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LOI CAM ON

Véi tat ca sy kinh trong, 1ong biét on chan thanh va siu sic nhit, em xin
duogc gt 101 cam on chan thanh dén GS.TS.N g0 Qudc Anh - Vién Héa hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam - nguoi th.:?ly da ludn tan tAm
chi bao, dinh huéng khoa hoc 18 rang va siu sic, truyén cho em niém dam mé
nghién ctiu cling nhu tinh thin kién tri, cin trong trong ting bude di hoc thuét.

Em ciing xin giii 161 cdm on dén TS. Nguyén Thanh Binh va TS. Nguyén
L& Anh da c6 nhiing gép ¥ va huéng dan rét hiru ich cho em trong qué trinh
hoan thanh luén 4n, luén chia sé nhiing ¥ tuéng khoa hoc méi mé nhit cho em
v6i niém say mé dang ngudng mo. Xin giri 16i cam on séu sic dén cac anh, chi
12 can bo 1am viéc tai Vién Hoa hoc, dic biét 1a chi Nguyén Thi Thay Hﬁng,
Tran Thi Yén, va anh V3 Ngoc Binh - di gin b6 va dong vién em trong sudt
qua trinh cong tac cling nhu chia sé nhitng kinh nghiém quy bau ciia minh, giup
em vuot qua nhitng kho khan trong qua trinh lam ludn an.

Em cling xin chan thanh cam on céc thé“ty cO tai khoa Hda hoc, Hoc vién
Khoa hoc va Céng ngh¢ di giang day, hudéng din em hoan thanh cac hoc phén
trong chuong trinh dao tao, cac anh chi tai cac phong ban cua Hoc vién da tao
diéu kién gitip d& em trong sudt qua trinh nghién ciru sinh.

Cubi cling, em xin duoc bay t6 1ong biét on chan thanh va sdu sic nhit
t6i toan thé gia dinh, ban bé d luén dong hanh va gitp d& em vé moi mit trong

sudt qua trinh thue hién luan an.
Xin trin trong cdm on!

Ha N¢i, 1¢ thang 12ndm 2025

Lé Dirc Long
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Tbi xin cam doan toan bo ndi dung trinh bay trong luin an nay 12 két qua
cta qua trinh nghién cttu khoa hoc nghiém tic, ddc 1ap va trung thuc do chinh
t6i thue hién dudi su huéng dan ciia cac chuyén gia tai Vién Hoéa Hoc. Céc két
qua duoc trinh bay trong ludn an déu c6 ngudn gdc 1 rang, dang tin cdy, di
dugc t61 thu thap, phan tich, xir Iy va trinh bay mét cach trung thuc, khach quan,
phu hop véi cac yéu ciu khoa hoc va dao dirc nghién cuu dbi véi mét ludn an
tién s7 chuyén nganh Héa hoc va chua timg duoc cong bo trong bat ky mot cong
trinh nao khac. Ludn an dugc hoan thanh trong thoi gian to1 lam nghién cuu
sinh tai Hoc vién Khoa hoc va Céng nghé, Vién Han 1dm Khoa hoc va Cong
nghé Viét Nam.

Ha Noi, ngay 15 thangA2ndm 2025
Tac gid luin dn
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Ki hi¢u Dién giai
o (ppm) Do dich chuyén héa hoc (phan triéu)
"H-NMR Phé cong huodng tir hat nhan proton (‘H-Nuclear
Magnetic Resonance)
BC-NMR Pho cong huong tir hat nhan carbon 13 ('*C-Nuclear
Magnetic Resonance)
J Hing sb tuong tac (Hz)
Ry Hé s6 luu gitr
MS Pho khéi lugng (Mass Spectrometry)
TLC Thin Layer Chromatography — Sac ky 16p mong
NMP N-Methylpiperidine
NMPone N-Methyl-2-pyrrolidone
DMF Dimethylformamide
DMSO Dimethyl Sulfoxide
TFA Trifluoroacetic acid
PPA Polyphosphoric acid
p-TSA Para-Toluenesulfonic acid
ICso The half Maximal Inhibitory Concentration
ECs Half Maximal Effective Concentration
MIC Minimum Inhibitory Concentration
h Gio
t°C Nhiét do
RT Room temperature (nhi¢t d0 phong)
Colo-205 Dong té bao ung thu dai tryc trang
HCT-116 Dong té bao ung thu dai tryc trang ciia ngudi
A-549 Dong té bao ung thu phdi & nguoi
NCI-H460 Dong té bao ung thu phoi
MCEF-7 Dong té bao ung thu va
HepG2 Dong té bao ung thu gan
HeLa Dong té bao ung thu biéu mé cb
SF-268 Dong té bao ung thu biéu mo
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MO PAU

Céc hop chét chira khung benzoxazole va quinoxaline da va dang thu hut
sy quan tam lon trong linh vuc hoa dugc nho phé hoat tinh sinh hoc da dang va
tiém nang tmg dung trong diéu tri nhiéu loai bénh 1y khac nhau. Cac dan xuit
benzoxazole da dugc chiing minh cé hi¢u qua chéng lai vi khuén, tac dung
khang ndm, chong viém, va chéng oxy héa nhd vao kha ning loai bo gdc tu do.
Dic biét, mot s6 hop chit con thé hién hoat tinh trc ché su tang sinh té bao ung
thu ¢ gan, phoi va dai truc trang. Tuong tu, khung quinoxaline - ciing 1a mét di
vong quan trong c6 mit trong nhiéu tac nhan duoc ly. Cac dan xuat quinoxaline
thé hién tac dung chéng ung thu manh mé. Ngoai ra, quinoxaline con ¢ hoat
tinh khang virus, khang viém va diéu bién enzyme, mé ra nhiéu trién vong diéu
tri trong cac bénh 1y phirc tap. Vi tinh chat hoa hoc linh hoat va pham vi hoat
tinh duoc ly rdng, ca benzoxazole va quinoxaline dugc xem la nhirng bd khung
chién lugc trong thiét ké thudc méi hién nay.

Trong bdi canh phat trién bén viing va nhu cau giam thiéu tic dong tiéu
cuc dén mdi truong trong qué trinh san xuat hoa chat, tong hop xanh di tré
thanh mot xu hudng tt yéu trong hoa hoc hién dai. Trong linh vuc nay, luu
huynh va cac hop chét chira Iuu huynh dong vai tro quan trong khong chi nho
tinh linh hoat héa hoc ma con boi kha nang img dung trong nhiéu quy trinh than
thién v6i moi truong. Cac hop chét hitu co ¢6 chira lvu huynh ciing ¢6 kha nang
tu phan huy sinh hoc hoic dé tai ché, gop phan giam luong ton luu hoa chat
trong mdi truong. Véi nhimg uu diém dé, luu huynh ngdy cang duoc quan tim
va khai thac nhu mot nguyén t6 co gia tri trong cac chién luoc tong hop xanh,
g6p phan hudng dén nén hoa hoc hiéu qua, an toan va bén vimg hon.

Xuat phat tir co s& cac két qua nghién ctru va tinh cap thiét, ching t6i da
thuc hién luin an: “Nghién civu tong hop mot sé hop chit di vong khung
benzoxazole va quinoxaline” véi muc tiéu phét trién mot s phuong phap moi
don gian, hi¢u qua, than thién v4i moi truong, trong do st dung luu huynh hoac
cac tac nhan chtra luu huynh 1am thanh phan xuc tac dé tong hop cac hop chat

di vong khung benzoxazole va quinoxaline.



CHUONG 1: TONG QUAN

1.1. Tong quan vé cac hop chit khung benzoxazole
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Hinh 1.1. CAu tric héa hoc ciia benzoxazole

Benzoxazole 13 mot di vong thom gém vong benzen gin véi vong
oxazole (5 canh chira nguyén tir nito va oxy), tao nén hé thdng = lién hop bén
vitng véi tinh thom cao. Cau tric dic biét ndy mang lai cho benzoxazole nhiing
tinh chat hoéa hoc da dang, vira c6 do bén nhiét va héa hoc, vira d& tham gia cac
phan tng ngung ty, thé, hay tao phirc voi kim loai nhod su hién dién cua di
nguyén tir [1,2]. Benzoxazole 12 mdt di vong thom quan trong trong héda dugc,
dugc quan tdm rong rdi nho ¢ hoat tinh sinh hoc da dang va tiém ning ng
dung trong phat trién duoc pham. Nhiéu dan xuit benzoxazole di duoc ching
minh c6 kha ning khang khuén, khang ndm, khang virus va khang viém, déng
thoi thé hién tic dung chdng oxy héa manh nhd kha ning loai bo goc tu do.
Pic biét, cac nghién ctru gan ddy cho thidy mot s6 hop chat chira khung
benzoxazole ¢ hoat tinh chong ung thu dang ké, trc ché su tang sinh cuia té bao
ung thu. Véi tinh chat nay, benzoxazole dang dugc xem nhu mot hop chét hia
hen dé phat trién cac thudc thé hé méi diéu tri nhiéu bénh 1y va ung thu [3,4,5].

Ngoai dugc pham, cac dan xuat benzoxazole con dugc ing dyng trong
linh vuc vat liéu tién tién. Nho dic tinh quang hoc va dién tu noi bat,
benzoxazole 12 khung cau triic quan trong trong thiét ké polymer phét quang,
chat huynh quang dung trong hinh 4nh sinh hoc, OLED, va cam bién hoa hoc
— sinh hoc. Cac tinh chit ndy khong chi mo rong tiém ning ing dung trong
cong nghé quang dién tir ma con hd trg phat trién cac cong cu chan doan y sinh
hién dai. Nhu vay, véi su két hop doc ddo giita hoat tinh sinh hoc va tinh chat
vat li¢u, benzoxazole dugc danh gid 1a mot trong nhirng khung di vong giau
tiem nang ung dung ca trong hda dugc va khoa hoc vat liéu.

1.1.1. Céc hop chit chira khung benzoxazole c6 trong tw nhién

Calcimycin (1) dugc phan lap tir chung Streptomyces chartreusis (NRRL
3882). Con Routiennocin (2) dugc phan lap tir qua trinh 1én men vi sinh cua
Strepromyces rouriennii Huang sp. nov. (ATCC 39446). Bén canh d6 1a nhiéu
dan xuat khac nhu cezomycin (3), X-14885A (4) va AC7230 (5) [6].



R!' R* X
Calcimycin (1) Me Me NHMe
Routiennocin (2) H H OH
Cezomycin (3) Me Me H
X-14885A (4) H Me OH
AC7230 (5) Me Me OH
Hinh 1.2. Ciu tao cac hop chét duoc phan 1ap tir chung Streptomyces

Nam 1993, mot hop chit benzoxazole méi 1a UK-1 (6) duoc phan lap tu
banh soi nAm ctia chung Actinomycete 517-02. UK-1 (6) cho thdy hoat tinh giy
ddc té bao manh ddi véi dong té bao B16, HeLa va P388 nhung khong cho thay
bat ky kha niang khang khuan nao [7].
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Hinh 1.3. Céu tao cac hop chat UK-1 (6)
Nam 1999, hai hop chat pseudopteroxazole (7) va seco-

pseudopteroxazole (8) c6 hoat tinh chdng lao dwgc phan 14p tir loai san ho
gorgonian Tay An Do Pseudopterogorgia elisabethae [17]. Mot trong nhiéu
nghién ctru cho thdy pseudopteroxazole (7) 1a chat trc ché ting trudng manh
d6i voi vi khuan Mycobacterium tuberculosis H37Rv, trong khi seco-

pseudopteroxazole (8) cho thiy kha ning @rc ché tir trung binh dén manh [8].

P\ P\
N N

(7) ®
Hinh 1.4. Céu tao hop chat pseudopteroxazole (7) va seco-pseudopteroxazole (8)



Nam 2006, ileabethoxazole (9), mot loai diterpene alkaloid
perhydroacenaphthene méi chira khung benzoxazole khong phd bién, ciing

dugc phan lap tur loai Caribe Pseudopterogorgia elisabethae [9].

)
Hinh 1.5. Ciu tao hop chat Ileabethoxazole (9)

Hop chat nakijinol (10) dugc phan 1ap vao nam 1995 tir cin chiét
methanol ctia mot loai bot bién bién Okinawa thudc ho Spongiidae duéi dang
chat ran vo dinh hinh khong mau. Nakijinol B (11) dugc phan lap tir cin chiét

methanol ctia lodi bot bién Dactylospongia elegans [10].

r/N r/N
O\j; z>—OH O\ié E)—OH
OH OH

- -
- -

(10) (11)
Hinh 1.6. Cau tao hop chét Nakijinol (10) va Nakijinol B (11)
Nam 2005, ba hop chat khung benzoxazole, neosalvianen (12), salvianen
(13) va salvianan (14), dugc phan lap tir chiét xuit r& cua loai Salvia
miltiorrhiza, loai nay duoc sir dung nhu mot loai thude y hoc ¢o truyén & Trung
Qudc dé diéu tri nhiéu bénh nhu roi loan kinh nguyét, rong kinh, rong huyét,

mat ngt1, viém khép va bénh tim mach vanh [11].

(12) (13) (14)

Hinh 1.7 Cau tao cac hop chit neosalvianen (12), salvianen (13) va salvianan (14)
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1.1.2. Hoat tinh sinh hoc ctia cic hop chit khung benzoxazole

Trong nd lyc phat trién cac hop chat chong ung thu thé hé mai, nhiéu
nghién ctru d3 tap trung vao viéc bién d6i cdu tric cia cac hop chat ty nhién co
hoat tinh cao nham cai thién tinh chon loc, hiéu luc va tinh 6n dinh duoc 1y.
Mot trong nhimng vi du dién hinh 13 Combretastatin A4, mot stilben tu nhién
duoc phan 1ap tir cdy Combretum caffrum (thudc ho lidu Nam Phi) vao nim
1989 [12]. Combretastatin A4 da dugc ghi nhan c6 hoat tinh chéng ung thu
manh mé& ¢ ndng do nano d6i v4i nhiéu dong té bao ung thu khac nhau. Cac
hop chat tong hop da duoc danh gia hoat tinh in vitro trén nhiéu dong té bao
ung thu nguoi bao gdm: Colo-205 (ung thu rudt két), A-549 (ung thu phoi) va
MCF-7 (ung thu va). Két qua thir nghiém cho thiy nhiéu din xuét benzoxazole
ctiia hop chat nay duy tri hoic ting cuong hoat tinh chéng ung thu so véi
combretastatin A4 gdc, mo ra tiém nang phét trién thanh cac tic nhan diéu tri

ung thu méi ¢é hiéu luc va d chon lgc cao hon.

SN

0]

woriTp Cy-om
MeO OMe OMe

(15)
Hinh 1.8. Ciu tao hop chat combretastatin A4 (15)

Ngoai combretastatin A4 va cac din xuat, nhiéu hop chit tu nhién khéc
chtra nhan di vong benzoxazole ciing da duoc phat hién co hoat tinh gay doc té
bao dang ké, cho thay tiém ning 16n trong phat trién thude diéu tri ung thu. Pic
biét, hai hop chit ty nhién tiéu biéu 1a UK-1 (6) va AJI9561 (16) — déu thudc
nhom bis(benzoxazole) - da dugc ghi nhéan c6 tac dung tc ché manh su phat
trién ctia té bao ung thu trong cac thir nghiém tién 1am sang [26]. UK-1 (6) lan
dau tién duoc phan 13p nhu mot chat chuyén hoa tur vi sinh vat va da duoc
Kumar cting cong su cong bd hoat tinh gdy doc té bao trén nhiéu dong té bao
ung thu nguoi. Pong thoi, ca UK-1 (6) va AJI9561 (16) déu cho thay hiéu qua
trc ché dang ké su ting trudng cua dong té bao ung thu trén chudt P388 [26].
Vé mit duoc ly, UK-1 (6) duoc danh gia co phé) hoat tinh rong ddi véi nhiéu



loai ung thu, bao gém ca bénh bach ciu, u lympho, va céc khdi u rin co nguén
gbc tir cac mo khac nhau. Pang chu ¥, UK-1 (6) dat gia tri ICs toi 20 nM - cho
théy hiéu lyc rit manh véi néng do thép, diéu nay lam cho no tré thanh mat
mg vién day htra hen trong viéc phat trién cac thude chdng ung thu thé hé mai
[13].

(6) (16)

Hinh 1.9. Céau tao hop chat UK-1 (6) va AJI9561 (16)

Nam 2015, Sun va céc cong su da phan 1ap duoc mdt ) hop chat méi tir
chung vi khuan ua min Nocardiopsis lucentensis DSM 44048 va thtr nghiém
hoat tinh gay doc té bao ctia chiung dbi voi mot sé dong té bao ung thu & nguoi,
va cac hop chat nay duoc goi 1a nocarbenzoxazole, cu tric ctia chiing dua trén
2-aryl benzoxazole. Trong s6 cac hop chit ndy, nocarbenzoxazole F (17) va
nocarbenzoxazole G (18) cho thiy c¢6 hoat tinh chon loc dbi véi cac dong té
bao HepG2 va Hela [14].

HO N\ MeO
OH HO N
o /\©: N\ OH
(¢}

(17) (18)
Hinh 1.10. Céu tric hop chat nocarbenzoxaozole F (17) va nocarbenzoxazole
G (18)

Yildiz va cong sy di tong hop cac dan xudt (19) va danh gia hoat tinh
khang khuan cua cac hop chét dbi voi vi khuan gram (+), gram (-). Két qua thur
nghiém cho thay céc hop chét tong hop co6 hoat tinh khang khuan rong véi gia
tri MIC 250-781 mg/ml [15]. Dé phat trién huéng nghién ciru ctia minh Yildiz
da téng hop thém céc dan xudt ¢6 nhom thé & vi tri sé 5 hodc 6-nitro/amino-2-
(phenyl)benzoxazole (20) va danh gia hoat tinh khang khuan va khang nam véi
cac chung S.aureus, B.subtilis, P.aeruginosa, E.coli, C.albicans. Két qua thu
nghiém cho thiy cac hop chat niy c6 hoat tinh khang khuan dang ké [16].
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R1 = H, F, Cl, BI‘, CH3 R1 = CH3, C2H5
R>=H, CH3; R>=NO,, NH,
Rs;=H, F, Cl, CHs, C;Hs, NO» R3;=H, NH;
R4s=H, Br
n=0,1,2

Hinh 1.11. Mot sb dan xuit benzoxazole ¢6 hoat tinh khang khuan

1.1.3. Mt s6 thudc c6 nhan benzoxazole

Khung benzoxazole c6 trong thanh phan ctia nhiéu hop chét ¢ hoat tinh
sinh hoc, dugc hoc cling nhu tinh chat vat 1y phi hop cho cac ung dung vat liéu
chtrc ning. Céac din xuat benzoxazole dugc st dung véi vai tro chat diéu tri ung
budu, thude ha huyét ap, thuée khang siéu vi, khang nam, hay khang ung thu.

Flunoxaprofen (23) 13 mot thudc chdng viém khéng steroid (NSAID) co
cdu tric di vong benzoxazole gan v&i nhém 4-fluorophenyl va propanoyl. Day
1a dan chat acid arylpropanoic c¢é tac dung chéng viém, giam dau va ha st
tuong duong indomethacin (hi¢u lyc cao hon aspirin) [17].

Trong 1am sang flunoxaprofen da duogc thir nghiém trong diéu tri viém
khép dang thap. Céc nghién citu so sanh ciing véi naproxen cho thiy hiéu qua
diéu tri cua hai thudc nay tuong dwong. Téom lai, flunoxaprofen 13 NSAID
khung benzoxazole c¢6 tac dung chéng viém-giam dau hiéu qua va it giy ton

thuong da day.

T ORI,

(23) (24)
Hinh 1.12. Cong thirc ciu tao ctia hop chat Flunoxaprofen va Benoxaprofen
Benoxaprofen (24) 1a mot NSAID nhom acid propanoic co ciu tric
twvong tu flunoxaprofen, nhung chira nhém 4-chlorophenyl thay cho 4-
fluorophenyl. Pay 1a thuéc khang viém dung diéu tri viém khop dang thap va
viém xuong khop, vé6i lidu thong thudng 300-600 mg/ngay/lan [18].
Boxazomycin B (25) 1a mot hop chét tu nhién thudc nhom khang sinh c6

ngudn gbc tir vi khuan Streptomyces. N6 so hitu khung benzoxazole dong vai



trd quan trong trong nhiéu hoat tinh sinh hoc. Boxazomycin B duoc biét dén
nho kha nang trc ché manh vi khuan gram (+), dac biét 1a cac chung cé kha
nang khang thudc nhu Staphylococcus aureus va Enterococcus faecalis. Ngodi
ra, mot sd nghién ctru so bd cling chi ra hoat tinh khang nim tiém nang, khién
hop chat nay trod thanh mot d6i tuong nghién ctru quan trong trong viéc phat
trién thudc khang khuan va khang nAm méi. Nho ciu triic twong doi don gian,
hop chat nay c6 tiém ning cao dé phat trién thanh cac dan xuét ban tong hop
v6i hoat tinh t6t [19].

HO H N:(
N
F&_/}/

(25)
Hinh 1.13. Cong thirc cdu tao ctia hop chit Boxazomycin B

1.1.4. Ung dung trong linh v vt liéu ciia cac hop chat khung

benzoxazole

a. Ung dung trong quang — di¢n tir

Mot trong nhiing linh vic nghién ctru ndi bat nhat ciia benzoxazole 1a
diode phat quang hiru co (OLEDs). Nhiéu din xuét benzoxazole di dugc ching
minh c6 kha ning phat xa xanh lam voi hiéu suat luong tir cao va do 6n dinh
phat quang vuot troi. Chang han, cac emitter chtra benzoxazole méi duoc bao
c4o gan day cho thay hiéu suat phat quang cao, 46 sang manh va it suy giam
hiéu suit khi ting dong. Nho d6, benzoxazole dong vai trd quan trong trong
viéc giai quyét thach thirc vé dnh sang xanh lam trong OLED, vdn 1 budc then
chét cho man hinh thé hé méi [20,21]. Cac nghién ctru gan ddy da ching minh
rang viéc két hop benzoxazole véi cac nhoém cho dién tir (donor) nhu carbazole,
dong thoi gan thém nhimg nhom bulky dé han ché su két tap, c6 thé tao ra
nhitng emitter phat sang xanh siu véi hiéu suit luong tir ngoai (EQE) cao, mau
sac tinh khiét va hinh thai 6n dinh. Két qua nay khang dinh benzoxazole 1a mot
khung di vong day hira hen cho thiét ké vat liéu phat quang méi, mé ra trién
vong tmg dung trong OLED — vén 1a huéng di quan trong dé phat trién cac thiét
bi hién thi hiéu suat cao, chi phi thap trong twong lai [20,21].
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Hinh 1.14. Mot s6 hop chét khung benzoxazole tmg dyung trong quang — dién tir

Ngoai OLED, cac hé din xuét benzoxazole con duoc ap dung trong laser
hitru co va sg1 quang phat quang, voi uu diém 14 6n dinh quang hoc va bén nhiét,
cho phép ung dung trong truyén dan tin hiéu quang hoc. Pong thoi, mot so
nghién ctu da khai thac benzoxazole trong pin mat tro1 hitu co (OPVs), nho
kha nang diéu chinh bang thong dién tir va ting cuong van chuyén electron.
Két qua cho thiy cac hé co chira benzoxazole thuong dat hiéu suat chuyén doi
nang luong cao hon so véi nhitng h¢ khong chira di vong nay [22].

b. Ung dung trong cim bién va huynh quang

Nho diac tinh phat quang manh va kha ndng nhay cam v&i moi truong vi
mo, cac dan xuat benzoxazole da dugc sir dung rong rai trong cam bién huynh
quang. Nhiéu dau do dya trén benzoxazole da duoc phat trién dé phat hién ion
kim loai (Zn**, Cu**, Fe*") véi do nhay va do chon loc cao [23]. Bén canh do,
cac hop chéat nay con dugc khai thac trong hinh anh huynh quang té bao, hd trg
nghién clru co ché bénh hoc va phat trién cong cu chan doéan y sinh hién dai.
Piém ndi bat 1a cac cam bién benzoxazole c6 thé hoat dong t6t trong dung dich
nudc va mdi trudng sinh hoc, mot dic tinh quan trong cho tng dung thuc té
trong y sinh. Mot s6 hé thong da chtimg minh kha ning phan biét ion trong hdn
hop phtic tap, mé ra trién vong trong chan doan bénh 1y va theo ddi sinh hoa

trong té bao sdng [23].



(28)
Hinh 1.15. Ciu triic vong 16n cbl'xa khung benzoxazole img dung trong cam
bién huynh quang
C. Ung dung trong polymer hiéu ning cao
Benzoxazole 1a khung di vong nén tang cua poly(p-phenylene
benzobisoxazole) — PBO, mdt loai soi polymer tinh thé 16ng c6 do bén kéo rat
cao (~5,8 GPa) va khdi luong riéng thap (~1,56 g cm3), nhd mach chinh vong
benzobisoxazole cimg va hé 7 lién hop kéo dai.Nhiing dic trung nay khién PBO
ndi bat hon para-aramid (nhu Kevlar) vé cuong do riéng va on dinh nhiét, 1a 1y
do PBO duoc dung lam cdt soi cho vat lidu composite chiu tai va moi trudng
khic nghiét [24]. Nhitng dic tinh nay khién PBO duogc tmg dung rong rii trong
ao giap chéng dan, day cap chiu luc, vat liéu hang khong — vii tru va cac h¢
théng bao hd chuyén dung [24]. Khong chi dimg ¢ dang soi, PBO con dugc
phat trién thanh mang phan tach khi véi d6 chon loc CO,/CH, hoic Ha/N; cao,
nhd kha ning 6n dinh nhiét va khang hoa chat [25].

SacsasYenes

Hinh 1.16. CAu triic mang poly(ether-benzoxazole) (PEBO) tng dung trong
phan tach khi

Khong chi dimg lai & dang soi, PBO con dugc phat trién thanh mang
mong va vat liéu composite, cho théy kha nang khang hoa chét, chiju nhiét,
chéng chay va duy tri tinh co hoc trong méi trudng khic nghiét. Gan day, cac
nghién ctru tap trung vao viéc ché tao hé lai poly(benzoxazole/benzimidazole)
(PBO-co-PBI) hodc nanocomposite PBO, nham cai thién tinh linh hoat, kha
nang gia cong va mo rong pham vi tmg dung tir cong nghiép qudc phong dén

nang luong [26].
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Hinh 1.17. Con dudng tong hop hé lai poly(benzoxazole/benzimidazole)
(PBO-co-PBI)

1.2. Toéng quan vé cac hop chat khung quinoxaline

Quinoxaline 13 mot hop chat di vong thom bao gém hai vong thom hop
nhat: mot vong benzene va mot vong pyrazine (1,4-diazine). Cong thirc phan
tr ctia quinoxaline 14 CsHeN,. Céac dan xuit quinoxaline c6 nhiéu ung dung
tiém nang trong cac linh vuc sinh hoc, y hoc va duoc ly. Cac din xuit
quinoxaline dugc tmg dung rong rai nhu thude khang vi-rit, thudc chéng viém
va khang khuan va nhu mot chat e ché kinase. Quinoxaline c6 nhiéu ing dung
nhu chat phan cat DNA, thuéc nhuom, chat ban din hitu co, chit phat quang
dién hiéu qua. Cac dan xuat quinoxaline cho thiy cac dic tinh chéng ung thu,
chéng sbt rét, khang khuan, giam dau, chéng dong kinh, chdng tiéu dudng,
chéng lao va giun san [27, 28].
1.2.1. Cac hop chit chira khung quinoxaline cé trong tw nhién

Mot s6 hop chit tir ty nhién c6 vong quinoxaline 1a mot phan khong thé
thiéu duoc mé ta trong Hinh 1.19. Izumiphenazine A (29) 13 mot hop chat tu
nhién thuoc nhom phenazine alkaloid, dugc phan 1ap tir cac ching vi sinh vat
bién thudc chi Streptomyces. Izumiphenazine A (29) duoc biét dén véi kha nang
khang khuan manh, dic biét hiéu qua ddi véi cac vi khuan gram (+), dong thoi
thé hién tiém nang trong diéu tri ung thu nho kha ning e ché sy tang sinh cia
mot sd dong té bao ung thu. Riboflavin (30), con dugc goi la vitamin B2, 1a
mot vitamin tan trong nudc rat quan trong déi v6i qua trinh chuyén héa niang
luong va duy tri stic khoe tong thé. Riboflavin (30) tham gia vao chudi ho hap
té bao, hd tro chuyén hoa carbohydrate, chit béo va protein thanh ning luong.

Ngoai ra, nd con c6 vai tro trong duy tri sttc khde cua da, niém mac, mat va h¢
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than kinh. Hai ancaloit hunanamycin A (31) va baimantuoluoamide B (32) dugc

phan 1ap tir phan ancaloit Datura metel L va Bacillus hunanensis [29]
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Baimantuoluoamide B

Hinh 1.18. Céc hop chét chira khung quinoxaline c6 trong ty nhién

1.2.2. Hoat tinh sinh hoc ciia cac hop chat khung quinoxaline

Niam 2019, tac gia Samir va cong su di nghién ctru kha niang chéng ung
thu trong 6ng nghiém ciia cac din xuit quinoxaline 2-phenyl-3-thioether va
danh gia trén cac dong té bao ung thu ¢ nguoi nhu ung thu rudt két (HCT-116)
va ung thu vt (MCF-7). Cac hop chat nay thé hién hoat dong chong khéi u tét
trén dong (HCT-116) va (MCF-7) véi chi s6 ICsy twong tGng 1a ICso = 1,90
pg/mL va ICso = 1,30 pg/mL [30].
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Hinh 1.19. Mot s6 hop chat khung quinoxaline c6 kha niang chéng ung thu

Bénh nhan dai thdo duong typ 2 c¢6 cac tinh trang réi loan chuyén héa
kéo dai gy ra cac tic dung phu bd sung ddi véi cac bénh tim mach, suy giam
thi luc va ton thuong than. Nam 2017, Mohamed va cong sy da cong bd mot
nghién ctru tong hop cac hop chat méi mang nhom chirc sulfonamide va amide
nham danh gia tiém nang chdng ting duong huyét. Trong s6 cac hop chat dugc
tong hop, dan xudt 1-cyclohexyl-3-(4-(2-(3-methyl-2-oxoquinoxalin-1(2H)-
yl)acetamido)phenyl-sulfonyl)urea (37) da cho thay hiéu qua ha duong huyét
ndi bat, voi mic giam dudng huyét dat 50,58%. Dé danh gia hiéu qua thuc
nghiém, nhom nghién ctru d so sanh cac hoat tinh chong tiéu duong cua hop
chat nay véi thuéc Glimepiride — mot loai sulfonylurea duoc sir dung pho bién
trong diéu tri tiéu duong typ 2. Két qua cho thiy hop chat (37) c6 tiém ning
dang ké trong diéu trj tiéu duong [31].

(37)

Hinh 1.20. Céu tao cac hop chat c6 kha ning diéu tri tiéu dudng

Céc bénh truyén nhiém do vi khuan d3 gay ra nhiing tic hai nghiém trong
trén toan thé gidi trong nhitng ndm gan dy. Mic du ¢ nhiéu loai thudc khang
khuan tuy nhién ching van gy ra mét s6 tic dung phu nghiém trong nhu viém
tai chd (penicillin), phan ung di tmg, ddc tinh voi 4nh sang (tetracycline), anh
huong dén gan, va suy tuy (chloramphenicol). Nam 2019, tic gia Ashraf va
cong su da thiét ké nhidu khung quinoxaline v6i ciac nhom chic nang khac
nhau. Trong sb do, cac dan xuét acetohydrazide 1a vuot troi. Nghién ctru hoat
dong khang khuan ddi v6i ba nhom chung: (I) Vi khuan Gram (+) (S. aureus va
B. subtilis), (IT), Vi khuan Gram (-) (E. coli va P. vulgaris) va chong lai cac loai
nam (II1) (C. albicans) [32].
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(38)
Hinh 1.21. Ciu tao cac hop chét co kha nang khang khuan

Bénh lao 1a mdt can bénh nghiém trong do vi khuan gay ra boi ching
Mycobacterium giy ton thuong hé ho hap va theo thoi gian toan bo co thé bi
suy giam hoan toan kha ning mién dich. Nam 2016, tac gia Pan va cong su da
nghién ctru ra mot khung N-oxide-quinoxaline (39-40) mdi chira nhém chic
amine va thioether da cho thdy hoat tinh khang vi khuan lao [33]. Dé thu
nghiém, nhom tac gia da su dung phép thir Alamar Blue trén vi mach (MABA)
— mot phuong phap chi phi thip, d6 nhay cao, phit hop dé sang loc cac hop chat
chéng vi khuan lao.

