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Linh vwe k§ thuat dwee dé cip

Sang ché thudc linh vuc bao ché duoc phém, cu thé hon sang ché @ cap dén cac
hop chat 1a céc axit hydroxamic chira khung coumarin dung lam chéat chéng ung thu va
quy trinh tong hop cac hop chat nay.

Tinh trang k§ thuét ciia sang ché

Ngay nay, mét trong nhiing vén d& quan trong nhét lién quan dén sirc khoe & cac
nude phét trién va dang phat trién 14 ung thu. Udc tinh c6 9,6 triéu ca tir vong x4y ra vao
nim 2018 do can bénh nay. Trén toan cau, khoang 1 trong 6 trudng hop tir vong 1a do
ung thu. Ngoai ra, sb liéu théng ké duwoc bao cdo boi Lién minh Quéc té vé Ung thu
(UICC) chi ra ring mdi nam c6 hon 11 triéu trudng hop ung thu méi dugce chan doan
trong s& d6 c¢6 hon 7 tridu ngudi chét, trong d6 ty 18 16m 14 tir cac nude 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). Mot trong nhitng ly do chinh cho didu nay
c¢6 thé 13 khang thudc va tac dung phu bat lgi cia hoa tri (Arrowsmith, C. H et al;
epigenetic protein families: a new frontier for drug discovery. Nat. Rev. Drug Discov. 11
(2012) 384-400). D& phat trién cac tac nhan chéng ung thu hiéu qua va dang tin ciy hon,
khéc phuc nhitng han ché nay, viéc tim kiém céc tac nhan chong ung thu méi hién dang
rat cip bach.

Ung thu 1a m6t nhém c4c bénh lién quan dén viéc phan chia té bao mot cach v t6
chite va céc t& bao nay c6 kha ning xam 14n cac mé khac bang cach phat trién truc tiép
vao mo lan cén hoac di chuyén dén noi xa, hay con goi la di can. Hién c6 khoang 200 loai
ung thu khéc nhau va néu khéng duoc chita tri sdm, hau hét cac loai ung thu c6 thé gay
ta vong, ddy la mot trong nhitng nguyén nhan gay tir vong chinh & nhitng nuée phat trién.
Hau hét céc bénh ung thu c6 thé chita tri va nhiéu bénh c6 thé chita lanh, néu dugc phat
hién va diéu tri sém. Céc loai bénh ung thu thudng gip nhét ¢ Viét Nam bao gém 15 loai
phd 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 ¢b tir cung, ung thu thue quan, ung thu bang
quang, u lympho khong Hodgkin, ung thu khoang miéng, bénh bach cau, ung thu tuy,
ung thu budng trimg va ung thu thin, trong d6 thudong gap nhat & nam gidi 14 ung thu
phoi va & nlt gidi 1a ung thu va, tiép d6 1a ung thu dai truc trang, ung thu da day, ung thu

tién liét tuyén ¢ nam gidi va ung thu tr cung hodc co tr cung ¢ nit gidi.
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Cac hop chat khang ung thw di duge st dung nhidu nim trong viée chita trj cac
bénh giy ra béi ung thu co thé ké dén, vi du, paclitaxel, S5-flouraxil (5-FU),
xyclophosphamit, tamoxifen, v.v. M®i loai thudc nay dic tri cho céc loai ung thu riéng.
Tuy nhién, su khang lai cac thudc ung thu theo thoi gian da dugc ghi nhan. Vi vay, viéc
tim kiém c4c hop chit mdi véi co ché tac dung méi ludn 1 van dé cap thiét.

Phuong phép tiép cin dua trén dich phan tir dé kham phé thudc hién dang thu hit
rat nhidu sy quan tAm cua cac nha hoa duoc trong viée nghién ciru va phét trién thude
chdng ung thu trén toan thé giéi. Trong sé nhiéu dich phén tir cia thude chéng ung thu
da dugc xac dinh, histon deacetylase (HDACSs) hién dugc coi la muc tiéu hép dan cho
thiét ké thudc chéng ung thw (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) 13 cac enzym xtc tic d& chuyén nhom acetyl ciia coenzym A thanh dudi lysin cua
co chit protein, trong khi HDAC xtc tac loai bd cac nhém acetyl tir dudi lysin & dudi
histon. C4 hai nhém enzym d&u hd tro mic d6 axetyl hoa histon cin thiét, cac yéu td
phién mé va cic protein hat nhan va té bao chit, va diéu nay dan dén ngung tu chromatin
va ttc ché su phién ma. Ngoai ra, su tham gia ciia HDAC trong viée diéu hoa biéu hién
gen va cu tric nhiém sic thé da dugc cong nhan va xac dinh vai tré quan trong trong
tién trinh chu ky té bao va qua 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
HDACI in hormone refractory prostate cancer. Prostate 59 (2004) 59, 177-189.; Zhang,
Z et al.; HDACG6 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 vat c6 via duge xéac dinh va
phan loai dya trén cac dic diém cAu tric va chire nang cia chung, HDAC loai I (HDACI,
2,3 va 8), loai lla (HDACA4, 5, 7 va 9), loai IIb (HDACS6, va 10) va 16p IV (HDACI11)
chia s¢ mdt cation kém (II) & trung tdm khoang xuc tac cia chung, 1a muc tiéu ctia mot

56 chat irc ché HDAC da dwoc phé duyét (Ververis, K et al.; histone deacetylase inhibitors
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(HDACISs): multitargeted anticancer agents. Biol. Targets Ther. 2013 (2013) 47-60).
Nghién ctru ca hai mé hinh tién 14m sang in vitro va in vivo déu nhan ra rang su tic ché
HDACs dan dén su biét hoa té bao, su chét t& bao theo chuong trinh va bét gift chu ky té
bao & mét sd dong té biao 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 chét e ché
HDAC hira hen s& tr¢ thanh mot nhom céc tac nhan tri liéu bénh gay ra boi t& bao khoi
u, biét héa 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 ctru va phét trién cac chét Gc ché HDAC, mét s lwong 16n mé hinh
cho céc thude e ché HDAC phu thude kém da duoc thiét ké va tdng hop dién hinh bao
g0m mot nhém lién két v6i kém (ZBG), mét cau ndi va mot nhém nhén dién bé mit bang
cach bt chude axetyl-lysin tu nhién va nhitng chat nay phat huy tac dung cia ching bang
cach phéi hop trung tim kém (II) v&i cac phdi tir nhu benzamid, cacboxylat hodc axit

hydroxamic (Khan, O et al.; HDAC inhibitors in cancer biology: emerging mechanisms
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and clinical applications. Immunol. Cell Biol. 90 (2012) 85-94).

Gén déy, chiing t6i da diéu ché mot loat cic axit hydroxamic va sang loc hoat tinh
ttc ché ezym HDAC va hoat tinh gy doc té bao. Mot s6 hop chat thé hién hoat tinh gay
doc véi mot sd dong té bao ung thu nhu: SW620, PC-3 va AsPC-1 véi gia tri ICso tir 0,05-
0,07 pM, manh hon 70 14n so v&i chat déi chitng 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,
mot sd axit hydroxamic chira khung artemisinin dugc tong hop gan day thé hién hoat tinh
gdy doc v6i cac dong té bao: HepG-2, MCF-7 va HL-60 véi gia tri ICso twong tng 1a
2,50; 2,62 va 1,28 ug/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 su da téng hop cac axit hydroxamic chira nhan quinazolin, mot
s& chat thé hién hoat tinh trc ché thy th8 EGFR, HER2 va thé hién hoat tinh giy doc té
bao manh hon SAHA tr 1,5-2 lin (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 dwugc bdo céo ¢6
hoat tinh gdy doc té bao manh so v6i chat dbi 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,
e1800027).

Gan day nhit, ching t6i dd céng bd cong trinh khoa hoc trong d6 co axit
hydroxamic chtta 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) c6 hoat tinh khang
moét s6 dong té bao ung thu manh hon nhidu 1an chat ddi chimg SAHA (suberoylanilide
hydroxamic acid, vorinostat).

Céc axit hydroxamic mang khung coumarin gan diy ciling dwgc quan tdm nghién
ctru trong viée phat trién thuc khang ung thu. Jiaoli Ding va cong su da bao cdo mot sd
hop chét axit hydroxamic mang khung coumarin thé hién hoat tinh gdy doc v6i mot sb
dong té bao ung thu nhu: MCF-7, HCT-116, HepG2, HelLa v&i gia tri ICsotir 1,26-4,87uM

(Jiaoli Ding, et al; Design, synthesis and biological evaluation of coumarin-based N-
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hydroxycinnamamide derivatives as novel histone deacetylase inhibitors with anticancer
activities. Bioorganic Chemistry 101 (2020) 10402). Feifei yang va cdng sy di bdo viéc
tdng hop mét s6 axit hydroxamic chira cu ndi 7 cacbon & vi tri thé 4 ctia khung coumarin
va két qua cho thdy m6t s6 hop chét thé hién hoat hoat tinh trc ché 3 dong té bao ung thu
cho A549, Hela va HepG2 vdi gia tri ICsotr 0,56-1,31 uM (Feifei yang; et al. Design,
Synthesis and Biological Evaluation of Novel Coumarin-Based Hydroxamate Derivatives
as Histone Deacetylase (Hdac) Inhibitors with  Antitumor  Activities,
Molecules 2019, 24(14), 256).

Nhu vay nhom chic hydroxamic 1a nhom chirc quan trong trong cac chét chéng
ung thu hudng dich. Viéc nghién ctru kham pha ra cac hop chét axit hydroxamic méi
huéng dich enzym c6 tac dung trc ché t bao ung thu dua trén viéc thay doi cac cdu nbi
va nhém nhan dién bé mit. Trong sang ché nay, nhom nhan dién bé mat 13 khung
coumarin ¢6 cac nhém thé khac nhau, va cau nbi 1a cac benzamit hay xinamit.

Ban chat k§ thuét ciia sang ché

Muc dich cta sang ché 1a dé xuit cdc hop chét axit hydroxamic chira cac khung
coumarin dugc thé khac nhau va chia cac cau ndi khac nhau c6 hoat tinh tc ché su phat
trién hoic tiéu diét cac té bao ung thur.

Cu thé hon, theo khia canh thtr nhét, sang ché dé xuét cac hop chét la cic axit
hydroxamic chtra coumarin dugc thé khac nhau va chira cau néi benzoat (hop chat I) va

xinamat (hop chit IT) ¢6 hoat tinh trc ché su phat trién hoac tiéu diét cac té bao ung thu,
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trong do, R 1a phﬁn ttr thé duoe chon tir nhém bao gém: 2-OCHz; 3-OCHzs; 4-OCHzs;, 2-F;
3-F; 4-F; 2-Cl; 3-Cl; 4-Cl; 2-CH3, 3-CH3, 4-CHs.

Theo mét phuong an duge wu tién, hop chét theo sang ché 1a cac hop chit: VTI-1,
VTI-2, VTI-3, VTI4, VTI-S, VTI-6, VTI-7, VTI-8, VTI-9, VTI-10, VTI-11, VTI-12
va cac hop chat: VIC-1, VIC-2, VTC-3, VTC-4, VTC-5, VIC-6, VTC-7, VTC-8,
VTC-9, VTC-10, VTC-11, VTC-12 tuong tng véi R lan luot 1a cac nhém thé: 2-OCHs;
3-OCHjs; 4-OCHs; 2-F; 3-F; 4-F; 2-Cl; 3-Cl; 4-Cl; 2-CHs, 3-CH3, 4-CHs. Theo d0, cac
hop chét nay ¢ cong thirc cu tao cu thé dudi day:
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Céc hop chit dugc wu tién trén day 1a cac chit da duogc thir nghiém va chon loc, c6
hoat tinh khang ung thu manh véi dong té bao duoc thir nghiém. Cac hop chit 14 cac axit
hydroxamic chira nhan coumarin da duoc thir tic dung khang véi dong té bao gbc ung thu
& ngudi (NCCIT). Cu thé hon, hop chét 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-(4-
metylbenzyl)-2-oxo-2H-chromene-3-carboxamit (VTI-1) thé hién hoat tinh khang dong
té bao gbc ung thu & ngudi (NCCIT) & ICso 12 3,20 pM; hop chit N-(2-flobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit (VTI-10) thé hién
hoat tinh manh khang dong t& bao gdc ung thu & nguoi (NCCIT) ¢ ICso 13 3,02 uM; hop
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chét N-(4-flobenzyl)-7-((4-(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-
carboxamit (VTI-12) thé hién hoat tinh rdt manh khéng dong té bao gbc ung thu & ngudi
(NCCIT) ¢ ICso la 1,96 uM; hop chiat N-(3-flobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit (VTC-11) thé hién
hoat tinh khéng dong té bao gbc ung thu & nguoi (NCCIT) & ICs 1a 4,50 uM. Dic biét
hop chat 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-(3-metylbenzyl)-2-oxo-2H-
chromene-3-carboxamit (VTI-7) thé hién hoat tinh rat manh hon chuan SAHA khéng
dong té bao gbc ung thu & ngudi & ICso 13 1,45 uM.

Theo khia canh tht hai, sang ché con dé xuét quy trinh tong hop cac hop chét axit

hydroxamic néu trén. Cu thé:

Sang ché d& xuit quy trinh téng hop cac hop chat ¢6 cong thire (I), quy trinh nay

bao gom céc budce:

i) Pun hdi luvu hén hop gdm 2,4-dihydroxybenzaldehyt va axit Meldrum trong H2O &
100°C trong 10 gid; két thuc phan tng; san phdm khong tan duoc loc va ria nhiéu 1an
trén phéu Buckner bing nudc cit; sdy kho san phidm trong ti siy thu duoc chit rain VT
dang bdt mau ndu nhat;

o

HO [N o)

Hop chat VT

ii) Hon hop gdm axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT); 1-etyl-3-
carbodiimid hydroclorua (EDC.HCI), 4-dimetylaminopyridin (DMAP) trong DMF dugc
khudy & 0°C trong 30 phit; sau d6 bd sung cac amin twong tng dugc chon tir mot trong
cac amin sau: 4-metoxybenzylamin, 3-metoxybenzylamin, 2-metoxybenzylamin, 4-
metylbenzylamin, 3-metylabenzylamin, 2-metylbenzylamin, 4-clobenzylamin, 3-
clobenzylamin, 2-clobenzylamin, 4-flobenzylamin, 3-flobenzylamin, 2-flobenzylamin;
phan tng tiép tuc dugc khudy & 0°C trong 4 gid, sau d6 & nhiét do phong trong 6 gid; phan
g duoc theo ddi bang sic ky 16p mong (CH2Clz : MeOH = 20 : 1); hdn hop phéan tng
sau d6 duge pha lodng bang HC1 1M; két tiia tao thanh duoc rira nhidu 1an véi nude; siy
& 60 °C trong 10 gio thu dwgc san phidm amit VT1-VT12,

(o}
N N AN
H ] —1 R
P
HO (0} o}
VT 1-VT 12
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iii) Cho tir metyl 4-(brommetyl)benzoat vao hdn hop gdm céc chat VT1-VT12 twong ting
thu duoc ¢ trén, KoCO3 va mot luong rat nho xtc tac KI trong DMF; hdn hop phén tng
dwoc khudy & 55°C trong vong 3 gid; theo ddi su chuyén héa cia phan ung bang sic ky
16p mong; két thic phan (mg, thém vao binh phén ting HO lanh, trung hoa bang HCI IM
dén pH = 7; két tiia mau tring duogc loc rira nhiéu 1an véi nude, san pham thu duoc 14 cic
este trung gian; dugc sdy kho trong tu sdy & 60°C; este nay sau dé dugc hoa tan trong hé
dung m6i DCM:MeOH=1:1; LiOH duoc thém vao hén hop phan tng va phan tng dugc
khudy & nhiét @6 phong trong vong 20 gir va dugc theo doi bang sic ky ban mong TLC;
sau 6, thém H,O vao hdn hop phén tmg, chiét véi DCM (3 1an) va thu ldy pha nuéc; pha
nudc duge axit héa téi pH =3 béng HCI 1M; két tha duoc loc rira nhidu 14n véi nudc; loai
tap bang silica gel thu duge VIT 1-1-VTI 12-1.

