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MO PAU
1. Ly do lwa chon dé tai
Hop chat di vong 1a mot cau trlc quan trong trong héa hoc hitu co. Cac hop
chat nay chira it nhat 1 dj té, thudng 14 nito, oxy, luu huynh, trong vong. Su thay thé
nguyén tir carbon bang nguyén tir di td da tao nén cho nhém hop chét nay nhiing tinh

chat héa hoc dic trung, khac biét hoan toan vai cac hop chét vong chira cachon khéc.

COOH
HoN NH;
N N
HN— N N
Histidine Trytophan L-Proline
0 NH, 0
N
=N NH NN HN
LA LA P ﬁi»
N H,N~ "N~ N
No© No© NUOH 2 H
Cytosine Thymine Adenine Guanine
HO

HO"

N
Y o .
N NW HO
N N.__O
Ay
Thiamine _ NH Riboflavine
N

MeO N
N
MeO &
O OMe
OMe
Papaverine Reserpine

Hinh i Mot s6 hop chat thién nhién chiza khung phan ta di vong
Vi tinh chat hda ly khéc biét, hop chat di vong dugc ung dung nhiéu trong

hoa hoc vat liéu 1am chat e ché an mon, chat on dinh anh, ddng tring hop polymer,
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pham nhudém hay té bao quang dién. Cac hop chat nay con la xtc tac hay chat trung
gian quan trong trong tong hop hitu co, dic biét 1a linh vuc téng hop héa dugc.

Ung dung rong rai cua hop chat di vong trong héa dugc xuat phét tir viéc
khung phan tir di vong ton tai trong rat nhiéu phan tir sinh hoc (Hinh i) nhu céc
aminoacid histidine, proline va tryptophan. Vat chat di truyén ADN, ARN ciing duoc
CAu tao tir c4c base di vong pyrimidine (cytosine, uracil, thymine) va purine (adenine,
guanine). Chat diép luc hay heme cua té bao hong cau chira di vong porphyrin. Nhiéu
hop chat di vong l1a cac vitamin quan trong nhu thiamine (vitamin Bi), riboflavine
(vitamin By), pyridoxol (vitamin Beg), nicotinamide (vitamin Bgz), ascorbic acid
(vitamin C). Céc thudc giam dau nhu papaverine, morphine, codeine, thuéc chéng co
that atropine, thuéc chéng ting huyét 4p reserpine déu la cac di vong ¢ nguon goc
tir tu nhién. Bén canh d6, nhiéu duoc pham 1a cac hop chat di vong dugc tong hop
theo con duong hoa hoc (Hinh ii) nhu thudc chéng ting nhan ap Timolol, thudc diéu
tri rdi loan cholesterol va tang lipid mau Atorvastatin, thuc diéu tri ung thu biéu mo
Sunitinib, thuéc chéng dau nira du Anastrozole, thuéc chéng co giat Rufinamide,
thudc diéu tri thm than phan liét Risperidone, thudc diéu tri cang thang Captopril,

thudc diéu tri viém loét da day Ranitidine vv....

NO, F
\
/ LN/ N NH,
/N\/@\/S\/\H H l\ll\/\>_<\ Rufinamide
(0] F "N O
Ranitidine (

O o) N—"
[ j S~

N N

OH /

N\ z ) O\/k/n F / H
S—N o) Sunitinib

Timolol N
Hinh ii M6t sé duoc pham chira khung phan tir di vong
Ciing chinh boi kha nang ung dung rong réi trong nhiéu linh vyc nén nhu cau
téng hop cac hop chat di vong ngay cang cao. Cac phuong phap tong hop nhitng hop

chat nay ciing vi thé ma rit da dang, phong phu.

14



Pang chua y, gan day, luu huynh nguyén té néi 1én nhu 1a tac nhan da ning
trong téng hop hitu co néi chung va tong hop di vong néi riéng. Luu huynh 1a mot
nguyén té phi kim thuoc chu ky 3, nhém VIA trong bang tuan hoan cac nguyén tb
hoa hoc, 12 nguyén té phd bién thir mudi ba trong 16p vo trai dat. Luu huynh c6 thé
ton tai ¢ dang don chat hoic & dang hop chit trong cac quing khac nhau nhu pyrite
(iron sulfide), sphalerite (zinc sulfide), gypsum (calcium sulfate), barite (barium
sulfate). Luu huynh don chét 1a chat ran khdng mui, khéng vi, 6 mau vang nhat, dan
dién kém va khong tan trong nuéc. Vé mit hoa hoc, luu huynh twong ddi kém hoat
dong ¢ nhiét @6 thuong nhung tré nén hoat dong khi dun noéng, c6 mat base hoac kim
loai chuyén tiép. Tur 1au luu huynh da dwoc sir dung dé san xuat phan bon va nhiéu
hoa chat vo co khac nhau. Trong linh vuc tong hop hitu co, luu huynh khdng chi duoc
st dung lam chat phan (tg ma con c6 thé déng vai tro chét oxi hda, chat khir hay
chat xuc tac cho phan tng.

Do d6, pham vi cta luan an sé tap trung vao phat trién phwong phéap tong hop
mot s6 dan xuat cyanopyridone, quinoxaline va thioamide st dung luu huynh nguyén
t6 12 tac nhan sin ¢, ré tién va it co tic dong dén moi truong.

2. Muc tiéu nghién ciru ciia dé tai

Noi dung luan an bao gom céc muc tiéu nghién ctru sau:

Nghién ciiu tong hop céc hop chat 3-cyanopyrid-2-one tir cyanoacetamide,
chalcone khi ¢c6 mat luu huynh va base.

Nghién ctu tong hop céc hop chat 2-aryl-3-alkyl/arylquinoxaline tir o-
phenylenediamine, deoxybenzoin khi c6 mat luu huynh va base.

Nghién ctu tong hop cac hop chat N,2-diarylethanethioamide tir arylamine,
arylacetylene va luu huynh, trén co s¢ d6 ¢tng dung téng hop mét sé di vong.

3. Noi dung nghién ciru

Trong khudn kho luan an, nghién ctru sinh di khao sat cac diéu kién phan ang
khac nhau, qua d6 xay dung diéu kién téi wu cho cac phan @ng téng hop 3-
cyanopyrid-2-one, 2-aryl-3-alkyl/arylquinoxaline, N,2-diarylethanethioamide. Trén

co s& d6, tac gia da tong hop cac hop chit 3-cyanopyrid-2-one, 2-aryl-3-
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alkyl/arylquinoxaline, N,2-diarylethanethioamide da dang vé nhom thé va 5 di vong
benzoxazole, benzothiazole va quinazolinone. Cau trdc caa cac san pham da duoc
khang dinh bang cac phuwong phap héa 1y hién dai nhu phd cong huang tir hat nhan
(*H NMR, 3C NMR), ph6 khéi lwong phan giai cao (HRMS) va nhiéu xa tia X.
4.'Y nghia khoa hoc va thyc tién caa dé tai

S0 Véi cac phuong phap trude day, ba quy trinh tong hop duoc xay dung trong
luan an str dung nguyén lidu ré tién, san co, tuong d6i than thién vai moi truong va
diéu kién phan ung dién ra ém diu hon. Viéc st dung luu huynh 1am tac nhan oxy
hoa gitp khac phuc su oxy hoa qua mic boi oxy khong khi. Phan tng di khai thac
vai tro hoat héa luu huynh cua base nén khdng can sy tham gia caa xdc tac kim loai
chuyén tiép. Co ché cua cac phan tng ciing duoc nghién ciru va dé Xuat.