(ID_ o}

N S
COL f“w

+ N

N Me

CI)_

39) (40)
Hinh 1.22. Ciu tao cac hop chét co kha nang khang lao
Niam 2014, tac gia Shekhar va cong su da nghién ciru tong hop mot chat
méi (41) mang vong pyrazine va quinolone bang cach sir dung phan tng tén

Gould-Jacobs va sang loc trén cac chung Plasmodium falciparum 3D7 va Dd2

(ky sinh tring gy ra bénh st rét) [34].

(41)
Hinh 1.23. Cu tao hop chat c6 kha ning chdng st rét
Vao nim 2017, tac gia Carta va cong su da tong hop cac hop chit méi

ctia cic dan xuit quinoxaline c6 chira nhom thiol, trong d6 thio-benzoat (42)
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va acid (43) vuot troi hon cac hop chét khac. Coxsackievirus B 1a mot loai
enterovirus gay ra cac bénh ¢ tré so sinh [35].
MeO N MeO N
A AN
I Ij\/s I D\/S
MeO” N \©\ MeO” N \©\
COOEt COOH
42) (43)

Hinh 1.24. Céu tao cac hop chat c6 kha ning khang vi rat
1.2.3. Mt s6 thudc ¢ chira khung quinoxaline

Varenicline (44) 1a mot loai thube ké don dugc sir dung dé hd tro cai
thudc 14 & nguoi trudong thanh. Thudce co mit trén thi truong véi tén thuong mai
phd bién 1a Chantix (tai M¥) hodc Champix (& mot sé quéc gia khac). Vé co
ché, varenicline 14 chat chu van timg phan tai thy thé nicotinic acetylcholine
loai a4f2, giup kich thich nhe nhang cac thu thé ndy nham giam cam giac thém
thudc va cac triéu ching khi cai. Pong thoi, thude cling ngan can nicotine tir
thudc 14 gan vao thu thé, 1am giam cam gidc sang khoai khi hat thudc.
Varenicline hién van 1a mdt trong nhiing lua chon hiéu qua nhét trong diéu tri
cai nghién thubc 14 [36].

Glecaprevir (45) 1a mot loai thudc khang vi-rat trc ché sy nhan d6i RNA
trong vi-rt va bao vé khoi cac bénh do vi-rat viém gan C (HCV) gay ra. Su két
hop dudng udng cua Glecaprevir va Pibrentasvir duoc chdp thuan dudi tén
thuong hi¢u Mavyret. Gan day, vao nam 2017, li¢u phap két hop liéu ¢d dinh
dugc FDA chip thuan dudi tén thuong hiéu Mavyret cho bénh nhéan suy giam

mién dich méc thém mot bénh nhu xo gan (bénh gan) va bénh than dugc diéu

tri bang Mavyret [37, 38].
N
HN ) o
mr\]/] DLS NH
O

HN—\\\ 5

F

Varenicline (44) Glecaprevir (45)
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Voxilaprevir (46) Olaquindox (47)

Hinh 1.25. Cau tric ctia mot sd thube c6 chira khung quinoxaline

Voxilaprevir (46) ciing 1a mot chat trc ché protease NS3/4A cii twong tu
va tac dong truc tiép 1én RNA soi don ciia HCV va ngan chin co ché sao chép
ctia n6. Thong thuong, mot don thude két hop (Voxilaprevir) duoc sir dung cho
nhitng bénh nhéan suy giam mién dich véi virus viém gan C méan tinh cudi cung
1a nhiém trung gay ra & gan [39].

Olaquindox (47) 1a mdt hop chét hoa hoc thudc nhoém quinoxaline-1,4-
dioxide. Thubc dugc tong hop lan dau tién vao nhitng ndm 1960 nham muc
dich st dung trong chin nudi, dic biét 1a dé khang khuan va thuc day ting
truong o heo va gia cam. Olaquindox c6 kha ning phong ngira va diéu tri cac
bénh tiéu hoa do vi khuan Gram (-) nhu Escherichia coli va Salmonella gay ra.
Qua trinh nay dan dén e ché sinh trudng va tiéu diét vi khuan hiéu qua. [40].
1.2.4. Ung dung trong linh viee vt liéu ciia cac hop chat khung quinoxaline

a. Ung dung trong linh vwc quang — dién tir

Mot s6 nghién ctru gan day di tap trung vao thiét ké cac hé phan tur
donor—acceptor (D—A) dya trén khung quinoxaline cho trng dung trong vat liéu
phat quang hitu co. Cac hop chat duoc ky hiéu TQT (48) va CQC (49) thudc
loai D-A-D, trong khi cac dan xuat mé rong nhu CTQTC (50) va CVTQTVC
(51) lai c6 cau traic D-n—A—n—D, nho d6 gia ting mirc d6 lién hop dién tir trong
toan bd phan tir. Pac biét, viéc dua cic nhom vinyl vao cau tric CTQTC gitip
kéo dai dg lién hop, anh hudng truc tiép dén dic tinh dién tir va quang hoc.

Nhitng thay ddi nay tac dong dang ké dén cac théng s6 quan trong nhu thé ion
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héa, 4i luc electron, mitc HOMO va LUMO, dic diém hép thu &nh sang va cuc
dai huynh quang. [41].

N\\_//N
TQT (48)

CTQTC (50) CVTQTVC (51)
Hinh 1.26. Mt s6 cau trac dua trén khung quinoxaline ing dung trong linh
vuc quang — dién tir
b. Ung dung trong pin mdt troi hitu co (OPVs)

Ning lwong mit troi 1a nguon nang luong tu nhién va lau dai c6 thé dap
tmg nhu cau hién tai va tuong lai cia ching ta. Do d6, kha nang hap thu anh
sang mat troi va chuyén hoa thanh dién nang bang vat liéu quang hoat hitu co
12 mot trong nhitng mdi quan tdm quan trong trong nhiing thap ky vira qua. So
v6i pin mit troi ban dan vo co, pin mit trdi hitu co (Organic Photovoltaic Solar
Cells — OPVs) ¢6 uu diém la chi phi thap, trong lugng nhe, kha ning xtr Iy giai
phap va tinh linh hoat co hoc tét. Do d0, trong vai nim gan day, nhiéu loai
polyme dién ttr khac nhau di duogc sir dung dé ché tao pin mit troi. Trong sd
do, quinoxaline va cac dan xuét cua nd d3 duge s dung rong cho cac img dung
quang dién tir vi chiing c6 thé dé dang stra doi bang cach thay doi cac nhom

chire, chang han nhu chudi alkyl, vong thom lién hop [42].
S S S S
NZ\ /fN NE\ /EN Nd\ a Nz\ /EN

(52) (53) (54) (55)

Hinh 1.27. Mbt s6 dan xuat quinoxaline img dung trong pin mat troi
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¢. Ung dung trong cim bién va hupnh quang

Céc ion kim loai dong mot vai trd thiét yéu trong tu nhién. Vi du nhu
Cu?* rat can thiét cho enzyme va can bang ndi bao, tuy nhién khi & mirc d6 cao
no lién quan truc tiép dén mot ho bénh Iy nhu héi chimg Menkes, va bénh
Alzheimer. Zn** 1a mot cation quan trong khac trong cac qua trinh sinh hoc,
nhung ¢ mutc d6 cao cb lién quan dén mot sd bénh nghiém trong nhu bénh
Alzheimer, bénh Parkinson, tiéu duong, va trAm cam. Trong khi do, Ag* duoc
st dung rong rai trong cong nghié¢p va y dugc, nhung dac tinh tich Iy sinh hoc
va doc tinh moi trudng ciia né dit ra nhiéu lo ngai. Thong thudng, viéc phan
tich dinh lugng cac ion kim loai nang dua trén cac k¥ thuat phd phuc tap, doi
hoi thiét bi hién dai, nhan luc chuyén mon va nhiéu thoi gian. Do d6, cam bién
huynh quang dang dugc phat trién manh m& nho vu thé do nhay, do chon loc
cao, chi phi thip va thao tac thuan tién, trd thanh phuong phap dy hira hen
trong phat hién va gidm sat ion kim loai trong cac mau sinh hoc va moi truong.
[43]

| N\
” R
©i H N R
|
(56) (57)
Hinh 1.28. Céu tric hop chat khung quinoxaline (mg dyung trong phét hién ion

kim loai

1.3. Mot s6 phuwong phap tong hop benzazole khong sir dung lwu huynh
1.3.1. Mot s6 phwong phap co dién tong hop benzoxazole

Phuong phap truyén thong dé tong hop benzoxazole 1a ngung tu o-
aminophenol v&i cac hop chét carbonyl khac nhau trong céc diéu kién phan tng
khéac nhau, mot sé chat nén tiéu biéu nhu aldehyde, acid va cac dan xuét cta
chung, benzyl alcohol, alkynone, isothiocyanate, ketone, ortho -este, trong so

nhimg chat khéc.

NH, N
O™ —— O
OH o

58 59
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R = H, alkyl, aryl, R' = H, alkyl, OH, OR

R__R’ H,N__NH, CFs. _Br R-NCS R~ “NH,

x= T R”OOH \Lf W

R— R—-N=C=N—-R

Hinh 1.29. Phan mg tong quat clia qua trinh tong hop benzoxazole

1.3.1.1. Di tir o-aminophenol v¢i isothiocyanate

Qua trinh téng hop cac dan xudt 2-aminobenzoxazole bang phan tmg
giita 0-aminophenol véi cac dan xuat cia isothiocyanate voi H,O, trong EtOH
dudi diéu kién vi song. So voi phuong phéap cd dién su chiéu xa vi song dan
dén tang tbc do phan tmg va cai thién hiéu suat [44]. Hodc véi cac tic nhan
khac nhu Cu(OAc); trong dung moéi ethyl acetate & nhiét do 25 °C. Trong phan
mg nay hop chét trung gian thiourea dugc hinh thanh véi cic tac nhan khir
khac nhau. Tuy nhién nhitng phuong phép ndy con t6n tai mot sé mat han ché
nhu can sir dung nhiéu chat xuc tac dat tién hodc doc hai, doi hoi diéu kién phan

ung nghiém ngit [45].

o OH 30% H,0,/H,0, 100°C O
R-F +  R—NCS ~ R )—NHR'
= . =
NH, MW, Ethanol, 10 phut N
60 61 62

R = H, 4-Me, 4-Cl; R’ = Ph, 4-MePh, 3,5-diMePh

H o H
NH '
M ~NCs N N\H/N\R, Cu(OAc),, EA 0 A
R +  R-L — RF - RO /> NH
| P | ! _ s =
OH = OH 25°C, 10 phut N

65 66

R =H, 4-Me, 4-Cl; R’ =4-Cl, 4-Br

Hinh 1.30. Mot s6 phan ung tong hop cac dan xuat 2-aminobenzoxazole tir o-
aminophenol va isothiocyanate

1.3.1.2. Di tir o-aminophenol v6i isocyanate

Nam 2013, Liu va cong sy da phat trién mot quy trinh tong hop 2-
aminobenzoxazole mai dya trén phan ing oxy hoéa xtc tac boi kim loai palladi.
Phuong phap nay cho hiéu suit cao tir 85 dén 96%, ¢ thé ap dung cho nhiéu
loai co chat khac nhau, dong thoi str dung diéu kién phan tmg nhe nhang véi
nguyén liéu sin co, cho thay tiém nang img dung rong rii trong tong hop hitu
co [46]. Bén canh d6, Wang va cong su da bao cao mot phuong phap tong hop
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2-aminobenzoxazole str dung NiCl, lam chét xuc tac, vai su hd tro cia TEMPO
lam chat oxy héa trong mdi trudng dung mdi isopropyl ethanoate (IPA).

Phuong phap nay thé hién hiéu qua tét va co thé trién khai trén quy mé 16n

[47].
Pd(PPha), 0 R
- |
R{:[ p i
dioxane, RT, khang khi Z N

69

OH
7 R =H, 4-Me, 4-t-Bu; R’ = n-Bu, Bn, 4-OMe-Ph, t-Bu
R—T + R—CN
=
NH,

67 68 NiCl,, TEMPO X0 R
>~ R />—NH
IPA, 100°C A~V
70

R =H, 5-Me, 4-Cl, 4-OMe; R’ = t-Bu, n-Bu, i-Pr

Hinh 1.31. Téng hop céc dan xuat 2-aminobenzoxazole tir o-aminophenol va
isocyanate

1.3.1.3. Pi tir o-aminophenol véi acid va cac din xuit cia chiing

Céac phuong phap tong hop benzoxazole ngdy cang duogc cai tién theo
hudng than thién véi moi truong, hiéu qua va dé ung dung. Trong nghién ctru
ctia Nguyen va cac dong tac gia, mot phuong phap tong hop cac dan xuat 2-
phenylbenzoxazole da dugc thyc hién thong qua phan img ngung tu gitra o-
aminophenol va benzoyl chloride v61 sy xtc tac cua h¢ acid kép Bronsted—
Lewis (Hf-BTC) [48]. Phan tng dién ra trong diéu kién khong dung moéi, duoc
chiéu xa vi séng & 120 °C trong vong 15 phut va cho hiéu suat dao dong tir 30
dén 85%. Pang chu y, chat xuc tic Hf-BTC c6 thé duogc tai st dung dén nim
chu ky ma khong lam giam dang ké hiéu suat phan tng, cho thay tiém ning
g dung trong tong hop xanh. Trong mdt nghién ciru khac, Bahadorikhalili va
Sardarian dd bao cdo mot quy trinh tong hop benzoxazole don gian, hiéu qua
b?mg cach str dung hé xuc tac base di thé KF-ALO; [49]. Phan ing duoc tién
hanh giita o-aminophenol va cac dan xuat acid trong dung maéi acetonitril véi
su c6 mat cua MgSO4 khan, ¢ nhiét do phong trong thoi gian tir 45 dén 90 phut,
cho hiéu suit cao tir 83 % dén 95 %. Hé xtic tic ndy ciing cho thiy d6 bén cao

khi khong bi suy giam hiéu sudt trong muoi lan sir dung lién tiép.
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Hf-BTC, MW ®)
/>—R
120 °C, 15 phut N
73

OH fo)
@ . )J\ R = 4-OMe-CeHy, 4-F- CeHy, 4-NO»- CeHy
Nt R™ Dl

71 72 KF-Al,03, rt, CH3CN o
/>—R

MgSOy,, 45-90 phut N

74

R =Ph(4-NO,, 4-CN, 4-Cl, 4-Me, 4-OH, 4-OMe),
Me, CH»-Ph, nepthyl, CH=CH-Ph, CO-Ph

Hinh 1.32. Téng hop benzoxazole tir o-aminophenol va benzoyl chloride
Tac gia Nyilas va Pinter da chi ra qua trinh tong hop bis-benzoxazole véi
nang suat tot bang cach ngung tu mot phan tir acid dicarboxylic hodc anhydride
trong acid polyphosphoric ¢ nhiét do tir 150-200 °C. Lién két hai nhan
benzoxazole di duoc thay ddi tir chudi anlkane don gian thanh chudi aryl (ttc
1a X =(CHa;),, (CH>)4, (CH>)s, (CH>)s, C¢Hio, C¢Hs, 0-, m- & p-phenylene) [50].

NH-
PPA 8] O
. Dicarboxylic Acids >7R 4<
or Anhydrides / N\
OH 250 °C N N
75 76

Hinh 1.33. Tong hop bis-benzoxazole tir o-aminophenol va acid cacboxylic

1.3.1.4. Tur o-aminophenol v4i aldehyde

Phan irng ngung tu gitra o-aminophenol va aldehyde 1a mgt phuong phap
quan trong dé tong hop cac benzoxazole hoic cac dan xuat Schiff base, tiy theo
diéu kién phan tmg. Nam 2018, Bahrami va cong su da cong bd mot phuong
phap tong hop benzoxazole hiéu qua va than thién véi moi truong thong qua
phan ing ngung tu gifra o-aminophenol va aldehyde thom. Phan g dugc thuc
hién trong hdn hop dung méi gdbm nudce va ethanol, v6i sy c6 mit ciia hydrogen
peroxide (H,0,) 1am chat oxy héa, TTIP (titan tetraisopropoxide) va chét xtic
tac ran MTAMO (hdn hop oxide titania—nhom oxide). Qué trinh phan tng dién
ra & nhiét d6 chi 50 °C, vé4i thoi gian phan ing ngan nhung cho hiéu suat rat
cao, dat tir 90 dén 96% [51]. Bén canh d6 mot phuwong phap khac sir dung FeCls

lam xuc tac trong dung moi toluene, thuc hién ¢ nhi¢t do 110 °C trong thoi gian
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24 gid. Két qua cho thay hiéu sudt phan timg dao dong tir 50% dén 96%. Pang
cha ¥, khi bo sung AgNO; 1am chéit ddng oxy hoa, hiéu suat phan tng dugc cai
thi¢n dang ké, dat 91-99%, chimg minh vai tro thic déy manh mé cta chat phu
gia ndy [52]. Ngoai cac phan tmg tir o-aminophenol, Jilani va cong su con dé
xuét mot phuong phap khac dé tong hop dan xuit benzoxazole thong qua phan
ung oxy hoa gitra methyl-3-amino-4-hydroxyphenylacetate va aldehyde. Phan
tmg dugc xuc tac boi chi tetraacetate Pb(OAc), trong ethanol, voi su b sung
cta dung dich NaOH 90% trong hon hop ethanol-nudc, duoc tién hanh & nhiét

d6 phong trong 3 gid, va thu duoc san pham benzoxazole chira nhom axetat voi

hiéu suat tot [53].
MTAMO, TTIP O:
R
H,0,, ethanol, 50°C

R =H;R’=H, 4-Cl, 2,4-diCl, 4-NO,, 4-OMe, 2-OH
AN OH AN CHO FeCls, toluene
| | |

R + R T

Z NH» Z AgNO3, 110°C, 12h

R =H, 4-F, 4-Br, 4-Me; R’ = H, 2-Me, 2-Bu, 2-Ph, 2-Bn

Pb(OAc),/ethanol @:O>_<:>
RT, NaOH, 7h

R =4-CH,COOMe ; R’ = 3-OH, 3-Obn, 3-NO,, 4-NH,

77 78

Hinh 1.34. Mot s6 phan tmg tong hop cac dan xuét benzoxazole tir o-
aminophenol va aldehyde

1.3.1.5. Tur o-aminophenol v&i benzyl alcohols

Nam 2020, Tang va cong su da phat trién mot chat xuc thc mai 1a N—
MnO, théng qua quy trinh tong hop gdm hai budc: thay nhiét va nung, sir dung
cac tién chat nhu mangan (II) sulfate, acetate tetrahydrate, ethylene glycol,
nude siéu tinh khiét va uré. Chat xuc tac ndy duoc ing dung trong tong hop cac
dan xuét benzoxazole thong qua qua trinh oxy héa benzyl alcohol thanh benzyl
aldehyde, sau do tién hanh phan tng ngung tu voi o-aminophenol ¢ nhiét do
phong trong 1 gid, thu dugc hiéu suat rat cao tir 88 dén 99%. Phuong phap nay
c¢6 nhiéu vu diém, bao gdm hiéu suat tot, diéu kién phan tng nhe nhang, quy
trinh don gian va dic biét 1a chat xuc tac c6 thé tai sir dung dén 10 1an ma khong
giam dang ké hiéu qua phan Gng [54]. Trong mot nghién ctu khéac, Safaei va

cac cong su da tong hop mot phire hop sét (I1I) cau ndi oxo ludng nhan méi va
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g dung 1am chat xtic tic cho phan tmg giira benzyl alcohol va o-aminophenol
trong dung modi hon hop ethanol-nuéc, véi TBHP (tert-butyl hydroperoxide)
1am chét oxy hoa. Phan tng dién ra ¢ 80 °C trong 12 gid, cho hiéu suit tong
hop benzoxazole tot [55]. Phuong phap nay sir dung diéu kién phan Gmg vira
phai, luong xtc tac thip, va 1a mot hudng tiép can tiém nang trong tong hop di
vong. Ngoai ra, Han va cong sy da phat trién mot hé xuc tac iridium trén chat
mang titania, duoc diéu ché bang phwong phap tam, dé tong hop benzoxazole
thong qua co ché khir hydro khéng can chat nhan dién ttr. Phan tmg sir dung o-
aminophenol va ruou bac mdt, thuc hién trong mesitylene dudi khi argon &
nhiét do 80-170 °C trong 18 gid, cho san luong kha va c¢6 thé ap dung cho nhiéu
loai co chit khac nhau. Uu diém ctia phuong phap nay 1a chét xtc tac dé thu
hoi va tai sir dung, hi¢u suét cao, pham vi co chat rong va it tao chét thai. Tuy
nhién, thoi gian phan tmg dai va yéu cau nhiét do cao 1a nhiing yéu t6 han ché

nhét dinh d6i vé6i hiéu qua téng thé cua quy trinh [56].

N-MnO,, rt, 1h 0
|
R —R' 84
©:N/

R =H, 5-Me, 5-Br ; R’ = Ph(2-Br, 3-Br, 2-Me, 3-Me)

OH
N X OH (FeLAP'P),0, 80°C X0
R + R rIL )—R 85
= = ! — /
NH EtOH.H,0, TBHP/H,0 N

2

R =H ; R”=Ph, Ph(4-CN, 4-NO,, 3-Cl, 3-OH, 4-Me)

IFTIO, 170°C X 0
R />—R' 86
Mesitylene, 18h Z N

R =H; R’=Ph(4-Me, 4-OMe, 4-Cl, 4-F)

82 83

Hinh 1.35. Mot s6 phan tng tong hop cac dan xuat benzoxazole tir o-
aminophenol va benzyl alcohol
1.3.2. Mt s6 phwong phap héa hoc xanh va hién dai tong hop benzoxazole
Niam 2019, Nguyen va cac cong sy did bao céo tong hop cac dan xuat
benzoxazole str dung chét xuc tac gel 1ong ion ¢o tinh acid Brensted trong diéu
kién khong c6 dung méi dé ngung tu va thom hoa o-aminophenol va aldehyde
& 130 °C trong 5 gio. Cac tac gia di tong hop 14 dan xuét v6i hiéu sudt 85—
98%. Chat xtic tac c6 thé tai str dung trong ti da 5 1an chay lién tiép ma khong

lam giam hiéu qua dang ké. Cac dic diém hap dan ciia phuong phap nay 1a chat
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xuc tac xanh c6 thé thu hdi, nang suat cao va qua trinh xir Iy dé dang. Nhiét do

cao va phan tng kéo dai han ché wu diém cua phuong phap nay [57].

LN NHz N CHO BAIL gel, 130 °C NO —
R'—~ + R*+ - R1—L )
= OH = solvent free, 5-7h L N/ \ /\Rz
87 88 89

R! = 4-Me, p-Cl ; R? = H, 4-Me, 4-OMe, 4-t-Bu, 4-F, 4-Cl

Hinh 1.36. Tong hop cac d?lp xuat benzoxazole tir o-aminophenol va aldehyde
bang xuc tac gel 1ong ion

Tong hop cac dan xuat benzoxazole bang phan ing ngung tu giita o-
aminophenol va aldehyde st dung chit 16ng ion acid Lewis dugc hd tro bang
vat liéu nano tu tinh Fe;O4 (LAIL@MNP) da duoc Nguyen va cac cOng sy
nghién ctru. Trong nghién ctru ndy, cac chat phan tmg duoc siéu 4m trong diéu
kién khong c6 dung méi & 70 °C trong 30 phat dé mang lai nang suat tir trung
binh dén cao. Kha nang tai st dung chit xuc tac, d& xir 1y, diéu kién khong co
dung mai, thoi gian phan ing ngan hon va con dudng xanh 13 vu diém ciia quy
trinh nay [58].

o VM2 MO LaiL@mvne, 70 °c 0. —

R— + R - R / {
= OH = solvent free, 30 min Z N \ /\RZ
90 91 92

R! = H, 4-Me ; R? = H, 4-t-Bu, 4-OMe, 4-Cl, 4-Me

Hinh 1.37. Tong hop cac Slﬁn xuét benzoxazole tir o-aminophenol va aldehyde
bang chat long ion acid Lewis

Niam 2020, Nguyen va cic dong tac gia da giodi thiéu eosin Y nhu mot
chat xtic tac quang hiéu qua dé diéu ché cac dan xuét benzoxazole. Phan tng
gilra o-aminophenol va aldehyde trong methyl cyanide hoac dung m6i DMSO
sit dung K,COj3 1am base va chat oxy hoa TBHP (fert -butyl-hydroperoxide)
dugc chiéu xa dudi argon voi dén LED xanh (3W) trong 24 gio. Céc tac gia da
diéu ché duoc 18 dan xuat véi ning suat 58-92%. Uu diém lién quan dén
phuong phap nay 14 tranh sir dung cac cht xtic tic tong hop trude va quy trinh
gia nhiét truyén thong [59].
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N NH N CHO  eosin Y, blue LED, CH5CN O o —
R~ + R2—| R_I / <
¢
Z > on = K,CO4, TBHP, 24h Z~N O
93 94 95

R!=H, 4-Me ; R? = H, 4-Me, 4-OMe, 4-F, 4-t-Bu, 4-Cl

Hinh 1.38. Tong hop céc dan X}lét benzoxazole tir o-aminophenol va aldehyde
bang xuc tac quang

Rapolu va cong sy da thuc hién mdt phan irng one-pot don gian dé dang

dé tong hop cac din xuit benzoxazole dudi sy chiéu xa vi séng & 80 °C tir o-

aminophenol va EDC.HCI trong isopropanol. Con dudng ndy cung c6 mot so

ru diém nhu thao tac don gian, thoi gian phan Gng ngan hon bang cach sir dung

chiéu xa vi song [60].

N NH N ,L MW, 80 °C N N
R + PN NN > R D—NH
SN i-propanol, 15 min Z N
98

R'=5-t-Bu, 5-CN, 5-NO,, 5-Me, 5-OMe, 5-Cl, 6-Me

96 97

Hinh 1.39. Tong hop cac dan xuat benzoxazole vadi chi€u xa vi song

1.4. Mot s6 phwong phap tong hop quinoxaline khong sir dung lwu huynh
1.4.1. Mot s6 phwong phap co dién dé tong hop quinoxaline

Phuong phap téng hop quinoxaline ctia Hinsberg 1a mot trong nhiing
cach don gian va hiéu qua nhét dé tao ra hé di vong nay. Phan ing dya trén sy
ngung tu giita o-phenylenediamine (99) va mot hop chat 1,2-dicarbonyl, dién
hinh nhu glyoxal hodc benzil. Khi hai chat nay phan (mg v&i nhau trong diéu
kién trung tinh hodac c6 mat acid nhe, cdc nhom amino (-NH;) cua o-
phenylenediamine s& tdn coéng vao cac nhom carbonyl (C=0) ctia hop chat
dicarbonyl, tao thanh lién két C=N thong qua qua trinh imin hoa. Qua trinh nay
dién ra hai lan va sau d6 mat nuéc, dan dén sy hinh thanh ciu tric vong
quinoxaline bén vitng. Phan ung niy khong chi don gian, dé thyc hién ma con
cho hiéu suit cao, dugc str dung rong rii dé tong hop cac dan xuat quinoxaline

trong nghién ctru héa hoc hitu co va duge pham [61].
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Hinh 1.40. Phuong phap téng hop quinoxaline ctia Hinsberg va Korner

Trong khi d6, phuong phép tong hop quinoxaline ciia Kérner dugc gidi
thiéu vao nam 1871, sém hon Hinsberg mdt thoi gian. Phuong phap nay chu
yéu dua trén viéc khtr cac din xudt quinoxaline dioxide (quinoxaline-1,4-
dioxide) bang cac tic nhan khir nhu amoni chloride két hop véi thiéc hodc kém
trong moi truong acid. Trudce tién, nguoi ta tong hop quinoxaline-1,4-dioxide
bang cach oxy hoa o-phenylenediamine, sau d6 thyc hién qua trinh khir hai
nhom oxide (-O) gin vao cac nguyén tir nito cta vong quinoxaline dé thu dwoc
quinoxaline khong oxide. Phuong phap Korner ¢é wu diém trong viéc tao ra
quinoxaline tir cac tién chat dé diéu chinh, dong thoi cho phép tiép can cac dan
xuat quinoxaline da dang bang bién doi cac nhom thé trude hoic sau qua trinh
khu [61].

Phén tmg Beirut 1a mot phuong phap tong hop quinoxaline dic biét, dwa
trén co ché cong vong [3+2] (cycloaddition) giita benzofurazan N-oxide va cac
hop chat hai nguyén tir carbon nhu alkyne hoic alkene hoat hoa. Trong phan
ung nay, benzofurazan N-oxide dong vai tro la hé 1,3-dipole, phan tng véi
alkyne hoic alkene giau electron dé hinh thanh mét vong trung gian nam canh.
Vong trung gian sau d6 trai qua qua trinh sép xép lai, din dén viéc hinh thanh
quinoxaline-1,4-dioxide. Néu can, san pham nay co thé tiép tuc duoc khir dé
thu vé quinoxaline. Phan ung Beirut ¢6 wu diém 1a diéu kién phan Gng nhe
nhang, san pham thu dugc da dang véi hiéu suat cao, dong thoi cho phép xay
dung nhanh chong nhiéu hé dan xuat quinoxaline v&i cic nhém chitc khac nhau.

Mot vi du dién hinh cho phan tmg nay 1a su két hop giira benzofurazan N-oxide
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va ethyl propiolate, tao ra quinoxaline-1,4-dioxide, sau d6 c6 thé khtr bang tac
nhan hoa hoc nhu kém/acid dé thu duoc quinoxaline. Véi cach tiép can khac
bi¢t hoan toan so vo1 phuong phap Hinsberg hay Korner, phan img Beirut da
mé rong dang ké kha ning tong hop cac hop chit quinoxaline moi, dic biét
trong linh vuc héa dugc va vat liu tién tién [61].

CN

/O L
N+ ©:+\:[ NaZSZO4 ©: j:
O —_— >
~ 7/
N

105 COXR
\LR ¢
CLL @ ﬁ
N
(I),
o
©:é\:ECN Na28204
NT NH, ©: I
(I)_
Hinh 1.41. Phuong phap téng hop qumoxalme bang phan tmg Beirut
1.4.2. Mt s6 phwong phap héa hoc xanh va hién dai tong hop quinoxaline
Bhutia va nhém nghién ctru da thiét 1ap mot phuong phap tong hop
khong dung méi dé tong hop quinoxaline bang cach nghién co hoc hoa hoc ¢o
hd tro chat 16ng ctia o-phenylenediamine (109) véi 1,2-dicarbonyl (110). Tinh
don gian vé mat van hanh khi chay phan ng trong diéu kién khong dung moi
gitip tranh budc xtr 1y va tinh ché 13 wu diém ctia phuong phap nay [62].

1 1

N NH, Ox R Grinding, EtOH X N R
R——I- + > R—_I_ _

% RT, 10-15 min NN R2

NH, o) R?

109 110
Hinh 1.42. Tong hop cac din xuét quinoxaline bang phuong phap nghién co

hoc
Harsha va cong su di phat trién mot hé xtc tac nano-y-Fe,03-SO;H di
thé c6 thé thu hoi bang tir tinh dé ngung tu cyclocondensation ciia 1,2-diketone
hodc a-bromoketone voi o-phenylenediamine dé téng hop quinoxaline trong

diéu kién khong c6 dung moi. Cac quy trinh xir Iy va tinh ché d& dang, cung
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v6i nang sut san pham cao thu duoc trong thdi gian ngan hon, 1 nhitng 1oi thé
rd rang ciia phuong phap than thién véi moi truong nay. Chét xtc tac co thé
dugc thu hoi bang tir tinh va co thé tai st dung toi 5 lan. Cac o-
phenylenediamine giau electron c6 hiéu suét tét so voi cac o-phenylenediamine

gin véi cac nhom hit electron [63].

