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MO PAU
1. Tinh cép thiét ciia luin 4n

Céc hop chét chtra khung benzoxazole va quinoxaline di va dang
thu hit sy quan tam 16n trong linh vyc hoa dugc nho phé hoat tinh sinh
hoc da dang va tiém ning tng dung trong diéu tri nhiéu loai bénh 1y khac
nhau. Céc din xuat benzoxazole da dugc chimg minh c6 hiéu qua chdng
lai vi khuan, tic dung khang nim, chong viém, va chéng oxy héa nho
vao kha nang loai bo géc tu do. Pic biét, mot sd hop chét con thé hién
hoat tinh trc ché sy ting sinh t& bao ung thu & gan, phdi va dai tryc trang.
Tuong tu, khung quinoxaline — ciling 1a mét di vong quan trong c6 mat
trong nhiéu tic nhan duoc ly. Cac dan xuét quinoxaline thé hién tac dung
chéng ung thu manh mé&. Ngoai ra, quinoxaline con c6 hoat tinh khang
virus, khang viém va diéu bién enzyme, mo ra nhiéu trién vong diéu tri
trong cac bénh 1y phirc tap. Vi tinh chét hoa hoc linh hoat va pham vi
hoat tinh dugc ly rong, ca benzoxazole va quinoxaline dugc xem la
nhitng bo khung chién lugc trong thiét ké thudc méi hién nay.

Trong bdi canh phat trién bén vimg va nhu cau giam thiéu tac dong
tiéu cuc dén moi trudng trong qua trinh san xuat hoa chit, tong hop xanh
d3 tro thanh mot xu hudng tat yéu trong hoa hoc hién dai. Trong linh vuc
nay, luu huynh va cac hop chit chira luu huynh dong vai trd quan trong
khong chi nho tinh linh hoat héa hoc ma con boi kha niang Gng dung
trong nhiéu quy trinh than thién v6i méi trudng. Cac hop chét hitu co co
chtra Iuu huynh ciing c6 kha ning tu phan hity sinh hoc hodc dé tai ché,
gop phan giam lugng ton luu hoa chat trong moi truong. Vi nhimg wu
diém do, luu huynh ngay cang dugc quan tim va khai thac nhu mot
nguyén té ¢6 gié tri trong cac chién lugc téng hop xanh, gop phan hudng

dén nén hoa hoc hiéu qua, an toan va bén virng hon.
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Xuét phat tir co s¢ cac két qua nghién ctru va tinh cip thiét, ching

t6i da thyc hién luan an: “Nghién citu tong hop mot s6 hop chit di vong

khung benzoxazole va quinoxaline” v&i muc ti€u phat trien mot so

phuong phap méi don gian, hiéu qua, than thién v6i moi trudng dé téng

hop céc di vong khung benzoxazole va quinoxaline.

2.

Muc tiéu nghién ctru cia luén an

Nghién ctru phuong phap méi tong hop di vong khung benzoxazole
st dung hé xuc tac luu huynh.

Nghién ctru phuong phap méi tong hop di vong khung quinoxaline
st dung hé xuc tac luu huynh.

No6i dung nghién ciru cia luin an

Téng hop céc hop chat 2-aminobenzoxazole sir dung hé xuc tac luu
huynh va xac dinh céu tric ciia ching.

Tong hop cac hop chét quinoxaline sir dung hé xtic tac luu huynh va

xac dinh cau truc cia chiing.



3

CHUONG 1. TONG QUAN NGHIEN CUU

1.1. Gi6i thiéu vé cic hop chat khung benzoxazole
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Hinh 1.1 CAu trac hoa hoc ctia benzoxazole

Benzoxazole 1a mot di vong thom hop nhét gom vong benzen gin véi
vong oxazole (5 canh chira nguyén tir nito va oxy), tao nén hé thong « lién
hop bén viing voi tinh thom cao. Chu tric dic biét nay mang lai cho
benzoxazole nhiing tinh chit hoa hoc da dang, vira c6 do bén nhiét va hoa
hoc, vira d& tham gia cac phan (mg ngung tu, thé, hay tao phirc v6i kim loai
nho sy hién dién cua di nguyén tir. Benzoxazole 1a mét di vong thom quan
trong trong hoa dugc, duoc quan tdm rong rai nho c6 hoat tinh sinh hoc da
dang va tiém ning ung dung trong phat trién duoc pham. Nhiéu din xuét
benzoxazole dd dugc ching minh c6 kha ning khang khuan, khang nim,
khang virus va khang viém, dong thoi thé hién tac dung chong oxy héa manh
nhd kha ning loai bo gde tu do. Pic biét, cac nghién ctru gan day cho thay
mot s& hop chit chira khung benzoxazole c6 hoat tinh chéng ung thu dang
ké, trc ché su tang sinh cua té bao ung thu. Vi tinh chét ndy, benzoxazole
dang dugc xem nhu mot hop chét hira hen dé phat trién cac thude thé hé méi
diéu tri nhiéu bénh Iy va ung thu.