Céc két qua thu duoc tao ra mot ddy hop chét hiru co méi véi day du cac dir
licu hoa 1y gitp xac dinh chinh xac cong thic ciu tao, khdng chi gop phan bé sung,
phét trién ly thuyét vé tong hop céc hop chat di vong va hoa hoc cia lwu huynh ma
con ¢ y nghia thuc tién trong tong hop hoa duoc.

5. Nhitng dong gop moi caa luan an

Tong hop thanh cong 16 hop chat 3-cyanopyrid-2-one tir cyanoacetamide va
cac chalcone khac nhau véi hiéu suat 49-74%. Tong hop thanh cong 23 hop chat 2,3-
diarylquinoxaline hoac 2-phenyl-3-alkylquinoxaline tir cdc deoxybenzoin va o-
phenylenediamine khac nhau véi hiéu suat 52-87%. Téng hop thanh céng 43 hop
chat N,2-diarylethanethioamide tir cac aniline va arylacetylene khac nhau véi hiéu
suit 58-86% va 5 di vong benzoxazole, benzothiazole va quinazolinone. Trong cac
san pham tong hop duoc, ¢ 40 hop chat méi chua timg dugc céng bé trong cac tai
liéu trudc day.

Cau trdc cua cac san pham da duoc khang dinh bang cac phuong phép héa 1y
hién dai nhu phé cong huong tir hat nhan (*H NMR, 3C NMR), phé khéi luong phan
giai cao (HRMS). Phuong phap nhiéu xa tia X don tinh thé da xac dinh chinh xac cau
trdc cho 1 hop chat 2-oxo-4,6-diphenyl-1,2-dihydropyridine-3-carbonitrile.

Co ché cua cac phan tng tong hop di duoc nghién ctru va dé xuat.
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Cac két qua cua luan an da dugc céng bd ¢ 3 bai bao quéc té thuoc danh muc
ISI/SCOPUS.
6. B6 cuc caa luan an

Luan an gdom 168 trang chua ké phu luc, trong d6 ¢6 5 bang s6 liéu, 115 so do,
19 hinh v& va 226 tai liéu tham khao. B4 cuc cua luan an: M& dau (5 trang); Chuong
1: Tong quan (54 trang); Chuong 2: Thuc nghiém (38 trang); Chuong 3: Két qua va
Thao luan (25 trang); Két luan (2 trang); Tai liéu tham khao (24 trang). Ngoai ra con
c6 Phu luc (92 trang), danh sach cac hop chat méi duoc tong hop (3 trang) va danh

muc 3 cong trinh da cong bd (1 trang).
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CHUONG I TONG QUAN

1.1. Vai tro cia lwu huynh nguyén té trong tong hep di vong
1.1.1. Luu huynh dong vai tro la tac nhan phan wng

Céc dj vong chtra uu huynh 13 nhém hop chét quan trong trong héa hoc hitu
co. Viéc diéu ché truc tiép céc di vong nay tir luu huynh mé ra con dudng tong hop
mai hiéu qua hon, da dang vé co chit va tranh duogc cac han ché cua co chit chta luu
huynh nhu mui khé chiu hay tinh dé bay hoi.
1.1.1.1. Téng hop thiophene

Thiophene c6 thé duoc diéu ché bang cach dun ndng acetophenone 1 véi luu

huynh. Phan tng dugc xdc tac bai aniline va axit p-toluenesulfonic (p-TsOH) [135].

aniline (0.5 eq.)

o p-TsOH (5 mol%) Me X Ph__s
v s, S NG N |
Ph™ “Me Ph Ph /
(3eq.)) 120°C,16h X = 0, NPh L
1 2 3

So @6 1. 1 Téng hop thiophene tir acetophenone va Sg

Qua trinh tong hop trai qua giai doan dime hda acetophenone tao nén khung
phan tir co s¢ but-2-en-1-one 2 hoic dan xuat imine caa hop chat nay véi aniline (So
d6 1.1). Hop chat trung gian nay s& dong vong tao thanh furan hozc pyrole, tiép d6 1a
phan tng trao ddi gitta di t vé6i luu huynh cho thiophen 3. Trong khi d6, DABCO
xuc tién qua trinh tetrame hda cua acetophenone dan dén su tao thanh thieno[3,4-
b]thiophene khi dun néng véi luu huynh trong DMSO [137].

Co ché tong hop thiophene ciing xay ra twong ty khi ngung tu
phenylacetaldehyde 4 véi 1,3-diketone hoac f-ketoester 5 trong su ¢6 mat cua xuc
tac base KoCO3/KHCO3 va luu huynh (So d6 1.2).

K,CO3/KHCO5
M (3.5 q.) Ph__s
Ph" >CHO * Me R *+ Sg Wal
_ DMSO
2 6q. R = Alkyl, OAKkyl (2.5 eq.
(2eq) (25€d)  g5ec 161 &R
4 5 6

So @6 1. 2 Phan &ng cua phenylacetaldehyde, Sg va 1,3-diketone hoac S-ketoester
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Chalcone [1] 7 thay thé vai trd cta aldehyde thom trong phan @ng cong hop
Micheal véi 1,3-diketone hoic f-ketoester (So d6 1.3). Giai doan chuyén hoa tiép
theo v&i Ss dién ra theo co ché nhu di dé cap ¢ cac phan tng trén cho thiophene 8.

Sg

o O O  Et;N (25 mol%) o O EtN 0
Ph)v\Ph + R)]\/U\R ~ | r R Ph | s ]
R = Alkyl, OAlkyl 80'\2';01“2 ) o B0°C,5h /
(1.2 eq.) ' R
7 5 Ph @] 8 e}

So @6 1. 3 Tong hop thiophene tir chalcone, Ss va 1,3-diketone hoac -ketoester
Hop chat 2-aminothiophene 12 duoc diéu ché theo Gewald véi chat phan tng
la chalcone 9, arylacetonitrile 10 va luu huynh (So d6 1.4). Trudc hét, phan ting cong
hop Micheal gitra chalcone va arylacetonitrile dung xuc tac base DBU cho 4-cyano-1-
propanone 11. Trong giai doan thienyl hoa tiép theo caa 11, hé Se/DMSO déng vai tro
tac nhan oxy hda — thom héa. Phan ng nay thanh céng véi nhiéu chalcone va
arylacetonitrile khac nhau. Tuy nhién véi cyanoacetate, trong cting diéu kién, phan ang

chi dung lai ¢ giai doan tao trans-dihydrothiophene ma khong thom hoa vong [142].

0 DBU o Sg (2 €q.) o
(5 mol%) DABCO (20 mol%)
Ar1MAr2 *ATCN T | A = Al S
] DMSO Al 80°C,16h | )—NH;
(1.2eq.) rt, 30 mins Ar2 A2
CN Ar
9 10 11 12

So @6 1. 4 Tong hop 2-aminothiophene tir chalcone, arylacetonitrile va Sg
Tuong ty, dun nong chalcone 9 véi benzoylacetonitrile hoac benzoylacetate
13 trong DMSO khi c6 mit Sg va DABCO [84] cho san pham chinh 3-cyanothiophene
hoic 2-arylthiophene-3-carboxylate 14 (So d6 1.5).

o o Sg (2 eq.) 0
DABCO (20 mol%)
X Ar S
Ar1MAr2 * Ph)K/ | )—Ph
X = CN, CO,Et DMSO A2
0 13 80 °C, 16 h 14 X

So dd 1. 5 Tong hop 3-cyanothiophene hoac 2-arylthiophene-3-carboxylate
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Alkyne 16 va 18 ciling tham gia hinh thanh khung cacbon cua thiophene khi

phan ¢ng véi lvu huynh dugc tién hanh trén nén xdc tac kim loai chuyén tiép [67]

nhu Co(acac)2-PPhs-AlEts (So do 1.6a) hoac c6 mat NaSH hay t-BuONa [214] (So
dd 1.6b).
NMe,