(0]
NH Ox R = N R
2 O
X - N X
R-—‘I _ + - _ _
NH, e} R2 120 °C N R?
113

109 112

Hinh 1.43. Téng hop cac dan xuat quinoxaline voi xtc tac nano
Chét 16ng ion c6 tinh acid Brensted (BAIL) thé hién dong thoi tinh chat
ctia acid Bronsted va chat 1ong ion (IL). Ngoai ra, mot trung tdm ion dugc ghép
cong hoa tri vao xuong sdng polyme c6 tinh chat doc déo cua IL ciing nhu cau
tric polyme dai phan tir. Tamami va cong su da chudn bi hai chit 16ng ion c6
tinh acid Brensted dua trén polyvinyl imidazole trén nén chat mang silica va da
chting minh @ng dung cua chung trong qué trinh tong hop bén viing cac dan

xuat quinoxaline v&i hi€u suat cao [64].

; 1
N NH, 0 R Bronsted acidic ionic liquid X N\ R
R—= + ~ R _
T RT, EtOH NN g2

0~ "R?

109 114 115
Hinh 1.44. Téng hop cac dan xuat quinoxaline voi xtc tac chat 1ong ion ¢6
tinh acid Bronsted

Delpivo dd bao cdo mot qua trinh tong hop hiéu qua khong can chét xtc
tac cia mot loat quinoxaline trong nudc bang cach phan tng cac hop chat 1,2-
dicarbonyl véi o-phenylenediamine. Hiéu suat cao va khong c6 bat ky tac nhan
loai nudce nao lam cho phuong phap d6 tré thanh mot phuwong phap bén viing
hap dan so véi cac quy trinh nhiét thong thuong lién quan dén xtic tac acid-base
[65].
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1 N R1
2 NH2 @) R Hzo | X J
R——-: + - R—
Pz RT, 30 min NN R2

NH, 0 R2
109 116 117
Hinh 1.45. Tong hop cac din xuat quinoxaline chi str dung nudc
Roy va cac cong su di phat trién mot phuong phap tong hop song song
khong chira kim loai cia quinoxaline tir o-nitroaniline hodc dinitrobenzene
bang cach sir dung graphene oxide (GO) lam ‘carbocatalyst’ khi két hop voi
hydrazine hydrate voi hiéu suat 85-90 % [66].

1 1

N NO, O’ GOorrGO, NoH4H,0 X AN
R—~ + R—7

= 100 °C, 3h NN R2

NH, 0 R2

109 118 119
Hinh 1.46. Tong hop cac din xuét quinoxaline st dung graphene oxide

1.5. Cac phuong phap tong hop benzoxazole sir dung lwu huynh
1.5.1. Twr o-aminophenol véi aldehyde

Luu huynh nguyén t6 duoc phat hién 1a chat oxy hoa tot dé thuc day qua
trinh ngung ty oxy héa ctia o-aminophenol véi nhiéu loai aldehyde, bao gdm
cd aliphatic aldehyde nhu cyclohexanecarboxaldehyde. Cac phan iing dugc xuc
tac bang sodium sulfide khi c6 DMSO lam chéat phu gia. Cac san pham

benzoxazole thu duoc v6i nang suat tot [67].

NH; CHO
7 Na,S.5H,0 2 -0
R * + S » R-L
s [ 7
OH DMSO, 70 °C, 16h =N

120 121 122

Hinh 1.47. Tong hop cac din xuét benzoxazole tir o-aminophenol va aldehyde
voi luu huynh
1.5.2. Tt o-nitrophenol v4i acetophenone
Chat xuc tac Fe/S duoc tao ra trong hdn hop phan img tir FeCl,.4H,0 va
luu huynh nguyén td khi c6 mat amine béc ba lam base duogc phat hién c6 kha
nang xuc tac hi¢u qua phan g ngung tu oxy hda khur 6¢e - cuia o-nitrophenol

v6i acetophenone va methylquinoline. Céac san phiam ngung tu 2-
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benzoylbenzoxazole va 2-quinolylbenzoxazole thu dwgc véi hiéu suat hop 1y,
v6i nude 1a san pham phu duy nhét, ¢ nhiét d6 thap 80 °C [68].

(0]
(0] O\HJ\©
NO, FeCl,.4H,0 |
SORIC AL as
OH DIPEA pyrridine

80-100°C, 16h

125

Hinh 1.48. Tong hop cac din xuét benzoxazole tir o-nitrophenol va
acetophenone
1.5.3. Twr o-nitrophenol v@i arylacetonitrile
FeCl,.4H,0 va luu huynh nguyén t6 duoc phét hién c6 hiéu qua cao trong
viéc xUc tac phan Umg ngung tu oxy hoéa khir loai nhom cyanide gitra o-
nitrophenol va arylacetonitrile. Mac du hiéu suat van ¢ mirc trung binh trong
mot s6 trudng hop, pham vi cta qua trinh chuyén héa nay c6 vé kha rong va
phuong phap than thién véi méi truong. Luu huynh nguyén t6 dugc phat hién
dic biét phu hop cho qué trinh chuyén héa nay do ¢ nhiéu vai tro nhu (i) chat
thu ion cyanide; (ii) chat khir bén ngoai; va (iii) thanh phan cau tao chat xuc tac
Fe/S. So voi cac phuong phap ngung tu oxy hoa khir di biét st dung o-
nitrophenol véi cac d6i tac khtr khac dé cung cip 2-arylbenzoxazole, thudng
doi hoi chat xuc tac phirc tap/dat tién, phuong phap hién tai dugc nhan manh
boi tinh don gian, khong ton kém va than thién véi moi truong. Nguoi ta hy
vong rang cac hoat dong xtic tic ctia hé thong Fe/S trong phan tmg decyanative
c6 thé duoc ap dung cho cac phan tmg ngung tu oxy hoa khir khac [69].
02 CN FeCly. AH;0 (2-5 mol% )
OH N-methylpiperidine

100-110 °C, 16h

Hinh 1.49. Tong hop cac din xuét benzoxazole tir o-nitrophenol va
arylacetonitrile
1.5.4. Twr o-aminophenol véi ketone
Véi sy ¢6 mat cia N-methylpiperidine, luu huynh nguyén té dugc phét

hién c6 tac dung nhu chét oxy hoa tdt trong viée thic day qua trinh sap xép lai
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oxy hoa gitra o-aminophenol va ketone. Mt loat cac 2-alkylbenzoxazole da thu
duoc trong diéu kién nhe nhang [70].

S /S\ _S
—s s
\S/S\S/
| /
" TR =g
N~ n
120 128 129

Hinh 1.50. Tong hop cac din xuét benzoxazole tir o-aminophenol va ketone

1.5.5. Tiur o-aminophenol véi acetophenone

Mot phuong phép hiéu qua dé tong hop truc tiép 2-benzoylbenzoxazole
tlr o-aminophenol va acetophenone thong qua chudi phan img benzoxazol héa
kiéu Willgerodt duoc thuc dy bai luu huynh va qua trinh oxy hoa methylene
trong DMSO. Cac diéu kién phan ung twong thich véi nhiéu nhém chirc va
vong di vong. Phuong phap ndy c6 vu diém 13 ca hai nguyén liéu dau o-
aminophenol va acetophenone déu khong dat va c6 san trén thi truong. Hon
nita, vi luu huynh va DMSO duoc st dung 1am chét oxy hoa khi ¢6 luong N-
methylmorpholine dudi dang phu gia, nén phuong phdp cua chiing t61 1a mot
trong nhitng phuong phap thuan tién nhat dé tong hop cic dan xuat 2-
benzoylbenzoxazoles [71].

O 0]

NH) O
Me NMM |
+ ' S . N
OH

DMSO, 110 °C, 16h

120 130 131

Hinh 1.51. Tong hop cac dan xuét benzoxazole tir o-aminophenol va
acetophenone
1.5.6. Twr o-aminophenol véi cinamic acid
Mot phuong phap dé& dang dé tong hop 2-benzylbenzoxazole sir dung
decarboxylative trung gian luu huynh cta acid cinnamic v6i 2-hydroxyaniline
va 2-mercaptoaniline twong mg trong diéu kién khong c6 kim loai va dung

moi. Tuy nhién, phan Uing cuia 2-aminoaniline v6i acid cinnamic dan dén su
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hinh thanh 2-arylquinoxaline trong ciing diéu kién phan tng. Qua trinh chuyén
hoéa linh hoat va tuong thich voi mot sé nhom chirc nang [72].

O

N02 \\ O
OH N-methylmorpholine |
* + S > N
OH

130°C

123 132 133

Hinh 1.52. Tong hop cac din xuét benzoxazole tir o-nitrophenol va acid
cinnamic

1.6. Cac phuong phap tong hop quinoxaline sir dung lru huynh
1.6.1. Tir cac o-phenylendiamine

Mac du o-phenylenediamine dugc stir dung rong rai vi qua trinh oxy hoa
nhanh, bis-nucleophile nay tuong ddi 6n dinh véi luu huynh ngay ca & nhiét do
cao. Dua trén kha ning twong thich ndy, ching t6i dd nghién ciru sy két hop
oxy hoéa giita o-phenylenediamine va cycloalkanones. C6 thé dé dang thu dugc
quinoxaline twong ung khi dun néng véi luu huynh & gan diém néng chay cua

nguyén tb nay [73].

NH, 0 N
f IS 5 | 3 =
R _ ' R ' S > R1_I TR
=
NH, 100 °C, 16h = N
n n

109 134
Hinh 1.53. Tong hop cac din xuét quinoxaline tir o-phenylenediamine va
cycloalkanone

Khi mot cyclohexanone thé duoc dun néng véi o-phenylenediamine,
pentacycle dugc hinh thanh trong DMSO. C6 thé dat dugc hiéu suat tot khi mot
acid manh nhu TFA, HC, pTSA... dugc str dung lam chét xtc tac [74].

0]
NH;
@: 2 é DMSO TFA Q O
I —R I S
(4]
NH, 100 C, 16h

Hinh 1.54. Tong hop cac din xuét quinoxaline tir o-phenylenediamine va
cyclohexanone
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Céac nhom methylene cua 5,6,7,8-tetrahydroquinoline va isoquinoline cé
thé bi oxy héa va két hop voi o-phenylenediamine khi c6 mat luu huynh va xtic
tac boi TFA trong DMSO 1a chét oxy hoa. Chién lugc nay 1a mot phuong phap

nhanh chéng va khong ton kém dé téng hop cac di vong phenazine-pyridine

15’ éj@g s oY

DMSO, TFA DMSO, TFA

100 °C, 16h 109 100 °C, 16h 139

Hinh 1.55. Tong hop cac din xuét quinoxaline tir o-phenylenediamine va
5,6,7,8-tetrahydroquinoline

1.6.2. Tir cac o-nitroaniline

Khi 2-phenethylamine duge str dung thay cho benzylamine, mdt phan
g ngung tu oxy hoa khtr khac xay ra voi qua trinh oxy héa ban dau cia a-
methylene thanh imine. Sau dd, nhoém f-methylene phan itng manh hon va trai
qua qué trinh oxy hoa tiép theo. Do d6, quinoxaline duoc hinh thanh do qua
trinh oxy hoa hai nguyén tir cacbon. Cac amin aliphatic dai hon nhu octylamine
c6 kha nang phan tmg kém hon vé1 qua trinh hinh thanh, canh tranh cua 6-
heptylbenzimidazole [76].

NO, H,N FeCls.6H,0 Na
@ ' \L ' : /j\
N Ar

NH, Ph

140 141 142
Hinh 1.56. Tong hop cac din xuét quinoxaline tir o-nitroaniline

Két luan lai, cac dan xuét chia di vong benzoxazole va quinoxaline da
dugc ghi nhan c6 nhiéu hoat tinh sinh hoc da dang nhu khang ung thu, khang
khuan, khang nam, chéng viém, va hd trg diéu trj tiéu dudng. Cac ciu trac di
vong ndy thudng déng vai trd quan trong trong thiét ké thudc méi nho dic tinh
6n dinh, kha nang tuong tac sinh hoc tot va dé dang bién doi hoa hoc dé tao ra

cac dan xuat c6 hoat tinh sinh hoc cai tién.
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Mic di di c¢6 nhiéu cong trinh nghién ctru trong va ngoai nudc tap trung
vao viéc tong hop cac hop chat di vong khung benzoxazole va quinoxaline, hau
hét cac phuong phap duoc bao céo trude ddy van ton tai nhiéu han ché nhét
dinh. Nhiéu quy trinh truyén thong yéu cau nhiéu budc trung gian, sir dung tc
nhan oxy hda khir manh, dung moi dgc hai hoac xuc tac kim loai quy hiém nhu
Pd, Cu, Ag, khong chi 1am ting chi phi va anh huong dén méi trudng, ma con
giam tinh hiéu qua nguyén tir va khé mo rong quy mé. Mot sé phuong phap
khac dua trén tién chat nhu o-aminophenol hoidc o-phenylenediamine doi hoi
budc khir nitro riéng biét, vira ton ning luong, vira phat sinh chat thai vo co
gy 6 nhiém. Ngoai ra, viéc xtr Iy cac phu pham chira luu huynh hodc nito trong
cac phan tmg truyén thong thudng chua dugc tan dung hiéu qua, dan dén lang
phi tai nguyén va giam do bén vimg cta quy trinh tong hop.

Xuat phat tir thuc tién d6, viéc nghién ctru phat trién cac phuong phap
tong hop benzoxazole va quinoxaline tir cac hop chat thwong mai san co, gia
thanh thap, két hop véi viéc ap dung cac k¥ thuat than thién mdi truong, st
dung dung moi xanh hodc tong hop one-pot 1a mot huéng di thiét thuc va co
nhiéu trién vong. Nhitng phuong phap nay khong chi gitip han ché tao ra san
pham phy ddc hai ma con phu hop véi xu hudng phat trién hoa hoc xanh (green
chemistry) hién nay. Tl nhimng 1y do trén, viéc tap trung nghién ctru tong hop,
xac dinh cau trac va khao sat hoat tinh sinh hoc cua céc hop chét chira di vong
benzoxazole va quinoxaline 12 mdt hudng di ¢ y nghia khoa hoc va thyc tién,
g6p phan lam phong phti thém kho tang cac hop chat di vong hitu ich, dong
thoi mé rong tiém niang Ung dung trong phat trién thudc va nghién ctru duoc 1y
tai Vi€t Nam.
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CHUONG 2: PHUONG PHAP NGHIEN CUU VA THUC NGHIEM

2.1. Héa chit va thiét bi
2.1.1. Héa chit, dung méi

Céc hoa chit sir dung dugc mua tir cac cong ty hoa chat thuong mai uy
tin nhu (Merck, Sigma Aldrich, AKSci, ...) v6i do tinh khiét trén 98 % nén
duogc st dung truc tiép ma khong phai tinh ché lai. Dung méi chay sic ky cot
1a loai tinh khiét, khan va déu dugc cit méi trude khi sir dung. Bot silica gel
cho sic ky cot str dung loai silica gel 60 Merck (240—400 mesh), ban méng sic
ky silica gel dé nhom Art. 5554 DC-Alufolien Kiesel 60 F254 (Merck).
2.1.2. Thiét bi
- May c6 chan khong: IKA RV 10 Digital va IKA RV 10 Basic.
- May khudy tir IKA RH Basic 2.
-Pen UV 366 nm, 254 nm.
- Can di¢n tir 10-3 Ohaus Explorer Pro EP613C (610 g/1 mg).
- Tu hut khi doc Viét Nam.
- Va cac dung cu thuy tinh khac.
2.2. Phuong phap nghién ciru
2.2.1. Sic ki 16p méng

Sic ki 16p mong (SKLM) dugc st dung dé dinh tinh chat dau va san
pham. Thong thuong chat dau va san pham co gia tri Ry khac nhau, mau sic va
su phat quang khac nhau. Dung sic ki 16p mong dé biét duoc phan tmg da xay
ra hay khong xay ra, phan (mg da két thiic hay chua két thiic 1a dya vao cac vét
trén ban mong, ciing cac gia tri Ry trong tng. Gia tri Ry cia cac chat phu thudc
vao ban chét cta cac chat va phu thudc vao dung méi lam pha dong. Duya trén
tinh chéat d6, co thé tim dugc dung moi hay hdn hop dung méi dé tach cac chat
ra xa nhau (R khac xa nhau) hay tim duoc hé dung méi can thiét dé tinh ché
cac chat. Cac hé dung méi duoc sir dung cho sic ky ban mong (n-hexane : ethyl

acetate; heptane : ethyl acetate; dichloromethane : methanol).

2.2.2. Sac ki ot
Sac ky cot 1a phuong phap dé tach san pham tir hén hop phan tng: s
dung cot (20 x 50 mm) va silica gel thudng c& hat: 240-400 mesh dé tach san
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pham. Hé dung moi chay cot sir dung n-hexane : ethyl acetat, heptane : ethyl
acetate va dichloromethane : methanol.
2.2.3. Phwong phap xac dinh céu tric

Ph6 'H-NMR (500MHz), *C-NMR (125MHz) va 'H-NMR (600MHz),
BC-NMR (150MHz) va ""F-NMR cuia cac chat nghién ctru duoc do trén may
Bruker Avance-III (500MHz) va Bruker Avance Neo (600MHz) v&i1 dung moi
CDCl; va TMS 1a chat chuan, tai Trung tdm Pho cong huong tir hat nhén -
Vién Hod Hoc - Vién Han Lam Khoa hoc & Cong ngh¢ Viét Nam.

Pho khoi ctia cac chat nghién ctru duge ghi trén may SCIEX X500 QTOF
& ché d6 ESI" hoac ESI tai Phong Hoa hoc di vong, Vién Hoa hoc, Vién Han
lam Khoa hoc va Cong ngh¢ Vi¢t Nam.

Phé nhiéu xa tia X (X-ray) dugc phan tich bang may MMO007 HF cua
Rigaku Nhat Ban, Vién Hoa hop chét tu nhién — CNRS Cong Hoa Phap.

2.3. T(R)ng hop cac din xuit 2-aminobenzoxazole tir 2-nitrophenol va
isothiocyanate

Hon hop gdm 2-nitrophenol 143 (1 mmol), isothiocyanate 144 (1,5
mmol), S (48 mg, 1,5 mmol), FeClL.4H,O (10 mg, 0,05 mmol), N-
methylpiperidine (99 mg, 1 mmol) va N-methyl-2-pyrrolidone (0,2 mL) duogc
khudy va dun néng trong mdi trudong khi argon trong 6ng nghiém 7 mL dugc
day bang nap cao su & 100 °C trong 16 gio. Hon hop thdé duoc pha lodng voi
DCM (2 mL). Dung dich thu dugc duoc rira bang nude (2 mL), tinh ché bang
sic ky cot silica gel (EtOAc:Hexane) dé thu duoc 2-aminobenzoxazole 145
dudi dang chét ran.

Cac dit lieu 'H-NMR, "C-NMR va MS cia céc dan xudt 2-
aminobenzoxazole (tir 145aa dén 145na) duoc mé ta nhu sau:
N-Phenylbenzo|d]oxazol-2-amine (145aa) [77]

CLhs
O

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 72 %. '"H NMR (600 MHz, CD;OD) § 7.65 — 7.62
(m, 2H), 7.39 (dd, J= 7.8 Hz, J = 0.6 Hz, 1H), 7.37-7.33 (m, 3H), 7.22-7.18
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(m, 1H), 7.11-7.09 (m, 1H), 7.08-7.04 (m, 1H). 3C NMR (126 MHz, CD;0D)
0 160.2, 149.0, 143.6, 139.9, 130.1, 125.2, 124.0, 123.0, 119.5, 117.6, 109.9.
6-methyl-/N-phenylbenzo|[d]oxazol-2-amine (145ab) [79]

A
O

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 63 %. '"H NMR (600 MHz, CD;OD) § 7.64-7.59 (m,
2H), 7.37-7.32 (m, 2H), 7.26 (d, J= 8.0 Hz, 1H), 7.19-7.18 (m, 1H), 7.07-7.01
(m, 2H), 2.41 (s, 3H). *C NMR (126 MHz, CD;0D) 6 159.9, 149.1, 141.1,
140.0, 133.3, 130.1, 125.9, 123.8, 119.4, 117.0, 110.3, 21.5.
5-fluoro-N-phenylbenzo|d]oxazol-2-amine (145ac) [78]

F N
L
"0

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suét 63 %. '"H NMR (600 MHz, CD;0D) 0 7.66-7.61 (m,
2H), 7.38-7.33 (m, 2H), 7.30 (dd, J=8.7 Hz, ] = 4.3 Hz, 1H), 7.10 (dd, /= 8.9
Hz, J = 2.6 Hz, 1H), 7.09-7.05 (m, 1H), 6.86-6.82 (m, 1H). '3C NMR (126
MHz, CDs;0D) ¢ 160.3, 160.2 (d, J=237.43 Hz), 143.9 (d, /= 1.55 Hz), 143.6
(d, J=13.60 Hz), 138.3, 128.7, 122.8, 118.3, 108.7 (d, J = 10.42 Hz), 107.9,
107.7, 103.2, 103.0. ’F NMR (565 MHz, CDCl;) & -118.41 (td, J = 9.23, 4.34
Hz).

5-chloro-N-phenylbenzo|d]oxazol-2-amine (145ad) [80]

o=
a

Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suét 59 %. '"H NMR (600 MHz, CD;0D) 0 7.92-7.87 (m,
2H), 7.64-7.59 (m, 3H), 7.57 (d, J= 8.5 Hz, 1H), 7.37-7.31 (m, 2H). *C NMR
(151 MHz, CDs;0D) ¢ 161.3, 147.7, 145.3, 139.6, 130.5, 130.1, 124.2, 122.7,
119.7, 117.5, 110.7.

5-Bromo-N-phenylbenzoxazol-2-amine (145ae) [79]
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o=
3

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 62 %. 'H NMR (500 MHz, CD;OD) ¢ 7.68 (d, J =
8.1 Hz, 2H), 7.54 (d, J= 1.1 Hz, 1H), 7.37 (t, J = 7.8 Hz, 2H), 7.32-7.24 (m,
2H), 7.09 (t, J = 7.3 Hz, 1H). 3C NMR (126 MHz, CD;0D) 6 161.0, 148.1,
145.8, 139.6, 130.1, 125.5, 124.2, 120.5, 119.6, 117.6, 111.3.
5-Methoxyl-/NV-phenylbenzoxazol-2-amine (145af) [78]

MeO N
\@[ H—NH

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 58 %. '"H NMR (600 MHz, CDCls) § 8.12 (s, 1H),
7.59 (d, J="7.7 Hz, 2H), 7.43-7.35 (m, 2H), 7.23 (d, J=8.7 Hz, 1H), 7.11 (t, J
=7.4 Hz, 1H), 7.04 (d, /= 2.5 Hz, 1H), 6.70 (dd, J = 8.7 Hz, J= 2.5 Hz, 1H),
3.83 (s, 3H). ®C NMR (151 MHz, CDCl;) 6 159.3, 157.4, 143.3, 142.6, 138.0,
129.5, 123.5, 118.6, 109.2, 108.8, 102.1, 56.1.
6-Methoxyl-V-phenylbenzoxazol-2-amine (145ag)

N
s
MeO O @

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suét 57 %. '"H NMR (600 MHz, CD;0D) 0 7.63-7.59 (m,
2H), 7.37-7.31 (m, 2H), 7.27 (d, /= 8.6 Hz, 1H), 7.06-7.02 (m, 1H), 7.01 (d, J
= 2.4 Hz, 1H), 6.82 (dd, J = 8.6 Hz, J = 2.4 Hz, 1H), 3.81 (s, 3H). 3C NMR
(151 MHz, CD;0OD) ¢ 159.7, 157.6, 149.5, 140.1, 137.0, 130.1, 123.7, 119.3,
117.4,111.7, 95.6, 56.5.

Methyl 2-(phenylamino)benzoxazole-5-carboxylate (145ah)

M(}Og(: N
\Oj SH—NH
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suét 56 %. '"H NMR (300 MHz, DMSO-dg) § 10.96 (s,
1H), 7.98 (s, 1H), 7.88 (dd, /= 8.2 Hz, J = 1.3 Hz, 1H), 7.76 (d, J = 7.9 Hz,
2H), 7.51 (d, J=8.2 Hz, 1H), 7.39 (t,J= 7.9 Hz, 2H), 7.07 (t, /= 7.3 Hz, 1H),
3.85 (s, 3H). *C NMR (75 MHz, DMSO-ds) § 166.0, 160.1, 147.3, 146.8,
138.1,129.0, 126.0, 122.8, 122.7, 118.0, 116.0, 109.6, 52.0.
N-Phenylnaphtho[1,2- d]oxazol-2-amine (145ai) [81]

L,
Pl
O

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 55 %. 'H NMR (600 MHz, CDsOD) § 8.35 (dd, J =
8.3 Hz,J=0.5 Hz, 1H), 7.92 (d, /= 8.3 Hz, 1H), 7.78-7.75 (m, 2H), 7.64 (d, J
= 8.8 Hz, 1H), 7.61-7.54 (m, 2H), 7.48-7.43 (m, 1H), 7.42-7.37 (m, 2H), 7.12-
7.05 (m, 1H). *C NMR (151 MHz, CD;0D) J 160.1, 145.2, 140.3, 138.5,
132.7,130.1, 129.6, 127.1, 126.5, 125.8, 123.6, 123.3, 123.0, 119.2, 110.7.
N-Phenylnaphtho[2,1- d]oxazol-2-amine (145aj)

e
a

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 21 %. '"H NMR (500 MHz, DMSO-dg) § 10.80 (s,
1H), 8.01 (t,J=8.4 Hz, 2H), 7.82 (t,J= 8.1 Hz, 3H), 7.71 (d, J= 8.6 Hz, 1H),
7.62 (t,J=17.6 Hz, 1H), 7.46 (t, J=7.5 Hz, 1H), 7.39 (t, J=7.7 Hz, 2H), 7.03
(t, J = 7.3 Hz, 1H). *C NMR (126 MHz, DMSO-d¢) J 157.9, 141.1, 138.9,
138.8, 129.5, 129.0, 128.8, 127.0, 124.5, 124.0, 121.9, 118.9, 118.5, 117.3,
117.2.

N-(p-Tolyl)benzoxazol-2-amine (145ak) [77]

@EZ‘H;Q

Me
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu sut 68 %. '"H NMR (600 MHz, CD;OD) 6 7.52-7.48 (m,
2H), 7.37 (dd, J =7.8 Hz, J = 0.5 Hz, 1H), 7.35-7.32 (m, 1H), 7.21-7.15 (m,
3H), 7.12-7.08 (m, 1H), 2.31 (s, 3H). *C NMR (126 MHz, CD;0D) ¢ 160.5,
149.0, 143.6, 137.3, 133.7, 130.5, 125.1, 122.8, 119.8, 117.4, 109.8, 20.8.
N-(m-Tolyl)benzoxazol-2-amine (145al) [79]

N

O: SH—NH
0

Me

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 67 %. '"H NMR (600 MHz, CD;0D) § 7.47 (s, 1H),
7.41-7.37 (m, 2H), 7.33 (d, J = 8.0 Hz, 1H), 7.24-7.16 (m, 2H), 7.12-7.07 (m,
1H), 6.90-6.84 (m, 1H), 2.35 (s, 3H). *C NMR (126 MHz, CDs;0D) ¢ 160.3,
148.9, 143.6, 140.1, 139.7, 129.9, 125.1, 124.7, 122.9, 120.1, 117.5, 116.7,
109.8, 21.6.

N-(o-Tolyl)benzoxazol-2-amine (145am) [77]

N
\>—NH Me
O @

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suét 65 %. '"H NMR (600 MHz, CD;0D) 6 7.65-7.59 (m,
1H), 7.34-7.28 (m, 2H), 7.24 (dd, J=15.3 Hz, J = 7.8 Hz, 2H), 7.18-7.15 (m,
1H), 7.14-7.11 (m, 1H), 7.10-7.06 (m, 1H), 2.32 (s, 3H). *C NMR (126 MHz,
CDs;0OD) 0 161.9,149.4, 143.3,137.5,133.1, 131.9, 127.8, 126.7, 125.3, 125.2,
122.7,117.1, 109.9, 18.0.

N-(Naphthalen-1-yl)benzoxazol-2-amine (145an) [82]

.
@io

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 62 %. '"H NMR (600 MHz, CD;OD) § 8.15-8.09 (m,
1H), 7.93-7.87 (m, 2H), 7.75 (d, /= 8.2 Hz, 1H), 7.56-7.48 (m ,3H), 7.37-7.30
(m, 2H), 7.20-7.16 (m, 1H), 7.12-7.08 (m, 1H). *C NMR (126 MHz, CD;0D)
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0162.2, 1494, 143.3, 135.9, 134.9, 129.5, 129.4, 127.3, 126.8, 126.7, 125.2,
123.1, 122.8, 121.5, 117.3, 110.0.
5-Chloro-N-(2-fluorophenyl)benzoxazol-2-amine (145a0)

RSy
&

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 52 %. '"H NMR (300 MHz, CDCl;) 6 8.35-8.12 (m,
1H), 7.39 (d, J = 2.0 Hz, 1H), 7.19-7.11 (m, 2H), 7.10-6.93 (m, 3H). *C NMR
(126 MHz, CDCl3) 6 158.3,152.2 (d,J=243.58 Hz), 146.4, 143.5, 129.8, 125.9
(d, J=10.54 Hz), 124.9 (d, J=3.74 Hz), 123.7 (d, /= 7.22 Hz), 122.2, 119.8,
117.7, 115.1 (d, J = 18.71 Hz), 109.7. 'F NMR (282 MHz, CDCl;) 6 -131.97
(s).