Ngoai dugce pham, cac din xuét benzoxazole con dugc ung dung trong
linh vuc vat lidu tién tién. Nho dic tinh quang hoc va dién to ndi bat,
benzoxazole 1a khung c4u tric quan trong trong thiét ké polymer phat quang,
chat phat huynh quang dung trong hinh anh sinh hoc, OLED, va cam bién
hoa hoc — sinh hoc. Cac tinh chat nay khong chi mé rong tiém ning img dung
trong cong nghé quang dién tir ma con hd tro phat trién cac cong cu chin

doan y sinh hién dai. Nhu vay, vdi sy két hop doc dao gitra hoat tinh sinh
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hoc va tinh chét vat liéu, benzoxazole duoc danh gia 1a mot trong nhiing
khung di vong giau tiém ning ung dung ca trong hoa dugc va khoa hoc vat
lidu.

1.2. Mt s6 thudc c6 nhan benzoxazole

Khung benzoxazole c6 trong thanh phan ctia nhiéu hop chit ¢ hoat
tinh sinh hoc, dugc hoc ciing nhu tinh chat vat Iy phi hop cho céc tmg dung
vat liéu chire niang. Cac dan xuét benzoxazole dugc dung voi vai tro chét
diéu tri ung budu, thude ha huyét ap, thude khang siéu vi, khang ndm, khang
ung thu, cling nhu khang histamine.

Flunoxaprofen 1a mot thuc chong viém khong steroid (NSAID) ¢
céu tric di vong benzoxazole gan v6i nhom 4-fluorophenyl va propanoyl.
Day 1a dan chat acid arylpropanoic c6 tac dung chdng viém, giam dau va ha
sot tuong duong indomethacin (hiéu lyc cao hon aspirin). Co ché tac dung
ctia flunoxaprofen khac v6i nhiéu NSAID cé dién khac. N6 chu yéu te ché

tong hop leukotrien (cac trung gian viém) hon 14 prostaglandin.
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Hinh 1.2. Cong thirc cAu tao ctia hop chat Flunoxaprofen

Trong 1am sang flunoxaprofen da dugc thir nghiém trong di€u tri
viém khép dang thap. Cac nghién ciru so sanh cliing véi naproxen cho thiy
hiéu qua diéu tri cua hai thudc nay twong duong. Tom lai, flunoxaprofen 1a
NSAID khung benzoxazole c6 tac dung chdng viém-giam dau hiéu qua va it
gdy ton thuong da day.

Benoxaprofen 1a mot NSAID nhém acid propanoic c6 ciu tric tuong
tu flunoxaprofen, nhung chira nhém 4-chlorophenyl thay cho 4-fluorophenyl
. Pay 1a thudc chdng viém dung diéu tri viém khdp dang thap va viém xuong

khép, véi liéu théng thuong 300-600 mg/ngay/lan.



Hinh 1.3. Cong thirc cau tao ctia hgp chit Benoxaprofen

Boxazomycin B 1a mét hop chét ty nhién thudc nhém khéang sinh c6
ngudn gde tir vi khuan Streptomyces. N6 so hitu khung benzoxazole dong
vai tro quan trong trong nhiéu hoat tinh sinh hoc. Boxazomycin B duoc biét
dén nho kha ning e ché manh vi khuan Gram dwong, dic biét 1a cac ching
c6 kha niang khang thudc nhu Staphylococcus aureus va Enterococcus
faecalis. Ngoai ra, mot sé nghién ctru so bo ciing chi ra hoat tinh khang nim
tiém nang, khién hop chit nay tré thanh mot ddi twong nghién ciru quan trong

trong vi€c phat trién thuoc khang khuan va khang nam moi.

0 NH;

Hinh 1.4. Cong thirc cau tao ciia hgp chit Boxazomycin B
1.3. Gi6i thiéu vé cac hop chit khung quinoxaline

Quinoxaline 14 mdt hop chat di vong thom bao gdm hai vong thom
hop nhat: mot vong benzene va mot vong pyrazine (1,4-diazine). Cong thirc
phan tir ciia quinoxaline 1a CLJHIN[]. Cac dan xuit quinoxaline c6 nhiéu
g dung tiém nang trong cac linh vuyc sinh hoc, y hoc va dugc 1y. Cac dan
xudt quinoxaline hoat dong nhu thudc chong dong vat nguyén sinh, thudc
khang vi-rit, thudc chéng viém va khang khuan va nhu mot chét e ché
kinase. Quinoxaline c6 nhiéu ung dung nhu chit phin cit DNA, thudc
nhudm, chit ban dan hitu co, cavitand, chét phat quang dién hi€u qua,

dihydroannunulene va cac khbi xay dung dé tong hop thu thé anion. Cac dan



xut quinoxaline cho thdy cac ddc tinh chdng ung thu, chdng st rét, khang
khuén, giér’n dau,, chéng dong kinh, chong tiéu duong, chdng lao va giun san.
1.4. M6t so thuoc c6 chira khung quinoxaline

Varenicline 12 mét loai thudc ké don duoc st dung dé hd tro cai
thudc 1a & nguoi truong thanh. Thude c¢6 mit trén thi trudng voi tén thuong
mai pho bién 1a Chantix (tai M¥) hodc Champix (6 mot s6 qudc gia khac).
Vé co ché, varenicline 1a chat cha véan ting phén tai thu thé nicotinic
acetylcholine loai a4f2, gitp kich thich nhe nhang cac thy thé nay nham
giam cam giac thém thudc va cac tridu ching khi cai. Pong thoi, thude ciing
ngin can nicotine tir thudc 1a gan vao thy thé, lam giam cam giac sang khoai
khi hat thudc. Varenicline hién van 1a mot trong nhiing lya chon hi€u qua
nhét trong diéu tri cai nghién thudc 14.
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Hinh 1.5. Cong thirc cu tao ctia hop chat Varenicline