Il NMe Co(acac),-PPhs-AlEts

7\ S\_NMe;,

P (a)
7 PhMe, 130°C,6h  Me2N” s \

NaSH hoac t-BuONa

(6eq.)
Ar———=——Ar + Sg - Arﬂ\Ar (b)

17 (3 eq.) DMF hodc DMSO S
rt-80 °C, 5-12 h 18

So d6 1. 6 Tong hop thiophene tir alkyne va Sg
Yan [193] va cé4c cong su da phat trién quy trinh tong hop thiophene cé nhiéu
nhom thé tir t-cyclobutanol 19 va luu huynh (So d6 1.7). Phan tmg duoc xdc tac bai
acid formic ngay trong diéu kién khi quyén. Co ché phan tng duoc dé xuat bat dau
vai viéc t-cyclobutanol bi dehydrat hda cho 1-phenyl-1-cyclobutene. Phan trng cong
nucleophile gitra 1-phenyl-1-cyclobutene va Sg pha v& vong bdn canh déng thai hinh
thanh khung phan tir thiophene. Oxy khong khi dong vai tro chat oxy hoa dé tao nén

san pham cudi cting 20.

3

HO R' R2 HCOOH (0.5 eq.) R
I=QRb - A X
DMSO, air R R?

S
R3 s
19 140 °C 20

So @6 1. 7 Téng hop thiophene tir t-cyclobutanol va Sg
1.1.1.2. Téng hop benzothiophene

Pun nong 2-nitrochalcone 21 véi Sg va DIPEA cho benzoylbenzothiophene
22 (So d6 1.8). Biéu kién phan tng ém dju ngay ca véi nhom halogen cho phép diéu
ché benzothiophene mang cac nhém chiic khac nhau. Phan ng trai qua céc giai doan

cong hop luu huynh vao alkene, su tan cdng cta luu huynh din dén denitro hoa -
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dong vong va thom héa. Bang chu y la trong phan (ng nay, nhdm —NO> & vi tri meta

va para khong bi anh hudng bai qua trinh denitro hoa.

NN DIPEA (5 eq.) S 0
+ 88 _— /
NO, (5eq.) 80°C, 16 h Ar
21 22
o)
A~ pr DIPEA (5 eq.) S
* S ————> —
NO, (5eq.) 80°C, 16 h Ar
o)
23 24

So d6 1. 8 Tong hop benzoylbenzothiophene tir 2-nitrochalcone va Ss

Pic biét, khi st dung 2’-nitrochalcone 23 lam chat phan tng, san pham
thioaurone 24 thu dugc véi hiéu suat dang ké, nho d6 rit ngan quy trinh diéu ché hop
chat c6 nhiéu tng dung quan trong trong quang hoc nay [131]. Su tin cdng cua luu
huynh dan dén denitro ha - dong vong con xay ra ddi vai nhdm nitro & cac hé vong
ngung tu thom khac [73].

Bén canh vai tro xay dung bo khung phan ti cho thiophene, alkyne cling duoc
str dung dé téng hop cac hé di vong ngung tu thom chira luu huynh. Benzothiophene
duoc tong hop bai phan tng coupling giira acid arylboronic 25, alkyne 26 va Sg trén
nén xuc tac phac chat rhodium véi AgOAc dong vai trd chat oxy hoa (So d6 1.9).

[Cp'Rh(MeCN);][SbF¢],

R (4 mol%) R
B(OH), AgOAc (3 eq.) N
s R
S
(2 eq.) R DMF, 100°C, 4 h
25 26 27

So dd 1. 9 Tong hop benzothiophene tir acid arylboronic va Sg
Phan tng thé hién tinh chon loc cao vé viing phan tng d6i voi alkyne bat doi
xtng do giai doan dau tién cua qua trinh chuyén hoa 1a sy trao ddi gitra phuc chat
[Cp*RhOAC][SbFs] véi acid boronic gidp gan nhom aryl vao tam kim loai, tiép theo

1a cac giai doan cong hop kim loai vao alkyne, hoat hoa lién két C-H tao thanh vong
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5 canh, cudi cing nguyén tir lvu huynh xen vao gitta mot lién két Rh-C cho vong 6
canh trung gian. Su kht héa tach loai vong 6 canh nay giai phong san pham 27 va
phirc chat rhodium [111]. Tuong tu, khi st dung acid biarylboronic 1am chat phan
rng, san pham thu duoc 12 dibenzothiophene.

Dun nong 1,1-diphenylethylene 28 vai I, va Sg cho 3-phenylbenzothiophene
30 (So dd 1.10). Tuy nhién, néu str dung du chat oxy hda va kéo dai thoi gian phan
trng thi cho san pham chinh [1]benzothiopheno[2,3-b][1]benzothiophene 29, mot hop

chét dugc str dung nhiéu trong ché tao transistor hitu co [164].

s Sg (4 eq.) Sg (4 €q.) S-S
\ l, (1 eq.) O O l, (4 eq.) O | O
O 30 O PhMe, hdi lwu, 4 h PhMe, hdi lwu, 24 h

28

So d6 1. 10 Phan ttng cua diphenylethylene va Sg

1.1.1.3. Téng hop di vong neune tu thiophene — indole

N-Ethynylindole 30 tham gia phan ing ngung tu déng vong véi Iuu huynh
[153] cho san pham thiazolo[3,2-a]indole 34 ngay & nhiét do thuong (So do 1.11).
Phan ang trai qua cac giai doan gan lithium vao vong indole, su tan cong cua nguyén
tir lvu huynh két hop dong vong va S-alkyl héa véi alkyl halide.
S

~ N———pn, — \/Z/Ph
- N
ST
30 34
\ n-BuLi (1.3 eq.) n-PrBr
Sg (2.5 eq.) ] (1.1eq.)
THF, - 78°C, 1 h rt, 1h

' T

L 31 Ph 32 Ph 33

So @6 1. 11 Phan ting gitra N-ethynylindole va Ss
Deng va cong su di phat trién phan tng tong hop ba thanh phan dé diéu ché

cac thieno[2,3-b]indole thé & vi tri sb 2 va sb 3 caa vong thiophene [144]. Quy trinh
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cong hop — dong vong gitra N-methylindole, ketone va Sg dugc xdc tién bang acid ma
khong dung xc tac kim loai va c6 tinh chon loc viing phan tng cao (So d6 1.12).
Khi dung xdc tac acid manh HI, N-methylindole 35 phan &ng véi acetophenone 36
theo Friedel — Craft, sau d6 la qua trinh oxy hoa — thienyl héa bai Iuu huynh cho san
pham 38 thé & vi tri s ba ciia vong thiophene. Nguoc lai, vai xUc tac acid acetic yéu,
dung mo6i DMF déng vai trd cha yéu quyét dinh tinh chon loc ving cta phan tng
dong vong. Cac phan @ng nghién ctru co ché cho thay rang trugc hét acetophenone
phan ng vsi DMF va Sg theo Willgerodt — Kindler cho N,N-dimethyl-2-
phenylethanethioamide 39. Thioamide 39 dong phan héa thanh tac nhan electrophile
hoat dong 40. N-methylindole phan ang véi 40, cudi cing dong vong cho san pham

41 thé ¢ vi tri sb hai ciia vong thiophene.