5-Chloro-N-(3-fluorophenyl)benzoxazol-2-amine (145ap)

e
s

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 52 %. '"H NMR (500 MHz, DMSO-ds) 6 11.01 (s,
1H), 7.75-7.71 (m, 1H), 7.55-7.51 (m, 2H), 7.45-7.37 (m, 2H), 7.18-7.15 (m,
1H), 6.88-6.84 (m, 1H). 3*C NMR (126 MHz, DMSO-dg) 6 162.5 (d, J=241.46
Hz), 158.7, 144.7 (d, J=263.79 Hz), 140.1 (d, J=11.40 Hz), 130.6 (d, J=9.62
Hz), 128.3,121.6, 116.6, 113.7, 113.7, 110.2, 108.8 (d, /= 21.13 Hz), 104.6 (d,
J=26.97 Hz). F NMR (282 MHz, CDCl3) & -110.7.
N-(4-Fluorophenyl)benzoxazol-2-amine (145aq) [77]

C[:M;Q

.
Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suat 66 %. '"H NMR (600 MHz, CD;OD) § 7.68-7.60 (m,
2H), 7.41-7.32 (m, 2H), 7.23-7.17 (m, 1H), 7.14-7.06 (m, 3H). *C NMR (126
MHz, CDs;0OD) ¢ 159.0, 158.7 (d, J = 240.42 Hz), 147.6, 142.1, 134.8, 123.8,
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121.6,120.0 (d, J=7.76 Hz), 116.2, 115.1 (d, J = 22.66 Hz), 108.5. ’F NMR
(565 MHz, CDCl3) 0 -119.4 (tt, J= 8.16, 4.23 Hz).
5-Chloro-N-(3-chlorophenyl)benzoxazol-2-amine (145ar) [83]

pess
e

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 43 %. '"H NMR (500 MHz, DMSO-dg) 6 11.00 (s,
1H), 7.94 (d, /= 1.3 Hz, 1H), 7.62-7.55 (m, 2H), 7.52 (d, J = 8.5 Hz, 1H), 7.39
(t,J=8.1 Hz, 1H), 7.17 (dd, J= 8.5 Hz, J= 1.9 Hz, 1H), 7.10 (d, /= 7.8 Hz,
1H). BC NMR (126 MHz, DMSO-ds) J 158.6, 145.8, 143.7, 139.8, 133.4,
130.7,128.3, 122.1, 121.7, 117.1, 116.7, 116.3, 110.2.
N-(4-Chlorophenyl)benzoxazol-2-amine (145as) [77]

@iN\>—NH
o Q
Cl
Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suét 73 %. '"H NMR (600 MHz, CD;0D) 0 7.68-7.64 (m,
2H), 7.40 (d, J= 7.8 Hz, 1H), 7.37-7.32 (m, 3H), 7.23-7.19 (m, 1H), 7.15-7.10
(m, 1H). 3C NMR (126 MHz, CD;0D) J 159.9, 149.0, 143.5, 138.9, 130.0,

128.7,125.2, 123.2, 120.7, 117.8, 109.9.
N-(4-Chlorophenyl)-5-methylbenzoxazol-2-amine (145at) [78]

oy,

Cl
Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 65 %. '"H NMR (600 MHz, CD;0D) § 7.69 — 7.62
(m, 2H), 7.36 — 7.30 (m, 2H), 7.24 — 7.20 (m, 2H), 6.97 — 6.92 (m, 1H), 2.40
(s, 3H). *C NMR (151 MHz, DMSO-dg) 6 158.3, 145.6, 142.8, 138.2, 133.7,
129.3, 126.1, 123.0, 119.5, 117.5, 108.9, 21.5.
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N-(4-Chlorophenyl)-5-fluorobenzoxazol-2-amine (145au) [84]

F\CEZ‘HjQ

Cl

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu sut 48 %. '"H NMR (600 MHz, CD;0D) & 7.70 — 7.61
(m, 2H), 7.37 —7.28 (m, 3H), 7.11 (dd, J = 8.8 Hz, J = 2.6 Hz, 1H), 6.89-6.82
(m, 1H). 3C NMR (126 MHz, CD;0D) ¢ 160.2 (d, J = 237.79 Hz), 159.9,
143.9, 143.5 (d, J=13.39 Hz), 137.2, 128.6, 127.5, 119.4, 108.8 (d, /= 10.41
Hz), 108.1 (d, J = 26.13 Hz), 103.2 (d, J = 26.76 Hz). ’F NMR (565 MHz,
CDCl3) 6 -118.3 (td, J=9.12, 4.19 Hz).
5-Chloro-N-(4-chlorophenyl)benzoxazol-2-amine (145av) [85]

oy,

Cl
Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 54 %. '"H NMR (600 MHz, CDsOD) § 7.70 — 7.62
(m, 2H), 7.40 — 7.30 (m, 4H), 7.11 (dd, J=8.5,J=2.1 Hz, 1H). *C NMR (151
MHz, CDs;OD) ¢ 160.9, 147.7, 145.2, 138.6, 130.6, 130.0, 129.0, 122.9, 120.9,
117.7, 110.8.
5-Chloro-N-(3,4-dichlorophenyl)benzoxazol-2-amine (145aw) [86]

cl N
Ty
0

Cl
Cl
Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 44 %. '"H NMR (300 MHz, DMSO-ds) 6 11.12 (s,
1H), 8.16-8.02 (m, 1H), 7.62 (d, J= 1.2 Hz, 2H), 7.58 (d, /=2.0 Hz, 1H), 7.53
(d, J=8.5 Hz, 1H), 7.18 (dd, J= 8.5 Hz, J= 2.1 Hz, 1H). >C NMR (75 MHz,
DMSO-ds) 0 158.4, 145.8, 143.5, 138.5, 131.3, 130.8, 128.3, 123.8, 121.8,
118.8, 117.9, 116.7, 110.3.
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N-(2-Bromophenyl)-5-chlorobenzoxazol-2-amine (145ax)
cl N
U S—NH  Br

K&

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 65 %. 'H NMR (500 MHz, CDCls) J 8.51 (dd, J =
8.3 Hz,J=1.3 Hz, 1H), 7.58 (dd, /=8.0 Hz, /= 1.2 Hz, 1H), 7.50 (d, J=1.9
Hz, 1H), 7.46-7.39 (m, 1H), 7.29-7.24 (m, 1H), 7.14 (dd, J = 8.5 Hz, J = 2.0
Hz, 1H), 7.02-6.96 (m, 1H). *C NMR (126 MHz, CDCl;) § 158.0, 146.4, 143.7,
135.3,132.6, 129.9, 128.9, 124.4, 122.6, 119.4, 118.0, 112.3, 109.9.
N-(4-Bromophenyl)benzoxazol-2-amine (145ay) [79]

e
Q

Br
Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suét 65 %. 'H NMR (600 MHz, CD;OD) 6 7.66-7.59 (m,
2H), 7.51-7.46 (m, 2H), 7.41 (dd, J = 7.8 Hz, J = 0.6 Hz, 1H), 7.38-7.35 (m,
1H), 7.24-7.19 (m, 1H), 7.16-7.11 (m, 1H). '*C NMR (126 MHz, CD;0D) ¢
159.8, 149.0, 143.5, 139.4, 133.0, 125.2, 123.2, 121.0, 117.8, 115.9, 110.0.
5-Bromo-N-(4-bromophenyl)benzoxazol-2-amine (145az)

Br M
\@ \>;NH
O Q

Br

Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suit 41 %. "H NMR (600 MHz, DMSO-ds) 8 10.93 (broad
s, 1H), 7.72-7.70 (m, 2H), 7.65 (d, J = 2.00 Hz, 1H), 7.58-7.56 (m, 2H), 7.48
(d, J = 8.42 Hz, 1H), 7.30 (dd, J = 8.44, 2.01 Hz, 1H). *C NMR (151 MHz,
DMSO-ds) 0 159.1, 146.7, 144.7, 138.2, 132.2, 124.8, 120.2, 119.7, 116.5,
114.5, 111.2. HRMS (ESI+) tinh todn C;3HoBr:N,O m/z [M + H]+ 366.9082,
tim thay 366.9078.
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5-Chloro-N-(4-iodophenyl)benzoxazol-2-amine (145ba) [87]

oo

I
Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu sut 50 %. '"H NMR (500 MHz, DMSO-de) d 10.89 (s, 1H), 7.74-
7.65 (m, 2H), 7.58 (d, J = 2.5 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 7.18-7.11 (m,
1H). ¥C NMR (126 MHz, DMSO-ds) J 158.7, 145.8, 143.8, 138.2, 137.5,
128.2,121.5, 120.0, 116.4, 110.1, 85.6.
5-Chloro-N-(3-methoxyphenyl)benzoxazol-2-amine (145ca)

Cl N

U Ny NH
0

OMe

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suit 55 %. '"H NMR (500 MHz, DMSO-d¢) § 10.75 (s, 1H), 7.54
—7.48 (m, 2H), 7.41 (s, 1H), 7.31 —7.23 (m, 2H), 7.14 (dd, /= 8.4,J = 1.8 Hz,
1H), 6.68 — 6.58 (m, 1H), 3.77 (s, 3H). '*C NMR (126 MHz, DMSO-d6) ¢
159.9, 159.0, 145.8, 144.0, 139.5, 129.8, 128.2, 121.3, 116.4, 110.3, 110.1,
107.5, 104.1, 55.1. HRMS (ESI+) tinh toan C4H;;CIN;O, m/z [M + H]+
275.0588, tim thay 275.0581.
5-Chloro-N-(4-methoxyphenyl)benzoxazol-2-amine (145da) [88]

oy,

OMe
Hon hop phan ung duge tinh ché bang sic ky cot silica gel v6i dung moi
CH,Cl,. Hiéu suat 60 %. '"H NMR (500 MHz, DMSO-dg) J 10.55 (s, 1H), 7.63
(d, J=9.0 Hz, 2H), 7.51-7.40 (m, 2H), 7.10 (dd, J = 8.5 Hz, J = 1.9 Hz, 1H),
6.96 (d,J=9.0 Hz, 2H), 3.74 (s, 3H). *C NMR (126 MHz, DMSO-d¢) 6 159.5,
154.9, 146.0, 144.3, 131.5, 128.1, 120.9, 119.5, 116.0, 114.2, 109.9, 55.2.
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Ethyl 4-((Schlorobenzoxazol-2-yl)amino)benzoate (145ea)
cl N
Ty
0
CO,Et

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suit 44 %. '"H NMR (300 MHz, DMSO) ¢ 11.19 (s, 1H), 7.96 (d,
J=28.5Hz, 2H), 7.84 (d, J = 8.5 Hz, 2H), 7.60-7.48 (m, 2H), 7.18 (d, J = 8.3
Hz, 1H), 4.28 (dd, J = 13.9 Hz, J = 6.9 Hz, 2H), 1.31 (t, J = 7.0 Hz, 3H). *C
NMR (75 MHz, DMSO-d¢) 6 165.3, 158.4, 145.8, 143.6, 142.6, 130.4, 128.3,
123.4, 121.8, 117.1, 116.7, 110.3, 60.3, 14.2. HRMS (ESI+) tinh toan

C16H14CIN,O3 m/z [M + H]+ 317.0693, tim thay 317.0684.
5-Chloro-N-(3-nitrophenyl)benzoxazol-2-amine (145fa)

cl N
\@E Ny NH

o)
NO,

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suat 58 %. "H NMR (500 MHz, DMSO-de) 5 11.28 (s, 1H), 8.70
(t,J=1.9 Hz, 1H), 8.06 (dd, /J=8.1,J=1.4 Hz, 1H), 7.88 (dd, J=8.1,J=1.7
Hz, 1H), 7.65 (t, J=8.2 Hz, 1H), 7.58 (d, J=2.0 Hz, 1H), 7.54 (d, /= 8.5 Hz,
1H), 7.19 (dd, J = 8.5, J = 2.0 Hz, 1H). 3C NMR (126 MHz, DMSO-ds) ¢
158.4, 148.3, 145.8, 143.4, 139.6, 130.4, 128.4, 123.8, 122.0, 116.9, 116.8,
111.7, 110.4. HRMS (ESI+) tinh toan C;3HyCIN3O3 m/z [M + H]+ 290.0333,
tim thay 290.0328.

4-((5-Chlorobenzoxazol-2-yl)amino)benzonitrile (145ga)

oy,

CN
Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 41 %. '"H NMR (300 MHz, DMSO-d) 6 11.27 (s,
1H), 7.86 (d, /J=8.8 Hz, 2H), 7.79 (d, J = 8.8 Hz, 2H), 7.56-7.46 (m, 2H), 7.15
(dd, J=8.5Hz,J=2.0 Hz, 1H). *C NMR (75 MHz, DMSO-d¢) 6 158.1, 145.7,
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143.3, 142.5, 133.3, 128.4, 122.0, 119.1, 117.7, 116.8, 110.3, 103.9. HRMS
(ESI+) tinh toan C14HoCIN3O m/z [M + H]+ 270.0434, tim thay 270.0442.
5-Chloro-N-(2-(trifluoromethyl)phenyl)benzoxazol-2-amine (145ha)

cl N
\O: \>*NH CF3
) @

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suat 50 %. '"H NMR (500 MHz, CDCl;) § 8.28-8.21 (m, 1H),
7.45-7.39 (m, 2H), 7.26-7.23 (m, 1H), 7.19 (s, 1H), 7.05-7.00 (m, 2H), 6.93-
6.89 (m, 1H). 3C NMR (126 MHz, CDCl3) 6 158.1, 146.4, 143.4,135.2, 133.4,
129.8, 126.5 (q, J = 5.26 Hz), 124.2 (d, J = 272.70 Hz), 123.6, 122.6, 121.4,
118.7 (q,J=29.57 Hz), 117.9, 109.8. °F NMR (282 MHz, CDCl5) 6 -60.55 (s,
3F). HRMS (ESI+) tinh toan Ci4HoCIF3N,O m/z [M + H]+ 313.0356, tim thay
313.0347.

5-Chloro-N-(3-(trifluoromethyl)phenyl)benzoxazol-2-amine (145ia)

cl N
\O: \>7NH
0]
CF4

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suét 54 %. '"H NMR (300 MHz, DMSO-d) 6 11.11 (s, 1H), 8.15
(s, 1H), 7.97 (d, J = 8.5 Hz, 1H), 7.66-7.48 (m, 3H), 7.38 (d, /= 7.6 Hz, 1H),
7.17 (dd, J= 8.5 Hz,J= 2.1 Hz, 1H). *C NMR (126 MHz, DMSO-ds) 6 158.6,
145.8, 143.6, 139.2, 130.2, 129.8 (q, J = 31.67 Hz), 124.1 (d, J = 272.24 Hz),
121.7,121.3,120.8, 118.6 (q, J=3.85Hz), 116.7, 113.7 (q, J=4.12 Hz), 110.2.
F NMR (282 MHz, DMSO-ds) J -61.30 (s, 3F). HRMS (ESI+) tinh toan
C14sHoCIF3N,0 m/z [M + HJ+ 313.0356, tim thdy 313.0350.

N-Cyclohexyl-5-methylbenzoxazol-2-amine (145ja) [89]

s
O

Hon hop phan ung dugc tinh ché bang sic ky cot silica gel v6i dung moi
CH,Cl,. Hiéu suat 64 %. "H NMR (600 MHz, CD;0D) ¢ 7.07 (d, J = 8.1 Hz,
1H), 7.04 (d, J = 0.7 Hz, 1H), 6.80-6.78 (m, 1H), 3.61-3.53 (m, 1H), 2.34 (s,
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3H), 2.07-2.00 (m, 2H), 1.82-1.75 (m, 2H), 1.68-1.61 (m, 1H), 1.45-1.37 (m,
2H), 1.35-1.27 (m, 2H), 1.26-1.18 (m, 1H). 3C NMR (126 MHz, CD;0D) ¢
163.7, 147.5, 143.7, 134.7, 122.4, 116.5, 109.0, 53.2, 34.0, 26.6, 26.1, 21.5.
5-Chloro-N-cyclohexylbenzoxazol-2-amine (145ka) [90]

poss
O

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suét 62 %. '"H NMR (600 MHz, CD;0D) 6 7.19-7.15 (m, 2H),
6.96 (dd, J = 8.5 Hz, J = 2.1 Hz, 1H), 3.62-3.55 (m, 1H), 2.08-2.01 (m, 2H),
1.84-1.76 (m, 2H), 1.69-1.63 (m, 1H), 1.46-1.29 (m, 4H), 1.27-1.19 (m, 1H).
BCNMR (126 MHz, CD;0D) 6 164.5,148.1, 145.4,130.2,121.4,116.1, 110.3,
53.4,33.9, 26.6, 26.0.

N-Allyl-5-chlorobenzoxazol-2-amine (145la)

CI\O:N%

S—NH

M

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suét 34 %. 'H NMR (300 MHz, CDCl;) ¢ 7.30 (d, J = 1.8 Hz,
1H), 7.18 — 7.06 (m, 1H), 6.99 (dd, J = 8.5, J = 1.9 Hz, 1H), 6.05 — 5.91 (m,
1H), 5.37 - 5.21 (m, 2H), 4.11 (d, J= 5.1 Hz, 2H). 3*C NMR (75 MHz, CDCl;)
0 1629, 133.4, 122.5, 120.8, 117.2, 116.4, 110.9, 110.3, 109.4, 45.3. HRMS

(ESI+) tinh toan CoH;oCIN,O m/z [M + H]+ 209.0482, tim thay 209.0473.
5-Chloro-N-methylbenzoxazol-2-amine (145ma) [91]

cl N
AN
L

Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,ClL. Hiéu suit 47 %. '"H NMR (300 MHz, CDCl3) ¢ 7.30 (d, J = 2.0 Hz,
1H), 7.13 (d, J = 8.4 Hz, 1H), 6.97 (dd, J = 8.4 Hz, J = 2.0 Hz, 1H), 5.70 (s,
1H), 3.11 (s, 3H). *C NMR (75 MHz, CDCl;) J 163.8, 147.4, 144.5, 129.4,
120.8, 116.4, 109.4, 29.5.

5-Chloro-N-ethylbenzoxazol-2-amine (145na) [92]

cl N
AN
T
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Hon hop phan tmg dugc tinh ché bang sic ky cot silica gel voi dung moi
CH,Cl,. Hiéu suat 74 %. '"H NMR (500 MHz, CDCl3) ¢ 7.22 (d, J = 1.8 Hz,
1H), 7.06 (d, J = 8.4 Hz, 1H), 6.91 (dd, J= 8.4 Hz, J= 2.0 Hz 1H), 5.56 (s,
1H), 3.45 (d, J = 6.9 Hz, 2H), 1.25 (t, J = 7.2 Hz, 3H). *C NMR (126 MHz,
CDCl3) 0 163.1, 147.2, 144.5, 129.4, 120.7, 116.4, 109.4, 38.1, 15.3.
2.4. Tong hop cac din xuat 2-aminobenzoxazole tir 2-nitrophenol va
amine

Amine 146 (1 mmol) dugc nho tung giot vao hon hgp cua CS; (1,5
mmol), K,CO; (1 mmol) va N-methyl-2-pyrrolidone (0,2 mL). Sau d6 hdn hop
phan ung tiép tuc duoc khudy & 40 °C trong 30 phat. Sau d6, hdn hop 2-
nitrophenol 147 (1 mmol) va FeCl,.4H,O (0,05 mmol) dugc thém vao phan
g va khuay ¢ 100 °C trong 16 gio. Két thuc phan tng, hdn hop thé duoc tinh
ché bang sic ky cot silica gel (Hexane:EtOAc).

Cac dir litu 'H-NMR, 3C-NMR va MS cua cac dan xuit 2-
aminobenzoxazole (tir 148aa dén 148fa) duoc mo ta nhu sau:
5-methyl-N-(p-tolyl)benzo[d]oxazol-2-amine (148aa) [78]

e
Q

Me
Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 53 %. '"H-NMR (600 MHz, CDCls) § 8.39 (s, 1H),
7.50 —7.43 (m, 2H), 7.26 (s, 1H), 7.20 (t, J= 7.7 Hz, 3H), 6.92 (dd, J=8.1,J
=0.9 Hz, 1H), 2.43 (s, 3H), 2.35 (s, 3H). *C-NMR (126 MHz, CDCl3) 6 159.1,
146.3, 142.5, 135.6, 134.1, 133.1, 130.0, 122.5, 119.0, 117.4, 108.6, 21.7, 20.9.
S5-methyl-N-phenylbenzo[d]oxazol-2-amine (148ab) [78]

gess
O

Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suat 54 %. '"H-NMR (600 MHz, CDCl3) § 7.81 (s, 1H),
7.62—7.59 (m, 2H), 7.42 —7.36 (m, 2H), 7.29 (s, 1H), 7.22 (d, J= 8.1 Hz, 1H),
7.11 (t, J = 7.4 Hz, 1H), 6.93 (dd, J = 8.1, J= 0.9 Hz, 1H), 2.43 (s, 3H). 13C-
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NMR (126 MHz, CDCls) 0 158.6, 146.2, 142.5, 138.1, 134.2, 129.5, 123.4,
122.7, 118.6, 117.6, 108.6, 21.7.
5-methoxy-/N-(p-tolyl)benzo[d]oxazol-2-amine (148ac)

Q*Q

Me

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 65 %. '"H-NMR (600 MHz, CDCls) § 8.70 (s, 1H),
7.49 —7.43 (m, 2H), 7.24 — 7.17 (m, 3H), 7.01 (d, J = 2.5 Hz, 1H), 6.68 (dd, J
=8.7,J=2.5Hz, 1H), 3.83 (s, 3H), 2.35 (s, 3H). ’*C-NMR (126 MHz, CDCl;)
0 1599, 157.4, 143.2, 142.7, 135.5, 133.2, 130.0, 119.1, 109.2, 108.3, 101.9,
56.1, 20.9. HRMS (ESI") tinh toan C;sH;sN,O, m/z [M + H]" 255.1134, tim
thay: 255.1140.

6-methoxy-/NV-(p-tolyl)benzo|[d]oxazol-2-amine (148ad)

ALy
g

Me

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 47 %. '"H-NMR (600 MHz, CDCl;) § 8.64 (s, 1H),
7.46 (d,J=8.4Hz,2H), 7.34 (d, /J=8.6 Hz, 1H), 7.18 (d, J= 8.3 Hz, 2H), 6.95
(d, J=2.4 Hz, 1H), 6.83 (dd, J = 8.6, J = 2.4 Hz, 1H), 3.83 (s, 3H), 2.34 (s,
3H). 3C-NMR (126 MHz, CDCls) J 158.6, 155.8, 148.6, 135.9, 135.7, 132.9,
129.9,118.8,116.6,110.8,96.1, 56.2,20.9. HRMS (ESI") tinh toan C;5H;5N,0,
m/z [M + H]* 255.1134, tim thay: 255.1142.
5-fluoro-N-(p-tolyl)benzo[d]oxazol-2-amine (148ae)

goss
Q

Me
Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 63 %. 'H-NMR (600 MHz, CDCls) ¢ 8.64 (s, 1H),
7.47 —7.42 (m, 2H), 7.25 — 7.20 (m, 3H), 7.13 (dd, /= 8.7, ] = 2.6 Hz, 1H),
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6.84 — 6.78 (m, 1H), 2.36 (s, 3H). PC-NMR (126 MHz, CDCl;) J 8.64 (s, 1H),
7.47 —7.42 (m, 2H), 7.25 — 7.20 (m, 3H), 7.13 (dd, /= 8.7, ] = 2.6 Hz, 1H),
6.84 —6.78 (m, 1H), 2.36 (s, 3H). ’F-NMR (471 MHz, CDCl;) 6 -118.5. HRMS
(ESIY) tinh toan C14H,FN,O m/z [M + H]* 243.0934, tim thay: 243.0927.
5-chloro-N-(p-tolyl)benzo|d]oxazol-2-amine (148af) [93]

C\C[:}—Nb

Me

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 45 %. '"H-NMR (600 MHz, CDCl3) § 7.91 (s, 1H),
745 (d, J=8.4 Hz, 2H), 7.42 (d, J= 2.0 Hz, 1H), 7.22 (dd, J=11.3, J= 8.4
Hz, 3H), 7.07 (dd, J= 8.5, J = 2.1 Hz, 1H), 2.35 (s, 3H). *C-NMR (126 MHz,
CDCls) 0 159.7, 146.7, 143.9, 134.9, 133.8, 130.1, 129.8, 121.8, 119.2, 117.2,
109.8, 21.0.

5-bromo-N-(p-tolyl)benzo|d]oxazol-2-amine (148ag)

U%Q

Me

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 40 %. '"H-NMR (600 MHz, CDCl3) § 7.58 (s, 1H),
7.47 —7.43 (m, 2H), 7.27 — 7.23 (m, 1H), 7.22 — 7.17 (m, 3H), 2.36 (s, 3H).
BC-NMR (151 MHz, CDCl;) 6 159.4, 147.4,144.7,135.1, 133.9, 130.1, 124.7,
120.5, 119.3, 117.2, 110.2, 20.9. HRMS (ESI") tinh toan C;4H;,BrN,O m/z [M
+ H]* 303.0133, tim thay: 303.0126.
N-(p-tolyl)naphtho[1,2-d]oxazol-2-amine (148ah)

L
S
0O

&

Me
Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suét 31 %. '"H-NMR (600 MHz, CDCl;) § 8.41 (d, J = 8.3
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Hz, 1H), 7.92 (d,J=8.2 Hz, 1H), 7.62 (d, /= 8.8 Hz, 1H), 7.59 — 7.56 (m, 4H),
7.50 — 7.46 (m, 1H), 7.21 (d, J = 8.5 Hz, 2H), 2.36 (s, 3H). *C-NMR (126
MHz, CDCls) 0 158.2, 144.3, 137.6, 135.6, 133.0, 131.4, 130.0, 128.6, 126.2,
125.5, 125.0, 122.4, 122.3, 118.5, 110.0, 20.9. HRMS (ESI") tinh toan
C1sH1sN2O m/z [M + H]* 275.1184, tim thay: 275.1190.
5-methyl-N-(m-tolyl)benzo[d]oxazol-2-amine (148ai) [78]

Ty
ot

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 52 %. 'H-NMR (600 MHz, CDCl3) § 8.85 (s, 1H),
7.43 (dd, J=8.0,J=1.9 Hz, 1H), 7.39 (s, 1H), 7.30 — 7.27 (m, 2H), 7.24 (d, J
= 8.1 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 2.44 (s, 3H), 2.40 (s, 3H). *C-NMR
(126 MHz, CDCls) 0 159.4, 146.3, 142.2, 139.3, 138.2, 134.1, 129.3, 124.2,
122.4,119.5,117.2, 115.9, 108.7, 21.7, 21.61.
5-methyl-/N-(o-tolyl)benzo[d]oxazol-2-amine (148aj) [78]

Me N
\C[\%NH Me
" O

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suét 51 %. '"H-NMR (600 MHz, CDCl;) § 7.96 (d, J = 8.0
Hz, 1H), 7.62 (s, 1H), 7.28 (t, J= 7.7 Hz, 1H), 7.24 — 7.19 (m, 2H), 7.16 (d, J
= 8.1 Hz, 1H), 7.09 — 7.05 (m, 1H), 6.88 (dd, /= 8.1, J= 0.8 Hz, 1H), 2.39 (s,
3H), 2.33 (s, 3H). *C-NMR (126 MHz, CDCl;) 6 159.4, 146.3, 142.6, 136.2,
134.0, 130.8, 128.4, 127.2, 124.5, 122.45, 121.3, 117.4, 108.5, 21.6, 17.9.
5-methyl-N-(naphthalen-2-yl)benzo[d]oxazol-2-amine (148ak)

s

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suét 42 %. 'H-NMR (500 MHz, CDCl;) § 8.20 (d, J= 1.9
Hz, 1H), 7.85 (d, /= 8.8 Hz, 2H), 7.80 (d, /= 8.2 Hz, 1H), 7.60 (dd, J = 8.8, J

Me
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=2.2 Hz, 1H), 7.51 —7.46 (m, 1H), 7.40 (t, J= 7.5 Hz, 1H), 7.36 (s, 1H), 7.24
(d,J=8.1 Hz, 1H), 6.96 (d, J= 8.1 Hz, 1H), 2.45 (s, 3H). *C-NMR (151 MHz,
CDCls) 6 158.3, 146.4, 142.9, 135.6, 134.5, 134.3, 130.5, 129.4, 127.9, 127.6,
126.9, 124.9, 123.0, 119.2, 118.1, 114.6, 108.7, 21.6. HRMS (ESI") tinh toan
C1sHisN,O m/z [M + H]* 275.1184, tim thdy: 275.1187.
N-(2-methoxyphenyl)-5-methylbenzo|d]oxazol-2-amine (148al) [93]

Me N
U\%NH OMe
e,

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 45 %. '"H-NMR (600 MHz, CDCl;) ¢ 8.39 (dd, J =
7.9,J=1.6 Hz, 1H), 7.63 (s, 1H), 7.30 (s, 1H), 7.16 (d, J= 8.1 Hz, 1H), 7.05 —
7.01 (m, 1H), 7.00 — 6.96 (m, 1H), 6.89 (dd, J= 8.1, J=0.8 Hz, 1H), 6.85 (dd,
J=28.0,J=1.2Hz, 1H), 3.84 (s, 3H), 2.40 (s, 3H). *C-NMR (151 MHz, CDCl5)
0 157.9, 147.3, 146.0, 142.9, 133.8, 127.6, 122.6, 122.5, 121.3, 117.8, 117.4,
110.0, 108.3, 55.8, 21.6.
N-(-3-methoxyphenyl)-5-methylbenzo[d]oxazol-2-amine (148am) [80]

Me N
L
O
OMe

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu sudt 55 %. '"H-NMR (500 MHz, CDCls) ¢ 7.88 (s, 1H),
7.35-7.27 (m, 3H), 7.24 (d, J=8.1 Hz, 1H), 7.15 (d, /="7.2 Hz, 1H), 6.96 (d,
J=17.8 Hz, 1H), 6.69 (d, J= 8.0 Hz, 1H), 3.88 (s, 3H), 2.46 (s, 3H). *'C-NMR
(126 MHz, CDCls) ¢ 160.7, 158.8, 146.3, 142.3, 139.4, 134.2, 130.2, 122.7,
117.5,111.0, 108.8, 108.7, 104.8, 55.5, 21.7.
5-methyl-N-(3,4,5-trimethoxyphenyl)benzo[d]oxazol-2-amine (148an)

Me N
Ly
O
OMe

MeO OMe
Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc = 97:3. Hiéu suét 48 %. '"H-NMR (600 MHz, CDCl3) 6 7.29 (s,
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1H), 7.21 (d, J= 8.1 Hz, 1H), 6.93 (dd, J= 8.1, J= 0.9 Hz, 1H), 6.87 (s, 2H),
3.89 (s, 6H), 3.84 (s, 3H), 2.42 (s, 3H). *C-NMR (126 MHz, CDCl;) § 158.7,
153.9, 146.2, 142.4, 1344, 134.2, 134.1, 122.7, 117.6, 108.6, 96.8, 61.2, 56.4,
21.6. HRMS (ESIY) tinh toan C7H;oN2O4 m/z [M + H]* 315.1345, tim thiy:
315.1352.

N-(-4-fluorophenyl)-5-methylbenzo|d]oxazol-2-amine (148a0) [78]

=
Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 32 %. '"H-NMR (600 MHz, CDCl3) § 7.70 (s, 1H),
7.60 —7.53 (m, 2H), 7.26 (d, J=1.9 Hz, 1H), 7.20 (d, J= 8.1 Hz, 1H), 7.12 —
7.06 (m, 2H), 6.93 (d, J = 8.1 Hz, 1H), 2.43 (s, 4H). 3C-NMR (126 MHz,
CDCl3) 0 160.1, 158.19 (d, J=17.5 Hz), 146.2, 142.6, 134.0, 122.7, 120.25 (d,
J=17.8Hz), 117.7, 115.92 (d, J = 22.9 Hz), 108.4, 21.4 (Thiéu 1 tin hiéu do
chong lap dinh). "YF-NMR (471 MHz, CDCl;) & -119.61.
N-(-3-chlorophenyl)-5-methylbenzo[d]oxazol-2-amine (148ap) [78]

gy

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu sudt 51 %. '"H-NMR (600 MHz, CDCl3) ¢ 8.53 (s, 1H),
7.67 (t,J=2.1 Hz, 1H), 7.47 — 7.42 (m, 1H), 7.29 — 7.27 (m, 2H), 7.24 —7.20
(m, 1H), 7.06 — 7.03 (m, 1H), 6.93 (dd, /= 8.1, J= 0.9 Hz, 1H), 2.41 (s, 3H).
BC-NMR (126 MHz, CDCl;) 6 158.0, 146.4, 142.4, 139.5, 135.4, 134.5, 130.5,
123.4,123.2, 118.6, 118.0, 116.5, 108.8, 21.6.
N-(-4-Bromophenyl)-5-methylbenzo|d]oxazol-2-amine (148aq)

U*Q

Br
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 31 %. '"H-NMR (600 MHz, CDCls) 0 7.54 —7.51 (m,
2H), 7.50 - 7.48 (m, 2H), 7.29 (s, 1H), 7.21 (d, J=8.1 Hz, 1H), 6.97 — 6.93 (m,
1H), 2.43 (s, 3H). 3C-NMR (126 MHz, CDCls) 6 157.8, 146.4, 142.7, 137.3,
134.4, 132.5, 123.2, 120.1, 118.1, 116.0, 108.7, 21.6. HRMS (ESI") tinh toan
C14H1:BrN,O m/z [M + H]* 303.0133, tim thay: 303.0128.
N-(-4-1odophenyl)-5-methylbenzo|d]oxazol-2-amine (148ar)

U*Q

|

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 37 %. '"H-NMR (600 MHz, CDCls) 6 7.70 — 7.65 (m,
2H), 7.44 —7.39 (m, 2H), 7.29 (s, 1H), 7.21 (d, J=8.1 Hz, 1H), 6.95 (d, J=8.1
Hz, 1H), 2.43 (s, 3H). ’C-NMR (126 MHz, CDCl;) § 157.9, 146.4, 142.6,
138.4,138.1, 134.4, 123.2, 120.4, 118.1, 108.7, 86.0, 21.60. HRMS (ESI") tinh
toan C14H2IN2O m/z [M + H]* 350.9994, tim thay: 350.9985.
N-(-3-TIodophenyl)-5-methylbenzo[d]oxazol-2-amine (148as)

Me N
\@[o% ®—|

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 33 %. 'H-NMR (600 MHz, CDCl;) § 8.55 (s, 1H),
7.96 (t,J=1.8 Hz, 1H), 7.64 (dd, J=8.2,J=2.2 Hz, 1H), 7.43 (dd, J=7.8,J
= 0.7 Hz, 1H), 7.32 (s, 1H), 7.25 (d, J = 8.2 Hz, 1H), 7.11 (t, /= 8.0 Hz, 1H),
6.96 (d, J = 8.1 Hz, 1H), 2.45 (s, 3H). *C-NMR (126 MHz, CDCl3) J 157.9,
146.4, 142.5, 139.5, 134.4, 132.5, 130.9, 127.2, 123.2, 118.1, 117.7, 108.8,
94.5, 21.6. HRMS (ESI") tinh toan Ci4H1,IN,O m/z [M + H]" 350.9994, tim
thay: 350.9997.
5-methyl-N-(-3-(trifluoromethyl)phenyl)benzo|d]oxazol-2-amine (148at)

Me N
L
)
CFj
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 41 %. 'H-NMR (500 MHz, CDCL;) ¢ 8.16 (s, 1H),
7.80 (s, 2H), 7.44 (t,J=8.2 Hz, 1H), 7.29 (d, J=7.7 Hz, 1H), 7.20 — 7.15 (m,
1H), 6.90 (d, J = 8.1 Hz, 1H), 2.38 (s, 3H). *C-NMR (126 MHz, CDCl;)
157.8, 146.1, 142.0, 138.7, 134.3, 131.9 (q, J = 32.4 Hz), 129.8, 123.8 (q, ] =
272.4 Hz), 123.1, 121.2, 119.6 (q, J = 4.1 Hz), 117.7, 115.0 (q, J = 4.0 Hz),
108.6, 21.3. YF-NMR (471 MHz, CDCls) & -62.7. HRMS (ESI") tinh toan
C1sH12F3N,O m/z [M + H]* 293.0902, tim thay: 293.0911.
5-methyl-/N-(-3-nitrophenyl)benzo[d]oxazol-2-amine (148au) [78]

Me N
L
@)
NO,

Hdn hop phan tmg dugc tinh ché bang sic ky cot silicagel voi hé dung moi
hexane:EtOAc. Hiéu suét 48 %. 'H-NMR (600 MHz, CDCls) J 8.53 (t, J=2.2
Hz, 1H), 8.05 — 7.98 (m, 1H), 7.96 — 7.90 (m, 1H), 7.56 (t, J = 8.2 Hz, 1H),
7.38 (s, 1H), 7.27 (d, J=8.2 Hz, 1H), 7.00 (dd, /= 8.2, J= 0.9 Hz, 1H), 2.46
(s, 3H). *C-NMR (126 MHz, CDCl;) 6 149.2, 146.1, 141.9, 139.4, 134.7,
130.3,123.7,123.6, 118.1, 117.8, 112.9, 108.9, 21.7 (Thiéu 1 tin hiéu do chdng
lap dinh).