Glecaprevir 1a mot loai thudc khang vi-rit trc ché sy nhan d6i RNA
trong vi-rut va bao v¢ khoi cac bénh do vi-rat viém gan C (HCV) gay ra. N6
cho thiy dot bién xay ra trong vi-rit va nhimng thay d6i xay ra trong trinh tur
axit amin, do do, chét wrc ché protease NS3/4A khong lién két chinh xac véi
vi tri lién két. Su két hop dudng ubng ciia Glecaprevir va Pibrentasvir duoc
chap thuan duéi tén thuong hiéu Mavyret. Gin day, vao nim 2017, liéu phap
két hop lidu ¢d dinh duoc FDA chép thuan dudi tén thuong hiéu Mavyret
cho bénh nhén suy giam mién dich mic thém mot bénh nhu xo gan (bénh

gan) va bénh than duogc didu tri bang Mavyret.
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Hinh 1.6. Cong thirc cu tao ctia hop chat Glecaprevir

Voxilaprevir ciing 1a mot chat trc ché protease NS3/4A cii tuong tur
va tac dong truc tiép 1én RNA sgi don ctia HCV va ngén chan co ché sao
chép cua nd. Thong thudng, mot don thube két hop (Voxilaprevir) duoc sir
dung cho nhitng bénh nhan suy giam mién dich véi virus viém gan C min

tinh cudi cung la nhiém trung giy ra & gan.
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Hinh 1.7. Cong thirc cau tao ciia hgp chat Voxilaprevir
Olaquindox 1a mét hop chét hoa hoc thudc nhém quinoxaline-1,4-
dioxide. Thubc dugc tong hop 1an dau tién vao nhitg ndm 1960 nhim muc
dich sir dung trong chan nudi, dac biét la dé khang khuén va thic déy tang

trudng & heo va gia cam. Olaquindox c6 kha ndng phong ngura va diéu tri cac



bénh tiéu hoa do vi khuin Gram 4m nhu Escherichia coli va Salmonella gay
ra. Qua trinh nay dan dén trc ché sinh trudng va tiéu diét vi khuan hiéu qua.
Sau khi udng, Olaquindox duoc hap thu nhanh chéng qua duong tiéu hoa,
phan b6 chu yéu ¢ gan va than, va dugc chuyén hoa qua qua trinh khir oxy

thanh cac chat it hoat tinh hon tru6c khi thai trir qua nudc tiéu va phan.
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Hinh 1.8. Cong thirc ciu tao ciia hgp chat Olaquindox



CHUONG 2. PHUONG PHAP NGHIEN CUU

2.1. Sic ki 16p méng

Séc ki 16p mong (SKLM) dugc sir dung dé dinh tinh chat dau va san
pham. Thong thudng chat dau va san pham c6 gia tri Ry khac nhau, mau sic
va su phat quang khac nhau. Dung sic ki 16p mong dé biét dugc phan tmg
d3 xay ra hay khong xay ra, phan tmg da két thiic hay chwa két thuc 1a dwa
vao cac vét trén ban moéng, cung cac gia tri Rf twong ung. Gié tri R clia cac
chét phu thudc vao ban chét cua céc chat va phu thudc vao dung moéi lam pha
dong. Duya trén tinh chat do, c6 thé tim duoc dung moi hay hdn hop dung
mai dé tach cac chét ra xa nhau (Rrkhac xa nhau) hay tim duoc hé dung moi
can thiét dé tinh ché cac chat.
2.2. Séc ki cft

Séc ky cot 1a phuong phap dé tach san pham tir hdn hop phan tng:
sir dung cot (20 x 50 mm) va silicagel thudong ¢& hat: 240-400 mesh dé tach
san pham. Hé dung mdi chay cot sir dung n-hexane : ethyl acetat, heptane :
ethyl acetate va dichloromethane : methanol.
2.3. Phwong phap xac dinh ciu tric

Phd 'H-NMR (500MHz), “C-NMR (125MHz) va 'H-NMR
(600MHz), *C-NMR (150MHz) ctia cac chit nghién ciru dugc do trén may
Bruker XL-500 véi dung mdi CDCl; va TMS 1a chét chuan, tai trung tim
Pho cong hudng tir hat nhan - Vién Ho4 Hoc - Vién Han Lam Khoa hoc &
Cong ngh¢ Viét Nam.

Phé khéi cua cac chit nghién ctru duoc ghi trén may SCIEX X500
QTOF & ché d ESI+ hoidc ESI- tai phong Hoa hoc Di vong, Vién Hoa hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Pho nhidu xa tia X (X-ray) dugc phan tich bang may MMO007 HF
ctia Rigaku Nhat Ban, Vién Hoa hop chét ty nhién — CNRS Cong Hoa Phap.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. K&ét qua tong hop cic din xuit benzoxazole tir 2-nitrophenol va
isothiocyanate

Chuing t61 gidi thiéu phuong phap mdi — mot phan tng ngung tu oxy
hoa khir tryc tiép giita 2-nitrophenol va isothiocyanate dudi xuc tac Fe/S
dugc hinh thanh in situ, cho phép tong hop 2-aminobenzoxazole chi trong
mot budc. Phuong phap nay dai dién cho mot co ché phan tng hoan toan
mdi, tdn dung dugc tinh nang cla ca hai thanh ph?m — kha nang khtr tir nhém
Iru huynh ciia isothiocyanate va kha ning oxy hoa tir nhém nitro — dé tao ra
di vong mong mudn trong diéu kién don gian va than thién véi moi truong.
Day 1a mot budc tién quan trong trong viéc phat trién cac phuong phap tong

hop xanh va hiéu qua cho céac di vong chira nito.