(0]
HO
VTI1-1-VTl 12-1

(o}

iv) Hon hop twong tmg ctia VTI-1-1 -VTI 12-1, 1-etyl-3-carbodiimid hydroclorua
(EDC.HCI), 4-dimetylaminopyridin  (DMAP) va  O-(tetrahydro-2H-pyran-2-
yDhydroxylamin (NH2OTHP) trong CH>Clz (15 mL) duoc khudy & nhiét d6 phong trong
vong 6 gidy; kiém soat phan tmg bang TLC sir dung hé dung mdi (CH2Clo: MeOH = 30:1);
thém H>0 vao hdn hop phan wng; chiét véi CH2Cl (3 1an); pha hitu co tach ra, lam khan
biang Na;SO;4 va bay hoi dung méi trong didu kién ap suét chin khong thu dwgc chat ran;
hoa tan phan chat rin thu dwgc trong etanol; 1am lanh hdn hop va nho p-TsOH vao hén
hop trén va khudy thém 3 gid; loai bo dung méi dudi 4p suat giam; rira can thu duge bing
metanol lanh thu dugc hop chit VTI 1-VTI 12,

[o]
X N ~N
H 1 1R
(o] (0] [e] =
H
HO/N

o VTI1-VTi 12
Sang ché dé xuét quy trinh tong hop cac hop chit c¢6 cong thic (IT), quy trinh nay
bao gém cac bude:

i) Pun hdi lwu hdn hop gdm 2,4-dihydroxybenzaldehyt va axit Meldrum trong H.O &
100°C trong 10 gio; két thic phan tmg; san phim khong tan duge loc va rira nhiéu lan

trén phéu Buckner bang nuéc cit; sdy khé san phadm trong ti siy thu dugc chit rén VT

9
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dang bot mau nau nhat;

o)

HO o O

Hop chit VT

ii) Hon hop gdm axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT); 1-etyl-3-
carbodiimid hydroclorua (EDC.HCI), 4-dimetylaminopyridin (DMAP) trong DMF dugc
khudy & 0°C trong 30 phiit; sau d6 thém vao d6 mot trong sb cac amin tuéng tng duoc
chon tir: 4-metoxybenzylamin, 3-metoxybenzylamin, 2-metoxybenzylamin, 4-
metylbenzylamin, 3-metylabenzylamin, 2-metylbenzylamin, 4-clobenzylamin, 3-
clobenzylamin, 2-clobenzylamin, 4-flobenzylamin, 3-flobenzylamin, 2-flobenzylamin;
phéan tng tiép tuc dugc khudy & 0°C trong 4 git sau d6 & nhiét do phong trong 6 gid; phan
g duoc theo ddi bang sic ky 16p mong (CH>Cl, : MeOH = 20 : 1); hdn hop phan tmg
sau d6 dugc pha loang béng HCI 1M; két tia tao thanh duoc roa nhiéu 14n véi nudc; séy
0 60 °C trong 10 gio thu dugc san phadm amit VT1-VT12,

(o]
AN N AN
H ' — R
=
HO (o] o]

VT 1-VT 12

iii) Cho tir metyl (E)-3-(4-(brommetyl)phenyl)acrylat vao hdn hgp gbém cac hop chat
VT1-VTI2 twong tmg thu duoc & trén, K2CO3 va mot lugng rat nho xic tic KI trong
DMF; hén hop phan tng duoc khudy trong vong 3 gio; theo ddi su chuyén hoéa ciia phan
g bang sic ky 16p mong; két thiic phan tmg, thém H>O lanh vao binh phan tng, trung
hoa bé‘mg HCI 1M dén pH=17; két tia mau tréng duoc loc rira nhiéu 1an véi nude, san
phim thu dugc 12 cAc este trung gian; duge siy kho trong ti sdy & 60°C; este nay sau d6
duoc hoa tan trong hé dung méi DCM:MeOH=1:1; LiOH duoc thém vao hon hop phin
ting va phén tGng duoc khudy & nhiét d6 phong trong vong 20 gid va duoc theo ddi bang
sic ky ban méng TLC; sau d6, thém H,O vao hdn hop phan tng, chiét véi DCM (3 1an)
va thu léy pha nudc; pha nudc duge axit héa téi pH = 3 béng HCI 1M; két taa duoc loc
rira nhidu 1an véi nudc; loai tap bing silica gel thu duoc hop chat VIC 1-1-VTC 12-1,

o
N N X
H ( — R
O (o} e} Z
HO
X

o VTC1-1-VTC 12-1

10
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iv) Hon hop bao gdbm VTC-1-1 -VTC 12-1, 1-etyl-3-carbodiimid hydroclorua
(EDC.HCI1), 4-dimetylaminopyridin  (DMAP) va  O-(tetrahydro-2H-pyran-2-
yDhydroxylamin (NH2OTHP) trong CH>Cl, duge khudy ¢ nhiét d6 phong trong vong 6
gidy; kiém soat phan mg bang TLC st dung hé dung méi (CH2Clo: MeOH = 30:1); thém
1,0 vao hdn hop phan tng; chiét véi CH>Cla (3 1an); pha hitu co tach ra, 1am khan bing
NaSO4 va bay hoi dung moéi trong diéu kién ap suit chan khong thu dugc chét ran; hoa
tan phan chét rin thu dugc trong etanol; 1am lanh hon hop va nhé p-TsOH vao hén hop
trén va khudy thém 3 gid; loai bo dung méi dudi 4p suat giam; rira can thu duogc béng
metanol lanh thu dugc hop chat VIC 1-VTC 12 ¢6 cong thirc:

o]
HO” X

) VTC1 - VTC 12

ZT

M5 ta vén tit hinh vé

Hinh 1 13 hinh v& thé hién so dd quy trinh tdng hop cac hop chét axit hydroxamic
c6 cong thirc (I) va (II) theo sang ché.
Mo ta chi tiét sang ché

Sang ché s& mb ta mot cach chi tiét hon thong qua cac phwong an cu thé duogc wu
tién vé quy trinh tong hop cac cac hop chét ¢6 cong thire (I) va (II) bao gbm cac budc

thue hién va didu kién k§ thuat cia timg bude thuc hién ciia quy trinh nay.
Céc hop chit c6 cong thire (I) dwoc tong hop theo quy trinh bao gdm cac budc:

i) Pun hdi luu hdn hop gdém 2,4-dihydroxybenzaldehyt va axit Meldrum trong H2O &
100°C trong 10 gid; két thuc phan tng; san phdm khong tan dugc loc va rira nhidu 1an
trén phdu Buckner bing nude cit; sy kho san pham trong tu sdy thu duge chét rin VT
dang bdt mau nau nhat;

o)

HO (O M 0]

Hop chit VT
ii) Hon hop gom axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT); 1-etyl-3-
carbodiimid hydroclorua (EDC.HCl), 4-dimetylaminopyridin (DMAP) trong DMF dugc
khuady & 0°C trong 30 phut; sau d6 bd sung cac amin twong ing duoc chon tir mét trong
cac amin sau: 4-metoxybenzylamin, 3-metoxybenzylamin, 2-metoxybenzylamin, 4-

metylbenzylamin, 3-metylabenzylamin, 2-metylbenzylamin, 4-clobenzylamin, 3-
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clobenzylamin, 2-clobenzylamin, 4-flobenzylamin, 3-flobenzylamin, 2-flobenzylamin;
phan Gng tiép tuc duoc khudy & 0°C trong 4 gid, sau d6 ¢ nhiét d6 phong trong 6 gid; phan
g dugc theo dai bang séc ky 16p mong (CH2Cly : MeOH = 20 : 1); hdn hop phan tng
sau d6 dugc pha lodng bang HCI 1M; két tia tao thanh dugc rira nhiéu 1an véi nuée; say
& 60 °C trong 10 gi¢ thu dugce san phém amit VT1-VT12,

~N N N
H ‘ — R
HO (0] [¢] =

VT 1-VT 12

iii) Cho tir metyl 4-(brommetyl)benzoat vao hdn hop gdm cic chat VI1-VT12 tuong Ging
thu duoc ¢ trén, KoCO3 va mét lugng rat nho xuc tac KI trong DMF; hon hop phan ting
duoc khudy & 55°C trong vong 3 gid; theo ddi sur chuyén hoa cia phan tng bang sic ky
16p méng; két thiic phan g, thém vao binh phan tng H2O lanh, trung hoa bang HCI IM
dén pH=17; két tia mau tréng duoc loc rira nhidu lan v6i nude, san phém thu duoc Ia cac
este trung gian; dwoc sdy kho trong ti siy & 60°C; este niy sau d6 dugc hoa tan trong hé
dung mdi DCM:MeOH=1:1; LiOH dwgc thém vao hdn hop phan tmg va phan tng dugc
khudy & nhiét d6 phong trong vong 20 gior va dugc theo doi bang sic ky ban méng TLC;
sau d6, thém H2O vao hdn hop phan tng, chiét véi DCM (3 1an) va thu 14y pha nuéc; pha
nude dugce axit héa toi pH = 3 béng HCI 1M; két tia duoc loc rira nhiéu 14n véi nuée; loai
tap bang silica gel thu duoc VTI 1-1-VTI 12-1,

(0]
HO.
VTI1-1-VTI 121

o

iv) Hon hop twong tGng cia VTI-1-1 -VTI 12-1, I-etyl-3-carbodiimid hydroclorua
(EDC.HCl), 4-dimetylaminopyridin (DMAP) va  O-(tetrahydro-2H-pyran-2-
yDhydroxylamin (NH2OTHP) trong CH>Cl, (15 mL) duoc khudy & nhiét ¢ phong trong
vong 6 gio; kiém soat phan tmg bang TLC st dung hé dung méi (CH>Clo: MeOH = 30:1);
thém H>0 vao hén hop phan tng; chiét véi CH>Cls (3 14n); pha hiru co tach ra, lam khan
bing Na»SO4 va bay hoi dung méi trong didu kién 4p suét chan khong thu dugc chit rén;
hoa tan phan chat rén thu dugc trong etanol; 1am lanh hdn hop va nhé p-TsOH vao hdn
hop trén va khudy thém 3 gio; loai bé dung moi dudi 4p suét gidm; rira cin thu duge bing
metanol lanh thu dugc hop chat VTI 1-VTI 12,

12
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o
N N X
H | —r
o) o) o) =
H
HO/N
VTI1-VTI 12

(o}

Cac hop chit c¢6 cong thire (IT) duge tdng hop theo quy trinh bao gdm cac budc:

i) Dun hdi luu hdn hop gdm 2.,4-dihydroxybenzaldehyt va axit Meldrum trong H20 &
100°C trong 10 gidr; két thiic phan tmg; san pham khong tan duoc loc va rira nhiéu 1an
trén phéu Buckner bing nudc cit; sdy kho san pham trong ti sdy thu dugc chit rin VT
dang bdt mau niu nhat;

o}

HO o” "o

Hop chat VT

ii) Hon hop gbém axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT); l-etyl-3-
carbodiimid hydroclorua (EDC.HCI), 4-dimetylaminopyridin (DMAP) trong DMF dugc
khudy & 0°C trong 30 phut; sau d6 thém vao d6 mot trong s6 cac amin tuéng tmg duoc
chon ftir: 4-metoxybenzylamin, 3-metoxybenzylamin, 2-metoxybenzylamin, 4-
metylbenzylamin, 3-metylabenzylamin, 2-metylbenzylamin, 4-clobenzylamin, 3-
clobenzylamin, 2-clobenzylamin, 4-flobenzylamin, 3-flobenzylamin, 2-flobenzylamin;
phén tng tiép tuc duge khudy & 0°C trong 4 gidr sau d6 & nhiét do phong trong 6 gidy; phan
ting duogc theo ddi bang séc ky 16p mong (CH2Cl : MeOH = 20 : 1); hdn hop phan tmg
sau d6 duogc pha loang béng HCI 1M; két toa tao thanh duoc ria nhiéu 14n véi nuée; séy
& 60 °C trong 10 gity thu dugc san phadm amit VT1-VT12,

(o]
X N N
H l — R
HO o] [o} =

VT1-VT 12
iii) Cho tir metyl (E)-3-(4-(brommetyl)phenyl)acrylat vao hdn hop gom cac hop chat
VT1-VTI2 tuwong tng thu duge ¢ trén, KoCOs3 va mot luong rat nho xuc tac KI trong
DMEF; hdn hop phan tng dugc khudy trong vong 3 gid; theo ddi su chuyén héa ciia phan
g bang sic ky 16p mong; két thiic phan tng, thém H>O lanh vao binh phan ting, trung
hoa b'fmg HCI IM dén pH=7; két tia mau tréng duge loc rira nhiéu 1an véi nuée, san
phim thu dwoc 13 céc este trung gian; duoc siy kho trong tu siy & 60°C; este nay sau d6
dugc hoa tan trong hé dung moi DCM:MeOH=1:1; LiOH duoc thém vao hon hop phin
g va phan ting dugc khudy & nhiét o phong trong vong 20 gid va dugce theo ddi bang

13
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sdc ky ban mong TLC; sau d6, thém H,0 vao hdn hop phan tng, chiét véi DCM (3 1in)
va thu léy pha nudce; pha nude dugce axit hda tdi pH = 3 béng HCI 1M; két tia duoce loc
rira nhidu 1an véi nude; loai tap bang silica gel thu dwoc hop chit VIC 1-1-VTC 12-1,

(e}
S N S
H l ——R
O O ] “
X

(o] VTC1-1-VTC 12-1

iv) Hon hop bao gdbm VTC-1-1 -VTC 12-1, l-etyl-3-carbodiimid hydroclorua
(EDC.HCI), 4-dimetylaminopyridin =~ (DMAP) va  O-(tetrahydro-2H-pyran-2-
yDhydroxylamin (NH,OTHP) trong CH>Cl, dugc khudy & nhiét d6 phong trong vong 6
gidy; kiém soat phan tmg bang TLC st dung hé dung méi (CH2Clo: MeOH = 30:1); thém
H,0 vao hdn hop phan tng; chiét véi CH2Cl (3 14n); pha hitu co tach ra, 1am khan bang
NaSOs4 va bay hoi dung moi trong diéu kién ap suat chan khong thu dwogc chét rin; hoa
tan phan chit rin thu dugc trong etanol; 1am lanh hén hop va nho p-TsOH vao hdn hop
trén va khudy thém 3 gio; loai bo dung méi dudi ap suét giam; rira cin thu dwgc bang
metanol lanh thu dwoc hop chdt VIC 1-VTC 12 c6 cong thrc:

o
jsoqas
H | Jr
(o) O [#] =
N
Ho” S
VTC1-VTC12

o

HO

14

14/48



53663
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Dudi ddy mé ta cac cong thirc cau tao cia cac hop chat theo sang ché va cac dac

tinh vt ly ctia chung.

Bang 1: Cong thirc cu tao va tinh chét ciia hop chat 14 cac axit hydroxamic (I) va (IT) theo

sang ché va cac hop chit trung gian cua quy trinh téng hop

Hop chat

Phé NMR

'H-NMR (600 MHz, DMSO-ds): & 9,03 (br,
1H, CONHOH); 8,98 (t, J=6,0Hz, CONH);
8,84 (s, 1H); 7,93 (d, J=8,4Hz, 1H); 7,78 (d,
J=8 4Hz, 2H); 7,55 (d, J=7,8Hz, 2H); 7,23 (d,
J=7,8Hz, 2H); 7,20 (d, J=1,8Hz, 1H); 7,14 (d,
J=7,8Hz, 2H); 7,12 (m, 1H); 5,33 (s, 2H,
CH,0); 4,48 (d, J=6,0Hz, 2H, NHCH,); 2,28
(s, 3H, CHa).

BCNMR (150 MHz, DMSO-ds): & 163,14;
162,24 (CONHOH); 161,35 (CONH); 160,74;
155,97, 147,75; 136,01, 135,85; 131,58;
128,89, 127,62; 127,36; 127,08; 115,12;
114,08; 112,37; 101,20; 69,53 (CH,0); 42,41
(NHCH>); 20,61 (CHs)

'H-NMR (600 MHz, DMSO-ds): & 9,09 (t,
J=6,0Hz, 1H, CONH); 9,09 (br, 1H,
CONHOH); 8,83 (s, 1H); 7,92 (d, J=9,0Hz,
1H); 7,79 (d, J=8,4Hz, 2H); 7,56 (d, ]=8,4Hz,
2H); 7,39-7,35 (m, 4H); 7,20 (d, J=2,4Hz,
1H); 7,13 (dd, J=9,0Hz, 2,4Hz, 1H); 5,33 (s,
2H, CH,0); 4,52 (d, J=6,6Hz, 2H, NHCHb,).
BCNMR (150 MHz, DMSO-ds): & 163,18,
161,60 (CONH); 160,64; 156,01; 147,83;
139,03; 138,17, 131,61; 131,41; 129,23;
128,23; 127,63; 127,08; 115,09; 114,08;
112,36; 101,22; 69,55 (CH,0); 42,00
(CH2NH).

'H-NMR (600 MHz, DMSO-ds): & 11,22 (br,
1H, CONHOH); 9,03 (s, 1H, CONHOH);
8,96 (t, J = 6,0Hz, 1H, CONH); 8,84 (s, 1H);
7,92 (d, J = 8,4Hz, 1H); 7,78 (d, J =7.8 Hz,
2H); 7,55 (d, ] = 8,4 Hz); 7,28 (d, J = 8.4 Hz,
2H, H); 7,19 (d, J = 2,4Hz, 1H); 7,13 (dd, J =
8,4 Hz, 2,4Hz, 1H); 6,89 (d, J = 8,4Hz, 2H);
5,33 (s, 2H, CH,0); 4,46 (d, J = 6,0 Hz, 2H,
NHCH,); 3,73 (s, OCHa).