3-((5-methylbenzo[d]oxazol-2-yl)amino)benzonitrile (148av)

Me N
T
(@]
CN

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 52 %. '"H-NMR (600 MHz, CDCls) 6 8.10 — 8.06 (m,
1H), 7.81 —7.76 (m, 1H), 7.48 (t, J= 8.0 Hz, 1H), 7.38 — 7.36 (m, 1H), 7.33 (d,
J=0.7 Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 6.99 (dd, J = 8.2, J= 0.9 Hz, 1H),
2.45 (s, 3H). >*C-NMR (151 MHz, CDCl;) 0 157.4, 146.1, 141.9, 139.0, 134.6,
130.3, 126.6, 123.6, 122.2, 121.1, 118.7, 118.0, 113.6, 108.9, 21.7. HRMS
(ESIY) tinh toan CsH,FN3O m/z [M + H]* 250.0980, tim thay: 250.0986.
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5-methyl-N-(4-(trifluoromethyl)phenyl)benzo|d]oxazol-2-amine (148aw)

CF3

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 32 %. '"H-NMR (600 MHz, CDCls) 6 7.74 (d, J="7.9
Hz, 2H), 7.64 (d, J= 7.8 Hz, 2H), 7.33 (s, 1H), 7.25 (d, J=12.5 Hz, 2H), 6.98
(d, J=17.9 Hz, 2H), 2.44 (s, 3H). *C-NMR (151 MHz, CDCl;) 6 157.2, 146.1,
142.2, 141.0, 134.3, 126.57 (q, J = 3.7 Hz), 125.0 (d, J = 271.0 Hz), 123.3,
123.2, 118.0, 117.6, 108.6, 21.3. YF-NMR (471 MHz, CDCl;) 6 -61.9. HRMS
(ESI") tinh toan C;sH1,F3N,O m/z [M + H]* 293.0902, tim thay: 293.0910.

N-(2-(2-methoxyphenoxy)ethyl)-5-methylbenzo|[d]oxazol-2-amine (148ax)

Me N

o™

o
OMe

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 46 %. '"H-NMR (600 MHz, CDCl3) 0 7.18 —7.15 (m,
1H), 7.11 (d, J=8.1 Hz, 1H), 7.00 — 6.93 (m, 2H), 6.92 — 6.88 (m, 2H), 6.85 —
6.82 (m, 1H), 5.74 (s, 1H), 4.25 — 4.22 (m, 2H), 3.89 — 3.85 (m, 5H), 2.39 (s,
3H). BC-NMR (126 MHz, CDCl;) ¢ 162.2, 150.5, 148.2, 147.0, 143.3, 133.5,
122.7,121.6, 121.2, 116.9, 116.4, 112.6, 108.0, 69.2, 55.9, 42.9, 21.3. HRMS
(ESI") tinh toan CsH,N,O3 m/z [M + H]" 313.1552, tim thay: 313.1561.
N-(3,3-diphenylpropy)-5-methylbenzo[d]oxazol-2-amine (148ay)

Me N
L
(@]
Ph

Ph
Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suat 36 %. '"H-NMR (600 MHz, CDCls) 6 7.30 — 7.22 (m,
8H), 7.20 — 7.16 (m, 2H), 7.10 (s, 1H), 7.07 (d, J= 8.1 Hz, 1H), 6.81 (dd, J =
8.1,J=0.6 Hz, 1H), 5.38 (s, 1H), 4.06 (t, /= 7.9 Hz, 1H), 3.43 (t, /= 6.7 Hz,
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2H), 2.45 (dd, J = 14.4, J = 7.6 Hz, 2H), 2.36 (s, 3H). *C-NMR (126 MHz,
CDCls) 6 162.4, 146.8, 144.2, 143.2, 133.7, 128.8, 127.9, 126.6, 121.5, 116.8,
108.2,48.9,41.9, 35.5, 21.6. HRMS (ESI") tinh toan C,3H,3N,0 m/z [M + H]"
343.1810, tim thay: 343.1817.

N-benzyl-5-methylbenzo[d]oxazol-2-amine (148az) [83]

Me N

s
Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suét 42 %. '"H-NMR (600 MHz, CDCl;) § 7.41 (d, J=7.3
Hz, 2H), 7.39 — 7.34 (m, 2H), 7.34 — 7.30 (m, 1H), 7.11 (d, J = 8.1 Hz, 1H),
6.93 (s, 1H), 6.84 (d, J= 8.1 Hz, 1H), 4.67 (s, 2H), 2.38 (s, 3H). 3*C-NMR (126
MHz, CDCls) 6 162.6, 146.6, 142.9, 138.0, 133.6, 128.8, 127.7, 127.6, 121.4,

116.5, 108.2, 46.9, 21.5.
N-(4-methoxybenzyl)-5-methylbenzo[d]oxazol-2-amine (148ba)

Me N
T
(@]

MeO

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 33 %. '"H-NMR (600 MHz, CDCls) 6 7.33 — 7.29 (m,
2H), 7.11 (d, J = 7.8 Hz, 2H), 6.90 — 6.87 (m, 2H), 6.85 — 6.82 (m, 1H), 4.59
(s, 2H), 3.80 (s, 3H), 2.39 (s, 3H). *C-NMR (126 MHz, CDCl3)  162.4, 159.7,
147.1, 143.4, 133.8, 130.3, 129.2, 121.8, 117.2, 114.6, 108.3, 55.5, 47.0, 21.6.
HRMS (ESIY) tinh toan C;sH;7N,O, m/z [M + H]" 269.1290, tim thay:
269.1281.

N-(2,4-dimethoxybenzyl)-5-methylbenzo[d]oxazol-2-amine (148ca)

Me N
Ty
(@]

MeO

OMe
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 42 %. '"H-NMR (600 MHz, CDCl3) § 7.41 (s, 1H),
7.36 (d, J=8.3 Hz, 1H), 7.29 (d, /= 8.2 Hz, 1H), 7.03 (dd, J=8.2, /= 0.8 Hz,
1H), 6.46 (d, J= 2.4 Hz, 1H), 6.42 (dd, J= 8.3, J=2.4 Hz, 1H), 4.53 (s, 2H),
3.84 (s, 3H), 3.79 (s, 3H), 2.45 (s, 3H). *C-NMR (126 MHz, CDCl;) J 165.6,
161.1, 158.8, 150.3, 142.4, 134.1, 131.4, 124.8, 118.6, 117.0, 109.3, 104.4,
98.9, 55.7, 55.5, 31.6, 21.6. HRMS (ESI") tinh toan C;7H;9N,O3; m/z [M + H]"
299.1396, tim thay: 299.1390.
N-(2-ethylhexyl)-5-methylbenzo[d]oxazol-2-amine (148da)

Me N
\C[\%NH Et
")

Me

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 51 %. '"H-NMR (600 MHz, CDCl3) § 7.13 (s, 1H),
7.10 (d, J=8.1 Hz, 1H), 6.80 (dd, J= 8.1, J= 0.7 Hz, 1H), 6.01 (s, 1H), 3.48
—3.31 (m, 2H), 2.38 (s, 3H), 1.63 — 1.56 (m, 1H), 1.46 — 1.37 (m, 2H), 1.37 —
1.32 (m, 2H), 1.32 - 1.26 (m, 4H), 0.91 (t, /= 7.5 Hz, 3H), 0.88 (t, /= 7.0 Hz,
3H). *C-NMR (126 MHz, CDCl;) 6 163.0, 146.7, 143.2, 133.5, 121.1, 116.5,
108.0, 46.2, 39.7, 30.9, 28.9, 24.1, 23.1, 21.5, 14.1, 10.9. HRMS (ESI") tinh
toan Ci6HysN,O, m/z [M + H]* 261.1967, tim thay: 261.1972.
5-methyl-/N-(1-phenylethyl)benzo[d]oxazol-2-amine (148ea)

-

H—NH

o Mefph

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 48 %. '"H-NMR (600 MHz, CDCls) 6 7.45 (d, J=7.6
Hz, 2H), 7.36 (t, /= 7.6 Hz, 2H), 7.28 (t, J= 7.3 Hz, 1H), 7.11 (d, J= 8.1 Hz,
1H), 7.07 (s, 1H), 6.84 — 6.80 (m, 1H), 5.15 - 5.10 (m, 1H), 2.38 (s, 3H), 1.69
(d, J=6.9 Hz, 3H). ’'C-NMR (151 MHz, CDCl;) 6 162.0, 146.7, 143.7, 142.9,

133.6, 128.8, 127.5, 126.1, 121.3, 116.5, 108.3, 52.9, 23.2, 21.6. HRMS (ESI*)
tinh todn C1gHi7N>O m/z [M + H]" 253.1341, tim thay: 253.1350.
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N-benzhydryl-5-methylbenzo|d]oxazol-2-amine (148fa)
ME\O:N\%NH
0 thph

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 38 %. '"H-NMR (600 MHz, CDCls) 6 7.40 — 7.33 (m,
8H), 7.32 — 7.28 (m, 2H), 7.08 (d, J = 8.1 Hz, 1H), 6.79 (d, J = 8.1 Hz, 1H),
6.72 — 6.62 (m, 1H), 6.25 (s, 1H), 2.31 (s, 3H). *C-NMR (126 MHz, CDCl;) &
162.0, 146.7, 142.8, 141.7, 133.6, 128.8, 127.7, 127.6, 121.4, 116.8, 108.2,
60.8, 21.5. HRMS (ESI") tinh toan C,;H9N,O m/z [M + H]" 315.1497, tim
thay: 315.1486.
2.4. Tong hop cac din xuat quinoxaline

Hon hop o-nitroaniline 149 (1 mmol), acetophenone 150 (1,2 mmol) va
Na,S.3H,0 (1 mmol) trong DMSO (0,2 mL) dugc dun néng & 130 °C trong 1-
4 gid. Hon hop thd duoc chiét bang H,O (2 mL) va dichloromethane (4 mL).
Céc phan 16p dichloromethane két hop duoc 1am kho (Na,SO,), ¢6 dic va tinh
ché bang sac ky cot silica gel (EtOAc:Hexane) thu duoc quinoxaline.

Céc dit liéu 'H-NMR, '*C-NMR cua cac din xuét quinoxaline (tir 151aa
dén 151ia) dugc mé ta nhu sau:
2-Phenylquinoxaline (151aa) [94]

s

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 61 %. '"H-NMR (600 MHz, CDCls) § 9.32 (s, 1H),
8.20-8.18 (m, 2H), 8.17-8.11 (m, 2H), 7.78-7.72 (m, 2H), 7.58-7.50 (m, 3H).
BC-NMR (151 MHz, CDCl;) § 152, 143.5, 142.46, 141.73, 136.94, 130.41,
130.32, 129.77, 129.67, 129.29, 129.26, 127.70.

2-(p-tolyl)quinoxaline (151ab) [95]

N“‘\
S
Me
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 57 %. '"H-NMR (600 MHz, CDCls) § 9.31 (s, 1H),
8.15-8.10 (m, 4H), 7.78-7.70 (m, 2H), 7.36 (d, J = 7.9 Hz, 2H), 2.45 (s, 3H).
BC-NMR (151 MHz, CDCl;) 6 152, 143.4, 142.5, 141.6, 140.6, 134.1, 130.3,
130, 129.7,129.4, 129.2, 127.6, 21.5.

2-(4-Methoxyphenyl)quinoxaline (151ac) [96]

N“‘\
®
Nj\@
OMe

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 51 %. '"H-NMR (600 MHz, CDCls) § 9.29 (s, 1H),
8.18-8.17 (m, 2H), 8.12-8.08 (m, 2H), 7.77-7.69 (m, 2H), 7.09-7.06 (m, 2H),
3.90 (s, 3H). ®*C-NMR (151 MHz, CDCl;) 6 161.6, 151.6, 143.2, 142.5, 141.4,
130.3, 129.6, 129.5, 129.3, 129.2, 129.1, 114.8, 55.7.
2-(3-Methoxyphenyl)quinoxaline (151ad) [97]

N“\
L,
OMe

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 62 %. '"H-NMR (600 MHz, CDCls) § 9.31 (s, 1H),
8.17-8.11 (m, 2H), 7.8-7.73 (m, 4H), 7.49-7.46 (m, 1H), 7.08-7.06 (m, 1H),
3.94 (s, 3H). *C-NMR (151 MHz, CDCl;) 6 160.5, 151.8, 143.6, 142.4, 141.8,
138.3, 130.4, 130.3, 129.8, 129.7, 129.3, 120.1, 116.4, 112.9, 55.6.
2-(4-Fluorophenyl)quinoxaline (151ae) [98]

LAy

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu sudt 54 %. '"H-NMR (600 MHz, CDCl3) ¢ 9.30 (s, 1H),
8.23-8.20 (m, 2H), 8.15-8.12 (m, 2H), 7.81-7.74 (m, 2H), 7.28-7.24 (m, 2H).
BC-NMR (151 MHz, CDCI;) J 164.39 (d, J = 252.3 Hz), 150.87, 143.04,
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142.33, 141.64, 133.08 (d, J = 3.02 Hz), 130.51, 129.70, 129.66, 129.60,
129.28, 116.35 (d, J=22.7 Hz).
2-(4-Bromophenyl)quinoxaline (151af) [96]

N“‘\
L
NL@\
Br

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu sudt 56 %. '"H-NMR (600 MHz, CDCls) d 9.29 (s, 1H),
8.15-8.07 (m, 4H), 7.8-7.74 (m, 2H), 7.7-7.68 (m, 2H). 3C-NMR (151 MHz,
CDCls) 6 150.8, 142.9, 142.4, 141.9, 135.8, 132.5, 130.6, 129.9, 129.8, 129.3,
129.1, 125.1.

2-(4-Chlorophenyl)quinoxaline (151ag) [96]

Ly

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 54 %. '"H-NMR (600 MHz, CDCls) 6 9.329 (s, 1H),
8.16-8.11 (m, 4H), 7.80-7.74 (m, 2H), 7.74-7.52 (m, 2H). 3C-NMR (126 MHz,
CDCls) 6 150.7, 143.0, 142.3, 141.8, 136.7, 135.3, 130.6, 129.9, 129.7, 129.5,
129.3, 128.9.

2-(3-Bromophenyl)quinoxaline (151ah) [99]

N“\.
e
Nj\Q
Br

Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suat 41 %. '"H-NMR (600 MHz, CDCls) § 9.30 (s, 1H),
8.40-8.39 (m, 1H), 8.17-8.11 (m, 3H), 7.83-7.76 (m, 2H), 7.67-7.65 (m, 1H),
7.44 (t,J=7.9 Hz, 1H). 3C-NMR (126 MHz, CDCl3) 6 150.39, 143.08, 142.36,
142.0, 138.94, 133.27, 130.76, 130.70, 130.14, 129.85, 129.34, 126.13, 123.63
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2-(3-Fluorophenyl)quinoxaline (151ai) [100]

CELQ

Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suét 45 %. '"H-NMR (600 MHz, CDCl3) d 9.30 (s, 1H),
8.16-8.12 (m, 2H), 7.97-7.94 (m, 2H), 7.81-7.75 (m, 2H), 7.54-7.51 (m, 1H),
7.23-7.20 (m, 1H). C-NMR (126 MHz, CDCls) 6 163.56 (d, J = 247 Hz),
150.54 (d, J=2.43 Hz), 143.10, 142.33, 141.97, 139.16 (d, /= 7.5 Hz), 130.83
(d, J=8.0 Hz), 130.62, 130.05, 129.82, 129.31, 123.17 (d, /= 2.8 Hz), 117.27
(d, J = 21.5 Hz), 114.62 (d, J = 23.0 Hz). YF-NMR (565 MHz, CDCL;) ¢ -
111.76.

2-(3-Chlorophenyl)quinoxaline (151aj) [101]

(ZLQ

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 56 %. '"H-NMR (600 MHz, CDCls) § 9.27 (s, 1H),
8.21 (s, 1H), 8.14-8.1 (m, 2H), 8.06-8.03 (m, 1H), 7.79-7.73 (m, 2H), 7.49-7.46
(m, 2H). 3C-NMR (151 MHz, CDCl3) J 150.4, 143.0, 142.3, 141.9, 138.6,
135.5, 130.6, 130.4, 130.3, 130.0, 129.8, 129.3, 127.8, 125.6.
2-(2-chlorophenyl)quinoxaline (151ak) [102]

L

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu sudt 52 %. '"H-NMR (600 MHz, CDCl3) ¢ 9.21 (s, 1H),
8.19-8.16 (m, 2H), 7.82-7.79 (m, 2H), 7.74-7.72 (m, 1H), 7.56-7.54 (m, 1H),
7.47-7.43 (m, 2H). BC-NMR (151 MHz, CDCls) 6 152.53, 146.3, 142.44,
141.51, 136.71, 132.76, 132.11, 130.96, 130.41, 130.40, 130.26, 129.77,
129.39, 127.62.



64

2-(Thiophen-2-yl)quinoxaline (151al) [103]

L
= S
“LU

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu sudt 55 %. '"H-NMR (600 MHz, CDCl3) d 9.23 (s, 1H),
8.07-8.05 (m, 2H), 7.86-7.85 (m, 1H), 7.75-7.72 (m, 1H), 7.70-7.67 (m, 1H),
7.54-7.53 (m, 1H), 7.20-7.19 (m, 1H). 3C-NMR (126 MHz, CDCl;) ¢ 147.51,
142.39, 142.27, 142.18, 141.49, 130.54, 129.94, 129.31, 129.26, 128.59,
127.09

2-(Furan-2-yl)quinoxaline (151am) [104]

Cre
= @]
N]T}

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 42 %. '"H-NMR (600 MHz, CDCls) § 9.23 (s, 1H),
8.09-8.04 (m, 2H), 7.75-7.72 (m, 1H), 7.70-7.67 (m, 2H), 7.30 (dd, /= 0.6 Hz,
J=3.5Hz, 1H), 6.61 (dd, J=1.74 Hz, J = 3.46 Hz, 1H). *C-NMR (151 MHz,
CDCls) 0 151.8, 145.2, 144.0, 142.2, 141.4, 130.6, 129.4, 129.3, 112.6, 111.9.
2-(5-Methylfuran-2-yl)quinoxaline (151an) [105]

@[N“
NJ\\@, Me
/

Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 49 %. '"H-NMR (600 MHz, CDCls) § 9.16 (s, 1H),
8.07-8.01 (m, 2H), 7.72-7.69 (m, 1H), 7.66-7.63 (m, 1H), 7.20 (d, J = 3.3 Hz,
1H), 6.21-6.20 (m, 1H), 2.46 (s, 3H). 3C-NMR (126 MHz, CDCls)  156.0,
150.2, 144.1, 142.2, 142.2, 141.1, 130.5, 129.2, 129.2, 129.0, 113.5, 109.2,
14.2.

6-methoxy-2-phenylquinoxaline (151a0) [106]

MeO N
AN
T

N
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 40 %. 'H-NMR (600 MHz, CDCl5) 6 9.16 (d,J=0.3,
1H), 8.17 (d,J=8.1 Hz, 2H), 7.99 (d, /=9.1 Hz, 1H), 7.56 (t, J=7.7 Hz, 2H),
7.53 —7.49 (m, 1H), 7.44 (d, J=2.6 Hz, 1H), 7.40 — 7.37 (m, 1H), 3.99 (d, J =
0.36, 3H). *C-NMR (126 MHz, CDCl3) J 161.2, 152.1, 144.1, 140.9, 138.0,
137.2,130.2, 129.3, 127.7, 123.0, 107.1, 56.0.

2,3-Diphenylquinoxaline (151ap) [107]

U

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 45 %. "H-NMR (600 MHz, CDCl;) 6 8.20-8.17 (m,
2H), 7.79-7.76 (m, 2H), 7.54-7.52 (m, 4H), 7.38-7.32 (m, 6H). 3*C-NMR (151
MHz, CDCls) 6 163.6, 141.4, 139.3, 130.1, 130, 129.4, 128.9, 128 4.
2-Phenyl-3-(p-tolyl)quinoxaline (151aq) [108]

- 1:

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suat 41 %. "H-NMR (600 MHz, CDCl;) 6 8.19-8.16 (m,
2H), 7.77-7.74 (m, 2H), 7.56-7.55 (m, 2H), 7.44-7.33 (m, 5H), 7.14 (d, J="7.97
Hz, 2H), 2.37 (s, 3H). *C-NMR (151 MHz, CDCl;) § 153.56, 141.39, 141.21,
139.43, 138.91, 136.31, 129.93, 129.90, 129.82, 129.26, 129.06, 128.82,
128.35, 21.41.

2-(4-Bromophenyl)-3-phenylquinoxaline (151ar) [109]

Br
vl
o
O

Hon hop phan mg dugc tinh ché bang sac ky cot silica gel voi hé dung moi
hexane:EtOAc = 97:3. Hiéu suét 51 %. '"H-NMR (600 MHz, CDCl5) ¢ 8.19-
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8.16 (m, 2H), 7.80-7.77 (m, 2H), 7.52-7.51 (m, 2H), 7.49-7.46 (m, 2H), 7.42-
7.36 (m, 5H). *C-NMR (126 MHz, CDCl;) J 153.36, 152.33, 141.44, 141.36,
138.96, 138.14, 131.64, 130.37, 130.29, 129.93, 129.39, 129.33, 129.16,
128.63, 123.62.

6-Methyl-2-phenyl-3-(p-tolyl)quinoxaline (151as) [110]

Br
Me N O
—
|10
N

Hdn hop phan tng dugc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 56 %. 'H-NMR (600 MHz, CDCls) 6 8.04 (d, J= 8.5
Hz, 1H), 7.94-7.93 (m, 1H), 7.59-7.57 (m, 1H), 7.53-7.51 (m, 2H), 7.41-7.38
(m, 2H), 7.37-7.31 (m, 3H), 7.12 (d, J= 7.8 Hz, 2H), 2.61 (s, 3H), 2.35 (s, 3H).
BC-NMR (126 MHz, CDCl3) § 153.4, 152.6, 141.4, 141.2, 140.4, 140.2, 139.8,
139.5, 138.7, 138.6, 136.4, 132.2, 132.1, 129.8, 129.8, 129.8, 128.9, 128.7,
128.2, 128.0, 21.9, 21.3. HRMS (ESI") tinh toan C,,H;9N, m/z [M + H]"
311.1548, tim thay: 311.1557.

2-(2,4-dimethylphenyl)quinoxaline (151at) [111]

N“‘\
e
Me Me

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 53 %. '"H-NMR (600 MHz, CDCls) ¢ 9.0 (s, 1H),
8.15-8.13 (m, 2H), 7.81-7.76 (m, 2H), 7.46 (d, J=7.97 Hz, 1H), 7,19 (s, 1H),
7,18 (d, J = 7.26 Hz, 2H), 2.46 (s, 3H), 2.41 (s, 3H). '*C-NMR (151 MHz,
CDCls) 6 155.2, 146.2, 142.2, 141.1, 139.6, 136.6, 134.5, 132.2, 130.3, 130.2,
129.7,129.3, 127.2, 21.2, 20.5.

6-methyl-2-phenylquinoxaline (151au)

Me N
.
L

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 40 %. 'H-NMR (600 MHz, CDCls) ¢ 9.28 (s, 1H),
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8.22 — 8.15 (m, 2H), 8.05 (d, /= 8.5 Hz, 1H), 7.89 (s, 1H), 7.62 (dd, J=8.5,J
= 1.8 Hz, 1H), 7.58 — 7.55 (m, 2H), 7.53 — 7.49 (m, 1H), 2.61 (s, 3H). *C-NMR
(126 MHz, CDCls) o 151.2, 143.4, 141.8, 140.9, 140.3, 137.1, 132.7, 130.1,
129.3,129.3, 128.1, 127.6, 22.0.

6-Chloro-2-phenylquinoxaline (151av)

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 38 %. '"H-NMR (600 MHz, CDCls) § 9.31 (s, 1H),
8.21-8.18 (m, 2H), 8.15 (d, /= 2.3 Hz, 1H), 8.05 (d, J = 8.9 Hz, 1H), 7.68 (dd,
J=18.9 Hz, J= 2.3 Hz, 1H), 7.60-7.53 (m, 3H). 3C-NMR (151 MHz, CDCl;)
o 152.70, 143.55, 142.80, 140.26, 136.46, 136.26, 130.69, 130.65, 130.49,
129.35, 128.64, 127.75.

8-Methyl-2-phenylquinoxaline (151aw)

;N
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N
Me

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc = 97:3. Hiéu suit 38 %. 'H-NMR (600 MHz, CDCl3) 6 9.32 (s,
1H), 8.26-8.24 (m, 2H), 7.95 (dd, 1H, J=1.60 Hz, J = 7.86 Hz), 7.63-7.58 (m,
2H), 7.57-7.54 (m, 2H), 7.52-7.49 (m, 1H), 2.87 (s, 3H). *C-NMR (151 MHz,
CDCls) 0 150.3, 142.7, 141.8, 141.4, 138.1, 137.2, 130.2, 130.1, 129.4, 129.2,
127.5,127.0, 17.2.

6,7-Dimethyl-2-phenylquinoxaline (151ax)

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc = 97:3. Hiéu suét 38 %. "H-NMR (600 MHz, CDCls) 6 9.23 (s,
1H), 8.18-8.17 (m, 2H), 7.91 (s, 1H), 7.86 (s, 1H),7.57-7.55 (m, 2H), 7.52-7.49
(m, 1H), 2.52 (s, 6H). 3C-NMR (126 MHz, CDCl;) ¢ 151.21, 142.6, 141.42,
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140.98, 140.75, 140.30, 137.33, 129.99, 129.24, 128.83, 128.32, 127.55, 20.53,
20.50.
6-(trifluoromethyl)-2-phenylquinoxaline (151ay)

CF3 Ny
|O®

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 40 %. '"H NMR (600 MHz, CDCls) § 9.40 (s, 1H),
8.41 (s, 1H), 8.24 (d, /= 8.7 Hz, 1H), 8.23 — 8.20 (m, 2H), 7.94 (dd, J=8.7, J
= 2.0 Hz, 1H), 7.60 — 7.55 (m, 3H). *C NMR (126 MHz, CDCl;) § 153.5,
144.6, 143.4, 140.6, 136.0, 131.1 (q, J = 33.0 Hz), 130.9, 130.8, 129.3, 128.8,
127.7,127.2(q, J=4.3 Hz), 125.9 (q, J= 3.1 Hz), 123.7 (d, J = 272.7 Hz). "°F-
NMR (565 MHz, CDCl;) ¢ -62.56.

6-fluoro-2-phenylquinoxaline (151az)

ol

Hon hop phan tng dugc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 51 %. '"H NMR (600 MHz, CDCls) § 9.31 (s, 1H),
8.18 — 8.15 (m, 2H), 8.14 (dd, /=9.2, J= 5.8 Hz, 1H), 7.74 (dd, J=9.0, J =
2.8 Hz, 1H), 7.58 — 7.50 (m, 4H). 3C NMR (126 MHz, CDCl;3) § 162.5 (d, J =
251.9 Hz), 151.3 (d, J = 3.3 Hz), 144.1, 142.3 (d, J = 13.0 Hz), 139.5, 136.5,
131.7 (d,J=9.8 Hz), 130.3, 129.2, 127.4, 120.7 (d, J=25.8 Hz), 112.7 (d, J =
21.7 Hz). YF-NMR (565 MHz, CDCl3) § -108.57.
2-(4-Chlorophenyl)-3-methylquinoxaline (151ba)

Nx Me
L
NLO\
Cl

Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suat 20 %. '"H NMR (600 MHz, CDCl;) § 8.10-8.08 (m,
1H), 8.07-8.04 (m, 1H), 7.76-7.70 (m, 2H), 7.62-7.60 (m, 2H), 7.52-7.50 (m,
2H), 2.77 (s, 3H). *C NMR (151 MHz, CDCl;) 6 153.8, 152.3, 141.5, 141.1,
137.6,135.4, 130.5, 130.1, 129.5, 129.3, 128.9, 128.5, 24.5.
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2-(4-Flourophenyl)-3-methylquinoxaline (151ca)

NK Me
L
N]/\Q\
F

Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 30 %. 'H NMR (600 MHz, CDCl;) 6 8.11-8.02 (m,
2H), 7.76-7.68 (m, 2H), 7.67-7.63 (m, 2H), 7.24-7.18 (m, 2H), 2.76 (s, 3H) *C
NMR (151 MHz, CDCls) ¢ 163.37 (d, J = 248.9 Hz), 153.92, 152.41, 141.38,
141.07,135.21 (d, J=3.3 Hz), 131.07 (d, J = 8.7 Hz), 129.95, 129.44, 129.27,
128.46, 115.73 (d, J=22.1 Hz), 24.48. ’F-NMR (565 MHz, CDCl;) §-112.15.
2-(4-Bromophenyl)-3-methylquinoxaline (151da)

Nx Me
e
NL@\
Br

Hdn hop phan tng duogc tinh ché bang sac ky cot silica gel vdi hé dung moi
hexane:EtOAc. Hiéu suit 28 %. "H NMR (600 MHz, CDCl;) ¢ 8.09 (dd, J =
1.32 Hz, J=8.04 Hz, 1H), 8.05 (dd, J=1.56 Hz, J = 8.46 Hz, 1H), 7.77-7.71
(m, 2H), 7.68-7.66 (m, 2H), 7.56-7.54 (m, 2H), 2.77 (s, 3H). 3C NMR (126
MHz, CDCls) ¢ 153.8, 152.3, 141.5, 141.1, 138.1, 131.9, 130.8, 130.1, 129.6,
129.3, 128.5, 123.7, 24.5.

2-(3-Bromophenyl)-3-methylquinoxaline (151ea)

N Me
-
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N
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Hon hop phan mg dugc tinh ché bang sac ky cot silica gel véi hé dung moi
hexane:EtOAc. Hiéu suat 35 %. '"H NMR (600 MHz, CDCl3) ¢ 8.10-8.09 (m,
1H), 8.06-8.04 (m, 1H), 7.82 (t,J=1.78 Hz, 1H), 7.77-7.71 (m, 2H), 7.64-7.61
(m, 1H), 7.59-7.57 (m, 1H), 7.39 (t, J = 7.84 Hz, 1H), 2.77 (s, 3H). °C NMR
(151 MHz, CDCl5) ¢ 153.4, 152.3, 141.6, 141.1, 141, 132.2, 130.2, 130.1,
129.6, 129.4, 128.5, 127.7, 122.9, 24.4. HRMS (ESI") tinh toan C,sH;»BrN,
m/z [M + H]* 299.0184, tim thay: 299.0192.
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2-(3-Flourophenyl)-3-methylquinoxaline (151fa)

N\ Me
LT ;
N
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Hdn hop phan tng dugc tinh ché bang sac ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suit 41 %. '"H NMR (600 MHz, CDCl;) § 8.10-8.09 (m,
1H), 8.06-8.04 (m, 1H), 7.76-7.70 (m, 2H), 7.51-7.47 (m, 1H), 7.44-7.43 (m,
1H) 7.21-7.18 (m, 2H), 2.77 (s, 3H). *C NMR (151 MHz, CDCl5) 6 162.86 (d,
J=247.4 Hz), 153.57 (d, J= 1.8 Hz), 152.28, 141.54, 141.27 (d, J = 7.9 Hz),
141.0, 130.31 (d, J = 8.2), 130.16, 129.45 (d, J = 25.6 Hz), 128.51, 124.85 (d,
J=24Hz),116.4,116.23 (d,J=7.8 Hz), 116.06, 24.38. ’"F-NMR (565 MHz,
CDCls) 0 -112.31.