Reduction
e
A NO, b:C:N\ Fo/s N
= o R 8fs B
| Oxidation NHR
o OH S -850, o
Redox condensation

Hinh 3.1. Qua trinh tong hop 2-aminobenzoxazole
Chung t6i da tién hanh thi nghiém phan {mg giita 2-nitrophenol (1
mmol) va phenyl isothiocyanate (1,5 equiv) trong dung mdi N-
methylpyrrolidin-2-one (NMPone) dudi moéi trudng khi tro voi xuc tc nay
bao gdm luu huynh nguyén t6 mudi sit FeCl[1-4H1O trong 16 gio & 100 °C.
Két qua chi tiét duoc trinh bay & bang 3.1.

S (x equiv)
Fe (y mol %

NO; base (z equiv) N
+ R—N=Cz=S —— = “»—NHR
OH dung méi (0.2 mL) (0]

T°C, 16h

So do 3.1. Tong hop 2-aminobenzoxazole tir isothiocyanate
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Bing 3.1. Anh huéng cia dung mdi, nhiét d6 va xtc tac dén hiéu suit tong hop

Thi Xdc tac Base (eq) Dung Nhiét | Hiéu

nghiém | S Mudi Fe (% moi | 49 (°C) | suit

(eq) mol) (%)
a
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 (2) | NMPone | 100 62
7 1 FeCl,.4H,O (5) | NMP (0.5) | NMPone | 100 58
8 1 FeCl,.4H,0 (5) NMP (1) | NMPone | 100 32
9 15 | FeCl,.4H,O (5) | NMP (1) | NMPone | 100 72
10 2 FeCl,.4H,0 (5) NMP (1) | NMPone | 100 68
11 0.5 | FeCl2.4H.0 (5) NMP (1) | NMPone | 100 45
12 0.2 | FeCl,.4H,0 (5) | NMP (1) | NMPone | 100 42
13 15 | FeCl».4H:0 (1) NMP (1) | NMPone | 100 55
14 1.5 | FeCl..4H,0 (10) | NMP (1) | NMPone | 100 68
15 15 | FeCl,.4H:0 (5) NMP (1) | NMPone | 110 67
17 15 | FeCl,.4H:0 (5) NMP (1) - 100 46
18 1.5 | FeCl,.4H,0(5) | NMP (1) | DMAc 100 65
19 15 | FeCl,.4H:0 (5) NMP (1) DMF 100 67
20 1.5 | FeCl».4H.0 (5) NMP (1) | Pyridine 100 62
21 15 | FeCl,.4H,0 (5) NMP (1) DMSO 100 55
22 15 | FeCls.6H20 (5) NMP (1) | NMPone | 100 70
23 1.5 | FeCl,.4H,0 (5) | DIPEA (1) | NMPone | 100 67
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24 | 15 | FeCl24H,0 (5) | DABCO | NMPone | 100 | 69
(1)

25 1.5 FeS NMP (1) | NMPone 100 0

Chting t6i thyc hién cac thi nghiém voi diéu kién thiéu mot trong ba
thanh phﬁn chinh 1a luu huynh, mudi sit FeCl-4H[IO, hoic NMPone, két
qué 1a thu duoc 1a hai chét dau vao déu dugc thu hdi nguyén ven sau phan
g ¢ 100°C trong 16h (thi nghiém 1 dén 5). Piu nay chimg minh rang ca
ba thanh phan nay déu can thiét cho qua trinh khoi dong va duy tri phan tng.
Sy vang mit cua bat ky yéu t nao s& khién qua trinh ngung tu khong xay ra.
Nguoc lai, khi st dung dﬁy du ca ba thanh phén va tién hanh tao hé xtc tac
Fe/S ngay trong phan tng (in situ), san pham 2-aminobenzoxazole duoc hinh
thanh v6i hidu suét 62 % (thi nghiém 6). Th nhat, viéc ting hodc giam lugng
base NMP (thi nghiém 7 va 8 so v6i thi nghiém 6) cho thiy hiéu suat giam
khi dung qua it base (32 % v6i 0.5 eq) va cling khong cai thién thém khi tang
1én 2 eq (58 %). Thir hai, khao sat lugng luu huynh (thi nghiém 9 dén 12)
cho thay diéu kién t6i wu nhit khi sir dung 1.5 eq (thi nghiém 9, hiéu suét
72%), trong khi str dung luong luu huynh thap (0.2 - 0.5 eq) 1am hiéu suét
giam dang ké con 42 va 45 %, bén canh do khi sir dung luu huynh véi luong
cao (2.0 eq) ciing khong tang thém hiéu suat ma con giy kho khan trong viéc
tinh ché san pham do tao tap chit luu huynh. Piéu nay cho thiy luong luu
huynh can duoc kiém soat chit ché dé dam bao phan g dién ra hiéu qua va
thuan tién cho giai doan xur Iy sau phan rng.