3C-NMR (150 MHz, DMSO-dp): 5 163,16;
161,31 (CONH); 160,77, 158,35; 155,99;
147,76; 131,60, 130,85; 128,83; 127.65;

15

MS

ESI-
HRMS tim
thdy:459,1
5581; ly
thuyét:
Ca6Ha23N20
6[M +H]":
459,15561

ESI-
HRMS tim
thdy:479,1
0051; ly
thuyét:
CasH20CIN
206[M +
H]™:
479,10099

ESI-
HRMS tim
thdy:475,1
5053; ly
thuyét:
Ca6H23N20
7[M + H]":
475,15055
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127,12; 115,16; 114,11; 113,81; 112,39;
101,23; 69,56 (CH20); 55,05 (OCHzs); 42,16
(CH2NH).

"H-NMR (600 MHz, DMSO-dq): & 11,23 (br,
1H, CONHOH); 9,12 (t, J=6,0Hz, CONH);
9,04 (s, 1H, CONHOH); 8,84 (s, 1H); 7,92 (d,
J=9,0Hz, 1H); 7,80 (d, J=7,8Hz, 2H); 7,56 (d,
J=8,4Hz, 2H); 7,47 (dd, J=7,2Hz, 1,8Hz, 1H);
7,41 (dd, J=7,8Hz, 1,8Hz, 1H); 7,34-7,31 (m,
2H); 7,20 (d, J=1,8Hz, 1H); 7,13 (dd,
J=8,4Hz, 2,4Hz, 1H); 5,33 (s, 2H, CH,0);
4,61 (d, J=6,0Hz, 2H, NHCH,).

BC-NMR (150 MHz, DMSO-ds): § 163,87
(CONHOH); 163,23; 161,64 (CONH);
160,77; 156,04; 147,92; 139,05; 135,89;
132,55; 132,10; 131,64; 129,15; 128,95;
128,76; 127,63; 127,21; 127,11; 114,91;
114,12; 112,35; 101,21; 69,56 (CH20); 40,74
(CH:NH).

'H-NMR (600 MHz, DMSO-ds): & 11,25 (s,
1H, CONHOH); 9,13 (&, J=6,0Hz, 1H,
CONH); 9,06 (s, 1H, CONHOH); 8,83 (s,
1H); 7,91 (d, J=9,0Hz, 1H); 7,80 (d, J=7,8Hz,
2H); 7,57 (d, J=7,8Hz, 2H); 7,41 (s, 1H); 7,36
(t, J=7,8Hz, 1H); 7,32-7,31 (d, J=7,8Hz, 2H);
7.19 (d, J=1,8Hz, 1H); 7,13 (dd, J=9,0Hz,
2,4Hz, 1H); 5,33 (s, 2H, CH0); 4,55 (d,
J=6,0Hz, 2H, NHCH,).

BCNMR (150 MHz, DMSO-d): & 163,92
(CONHOH); 163,19 (C-7); 161,71 (CONH);
160,66 (C-2): 156,03; 147,85; 141,77; 139,09;
132,99; 132,56; 131,61; 130,18; 127,65;
127,19; 127,14; 126,81; 126,04; 115,09;
114,08; 112,37; 101,22; 69,57 (CH,0); 42,17
(CH,NH,).

'H-NMR (600 MHz, DMSO-ds): & 11,22 (s,
IH, CONHOH); 9,03 (br, 1H, CONHOH);
8,91 (t, J=6,0Hz, 1H, CONH); 8,85 (s, 1H);
7,91 (d, J=9,0Hz, 1H); 7,79 (d, J=8,4Hz, 2H);
7,56 (d, J=7,8Hz, 2H); 7,28-7,27 (m, 1H);
7,20-7,16 (m, 4H); 7,12 (dd, J=8,4Hz, 2,4Hz,
1H); 5,33 (s, 2H, CH,0); 4,52 (d, J=5,4Hz,
2H, NHCH,); 2,32 (s, 3H, CHa).

BC-NMR (150 MHz, DMSO-ds): & 163,16;
161,33 (CONH), 160,86; 155,97; 147,73;
136,46; 135,58; 131,58; 130,01; 127,62;
127,51; 127,10; 127,04; 125,84; 115,12;
114,11; 112,38; 101,20; 69,54 (CH,0); 40,80
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(NHCHo), 18,57 (CH3).

'H-NMR (600 MHz, DMSO-ds): & 11,22 (s,
1H, CONHOH); 9,01 (br, 2H, CONH,
CONHOH), 8,85 (s, 1H); 7,92 (d, J=8,4Hz,
1H); 7,79 (d, J=7,8Hz, 2H); 7,55 (d, J=7,8Hz,
2H); 7,23 — 7,06 (m, 6H, H-aryl); 5,33 (s, 2H,
OCHa); 4,50 (d, J=5,4Hz, 2H, NHCH,); 2,29
(s, 3H, CHs).

BCNMR (150 MHz, DMSO-de): & 163,14;
161,39 (CONH); 160,75; 155,97; 147,78;
139,05; 138,82, 137.43; 132,54; 131,58;
128,25, 127,97, 127.61; 127,54; 127,09;
124,43; 115,10; 114,07; 112,37; 101,20;
69,53 (CH20); 42,62 (NHCHa); 20,95 (CHs)

'H-NMR (600 MHz, DMSO-ds): & 11,23 (s,
1H, CONHOH); 9,04 (t, J] = 6,0 Hz, 2H,
CONH, CONHOH); 8,84 (s, 1H); 7,92 (d,
J=8,4Hz, 1H); 7,78 (d, J=8,4Hz, 2H); 7,56 (d,
J=8,4Hz, 2H); 7,28 (td, J=7,8Hz, 1,8Hz, 1H);
7,24 (dd, J=7,2Hz, 1,2Hz, 1H); 7,18 (d,
J=2,4Hz, 1H); 7,13 (dd, J=9,0Hz, 1.8Hz, 1H,
H-6); 7,03 (d, J=8,4Hz, 1H); 6,91 (td,
J=7,2Hz, 0,6Hz, 1H); 5,33 (s, 2H, CH20);
4,50 (d, J=5,4Hz, 2H, NHCH>»); 3,85 (s, 3H,
OCHs).
BC-NMR (150 MHz, DMSO-ds): & 163,90
(CONHOH); 163,17 (C-7); 161,22 (CONH);
160,89; 156,97; 155,99; 147,78; 139,08;
132,55; 131,60; 128.49; 128,24; 127,65;
127,11; 126,08; 120,24; 115,03; 114,10;
112,39; 110,72; 101,21, 69,56 (CH20); 55,38
(OCHa3); 38,48 (CH2NH).
'H-NMR (600 MHz, DMSO-ds): & 11,24 (s,
1H, CONHOH); 9,05 (s, 1H, CONHOH);
9,03 (t, ] = 6,0 Hz, 1H, CONH); 8,84 (s, 1H);
7,92 (d, J = 9,0Hz, 1H); 7,79 (d, J = 8,4Hz,
2H); 7,56 (d, J = 7,8 Hz, 2H); 7,26 (t, ] = 7.8
Hz, 1H); 7,20 (d, J = 1,8 Hz, 1H); 7,13 (dd, J
=8,4Hz, 1,8 Hz, 1H); 6,92 (s, 1H); 6,91 (d, J
= 6,6 Hz, 1H); 6,83 (dd, J = 7,8 Hz, 1,8 Hz,
1H); 5,33 (s, 2H, CH20); 4,51 (d, J = 6,0 Hz,
2H, NHCH>»); 3,74 (s, OCH3).
BC-NMR (150 MHz, DMSO-ds): & 163,89
(CONHOH); 163,17, 161,51 (CONH);
160,75, 159,34; 156,00; 147,77; 140,55;
139,09; 132,56; 131,60; 129,45; 129,65;
127,14; 119,48; 115,17, 114,10; 113,11;
112,39; 112,27; 101,22; 69,56 (CH20); 54,96
(OCH3), 42,63 (CH2NH).

17
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'H-NMR (600 MHz, DMSO-d): § 11,22 (s,
IH, CONHOH); 9,05 (t, J=6,0Hz, 1H,
CONH); 9,03 (br, 1H, CONHOH); 8,84 (s,
1H); 7,93 (d, J=9,0Hz, 1H); 7,79 (d, J=8,4Hz,
2H); 7,56 (d, J=7,8Hz, 2H); 7,39 (td, J=7,2Hz,
1,2Hz, 1H); 7,32 (m, 1H); 7,21-7,14 (m, 3H);
7,13 (dd, J=8,4Hz, 2,4Hz, 1H); 5,33 (s, 2H,
CH,0); 4,59 (d, J=6,0Hz, 2H, NHCH>).
BC-NMR (125 MHz, DMSO-ds): & 163,85
(CONHOH); 163,20; 161,56 (CONH);
160,75; 159,13; 161,07 (Jr.r=242,5Hz);
156,02; 147,88; 139,05; 132,55; 131,62;
129,51; 129,48 (Jr.r=3,75Hz); 129,06; 128,99
(Jrr=8,75Hz); 127,64; 127,11; 125,63;
125,52 (Jer=13,75Hz); 124,37; 124,34 ( J5
F=3,75Hz); 115,19; 115,02 (Jpr=21,25Hz);
114,95; 114,11; 112,35; 101,21; 69,55
(CH,0); 36,73 (CHNH).

'H-NMR (600 MHz, DMSO-ds): & 11,22 (s,
IH, CONHOH); 9,10 (t, J=6,0Hz, IH,
CONH); 8,83 (s, IH); 7,92 (d, J=9,0Hz, 1H);
7,80 (d, J=7,8Hz, 2H); 7.56 (d, J=8,4Hz, 2H);
7,38 (q, J=7,8Hz, 6,6Hz, 1H); 7,20-7,17 (m,
2H); 7,15 (br, 1H); 7,13 (dd, J=8,4Hz, 1,8Hz,
1H); 7,07 (td, J=8,4Hz, 1,8Hz, 1H); 5,33 (s,
2H, CH,0); 4,56 (d, J=6,0Hz, 2H, NHCH>).
BCNMR (150 MHz, DMSO-ds): & 162,99;
161,41 (CONH); 161,02; 162.96 (Jr
F=240.0Hz); 160,29; 155,76; 147,33; 141,79;
142,73 (Jr.5=6,0Hz); 138,76; 132.40; 131,24;
129,91; 129,85 ( Jr-r=9,0Hz); 127,16; 126,83;
122,99; 122,97 (Jr.r=3,0Hz); 115,12; 113,79;
113,62 (Jr-r=25,5Hz); 113,75; 113,34; 113,17
( Jpp=25,5Hz); 112,15; 101,15; 69,46
(CH,0); 42,00 (CHNH,).

'H-NMR (600 MHz, DMSO-ds): & 11,22 (s,
1H, CONHOH); 9,06 (t, J=6,0Hz, 2H, CONH,
CONHOH); 8,84 (s, 1H); 7,92 (d, J=9,0Hz,
1H); 7,79 (d, J=7,8Hz, 2H); 7,56 (d, J=8,4Hz,
2H); 7,39 (dd, J=6,0Hz, 3,0Hz, 2H); 7,20 (d,
J=1,8Hz, 1H); 7,17-7,11 (m, 3H); 5,33 (s, 2H,
CH,0); 4,52 (d, J=6,0Hz, 2H, NHCHy).

BC-NMR (150 MHz, DMSO-ds): & 163,85
(CONHOH); 163,15; 161,50 (CONH);
160,66; 160,38 161,99 (Jpr=241,5Hz);
155,99; 147,78; 139,05; 135,26; 132,54;
131,59; 129,41; 129,36 (Jr.r=7,5Hz); 127,62;
127,10,  115,12; 115,08; 114,94 (Jp.
7=21,0Hz); 114,07; 112,35, 101,21; 69,54

18
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(CH,0); 41,94 (CHaNH).

'H-NMR (600 MHz, DMSO-ds): & 10,78 (br,
1H, CONHOH); 8,99 (t, J=6,0Hz, CONH);
8,83 (s, 1H); 7,91 (d, J=8,4Hz, 1H); 7,61 (d,
J=7,8Hz, 2H); 7,52 (d, ]=7,8Hz, 2H); 7,49 (d,
J=15,6Hz, 1H); 7,23 (d, J=7,8Hz, 2H); 7,18
(d, J=1,8Hz, 1H); 7,14 (d, J=7,8Hz, 2H); 7,12
(dd, J=8,4Hz, 1,8Hz, 1H); 6,50 (d, 15,6Hz,
1H); 5,28 (s, 2H, CH,0); 4,49 (d, J=5,4Hz,
2H, NHCHy); 2,27 (s, 3H, CH).

BC-NMR (150 MHz, DMSO-ds): & 163,23;
161,37 (CONH); 160,78; 155,99; 147,78;
13721; 136,04; 13586, 134,71; 131,57
128,91; 128,36; 127.63; 127,36; 119,42;
115,04; 114,10, 112,33; 101,18; 69,74
(CH,0); 42,45 (NHCHa); 20,63 (CH3).
'H-NMR (600 MHz, DMSO-ds): & 10,78 (s,
IH, CONHOH); 9,09 (i, J=6,0Hz, 1H,
CONH); 9,09 (br, 1H, CONHOH); 8,825 (s,
1H); 7,91 (d, J=8,4Hz, 1H); 7,61 (d, J=7,8Hz,
2H), 7,52 (d, J=7.8Hz, 2H); 7.49 (d,
J=15,6Hz, 1H), 7,39 (d, J=8,4Hz, 2H); 7,37
(d, J=8,4Hz, 2H); 7,19 (d, J=1,8Hz, 1H); 7,13
(dd, J=8,4Hz, 2,4Hz, 1H); 6,50 (d, J=16,2Hz,
1H); 4,52 (d, J=6,0Hz, 2H, NHCHb>).
BCNMR (150 MHz, DMSO-ds): & 163,32;
162,70 (CONHOH); 161,68 (CONH); 160,71;
156,07; 147,89; 138,20; 137,90; 137,28;
134,73; 131,66; 131,48; 129,29; 128,42;
128,29; 127,70; 119,43; 115,08; 114,17,
112,35; 101,25; 69,79 (CH,0); 42,06
(CH,NH).

'H-NMR (600 MHz, DMSO-dp): & 10,77 (s,
1H, CONHOH); 9,04 (br, 1H, CONHOH);
8,96 (t, J=6,0Hz, CONH); 8.84 (s, 1H); 7,92
(d, J=9,0Hz, 1H); 7,61 (d, J=8,4Hz, 2H); 7,52
(d, =7.8Hz, 2H); 7.48 (d, J= 15,6Hz, 1H);
728 (dt, J=102Hz, 2,4Hz, 2H); 7,19 (d,
J=2,4Hz, 1H); 7,13 (dd, J=8,4Hz, 2,4Hz, 1H);
6,90 (dt, J=9,6Hz, 2,4Hz, 2H); 6,49 (d,
J=15,6Hz, 1H); 5,29 (s, 2H, CH,0); 4,46 (d,
J=5,4Hz, 2H, NHCH.); 3,74 (s, OCHs).
BC.NMR (150 MHz, DMSO-d): & 163,23;
162,63 (CONHOH); 161,31 (CONH); 160,77;
158,34; 155,99; 147,77; 137,82; 137,23;
134,69; 131,58; 130,85; 128,82; 128,38;
127,64; 119,41; 115,09; 114,12; 113,80;
112,34; 101,20; 69,73 (CH,0); 55,04 (OCHs);
42,15 (CH,NH).
19
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'H-NMR (500 MHz, DMSO-dy): & 10,78 (br,
1H, CONHOH); 9,12 (t, J=6,0Hz, CONH);
8,84 (s, 1H); 7,93 (d, J=9,0Hz, 1H); 7,61 (d,
J=8,0Hz, 2H); 7,56 (d, J=7,5Hz, 2H); 7,48-
745 (m, 2H); 7,41 (m, 1H); 7,34-7,29 (m,
2H); 7,21 (s, 1H); 7,13 (d, J=9,0Hz, 1H); 6,50
(d, J=15,5Hz, 1H); 5,29 (s, 2H, CH,0); 4,61
(d, J=5,5Hz, 2H, NHCH,).

BC-NMR (150 MHz, DMSO-ds): & 163,30;
161,64 (CONH); 160,78; 156,05; 147,94;
137,79; 137,19; 135,89; 134,69; 132,09;
131,62; 129,15; 128,93; 128,75; 128,37
127,62; 12721; 11941, 114,86; 114,13;
112,31; 101,19; 69,74 (CH20); 40,74
(CH,NH,).

'H-NMR (500 MHz, DMSO-ds): & 10,77
(brs); 9,13 (t, J=6,0Hz, 1H, CONH); 8,83 (s,
1H); 7,91 (d, J=9,0Hz, 1H); 7,61 (d, J=7,5Hz,
2H): 7,52 (d, J=7,5Hz, 2H); 749 (,
J=16,0Hz, 1H); 7,40-7,30 (m, 4H); 7,19 (s,
1H); 7,13 (d, J=8,5Hz, 1H); 6,51 (d,
J=16,0Hz, 1H); 5,29 (s, 2H, CH0); 4,55 (d,
J=6,0Hz, 2H, NHCH,).

