiét CH,Cl, : H,0 3 lan, thu pha
hitu co dem 1am khan, ¢6 quay dudi 4p sudt giam thu dugc san phim tho; tiép tuc két tinh
trong hé etyl axetat : n-hexan, sau d6 loc rira tinh thé bang n-hexan lanh trén phéu Buchner
va 1am khd trong tii sdy, thu dugc san phim 4f;
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(0]
HO
N/\/\
~
NT NF I\
'/
af |

iv) hop chit 4f va KOH (1,2 dwong lugng) trong axetonitril (15 mL) da dugc nho tir
tir etyl-7-bromoheptanoat (1,2 eq); hdn hop phan tmg dugc khudy & 60°C trong 24 gid;
phan tng duoc theo ddi boi sic ky ban mong bang cach sir dung (n-hexan: etyl axetat = 1:
1) 1am hé dung mai trién khai; hon hop phan tmg sau d6 dugc pha lodng véi CH2CL (15
mL) va duoc chiét bing nuée (3 x 15 mL); pha hitu co dugc tach ra, 1am khod béng
N2,;SO4 khan va c6 béc hoi dén can; phin cin sau d6 dugc thiy phan trong hdn hop
CH,Cly: MeOH = 9: 1 trong diéu kién kiém (NaOH 0,2 N trong EtOH) trong 24 gid; hén
hop cudi ciing dugc pha lodng véi CH2Clz (20 mL) va dugce chiét véi HO (2 x 15 mL) ;
pha nudc duge gom lai, axit hoa dén pH = 3 bang HCI 0,2N va duge chiét bang CH>CL, (3
x 15 mL); pha hitu co dugc tach ra, lam khan bang Na»SO4 khan va c6 bay hoi dén can;
hop chét 5f thu duoc bing phuong phép sic ky cot nhanh trén silica gel st dung CH2Cla:
MeOH lam hé dung mdi rira gidi;

N
o) Y\/\
/“\/\/\/\ N
HO (0] l
(o]
5f

F

v) mot hon hop NHOTHP (120 mg; 1,02 mmol; 1 duvong luong) va hop chat 5f
(1,0 duong lugng), EDC.HCI (194 mg; 1,02 mmol, 1 duong lugng), DMAP (61 mg; 0,5
mmol; 0,5 dwong luong) trong CH2CL (15 mL) dwoc khudy & nhiét 46 phong trong 24
gio; phan ‘mg dugc theo ddi boi TLC str dung hé dung moi trién khai (CH2Clo: MeOH =
30: 1); hon hop phéan tmg sau d6 duge pha lodng v§i CH2Clz (15 mL) va dugc chiét lién
tiép véi 5% NaHCOs, 5% HCI va H,O; pha hitu co dugc tach ra, 1am khan bﬁng NaxSO4
khan va cb bay hoi dén cin; phin cin sau d6 dugc hoa tan trong etanol (5 mL), lam mét
bing nude da; benzoyl clorua (2 giot) duge thém vao hdn hop nay va hdn hop dugc khuiy
thém 6 gid; tiép theo, hdn hop phan tmg duoc pha lodng véi H,0 (10 mL) va duge chiét
v6i CH2Cla (2 % 15 mL); pha hitu co dwoc tach ra, 1am khan bang NaySO4 khan; hop chét
6f thu dugc bang sic ky cot trén silica gel sit dung CH2Clo: MeOH (20: 1) 1am hé dung
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Hinh. 1
O
0 HO
1800 N (o} Axit axetic, 180°C
HO\C(“\OH (CHsCO);0, 160 -180°C | %ﬁ:/)\ .
NH2 2 gio n-butylamin, 14 gi®¢

CH,3COOH, 140°C, 16 gio NaOH 0.2 N trong MeOH,

4a CH,Cly : MeOH (9:1), 20 gier

o]
Q HO
HO N Etyl-7-bromheptanoat, MeCN,
N andéhit P KOH, 60°C, 24 gi¢v
P T N >
3

~

O
HO O N/\/\
\é(\/\/\/ (HoN-O-THP), EDC, DMAP, CH,Cl, 24 gi&y
N >

5a-j
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