Dbi vi chét xtc tac sat, khi chung t6i giam lugng FeCl(1-4H[10
xudng 1 mol% (thi nghiém 13) khién hiéu suit giam con 55 %, va khi ting
1én 10 mol% (thi nghiém 14) chi gitip ting nhe higu suat 1én 68 %, diéu d6

cho thay 5 mol% la muc ti uu, gitip can bang giira hiéu qua xic tac va chi
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phi. Khi dénh gia anh huéng cia nhiét d, ching toi nhan thiy rang ting
nhiét @6 1én 110 °C (thi nghiém 15) khong lam hi¢u suét vuot trdi hon, hiéu
suit dat 67 % so voi 72 % tai nhiét do 100 °C (thi nghiém 9). Chung t6i cling
nhan thay rang FeS thuong mai c6 san trén thi truong khong c6 hoat tinh xuc
tac trong phan Ung nay (thi nghiém 25).

Bén canh viéc khao sat cac thanh phan xuc tac, chiing t6i ciing tién
hanh kiém tra anh huéng cta dung méi. Khi khong st dung dung moi
NMPone ma thay bang DMAc, DMF hoic pyridine (thi nghiém 17-20), phan
g van dién ra nhung hi¢u suét chi dat tir 46-67 %, thap hon so véi khi str
dung NMPone (72 %). Pac biét, khi str dung DMSO — m¢t dung méi c6 tinh
oxi hoa nhe — san phém van duoc hinh thanh véi hiéu suit 55 %. Ngoai ra,
viéc thay thé FeCl[-4H[ 1O bang FeCl[1-6H[ O (thi nghiém 22) cho thiy
hiéu suét thu duoc thap hon. Cudi cung, nhom nghién ciru da thir nghiém
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 suat cao bang NMP.

3.2. Két qua tong hop cac din xuit benzoxazole tir 2-nitrophenol,
amine va carbon disulfide

Bén canh cac phuong phap st dung truc tiép isothiocyanate, chung
toi cling thir nghiém mot phuong phap khac, thay vi si dung cac
isothiocyanate thuong mai hodc tong hop trude do, téi da ap dung phuong
phap insitu dé tao isothiocyanate ngay trong hdn hop phan tng, bang cach
cho amine ban dau phan tng truc tiép véi carbon disulfide (CS;). Phuong
phap nay khong chi gitp rat gon sé budc tong hop, giam thiéu cong doan
tinh ché trung gian, ma con cai thién do sach cua san phém do isothiocyanate
dugc sinh ra va phan Gng ngay, tranh hién tuong phan hiy hodc phan tng

phu trong qua trinh luu trir.
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Dé xac dinh diéu kién t6i wu cho phan tng tong hop, toi di thuc hién
phan tng bat dau voi qua trinh khudy dung dich p-toluidine va CS; trong N-
methylpyrrolidine-2-one (NMP) ¢ 40 °C trong 30 phit véi K»CO; rén, sau
d6 o-nitrophenol va céc chét phu gia dugc thém vao va gia nhiét & 100 °C
trong 16 gid. Két qua chi tiét dugc trinh bay ¢ bang 3.2.

Bdng 3.2. Anh huong cua dung moi, nhiét do va xtc tac dén hiéu

suét tong hop
Thi Dung Xc tac Nhiét | Hiéu suat
nghiém moi do (%) 2
(°C)
NMP FeCl,.4H20 (0.05 mmol) 110 54
NMP FeCl».4H,0 (0.05 mmol) 80 58
NMP | FeCl2.4H20 (0.05 mmol) + | 100 69
S(1eq)
4 NMP | FeCl2.4H20 (0.05 mmol) + | 100 65
S (2 eq)
5 NMP FeCl,.4H,0 (1 mol %) 100 46
6 NMP - 100 0
7 NMP FeCl2.4H,0 (10 mol %) 100 65
8 NMP FeCls.6H20 (5 mol %) 100 67
9 NMP FeS0O4.7H20 (5 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 PhCI FeCl.4H,0 (0.05 mmol) 100
14 xylene FeCl.4H,0 (0.05 mmol) 100 0
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15 NMP FeCl,.4H,0 (0.05 mmol) | 100 70
duéi
didu
kién
khi
Ar

Chung t6i thuc hién thi nghiém tiéu chudn ¢ 100°C véi chét xuc tac
la FeCl,.4H,0 (0.05 mmol, 10 mg) thu dwoc san pham véi hiéu suit 71 %.
Khi ting nhiét d6 cua phan tng 1én 110 °C, hiéu suit giam con 54 % (thi
nghiém 1), ¢6 thé 1a do su chuyén ddi khong mong mudn cua mudi
dithiocarbamate thanh N,N’-di(p-tolyl)thiourea. Trong khi d6 khi ha nhiét 46
xudng con 80 °C, phan tng dién ra khong hoan toan do d6 1am giam hiéu
sut con 58 % (thi nghiém 2).