2-(3-Chlorophenyl)-3-methylquinoxaline (151ga)

: N Me
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/
N
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Hdn hop phan tng duogc tinh ché bang sic ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 38 %. 'H NMR (600 MHz, CDCl;) 6 8.11-8.09 (m,
1H), 8.07-8.05 (m, 1H), 7.77-7.71 (m, 2H), 7.67-7.66 (m, 1H), 7.55-7.53 (m,
1H) 7.49-7.44 (m, 2H), 2.77 (s, 3H). 13C NMR (151 MHz, CDCl;) ¢ 153.49,
152.29, 141.53, 141.03, 140.92, 134.79, 130.22, 129.94, 129.58, 129.38,
129.34, 129.28, 128.53, 127.25, 24.40.

2-(2-Chlorophenyl)quinoxaline (151ha)

N Me
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e
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Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc. Hiéu suat 41 %. 'H NMR (600 MHz, CDCl;) 6 8.11-8.07 (m,
2H), 7.77-7.70 (m, 2H), 7.52-7.50 (m, 1H), 7.43-7.41 (m, 3H), 2.60 (s, 3H). °C
NMR (126 MHz, CDCls) ¢ 153.5, 153.3, 141.8, 140.7, 138.1, 132.9, 130.4,
130.2, 129.8, 129.4, 129.3, 128.6, 127.4, 23.1.
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6-bromo-2-phenylquinoxaline (151ia)

Br N

-
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Hdn hop phan tng duogc tinh ché bang séc ky cot silica gel v6i hé dung moi
hexane:EtOAc = 97:3. Hiéu suit 38 %. 'H NMR (600 MHz, CDCl3) § 9.3 (s,
1H), 8.28 (d,J=2.2 Hz, 1H), 8.18-8.16 (m, 2H), 7.99 (d, /= 8.9 Hz, 1H), 7.83
(dd, J = 2.2 Hz, J = 8.9 Hz, 1H), 7.57-7.51 (m, 3H). *C NMR (126 MHz,
CDCls) 0 152.1, 144.2, 142.2, 141.2, 136.5, 133.9, 131.6, 131.0, 130.6, 129.3,
127.6, 123.5.
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Két qua tong hop cac din xuit benzoxazole tir 2-nitrophenol va
isothiocyanate

C6 mot sb phuong phép truyén thong dé téng hop 2-aminobenzoxazole
nhu: dya trén phan ung thé tai vi tri C-2 clia dan xuat benzoxazole (huéng a)
mang nhoém roi (nhu Cl, Br, SH), va str dung amine lam chat tham gia phan
tmg. Tuy nhién, phuong phap nay doi hoi phai chuin bi sin cic hop chat
benzoxazole hoat héa, va hiéu suit phu thudc vao kha nang roi cua nhém thé
cling nhu tinh chét dién tir ctia hé di vong. Ngoai ra, phuong phap amin hoa C-
H tryuc tiép trén benzoxazole khong c¢6 nhom thé tai vi tri 2 (hudng b) ciing da
duoc phat trién gan ddy. Phan tmg ndy yéu cau str dung céc xtc tac kim loai
chuyén tiép nhu bac (Ag), ddng (Cu), sat (Fe), mangan (Mn), cobalt (Co) hoac
cac chit oxy hoa nhu iod hodc brom. Du gitp rit ngin sé budc téng hop, cac
phan tng nay lai doi hoi lugng chat oxy héa 16n hodc diéu kién dién hoa phirc
tap, gdy ra cac van dé vé chi phi, an toan va méi truong. Trong hudng (c), st
dung isocyanide dé tao ra 2-aminobenzoxazole tir 2-aminophenol chi trong mot
buéc duy nhat. Tuy nhién, phuong phap nay ton tai mot sb han ché nhu:
isocyanide c6 mui rat khé chiu, doc va khé thao tac trong phong thi nghiém,
phan mg thuong can dén chat oxy héa manh va xuc tac kim loai dit tién nhu
palladium (Pd) hodc cobalt (Co). Trong khi d6, hudéng (d) st dung
isothiocyanate dé phan tng voi 2-aminophenol, hinh thanh trung gian 2-
hydroxyarylthiourea thong qua phan tng cong nucleophile. Mdc du hai phuong
phap nay c6 nhitng wu diém riéng, chiing déu st dung tién chit 2-aminophenol
— von phai dugc diéu ché tir 2-nitrophenol thong qua mot budce khir riéng biét.
Chinh vi vay, nhu cau vé mot phuong phép tong hop truc tiép tir 2-nitrophenol
v6i tinh don gian, hiéu qua va than thién hon véi moi truong 1a rat cap thiét, va

la myc ti€éu hudng dén ctia nghién ctru.
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@NYS
NO, NH, OHNHR N Pd or Co NH, NO,
— - > \ NHR | -=——— -~
OH OH -H2S o () OH OH

+ (d) +

R-NCS RCN
(b)

Hinh 3.1. Cac phuong phap truyén thong tong hop cac dan xuat 2-
aminobenzoxazole

Trén co sé d6, mot phuong phap mdi da duge phat trién - phan Gng
ngung tu oxy hoa khtr truc tiép giita 2-nitrophenol va isothiocyanate dudi xuc
tac Fe/S dugc hinh thanh insitu, cho phép tong hop 2-aminobenzoxazole chi
trong mot budc. Phuong phap niy dai dién cho mét co ché phan tmg hoan toan
méi, tan dung duoc tinh ning cua ca hai thanh phan - kha ning khir tir nhom
lwu huynh cia isothiocyanate va kha ning oxy hoa tir nhom nitro - dé tao ra di
vong mong mudn trong diéu kién don gian va than thién véi méi truong. Pay
14 mot budc tién quan trong trong viéc phat trién cac phuwong phap tong hop

xanh va hi¢u qua cho cac di vong chua nito.

Qua trinh khr
VRN

NO, S=C=N\ N
~—~ R TP \>—NHR
Qua trinh oxi hoa -s0

OH 2 o
Oua trinh oxi hoa khir

Hinh 3.2. Qua trinh tong hop 2-aminobenzoxazole

3.1.1. T6i wu héa qua trinh tong hop benzoxazole
Pé xac dinh diéu kién toi wu cho phan tmg tong hop hop chit 145aa,
chung t6i da tién hanh thi nghiém phan Gng giita 2-nitrophenol (1 mmol) va

phenyl isothiocyanate (1,5 equiv) trong dung moéi1 N-methylpyrrolidin-2-one
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(NMPone) dudi méi truong khi tro duoc thuc hién véi xtc tic bao gom luu
huynh nguyén t6, mubi sat FeCl,.4H,O trong 16 gio & 100 °C. Két qua chi tiét
dugc trinh bay ¢ bang 3.1.

Hinh chung:

NO,
@ + R—N=C=S
OH

Hinh 3.3. Phan tng tong hop 2-aminobenzoxazole tir 2-nitrophenol va

S (x equiv)
Fe (y mol %

base (z equiv) N
> ©: \>—NHR
dung méi (0.2 mL) (o}

T°C, 16h

isothiocyanate

Bang 3.1. Anh hudng cta dung moéi, nhiét d va xtc tac dén hiéu suét tong

hop chét 145aa

Thi Xic tac Base (eq) | Dung moi | Nhiét Hiéu

nghiém | S (eq) | Mudi Fe (% mol) do (°C) | suat

(%) *
1 - - NMP (0) NMPone 100 0
2 1 - NMP (0) | NMPone 100 0
3 - FeCl,.4H,0 (5) NMP (0) | NMPone 100 0
4 1 FeCl,.4H,0 (5) NMP (0) | NMPone 100 0
5 - FeCl,.4H,0 (5) NMP (1) | NMPone 100 0
6 1 FeCl,.4H,0 (5) NMP (1) | NMPone 100 62
7 1 FeCl,.4H,0 (5) NMP (2) | NMPone 100 58
8 1 FeCl,.4H,O (5) | NMP (0.5) | NMPone 100 32
9 1.5 FeCl».4H,O (5) | NMP (1) | NMPone 100 72
10 2 FeCl,.4H,0 (5) NMP (1) | NMPone 100 68
11 0.5 FeCl,.4H,0 (5) NMP (1) | NMPone 100 45
12 0.2 FeCl,.4H,0 (5) NMP (1) | NMPone 100 42
13 1.5 FeCl,.4H,0 (1) NMP (1) | NMPone 100 55
14 1.5 FeCl,.4H,O (10) | NMP (1) | NMPone 100 68
15 1.5 FeCl,.4H,0 (5) NMP (1) | NMPone 110 67
17 1.5 FeCl,.4H,0 (5) NMP (1) - 100 46
18 1.5 FeCl,.4H,0 (5) NMP (1) DMAc 100 65
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19 1.5 FeCl,.4H,0 (5) NMP (1) DMF 100 67
20 1.5 FeCl,.4H,0 (5) NMP (1) Pyridine 100 62
21 1.5 FeCl,.4H,0 (5) NMP (1) DMSO 100 55
22 1.5 FeCls.6H,0 (5) NMP (1) | NMPone 100 70
23 1.5 FeCl,.4H,O (5) | DIPEA (1) | NMPone 100 67
24 1.5 FeCl,.4H,0 (5) DABCO | NMPone 100 69
(1)
25 1.5 FeS NMP (1) | NMPone 100 0

Pé xay dung mot quy trinh tong hop hiéu qua va kha thi cho cac dan xuat
2-aminobenzoxazole, chiing t6i d tién hanh mét loat cac thi nghiém t6i wu hoa
c6 hé théng nham danh gia anh hudng cua cac yéu t phan timg chinh bao gom:
loai va lugng xtc tac sat, nhiét do phan trng va dung méi. Cac thi nghiém nay
khong chi gitip xac dinh diéu kién t6i wu ma con cung cap co s dé hiéu sau
hon vé co ché phan mg va vai trd cuia timg thanh phan trong hon hop phan tng.

Thuc hién cac thi nghiém véi diéu kién thiéu mot trong ba thanh phan
chinh 13 luu huynh, mudi sit FeCl,.4H,0, hoic NMPone, két qua thu duoc 13
hai chét dau vao déu dugc thu hdi nguyén ven sau phan tng ¢ 100 °C trong 16h
(thi nghiém 1 dén 5). Két qua nay chting minh rang ca ba thanh phan nay déu
can thiét cho qué trinh khéi dong va duy tri phan ing. Su ving mat cua bat ky
yéu t6 nao sé& khién qua trinh ngung tu khong xay ra. Nguoc lai, khi st dung
day du ca ba thanh phan va tién hanh tao hé xuc tac Fe/S ngay trong phan tng
(in situ), san pham 2-aminobenzoxazole duoc hinh thanh véi hiéu suit 62 %
(thi nghiém 6). Tir két qua so bd nay, nhom nghién ctru tiép tuc thuc hién cac
budc t6i wu hoéa diéu kién phan ung thong qua viée thay d6i dinh luong timg
thanh phan trong hé. Thu nhét, viéc ting hodc giam lugng base NMP (thi
nghiém 7 va 8 so v6i thi nghiém 6) cho thdy hiéu suit giam khi dung qua it
base (32 % vo1 0.5 eq) va cling khong cai thi¢n thém khi tang 1én 2 eq (58 %).
Thir hai, khao sat lugng Iuu huynh (thi nghiém 9 dén 12) cho thay diéu kién t6i
wu nhat khi sir dung 1.5 eq (thi nghiém 9, hiéu suat 72 %), trong khi sir dung
luong luu huynh thap (0.2 - 0.5 eq) lam hiéu suét giam dang ké con 42 va 45
%, bén canh do khi str dung luu huynh véi lugng cao (2.0 eq) cling khong tang

thém hiéu suit ma con gay kho khin trong viée tinh ché san pham do tao tap
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chat luu huynh. Piéu nay cho thiy lugng luu huynh can duoc kiém soét chat
ch& dé dam béo phéan tng dién ra hiéu qua va thuan tién cho giai doan xtr Iy sau
phan tng.

Péi v6i xuc tac sat, khi giam luong FeCl,.4H,0 xudng 1 mol% (thi
nghiém 13) hiéu suat giam con 55 %, va khi ting 1én 10 mol% (thi nghiém 14)
hiéu suat chi ting nhe 1én 68 %, diéu d6 cho thdy 5 mol% la mirc tdi wu, gitp
can bang gitta hiéu qua xuc tac va chi phi. Khi danh gia anh huéng cua nhiét
d6, chung t61 nhan thiy ring ting nhiét do 1én 110 °C (thi nghiém 15) khong
1am hiéu suat vuot troi hon, hiéu suat dat 67 % so voi 72 % tai nhiét d6 100 °C
(thi nghiém 9). Ngoai ra FeS thuong mai c6 san trén thi truong khong co hoat
tinh xuc tac trong phan ing nay (thi nghiém 25).

Bén canh viéc khao sat cac thanh phﬁn xUc tac, chung to1 cling tién hanh
kiém tra anh huéng cuia dung méi. Khi khong sir dung dung moéi NMPone ma
thay bang DMAc, DMF hodc pyridine (thi nghiém 17-20), phan tng van dién
ra nhung hiéu suét chi dat tir 46-67 %, thap hon so véi khi st dung NMPone
(72 %), diéu d6 chtirng minh NMPone 13 dung méi tt nhat cho phan tng nay.
bac biét, khi sir dung DMSO - mot dung méi c6 tinh oxi hda nhe - san phém
van duoc hinh thanh véi hiu suat 55 %. Ngoai ra, viéc thay thé FeCl.4H,0
bang FeCls.6H,O (thi nghiém 22) cho thay hiéu suét thu duoc thap hon, diéu
nay chi ra vai tro quan trong cua cap oxi hoa khur Fe(Il)/Fe(IIl) trong qué trinh
xuc tac, dong thoi khang dinh rang su chuyén héa giita hai trang thai ndy can
duoc kiém soat hop 1y dé duy tri hoat tinh xuc tac toi wu. Cudi cing, nhom
nghién ctru da thu nghi€ém mot s6 base amin bac ba khac nhu DIPEA va
DABCO (thi nghiém 23 va 24) thay cho NMP. Tuy nhién, cac base nay khong
dat hiéu suét cao béng NMP, cho théy rr:fmg tinh chét céu trac, d6 base va kha

nang phdi hop voi sét ctia base cling anh hudng dang ké dén hiéu qua phan tng.
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S (1.5 eq)
FeCl,.4H,0 (5 mol %)

NO; N-methylpiperidine (1 eq) N
+ PhNCS \>—NHPh + SO; (1)
OH N-methylpyrrolidin-2-one (0.2 mL) o}

100 °C, 16h

SO, + H,O + BaCl, — BaSO, + S + HCI 2)

S (1.5eq)
FeCl,.4H,0 (5 mol %)

N02 . - NH2
N-methylpiperidine (1 eq) recovery of
o-nitrophenol + (3)
OH N-methylpyrrolidin-2-one (0.2 mL) OH

100 °C, 16h

S (1.5eq)
FeCl,.4H,0 (5 mol %)
N-methylpiperidine (1 eq) S o)
PhNCS )J\ + )J\ )
N-methylpyrrolidin-2-one (0.2 mL) PhHN NHPh PhHN NHPh
100 °C, 16h

S (1.5eq)
MCl,.6H,0 (5 mol %)

NO, N-methylpiperidine (1 eq) N
+ PhNCS > \>—NHPh (5)
OH N-methylpyrrolidin-2-one (0.2 mL) O

100 °C, 16h

M = Co, 32%
M = Ni, 40%

Hinh 3.4. Cac thi nghiém minh chtg cho co ché tao vong benzoxazole

Pé chimg minh dudng di ciia phan Gmg nay mot s6 phan tng minh chimng
da dugc thuc hién. Thi nghiém (1) va (2) dé x4c dinh lwong khi SO, sinh ra
trong phan Ung ngung tu oxi hoa khu gita 2-nitrophenol va phenyl
isothiocyanate, ddy 1a mot budc quan trong nham xéc thuc co ché phan tng
dugc dé xuat. Trong co ché ndy, nhém nitro (-NO,) trén o-nitrophenol bi khir
hoan toan thanh nhém amino (-NH,), dong thoi hai nguyén tir oxy tir nhom
nitro s& duoc chuyén sang luu huynh (c6 ngudn gbe tir nhoém isothiocyanate
hoac luu huynh xtc tac), tao thanh san phém phu SO,. Viéc dinh lugng chinh
x4c SO, sinh ra trong phan tng vi thé 13 bang chimg thuc nghiém truc tiép cho
qua trinh khtr nhom nitro, gitip xac thuc toan b chudi chuyén hoa co ché. Bén
canh d6, két qua nay con gop phan lam rd vai trd méi mé va dang cha y cia
nhom isothiocyanate (-N=C=S) trong phan ung. Khong chi déng vai tro la
nguyén liéu cung cap khung thiourea dé dong vong di vong, isothiocyanate con
hoat dong nhu mot chat khtr, tiép nhan cac nguyén tir oxy va gop phan tao ra
khi SO,. Piéu niy cho thay isothiocyanate thuc sy tham gia tich cuc vao qua

trinh khir nhém nitro - mét co ché chua ting dugc bao céo trude do.
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Trong thi nghiém thr (3) phan tng duoc tién hanh trong diéu kién tiéu
chuan ma khong c¢6 PhNCS, sau phan tmg: lugng 2-nitrophenol ban dau hau
nhu khong bién d6i va chi mot lugng nhé o-aminophenol dugc hinh thanh. Két
qua ndy cho thiy rang, mic du luong luu huynh dd duge st dung & luong du,
né khong dong vai trd nhu mot tac nhan khir truc tiép nhém nitro cua 2-
nitrophenol.

O phan tng thit tu (4), khi chi sir dung PANCS trong diéu kién phan tmg
t6i wu (tirc ¢ mat hé xac tac Fe/S va nudce tir mudi FeCl,.4H,0) nhung khong
c6 mit 2-nitrophenol, két qua cho thdy PhNCS bi phan hily tao thanh
diphenylthiourea va urea. Piéu nay xay ra do hai phan tir PANCS c6 thé phan
g v6i nhau hodc bi thiy phan nhd nudc ¢é sin trong mudi ngdm nudc. Két
quéa nay chi ra rang PhANCS khong 6n dinh duéi diéu kién phan tmg néu thiéu
2-nitrophenol, va dé bj tiéu hao vao phan tmg phu, ddn dén viéc suy giam hiéu
suat tao san phém dich néu khong kiém soat chit ché ti 1¢ chét phan ng.

Trong thi nghiém cubi cung, chung toi tién hanh thay thé FeCl,.4H,0
bang cac mudi kim loai chuyén tiép khac nhu CoCl,.6H,0 va NiCl,.6H,0 nham
kiém tra vai trd dic hiéu cua ion sét trong phan Gmg xtc tac. Két qua cho thay,
phan tng giita 2-nitrophenol va phenyl isothiocyanate van c6 thé xay ra trong
su hién dién ctia cac mudi cobalt(IT) va nickel(I), cho san pham muc tiéu 2-
aminobenzoxazole, tuy nhién hiéu suat phan ung chi dat 32-40 %. Pong thoi,
mot luong dang ké céc chat ban dau van con ton tai, chirng t6 phan ing dién ra
kém hiéu qua hon so vé6i khi dung hé xtc tac sat. Két qua nay cho thay mic du
Co?* va Ni?* cling ¢ kha ning tham gia vao cac qua trinh truyén electron hoic
dong vai tro acid Lewis, nhung hiéu suat xtic tac thap hon nhiéu so voi Fe?,
cho thay tinh chon loc va hiéu qua dic trung ctia hé Fe/S. Piéu nay ¢ thé dugc
Iy giai do sy phu hop cua cap redox Fe(II)/Fe(III) v6i co ché phan tng oxi hoa—
khir duge dé xuat, cling nhu kha ning phdi tri hiéu qua gitta Fe?* véi luu huynh
va cac chat nén trong diéu kién phan tng.

Trén co so cac két qua ndy, mot co ché duge dé suat nhu duge mé ta
trong Hinh 3.5. Co ché hinh thanh trung gian A trong phan ung ngung tu oxi
hoa khr dudi xtic tac Fe/S, bat dau tir qua trinh tao hé xuc tac FeS ngay trong
moi trudng phan tng (in situ). Khi mudi FeCl,.4H,0 dugc két hop véi luu
huynh nguyén t6 (Ss) va base hitu co nhu N-methylpiperidine (NMP) trong
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dung moi NMPone & nhiét d6 khoang 100 °C, cac lién két trong phan tir Ss bi
phan cit, tao ra cac don vi luu huynh hoat héa (S°) ¢ kha nang nhan electron.
Pong thoi, ion Fe** tir mubi FeCl, bi oxi hoa nhe, phdi hop véi luu huynh dé
tao thanh cum FeS c¢6 hoat tinh xtc tac cao. Khac vdi FeS thuong mai von &
dang tinh thé tro va khong hoat dong trong diéu kién phan tng, FeS tao in situ
ton tai & dang keo phan tan tot hodc phuc chét phdi tri v6i base va dung moi,
c6 kha ning tuong tac hiéu qua véi cac chat phan Gng. Sau khi hinh thanh, hé
xuc tac FeS s& dong thoi phdi hop véi o-nitrophenol va phenyl isothiocyanate
nho vao tinh chét acid Lewis cua sit va tinh base nhe cua luu huynh. Cu thé,
nhom hydroxyl va nhom nitro trén o-nitrophenol c6 thé tao lién két véi trung
tam Fe, trong khi nhom -N=C=S cuia isothiocyanate c6 thé twong tac véi Fe
hodc S thong qua cac lién két phdi tri hodc tuong tac dién tir. Sy lién két dong
thoi nay giup dinh hudng hai chat phan tmg gan nhau trong khong gian xtic tac,
tao thanh trung gian phtrc hop A.

Qua trinh chuyén hoa tir trung gian A sang B bat dau bang budc khir dau
tién cuia nhom nitro (-NOy) trén o-nitrophenol. Tai budc nay, mot trong hai
nguyén tir oxy ctia nhom nitro bi tach ra. Electron duoc truyén tir trung tdm
Fe?* dén nhom nitro, khién nhém nitro giam tir trang thai oxi hoa +5 xubng +3,
hinh thanh trung gian nitroso (-NO). Nguyén tir oxy tach ra khong bi loai hoan
toan ma lién két voi nguyén tir luu huynh gan d6 trong xtc tac, tao thanh cau
tric S-O-Fe, dong thoi Fe(Il) c6 thé b oxi hoa thanh Fe(III) trong qua trinh nay.
San pham ctia budc nay chinh 13 trung gian B, mang nhom nitroso thay cho
nhém nitro ban dau.

Phén tng tiép tuc tao ra trung gian C thong qua budc khir oxy thir hai,
nham hoan tat qua trinh khir nhém nitro vé nhém amino (-NH,). Trong budc
nay, trung tam xuc tac Fe/S tiép tuc dong vai tro truyén electron, hd tro viéc
loai bo nguyén tir oxy con lai khéi nhom nitroso. Viéc loai bé nay xdy ra nho
su phéi hop di¢n tir gitra Fe(II) va luu huynh hoat hoa — von da mang mot luong
oxy tir budc trude, tao diéu kién thuan lgi dé tiép tuc hap thu nguyén tir oxy thu
hai. Cu thé, Fe(Il) lai truyén thém electron vao nhém -NO, tao ra trung gian
dang hydroxylamine (-NHOH) thong qua sy loai bé phan tir SOz, nhém -SO;
duoc loai ra khoi hé dudi dang phan tir khi SO», rat d& bay hoi, va diéu nay gitp
day phan tng theo chiéu thuan (nguyén tic Le Chatelier). Pong thoi, phan con
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lai ctia phan tur trdi qua qué trinh tai td chure dién tir, dAn dén sy hinh thanh cua
trung gian D, trong d6 nhém amino (-NH-) va hydroxyl (-OH) gid diy nam gan
nhau & vi tri ortho, sén sang cho budc vong hoa ndi phan tir (D — E). Trong
cdu trac D, nhom amino -NH, s& tin cong ndi phan tir vao carbon dién duong
cta nitrilium, tao ra cau N-C méi va hinh thanh di vong oxazole co cau N-C-S.
Budc tir D sang E 13 qué trinh dong vong oxazole mang tinh chat quyét dinh vé
mit cu tric. Nhém -NH, 1a hat nhan chinh tan cong vao carbon dién duong
ctia nitrilium, din dén hinh thanh khung di vong benzoxazole thong qua phan

ung ndi phan tir. Cudi cung, su loai bé mot phan tir FeS dan dén san pham cudi

NO,

@ @
OH

\

o

cung la 2-aminobenzoxazole.

e
NMP
Fe?* + Sg — [FeS] E—— &
PhNCS N
-NMPH* o
A
Fe© l
S - S ©
AT algdt = 5
ez + NMPH* N:< +
R® 0 < @/o PNMPHT s—0 N/@
- 80, 0=N Iy
HoN GH o)
D c B
+ NMPH* FeS] N
S \>—NHPh
/ o
—N H

Hinh 3.5. Co ché dé xuat hinh thanh hop chét benzoxazole
Pé khang dinh qua trinh phan tng da tong hop thanh cong hop chat 2-

aminobenzoxazole 145aa chiing t6i chimg minh c4u tric cta hop chét nay bang
cac phuong phap pho hién dai '"H NMR va '*C NMR.
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Hinh 3.6. Pho "H NMR cua chat 145aa
Trén pho "H NMR cuia hop chat 145aa xuat hién 9 tin hiéu cong huong
proton c6 mit trong phan tir. Pho "H NMR (600 MHz, MeOD) cho thiy cac tin
hiéu tir 6 7.04 dén 7.65 ppm, twong Gng véi 9 proton thom tir ca hai vong, phu
hop v&i cau tric phan tir. Tuy nhién, tin hiéu ctia proton NH khong xuét hién
trong phd do hién tuong trao ddi proton nhanh giita nhom NH va dung moi
methanol-ds, ddn dén viéc proton NH bi thay thé bang deuterium va khong con

dugc ghi nhan trong phd 'H.
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Hinh 3.7. Ph6 '*C NMR clia chat 145aa
Trong phd *C NMR (126 MHz, MeOD), ¢6 11 tin hiéu cacbon, bao gdm

cac tin hi¢u dac trung ctia vong benzoxazole va vong phenyl tai 6 160.2, 149.0,
143.6, 139.9, 130.1, 125.2, 124.0, 123.0, 119.5, 117.6, 109.9.
3.1.2. Tong hop cac din xuit benzoxazole bang diéu kién toi wu

Véi cac diéu kién téi wu trén, tién hanh phan tGng tong hop 2-
aminobenzoxazole tir 2-nitrophenol vo1 cac isothiocyanate khac nhau.

So do chung:
S (1.5 eq)
FeCl,.4H,0 (5 mol %)
NCS 27112
TN NO. 7N N-methylpiperidine (1 eq) x—N
R + Rt R S—NH
= = . =
OH N-methylpyrrolidin-2-one (0.2 mL) o}
100 °C, 16h / \

_\ R'

Hinh 3.8. So @ chung qua trinh téng hop cua cac dan xuit 2-
aminobenzoxazole
Sau khi thu duoc diéu kién phan tmg toi wu, tién hanh khao sat pham vi
phan tmg giita cac dan xuat cua 2-nitrophenol véi phenyl isothiocyanate. Két
qué cho thdy phan ung thé hién kha ning phan tng t6t doi v6i nhiéu nhom thé
khac nhau trén vong thom cua 2-nitrophenol. Cu thé, khi sir dung cac dan xuét

c6 chira nhom methyl (145ab), phan tmg van cho hiéu sut tét, cho thdy nhom
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thé gidu dién tir khong anh hudng tiéu cuc dén qua trinh ngung tu. Tuong tu,
cac chat c6 nhom halogen nhu F, Cl, Br (145ac, 145ad, va 145ae) ciing tham
gia phan ing mdt cach hi¢u qué, chiing minh kha nang phan ting cua h¢ xuc tac
Fe/S voi cac nhom thé vira ¢6 kha nang hat dién tir cling nhu day dién ti.
Ngoai ra, khi thay thé cac nguyén tir hydro trén vong thom bang céc
nhom giau dién tu (nhu -OMe & 145af, 145ag) hoac ngheo di¢n tur (¢ 145ah),
hiéu suét phan tmg van dugc duy tri & muc trung binh dén cao, chimg t6 phuong
phap nay khong qua nhay cam véi dac tinh dién tir cua tdc nhan phan img. Pac
biét, khi m& rong khao sat sang hé naphtol, cy thé 13 1-nitro-2-naphthol, san
phém 145ai thu duogc véi hiéu sut chi giam nhe, cho théy su mo rong hé n
khong anh huéng nhiéu dén qua trinh chuyén hoa. Tuy nhién, khi vi tri cia
nhom hydroxyl bi che chan bai vong benzo nhu trong 2-nitro-1-naphthol, hiéu
suat tong hop san pham 145aj giam manh. Diéu nay duoc 1y giai 1a do su can
tré khong gian lam han ché kha ning tao lién két hydrogen ndi phan tir hodc
lam cham qua trinh vong héa dan dén san pham cudi. Nhu vy, yéu to 1ap thé

tai vi tri ortho cia nhdm OH déng vai tro quan trong trong phan trng nay.

T U
O D O

145ab 63 % 145ac 63 % 145ad 59 %

s, OO0
O & O

145ae 62 % 145af 58 % 145ag 57 %
MeOzC N O N
A\ N \)
T Y OO
O T U O
145ah 56 % 145aj 21 %

145ai 55 %
Hinh 3.9. Céu trc va hiéu suat tong hop cua cac dan xuét 2-
aminobenzoxazole tir cac 2-nitrophenol khac nhau
Tiép theo, dd mé rong khao sat dén pham vi cua céc isothiocyanate nham

danh gia kha nang phan rng véi céc isothiocyanate khac nhau. Pau tién, cac
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aryl isothiocyanate mang nhoém thé khac nhau trén vong phenyl duoc thi
nghiém, bao gdm cac vi tri ortho, meta va para. Cac hop chat nhu p-tolyl va m-
tolyl, mang nhom methyl & vi tri para va meta, di phan ung tét v&i 2-
nitrophenol dé tao ra cac san pham 145ak va 145al véi hiéu suét trung binh dén
kha. Pang chi ¥, o-tolyl va 1-naphthyl isothiocyanate déu mang nhom thé cong
kénh & vi tri gdn nhom isothiocyanate van tao thanh cac san pham 145am va
145an vo6i hiéu suat dao dong trong khoang 62-65 %, cho thiy hé xuc tac Fe/S
khong bi can tré khong gian & mirc do dang ké.

Tiép theo, khao sat tap trung vao céc isothiocyanate c6 chira nguyén tir
halogen & nhiéu vi tri khac nhau trén vong thom. Cac hop chat chira F, Cl, Br
va 1 déu tham gia phan tng hiéu qua, tao thanh cic san phdm 2-
aminobenzoxazole twong ing nhu 145a0, 145ap, 145aq, 145ar, 145as, 145at,
145au, 145av, 145aw, 145ax, 145ay, 145az va 145ba. Hi¢u suat thu dugc dao
dong tir 41 % dén 73 %, ching minh rang cac nhom thé halogen du co kich
thudc va dic tinh dién tir khac nhau déu phan tng kha tot.