BCNMR (150 MHz, DMSO-ds): & 163,25;
161,69 (CONH); 160,65; 156,03; 147,85;
141,77; 137,76; 137.20; 134,70, 132,95;
131,58; 130,15, 128,36; 127,62; 127,17,
126,78; 126,02; 119.42; 115,04; 114,07;
112,32; 101,18; 69,73 (CH,0); 42,14
(CH,NH,).

'H-NMR (600 MHz, DMSO-ds): & 10,76 (s,
1H, NHOH); 9,03 (s, 1H, NHOH); 8,91 (t, 1H,
CONHCH,); 8,84 (s, 1H); 7,92 (d, J=8,4Hz,
1H); 7,60 (d, J=7,8Hz, 2H); 7,52 (d, J=8.,4Hz,
2H), 748 (d, J=15,6Hz, 1H); 7,28 (d,
J=6,0Hz, 1H, H-Aryl); 7,20-7,15 (m, 4H);
7,12 (dd, J=8,4 Hz, 1,8Hz, 1H); 6,49 (d,
J=15,6Hz, 1H); 5,29 (s, 2H, CH,0); 4,52 (d,
J=5,4Hz, 2H, NHCH,); 2,31 (s, 3H, CHs).
BCNMR (150 MHz, DMSO-ds): § 163,22;
162,59 (CONHOH); 161,33 (CONH); 160,86;
155,98, 147,73; 137,77, 137,20; 136,45;
135,56; 134,68, 131,56, 130,00; 128,35;
127,61; 127,49; 127,03; 125,83; 119,41;
115,05, 114,11; 112,33; 101,18; 69,72
(CH,0); 40,81 (NHCH,); 18,57 (CHs).
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'H-NMR (600 MHz, DMSO-ds): & 9,02 (t,
J=6,0Hz, CONH); 8,84 (s, 1H); 7,92 (d,
J=9,0Hz, 1H); 7,61 (d, J=7,8Hz, 2H); 7,52 (d,
J=7,8Hz, 2H); 7,49 (d, J=15,6Hz, 1H); 7,22 (,
J=7,8Hz, 1H); 7,18 (d, J=1,8Hz, 1H); 7,15-
7,06 (m, 4H); 6,51 (d, J=15,6Hz, 1H); 5,28 (s,
2H, OCHy); 4,50 (d, J=6,0Hz, 2H, NHCH>);
2,28 (s, 3H, CHs).

BC.NMR (150 MHz, DMSO-ds): & 163,23;
161,41 (CONH); 160,78; 155,99; 147,80;
138,83; 137,75; 137,45, 137,20, 134,70;
131,45; 128,35; 12826; 127,98, 127,62;
127,55; 124,44; 119,42; 115,01; 114,00;
112,33; 101,17; 69,73 (CH,0); 42,65
(NHCHb); 20,96 (CHs)

"H-NMR (600 MHz, DMSO-dp): 8 10,76 (br,
1H, CONHOH); 9,05 (t, J=6,0Hz, CONH);
8,84 (s, 1H); 7,92 (d, J=9,0Hz, 1H); 7,61 (d,
J=7,8Hz, 2H); 7,52 (d, J=7,8Hz, 2H); 7,47 (d,
J=15,6Hz, 1H); 7,28 (t, ]=7,8Hz, 1H); 7,24 (d,
J=7,8Hz, 1H); 7,18 (s, 1H); 7,12 (dd, J=8,4Hz,
2,4Hz, 1H); 7,03 (d, J=8,4Hz, 1H); 6,92 (t,
J=7,8Hz, 1H); 6,49 (d, ]=16,2Hz, 1H); 5,29 (s,
2H, CH,0); 4,50 (d, J=6,0Hz, 2H, NHCH,);
3,85 (s, 3H, OCHs).

BC-NMR (150 MHz, DMSO-de): & 163,22;
162,56 (CONHOH); 161,25; 160,95; 156,96;
156,03; 147,84; 137,79; 137,24; 134,71;
131,62; 128,51; 128,40; 128,23; 127,66;
126,09; 120,25; 119,42; 114,97; 114,15;
112,37; 110,70; 101,19; 69,75 (CH20); 55,39
(OCH3); 38,50 (CH,NH).

~ '"H-NMR (600 MHz, DMSO-dq): 6 10,77 (br,

1H, CONHOH); 9,03 (t, J=6,0Hz, 1H,
CONH); 8,83 (s, 1H): 7,92 (d, J=9.0Hz, 1H);
7,61 (d, J=7,8Hz, 2H); 7,52 (d, J=7,8Hz, 2H);
7,48 (d, J=15.6Hz, 1H); 7.26 (t, J=7,8Hz, 1H);
7.20 (d, J=1,8Hz, 1H); 7.13 (dd, J=9,0Hz,
2.4Hz, 1H); 6,92 (s, 1H); 6,91 (d, J=7,2Hz,
1H); 6,83 (m, 1H); 6,50 (d, J=16,2Hz, 1H);
5,29 (s, 2H, CH,0); 4,51 (d, J=6,0Hz, 2H,
NHCH,); 3,74 (s, OCHa).
3C-NMR (150 MHz, DMSO-ds): & 163,24;
161,51 (CONH); 160,76; 159,34; 156,01;
147,77; 140,54; 137,23: 134,71; 131,58;
129,44; 128,38; 127,64; 119,48; 119,42;
115,13; 114,11; 113,10; 112,34; 112,26;
101,21; 69,74 (CH,0); 54,96 (OCHa); 42,62
(CH,NH).

21
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'H-NMR (600 MHz, DMSO-de): & 9,07 (t,
J=6,0Hz, 1H, CONH); 8,83 (s, 1H); 7,92 (d,
J=9,0Hz, 1H); 7,61 (d, J=7,8Hz, 2H); 7,52 (d,
J=8,4Hz, 2H): 7,61 (d, J=16,2Hz, 1H); 7,40 (t,
7=7,8Hz, 1H); 7,33-7,31 (m, 1H); 7,21-7,16
(m, 3H); 7,12 (dd, J=9,0Hz, 2,4Hz, 1H); 6,50
(d, J=16,2Hz, 1H); 5,29 (s, 2H, CH20); 4,59
(d, J=5,4Hz, 2H, NHCH,).

BC-NMR (150 MHz, DMSO-ds): & 163,27;
161,57 (CONH); 160,76; 159,28; 160,90 (J5.
F=243,0Hz); 156,03; 147,90; 137,73; 137,19;
134,68; 131,61; 129,47; 129,44 (Jp.=4,5Hz);
129,04; 128,99 (Jr¢=7,5Hz); 128,37; 127,62;
125,63; 125,53; Jr.r=15,0Hz); 124,36; 124,34
(Jp5=3,0Hz); 119,39; 115,17; 115,03 (I
7=21,0Hz); 114,88; 114,12; 112,30; 101,18;
69,72 (CH,0); 36,72 (CHoNH).

'H-NMR (600 MHz, DMSO-ds): 8 10,77 (br,
1H, CONHOH); 9,11 (t, J=6,0Hz, 1H,
CONH); 8,83 (s, 1H); 7,91 (d, J=8,4Hz, 1H);
7,61 (d, J=7,8Hz, 2H); 7,52 (d, J=7,8Hz, 2H);
7,49 (d, J=15,6Hz, 1H); 7,39 (m, 1H); 7,19-
7,15 (m, 3H); 7,12 (dd, J=8,4Hz, 1,8Hz, 1H);
7,09(td, J=8,4Hz, 1,8Hz, 1H); 6,50 (d,
J=15,6Hz, 1H); 5,29 (s, 2H, CH,0); 4,57 (d,
J=6,0Hz, 2H, NHCH>).

BC-NMR (150 MHz, DMSO-ds): 8 163,24;
161,68 (CONH); 161,39; 163,00 (Je-
7=241,5Hz); 160,66; 156,02; 147,80; 142,15;
142,10 (Jrr=7,5Hz); 137,78; 137,20; 134,70;
131,57; 130,25; 130,19 (Jr.F=9,0Hz); 128,36;
127,62; 123,28; 123,27 (Je.r=1,5Hz); 119,42;
115,08; 114,08; 114,05, 113,91 (I
7=22,5Hz); 113,64; 113,50 (Jrs=21,0Hz);
112,32; 101,19; 69,73 (CH.0); 42,18
(CH,NH,)

'H-NMR (600 MHz, DMSO-dj): & 10,79 (s,
IH, CONHOH); 9,07 (2H, CONH,
CONHOH); 8,82 (s, 1H); 7,91 (d, J=8,4Hz,
1H); 7,61 (d, J=7,8Hz, 2H); 7,52 (d, J=7,8Hz,
2H); 7,50 (d, J=162Hz, 1H); 7,40 (dd,
J=8,4Hz, 5,4Hz, 2H); 7,18 (d, J=1,8Hz, 1H);
7,15 (t, J=8,4Hz, 2H); 7,12 (dd, J=8,4Hz,
1,8Hz, 1H); 6,52 (d, J=16,2Hz, 1H); 5,29 (s,
2H, CH,0); 4,53 (d, J=5,4Hz, 2H, NHCH,).

BC-NMR (150 MHz, DMSO-dp): § 163,25;
162,66 (CONHOH); 161,52 (CONH); 160,70;
160,41; 162,02 (Jrr=241,5Hz); 156,01;

22
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147,81; 137,84; 137,22; 135,26; 134,70;
131,57; 129,43; 129,38 (Jr5=7,5Hz); 128,36;
127,64:  119,42; 115,10; 114,96 (5
#=21,0Hz); 115,02; 114,09; 112,31; 101,18;
69,74 (CH0); 41,98 (CHoNH).

i IH-NMR (600 MHz, DMSO-dg): 3 12,43 (s,
Mm 1H, COOH); 8,98 (t, J=6,0Hz, CONH); 8,84
™ (s, 1H); 7,92 (d, J=84Hz, 1H); 772 (d,
! o J=8,4Hz, 2H); 7,60 (d, J=15,6Hz, 1H); 7,52

(d, J=7,8Hz, 2H); 7,23 (d, J=7,8Hz, 2H); 7,19
(d, J=1,8Hz, 1H); 7,14 (d, J=7,8Hz, 2H); 7,11
(d, J=1,8Hz, 1H); 6,55 (d, 15,6Hz, 1H); 5,30
(s, 2H, H-CH,0); 4,48 (d, J=6,0Hz, 2H,
NHCHy); 2,276 (s, 3H, CHs),

BC-NMR (150 MHz, DMSO-dy): 8 167,44
(COOH); 163,19; 161,36 (CONH); 160,76;
155,98; 147,76; 14332; 138,04; 136,01;
135.85; 13406, 131,57; 128,89; 128.34;
12824; 127,36; 119,51; 115,09 114,09;
11235, 101,20; 69,64 (CH:0); 42,42
(NHCHy); 20,61 (CH3).

i 'H-NMR (600 MHz, DMSO-de): & 9,09 (t, ESI-
/@(ﬁL ¥ 1=6.0Hz, CONH); 8,82 (s, 1H); 7.92 (d, HRMS tim
. Y\DA T e “ J=9,0Hz, 1H); 7,73 (d, 1=8,4Hz, 2H); 7,60 (d, thay:491.1
I vreen J=16,2Hz, 1H); 7,53 (d, =8,4Hz, 2H); 7,39- 0340; 1y
7,35 (m, 4H); 7,19 (d, J=2,4Hz, 1H); 7,13 (dd, tCh“YHet‘C]N
J=9,0Hz, 2,4Hz, 1H); 6,56 (d, J=16,2Hz, 1H); 027 2
4,52 (d, J=6,0Hz, 2H, NHCH,). M+ H]*
PC-NMR (150 MHz, DMSO-ds): 8 16747 491 10574
(COOH); 163,26; 161,66 (CONH); 160,68;
156,05; 147,85; 143,36; 138,19; 138,08;
134,10; 131,63; 131,45; 129,25; 128,38;
12827, 119,56; 115,10; 114,14; 112,36
101,26; 69,70 (CH,0); 42,04 (CH,NH).

i H-NMR (600 MHz, DMSO-dq): 5 8,96 (t,

] )@[ﬁ ¥ UL 1=6,0Hz, 1H, CONH); 8,84 (s, 1H); 7,92 (d,
wNQA " J=9,0Hz, 1H); 7,73 (d, J=8 4Hz, 2H); 7,61 (d,
! ncss J= 16,2Hz, 1H); 7,52 (d, J=7,8Hz, 2H): 7,28

(d, J=8,4Hz, 2H); 7,19 (d, J=1,8Hz, 1H); 7,13
(dd, J=8,4Hz, 2,4Hz, 1H); 6,90 (d, J=9,0Hz,
2H); 6,55 (d, J=16,2Hz, 1H); 5,30 (s, 2H,
CH,0); 4,46 (d, J=5,4Hz, 2H, NHCH,); 3,735
(s, OCHs).

23
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BC-NMR (150 MHz, DMSO-ds): & 167,47
(COOH); 163,20; 161,30 (CONH); 160,77,
158,34; 155,99; 147,76, 143,34; 138,06;
134,08; 131,58; 130,84; 128,82; 128,35;
128,25; 119,53; 115,10; 114,11; 113,80;
112,36; 101,21; 69,66 (CH20); 55,04 (OCH3);

42,16 (CH2NH).
i ¢ TH-NMR (600 MHz, DMSO-ds): § 12,44 (br,
mku“fj 1H, COOH); 9,12 (t, J=6,0Hz, CONH); 8,84
. WvA/@A ° oo (s, 1H); 7,93 (d, J=8,4Hz, 1H); 7,73 (d,
h vron J=72Hz, 2H); 7,61 (d, J=16,2Hz, 1H); 7,52

(d, J=7,8Hz, 2H); 7,47 (d, J=7,8Hz, 1H); 7,41
(d, J=7,8Hz, 1H); 7,33-7,31 (m, 2H, H-Aryl);
7,21(s, 1H); 7,13 (d, J=9,0Hz, 1H); 6,55 (d,
J=16,2Hz, 1H); 5,31 (s, 2H, CH;0); 4,61 (d,
J=5,4Hz, 2H, NHCH)).

BC-NMR (150 MHz, DMSO-ds): 8 166,91
(COOH); 163,08; 161,33 (CONH); 160,41;
155,78; 147,46; 142.,85; 137,76; 135,62;
133,90; 131,98; 131,28; 128,90; 128,86;
128.46; 127,92; 127.81; 126,87, 119,38;
114,86; 113,80; 112,11, 101,14; 69,55

(CH20); 40,50 (CHoNH.).
i . 'H-NMR (500 MHz, DMSO-ds): 8 9,13 (t,

me YU CONH); 883 (s, 1H); 7.91 (d, J=8,5Hz, 1H);
Y\VQA ° 7,73 (d, J=8,0Hz, 2H); 7,61 (d, J=16,0Hz,
I 1H); 7,53 (d, J=8,0Hz, 2H); 7,40-7,35 (m,

2H); 7,31-7,30 (m, 2H); 7,19 (d, J=1,8Hz,
1H); 7,13 (dd, J=9,0Hz, 1,8Hz, 1H); 6,56 (d,
J=15,5Hz, 1H); 5,31 (s, 2H, CH20); 4,54 (d,
J=5,4Hz, 2H, NHCH,).

BC-NMR (150 MHz, DMSO-ds): & 167,42
(COOH); 163,21; 161,68 (CONH); 160,62;
156,01; 147,81; 14331; 141,75; 138,03;
134,06; 132,94; 131,57; 130,14; 128,32;
128,22; 127,16; 126,77; 126,01; 119,51;
115,06; 114,06, 112,33; 101,20; 69,65
(CH20); 42,13 (CH2NH>).

i % IH.NMR (600 MHz, DMSO-ds): & 8,83 (br,
@[ﬁ:&“@ CONH); 8,81 (s, 1H); 7,89 (d, J=8,4Hz, 1H);
. Y\/[jA ° "o 7,69 (d, J=7,8Hz, 2H); 7,60 (d, J=16,2Hz,
I Vroe 1H); 7,52 (d, J=7,8Hz, 2H); 7,29 (d, J=6,0Hz,
1H, H-Aryl); 7,19-7,16 (m, 4H, H-Aryl); 7,12
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(d, J=8,4Hz, 1H); 6,50 (d, J=15,6Hz, 1H);
5,31 (s, 2H, CH,0); 4,54 (d, J=6,0Hz, 2H,
NHCHy,); 2,34 (s, 3H, CH).