Bén canh d6 ching t6i cling thir nghiém viéc st dung luu huynh dudi
dang nguyén t6 két hop véi sit dé kiém tra qua trinh ngung tu oxy hoa khir
céc hop chét nitro thom, tuy nhién chiing khong anh huong dang dé nao dén
hiéu suat ctia phan Gmg (thi nghiém 3 va 4). Nguoc lai thyc nghiém cho thay
phan g khong dién ra néu khong ¢ xuc tac sat (thi nghiém 6), viéc ting
hay giam khdi lwong xtc tac duoc str dung ciing déu 1am giam hiéu suat phan
{ng (thi nghiém 5 va 7). Viéc st dung cic xtc tac sat khac nhau (FeClz.6H,0
va FeS04.7H,0) ciing dugc thir nghiém, hiéu suit ciia cac phan ing nay thap
hon so v6i viée st dung FeCl2.4H20 (thi nghiém 8 va 9).

Dé hiéu rd hon vé vai trd ctia mdi truong dung méi, chung toi tiép
tuc thir nghiém phén tmg véi nhiéu loai dung méi phan cyc khac nhau nhur
DMF, DMSO hay N,N-dimethylacetamide (DMAc) (thi nghiém 10-12) va
cac dung moi phan cuc yéu nhu clolorobezen hay xylene thi phan img khong
dién ra (thi nghiém 13 va 14). Dung moi NMP (N-methyl-2-pyrrolidone)
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dugc Iira chon trong phan tmg nay do s hiru nhidu dic tinh phu hop, gop
phan quan trong vao hiéu qua chung ciia phan tmg. Véi d6 phan cuc cao va
kha ning hoa tan tbt ca chat hiru co (nhu amine, 2-nitrophenol) 1n chét vo
co (nhu K, CO3; va mudi dithiocarbamate trung gian), NMP gitip tao ra moi
truong phan tmg dong nhét, tir d6 thuc ddy qua trinh tuong tac giira cac tac
chét. Ngoai ra, NMP ¢6 do bén nhiét cao voi diém soi khoang 202 °C, phu
hop véi diéu kién phan tmg kéo dai & 100 °C trong 16 gio ma khong bi bay
hoi hay phan hity. Pac biét, dung mdi nay con hd trg tét cho qué trinh hinh
thanh va on dinh mudi dithiocarbamate — trung gian quan trong trong co ché
khtt nhém nitro. Mic di DMF, DMSO va DMAc déu 1a dung méi phan cuc
manh tuong tu nhu NMP, nhung hiéu suét phan tng khi sir dung cac dung
mdi ndy trong qué trinh téng hop 2-aminobenzoxazole lai thdp hon so véi
NMP, nguyén nhan co thé xuét phat tir mot ) yéu t6 sau. tinh 6n dinh hoa
hoc ctiia NMP t6t hon DMSO trong diéu kién c6 mat CS, va bazo manh nhu
K; CO3; . DMSO, mac du c6 d6 phan cuc cao, lai dé& bi khtr hodc oxi hoa
trong mot sd hé phan tng, va c6 thé tham gia vao cac phan ung phu khong
mong mudn hoic tao san phdm phu 1am giam hiéu suét.

Trong phan tmg tong hop 2-aminobenzoxazole dugc trinh bay, xuc
tac FeCl, .4H, O déng vai tro then chét trong toan b qua trinh oxi hoa—khir
va tao di vong. Trudc hét, ion Fe?* tham gia xtc tac qué trinh khir nhom
nitro (-NO, ) trén 2-nitrophenol thanh nhdm amino (-NH, ), mdt budc quan
trong dé hinh thanh san pham cudi. Mic di mudi dithiocarbamate dugc tao
tir amine va carbon disulfide c6 thé dong vai tro chét khir, nhung qua trinh
khir chi dién ra hiéu qua khi c6 su phdi hop véi ion Fe* . Sét tao phirc véi
cac tac nhan phan tng, ddc biét 1a dithiocarbamate va 2-nitrophenol, gitip 6n
dinh trung gian phan ung va dinh hudng qua trinh khir ndi phan tu tir nhom

nitro qua céac bac trung gian nhu nitroso va hydroxylamine. Sau khi khur
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xong, ion Fe?* tiép tuc hd tro qua trinh loai SO, va dong vong tao nhan
benzoxazole. Vai tro thiét yéu ctua Fe?* con dugc chimg minh rd rang qua
két qua thyc nghiém: khi gidm néng do FeCl, , hiéu suét giam manh; khi
khong c6 FeCl, , phan tng khong xay ra. Ngoai ra, san pham phu FeS ciing
cho thay sat khong chi 14 chit xtic tic ma con tryc tiép tham gia vao co ché
phéan rng. Vi dac diém ré tién, it doc hai va than thién véi moi truong, xuc
tac sit gitip dam bao hiéu qua tong hop cao, dong thoi phu hop véi dinh
hudng hoa hoc xanh hién dai.
3.3.  Két qua tong hop cac din xuit quinoxaline

T6i xay dyng mé hinh phan ung ngung tu oxy hoa khur cua o-
nitroaniline 69 v4i acetonphenone 70 v&i chat xtc tac NazS.3H20. Ching toi
Iira chon ti 18 cac chat ban dau o-nitroaniline : acetonphenone : Na,S.3H,0