Ph Ph
HI (50 mol%) ~
+ Sg + N\ \ S
\ (2eq.) L-Phenylalanine N\ N
(1.2 eq.) 130°C, 4 h \
35 38
o} Ph
AcOH s =
t S ——— ©/Y — s
DMF N N
150 °C, 16 h \
(2 eq.) (5eq.) ] 39 a1
7 AR
\
=
L s 2 (1€q)
\_s
NMP N
15eq) (5 eq.) 150 °C, 16 h \
42 44

So d6 1. 12 Phan ttng gitra N-methylindole, ketone va Sg
Str dung xuc tac nanoparticle Fe3Os@SiO@(CH2)sCl@[Urea]s[ZnCl2] gilp
nang cao hiéu suat 1én dén 87% [143]. Tuy nhién, phan ng cua cyclohexanone chi
cho 3-arylindole trong diéu Kién twong tu. Viéc st dung chat oxy hda manh hon nhu
I, trong N-methylpiperidone gidp tao ra san pham mong muén benzo[4,5]thieno[2,3-

blindole 44 [99]. I> dong vai tro quan trong & day khi vira tao ra acid HI xuc tac cho
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phan @ng Friedel — Craft ¢ giai doan dau dé giai phong chat trung gian 3-vinylindole
43 vira thuc day qua trinh thienyl hoa dong vong va oxy hoa tao san pham cudi cung.
Tiép d6, Fu phat trién phan tng cia Deng véi acid cinnamic thay thé cho
acetophenone va khéng st dung xtc tac [215] cho san pham thieno[2,3-b]indole
turong tNg Véi hidu suat 40 — 81%.

Sy tao thanh dong thoi hai lién két C — S ciing ¢o thé dugc thyc hién boi base
xuc tién qua trinh sulfur hoa tryc tiép lién két C — H. Pun néng indolylketone 57 [94]
vé6i luu huynh nguyén té va t-BuONa trong DMSO thu dugc thieno[2,3-b]indole 48
véi hiéu suat va do chon loc cao (So do 1.13). Base deproton hoa s-indolylketone cho
carbanion, carbanion tin céng vao Sg cho 46, phan tmg dong vong va thom hoa tiép

theo cho san pham mong muén.

& -
t-BuONa (1 eq.)
\ " -
@ N DMSO, 120 °C, 24 h

\ (1.5eq.)
R

45 \

S)
A T
iy ey
N N

\ \

R R

— 46 47 —
So dd 1. 13 Phan tng gitta indolylketone va Sg
Tuong tu, dun ndéng 3-(indol-3-yl)pyrrole-2,5-dione hoac 2-(indol-3-
yl)naphthalene-1,4-dione véi luu huynh va KaHPO4 hoac Li2COsz thu dugc cac vong
ngung tu thienoindole twong tng [27].

1.1.1.4. Téng hop di vong newng tu thiophene — pyridine

Teja va Khan [24] d3 phat trién quy trinh tong hop 2-acylthieno[2,3-
b]quinoline 50 khéong dung dung méi tir 2-halo-quinolinyl ketone 49 va luu huynh
(So @6 1.14). Truéc hét, hé Cu-TEMPO dehydrogen héa hop phan propanone thanh
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chalcone. Giai doan chuyén hoa tiép theo véi luu huynh twong tu phan ung giita
chalcone vai Sg da dé cap o [1,131]. Su c6 mit cia Cu ciing giup thic day viéc thay
thé nguyén tir Cl cua pyridine bang nguyén tir luu huynh.

Cu (20 mol%)

O TEMPO (10 mol%)
X 2,2'-bipyridine (20 mol%)
| SR + Sg >
N
Cl N (2€d.)  n-BuyNOAc (1 eq.)
49 90 °C, 4 h

So @6 1. 14 Phan Ging gitra 2-halo-quinolinyl ketone va Sg

Cac di vong ngung tu benzo[4,5]thieno[3,2-c]isoquinoline va thieno[3,2-
cJisoquinoline 53 ¢6 thé dugc tong hop dé dang tir methylketoxime 51, luu huynh va
o-halobenzaldehyde 52 (So d6 1.15). Theo co ché phan g duoc céc tac gia dé xuat,
truéc hét, oxime acetate bi khir hoa bai xtc tac Cu(l) cho géc tu do imine va giai
phong Cu(ll). Géc ty do ndy phan &ng véi Sg tao thanh gdc ty do méi véi electron tu
do nam & nguyén tir luu huynh. Sy tan cong cta goc tu do vao vong thom dan dén
dong vong va thom héa bai Cu(ll) cho san pham trung gian 3-aminobenzothiophene.
Tiép theo, o-chlorobenzaldehyde ngung tu v4i 3-aminobenzothiophene. Théng qua
chudi cac phan ng bao gdm tan céng cua nucleophile vao Se, trao ddi electron (SET)
va cong hop dong vong cua gbc ty do, san pham thieno[3,2-cJisoquinoline thu dugc
Vi hiéu suat 1én dén 90% [202].

NOAc O CuBr (15 mol%) N
Li,CO3 (1.5 eq.) -
s atioar - (T
Z X DMSO, 140°C,2h  “\.~g
(1.5eq.) X =Cl, Br (2 eq.)
51 52 53

So @6 1. 15 Phan tng gira methylketoxime, o-halobenzaldehyde va Sg

Hop phan alkyne ciing tham gia xay dung khung phan tir cho thienoquinoline.
Pun ndng enyne chira nhém alkylthio va hop phan o-anilide (N,S-1,6-enyne) 70 [98]
vé6i luu huynh trong hexamethylphosphoramide (HMPA) cho san pham thieno[3,4-
cJquinoline-4(5H)-thione 71 véi hiéu suat 63 — 76% (So d6 1.16).
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RN _ s \
IR, o HMPA  Ar—
0 HNTY 8 ) | R
_ (1.5eq.) 100°C, 3 h SN
Ar SMe H
54 55

So @6 1. 16 Phan g diéu ché thieno[3,4-c]quinoline-4(5H)-thione

1.1.1.5. Téng hop di vong neung tu thiophene — pyrimidine va thiophene — imidazole

0]

P
1ﬂ\/R2 N((135 e(?;\l NH 1
R Na,HPO, (20 mol%) 2 R

57 NC R’
56 PPhs (10 mol%) NZ >N\ s
0 + - 7\ — R
Ji§ ® s

H” NH, S 200°c,6n [N s N

So d6 1. 17 Phan ng giita ketone, malononitrile, formamide va Ss

Phan wng bon thanh phan giira ketone 56, malononitrile 57 véi luu huynh trong
formamide tao ra thieno[2,3-d]pyrimidin-4-amine 59 (So d6 1.17). Giai doan dau tién
la ngung tu Knoevenagel gitra malononitrile voi ketone. San pham cua phan ang nay
tiép tuc tan cong vao Sg vai sy tham gia ciia Na;HPO4 va déng vong — thom héa theo
Gewald cho 58. Tiép theo 1a phan tmg ngung tu déng vong giira 58 vai formamide tao
thanh 59. Giai doan nay can nhiét o cao I1&n téi 200°C va xuc tac Na;HPO4. Mot luong
nho triphenylphosphine dugc sir dung dé ngan chin qué trinh dimer hda san pham [172].

t-BuOK (4 eq.)

NN Cul (20 mol%) NN
(4ed.) DMF:AcOH 1:1
_ X S
X =Br, | 60 130 °C, 24 h

61
So dd 1. 18 Phan {ing gitra haloarene va Sg
Adimurthy dé xuat phan ¢ng ba thanh phan disulfenyl hoa imidazo[1,2-
a]pyridine va indole [169] tir luu huynh va haloarene str dung xuc tac Cu(I). Trén co
s d6, benzo[4',5']thieno[3',2":4,5]imidazo[ 1,2-a]pyridine 61 di dugc téng hop thanh
cong véi hiéu suit 1én dén 99% tir din xuat o-halo cua 2-phenylimidazo[1,2-
aJpyridine 60 (So db 1.18).
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1.1.1.6. Téng hop di vong newng tu thiophene — chromenone

CH30K (3 eq.)