Ngoai cac nhom trung tinh va halogen, hé phan tmg con duoc kiém tra
vO1 cac isothiocyanate chira nhom cho va rat dién tir. Céc isothiocyanate cé
nhom methoxy & vi tri meta va para 1a nhom cho dién tr phan ing thanh cong
va cho hiéu suat trung binh. Tuong tu, cac nhom rut dién tr manh nhu p-CO-Et,
m-NOQOz, p-CN, 0-CFs va m-CF; déu dan dén cac san phém 2-aminobenzoxazole
tuong ing (145ca, 145da, 145ea, 145fa, 145ga, 145ha, va 145ia) vai hicu suét
trong khoang 41-60 %. Piéu ndy chtirng minh rang co ché phan tmg khong qua
nhay cam véi dic tinh dién tir ctia nhom thé trén vong phenyl, va phan tmg co
thé dugc ap dung cho nhiéu loai tién chat khac nhau trong tong hop hitu co.

Cubi cing, m& rong pham vi khao sat sang cac isothiocyanate c6 mach
no (aliphatic), bao gdbm cyclohexyl, allyl, methyl va ethyl. Mic du cac hop chat
nay khong c6 vong thom, chiung van c6 kha ning tham gia phan tng va cho céc
san pham tuong ung (145ja, 145ka, 145la, 145ma va 145na). Tuy nhién, do
tinh phan Gng thap hon, cic phan ng véi isothiocyanate mach no can dugc
thuc hién & nhiét do cao hon (110 °C) dé dam bao hoan thanh qua trinh chuyén

hoa.
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RO s T T R s
Q 0 D~

145ha 50 % 145ia 54 %

CN

145ga 41 %

Ty, OO o

145ja 64 % 145ka 62 % 145la 34 %
cl N, cl N

T U

145ma 47 % 145na 74 %

Hinh 3.10. Céu tric va hiéu suat tong hop cua cac dan xuét 2-
aminobenzoxazole tir cac isothiocyanate khac nhau

3.2. Két qua tong hop cic din xuit benzoxazole tir 2-nitrophenol, amine
va carbon disulfide
3.2.1. Tdi wu héa qua trinh tong hop benzoxazole

Bén canh cac phuong phap st dung truc tiép isothiocyanate, ching toi
cling thur nghi€ém mot phuong phdp khac, thay vi st dung céc isothiocyanate
thuong mai hodc tong hop trude do, t6i da ap dung phuong phép in situ dé tao
isothiocyanate ngay trong hdn hop phan tng, bang cach cho amine ban dau
phan tng truc tiép voi carbon disulfide (CS,). Phuong phap nay khong chi gitip
rat gon s6 bude tong hop, giam thiéu cong doan tinh ché trung gian, ma con cai
thién do sach cua san pham do isothiocyanate dugc sinh ra va phan tng ngay,
tranh hién tuong phan huy hoac phan ting phu trong qua trinh luu trit.

Dé xac dinh diéu kién tdi uu cho phan tng tong hop hop chat 148ab,
phan tng bat dau véi qua trinh khudy dung dich p-toluidine va CS, trong N-
methylpyrrolidine-2-one & 40 °C trong 30 phit véi K,COs ran, sau dé o-
nitrophenol va cac chét phu gia dugc thém vao va gia nhiét & 100 °C trong 16

gid. Két qua chi tiét duoc trinh bay ¢ bang 3.2.
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Hinh chung:
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K,COs5

40°C
30 phat

FeC|2 4H20

_ =

100°C, 16h

Me

N
S—NH
O R

Hinh 3.11. Qua trinh tong hop 2-aminobenzoxazole tir 2-nitrophenol va amine

Bang 3.2. Anh hudng ctia dung moéi, nhiét d va xtc tac dén hiéu suét tong

hop chét 148ab
Thi Dung Xiic tac Nhiét | Hiéu suat
nghiém moi do (°C) (%) ?
1 NMPone FeCl,.4H,0 (0.05 mmol) 110 54
2 NMPone FeCl,.4H,0 (0.05 mmol) 80 58
3 NMPone | FeCl,.4H,0 (0.05 mmol) + S (1 eq) 100 69
4 NMPone | FeCl,.4H,O (0.05 mmol) + S (2 eq) 100 65
5 NMPone FeCl,.4H,0 (0.01 mmol) 100 46
6 NMPone - 100 0
7 NMPone FeCl,.4H,0 (0.1 mmol) 100 65
8 NMPone FeCl;.6H,0 (0.05 mmol) 100 67
9 NMPone FeS04.7H,0 (0.05 mol) 100 64
10 DMF FeCl,.4H,0 (0.05 mmol) 100 67
11 DMAc FeCl,.4H,0 (0.05 mmol) 100 65
12 DMSO FeCl,.4H,0 (0.05 mmol) 100 58
13 PhCl FeCl,.4H,0 (0.05 mmol) 100
14 xylene FeCl,.4H,0 (0.05 mmol) 100
15 NMPone FeCl,.4H,0 (0.05 mmol) 100 70
dudi
diéu
kién khi
Ar
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*Pjéu kién phan tng: p-toluidine (1 mmol, 107 mg), K,CO; (1 mmol, 138 mg),
CS; (1.5 mmol, 114 mg) trong N-methylpyrrolidin-2-one (0.2 mL) & 40 °C
trong 30 phut sau dé thém o-nitrophenol (1 mmol, 139 mg), FeCl,.4H,O (0.05
mmol, 10 mg).

Dé xay dung mdt quy trinh téng hop hiéu qua va kha thi cho cac dan xuit
2-aminobenzoxazole, chiing t61 da tién hanh mot loat céc thi nghi¢m tdi wu hoa
c6 hé théng nham danh gia anh hudng cua cac yéu t phan timg chinh bao gém:
loai va lugng xtc tac sit, nhiét do phan tng va dung méi. Cac thi nghiém nay
khong chi gitip xac dinh diéu kién t6i wu ma con cung cap co s dé hiéu sau
hon vé co ché phan mg va vai trd ctia timg thanh phan trong hon hop phan tng.

Thi nghiém tiéu chuan dugc thuc hién & 100 °C véi chat xtc tac 1a
FeCl,.4H,0 (0.05 mmol, 10 mg) thu duoc san pham véi hiéu sut 71 %. Khi
tang nhiét do ciia phan ung 1én 110 °C, hiéu suat giam con 54 % (thi nghiém
1), c6 thé 1a do su chuyén d6i khong mong muén ctia mudi dithiocarbamate
thanh N,N’-di(p-tolyl)thiourea. Trong khi d6 khi ha nhiét do xudng con 80 °C,
phan tmg dién ra khong hoan toan do d6 1am giam hiéu sudt con 58 % (thi
nghiém 2).

Bén canh d6, thir nghiém viéc str dung luu huynh dudi dang nguyén t6
két hop véi sat dé kiém tra qua trinh oxy héa khir ngung tu cac hop chat nitro
thom, tuy nhién chiing khong anh hudéng déang ké dén hiéu suét ctia phan tng
(thi nghiém 3 va 4). Nguoc lai, phan tng khong dién ra néu khéng cé xtc tac
sat (thi nghiém 6), viéc ting hay giam khdi luong xtc tac duoc st dung ciing
déu 1am giam hiéu suat phan Gmg (thi nghiém 5 va 7). Viéc st dung céc xiic tac
sat khac nhau (FeCl;.6H,0O va FeSO4.7H,0) cling dugc thtr nghiém, hiéu sudt
ctia cac phan (mg nay thap hon so véi viéc st dung FeCl,.4H,O (thi nghiém 8
va9).

Pé hiéu rd hon vé vai tro ciia dung méi, phan tng dugc thir nghiém véi
nhiéu loai dung méi phan cuc khiac nhau nhu DMF, DMSO hay N,N-
dimethylacetamide (DMAc) (thi nghiém 10-12) va cac dung mdi phan cuc yéu
nhu clolorobenzene hay xylene thi phan tmg khong dién ra (thi nghiém 13 va
14). Dung m61i NMPone (N-methyl-2-pyrrolidone) dugc lya chon trong phan
mg nay do s¢ hitu nhiéu dic tinh phu hop, gop phan quan trong vao hiéu qua

chung cua phan tng. Vi d phan cuc cao va kha nang hoa tan tot ca chat hiru
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co (nhu amine, 2-nitrophenol) 1in chit vo6 co (nhu K,COs; va mudi
dithiocarbamate trung gian), NMPone gitp tao ra mdi trudng phan (mg dong
nhét, tir d6 thic day qué trinh twong tac giira cac tac chat. Ngoai ra, NMPone
c6 do bén nhiét cao voi diém sbi khoang 202 °C, phu hop véi diéu kién phan
ung kéo dai ¢ 100 °C trong 16 gio ma khong bi bay hoi hay phan huy. Dac biét,
dung moi nay con hd trg tot cho qua trinh hinh thanh va 6n dinh mudi
dithiocarbamate - trung gian quan trong trong co ché khir nhém nitro. Mic du
DMF, DMSO va DMAc déu la dung moéi phan cuc manh tuong tu nhu
NMPone, nhung hiéu suit phan tng khi st dung cic dung méi nay trong qua
trinh tong hop 2-aminobenzoxazole lai thip hon so véi NMPone, nguyén nhan
c6 thé xudt phat tir mot s6 yéu o nhu tinh 6n dinh héa hoc cia NMPone t6t hon
DMSO trong diéu kién c¢6 mit CS, va base manh nhu K,CO;. DMSO, mic du
c6 d0 phan cuc cao, lai dé bi khir hodc oxi hoéa trong mot s6 hé phan ing, va co
thé tham gia vao cac phan tmg phu khong mong mudn hoic tao san pham phu
lam giam hiéu suat.

Trong phan mg tong hop 2-aminobenzoxazole duoc trinh bay, xuc tac
FeCl,.4H,0 déng vai tro then chét trong toan bd qué trinh oxi héa—khtr va tao
di vong. Trudc hét, ion Fe** tham gia xuc tac qua trinh khir nhom nitro (-NO,)
trén 2-nitrophenol thanh nhém amino (-NH,), mot budc quan trong dé hinh
thanh san pham mong mudn. Mic du muéi dithiocarbamate dugc tao tir amine
va carbon disulfide c6 thé dong vai tro chat khir, nhung qua trinh khir chi dién
ra hiéu qua khi c6 su phdi hop véi ion Fe?*. St tao phirc v6i cac tac nhan phan
g, dic biét 1a dithiocarbamate va 2-nitrophenol, gitip 6n dinh trung gian phan
ung va dinh hudéng qua trinh khir ngi phéan tir tir nhoém nitro qua céc bac trung
gian nhu nitroso va hydroxylamine. Sau khi khir, ion Fe?* tiép tuc hd trg qua
trinh loai SO: va déng vong tao nhan benzoxazole. Vai trd thiét yéu cua Fe?'
con dugc chimg minh rd rang qua két qua thue nghiém: khi giam ndng d6 FeCl,,
hiéu suat giam manh; khi khong c6 FeCl,, phan ting khong xay ra. Ngoai ra,
san pham phu FeS ciing cho thay sit khong chi 13 chat xuc tac ma con tryc tiép
tham gia vao co ché phan ung. Véi dac diém, it doc hai va than thién v6i moi
truong, x0c tac sit gitip dam bao hiéu qua tong hop cao, déng thdi phu hop voéi

dinh hudéng hoa hoc xanh hién dai.
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Cubi cung, dé kiém tra anh huong cta khi quyén phan tng dén hiéu suat,
chang toi tién hanh phan tng trong moi trudng khi tro (argon), va so sanh véi
phan tmg trong khong khi. Két qua thu dugc khong c6 su khac biét dang ké vé
hiéu suat (thi nghiém 15), diéu nay cho thay phan tng khong nhay cam véi su
hién dién cta oxy hodc do 4m, gop phan don gian héa qua trinh thao tic va mé
rong kha nang Gmg dung thyc tién. Sir dung cac diéu kién t6i wu trén, chiing toi
d3 tién hanh tong hop dugc 31 dan xuat 2-aminobenzoxazoles (148aa-148fa)
v6i cac nhoém thé khac nhau.

Trén co s cac két qua nay, mot co ché duoc dé suat nhu dugc mé ta
trong Hinh 3.12. Co ché ctia phan ing bat dau véi qua trinh amine dong vai trd
1a base yéu, tan cong nucleophilic vao carbon trung tdm dién duwong cta phan
tr CS,, von mang tinh electrophilic. Tiép theo, trong méi trudng c6 mat K,COs,
mot proton tor nhém -NH duoc loai bo, 1am 6n dinh anion luu huynh va tao
thanh mudi dithiocarbamate kali (A) bén viing: KS-C(=S)-NR,. Mubi nay tan
t6t trong dung mdi phan cuc nhu NMPone, gitip d& dang phdi hop véi cac hop
chat dién tir khac. Khi 2-nitrophenol dugc thém vao cing véi mudi sat
FeCl,.4H,0, xay ra qua trinh phdi tri giita cac thanh phan. Ion Fe?*, dong vai
tro trung tim acid Lewis, ¢6 kha ning phdi hop dong thdi véi nhom nitro (NOs),
nhom phenol (OH), va nhom dithiocarbamate. Két qua 1a hinh thanh phirc trung
gian B. Trong phtic chat B, ion Fe?* lién két phdi tri véi nguyén tir oxy cia
nhom NO:, oxy phenol, va nguyén tir luu huynh cua dithiocarbamate. Phdi tri
nay co vai tro rat quan trong: né kéo cac nhém chire lai gan nhau trong khong
gian, dong thoi lam tang tinh dién duong ctia nhom nitro, khién nhoém nay dé
bi tan cong bai electron tir dithiocarbamate — diéu kién can cho qua trinh khi
Xay ra & budc tiép theo. Qua trinh tir trung gian B sang C trong co ché phan
g 1 bude khir dau tién ctia nhom nitro (-NO,), duogce kich hoat boi phdi hop
v6i mudi sat(Il) va tac nhan khir 1a nhom dithiocarbamate. Cu thé, trong trung
gian B, nhom dithiocarbamate (c6 chtra nguyén tir luu huynh va lién két doi
C=S) la mot nguén dién tir manh. No chuyén mot cap electron dén nhém nitro
(NO,) qua trung gian ctia ion Fe?*, dong vai trd nhu mot cau ndi truyén dién tir.
Su chuyén dién tir ndy 1am giam nhém nitro tir trang thai oxy hoa +5 (NO,)
xudng trang thai +3, tao thanh nhém nitroso (-NO) trén nhan phenol. San pham

cua budc nay chinh 1a trung gian C, mang nhém nitroso thay cho nhém nitro



91

ban dau. Qua4 trinh tir trung gian C sang D trong co ché phan tng 1a budc tiép
theo trong chudi khtr nhom nitro, trong d6 nhém nitroso (-NO) trén nhan thom
duoc khtr thanh hydroxylamine (-NHOH). Bay 1a mdt budc quan trong vi nhoém
hydroxylamine 1 tién chit truc tiép dé hinh thanh nhom amino -NH, & vj tri
ortho, can thiét cho phan ung déng vong oxazole. Tir trung gian D, qua trinh
loai SO, dan dén hinh thanh trung gian nitrilium (E). Trong ciu trac E, nhom
amino -NH, s& tin cong ndi phan tir vao carbon dién duong cua nitrilium, tao
ra cAu N—C moi va hinh thanh di vong oxazole c¢6 cau N-C-S. Budc tir E sang
F 1a qué trinh dong vong oxazole mang tinh chat quyét dinh vé mat ciu trac.
Nhom -NH, 12 hat nhan chinh tan cong vao carbon dién duwong cia nitrilium,
dan dén hinh thanh khung di vong benzoxazole thong qua phan tmg ndi phan
ttr. Cubi cung, sy loai bd mgt phan tir FeS dan dén san phém cudi cung la 2-

aminobenzoxazole.

K2CO3 S R” Y “Fe
RNH, + €S, — > RHN—C_ _ 9 o
-KHCO3 \_/4 N

SK

S\ S/Fs © SN O
f-\/// Fe ‘ o) /N\ Fe—
) i + HCO; N:< {} +Hcoy R\
B ——— R S/
< N
D S oN - COg” s
H,N COz2 (H o
E D c
-0
+CO5% e - [FeS] N
S —_— \>—NHPh
- HCOg_ />\ﬁ O
R—N

Hinh 3.12. Co ché dé xuat hinh thanh hop chit benzoxazole

Qua trinh tong hop 2-aminobenzoxazole mang lai nhiéu vu diém vuot
trdi so v6i cac phuong phéap truyén thdng. Trude hét, day 1a phan Gmg one-pot
ba thanh phan, két hop truc tiép amine, carbon disulfide va 2-nitrophenol, thay

vi phéi qua nhiéu budc riéng biét nhu khir nhom nitro, tong hop isothiocyanate
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va ngung tu tao vong nhu cac phuong phép cd dién. Diéu nay giup tiét kiém
dang ké thoi gian, nguyén liéu va cong doan tinh ché trung gian. Ngoai ra, phan
tmg dién ra trong diéu kién nhe, chi can xuc tic FeClL.4H,0 véi ham luong
thap (5 mol%), khong doi hoi cac tac nhan khir manh nhu Fe/HCI, SnCl, hay
Na,S,04 thuong thdy trong cic phuong phap cii. Pic biét, mudi
dithiocarbamate hinh thanh tir amine va CS, dong vai tro kép: vira 1a tién chat
tao di vong, vura la chit khir noi sinh cho nhém nitro, 1am tang hi¢u qua chuyén
hoa nguyén tir va giam thiéu phat sinh chat thai doc hai. Xuc tac sit duge su
dung 13 kim loai pho bién, va than thién véi méi trudng, tao diéu kién thuan loi
cho viéc mé rong phan ting trén quy mo 1én. Dung mé1 phan trng nhu NMPone,
DMF hoidc DMAc déu dé kiém va dé xu 1y, gitip ting tinh linh hoat cho quy
trinh. Ngoai ra, pham vi co chét cia phan tng rat rong, phan tng duoc voi ca
cac amine thom, aliphatic, ciing nhu cac nitrophenol mang nhém day, hit dién
tr hodc di vong, trong khi nhiéu phuong phap trudc day thuong bi han ché vé
nhom chire do diéu kién phan tmg khic nghiét. Tong thé, phan Gmg nay ¢ Gru
diém 1a tong hop xanh, tiét kiém nguyén tir, khong can chat khir ngoai, dé trién
khai, va c6 tiém ning Gng dung cao trong nghién ctru dugc pham va hoa hoc
hitu co tong hop.

Pé khang dinh qua trinh phan Gng da tong hop thanh cong hop chét 2-
aminobenzoxazole 148ab chung t6i chimg minh cu tric ctia hop chat nay bang
cac phuong phap pho hién dai '"H NMR va '*C NMR.
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Hinh 3.13. Phd '"H NMR cua chat 148ab
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Trén pho "H NMR ciia hop chat 148ab xuat hién day du 12 tin hiéu cong
hudng proton c¢6 mit trong phan tir. Tin hiéu cong huéng & ving truong thap
dang singlet tai 7,8 ppm (1H, s, H-1) cua proton H-1 va tin hiéu singlet tai 2,43
ppm (3H, s) ciia nhém methyl. Tin hiéu cong hudng & ving truong thap dang
singlet tai 7,29 ppm (1H, s, H-4), dang multiplet tai 7,61-7,59 ppm va tai 7,41-
7,38 ppm duoc tinh cho vi tri H-6,7 va H-10,14, dang doublet tai 7,21 ppm
dugc tinh cho vi tri H-11, dang triplet tai 7,1 ppm dugc tinh cho vi tri H-13,
dang multiplet tai 6,94-6,92 ppm duogc tinh cho vi tri H-12.
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Hinh 3.14. Phd 3C NMR cua chat 50ab
Pho C NMR ctia hop chat 148ab thé hién 12 tin hiéu cong hudng cua
nguyén tur cacbon tai 0 158.6, 146.2, 142.5, 138.1, 134.2, 129.5, 123.4, 122.7,

118.6, 117.6, 108.6, 21.7.
3.2.2. Tong hop cic din xuit benzoxazole bang diéu kién toi wu

V61 cac diéu kién to1 uwu trén to1 da ti€én hanh phan tng tong hop 2-
aminobenzoxazole tir o-nitrophenol véi cac amine khac nhau. Cac amine khac

nhau dugc phan Ung vo1 o-nitrophenol.

So dé chung:
K,CO4
R_NH2 + CSz o
NMP 40°C '
30 phut
Me N02 S\\ FeC|2 4H20 Me N
+ C—NH - > \>—NH
KS R o o :
OH 100°C, 16h R

Bdng 3.3. Cau tric va hiéu suat tong hop cta cac dan xuat 2-

aminobenzoxazole
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STT | Hop Amine 2-aminobenzoxazole Hié¢u
chat suit (%)
1 148aa Me NH; Me N 52
o Ty
o
oy
2 148aj Me Me N 51
@NH; \C[\%NH Me
" O
3 148ak NH; Me N 42
L
o ~.
4 148al OMe Me N 45
@/NHz \C[\%NH OMe
" O
5 148am MeO NH; | Me N 55
[Ciliios>
o
D)o
6 148an MeO NHy | Me N 48
o
MeO O
OMe OMe
MeO OMe
7 148a0 NH, Me N 32
o T
F
8 148ap cl NH; Me N 51
o[
o
Dy
9 148aq /©/NH2 31

Br

Me N
S
(@]

SO

r
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10 148ar NH, Me N 37
Ly
| o)
|
11 148as | NH, Me N 33
Sallaser
o
as
12 148at CF; NH; Me N 41
Sallase
o
13 | 148au | ON NH, | Me N 48
T [T
o
Dy
14 148av NC NH> Me N 52
Saliees
o
Do
15 148aw NH; Me N 32
o | T
CFy (@] Q
CF;
16 148ax O/\/NHZ Me N 46
o
o
Cr :
OMe
OMe
17 | 148ay Me N 36
NH; \CE\%NH
o)
O iﬁph
Ph
18 | 148az @frsm2 42

Ua
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19 | 148ba /O/\NH2 MEUN\ 33
NH
MeO o>_
MeO
20 148ca OMe Me N\ 42
Crm|
MeO
OMe
MeO
21 148da Et Me N 51
Me-_~__NH; \C[\%NH Et
o) j
Me
22 148ea ME\CEN\% 48
NH NH
? o )—Ph
Me
23 148fa O MEUNV 38
NH
o) >7Ph
O NH, Ph

Két qua thuc nghiém cho thay cac amine c6 nhom chtic alkyl, benzo hodc
methoxy phéan g tao ra san pham véi hiéu suét tot.

Céc aniline mang nhom hut electron nhu 4-nitroaniline, methyl 4-
aminobenzoate hoac 2-nitroaniline cling nhu 3-aminopyridine, 4-
aminopyridine hodc 3-aminoquinoline khong phan tng do dnh hudng dién tu
lam suy giam tinh base va hoat tinh nucleophile ctia nhém amino. Khi cdc nhém
hut electron gén vao vong thom, mat do dién tr trén nguyén tu nito ciia nhom
-NH, bi giam, khién kha niang phan tng véi carbon disulfide (CS,) trong moéi
truong base dé tao mudi dithiocarbamate tré nén khé khan. Pay 1a budc dau
tién va thiét yéu trong phan tng, vi mudi dithiocarbamate vira 13 trung gian
phan tng vira dong vai trd chat khir nhom nitro. Néu mubi nay khong duoc
hinh thanh, toan bo qua trinh khir va dong vong s& khong dién ra.

Hon nita t6i cling thr nghiém véi cac aliphatic amine va thy rang hiéu

g 1ap thé trén nguyén tir cacbon o khong c6 tac dong rd rang dén kha ning
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phan tng cta a-methylbenzylamine va benzhydrylamine. Cubi cting, phan tmg
khong dién ra véi cic amine bic 2 nhu pyrrolidine, diethylamine hay
dibutylamine. Nhu vay c6 thé thiy rang, phuong phap nay cia ching téi phu
hop véi cac nhom thé khac nhau.

Tiép theo, nghién ctru anh hudng cia cac dan xuit o-nitrophenol véi 4-
methylaniline. Phan ting dugc tién hanh trong diéu kién t6i uu trén véi cac o-
nitrophenol chtra cac nhom thé khac nhau két qua déu thu duoc dan xuét 2-
aminobenzoxazole mong mudn véi hiéu suét trung binh dén cao tir 31 % dén
65 %

Bdng 3.4. Ciu tric va hiéu suat tong hop cua cac dan xuat 2-

aminobenzoxazole

STT | Hop o-nitrophenol 2-aminobenzoxazole | Hi¢u suat

chat (%)

1 148ai 53
\%NH

Q

MeO 65
\>—NH

X

e Q
MeO OH Q
L

L

2 148ac

4 148ae 63

\>—NH

Q

\>—NH

Q

5 148af 45




6 148ag Br\@“‘oz B"\@j%_ 40
NH
Me

7 148ah 31
NO, N
CC | g
OH

Me
3.3. Két qua tong hop cac din xuit quinoxaline
3.3.1. T6i wu héa qua trinh tong hop quinoxaline
So d6 chung
o e oo W
@ T Re A , @ )@
NH, = DMSO N7 R,

Hinh 3.15. So d6 chung qua trinh tong hop quinoxaline
T61 xay dung mo hinh phan g ngung tu oxy hoa khir ctia o-nitroaniline
149 v6i acetophenone 150 voi chét xuc tac Na,S.3H,0. Chung t61 lya chon ti
1& cac chét ban dau o-nitroaniline : acetophenone : Na,S.3H,0 (1: 1,2 : 1) dé

t6i uu hoa cac diéu kién phan ing xung quanh ti 1¢ nay. Thoi gian phan tng 1a

4 gi0.
Bdng 3.5. Anh hudng cta dung moéi, nhiét do va xtc tac dén hiéu suét tong
hop chat 151aa
Thi Xuc tac (eq) Dung méi Nhiét do Hiéu suat

nghi¢m (°C) (%)
1 Na»S.3H»0 (1) - 120 36
2 Na»S.3H,0 (0.5) - 120 14
3 - - 120 0
4 Na,S.3H,0 (1) p-Xxylene 120 15
5 Na,S.3H,0 (1) n-pentanol 120 10
6 Na»S.3H,O (1) | EtOCH,CH,OH 120 7
7 Na,S.3H,0 (1) pyridine 120 13
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Na,S.3H,0 (1) DMF 120 14
9 Na,S.3H,0 (1) DMSO 120 40
10 Na,S.3H,0 (1) DMSO 130 54
11 Na,S.3H,0 (1) DMSO 100 40
12 Na,S.3H,0 (1) DMSO 80 32
13 FeCls.6H,0 (1) DMSO 130 0
14 S (1) DMSO 130 0

Thi nghiém déu tién 1a khao sét vai tro cta tac nhan thuc day Na,S.3H,0.
O diéu kién phan tng khong st dung dung méi, v6i luong xtc tac 1a 1 duong
luong (1.0 eq) va nhiét dd 120 °C trong thoi gian 4 gio, phan tng cho hiéu suat
san pham 13 36 % (thi nghiém 1). Két qua nay cho thdy Na,S.3H,0 c6 kha ning
thuc day phan tmg xdy ra trong diéu kién nhiét d6 trung binh ma khong can dén
dung méi, mot wu diém quan trong trong hudng tiép can tong hop xanh. Khi
giam luong xtc tac xudng (dudi 1 duong luong) trong thi nghiém 2, hiéu suat
phan ung giam dang ké, chi con 14 %. Diéu nay cho thay hiéu suat phan (ing
c6 su phu thudc déng ké vao ham lugng chit xuc tac sir dung. Pang chu y, trong
thi nghiém 3, khi hoan toan khong str dung Na,S.3H,O, phan tng khong xay
ra, khong thu dugc san phadm mong mudn. Két qua nay khing dinh vai tro xtc
tac thiét yéu ctia Na,S.3H,0 trong co ché phan (g, dong thoi loai trir kha ning
phan tng co thé tu dién ra hodc do nhiét 46 don thuan.

Tiép theo, m& rong khao sat bang cach danh gia anh hudng cua cac loai
dung moi khac nhau dén hiéu suat phan img, nham tim ra méi truong phan tng
tdi wu nhat. Sau loai dung moi duoc lya chon dai dién cho cac nhém phan cuc
va khong phan cuc khac nhau, bao gom: p-xylene, n-pentanol, ethylene glycol
monoethyl ether (EtOCH,CH,OH), pyridine, N,N-dimethylformamide (DMF),
va dimethyl sulfoxide (DMSO) (thi nghiém 4-9). Céc thi nghiém duogc tién
hanh ddng nhat vé diéu kién (nhiét do 120 °C, 4 gid phan tng, véi 1 duong
lwong Na,S.3H,0). Két qua cho thiy DMSO 1a dung mdi cho hiéu suit phan
g cao nhat (thi nghiém 9) trong s6 cac dung moi khao sat boi vi DMSO c¢6
dd phan cuc cao va kha nang hoa tan tdt nhiéu loai chit vo co va hitu co, bao
gém ca Na,S.3H,0, tur do giap tao diéu kién thuéan lgi cho qué trinh khur va

ngung tu dién ra hiéu qua. Hon thé nita, DMSO c6 kha ning 6n dinh céc trang
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thai trung gian mang dién tich hodc c6 tinh phan cuc cao (nhu o-nitrosoaniline
hodc imine trung gian), diéu nay gitp duy tri co ché phan img mot cach chon
loc va thuan lgi. Trong khi do, cac dung modi khac nhu p-xylene hoac n-pentanol
chi cho hiéu suat rat thip hodc phan ting gan nhu khong xay ra, cho thiy rd
rang rang ban chit phan cuc va kha ning tuwong tac ctia dung moi co vai tro
quyét dinh dén tdc d6 va hiéu suét cua phan ng.

Sau khi x4c dinh dugc xuc tac va dung moi phu hop, tiép tuc khao sat
anh hudng cta nhiét do dén hiéu qua phan tng trong méi truong DMSO. Khi
tang nhiét do phan ung 1én 130 °C (thi nghiém 10), hiéu suat cua phan Gmg dat
muc cao hon, 1én dén 54 %, cho théy phan ing duogc thuc déy manh hon ¢ diéu
kién nhiét do cao. Nguoc lai, khi gidm nhiét do xuéng 100 °C va 80 °C (thi
nghiém 11 va 12), hiéu suét phan tmg giam twong Gng xudng con 40 % va 32
%. Két qua nay co thé duoc giai thich nhu sau: phan tng tao imine va dong
vong tao ra nudc 1 san pham phy, nudc du 13 nguyén nhan thity phan imine C
gdy mat kiém soat hudng cia phan Gmg, ¢ nhiét do cao (130 °C), nudc bi bic
hoi khéi hé 1am giam nguy co xay ra qué trinh thity phan gy giam hiéu suét.

Cubi cung, nham danh gia kha ning thay thé xuc tac Na,S.3H,0 bang
cac hé xuc tac khac, ching t61 thir nghiém hai lya chon thay thé: FeCls.6H,O
va luu huynh nguyén t6 (S) (thi nghiém 13 va 14). Tuy nhién, trong ca hai
truong hop, phan timg khong xay ra va khong thu dugc san pham, ching to rang
cac xtic tac thay thé nay khong co hiéu qua trong phan ing nay. Piéu niy cang
cing cb thém vai tro dic thu va khong thé thay thé cua Na,S.3H,0 trong hé

phéan Ung.
@] Na,S.3H,0
NH, R 130°C, 4h N
o Ao
=
NH> DMSO N~ "R
O K2003, N32CO3
NO, R or K3POy N\
L, - - X
-
NH, DMSO, 130°C N R

Hinh 3.16. Céc thi nghiém minh ching co ché tao vong quinoxaline

Pé chimg minh duong di cua phan tng ndy va vai tro ctia Na,S.3H,0

cac phan ting kiém soat khac dugc thuc hién. Mic du o-phenylenediamine dugc
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tim thay c6 trong tat ca hdn hop phan ung di tir o-nitroaniline, chiing t6i da thuc
hién phan tng gitta o-phenylenediamine véi cac acetophenone trong diéu kién
tiéu chudn. Tuy nhién sau phan tng khong thu duoc bit ctr san phdm mong
mudn nao. Piéu ndy ching minh o-phenylenediamine khong phai 1a chat trung
gian cuia phan tmg nay. Tiép theo, tién hanh thay thé Na,S.3H,0 bang cac base
v6 co kém hoat dong khac nhu K,CO;3, Na,COs, va K3PO, dé thiic day qué trinh
ngung tu oxi hoa khir giira o-nitroaniline véi acetophenone. Két qua sau d6 cho
thay khong c6 déu vét ctia san phim quinoxaline mong mudn. Boi vi cac base
v6 co nhu K,CO3, Na,CO; va K3sPO4 khong thé thuc day phan Gmg ngung tu
gifra o-nitroaniline va ketone vi chung khong c6 kha ndng khir nhém nitro (-
NO,) thanh nhém nitroso (-N=0), 12 budc khai dau bat budc dé phan tmg dién
ra. Mic du cac base nay c6 thé hd trg cic phan Gng ngung tu thong thuong
thong qua viéc nhan proton, nhung trong co ché ctia phan tng nay, vai trd quan
trong nhat 1 khir chon loc nhém nitro thanh chét trung gian hoat hoa -N=0, tir
d6 moi ¢ thé hinh thanh imine va tiép tuc dong vong tao nhan quinoxaline. Vi
vay tinh base don thuan 1a khong du, phan Gng doi hoi mot chat khir hiéu qua
nhu Na,S.3H,0 dé cung cap electron cho qua trinh khir -NO», tir 6 khéi phat
toan b chudi phan tng redox. Vi vay, cac base nhu K,CO3, Na,CO; hay K3POy
khoéng thé thay thé vai tro ctia Na,S.3H,0 trong phan mg nay.