(1:1,2: 1) dé ti wu hoa cac diéu kién phan g xung quanh ti 1& nay. Thoi

gian phan tng la 4 gio.
w R e IO
2 . Ry °C, N
CENHZ TR DMSO ©:N/ R
Bing 3.3. Anh huéng cta dung méi, nhiét d6 va xtc tac dén hiéu suét tong hop
Thi Xuc tac (eq) Dung moi Nhiét | Hi¢u
nghiém do suit
0 | ()
1 NazS.3H:0 (1) - 120 36
2 Na,S.3H.0 (0.5) - 120 14
3 - - 120 0
4 Na,S.3H:0 (1) p-xylene 120 15
5 NazS.3H:0 (1) n-pentanol 120 10
6 Na,S.3H.0 (1) | EtOCH.CH,OH | 120 7
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Na.S.3H:0 (1) pyridine 120 13
NazS.3H:0 (1) DMF 120 14
NazS.3H20 (1) DMSO 120 40
10 NazS.3H20 (1) DMSO 130 54
11 NazS.3H:0 (1) DMSO 100 40
12 NazS.3H20 (1) DMSO 80 32
13 FeCls.6H.0 (1) DMSO 130 0
14 S (1) DMSO 130 0

T6i bat dau nghién ciru bang viée khao sat vai tro cua chét xic tac
Na;S.3H0. O diéu kién phan tmg khong sir dung dung méi, v6i luong xic
tac l1a 1 duong lugong (1.0 eq) va nhiét @6 120 °C trong thoi gian 4 gio, phan
mg cho hiéu suét san phim 1a 36 % (thi nghiém 1). Két qua nay cho thiy
Na;S.3H0 c6 kha ning thuc day phan mg xay ra trong diéu kién nhiét do
trung binh ma khong can dén dung méi, mot wu diém quan trong trong hudng
tiép can tong hop xanh. Khi chung toi giam luong xtc tic xudng (dudi 1
duong luong) trong thi nghiém 2, hiéu suat phan tmg giam dang ké, chi con
14%. Diéu nay cho thdy hiéu sut phan tng c6 sy phu thudc dang ké vao
ham luong chit xiic tac sir dung. Pang chu ¥, trong thi nghiém 3, khi hoan
toan khong str dung Na»S.3H.0, phan tmg khong xay ra, khong thu dugc san
pham mong mudn. Két qua nay khang dinh vai tro xuc tac thiét yéu cua
Na,S.3H.0 trong co ché phan ting, dong thoi loai trir kha ning phan g c6
thé tu dién ra hodc do nhiét do don thuén.

Tiép theo, chiing t6i mé rong khao sat bang cach danh gia anh huéng
ctia cac loai dung méi khac nhau dén hiéu suat phan ¢mg, nhiam tim ra méi
truong phan ung t6i wu nhat. Sau loai dung méi duoc lya chon dai dién cho

c4c nhom phan cyuc va khong phan cyuc khac nhau, bao gdm: p-xylene, n-
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pentanol, ethylene glycol monoethyl ether (EtOCH, CH, OH), pyridine,
N,N-dimethylformamide (DMF), va dimethyl sulfoxide (DMSQ) (thi
nghiém 4-9). Cac thi nghiém duoc tién hanh dong nhat vé diéu kién (nhiét
d6 120 °C, 4 gid phan tng, v&i 1 dwong luong Na,S.3H,0). Két qua cho thay
DMSO 1a dung mdi cho hiéu suét phan tmg cao nhit (thi nghiém 9) trong sd
cac dung moi khao sat boi vi DMSO cé d0 phan cyc cao va kha nang hoa tan
t6t nhiéu loai chét vo co va hitu co, bao gdbm ca Na, S.3H, O, tir d6 gitp tao
diéu kién thuan lgi cho qué trinh khtr va ngung tu dién ra hiéu qua. Hon thé
nita, DMSO c¢6 kha ning 6n dinh céc trang thai trung gian mang dién tich
hodc c6 tinh phan cuc cao (nhu 0-nitrosoaniline hodc imine trung gian), diéu
nay gitp duy tri co ché phan tmg mot cach chon loc va thuan loi. Trong khi
d6, cac dung médi khac nhu p-xylene hodc n-pentanol chi cho hiéu suét rat
thip hodc phan tng gan nhu khong xay ra, cho thiy rd rang rang ban chat
phan cyc va kha nang tuong tic ciia dung méi c6 vai trd quyét dinh dén toc
d6 va hiéu suat cta phan tmng.