O 0]
N N TEMPO (2 eq.) N s
R + CF,CICOONa + Sg Ry | M A
OH (6 eq.) 3A molecular sieve @)

(3eq.)
62 DMF, 70 °C, 30 h g6  ScFaH

base
:CF,

o)
C)
base X | SD Sg, TEMPO
R —_—
= (0] Z Ar
64

So @6 1. 19 Phan ting diéu ché 9H-thieno[3,2-b]chromen-9-one

Khi dun néng dan xuét penta-2,4-dien-1-one 62 véi CICF,CO;Na va luu
huynh, xay ra dong thoi phan (mg dong vong thienochromenone va gan nhom chuc
difluoromethylthiol cho san pham 3-((difluoromethyl)thio)-2-phenyl-9H-thieno[3,2-
b]chromen-9-one 66 (So d6 1.19). Trudc hét, san pham cua phan ang cong hop oxa-
Micheal tham gia phan &ng véi Iuu huynh khi c6 mat bazo cho 3-thioxochroman-4-
one 63, qua trinh cong nucleophilic déng vong ndi phan tir cia 64 tiép theo oxy hda
boi TEMPO va Sg tao thanh 65. Phan &ng gitra 65 véi géc CF2 hinh thanh do su phan
haty nhiét CICF2CO2Na cho san pham cudi ciing véi hiéu suat 49-86% [220].

1.1.1.7. Téng hop thiazole va isothiazole

ﬁo FeCls (10 mol%)
~, * Ss />\‘R

2
R® N Ri (3¢q) DMSO, 140°C, 7 h

So d6 1. 20 Phan tig diéu ché thiazole tir enaminone
Hop chat thiazole 68 c6 nhom hit electron & vi tri s6 5 nhur benzoyl hay ester
duoc tong hop tir enaminone 67 véi luu huynh khi c6 mit xuc tac FeCls trong khong
khi (So d6 1.20). Phan ung trai qua giai doan hoat hda lién két C(sp®)/C(sp?)-H boi
xuc tac kim loai chuyén tiép va hinh thanh lién két méi C-S [194].
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Fu [44] tong hop 2-amino-5-acylthiazole 73 nho phan tng déng vong ba thanh
phan gitra cyanamide, enaminone 69 va luu huynh (So d6 1.21). Truéc hét luu huynh
két hop v&i N-methylmorpholine tao ra tac nhan hoat dong 4-methylmorpholine N—S
dong vai tro trung gian dé chuyén nguyén tir S cho enaminone. Sau do, chat trung
gian 70 bi tin c6ng bai cyanamide rdi cong nucleophilic dong vong ndi phan tir va
tautomer hoa thanh chat trung gian 72. Chat nay tach loai diethylamine cho san pham.
Phan ng khong thanh cong véi nitrile hay cyanamide thé. Alkenyl- va alkyl-
enaminone phan tmg twong ddi khé khin cho thdy nhan thom ciing dong vai tro quan

trong quyét dinh hoat tinh cua enaminone trong chuyén héa nay.

0
RMN/ + S + NH.CN

| (4eq) (4eq.) NMP, 100°C, 16 h
69 73

N-methylmorpholine (0.2 eq.) H)N

\
-
Y
) (@]

S’Sn.'—\]/
[@j - Et,NH
© N s © HN s o
© NH,CN T
@/ HN R N R
R SN \
© | N~

S
— 70 7 72 ]

So @6 1. 21 Phan ting diéu ché 2-amino-5-acylthiazole theo Fu
Mat khéc, thiazole-2-thione 74 dugc tong hop théng qua oxy hda — déng vong
truc tiép enaminone 89 véi Ss (So dd 1.22) nho t-butyl peroxybenzoate (TBPB). Trong
su chuyén hoa nay, hai lién két C=S va mat lién két C-S duoc tao ra thong qua qua trinh
sulfur hoa lién tiép lién két C(sp?)-H va C(sp®)-H, dong vong, cudi cliing thiocarbonyl

hoa lién két C(sp®)-H trong diéu kién khdng c6 mat kim loai chuyén tiép [213].

O
R1JH\ TBPB ( 3eq ﬂj:
! S
L 2| s + Sg /E

R ’}‘3 R (3 eq.) 1,3-dioxolane
R 130°C, 3 h
74 s

So d6 1. 22 Phan g diéu ché thiazole-2-thione tir enaminone
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Jiao [187] diéu ché thiazole tir phenylacetaldehyde 76, Sg va benzylamine hoic
alkylamine 77 trong diéu kién oxy h6a bai khi oxy véi xuc tac déng (11) (So d6 1.23).

CuBr;, (20 mol%)
1,10-phen (20 mol%)
DBU (2 eq.)

O 0, (1 atm) N
m *RTONH, + S : R/Q‘\A\
H s~ Ph
(2eq.) (5eq)

DMSO, 80 °C, 16 h
76 77 78

So @6 1. 23 Phan ting diéu ché thiazole tir phenylacetaldehyde, benzylamine va Sg
Theo co ché dugc tAc gia dé xuét, trugc hét, amine ngung tu VOi
phenylacetaldehyde tao enamine, tiép d6 enamine bi tan cong béi Ss theo Willgerodt—
Kindler cho san pham polysulfur amine. Oxy chuyén amine thanh imine. Pong xdc
tac qua trinh cong hop dong vong cua nguyeén tir lvu huynh vao imine va thom héa
bai oxy tao ra san pham cudi cung.
o)

XX acid isonicotinic (1 eq.)
R‘l:_ + H2N | \—Rz + Sg . / \ / \ SN
= Pz S \
L= N

i o]
(2 eq.) (2 eq.) DMSO, air, 130 °C, 8 h R?
79 80

So @6 1. 24 Phan g diéu ché thiazole tir acetophenone, benzylamine va Sg
Tuong tu, dun ndng acetophenone véi benzylamine 79 va Sg trong DMSO tao
ra 2,4-diarylthiazole 80 (So d6 1.24). Phan tng khong dung kim loai chuyén tiép ma
dugc x0c tadc boi acid isonicotinic. Ketone no nhu 1-cyclohexylethanone va 3-
methylbutan-2-one khong tham gia phan ng. Phan tng ciing khong thanh cong vai
ketone khdng chira nhom methyl nhu propiophenone hay 1,2-diphenylethan-1-one.
MGt han ché nita 1a phan wng chi thuc hién duoc véi cac benzylamine [145].
0 o]
NH, o) NaHCO; (1 eq.) N
SOARSY -
R H DMF, air, 100 °C, 4 h S

(1.2eq.) (3eq.)

O g1 O g2

So d6 1. 25 Phan {ing giita 2-amino-1,4-naphthoquinone, aldehyde va Sg
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Li [208] sir dung NaHCOs x(c tién qua trinh oxy héa dong vong — sulfur hoa
gitta 2-amino-1,4-naphthoquinone 81, aldehyde va luu huynh dé tong hop nén vong
naphtho[2,3-d]-1,3-thiazole-4,9-dione thé & vi tri s6 2 82 (So dd 1.25).

© o AN
j + ZJ\ + Sg + NHJl ———— | S—ar
S

INGENT pyridine/H,0 Ar3
83 (3eq.) (2eq.) (2eq.) 150°C,20h 84

So d6 1. 26 Phan g giita methylketone, benzaldehyde, NHal va Sg
Phan ng bon thanh phan gitra methylketone 83, benzaldehyde, ammonium
iodide va luu huynh trong pyridine tao ra 2,4-diphenyl-5-benzylthiazole 84 (So db
1.26). Quy trinh 1a su két hop cua tong hop imidazole theo Debus-Radziszewski va
téng hop thiophene theo Gewald [70]. Phan tng khong st dung kim loai chuyén tiép
va c6 tinh chon loc ving phan ung cao. Khi stir dung alkylmethylketone va ketone

khong chira nhom methyl, 4-vinylthiazole duoc tao thanh vai hidu suat 37 — 60%.