BCNMR (150 MHz, DMSO-ds): & 166,99
(COOH); 163,02; 161,06 (CONH); 160,51;
155,73; 147,29; 142,74; 137,74; 136,15;
13534; 133,95; 13123; 129,75; 127,91;
127,81; 127,42; 126,76, 125,53; 119,55;
115,04; 113,80, 112,15; 101,14; 69,55
(CH,0); 41,00 (NHCH,); 18,17 (CHs).
TH-NMR (600 MHz, DMSO-ds): & 9,02 (¢,
J=6,0Hz, CONH); 8,84 (s, 1H); 7.90 (d,
J=9,0Hz, 1H); 7,72 (d, J=8,4Hz, 2H); 7,61 (d,
J=16,2Hz, 1H); 7,52 (d, J=8,4Hz, 2H); 7,22 (t,
J=7,8Hz, 1H); 7,18 (d, J=2,4Hz, 1H); 7,15 (s,
1H); 7,13 (d, J=9,0Hz, 1H); 7,12 (dd,
J=8,4Hz, 2,8Hz, 1H); 7,06 (d, J=7,8Hz, 1H);
6,56 (d, J=16,2Hz, 1H); 5,29 (s, 2H, OCHb);
4,50 (d, J=6,0Hz, 2H, NHCH,); 2,29 (s, 3H,
CHs).

BCNMR (150 MHz, DMSO-ds): & 167,49
(COOH); 163,23; 161,45 (CONH); 160,80;
156,01, 147.82; 143,37, 138,84; 138,07;
137,49; 134,09; 131,60; 128,37, 128,30;
128,26, 128,00; 127,59; 124,47; 119,53;
115,06;  114,12; 112,37; 101,22; 69,69
(CH0); 42,64 (NHCH,); 20,98 (CHa).

'H-NMR (600 MHz, DMSO-dj): 5 12,42 (br,
1H, COOH); 9,06 (t, J=6,0Hz, CONH); 8,83
(s, 1H); 7,90 (d, J=9,0Hz, 1H); 7,73 (,
J=8,4Hz, 2H); 7,62 (d, J=15,6Hz, 1H); 7,52
(d, J=7,8Hz, 2H); 7,28 (1, J=7,8Hz, 1H); 7,25
(d, J=7,8Hz, 1H); 7,17 (d, J=1,8Hz, 1H); 7,11
(dd, J=8,4Hz, 1,8Hz, 1H); 7,02 (d, J=8,4Hz,
1H); 6,92 (t, J=7,8Hz, 1H); 6,56 (d, J=16,2Hz,
1H); 5,29 (s, 2H, CH,0); 4,51 (d, J=6,0Hz,
2H, NHCH>); 3,85 (s, 3H, OCHs).

BC.NMR (150 MHz, DMSO-ds): & 167,52
(COOH); 163,22; 161,23 (CONH); 160,94;
156,97, 156,00; 147,82; 143,39; 138,07
134,09; 131,66; 128,50; 128,37; 128.25;
128,23; 126,10; 120,25; 119,53; 114,93;
114,11; 112,37; 110,68; 101,17; 69,67
(CH»0); 55,38 (OCH3); 38,51 (CH,NH).
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IH-NMR (600 MHz, DMSO-ds): & 9,04 (t,
J=6,0Hz, CONH); 8,84 (s, 1H); 7,92 (d,
J=9,0Hz, 1H); 7,73 (d, J=7,8Hz, 2H); 7,61 (d,
J=16,2Hz, 1H); 7,53 (d, J=7,8Hz, 2H); 7,26 (t,
J=8,4Hz, 1H); 7,20 (d, J=2,4Hz, 1H); 7,13
(dd, J=8,4Hz, 2,4Hz, 1H); 6,92 (s, 1H); 6,91
(d, J=72Hz, 1H); 6,83 (m, 1H); 6,55 (d,
J=16,2Hz, 1H); 5,31 (s, 2H, CH20); 4,51 (d,
J=6,0Hz, 2H, NHCH,); 3,74 (s, OCH3).

BC.NMR (150 MHz, DMSO-ds): & 167,47
(COOH); 163,21; 161,50 (CONH); 160,75;
159,33; 156,01; 147,77, 143,34; 140,54;
138,06; 134,08; 131,59; 129,44; 128,35;
128,25; 119,54; 119,49; 115,15; 114,11;
113,09; 112,36; 112,27, 101,22; 69,66
(CH20); 54,96 (OCH3); 42,61 (CH2NH).

'H-NMR (600 MHz, DMSO-ds): & 9,07 (t,
J=6,0Hz, 1H, CONH); 8,83 (s, 1H); 7,91 (d,
J=8,4Hz, 1H); 7,73 (d, J=8,4Hz, 2H); 7,61 (d,
J=15,6Hz, 1H); 7,53 (d, J=7,8Hz, 2H); 7,41 (1,
J=7,8Hz, 1H); 7,34-7,32 (m, 1H); 7,22-7,17
(m, 3H); 7,12 (dd, J=9,0Hz, 2,4Hz, 1H); 6,57
(d, J=16,2Hz, 1H); 5,30 (s, 2H, CH20); 4,60
(d, J=6,0Hz, 2H, NHCH>).

BC-NMR (150 MHz, DMSO-ds): & 167,71
(COOH); 163,32; 161,66 (CONH); 160,84;
159,36; 160,98 (Jp.r=243,0Hz); 156,09;
147,97; 143,17, 138,03; 134,20; 131,69;
129,55; 129,52 (Jr-r=4,5Hz); 129,14; 129,09
(Jrr=7,5Hz); 128,38; 128,28; 125,67; 125,58
(Jr,=13,5Hz); 124.,44; 124,42 (Jpr=3,0Hz);
119,90; 115,25; 115,11  (Jrr=21,0Hz);
114,96; 114,20; 112,38; 101,26; 69,73
(CH20); 36,81 (CH2NH).

'"H-NMR (600 MHz, DMSO-ds): § 9,02 (t,
J=6,0Hz, 1H, CONH); 8,80 (s, 1H); 7,89 (d,
J=9,0Hz, 1H); 7,70 (d, J=7,8Hz, 2H); 7,61 (d,
J=15,6Hz, 1H); 7,53 (d, J=7,8Hz, 2H); 7,39
(td, J=7,8Hz, 6,0Hz, 1H); 7,20 (dt, J=7,2Hz,
1H); 7,17-7,16 (m, 2H); 7,13 (dd, J=8,4Hz,
2,4Hz, 1H); 7,07(m, 1H); 6,50 (d, J=16,2Hz,
1H); 5,32 (s, 2H, CH20); 4,57 (d, J=6,0Hz,
2H, NHCH)).

BC-NMR (150 MHz, DMSO-ds): & 167,46
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(COOH); 163,21; 161,68 (CONH); 161,39;
163,00 (Jrr=241,5Hz); 160,67; 156,02;
147,80; 143,34; 142,15; 142,10; (Je.r=7,5Hz);
138,04; 134,07; 131,57; 130,25; 130,19 (Je-
r=9,0Hz); 128,34; 128,23; 123,28; 123,27 (J-
=1,5Hz); 119,51; 115,08; 114,06; 113,91 (Jr-
7=22.5Hz); 113,64; 113,50 (Jpp=21,0Hz);
113,54; 112,33; 101,20; 69,66 (CH20); 42,18
(CHoNH).

'H-NMR (600 MHz, DMSO-ds): & 9,08 (t,
1H, CONH); 8,82 (s, 1H); 7,90 (d, J=9,0Hz,
IH): 7,73 (d, J=8,4Hz, 2H); 7.61 (d,
J=16,2Hz, 1H); 7,53 (d, J=8,4Hz, 2H); 7,40
(dd, J=8,4Hz, 5,4Hz, 2H); 7,18-7,12 (m, 3H);
7,11 (dd, J=7,8Hz, 2.4Hz, 1H); 6,56 (d,
J=15,6Hz, 1H); 5,29 (s, 2H, CH20); 4,52 (d,
J=6,0Hz, 2H, NHCH,).

BC.NMR (150 MHz, DMSO-ds): & 167,56
(COOH); 163,27; 161,59 (CONH); 160,74;
160,46; 162,06 (Jp=240,0Hz); 156,04;
147,85; 143,35; 138,07; 13529; 134,13;
131,63; 129,47; 129,42; (Jp.5=7,5Hz); 128,38;
12828; 119,62; 11515; 11501 (Jg
7=21,0Hz); 115,08; 114,14; 112,37; 101,24;
69,71 (CH20); 42,02 (CH,NH).

'H-NMR (600 MHz, DMSO-ds): 8 12,96 (br, ESI-

1H, COOH); 8,98 (br, CONH); 8,84 (s, 1H); HRMS tim
7,98 (d, J=7,2Hz, 2H); 7,92 (d, J=8,4Hz, 1H); thay:444,1
7,59 (d, J=6,6Hz, 2H); 7,23- 7,13 (m, 6H); 1L 1y
535 (s, 2H, CH;0); 4,48 (br, 2H, NHCH,); Huyet:

2,28 (s, 3H, CH3). “C-NMR (150 MHz, fﬁ?ﬁ?t”
DMSO-dg): & 166,98 (COOH), 163,10; 4441447

161,35 (CONH): 160,75; 155,97; 147,75;
140,90; 136,03; 135,85; 131,59; 130,49;
129,51; 128,90; 127,59; 127,36; 115,12;
114,06; 112,41; 10120; 69,49; 42,44
(NHCH>), 20,62 (CH3).

'H-NMR (600 MHz, DMSO-ds): & 9,10 (t,
J=6,0Hz, CONH); 8,83 (s, 1H); 8,00 (d,
J=8,4Hz, 2H, H); 7,91 (d, J=8,4Hz, 1H); 7,60
(d, J=7,8Hz, 2H); 7,39-7,36 (m, 4H); 7,19 (d,
J=1,8Hz, 1H); 7,13 (dd, J=8,4Hz, 2,4Hz, 1H);
5,35 (s, 2H, CH20); 4,54 (d, J=6,6Hz, 2H,

27



[} o (o}
HO.
VTI-4-1

VTI-5-1

53663

NHCH,).

BCNMR (150 MHz, DMSO-ds): & 167,05
(COOH); 163,13; 161,57 (CONH); 160,65;
155,99; 147,81; 140,79; 138,14; 131,59;
131,44; 130,67; 129,50, 129,25; 128,23;
127,56; 115,05; 114,04; 112,37, 101,19;
69,51 (CH,0); 42,03 (CH;NH).

'H-NMR (600 MHz, DMSO-dg): & 8,95 (1,
J=6,0Hz, 1H, CONH); 8,82 (s, 1H); 7,98 (d,
J=7,8Hz, 2H); 7,90 (d, J=8,4Hz, 1H); 7,57 (d,
=7 8Hz, 2H); 7,27 (d, J=8,4Hz, 2H); 7,17 (d,
J=1,2Hz, 1H); 7,12 (dd, J=8,4Hz, 1,8Hz, 1H);
6,89 (d, J=8,4Hz, 2H); 5.33 (s, 2H, CH,0);
445 (d, J=6,0Hz, 2H, NHCH); 3,721 (s,
OCHs). *C-NMR (150 MHz, DMSO-ds): &
163,13; 161,28 (CONH); 160,76; 158,33;
155,97; 147,74; 14047, 131,58; 130,83;
129.49; 128,81; 127,52; 115,11; 114,06;
113,79; 112,39; 101,20; 69,56 (CH,0); 55,02
(OCHs); 42,17 (CH,NH).

'H-NMR (600 MHz, DMSO-ds): 6 11,23 (br,
1H, CONHOH); 9,12 (t, J=6,0Hz, CONH);
9,04 (s, 1H, CONHOH); 8,84 (s, 1H); 7,92 (d,
J=9,0Hz, 1H); 7,80 (d, J=7,8Hz, 2H); 7,56 (d,
J=8,4Hz, 2H); 7,47 (dd, J=7,2Hz, 1,8Hz, 1H);
7,41 (dd, J=7,8Hz, 1,8Hz, 1H); 7,34-7.31 (m,
2H); 7,20 (d, J=1,8Hz, 1H); 7,13 (dd,
J=8,4Hz, 2,4Hz, 1H); 533 (s, 2H, CH0);
4,61 (d, J=6,0Hz, 2H, NHCH,).

I3C-NMR (150 MHz, DMSO-ds): § 163,87
(CONHOH); 163,23; 161,64 (CONH);
160,77; 156,04; 147,92; 139,05; 135,89;
132,55; 132,10; 131,64; 129,15; 128,95;
128,76; 127,63; 12721; 127,11; 114,91;
114,12; 112,35; 101,21; 69,56 (CH,0); 40,74
(CHNH).

'H-NMR (600 MHz, DMSO-ds): § 9,13 (t,
J=6,0Hz, 1H, CONH); 8.84 (s, 1H); 7,99 (d,
J=7,8Hz, 2H): 7,92 (d, 1=9,0Hz, 1H); 7,61 (d,
J=8,4Hz, 2H); 7,405 (s, 1H); 7,36 (m, 1H);
7,32-7,30 (m, 2H); 7,20 (d, J=2,4Hz, 1H);
7,14 (dd, J=9,0Hz, 2,4Hz, 1H); 5,37 (s, 2H,
CH.0); 4,54 (d, J=6,0Hz, 2H, NHCH,).
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BC-NMR (150 MHz, DMSO-ds): & 166,99
(COOH); 163,15; 161,71 (CONH); 160,65;
156,04; 147,84; 141,78; 140,94; 132,98;
131,63; 130,47, 130,18; 129,53; 127,63;
127,18; 126,80; 126,04; 115,16; 114,07,
112,42; 101,24; 69,51 (CH20); 42,16
(CH2NH).

"H-NMR (600 MHz, DMSO-ds): & 8,90 (t,
J=6,0Hz, 1H, CONH); 8,63 (s, 1H); 7,98 (d,
J=8,4Hz, 2H); 7,91 (d, J=9,0Hz, 1H); 7,58 (d,
J=8,4Hz, 2H); 7,27-7,26 (m, 1H, H-Aryl);
7,18-7,12 (m, 3H, H-Aryl); 7,09 (d, J=2,4Hz,
1H); 7,07 (dd, J=8,4Hz, 2,4Hz, 1H); 5,33 (s,
2H, CH;0); 4,51 (d, J=6,0Hz, 2H, NHCH>);
2,34 (s, 3H, CHs). “C-NMR (150 MHz,
DMSO-ds): & 166,73 (COOH); 162,96;
161,07 (CONH); 160,52; 155,74; 147,30;
140,48; 136,15; 135,35; 131,26; 130,67;
129,77; 129,18; 127.44; 127,16; 126,78;
125,55; 115,10; 113,79; 112,22; 101,16;
69,43 (CH20); 40,80 (NHCH>); 18,60 (CHs).

"H-NMR (600 MHz, DMSO-dy): 8 12,98 (br,
1H, COOH); 9,02 (t, J=6,0Hz, 1H, CONH);
8,85 (s, 1H); 7,99 (d, J=8,4Hz, 2H); 7,93 (d,
J=9,0Hz, 1H); 7,60 (d, J=8,4Hz, 2H); 7,23-
7,06 (m, 6H, H-aryl); 5,36 (s, 2H, CHy0);
4,50 (d, J=6,0Hz, 2H, NHCH>); 2,29 (s, 3H,
CH3). BC-NMR (150 MHz, DMSO-ds): &
166,96 (COOH); 163,10; 161,39 (CONH);
160,75; 155,97, 147,78; 140,89; 138,82;
137,44; 131,59; 130,48; 129,50; 128,26;
127,97, 127,59; 127,54; 124,44; 115,13;
114,06; 112,41; 101,21; 69,48 (CH20); 42,63
(NHCH»), 20,95 (CH3).

'H.NMR (600 MHz, DMSO-ds): 8 9,04 (t,
J=6,0Hz, CONH); 8,83 (s, 1H); 7.99 (d,
J=8,4Hz, 2H, H); 7,91 (d, J=9,0Hz, 1H); 7,59
(d, I=7,8Hz, 2H); 7,27 (t, 1=7,8Hz, 1H); 7,24
(d, J=7,2Hz, 1H); 7,17 (d, J=1,8Hz, 1H); 7,11
(dd, J=8,4Hz, 1,8Hz, 1H); 7,02 (d, J=8,4Hz,
1H); 6,91 (t, J=72Hz, 1H); 5,34 (s, 2H,
CH,0); 4,50 (d, J=6,0Hz, 2H, NHCH,); 3,846
(s, 3H, OCHs). 3C-NMR (150 MHz, DMSO-
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ds): & 166,62 (COOH); 162,94; 160,94
(CONH); 160,54; 156,89; 155,74; 147,34;
140,62; 131,27; 130,41; 129,19; 128.21;
128,13; 127,18, 126,03; 120,04; 115,03;
113,77, 112,23; 110,73; 101,15; 69,42
(CH,0); 55,24 (OCHs); 38,24 (CHoNH).