Sau khi xac dinh dugc xuc tac va dung mdi phut hop, chiing toi tiép
tuc khao sat anh huong ciia nhiét d6 dén hiéu qua phan tng trong méi truong
DMSO. Khi ting nhiét d6 phan tng 1én 130 °C (thi nghiém 10), hiéu suét
clia phan ng dat muc cao hon, 1én dén 54 %, cho thiy phan tmg dugc thuc
déy manh hon & diéu kién nhiét d§ cao. Nguoc lai, khi gidm nhiét do Xuéng
100 °C va 80 °C (thi nghiém 11 va 12), hi¢u suét phan (mg giam tuong ting
xudng con 40 % va 32 %. Két qua nay c6 thé duoc giai thich nhu sau: phan
(g tao imine va dong vong sinh ra nudc 1a san pham phy, nudc du 1a nguyén
nhan thay phan imine B gay mét kiém soat hudng ciia phan tng, & nhiét do
cao (130 °C), nudc bi bdc hoi khoi hé 1am giam nguy co xdy ra qué trinh
thity phan gay giam hiéu suét.
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KET LUAN 7 o
1. Luén an da nghién ctru thanh cong phan Gmg mai tong hop dan xuat
2-aminobenzoxazole voi diéu kién: o-nitrophenol (1.5 eq), PhNCS (1.5 eq)
FeCl2.4H-0 (5 mol%), N-methylpiperidine (1 eq), N-methylpyrrolidone (0.2
mL), phan mg duoc thyc hién & 100 °C trong 16 gio. Ap dung phuong phap
méi niy tong hop thanh cong 39 dan xuat 2-aminobenzoxazole mang cac
nhém thé khac nhau. Ciu trac cta 39 dan xut benzoxazole da dugc 1am séng
t6 bang cac phuong phap phan tich phd nhu *H NMR, 2C NMR va HRMS.
Trong do6 co6: 08 hop chat méi (145az, 145ca, 145ea, 145fa, 145ga, 145ha,
145ia, 145la).
2. Luan 4n da nghién ctru thanh cong phan img méi “one-pot” tong hop
dan xuat 2-aminobenzoxazole véi diéu kién: Amine (1 eq), o-nitrophenol (1
eq), CS; (1.5 eq), K.COs3 (1 eq), FeCl2.4H,0 (5 mol%), N-methylpyrrolidone
(0.2 mL), phan tmg dugc thuc hién ¢ 100 °C trong 16 gio. Ap dung phuong
phap m&i nay tong hop thanh cong 31 dan xuét 2-aminobenzoxazole. Cau
trac cta 31 dan xuit benzoxazole di duoc 1am sang t6 bang cac phuong phap
phan tich ph6 nhu *H NMR, *C NMR va HRMS. Trong d6 cé: 20 hop chét
méi (148ac, 148ad, 148ae, 148ag, 148ah, 148ak, 148an, 148aq, 148ar,
148as, 148at, 148av, 148aw, 148ax, 148ay, 148ba, 148ca, 148da, 148ea,
148fa).
3. Luan an d4 nghién ctru tong hop thanh cong phan tmg méi tong hop
dan xuat quinoxaline véi diéu kién: o-nitroaniline (1 eq), acetophenone (1.2
eq), NazS.3H:0 (1 eq), DMSO (0.4 mL), phan ung dugc thyc hién ¢ 130 °C
trong 4 gi. Ap dung phuong phap méi nay tong hop thanh cong 34 dan xuét
quinoxaline. Cau tric ctia 34 dan xuat quinoxaline d4 dugc lam séng t6 bang
cac phuong phap phén tich phd nhu 'H NMR, C NMR va HRMS. Trong
d6 co: 02 hop chét quinoxaline hoan toan mdi: 6-Methyl-2-phenyl-3-(p-
tolyl)quinoxaline (151as), 2-(3-Bromophenyl)-3-methylquinoxaline
(151ea).
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NHUNG PONG GOP MOI CUA LUAN AN
> Di dua ra 02 quy trinh tong hop thanh cong céc hop chat di vong
khung benzoxazole va 01 quy trinh tong hop thanh céng cac hop chét di vong
khung quinoxaline.
> Pua ra co ché ngung tu oxi héa khir tryc tiép tir 0-nitrophenol dé
tong hop cac hop chat di vong khung benzoxazole ma khong phai di qua
trung gian o-aminophenol. Qué trinh nay dién ra trong mot budc duy nhit
(one-pot) véi sy tham gia cuia Fe/S, gitip loai bo cac bude 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 1 kha nang dinh
hudng vi tri ctia san pham, chi tao mot san pham duy nhét véi cac chat dau
chira cac nhom thé khong dbi xtng.
> Téng hop duoc 70 hop chat di vong khung benzoxazole trong dé ¢
28 hop chét chua dugc cong bd trong céc tai lidu khac.
> Téng hop dugc 34 hop chat di vong khung quinoxaline trong d6 ¢

02 chit chua duogc cong bd trong cac tai liéu khac.



22

DANH MUC CAC CONG TRINH PA CONG BO

1. Le Anh Nguyen, Supasorn Phaenok, Duc Long Le, Thi Thu
Tram Nguyen, Quoc Anh Ngo, Thanh Binh Nguyen, 2023, Fe/S-
Catalyzed Redox Condensation of o-Nitrophenols with Isothiocyanates
to 2-Aminobenzoxazoles. Organic Letters, 25, 5145-5150.

2. Duc Long Le, Thi Yen Tran, Le Anh Nguyen, Quoc Anh Ngo,
Dinh Hung Mac, Thanh Binh Nguyen, 2024, Iron- Promoted Redox
Access to 2- Aminobenzoxazoles from Amines, Carbon Disulfide and
2- Nitrophenols. Asian Journal of Organic Chemistry, 13, e202400212.
3. Duc Long Le, Ngoc Binh Vo, Thi Thu Tram Nguyen, Quoc
Anh Ngo, Patailleau Retailleau, Thanh Binh Nguyen, 2024, Sodium
sulfide-promoted regiodefined redox condensation of o-nitroanilines
with aryl ketones to benzo [a] phenazines and quinoxalines. Organic &
Biomolecular Chemistry, 22, 1167-1171.