0
NN R Na,CO5 (3.3 eq.)
R | R? + E100C” NHpHCI + S ~

(3 eq.) (5 eq.) DMSO, 140°C, 5 h
85 86

So @6 1. 27 Phan ting gitra chalcone, glycine ethyl ester hydrochloride va Sg
Pun nong chalcone 85, glycine ethyl ester hydrochloride 86 va4i luu huynh
trong DMSO thu dugc thiazole 87 chira nhém thé & cac vi tri 4 va 5 (So d6 1.27).
Qua trinh chuyén hoa duoc cho rang trai qua cac giai doan gan nhom amine vao
carbon B, cong hop dong vong va dealkoxycarbonyl hoa [179].

CuCl (5 mol%)
t-BuOK (1.5 eq.) R

R2
.0 N
1// s rR2 P . s, NMP (1.5 eq.) \[ >:o
R N DMF, 55°C, 16 h s
93

(1.2 eq.) 88 (0.2 eq.)
| 86 S® T
@N~-s7, i
Cu ™ Snipinco o °
R1% 90 1% e R1/‘ \,\T
__ % . ~o N,
89 91 g2 CU R

So d6 1. 28 Phan tng giita alkyne-1, isocyanate va Sg
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Kermani [61] da tong hop thanh cbng thiazol-2(3H)-one 93 tir alkyne-1,
isocyanate 88 va Ss trong DMF Vi xtic tac CuCl (So d6 1.28). Bong acetylide 89 tao
ra tir alkyne-1 va CuCl/t-BuOK phan wng véi polysulfide 90 cho alkyne polysulfide
91. Hop chat nay tiép tuc phan &ing vai isocyanate tao thanh phirc S-(alkyl/arylethynyl)
phenylcarbamothioate 92. Su dong vong tiép theo tao ra san pham.

Lang [8] d4 diéu ché isothiazole-3(2H)-thione 96 nhd phan ng ba thanh phan
gitra isonitrile 93, acetylenedicarboxylate hoac dibenzoylacetylene 94 va luu huynh
trong hé dung mdi CS2/CH2Cl, (So dd 1.29). Phan wng dat hiéu suit 80 — 92% ngay
ca khi khuay ¢ nhiét do thuong trong 6 gio. Giai doan dau cua phan Gng l1a sy tan
cdng nucleophilic cua isonitrile vao lién két ba nghéo electron cua acetylene tao ra
dipole 95. Theo sau 14 qua trinh sulfur héa dipole va dong vong theo nhiéu con duong

khac nhau dé tao nén san pham cudi cung.

oe!
& 0 R? R? szRz 2
R-N= + >——<: +S — —R
4 O P CsiCHCL| Z O R' = Bu, Cy
. /7,
10:1 N’ R2 = OAlkyl, Ph
93 94 t6h | RT 95

So @0 1. 29 Phan g diéu ché isothiazole-3(2H)-thione
1.1.1.8. Téng hop benzothiazole

1.1.1.8.1. Téng hop tir 0-aminothiophenol

Singh [53] da phat trien phan ang decarboxyl héa coupling gita 2-
mercaptoaniline 97 va acid cinnamic hoac acid phenylpropiolic 98 dé tong hop 2-
benzylbenzothiazole 99 trong diéu kién khdng can dung méi va xuc tac kim loai (So
d6 1.30). Luu huynh tham gia tao thanh hop chat trung gian trong quéa trinh chuyén

hoa. Pay 1a cong bd dau tién vé phan ang Willgerodt-Kindler ciia amine thom.

Sg (3 eq.) 7\
N NH; Xy COOH  N-methylmorpholine (3 eq.) s —g2
110 + ~
R i/I Q/\/ R 4
SH R2 DMSO, 130 °C, 15 h Z N
97 98 99

So dd 1. 30 Phan ting giita 2-mercaptoaniline, acid cinnamic/phenylpropiolic va Ss

31



Tuong tu, Iuvu huynh ciing gép mét trong phan ng oxy hoa — dong vong cua
2-aminothiophenol 100 va arylacetylene 101 hoic styrene 102 dé tong hop 2-
alkylbenzothiazole 103 hoic 2-acylbenzothiazole 104 (So d6 1.31). Trudc hét, 2-
aminothiophenol phan tng vai Ss tao ra hop chat trung gian R-NH-S7-SH, hop chat
nay cong hop vao arylacetylene hoac styrene cho thioamide. Phan tmg dong vong noi

phan ti ciia thioamide va thom hoa cudi cling tao thanh san pham benzothiazole [87].

Sg (3eq.) S Ar
= L)
~NH; 101 DMF, 110 °C, 15 h Z N
R P * hosc 103
SH AN 1.Sg (2 eq.)

2eq. DMF, 110 °C, 15 h x-S Ar
(2 eq) 102 ~ R1- H
100 A%

2. Cul (20 mol%)
AcOH (2 eq.) 104
DMSO, O,, 24 h

So @6 1. 31 Phan (ing gitra 2-aminothiophenol, arylacetylene hoac styrene va Sg
DPun nong 2-aminothiophenol véi N-aryl hoac N-alkyl difluorobromoamide va Sg
(So d6 1.32) tao thanh N-benzo[d]thiazole-2-carboxamide véi higu suat 54-90% [37].

Sg (10 mol%) =Y
NH, Br R! Na,COj3 (3 eq.) N  N-R2
+ F N. 52 g H
R o S (@)
SH F o MeCN, 90 °C, 12 h
105 106

So @6 1. 32 Phan ¢ng giita 2-aminothiophenol, N-aryl/alkyl difluorobromoamide va Ss
1.1.1.8.2. Tang hop ter aniline

Theo truyén thong, dun néng amine thom bac 1 vai luu huynh va céc hop chat
nhu 2-picoline hoac 4-picoline 107, benzylic ester 109, ruou benzylic, acetophenone,
thiobenzanilide 113 trong hexamethylphosphoric triamide (HMPA) thu duoc cac san
pham tuong ung 2-(2-pyridyl)benzothiazole, 2-(4-pyridyl)benzothiazole hodc 2-(2-
pyridyl)naptho[2,1-d]thiazole 108 (So d6 1.33a), 2-(4-methoxyphenyl) benzothiazole
110 (So dd 1.33b), 2-phenylbenzothiazole 111 (So d6 1.33c), 2-benzylbenzothiazole
112 (So d6 1.33d), 6-methyl-2-phenylbenzothiazole 114 (So d6 1.33€) [149]. Cac phan
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g nay déu duoc tién hanh trong diéu kién v ciing khac nghiét. Nhiéu cai tién da duoc

phét trién dé mé rong chét phan ¢ng, nang cao hiéu suat va ha thap nhiét &6 phan tng.
R NH, X Sg (6 eq.) g
SOES - @ />—/j
o N HMPA, 170°C, 7.5 h >~
107
NH, g (6 eq.)
o @@
MIeO HMPA, 170 °C, 5 h
Cl
NH Sg(6e
2 oH s (6eq.)
+ (c)
HMPA, 175 °C, 12 h
NH, s (6eq)
" @
HMPA, 185 °C, 6 h
g(6e
Uealogure f%@
HMPA, 170 °C, 10 h

So @6 1. 33 Phan ttng diéu ché benzothiazole tir Sg

Deng [71] m& rong co chét cho phan &ng ¢ [87] khi thay 2-aminothiophenol
bang aniline nhung phan @ng Xay ra kho khin hon. Qua trinh chuyén hoa ciing trai
qua giai doan trung gian tao thioamide. Phan (ng khdng hiéu qua végi cac nhom thé

hat electron manh & styrene nhu —NO> va —CFs.