'H-NMR (600 MHz, DMSO-ds): & 9,04 (t,
J=6,0Hz, CONH); 8.84 (s, 1H); 7,99 (d,
J=7,8Hz, 2H); 7,93 (d, J=8,4Hz, 1H); 7,59 (d,
J=7,8Hz, 2H); 7,26 (t, J=7,8Hz, 1H); 7,20 (d,
J=1,8Hz, 1H); 7,14 (dd, J=8,4Hz, 1,8Hz, 1H);
6,92 (s, 1H); 6,91 (d, J=6,6Hz, 1H); 6,83 (dd,
J=7,8Hz, 1,8Hz, 1H); 5,36 (s, 2H, CH,0);
4,51 (d, J=6,0Hz, 2H, NHCHy); 3,74 (s,
OCH3). BC-NMR (150 MHz, DMSO-ds): &
167,12 (COOH), 163,13; 161,49; 160,73;
159,33; 155,99; 147,75; 140,75; 140,53;
131,60; 129,50; 129,43; 127,58; 119,46;
115,20; 114,07; 113,09; 112,41; 112,26;
101,23; 69,52 (CH20); 54,95 (OCH3); 42,62
(CHoNH).

'H-NMR (600 MHz, DMSO-ds): & 9,06 (t,
J=6,0Hz, 1H, CONH): 8,84 (s, 1H); 7,99 (d,
J=8 4Hz, 2H); 7,93 (d, J=8,4Hz, 1H); 7,59 (d,
J=8,4Hz, 2H); 7,40 (td, J=7,8Hz, 1,8Hz, 1H);
733 (m, 1H); 7,22-7,16 (m, 3H); 7,14 (dd,
J=8,4Hz, 2,4Hz, 1H); 5,36 (s, 2H, CH0);
4,59 (d, J=6,0Hz, 2H, NHCH,).

BC.NMR (125 MHz, DMSO-ds): & 167,25
(COOH); 163,18; 161,57 (CONH); 160,75;
159,14; 161,08 (Jrr=242,5Hz); 156,09;
147,88; 140,63; 131,64; 131,08; 129,49;
129,06; 128,99 (Jrr=8,75Hz); 127,57;
125,64; 125,55 (Jrr=13,75Hz); 124,37;
124,34 (Jpp=3,75Hz); 115,19; 115,02 (Jr-
¥=21,25Hz); 114,98; 114,10; 112,38; 101,22;
69,53 (CH,0); 36,74 (CH,NH).

'H-NMR (600 MHz, DMSO-ds): § 9,02 (t,
J=6,0Hz, 1H, CONH): 8.79 (s, 1H); 7,99 (d,
J=8,4Hz, 2H); 7,88 (d, J=8,4Hz, 1H); 7,59 (d,
J=7,8Hz, 2H); 7,38 (q, J=7,8Hz, 6,0Hz, 1H);
7,19 (d, J=7,8Hz, 1H); 7,161 (s, 1H); 7,16 (br,
1H); 7,13 (dd, J=8,4Hz, 1,8Hz, 1H); 7,06 (td,
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J=8 4Hz, 2,4Hz, 1H): 536 (s, 2H, CH:0);
4,57 (d, J=6,0Hz, 2H, NHCHb>).

BC-NMR (150 MHz, DMSO-ds): & 167,06
(COOH); 163,15; 161,71 (CONH); 161,42;
163,03 (Jrr=241,5Hz); 160,67; 156,03;
147,81; 142,16; 142,11 (Je.¢=7,5Hz); 140,86;
131,63; 130,65; 130,28; 130,22 (Jr+=9,0Hz);
129,53; 127,61; 123,31; 123,29 (Jp=3,0Hz);
115,19;  114,08; 113,93  (Jrr=22,5H2);
113,67; 113,53 (Jrr=21,0Hz); 112,41;
101,24; 69,52 (CH,0); 42,20 (CHaNHa).

'H-NMR (600 MHz, DMSO-ds): § 12.99 (br, ESI-

IH, COOH); 9,08 (t, J=6,0Hz, 1H, CONH); HRMS tim
8,84 (s, 1H); 8,00 (d, J=8,4Hz, 2H); 7,91 (d, thay:448,1
J=8 4Hz, 1H); 7,60 (d, J=7,8Hz, 2H); 7,26 (td, 194431y
J=72Hz, 2,4Hz, 2H): 7,19-7,12 (m, 4H); 5,36 gm{l?tFN
(s, 2H, CH,0); 4,51 (d, J=6,0Hz, 2H, 025 "
NHCH,). M+ HI"
BC-NMR (150 MHz, DMSO-ds): 8 166,96 448 11964
(COOH); 163,09; 161,47 (CONH); 160,65;

160,39; 161,99 (Jrr=240,0Hz); 155,96;

147,77; 140,87; 135,24: 135,22 (Jr.¢=3,0Hz);

131,56; 130,46; 129,49: 129,40; 129,34 (J.

7=9,0Hz); 127,56, 115,07, 114,93 (x
7=21,0Hz); 114,02; 112,37; 101,18; 69,47

(CH,0); 41,95 (CHNH).

"H-NMR (600 MHz, DMSO-ds): & (ppm) 8,96

(t, J=6,0Hz, 1H, CONH); 8,78 (s, 1H); 7,80 (d,

J=9,0Hz, 1H); 7,26 (t, J=8,4Hz, 2H); 6,89-

6,86 (m, 3H); 6,78 (d, J=2,4Hz, 1H); 4,45 (d,

J=5,4Hz, 2H, NHCH.); 3,72 (s, OCHs).

BC.NMR (150 MHz, DMSO-ds): § (ppm)

163,68; 161,52 (CONH); 161,04; 158,35;

156,29; 148,12; 131,96; 130,93; 128,84;

114,35, 113,82; 113,65; 111,12; 101,80;

55,05 (OCHj3); 42,16 (CH,NH).

H-NMR (600 MHz, DMSO-de): 8 (ppm) 9,03
(t, J=6,0Hz, CONH); 8,79 (s, 1H); 7,82 (d,
1=8.4Hz, 1H); 725 (t. 1=8,4Hz, 1H); 6,92-
6,90 (m, 2H); 6,89 (dd, J=8,4Hz, 2,4Hz, 1H);
6,83 (m, 1H); 6,80 (d, J=2,4Hz, 1H); 4,51 (d,
J=6,0Hz, 2H, NHCHb): 3,74 (s, OCH).

BC-NMR (150 MHz, DMSO-ds): § (ppm)
163,75; 161,73 (CONH): 161,02 159,36;
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156,32; 148,14; 140,64; 131,97; 129,48;
119,49; 114,38; 113,67, 113,10; 112,29;
111,11; 101,81; 54,98 (OCHs); 42,61
(CHNH).

'H-NMR (600 MHz, DMSO-ds): & (ppm) 9,06
(t, J=6,0Hz, CONH); 8,79 (s, 1H); 7,80 (d,
J=8,4Hz, 1H); 7,28 (td, J=7,8Hz, 1,8Hz, 1H);
7,24 (dd, J=72Hz, 1,2Hz, 1H); 7,02 (d,
J=7,8Hz, 1H); 6,92 (td, J=7,2Hz, 1,2Hz, 1H);
6,88 (dd, J=8,4Hz, 2,4Hz, 1H); 6,78 (d,
J=2,4Hz, 1H); 4,50 (d, J=6,0Hz, 2H, NHCH>);
3,85 (s, 3H, OCH3).

BC-NMR (150 MHz, DMSO-ds): & (ppm)
164,03; 161,48 (CONH); 161,19; 156,99;
156,35; 148,12; 131,97; 128,50; 128,25;
126,18; 120,26; 114,48; 113,35; 111,00;
110,71; 101,88; 55,39 (OCHj3); 3847
(CH2NH).

'H-NMR (600 MHz, DMSO-ds): 8 (ppm) 8,98
(t, J=6,0Hz, CONH); 8,78 (s, 1H, H-4); 7,80
(d, J=8,4Hz, 1H); 7,22 (d, J=7,8Hz, 2H); 7,13
(d, J=7,8Hz, 2H); 6,88 (dd, J=8,4Hz, 2,4Hz,
1H); 6,79 (dd, J=2,4Hz, 0,6Hz, 1H); 4,47 (d,
J=6,0Hz, 2H, NHCH,); 2,26 (s, 3H, CHa).
BCNMR (150 MHz, DMSO-ds): & (ppm)
163,71; 161,59 (CONH); 161,04; 156,29;
148,16; 136,05; 13594; 131,97; 128,94;
12728, 114,36, 113,61; 111,10; 101,79;
42,43 (NHCH,); 20.,65 (CHs).

'H-NMR (600 MHz, DMSO-de): 8 (ppm) 9,00
(t, J=6,0Hz, CONH); 8,78 (s, 1H); 7.80 (d,
J=9,0Hz, 1H); 7,20 (t, J=7,8Hz, 1H); 7,13 (s,
1H); 7,12 (d, J=7,2Hz, 1H); 7,05 (d, J=7,2Hz,
1H); 6,88 (dd, J=8,4 Hz, 1,8Hz, 1H); 6,79 (d,
J=1,8Hz, 1H); 4,49 (d, J=6,0Hz, 2H, NHCH,);
2,27 (s, 3H, CHs).

3C.NMR (150 MHz, DMSO-ds): & (ppm)
163,71; 161,63 (CONH); 161,05; 156,30;
148,16; 138,91; 137,49; 131,96; 128,30;
128,00; 127,58; 124:47; 114,36; 113,61;
111,11; 101,80; 42,64 (NHCHa); 20,99 (CHs).
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'H-NMR (600 MHz, DMSO-ds): & (ppm)
11,05 (br, 1H, OH); 8,92 (t, J=6,0Hz, CONH);
8.81 (s, 1H); 7,82 (d, 1=9,0Hz, 1H); 7,27 (m,
1H, H-Aryl); 7,19-7,16 (m, 3H, H-Aryl); 6,89
(dd, J=1,8Hz, 8,4Hz, 1H); 6,80 (d, J=1,8Hz,
1H); 4,53 (d, J=6,0Hz, 2H, NHCHy); 2,32 (s,
3H, CHj).

BC-NMR (150 MHz, DMSO-ds): & (ppm)
163,65; 161,50 (CONH); 161,11; 156,25;
148,08; 136,51; 135,57; 131,92; 130,01;
127,49; 127,02; 125,84; 114,31; 113,58;
111,10;101,77; 40,80 (NHCH>); 18,57 (CH3).

'H-NMR (600 MHz, DMSO-ds): 8 (ppm) 9,08
(t, J=6,0Hz, CONH); 8,75 (s, 1H); 7,78 (d,
J=9,0Hz, 1H); 7,38-7,33 (m, 4H); 6,86 (dd,
J=8,4Hz, 2,4Hz, 1H); 6,77 (d, J=2,4Hz, 1H);
4,50 (m, 2H, NHCH>).

BC-NMR (150 MHz, DMSO-ds): 8 (ppm)
164,04; 161,84 (CONH); 160,95; 156,39;
148,15; 138,20; 131,99; 131,45; 129,23;
128,27; 114,50; 113.24; 110,93; 101,78;
41,87 (CHNH).

'H-NMR (600 MHz, DMSO-ds):  (ppm) 9,13
(t, J=6,0Hz, CONH); 8,79 (s, 1H); 7.81 (d,
J=9,0Hz, 1H); 7.40 (t, J=1,8Hz, 1H); 7,37-
7,35 (m, 1H); 7,32-7,30 (m, 2H); 6,89 (dd,
J=8,4Hz, 1,8Hz, 1H); 6,80 (d, J=2,4Hz, 1H);
4,54 (d, J=6,0Hz, 2H, NHCH,).

BCNMR (150 MHz, DMSO-ds): & (ppm)
163,77; 161,90 (CONH); 160,90; 156,33;
148,19; 141,85; 132,97, 131,97; 130,18;
127,17, 126,78; 126,02; 114,35; 113,57;
111,06; 101,79; 42,12 (CH,NH).

"H-NMR (600 MHz, DMSO-ds): & 11,08 (s,
1H, OH); 9,12 (t, J=6,0Hz, CONH); 8,80 (s,
1H); 7,82 (d, J=8,4Hz, 1H); 7,47 (dd,
J=7,2Hz, 1,8Hz, 1H); 7,41 (dd, J=7,8Hz,
2,4Hz, 1H); 7,33-7,31 (m, 2H, H-Aryl); 6,90
(dd, J=8,4Hz, 1,8Hz, 1H); 6,81 (d, J=1,8Hz,
1H); 4,61 (d, J=6,0Hz, 2H, NHCHD>).

BC-NMR (150 MHz, DMSO-ds): § 163,72;
161,81 (CONH); 161,02; 156,32; 148,26;
135,97; 132,11; 131,99; 129,15; 128,95;
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128,74; 127,21; 114,34; 113,44; 111,08;
101,79; 40,72 (CH2NH).

TH-NMR (600 MHz, DMSO-ds): & 9,07 (t,
J=6,0Hz, 1H, CONH); 8,79 (s, 1H); 7,81 (d,
J=8 4Hz, 1H); 7,26 (td, J=6,0Hz, 2,4Hz, 2H);
715 (td, J=6,6Hz, 2,4Hz, 2H); 6,90 (dd,
J=8,4Hz, 2,4Hz, 1H); 6,82 (d, J=1,8Hz, 1H);
4,51 (d, J=6,0Hz, 2H, NHCH,).

BCNMR (150 MHz, DMSO-ds): & 163,72;
161,75 (CONH); 160,95; 160,42; 162,02 (J.
F=240,0Hz); 156,30; 148,17; 135,35; 131,96;
129,44; 129,38 ( Je.s=9,0Hz); 115,12; 114,98
(Jrr=21,0Hz); 114,36; 113,65; 111,09;
101,81; 41,94 (CHoNH).

'H-NMR (600 MHz, DMSO- de): § 9,10 (t,
J=6,0Hz, 1H, CONH); 8,791 (s, 1H); 7,81 (d,
J=8,4Hz, 1H); 7,39 (q, J=7,8Hz, 1H); 7,18 (d,
J=7,8Hz, 1H); 7,14 (d, J=10,2Hz, 1H); 7,08
(td, I=8,4Hz, 2,4Hz, 1H); 6,88 (dd, J=8,4Hz,
2,4Hz, 1H); 6,80 (d, J=1,8Hz, 1H); 4,55 (d,
J=6,0Hz, 2H, NHCH>).

BC-NMR (150 MHz, DMSO-ds): & 163,83;
161,87 (CONH); 161,38; 162,99 (Js-
r=241,5Hz); 160,90; 156,32; 148,13; 142,23;
142,18 (Jrr=7,5Hz); 131,93; 130,24; 130,19
(Jrr=7,5Hz); 123,27; 114,36; 114,04; 113,90
(Jrr=21,0); 113,62; 113,48 (Jr.r=21,0Hz);
113,54; 111,01; 101,78; 42,13 (CHNHo).

IH-NMR (600 MHz, DMSO-de): 8 9,10 (t,
J=6,0Hz, 1H, CONH); 8,791 (s, 1H); 7,81 (d,
J=8,4Hz, 1H); 7,39 (q, J=7,8Hz, 1H); 7,18 (d,
J=7,8Hz, 1H); 7,14 (d, J=10,2Hz, 1H); 7,08
(td, J=8,4Hz, 2,4Hz, 1H); 6,88 (dd, J=8,4Hz,
2,4Hz, 1H); 6,80 (d, J=1,8Hz, 1H); 4,55 (d,
J=6,0Hz, 2H, NHCH.).

BC-NMR (150 MHz, DMSO-ds): § 163,83;
161,87 (CONH); 161,38; 162,99 (Je.
F=241,5H7); 160,90; 156,32; 148,13; 142,23;
142.18 (Jr.r=7,5Hz); 131,93; 130,24; 130,19
(Jer=7,5Hz); 123,27; 114,36; 114,04; 113,90
(Jrr=21,0); 113,62; 113,48 (Jrr=21,0Hz);
113,54; 111,01; 101,78; 42,13 (CHoNH).
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a 'H-NMR (600 MHz, DMSO-de) & (ppm) 8,66

N on (s, 1H); 7,73 (d, J = 8,4Hz, 1H); 6,83 (dd, J =
1,8Hz, 8,4Hz, 1H); 6,72 (d, J=1,8Hz, 1H).
HO o [e]

BC-NMR (150 MHz, DMSO-ds): & (ppm)

% 164,17 (COOH), 163,90; 157,59; 156,96;
149,35; 131,99; 113,99; 112,46; 110,60;
101,78.

Vi du thwe hién sang ché
Sau day, sang ché s& dugc mo ta mot cach chi tiét hon thong qua cac vi du minh hoa.

Céc vi du dudi day la cac vi du dai dién nham muc dich minh hoa kha ning c6 thé thuc hién

dwoc giai phap yéu ciu bao ho ciing nhu ching minh hiéu qua cua sang ché thong qua cac

thir nghiém.