Phén (mg ngung tu str dung Na,S.3H,0 gitta o-nitroaniline va ketone thé
hién kha ning tao ra chi mot ddng phan cu thé trong sb cac kha niang 1y thuyét
c6 thé xay ra. Piéu nay 1a mot uu diém quan trong so véi cac phuong phap cd
dién st dung o-phenylenediamine khong dbi xtmg, von thuong tao ra hdn hop
cac dong phan cu trac do khong kiém soat duoc vi tri trong qua trinh ngung
tu. Trong co ché duoc dé xuét, qua trinh khir nhom nitro (-NO:) cua o-
nitroaniline bang Na,S.3H,O tao ra chit trung gian o-nitrosoaniline, c6 tinh
dinh hudéng cao. Nhom nitroso (-NO) ban dau ctia o-nitroaniline s& wu tién phan
g v&i nhom CH; hoat hoa canh nhom carbonyl cila ketone. Ban than cau tric
clia o-nitroaniline déng vai tro nhu mot “ban thiét ké dinh huéng trudc”, trong
d6 chi c6 mot vi tri cu thé cho phép tao thanh lién két méi phu hop dé dong
vong tao khung quinoxaline. Hon nita, qua trinh xay ra trong diéu kién nhiét do
cao va loai nuéc ra khoi hé phan tng giup giam qué trinh déng phan hoa

(isomerization) - mot co ché gdy mat dinh huéng. Thuc nghiém ciing chi ra
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rang véi cac o-nitroaniline c6 nhém thé khong ddi xing chi mot dong phan
quinoxaline (151av va 151ia) duy nhit dugc tao thanh trong mdi truong hop.
CAu tric san phém dugc xac dinh chinh x4c qua dir liéu NMR va tinh thé hoc
(X-ray), khing dinh do chon loc vi tri cta phan tmg 14 rét cao.

Trong nghién ctru, hai hop chat 151av va 151ia d3 dugc phan tich cAu
tric bang phuong phap nhidu xa tia X don tinh thé, cho két qua quan trong
nham x4c nhan do chon loc vi tri ciia phuong phap nay. Céc thong sb dugc trinh
bay trong bdng 3.6. Hop chat 151av 1a 2,3-diphenylquinoxaline mang nhom
thé chloro & vi tri 4, trong khi 151ia mang nhom bromo & cung vi tri. Ca hai
hop chét déu két tinh & hé tinh thé triclinic v6i nhém khong gian P-1, mat do
tinh thé 1an luot 1a 1.386 va 1.598 Mg/m?, va déu chira 2 phan tir trong mot 6
don vi (Z = 2). Dit liéu tinh thé hoc c6 d6 chinh x4c cao voi cac gia tri R thap,
cho phép xac dinh 6 rang vi tri cua timg nguyén tir va khang dinh rang qua
trinh tao vong quinoxaline di dién ra theo ding dinh huéng mong mudn. Cau
tric tinh thé cho thdy khung quinoxaline va hai vong phenyl gan tai vi tri 2 va
3 déu gan nhu dong phang, gop phan tao nén hé lién hop © mé rong va on dinh.
Piéu dic biét quan trong la vi tri ctia nhém halogen (CI hodc Br) dugc xac dinh
nam tai vi tri 4 trén nhan quinoxaline, cho thdy qua trinh khtr, ngung tu va dong
vong tir o-nitroaniline di dién ra theo co ché nhat quan, trong d6 nhom nitroso
(-N=0) phan tng v&1 nhém methylene canh carbonyl va nhom amino (-NHz)
thuc hién phan ing dong vong véi nhém C=0 con lai. Ngoai ra, trong mang
tinh thé ciing ghi nhan céc tuong tac yéu kiéu C-H---Cl va C-H---Br, gop phan
6n dinh mang ludi tinh thé va hd tro qua trinh két tinh. Nhu vy, di liéu X-ray
ctia hai hop chat 151av va 151ia khong chi cung cap bang ching cdu tric xéac
thuc ma con dong vai tro quan trong trong vi¢c chirmg minh kha nang chon lgc
vi tri ctia phan Gmg va co ché hinh thanh san pham duy nhat, ngay ca khi sir

dung o-nitroaniline mang nhom thé khong déi xtmg.
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Hinh 3.17. CAu tric hai hop chit 151av va 151ia thu duoc bang phuong phap
nhiéu xa tia X don tinh thé

Bdng 3.6. Cac thong s tinh thé cua hai din xuit 151av va 151ia

Ki hiéu 151av 151ia
C@ng Cl N\ Br N
thirc \Q:Nj\@ UNJ\Q

CAu trac
Cong C14HoCIN, C14HoBrN,
thirc

phan tir

Phan tu 240.693 285.144
khoi
Nhiét 293.0(2) 293.0(2)

do (K)
H¢ tinh Don nghiéng Don nghiéng
thé
Kich 9.5508(6) 9.6512(5)

thudc 6 4.7677(3) 4.9125(2)

mang 12.4996(9) 12.4349(9)
(A) 103.508(7) 104.633(6)
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Thé tich 553.43(7) 570.43(6)
0 mang

(A%)

Trén co s& cac két qua nay, mot co ché dugc dé suit nhu dugc mé ta
trong Hinh 3.18. Pau tién, nhom nitro (-NO:) ciia o-nitroaniline (A) dugc khir
chon loc boi Na,S.3H,0 tao thanh o-nitrosoaniline (B), 1a chat trung gian c6
kha niang hoat dong cao. Tiép theo, nhom nitroso (-N=0) véi tinh chét
electrophilic manh phan tng véi nhém methylene hoat héa canh carbonyl cua
ketone, hinh thanh lién két imine, tao nén hop chét trung gian C. Sau d6, nhém
amino (-NH) trén vong thom thuyc hién phan Gng ndi phan tr vé1 nhom
carbonyl con lai tao thanh quinoxaline (F). Tuy nhién, néu khong kiém soat tot
nuéc sinh ra trong qué trinh ngung tu, imine C ¢6 thé bi thity phan thanh o-
phenilenediamine va hop chat D. Hop chat D nay khi phan tng lai c6 thé tao
thanh mot imine khac (G), din dén san pham ddng phan khong mong mudn.
Vi vay, viéc kiém soat nhiét do va loai bo nudc 1a yéu td then chdt giup phan
tmg dién ra theo huéng mong mudn va dat duge d6 chon loc vi tri cao. Co ché
nay cho thay su két hop hiéu qua giira khir, ngung tu va dong vong trong mot
qua trinh "one-pot", gitp don gian héa tong hop va tang do chon loc cau tric

san pham.
H R'

) />/ O
R\©:NO Na,S.3H,0 \C[ Q m
NH,
A

redox
condensation

R /20

0#@

H,0

sfo—yto ™

Hinh 3.18. Co ché dé xuét phan tng tong hop quinoxaline
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Tém lai, phuong phap nay st dung o-nitroaniline va ketone dudi tac
dung ctia Na,S.3H,0 mang lai nhiéu wu diém vuot troi so véi cac phuong phap
cb dién str dung o-phenylenediamine lam nguyén liéu khéi dau. Trude hét, o-
nitroaniline 14 hop chét thuong mai phd bién, c6 d6 bén cao va dé bao quan,
trong khi o-phenylenediamine lai 1a hop chat khong 6n dinh, d& bj oxy hoa
trong khong khi va thuong yéu cau budc khir tién xir 1y tir dan xuét nitro, sir
dung céc chat khir manh, vén khong than thién véi méi truong. Phuong phap
mo1 nay cho phép thuc hién toan bd phan ing trong mdt binh phan g (one-
pot), giup don gian hoa quy trinh, giam sé budc tong hop, tiét kiém thoi gian
va luong hoa chét s dung. Pang chu y, phuong phap nay con cho thay kha
nang kiém soat dinh hudng phan g vuot troi. Trong cac phuong phap co dién
str dung o-phenylenediamine khong ddi xtng, phan tmg voi ketone thuong tao
ra hdn hop cac dong phan cau triic do khong thé kiém soat vi tri tin cong cua
nhom amino. Nguoc lai, vi phuong phap nay chinh ciu triic ctia o-nitroaniline
gitp dinh hudng 10 rang qua trinh phan Gng: nhém nitroso (-N=0) c6 tinh
electrophilic vu tién phan trng v61 nhdm methylene (-CH,-) canh carbonyl cua
ketone, sau d6 nhom amino (-NH;) con lai mdi tham gia dong vong. Nho do,
san pham thu dugc c6 dinh vi r6 rang. Ngoai ra, diéu kién phan ng cling rat
don gidn va than thién: sir dung Na,S.3H,0 lam chat khtr nhe va DMSO lam
dung moi & nhiét do khoang 130 °C, khong can dén xtc tac kim loai hay céc
tac nhan oxy hoa — khir manh dgc hai. Phan tng cho hi¢u suat tot, co kha nang
mé& rong voi nhidu loai ketone thom khac nhau nhu acetophenone, hay
propiophenone, ciing nhu cdc o-nitroaniline mang nhiéu nhom thé dién tir khac
nhau. Vi nhiing loi thé vé nguyén liéu, co ché dinh hudng, quy trinh gon nhe,
dd chon loc cao va tinh mé rong tdt, phuong phép nay la mdt budc tién ro rét
trong tong hop cac hop chat di vong chira nhan quinoxaline, dic biét trong bdi
canh phat trién héa hoc xanh va tong hop hién dai.

Pé khang dinh qua trinh phan ung di tong hop thanh cong hop chat
quinoxaline 151aa chang t6i chirng minh cau triic ctia hop chat ny bang cac
phuong phap pho hién dai '"H NMR va '>*C NMR va so sanh véi cac tai liéu lién

quan trong viéc xac dinh cau triic ciia quinoxaline:
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Hinh 3.19. Phé '"H NMR cua hop chit 151aa
Trén pho "H NMR ciia hop chat 151aa xuat hién day du 10 tin hiéu cong

hudng proton cdé mat trong phan tir. Tin hi¢u cong hudng dang singlet tai 9,3
ppm (1H, s) ctia proton H-3, ndm gitta hai nguyén tir nito trén vong quinoxaline,
noi hi¢u ung che chin dién tir manh khién tin hiéu bj dich chuyén vé vung
truong thap. Dai tin hiéu dang multiplet tir 8.20-8.18 ppm gom hai proton tai
cac vi tri H-5 va H-8 trén khung di vong, nam lan cén céc vi tri nito va chiu anh
hudng cong hudng lién hop. Tin hiéu multiplet tiép theo trong khoang 8.17-
8.11 ppm 1a hai proton con lai trén vong quinoxaline thudc H-6 va H-7. Trong
khi d6, tin hiéu & ving 7.78-7.72 ppm thudc vé hai proton ¢ vi tri H-10 va H-
14 1a hai proton & vi tri ortho ctia vong phenyl. Cubi cung, tin hiéu multiplet tir
7.58—7.50 ppm dugc gan cho ba proton con lai trén vong phenyl, gdm cac vi tri
H-11, H-12 va H-13 (vi tri meta va para).
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Hinh 3.20. Pho *C NMR ciia hop chét 151aa

Ph6 *C NMR cua hop chat 151aa thé hién 12 tin hiéu cong huong cia
nguyén tir cacbon tai ¢ 152, 143.5, 142.46, 141.73, 136.94, 130.41, 130.32,
129.77, 129.67, 129.29, 129.26, 127.70, phi hop véi céu tric bao gdom mét hé
vong di vong (quinoxaline) két hop véi mot vong phenyl d6i xtmg. Tin hiéu &
§ = 152 ppm duogc gan cho carbon C-3, 14 carbon ndm giira hai nguyén ti nito,
chiu hiéu tng khu che chin manh. Carbon C-2 la diém ndi gifta nhan
quinoxaline va vong phenyl, ¢ tin hiéu tai 6 = 136.94 ppm, phan 4nh tinh chét
cau ndi va anh huong tir hai h¢ thom. Viéc chi xuét hién 12 tin hiéu carbon (so
v6i 14 carbon trong phan tir) 1a hop 1y vi mot s carbon ¢ thé bi tring tin hiéu

do d6i xtmg hoéa hoc.

3.3.2. Tong hop cac din xuiat quinoxaline biang diéu kién t6i wu

Véi cac diéu kién t6i wu trong tay, toi tién hanh tong hop quinoxaline tir
o-nitroaniline vdi cac aryl ketone. Vi cdc nhom thé day electron (Me, OMe)
thu duoc cac din xuit quinoxaline mong mudn véi hiéu suit tir 51 % dén 62
%. Nhom day dién tir lam ting mat do electron trén vong thom, gitp on dinh
trung gian imine, bén canh d6 con hd trg qua trinh khir NO, thanh NO thuan

loi hon trong méi truong khir nhe gitp lam ting hiéu suat chung cua phan tng.
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151ac 51 %
151ad 62 %

Hinh 3.21. Cac dan xuat quinoxaline v&i nhom thé day electron

V&i cac nhom thé halogen 3-F, 4-F, 2-Cl, 3-Cl, 4-Cl, 3-Br, 4-Br cua
acetophenone ciing thu dugc san phan quinoxaline mong muén véi hiéu suét
thap hon mot chut dat duoc tir 41 % dén 56 %.

ct:l© @EZIQF @r:}Q

151ae 54 % 151ak 52 %
151ai 45 %

CE:“?L@ CEZ:L@C CEZIQ

. 151ag 54 %
151aj 56 % 151ah 41 %

N“‘\
L
NL@\
Br

151af 56 %

Hinh 3.22. Céc dan xuat quinoxaline v6i nhém thé halogen

Ngoai ra, thi nghiém dugc tién hanh véi cac di vong khac nhu furan hay

thiophen ciing thu dugc quinoxaline v6i hiéu suat trung binh.
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151am 42 % 151an 49 % 151al 55 %
Hinh 3.23. Cac dan xuat quinoxaline véi cac di vong furan hay thiophene
Nghién ctru anh hudng ctia cic dan xuét o-nitroaniline v4i acetophenone.
Phan tng dugc tién hanh trong diéu kién tdi uu trén véi cac o-nitroaniline chira
cac nhom thé khac nhau. Két qua thu duoc cic dan xuat quinoxaline mong

mudn véi hiéu suét tir 38 % dén 51 %.

Me: : :N N Me . : :N
N N N
= — _

Me N ; N N

Me

151ax 38 % 151aw 38 % 151au 40 %
MeO N\ F N\ Cl N\
N N N
151a0 40 % 151az 51 % 151av 38 %
Br\QN\ CF3\©N\
N/]\© N/]\©
151ia 38 % 151ay 40 %

Hinh 3.24. Cac dan xuat quinoxaline tir cic o-nitroaniline khac nhau

Hon thé nira, tién hanh thém cac thi nghiém véi cac propiophenone chia
nhom thé halogen va mot vai deoxybenzoin khac nhau va cling thu duoc cac
san pham mong mudn véi hiéu suét tir 20 % dén 56 %. Cac dan xuat cua
propiophenone cho hiéu suit thip hon dang ké so voi cac ketone nhu
acetophenone hay deoxybenzoin. Nguyén nhan chinh dugc cho la do anh
hudng ctia nhom ethyl (CH,CHj3) trong propiophenone lam giam tinh acid cua
a-proton ké nhém carbonyl, tir d6 khién qua trinh ngung tu v6i nhém nitroso (-
N=0) trén o-nitroaniline tr& nén kém thuédn loi. Trung gian imine hinh thanh
trong budc ndy ciing kém on dinh hon so véi khi sir dung acetophenone (co
nhom CH3) hodc deoxybenzoin (c6 nhom phenyl), 1am anh hudng dén bude
dong vong quinoxaline tiép theo. Ngoai ra, trong mdi truong giau electron nhu
DMSO véi sy c6 mat cia Na,S.3H»0, cac ketone a-alkyl nhu propiophenone
c6 thé dé bi khir canh tranh hoic tao cic phan ung phu khong mong mudn.

Nhiing yéu t6 ndy phdi hop lam giam hiéu suat phan ung.
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151ca 30% 151ha 41%
151fa 41%
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Hinh 3.25. Céac dan xuét quinoxaline tir cac propiophenone
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KET LUAN
1. Luan 4n da nghién ctru thanh céng phan tng méi tong hop dan xuat 2-
aminobenzoxazole tir o-nitrophenol va isothiocyanate voéi diéu kién: o-
nitrophenol (1.5 eq), PhNCS (1.5 eq) FeCL4H,O (5 mol%), N-
methylpiperidine (1 eq), N-methylpyrrolidone (0.2 mL), phan Umg duoc thuc
hién & 100 °C trong 16 gio.

Ap dung phuong phap méi nay tong hop thanh cong 39 dan xuat 2-
aminobenzoxazole mang cic nhom thé khac nhau. Cau tric cta 39 dan xuét
benzoxazole di dugc lam sang t6 bang cac phuong phap phan tich pho nhu 'H
NMR, "3C NMR va HRMS. Trong d6 cé6: 08 hop chat moi (145az, 145c¢a,
145ea, 145fa, 145ga, 145ha, 145ia, 145la)

2. Luan 4n d4 nghién ctru thanh cong phan ing méi “one-por” tong hop dan
xuét 2-aminobenzoxazole tir amine, o-nitrophenol va CS, véi diéu kién: Amine
(1 eq), o-nitrophenol (1 eq), CS; (1.5 eq), K»CO; (1 eq), FeCl,.4H,0 (5 mol%),
N-methylpyrrolidone (0.2 mL), phan trng duoc thuc hién ¢ 100 °C trong 16 gio.

Ap dung phuong phap méi nay tong hop thanh cong 31 dan xuat 2-

aminobenzoxazole. Cdu trac ctia 31 dan xuit benzoxazole da dugc lam sang to
bang cac phuwong phap phan tich phd nhu 'H NMR, '*C NMR va HRMS. Trong
d6 c6: 20 hop chat mdi (148ac, 148ad, 148ae, 148ag, 148ah, 148ak, 148an,
148aq, 148ar, 148as, 148at, 148av, 148aw, 148ax, 148ay, 148ba, 148ca,
148da, 148ea, 148fa)
3. Luan 4n da nghién ctru tong hop thanh cong phan tmg méi téng hop dan
xuét quinoxaline tir o-nitroaniline va acetophenone véi diéu kién: o-nitroaniline
(1 eq), acetophenone (1.2 eq), Na,S.3H,0 (1 eq), DMSO (0.4 mL), phan ing
duoc thyc hién & 130 °C trong 4 gio.

Ap dung phuong phap méi nay tong hop thanh cong 34 dan xuét
quinoxaline. C4u tric ctia 34 dan xuat quinoxaline d3 dugc 1am sang to bang
cac phuong phap phan tich phd nhu '"H NMR, '*C NMR va HRMS. Trong d6
c6: 02 hop chat quinoxaline hodn toan modi: 6-Methyl-2-phenyl-3-(p-
tolyl)quinoxaline (151as), 2-(3-Bromophenyl)-3-methylquinoxaline (151ea).

4, Lu4n an d3 nghién ctru va dé xuét co ché cho 03 phan tng méi thu duoc.
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TINH MOI CUA LUAN AN

> D3i dua ra 02 quy trinh téng hop thanh cong cac hop chit di vong khung
benzoxazole va 01 quy trinh téng hop thanh céng cac hop chit di vong khung
quinoxaline.

> Pua ra co ché ngung tu oxi hoa khir truc tiép tir o-nitrophenol dé tong
hop cac hop chit di vong khung benzoxazole ma khong phai di qua trung gian
o-aminophenol. Qu4 trinh nay dién ra trong mot bude duy nhat (one-pot) véi
su tham gia cta Fe/S, gitp loai bo cac budc khir riéng biét, tiét kiém nguyén
tir, s6 budc va dién tir.

> Pua ra co ché méi tong hop di vong quinoxaline bang cach khir chon loc
mot phan o-nitroaniline thanh o-nitrosoaniline, tiép theo 1a kha ning dinh
hudng vi tri ciia san phém, chi tao mot san phém duy nhét véi cac chat dau chua
cac nhom thé khong d6i ximg.

> Téng hop duoc 70 hop chat di vong khung benzoxazole trong d6 c6 28
hop chét chwa duoc cong b trong céc tai lidu khac.

> Tong hop dugc 34 hop chat di vong khung quinoxaline trong d6 c6 02

chat chua duogc cong bo trong cac tai li¢u khac.
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6-methyl-N-phenylbenzo[d]oxazol-2-amine (145ab)
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5-chloro-N-phenylbenzo[d]oxazol-2-amine (145ad)
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5-Bromo-N-phenylbenzoxazol-2-amine (145ae)
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5-Methoxyl-N-phenylbenzoxazol-2-amine (145af)
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Methyl 2-(phenylamino)benzoxazole-5-carboxylate (145ah)
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N-Phenylnaphtho[1,2- dloxazol-2-amine (145ai)
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N-Phenylnaphtho|2,1- d]loxazol-2-amine (145aj)
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N-(p-Tolyl)benzoxazol-2-amine (145ak)
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N-(m-Tolyl)benzoxazol-2-amine (145al)
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N-(o-Tolyl)benzoxazol-2-amine (145am)
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N-(Naphthalen-1-yl)benzoxazol-2-amine (145an)
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(145a0)

-amine
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5-Chloro-N-(2-fluorophenyl)benzoxazol-2
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5-Chloro-N-(3-fluorophenyl)benzoxazol-2-amine (145ap)
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(145aq)

-amine

N-(4-Fluorophenyl)benzoxazol-2
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5-Chloro-N-(3-chlorophenyl)benzoxazol-2-amine (145ar)
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N-(4-Chlorophenyl)benzoxazol-2-amine (145as)
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N-(4-Chlorophenyl)-5-methylbenzoxazol-2-amine (145at)
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(145au)

150
-amine

N-(4-Chlorophenyl)-5-fluorobenzoxazol-2
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5-Chloro-N-(4-chlorophenyl)benzoxazol-2-amine (145av)
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5-Chloro-N-(3,4-dichlorophenyl)benzoxazol-2-amine (145aw)
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N-(2-Bromophenyl)-5-chlorobenzoxazol-2-amine (145ax)
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N-(4-Bromophenyl)benzoxazol-2-amine (145ay)
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5-Bromo-N-(4-bromophenyl)benzoxazol-2-amine (145az)
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5-Chloro-N-(4-iodophenyl)benzoxazol-2-amine (145ba)
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5-Chloro-N-(3-methoxyphenyl)benzoxazol-2-amine (145ca)
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5-Chloro-N-(4-methoxyphenyl)benzoxazol-2-amine (145da)
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Ethyl 4-((5chlorobenzoxazol-2-yl)amino)benzoate (145ea)
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5-Chloro-N-(3-nitrophenyl)benzoxazol-2-amine (145fa)
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4-((5-Chlorobenzoxazol-2-yl)amino)benzonitrile (145ga)
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5-Chloro-N-(2-(trifluoromethyl)phenyl)benzoxazol-2-amine (145ha)
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5-Chloro-N-(3-(trifluoromethyl)phenyl)benzoxazol-2-amine (145ia)
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(145ja)

-amine

N-Cyclohexyl-5-methylbenzoxazol-2
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(145ka)

-amine

5-Chloro-N-cyclohexylbenzoxazol-2
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(145la)

-amine

N-Allyl-5-chlorobenzoxazol-2
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5-Chloro-N-methylbenzoxazol-2-amine (145ma)
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5-Chloro-N-ethylbenzoxazol-2-amine (145na)
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5-methyl-NV-(p-tolyl)benzo|[d]oxazol-2-amine (148aa)
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5-methyl-V-phenylbenzo[d]oxazol-2-amine (148ab)
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5-methoxy-/NV-(p-tolyl)benzo[d]oxazol-2-amine (148ac)
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6-methoxy-/V-(p-tolyl)benzo[d]oxazol-2-amine (148ad)
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5-fluoro-N-(p-tolyl)benzo|d]oxazol-2-amine (148ae)
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5-chloro-N-(p-tolyl)benzo[d]oxazol-2-amine (148af)
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5-methyl-NV-(o-tolyl)benzo|d]oxazol-2-amine (148aj)
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5-methyl-NV-(naphthalen-2-yl)benzo|d]oxazol-2
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N-(2-methoxyphenyl)-5-methylbenzo[d]oxazol-2
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5-methyl-V-(3,4,5-trimethoxyphenyl)benzo[d]oxazol-2-amine (148an)
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N-(-4-fluorophenyl)-5-methylbenzo|d]oxazol-2-amine (148a0)
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N-(-3-chlorophenyl)-5-methylbenzo[d]oxazol-2
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N-(-4-Bromophenyl)-5-methylbenzo[d]oxazol-2
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N-(-3-Iodophenyl)-5-methylbenzo[d]oxazol-2
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5-methyl-V-(-3-(trifluoromethyl)phenyl)benzo|d]oxazol-2-amine (148at)
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3-((5-methylbenzo|d]oxazol-2-yl)amino)benzonitrile (148av)
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5-methyl-V-(4-(trifluoromethyl)phenyl)benzo[d]oxazol-2-amine (148aw)
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N-(2-(2-methoxyphenoxy)ethyl)-5-methylbenzo|d]oxazol-2
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N-(3,3-diphenylpropy)-5-methylbenzo[d]oxazol-2
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N-(4-methoxybenzyl)-5-methylbenzo|d]oxazol-2
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N-benzhydryl-5-methylbenzo[d]oxazol-2-amine (148fa)
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2-Phenylquinoxaline (151aa)
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2-(4-Methoxyphenyl)quinoxaline (151ac)
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2-(4-Fluorophenyl)quinoxaline (151ae)
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2-(4-Bromophenyl)quinoxaline (151af)
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2-(4-Chlorophenyl)quinoxaline (151ag)

'H NMR (600 MHz, CDCls)
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2-(3-Bromophenyl)quinoxaline (151ah)
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2-(3-Fluorophenyl)quinoxaline (151ai)
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1°F NMR (565 MHz, €DCl:)
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2-(3-Chlorophenyl)quinoxaline (151aj)
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2-(2-chlorophenyl)quinoxaline (151ak)
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2-(Thiophen-2-yl)quinoxaline (151al)
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2-(Furan-2-yl)quinoxaline (151am)
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2-(5-Methylfuran-2-yl)quinoxaline (151an)
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6-methoxy-2-phenylquinoxaline (151ao0)
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2,3-Diphenylquinoxaline (151ap)
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2-Phenyl-3-(p-tolyl)quinoxaline (151aq)
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2-(4-Bromophenyl)-3-phenylquinoxaline (151ar)
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6-Methyl-2-phenyl-3-(p-tolyl)quinoxaline (151as)

'H NMR (600 MHz, CDCl;)
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2-(2,4-dimethylphenyl)quinoxaline (151at)
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6-methyl-2-phenylquinoxaline (151au)
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6-Chloro-2-phenylquinoxaline (151av)

'H NMR (600 MHz, CDCls)
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8-Methyl-2-phenylquinoxaline (151aw)
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6,7-Dimethyl-2-phenylquinoxaline (151ax)
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6-(trifluoromethyl)-2-phenylquinoxaline (151ay)
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I°F NMR. (565 MHz, CDCL)
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6-fluoro-2-phenylquinoxaline (151az)

wr
e
¥
a
-
~
[Fr
=l
o
o
=
g~
e
(=3
=
, b
2 [
BaaL g~ o
oo

—

T
8.5

T
10.0

M {ppmj}

A605°L9L
LELETaL

N2

v

M

f=
encx«;uﬂ

Deaeazl
Az

1 (ppm}

AOEZrL m
B0IEZRL n“.

TCTTTT

BLEE 151
BLBT 151 .JP.

145

f {ppm)

150

L | IH ||

a0

&0

1 {ppm)



236

ISF NMR (565 MHz, CDCl3)
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2-(4-Flourophenyl)-3-methylquinoxaline (151ca)
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2-(4-Bromophenyl)-3-methylquinoxaline (151da)
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2-(3-Bromophenyl)-3-methylquinoxaline (151ea)
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2-(3-Flourophenyl)-3-methylquinoxaline (151fa)
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IF NMR (565 MHz, CDCl3)

—112 Ny

T T T T
-135 -4 -145 -150

-50) 55 &0 65 70 75 -0 -85 a0 05 100 2105 -1 1S 1200 135 130
1 {ppm}



243

2-(3-Chlorophenyl)-3-methylquinoxaline (151ga)
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6-bromo-2-phenylquinoxaline (151ia)

'H NMR (600 MHz, CDCL)
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Bang 1. Théng tin vé dir liéu tinh thé, phuong phéap thu thap va tinh chinh cau

triic cua hai dan xuat quinoxaline

Ki hi¢u 151av 151ia
Cong thuc CK@:NK Br\@:N\
NJ\@ NJ\Q
Cau tric
Cong thuc C14HoCIN, C14HoBrN,
phan tu
Phan twr 240.693 285.144
khoi
Nhiét do 293.0(2) 293.0(2)
(K)
May nhiéu Rigaku XtaLABpro mm003 Rigaku XtaLABpro mmO003
xa tia X Pilatus 200 Pilatus 200
Budc song 0,71073 0,71073
(A, A)
Hé tinh thé, | Pon nghiéng (Monoclinic), P2: | Mot nghiéng (Monoclinic), P2
nhom
khong gian
Thong s6 6 9.5508(6) 9.6512(5)
mang co s¢ 4.7677(3) 4.9125(2)
(Unit cell 12.4996(9) 12.4349(9)
parameters) 103.508(7) 104.633(6)
Thé tich 6 553.43(7) 570.43(6)

mang (A%)
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S6 don vi
cong thuce
trong 0

mang (Z)

Khbi luong
riéng tinh
toan

(g'em™)

1,444

1,660

H¢ so hap

thy (mm™)

0,319

3,578

F(000)

248

284

Kich thudc
tinh thé

(mm)

0,30 x 0,13 x 0,08

0,99 x 0,12 x 0,05

Khoang
gbc 0 thu
thap dir

ligu (°)

3,35-30,51

3,39 29,13

G161 han
chi s6
mang (h, k,
)

—13<h<12
—6<k<6
—17<1<18

—13<h<14
—6<k<7
—17<1<17

S6 phan xa
thu duoc /
phan xa

doc lap

10590 /3070

10735/ 2878

Rint

0,0333

0,0285

o day du
dir liéu (0 0
=25,24°)

99,6%

99,7%
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Hiéu chinh Gaussian Gaussian
hap thu
Hé s6 1,000 va 0,650 1,000 va 0,356

truyén to1

da va toi
thiéu
Phuong Binh phuong t6i thiéu toan ma | Binh phwong ti thiéu toan ma
phap tinh | tran trén F? (Full-matrix least- tran trén F?
chinh squares on F?)
S6 lidu / 3070/1/235 2878 /13 /236

rang budc /

tham so

Chi s6 phu
hop
(Goodness-
of-fit) trén
F2

1,1208

1,0575

Chisé R
cudi cing
[1>206(I)]

(RT)

R1 0,0295
wR2 0.0539

R10,0240
wR2 0.0400

Chiso R
cudi cung
(tat ca dir

licw)

R1 0.0427
wR2 0.0573

R10.0338
wR2 0.0419

Cau tric
tuyét d6i
(Absolute

structure)

~0.01(3)

0.002(5)
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Hé sd tat n/a 0.0165(14)
(Extinction

coefficient)

Pinh va ho 0.1845 va —0.2707 0.6002 va —0.4865
sai khac
16n nhat
(Largest

diff. peak
and hole,

e-A?)

S6 luu trir 2310625 2310626

CCDC
(CCDC
Deposit

number)