Y DMSO
| X ~~ |
Rt + S —, \>—Ar
= 140 °C, 22 h
115 119
DMSOl
N ~ Ar
A XN
Ss S
116 17

So d6 1. 34 Phan ¢ng giira arylamine thé va Sg
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Bén canh d6, Deng [225] ciing tong hop 2-arylbenzothiazole tir arylamine bac
hai 115 va luu huynh (So d6 1.34). DMSO oxy héa amine thanh imine 116. Tiép
theo, nhan thom tin cdng nguyén tir luu huynh electrophilic cho hop chat trung gian
117. Phan rng cong hop nucleophilic déng vong ndi phan tir cho thiazoline 118, hop
chat nay tiép tuc bj oxy héa bai DMSO tao ra san pham 119.

2-Arylbenzothiazole 147 con dugc tong hop truc tiép tir arylamine,
benzaldehyde 148 va luu huynh (So d6 1.35) nho quéa trinh hoat hda lién két C-H khi
khong c6 mat xuc tac kim loai va oxy hoa — dong vong boi DMSO [23]. NHsl hoac
KI gitip nang cao déng ké hiéu suat chuyén hoa. Hiéu suat phan tng phu thuoc nhiéu
vao ban chat caa arylamine. 2-Naphthylamine phan tng dé dang trong khi d6 hoat
tinh caa aniline giam rd rét ngay ca khi nhan thom cé cac nhom thé day electron nhu
alkyl hay alkoxy. 2-Arylbenzothiazole ciing dwgc diéu ché tir din xuat cua
acetophenone va aryamine khi c6 mat hé xtc tac 1./TBAI [96]. Ether thay thé cho

benzaldehyde trong phan ung trén véi hé xuc tac t-butyl hydroperoxide/KI [218].

NH (0] NH4I hoac Kl (10 mol%) N
AN 2 4 : o N
R—: + )J\ . S > R—: \>—Ar
_ Ar” TH 8 Z s

o
(2eq) DMSO,140°C, 24 h

So @6 1. 35 Phan ting gitra arylamine, benzaldehyde va Sg

1.1.1.8.3. Téng hop tir 0-iodoaniline

Nguyén tic chung caa phwong phap nay 13 phan tng cta o-iodoaniline véi luu
huynh tao ra o-aminothiophenol. Hop chat nay s& ngung tu dong vong véi mot tac nhan
thich hop dé tao thanh san pham benzothiazole chira nhém thé & vi tri s6 2. Tac nhan
tao nén nguyén tir carbon sb 2 cua benzothiazole thuong 14 benzaldehyde (So do 1.36).
Zhou [36] str dung CuCl, xtc tac cho phan ung coupling ba thanh phan giira o-
iodoaniline 120, benzaldehyde va Sg trong dung méi nuéc. San pham 2-
arylbenzothiazole thu dwoc véi hiéu suat 1én téi 91%. Trong chuyén hoa nay, ddng xuc
tac phan ng coupling gitra o-iodoaniline va Sg cho diaryl disulfide. Sau d6 aldehyde
tham gia ngung tu v&i hop phan amine cua disulfide tao imine. Phan @ng oxy hoa —

dong vong ctia lvu huynh va imine trong ty nhu cac phan g da dé cap & trén.
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CuCl,-Phen (10 mol%) N

NH 0
AN 2 AN
R—:(I D G KoCOs(2eq) _ R S—Ar
2N ArtH &  H,0,100°C, 24 h Z s

120 (1.05eq.) (3 eq.)
NH; CU(OAC), Ho0 (20 mol%) -~y
R +ANA 4 Na,CO; (2eq.) _ R@: \>—Ar
S >
2N ArCl DMSO, 130 °C, 24 h Z s
(2 eq.) (4 eq.)
121

Cu(OAc), (20 mol%)

1,10-phen (20 mol%
o + oA N + S J . R r
% Ar” NH 8 DMSO, 130 °C, 24 h Z s

|
122 (6 eq.)

So d6 1. 36 Phan {tng diéu ché benzothiazole tir 0-iodoaniline

Ngoai ra, dudi tac dung cua base va DMSO, benzyl chloride 121 [205] ciing
giai phong benzaldehyde, chat nay sau d6 phan @ng véi luu huynh va o-iodoaniline
nhu d3 dé cap o trén. Li [183] cho benzylamine 122 phan wng véi o-iodoaniline va
Iwu huynh thu duoc 2-arylbenzothiazole. T4c gia cho rang trong méi truong DMSO
va xilc tac déng, benzylamine ciing bi oxy hoa thanh benzaldehyde. Céc tac nhan
cung cap nguyén tir carbon s 2 cua benzothiazole con ¢ mudi ammonium bac bon
[147] va acid arylacetic [185].

Cul (10 mol%)

1,10-phen (20 mol%) N
NH, _— N
N G KePOs(2eq) Ry | >R’
_ DMSO, 110 °C, 10 h S
| (1.5eq.) (1.2 eq.) 125
\ H R2 H R2
AN S X
R1:— \H/ —8> R1:_ \n/
123 124
CuTC (5 mol%)
NH, 2
RIE A . 2// S DBU (1 eq. R N N\>_/R
+
AR 8 MeCN/H,0 10:1 g
(1.5ed.) (1.2eq.) 130°C, 10 h 126

So @6 1. 37 Phan ting gitra o-iodoaniline, alkyne-1 va Ss
Jiang [65] dé xuat tong hop benzothiazole tir 0-iodoaniline, Sg va alkyne-1 (So

dd 1.37) trén co sé phan cat lién két C=C tao synthon C-2. Khi c6 mat xuc tac dong,

35



alkyne-1 bi oxy hoa béi oxy va luu huynh thanh acid benzoylformic hoic acid -
thioketo. Cac hop chat nay ngung tu véi o-iodoarylamine cho a-iminoacid. Phan tng
tiép theo cho amide 123, amide phan wng véi Ss cho thioaminal 124. Pdng xuc tac
qua trinh déng vong ndi phan tir cua thioaminal tao thanh san pham 125. Khi phan
ung xay ra trong moi truong nudc, Cu(l) — acetylide tham gia phan ung cong
nucleophilic véi anion amine cho phirc Cu — anion alkenyl, nuéc trao ddi proton véi
phtrc trung gian nay tao nén phtrc a-aminovinyl-Cul. Théng qua moét loat phan ng
sulfur hda va oxy hda, san pham 126 thu duoc véi hiéu suét 1én dén 90%.

Pan [56] str dung nguyén tir carbon trong lién két C=C 1a ngudn synthon C-2,
luu huynh vira tham gia phan ¢ng sulfur hoa vira la chat oxy hoa hiéu qua (So do 1.38).

CuCl,.H,0 (20 mol%)
1,10-phen (20 mol%)
X N
10 Z Ky,HPO, (2 eq.) X
R ¢ g7 e, R s\>_/
(1.5eq.) (2eq.) DMF, 130°C, 12 h

So @6 1. 38 Phan ting gitra o-iodoaniline, alkene va Sg
Pdng ciing xtc tdc phan Gmg dong vong [3+1+1] tao ra benzothiazole tir luu
huynh, o-iodoaniline va N-tosylhydrazone 127 [216]. Khi thay d6i diéu kién phan
ung, hai nguyén tu carbon cuia N-tosylhydrazone tham gia mét cach chon loc vao viéc
hinh thanh nén khung phan ti benzothiazole (So d6 1.39).