Vi du 1: Quy trinh téng hop chit VTI-7

7{©/\0
H
_ N
HO
VTI-7
Bwoce 1

Pun hdi lwu hdn hop gom 2,4-dihydroxybenzaldehyt (5,6 g, 40mmol) va axit Meldrum (7,3g,
48mmol) trong H,O (50 mL) & 100°C trong 10 gid; két thuc phan Gmg; san pham khong tan
duoc loc va rira nhiéu 1an trén phéu Buckner bang nudc cét; siy kho san phdm trong ti siy
thu dugc 7,9g chét ran axit coumarin VT dang bdt mau nau nhat; hiéu suét phan ng dat

95%. Hop chit VT: Axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic.
0

@fﬁm’
HO 0o

Hop chét VT

Buwéc 2

Hbn hop gdém axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT) (0,5g); 1-etyl-3-
carbodiimid hydroclorua (EDC.HCI1) (0,56g; 1,5 duong lugng) va dimetylaminopyridin
(DMAP) (0,44¢; 1,5 duong luong) trong DMF (5 mL) duoce khudy & 0°C trong 30 phiit; sau
d6, 3-metylbenzylamin (1,2 dwong lwong) duoc thém vao phan Gng; phan tmg tiép tuc duge
khudy & 0°C trong 4 gid, sau d6 ¢ nhiét do phong trong 6 gid; phan tmg dugc theo doi bang
sidc ky 16p mong (CH2Cly : MeOH = 20 : 1); hdn hop phan timg sau dé duoc pha lodng véi
50 mL HCI 1M; két tha tao thanh duoc rira nhidu lan véi nude; sdy & 60 °C trong 10 gid thu
dwogc san pham amit VT-5.

Hop chit VT-5: 7-hydroxy-N-(3-metylbenzyl)-2-oxo-2H-chromene-3-carboxamit.
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Bwée 3

Cho tir tir metyl-4-brommetylbenzoat (1,2 duong lugng) vao hon hop gém VT-5 (1 duong
legng), K2COs (1,5 duwong luong) va mot lugng rat nho xtc tac KI trong DMF (5 mL); hén
hop phan tmg dwoc khudy & 55°C trong vong 3 gidy; theo ddi su chuyén héa ctia phan tmg
bang sic ky 16p mong; két thic phan ng, thém vao binh phan tng 30 mL HoO lanh, trung
hoa bing HCI 1M dén pH = 7 ; két tia mau tring dugc loc rlra nhidu 1An véi nude, san phim
thu duoc 1a cac este trung gian; dugc sdy kho trong ti sdy & 60°C; este nay (1 duong luong)
sau d6 dugc hoa tan trong hé dung moéi DCM:MeOH=1:1 (5mL); LiOH (10 duong luong)
dugc thém vao hdn hop phan ting va phan ting duge khudy & nhiét do phong trong vong 20
gid va duge theo doi bang sic ky ban mong TLC; sau do, thém H20 (30mL) vao hon hop
phéan tng, chiét véi DCM (3 x 15mL) va thu 1y pha nudc; pha nudc duge axit hoa téi pH =
3 béng HCI 1M; két tia duoc loc rira nhiéu lan voi nudce; loai tap bﬁng silica gel thu dugc
VTI-7-1. Hop chit axit VTT-7-1: 4-(((3-((3-metylbenzyl)carbamoyl)-2-ox0-2H-chromen-7-
yl)oxy)metyl)benzoic.

Bwaéc 4
Hbn hop gdm VTI-7-1 (1 mot duong luong), EDC (1,2 dwong lugng), DMAP (0,6 duong
lugng) va NHoOTHP (1,2 duwong luong) trong CH2Cla (15 mL) dugce khudy & nhiét d6 phong
trong vong 6 gid; kiém soét phan tng bang TLC sir dung hé dung mdi (CH2Cla: MeOH =
30:1); thém vao hdn hop phéan tmg 30 mL H,O; chiét véi CH>Cl (3 x 30mL); pha hitu co
tach ra, lam khan bing NaSO4 va bay hoi dung méi trong diéu kién ap suét chan khéng thu
duoc chat ran. '
Hoa tan phan chit ran thu dugc trong etanol (5 mL); lam lanh hon hop va nhé p-TsOH (0,1
mL) vao hdn hop trén va khudy thém 3 gid; loai bo dung moi dudi 4p sudt giam; rira cin thu
duoc béng metanol lanh thu dugc VTI-7.
Hop chit VTI-7: 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-(3-metylbenzyl)-2-ox0-2H-
chromene-3-carboxamit.
Vi du 2: Quy trinh téng hop hop chit VTI-4

Quy trinh téng hop hop chat VTI-4 duge thue hién theo quy trinh twong ty nhw trong

Vidu 1, trong d6 amin dugc st dung trong budce 2 1a 2-clobenzylamin thu dugc VTI-4.

o) cl
N N
H
0 (o] 0
¥
HO”
VTI-4

(e]
Hop chit VTI-4: N-(2-clobenzyl)-7-((4-(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-
chromene-3-carboxamit.
Vi du 3: Quy trinh téng hop hop chit VTI-8
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Quy trinh téng hop hop chit VTI-8 duge thuc hién theo quy trinh twong tu nhu
trong Vi du 1, trong 6 amin dugc st dung trong bude 2 1a 2-metoxybenzylamin, thu dugc
chit VTI-S.

o] OCH;
X N
H
0 o~ o
H
HO™ N
VTI-8

(o}
Hop chit VTI-8: 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-(2-metoxybenzyl)-2-oxo0-2H-
chromene-3-carboxamit.
Vi du 4: Quy trinh tdng hop hop chat VIC-11

Budce 1

Dun hdi luu hdn hop gdm 2,4-dihydroxybenzaldehyt (5,6 g, 40mmol) va axit Meldrum (7,3g,
48mmol) trong H>O (50 mL) & 100°C trong 10 gio; két thic phan tng; san pham khong tan
duge loc va rira nhidu 14n trén ph&u Buckner bing nudc cat; say kho san phim trong ti siy
thu dugc 7,9g chét rin axit coumarin VT dang b6t mau nau nhat; hiéu suét phan Ung dat
95%.

0]
HO o "0
Hop chat VT
Hop chét VT: axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic.

Budce 2:

Hdn hop gdm axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT) (0,5g); EDC (0,56g;
1,5 duwong lwong) va DMAP (0,44¢; 1,5 dwong lwong) trong DMF (5 mL) dwoc khudy & 0°C
trong 30 phut; sau d6, 3-flobenzylamin (1,2 duong lugng) dugc thém vao phan ing; phan
ting tiép tuc duoc khudy & 0°C trong 4 gid, sau d6 & nhiét d6 phong trong 6 gid; phan tng
duoc theo ddi bang sic ky 16p mong (CH2Cl : MeOH = 20 : 1); hdn hop phan tng sau d6
dugc pha lodng v6i 50 mL HC1 1M; két tia tao thanh dwoc rira nhiéu 1an véi nudce; sdy & 60
°C trong 10 gio thu dwge san phdm amit VT-11.

Hop chit VT-11: 7-hydr0xy-N—(3—ﬂobenzyl)-2-oxo-2H—chromen-3-carboxamit.

Buéc 3:
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Cho tir (E)-3-(4-(brommetyl)phenyl)acrylat (1,2 dwong lwgng) vao hén hop gém VT-11 (1
duong lwong), KoCOs (1,5 duwong luwong) va mot lugng rat nho xuc tac KI trong DMF (5 mL);
hén hop phan Gng duoc khudy & 55°C trong vong 3 gid; theo ddi su chuyén hoa ctia phan
g bing sic ky 16p mong; két thiic phan Gng, thém vao binh phan tng 30 mL H>O lanh,
trung hoa bang HCI 1M dén pH = 7 ; két tia mau tréng duoc loc rira nhidu l1an véi nude, san
pham thu dugc 1a cac este trung gian; dugc sdy khé trong tu sdy & 60°C; este ndy (1 duong
lrong) sau d6 dugce hoa tan trong hé dung méi DCM:MeOH=1:1 (SmL); LiOH (10 duong
lwgng) duge thém vao hdn hop phan tng va phan tng duge khudy & nhiét d6 phong trong
vong 20 gidr va duge theo dbi bang sic ky ban méng TLC; sau d6, thém HoO (30mL) vao
hdn hop phan tmg, chiét véi DCM (3 x 15mL) v thu ldy pha nudc; pha nuée duge axit héa
toipH=3 bang HCI 1M; két tia dugc loc rira nhidu l1an véi nudc; loai tap béng silica gel thu
dugc VTC-11-1.
Chit VTC-11-1: Axit  (E)-3-(4-(((3-((3-flobenzyl)carbamoyl)-2-oxo0-2H-chromen-7-
yl)oxy)metyl)phenyl)acrylic.
Budc 4:
Hon hop gém VTC-11-1 (1 mét duong lwong), EDC (1,2 duong lugng), DMAP (0,6 dwong
lugng) va NHOTHP (1,2 duwong lugng) trong CH2Clz (15 mL) dugc khudy & nhiét d6 phong
trong vong 6 gid; kiém soét phan tng bang TLC st dung hé dung moi (CH2Clo: MeOH =
30:1); thém vao hdn hop phan tng 30 mL H20; chiét vi CH2CL (3 x 30mL); pha hitu co
tach ra, 1am khan bing Na,SO4 va bay hoi dung moi trong diéu kién ap sudt chan khéng thu
dugc chat ran.
Hoa tan phan cht rén thu dugc trong etanol (5 mL); 1am lanh hén hop va nhé p-TsOH (0,1
mL) vao hdn hop trén va khudy thém 3 gid; loai b dung méi dudi ap suit giam; rira can thu
duogc bﬁng metanol lanh thu duoc VTC-11.
Hop chit VTC-11: (E)-N-(3-flobenzyl)-7-((4-(3-(hydroxyamino)-3-oxopropo-1-en-1-
yl)benzyl)oxy)-2-ox0-2H-chromene-3-carboxamit.
Vi du 5: Quy trinh téng hop chat VI C-6

Quy trinh tdng hop hop chit VTC-6 dwogc thuc hién theo quy trinh twong tur nhu trong

Vi du 4, trong d6 amin duge st dung trong bude 2 1a 2-metylbenzylamin, thu dwgc chét

VTC-6.
0 CH,
joesas
H
i
HO™ X
VTC-6

o
Hop chit VTC-6: (E)-7-((4-(3-(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-N-(2-
metylbenzyl)-2-oxo-2H-chromene-3-carboxamit.
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Vidu 6: Quy trinh tng hop chat VTC-8

Quy trinh téng hop hop chit VTC-8 dugc thyc hién theo quy trinh trong ty nhu trong
Vi du 4, trong d6 amin dugc st dung trong bude 2 1a 2-metoxybenzylamin, thu dugc chét
VTC-8.

(0]
N
HO™ X
VTC-8

Hop chéat VTC-8: (E)-7-((4-(3-(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-N-
(2-metoxybenzyl)-2-oxo-2H-chromene-3-carboxamit.
Vidu 7: Quy trinh tong hop chit VIC-5

Quy trinh téng hop hop chat VTC-5 dugce thuc hién theo quy trinh twong tu nhu trong
Vi du 4, trong d6 amin dugc st dung trong buéde 2 la 3-clobenzylamin, thu dugc chat VTC-
5.

o
R
e
HO o VTC-5

(o]
Hop chit VTC-5: (E)-N-(3-clobenzyl)-7-((4-(3-(hydroxyamino)-3-oxoprop-1-en-1-
yl)benzyl)oxy)-2-oxo0-2H-chromene-3-carboxamit.

Vi du 8: Thir nghiém hoat tinh sinh hoc ctia cac hop chat thu duge
Phuong phap nudi cay té bao in vitro

Phuong phép nay lan dau tién duoc miéu ta boi Tim Mosmann trén tap chi Immunological
Methods nim 1983. Tac gia sir dung mudi tetrazolium (MTT-(3-(4,5-dimethylthiazol-2-y1)-
2, 5 - diphenyltetrazolium)) lam thudc thir trong phép so mau, qua d6 danh gia vé su séng
sét va kha ning phat trién cia té bao. Vong tetrazolium cua thude thir bAm chit vao ti thé cta
t& bao hoat dong. Dudi tic dung ciia enzym dehydrogenase trong té bao, mau vang cia MTT
bién dbi thanh mau tim formazan. Phép thur dugce thuc hién trong didu kién cu thé nhu sau:

- Mau thir dwoc hoa tan trong DMSO 100% dé ¢ nong d6 ban dau (stock) 1a 20 mg/mL.
Tién hanh pha loiing mau trén dia 96 giéng biang méi trudong nudi cdy & bao (khong
¢6 FBS) thanh 4 day nong d tir cao xubng thap. Tién hanh dua 10 pL/giéng mau thir
da pha lodng vao cac giéng ctia dia thi nghiém.

- Sau khi diéu chinh dé c6 mat do té bao phit hop, dwa 190 mL té bao vao cac giéng cua
khay 96 giéng da c6 10 pL chat thir. Trén cing mot dia thir, bd tri mot sé giéng dé
lam d6i chimg khong ¢6 mau tht, chi ¢6 dung méi pha miu 123 DMSO 10%. Giéng
khong c6 té bao va mau thir, chi c6 moi truong nudi cdy duoc xem 13 giéng blank.
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- Dé dia nudi cly vao trong ti 4m CO» & diéu kién 37°C, 5% CO», nudi trong thoi gian
72 gio.

- Sau 72 gio, 10 pL MTT (ndng dd cubi cing 1a 5 mg/mL) duge cho vao mdi giéng.

- Sau 4h, loai bé moéi truong, tinh thé formazan duwoc hoa tan béng 50 uL. (DMSO)
100%. Gi4 tri OD do & budce séng 540 nm bang may quang phd BioTek.

- Phén trdm tc ché su phat trién ctia té bao khi c6 mat chét thir s& dugc xac dinh thong
qua cong thirc sau:

OD(mAau) — 0D (blank)

OD(DMSO) — 0D (blank)

- Phép thir dwoc lap lai 3 14n d& dam bao tinh chinh xé4c. Ellipticine & cac nong do 10
ug/ml; 2 ug/mL; 0,4 pg/mL; 0,08 pg/mL duge st dung nhu 12 chét ddi chimg duong;

- DMSO 10% Iuén duoc sir dung nhw déi chimg 4m (ndng d6 cudi ciing dé t& bao tiép xic
14 0.5%). Gia tri ICso (ndng do tre ché 50% sy phét trién) s& duge xac dinh nhd vao phan
mém may tinh TableCurve 2Dv4.

Phép thir nay dugc thuc hién theo phwong phap dugc dé cap trong céc tai liéu sau day:

- Alley MC, Scudiero DA, Monks A, Hursey ML, Czerwinski MJ, Fine DL, Abbott BJ,
Mayo JG, Shoemaker RH, Boyd MR (1988) Feasibility of drug screening with panels
of human tumor cell lines using a microculture tetrazolium assay. Cancer research
48(3):589-601.

- Hughes JP, Rees S, Kalindjian SB, Philpott KI. (2011) Principles of early drug
discovery. British journal of pharmacology 162(6):1239-1249.

- Monks A, Scudiero D, Skehan P, Shoemaker R, Paull K, Vistica D, Hose C, Langley
J, Cronise P, Vaigro-Wolff A, Gray-Goodrich M (1991) Feasibility of a high-flux
anticancer drug screen using a diverse panel of cultured human tumor cell lines.
Journal of the National Cancer Institute 83(11):757-766.

- Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JT,
Bokesch H, Kenney S, Boyd MR (1990) New colorimetric cytotoxic assay for
anticancer-drug screening. Journal of the National Cancer Institute 82(13):1107-1112

- Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. J Immunol Methods. 1983 Dec 16;65(1-2):55-
63. doi: 10.1016/0022-1759(83)90303-4. PMID: 6606682

Céc hop chét 14 cac axit hydroxamic chtra nhan coumarin duoc thir tic dung khang

% trc ché = 100% —

v6i dong té bao gbc ung thu & nguoi (NCCIT). Két qua 1a hop chat 7-((4-
(hydroxycarbamoyl)benzyl)oxy)-N-(4-metylbenzyl)-2-oxo-2H-chromene-3-carboxamit

(VTI-1) thé hién hoat tinh khang dong té bao gdc ung thu & ngudi (NCCIT) & ICso 1a 3,20
uM; hop chét N-(2-flobenzyl)-7-((4-(hydroxycarbamoyl)benzyl)oxy)-2-oxo0-2H-chromene-
3-carboxamit (VTI-10) thé hién hoat tinh manh khéng dong t& bao gbc ung thu & nguoi
(NCCIT) & ICso la 3,02 uM; hop chit N-(4-flobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit (VTI-12) thé hién hoat
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tinh rét manh khang dong té bao géc ung thu & ngudi (NCCIT) & ICso 13 1,96 pM; hop chét
N-(3-ﬂobenzyl)-7-((4-(hydroxycarbamoyl)benzyl)oxy)-2-0X0-2H-chromene-3-carboxamit
(VTC-11) thé hién hoat tinh khang dong té bao gdc ung thu & ngudi (NCCIT) ¢ ICso 12 4,50
uM. Dic biét hogp chit 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-(3-metylbenzyl)-2-oxo-
2H-chromene-3-carboxamit (VTI-7) thé hién hoat tinh manh hon chuén SAHA khang dong
t& bao gbe ung thu & ngudi & ICso 13 1,45 uM.

Két qua cy thé dugc thé hién trong Bang 2 duéi day
Bang 2: Hoat tinh khang ung thu in vitro cua cac hop chét tong hop duge theo séng ché

M@Mm w@@ﬁ@

(o} 0 (VTI1-VTi1 (i) (VTC 1-VTC 12)
TT Chit Hoat tinh d¢c té bao (ICso, puM)/dong té bao
Nhém thé (R) NCCIT
1 VTI1 4-CHs3 3,20+0,24
2 VTI2 4-Cl1 20,87+1,47
3 VTI 3 4-OCH3 10,06+0,82
4 VTI 4 2-Cl 21,39+0,92
5 VTI 5 3-Cl 25,70+1,78
6 VTI6 2-CHs 22,72+1,25
7 VT17 3-CHs3 1,45+0,14
8 VTIS 2-OCHs 57,86+£2,15
9 VTI9 3-OCH;3 48,26+3,93
10 VTI 10 2-F 3,02+0,31
11 VTI 11 3-F 23,37+1,04
12 VTI 12 4-F 1,96+0,21
13 VTC1 4-CHs3 32,95+1,30
14 VTC?2 4-Cl >100
15 VTC3 4-OCH3 13,47+0,65
16 VTIC4 2-Cl 36,28+1,58
17 VTCS5S 3-Cl 42,93+2,84
18 VTC 6 2-CHs 38,77+£1,38
19 VTIC7 3-CHs 46,32+3,02
20 VTCS8 2-OCH3 20,45+1,59
21 VTC9 3-OCHs 24,80+1,58
22 VTC 10 2-F 24,39 +1,43
23 VTC11 3-F 4,53+0,93
24 VTC 12 4-F 19,79+1,12
25 SAHA 1,73+0,13
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Chat chuan SAHA c6 hoat tinh irc ché té bao géc ung thu & ngudi (NCCIT véi ICso 1an luot
14 1,73+0,13 pM. Céc gid tri 1a gi tri trung binh ctia 3 lan thir nghiém.
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YEU CAU BAO HO

1. Hop chét axit hydroxamic c6 cong thirc chung (I) va (I1):

o 0
=
o} o o Z HT(\/©AO 0 o
H
(1)

o X
° (1)

N
HO”

o)

trong d6, R 14 phin tr thé duoc chon tir nhom bao gdm: 2-OCHs; 3-OCHs; 4-OCHs; 2-F; 3-
F; 4-F; 2-Cl; 3-Cl; 4-Cl; 2-CH3, 3-CHs, 4-CHs.

2. Hop chét theo diém 1, trong d6 hop chat nay 1a 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-
(4-metylbenzyl)-2-ox0-2H-chromene-3-carboxamit.

3. Hop chit theo diém 1, trong d6 hop chit nay la N-(4-clobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

4. Hop chét theo diém 1, trong d6 hop chat nay 1a 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-
(4-metoxybenzyl)-2-oxo0-2H-chromene-3-carboxamit.

5. Hop chit theo diém 1, trong d6 hop chat nay 1a N-(2-clobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

6. Hop chdt theo diém 1, trong d6 hop chit nay 1a N-(3-clobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

7. Hop chét theo diém 1, trong d6 hop chat nay 1& 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-
(2-metylbenzyl)-2-oxo0-2H-chromene-3-carboxamit.

8. Hop chit theo diém 1, trong d6 hop chat nay 1a 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-
(3-metylbenzyl)-2-ox0-2H-chromene-3-carboxamit.

9. Hop chét theo diém 1, trong d6 hop chét nay 1a 7-((4-(hydroxycarbamoyl)benzyl)oxy)-N-
(2-metoxybenzyl)-2-oxo-2H-chromene-3-carboxamit.

10. Hop chét theo diém 1, trong d6 hop chat nay 1a 7-((4-(hydroxycarbamoyl)benzyl)oxy)-
N-(3-metoxybenzyl)-2-oxo0-2H-chromene-3-carboxamit.

11. Hop chit theo diém 1, trong d6 hop chit nay la N-(2-flobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-ox0-2H-chromene-3-carboxamit.

12. Hop chit theo diém 1, trong d6 hop chit nay 1a N-(3-flobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo0-2H-chromene-3-carboxamit.

13. Hop chit theo diém 1, trong d6 hop chit nay la N-(4-flobenzyl)-7-((4-
(hydroxycarbamoyl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.
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14. Hop chét theo diém 1, trong d6 hop chét nay 13 (E)-7-((4-(3-(hydroxyamino)-3-oxoprop-
1-en-1-yl)benzyl)oxy)-N-(4-metylbenzyl)-2-oxo-2H-chromene-3-carboxamit.

15. Hop chét theo diém 1, trong d6 hop chit nay la (E)-N-(4-clobenzyl)-7-((4-(3-
(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

16. Hop chét theo diém 1, trong d6 hop chét nay 13 (E)-7-((4-(3~(hydroxyamino)-3-oxoprop-
1-en-1-yl)benzyl)oxy)-N-(4-metoxybenzyl)-2-oxo-2H-chromene-3-carboxamit.

17. Hop chét theo diém 1, trong d6 hop chit nay la (E)-N-(2-clobenzyl)-7-((4-(3-
(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

18. Hop chat theo diém 1, trong d6 hop chit nay la (E)-N-(3-clobenzyl)-7-((4-(3-
(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

19. Hop chit theo diém 1, trong d6 hop chit nay 14 (E)-7-((4-(3-(hydroxyamino)-3-oxoprop-
1-en-1-yl)benzyl)oxy)-N-(2-metylbenzyl)-2-oxo-2H-chromene-3-carboxamit.

20. Hop chét theo diém 1, trong d6 hop chét nay 1a (E)-7-((4-(3-(hydroxyamino)-3-oxoprop-
1-en-1-yl)benzyl)oxy)-N-(3-metylbenzyl)-2-oxo-2H-chromene-3-carboxamit.

21. Hop chét theo diém 1, trong d6 hop chét nay 1 (E)-7-((4-(3-(hydroxyamino)-3-oxoprop-
1-en-1-yl)benzyl)oxy)-N-(2-metoxybenzyl)-2-oxo-2H-chromene-3-carboxamit.

22. Hop chét theo diém 1, trong d6 hop chat nay 14 (E)-7-((4-(3-(hydroxyamino)-3-oxoprop-
1-en-1-yl)benzyl)oxy)-N-(3-metoxybenzyl)-2-oxo-2H-chromene-3-carboxamit.

23. Hop chét theo diém 1, trong d6 hop chit nay 1a (E)-N-(2-flobenzyl)-7-((4-(3-
(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

24. Hop chét theo diém 1, trong d6 hop chat nay 1a (E)-N-(3-flobenzyl)-7-((4-(3-
(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

25. Hop chét theo diém 1, trong d6 hop chit nay la (E)-N-(4-flobenzyl)-7-((4-(3-
(hydroxyamino)-3-oxoprop-1-en-1-yl)benzyl)oxy)-2-oxo-2H-chromene-3-carboxamit.

26. Quy trinh tong hop cac hgp chat ¢ cong thie (I) theo diém bét ky trong s cac diém tir
1 dén 13, quy trinh nay bao gdbm céc budec:
i) dun hdi Iuu hén hop gdm 2,4-dihydroxybenzaldehyt va axit Meldrum trong H2O & 100°C
trong 10 gio; két thic phan tmg; san pham khong tan duoc loc va rira nhidu lan trén phéu
Buckner bing nudc cét; sdy kho san pham trong ti sdy thu duoc chit rin VT dang bdt mau
nau nhat;

o)

HO 0" "0

Hop chit VT
ii) hén hop gdém axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT); 1-etyl-3-
44



53663 45148

carbodiimid hydroclorua (EDC.HCI), 4-dimetylaminopyridin (DMAP) trong DMF dugc
khudy & 0°C trong 30 phut; sau d6 bd sung cac amin twong tmg dugc chon tr mot trong cac
amin  sau:  4-metoxybenzylamin,  3-metoxybenzylamin,  2-metoxybenzylamin,
4-metylbenzylamin, 3-metylabenzylamin,  2-metylbenzylamin, 4-clobenzylamin,
3-clobenzylamin, 2-clobenzylamin, 4-flobenzylamin, 3-flobenzylamin, 2-flobenzylamin;
phan tmg tiép tuc duoc khudy & 0°C trong 4 gid, sau d6 & nhiét dd phong trong 6 gid; phan
g dugc theo ddi bang sic ky 16p méng (CH2Cl : MeOH = 20 : 1); hdn hop phan tng sau
d6 duge pha lodng bang HCI 1M; két tia tao thanh duoc rira nhidu lan véi nuée; sdy & 60 °C
trong 10 gid thu dugc san pham amit VT1-VT12,

(0]
N N AN
H l R
=
HO (0] [o}

VT 1-VT 12
iii) cho tir metyl 4-(brommetyl)benzoat vao hdn hgp gdm cac chat VT1-VTI12 twong tmg thu
duoc & trén, KoCO;3 va mot lugng rat nhé xitc tac KI trong DMF; hon hop phan ting duoc
khudy & 55°C trong vong 3 gid; theo ddi sw chuyén héa cua phan ting bang sic ky 16p mong;
két thuc phan Gmg, thém vao binh phan tng H>O lanh, trung hoa bang HCl 1M dén pH = 7;
két tia mau tring duge loc riva nhidu 14n véi nuwde, san pham thu dugc 13 cac este trung gian;
duoc sdy khé trong ti sdy o 60°C; este ndy sau d6 dugc hoa tan trong hé dung moi
DCM:MeOH=1:1; LiOH dugc thém vao hdn hop phan tng va phan Gng duge khudy & nhiét
d6 phong trong vong 20 gid va duge theo ddi bang sic ky ban méng TLC; sau d6, thém H,O
vao hdn hop phan tGng, chiét véi DCM (3 1an) va thu ldy pha nuéc; pha nuée duge axit hoa

t61 pH = 3 bang HCI 1M; két tiia dwoc loc rira nhiéu 1dn véi nude; loai tap bang silica gel thu

dugc VTI 1-1-VTI 12-1,
o)
N N N
L
(o} o o] =

VTI1-1-VTI 121

HO

iv) hdén hop twong tmg ctia VTI-1-1 -VTI 12-1, 1-etyl-3-carbodiimid hydroclorua

(EDC.HCI), 4-dimetylaminopyridin (DMAP) va O-(tetrahydro-2 H-pyran-2-

yDhydroxylamin (NH2OTHP) trong CH>Cl (15 mL) duoc khudy & nhiét do phong trong

vong 6 gio; kiém soat phan (mg bang TLC sir dung hé dung méi (CH2Cly: MeOH = 30:1);

thém H>0 vao hdn hop phan tng; chiét voi CHaCly (3 14n); pha hitu co tach ra, 1am khan
45



53663 46/48

bing NaySO4 va bay hoi dung moéi trong didu kién ap suit chan khong thu duoc chit rin; hoa
tan phan chat rin thu dugc trong etanol; 1am lanh hdn hop va nhé p-TsOH vao hon hop trén
va khudy thém 3 gid; loai bo dung méi dudi 4p suit giam; rira can thu duge bang metanol
lanh thu duoc hop chit VTI 1-VTI 12,

(0]
AN N AN
H | 1R
(o] (6] 0 =

o) VTI1-VTI 12

ZI

HO

27. Quy trinh tong hop céc hop chit ¢6 cong thirc (I1) theo diem bét ky trong sb cac diém tir
14 dén 25, quy trinh nay bao gom cac budc:

i) dun hoi lwu hdn hop gdm 2,4-dihydroxybenzaldehyt va axit Meldrum trong H2O & 100°C
trong 10 gid; két thiic phan ng; san pham khong tan duoc loc va rira nhiéu lan trén phéu
Buckner bang nuée cit; siy kho san pham trong tu sdy thu dugc chat ran VT dang bot mau
nau nhat;

0}

HO o "0

Hop chit VT

ii) hdn hop gdém axit 7-hydroxy-2-oxo-2H-chromene-3-carboxylic (VT); 1-etyl-3-
carbodiimid hydroclorua (EDC.HCI), 4-dimetylaminopyridin (DMAP) trong DMF dugc
khudy & 0°C trong 30 phut; sau d6 thém vao d6 mot trong sé cic amin tudng tmg duge chon
tir: 4-metoxybenzylamin, 3-metoxybenzylamin, 2-metoxybenzylamin, 4-metylbenzylamin,
3-metylabenzylamin, 2-metylbenzylamin, 4-clobenzylamin, 3-clobenzylamin,
2-clobenzylamin, 4-flobenzylamin, 3-flobenzylamin, 2-flobenzylamin; phan tGng tiép tuc
duoc khudy ¢ 0°C trong 4 gid sau d6 ¢ nhiét do phong trong 6 gio; phan Gng duge theo ddi
bang sic ky 16p mong (CH2Clo : MeOH = 20 : 1); hon hop phan tng sau d6 dugc pha loing
bing HCI 1M; két tua tao thanh dwoc rira nhiéu lan véi nuée; sdy & 60 °C trong 10 gid thu
dwoc san pham amit VT1-VT12,

(0]
X N N
H ' — R
HO (0] 0] =

VT 1-VT 12
iii) cho tir metyl (E)-3-(4-(brommetyl)phenyl)acrylat vao hdn hop gdm cac hop chat VT1-
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VTI12 twong tng thu dugce ¢ trén, KoCO3 va mét lugng rat nho xtc tac KI trong DMF; hén
hop phan Gng duoc khudy trong vong 3 gid; theo ddi su chuyén héa cia phan ting bang sic
ky 16p méng; két thuc phan tmg, thém H>O lanh vao binh phan img, trung hoa bang HCI 1M
dén pH = 7; két tia mau tring duge loc rira nhidu lan véi nude, san pham thu duge 1 cac
este trung gian; dwoc sdy kho trong t sdy & 60°C; este nay sau dé duge hoa tan trong hé
dung méi DCM:MeOH=1:1; LiOH duoc thém vio hdn hop phan tng va phan tng duoc
khudy & nhiét do phong trong vong 20 gior va duge theo doi bang sic ky ban méong TLC; sau
d6, thém H>O vao hdn hop phan tng, chiét véi DCM (3 1an) va thu lay pha nude; pha nude
duogc axit hoa té1i pH = 3 bﬁng HCI 1M két tia duoc loc rira nhiu 1an véi nuée; loai tap
bang silica gel thu dugc hop chit VIC 1-1-VTC 12-1,

(o}
AN N AN
H \——R
(0] (¢] e} Z
H
° X

0 VTC1-1-VTC 121

iv) hdn hop bao gdm VTC-1-1 -VTC 12-1, 1-etyl-3-carbodiimid hydroclorua (EDC.HCI),
4-dimetylaminopyridin (DMAP) va O-(tetrahydro-2H-pyran-2-yl)hydroxylamin
(NH2OTHP) trong CH2Cl> duge khudy & nhiét o phong trong vong 6 gid; kiém soét phan
tng bing TLC sir dung hé dung méi (CH>Clo: MeOH = 30:1); thém H20 vao hén hgp phan
tng; chiét véi CH2Cly (3 14n); pha hitu co tach ra, 1am khan bang Na;SO4 va bay hoi dung
mdi trong diéu kién 4p suét chan khong thu dwgc chét ran; hoa tan phan chét ran thu dugc
trong etanol; 1am lanh hdn hop va nho p-TsOH vao hdn hop trén va khuay thém 3 gio; loai
boé dung mdi dudi ap suét giam; rtra can thu duogc bi“mg metanol lanh thu dugc hop chit VTC
1-VTC 12 c6 cong thuc:

VTC1-VTC12.

47



53663 waas

Hinh. 1

H Axit Medrum, H.0, 100 °C, 10 gie Ny~ "OH

HO OH ——————% HO 0" So

2,4-Dihydroxybenzaldehyt 0°C. 4 gior Hop chat VT

i

| DMF, EDC, DMAP
Nhiét @6 phong, 6 gi¢ g

i

i

(0]
X N X
/@E\ H l /_—R
HO (@) 0]
VT 1-VT 12
1.DMF, metyl;4-brorr?fnety| benzoat, 1 DMF, (E)-3-(4-(brommetyl)phenyl)
:Zg(():ih Tvl| 5O5HC_,1 -31gﬁbH e acrylat, K.CO_, K|, 55 C, 3 gio
. :MeOH=1:1, LiOH, gl/gf “. 2. DCM:MeOH=1:1, LiOH, 20 gi®
/
[o]
(o]
S N X
P R
(o] [¢] o 0 [¢] [e] &
HO HO
I VTi1-1 -VTI 121 X VTC1-1 -VTC 12-1
o |
g 1.CH,CL,. j 2. p-TsOH, EtOH,
EDC, DMAP, | 3 gio
1. CHCL,. | 2.p-TsOH, EtOH, H.N.OTHP 6 gio' |
EDC, DMAP, l 3gio ’ |
HN-OTHP 6 gio |
o o
NN | X NN | i
Pz
% ] O [¢]
0 0" Yo 2 "
H _N
N HO X
HO
(o]
(0]
VTI1-VTI12

VTC1-VTC 12


CVH140
Textbox