NNHTs CUSCN (10 mol%)

i Nz DBU (3 eq.)
L |+R—./ + Sg \’R2

(12eq) (12€4) DMSO, 110 °C, 10 h

127 Cul (0.5 eq.)
NNHTs DABCO (3 eq.)
N NH, 2©)‘\ CsF (2 eq.) O:
Rr + R + Sg

! (1.2e9.) MeCN, 130°C, 10 h
(1.2 eq.)

So @6 1. 39 Phan ting giira o-iodoaniline, N-tosylhydrazone va Ss
Li [190] d3 phat trién phan &ng ma& vong pyrrole sir dung Ss, thdng qua viéc
phan cat lién két C-N d6ng thoi sulfur hoa dong vong tao nén benzothiazole c6 nhém

thiopropionamide gén & vi tri carbon s6 2 (So dd 1.40).
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Cul (0.05 eq.)
Cs,CO3 (1 eq.) >ﬂ
QG i+ S —=505c. 10n
128

129

So d6 1. 40 Phan {ing giita pyrrole iodobenzene, formamide va Sg

1.1.1.8.4. Tong hop tir o-chloronitrobenzene

NO, N
o AN X
/ S =

(3 eq. ) (1.5eq.) 132
(I + RzOﬁ __pyridine O: >_<:>
Se 100 100°C, 24 h
(1.5€eq.)
X N02 a1 N-methyl morpholine (3 eq.)
_ R + Sg R2
3 135 (3eq)  100°C, 15h
NO . i N 0]
AN 2 Ar\n/CH3 N-methyl morpholine (2 eq.) R1 X \: 2,
= o * S ~ &~ S Ar
Cl o
2 eq) (4eq) 120 °C, 16 h 136
NO,
N 2 N Cl N-methyl morpholine (3 eq.)
= CI+ R + Sg
(2 eq.) (3eq.) 110 °C, 24 h
(\INOZ Ar H N-methyl morpholine (2 eq.) R1—'(j:N\>—A
+ S I r
% 8 ~g
Cl 130 °C, 16 h

(1 2eq) (3eq.)

So dd 1. 41 Phan tmg diéu ché benzothiazole tir o-chloronitrobenzene

Céac phuong phap tong hop noi trén con ¢ mot s6 han ché nhu tién hanh o

nhiét d6 cao, chat phan tng khdng sin co, can xdc tac kim loai chuyén tiép, base

manh hodc dung méi khdng than thién véi méi truong. Trong nd luc phét trién mot

phuong phép tong hop xanh, Nguyén Thanh Binh di nghién ctu diéu ché

benzothiazole tir cac chat phan tng ré tién va san cd, khong sir dung xuc tac ciing nhu

dung mai. 2-Pyridylbenzothiazole 132 di dwoc tong hop thanh cong nhd phan tng

coupling gitra o-chloronitrobenzene 131, luvu huynh va picoline [125] trong diéu kién

khong dung dung méi (So dd 1.41). San pham la két qua cia mot chudi phan ng
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sulfur hoa, khir héa nhom nitro, oxy héa nhom methyl va ngung tu tao vong
benzothiazole. Ngoai heteroaryl, benzylamine 133 [139], phenylacetic acid 135 [55],
acetophenone [130], benzyl chloride [186], benzaldehyde [120] ciing tham gia phan
ung tuong tu voi o-chloronitrobenzene.

1.1.1.8.5. Tong hop tir cyclohex-2-enone O-acetyl oxime

NOAc
Ar H
N
S 9 P QP
e DMSO L S
137 (1.5eq.) (3eq.) 120°C,12h

So @6 1. 42 Phan g diéu ché benzothiazole tir cyclohexenone oxime

Deng [203] d& xuit phan ung tong hop naphtho[1,2-d]thiazole va
benzo[d]thiazole tir cyclohexenone oxime 137, benzaldehyde va luu huynh (So d6
1.42). Phan {mg nay ciing dugc ung dung dé diéu ché 2,5,7- triarylbenzo[d]thiazole
tir cAC chat dau san co.

1.1.1.9. Téng hop benzoisothiazole

31 K3sPOy4 (2 eq.) RjN/RZ
N\RZ + 88
X NH (5eq.) DMSO/PhH 2:1 ©j\<N
X=F, Cl, Br air, 135°C, 36 h s
138 139

So @6 1. 43 Phan g diéu ché benzisothiazole tir 0-halobenzamidine

3-Arylamino-1,2-benzisothiazole 139 duoc tao thanh khi dun néng hén hop
lwu huynh va o-halobenzamidine 138 trong K3sPO4 (So d6 1.43). Phan {ing tién hanh
& nhiét do cao va trong thoi gian dai. Chia khoa cua chuyén hda nay la su tan cong
cua hop phan amidine vao Iuu huynh tao lién két mgi N-S, phan ting dong vong tiép
theo dya trén su thé nucleophilic ngi phan tir gitra Iuu huynh va nguyén ta halogen &
nhan thom. Phan &ng hiéu qua khi benzamidine chara nhém thé hut electron va khong
xay ra vi nhom thé khdng chiu duoc diéu kién base manh nhu alkoxy, CF3 [198].
Dan xu4t o-iodobenzamide c6 thé thay thé o-halobenzamidine & phan &ng trén [200].
Phan tng tao ra benzo[d]isothiazol-3(2H)-onetrong vong chua day 10 phat khi c6

mat xtc tic CuBr2 trong diéu kién vi song.
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Song [56] phét trién phan tng sulfur héa - cong hop dong vong truc tiép lién
két C(sp?)-H véi luu huynh st dung 2-amino alkylbenzimidazole (MBIP-amine) 1am
nhom dinh huéng. Cac dan xuit benzoisothiazolone chaa khung phan to
benzimidazole 141 dugc tao ra vai hiéu suat 19-98% (So db 1.44). Benzamide khdng
c6 nhém thé o-halo nhung cin nhém dinh huéng MBIP-amine, phan ang sir dung cac
hoa chat dat do nhu xtc tac Ni(OTf), va base sodium trimethylacetate hydrate, chat
oxy hda manh KMnO; ciing nhu nhiét d6 cao 1a nhitng han ché cua phuong phap nay.
Ni(OTf), (10 mol%)

[ KMnOy, (1 eq.)
N i N TBAI (1 eq.) Oj«
J H N\© + Sy PiVONa.H,0 (2 eq.)

lohexane
(1.5eq) Y€
140 140 °C, air, 9 h

So @6 1. 44 Phan tmg diéu ché benzoisothiazolone theo Song
1.1.1.10. Téng hop thiadiazole
1.1.1.10.1. Téng hop 1,2,3-thiadiazole

NNHTs TBAI (20 mol%) N=N

@)K K220 (2 €q.) @&‘s
R +  Sg - R
= =
142 (5 eq.) DMAC 146
l 100 °C, air, 2 h T
,NTS
NNHTs

Fe R o

So @6 1. 45 Phan g diéu ché 4-aryl-1,2,3-thiadiazole tir N-tosylhydrazone
4-Aryl-1,2,3-thiadiazole 146 duogc tao ra khi N-tosylhydrazone 142 phan ung
VGi Sg nho hé x(c tac TBAI/K2S:0s (So d6 1.45). San pham thu duoc véi hiéu suat
lén téi 98% [24]. Phan ung bat dau véi viéc a-iodo héa nhom methyl cua
acetophenone tosylhydrazone bai I* (tao ra in situ tir iodua va K»S>0g) va tach loai
HI cho hop chat trung gian 144. Dien lién hop 144 phan ang véi Ss dé gan nguyén tu
lwu huynh vao khung carbon. Tiép theo, qua trinh cit mach luu huynh va déng vong

noi phan tir 145 rdi tach loai acid tolylsulfinic tao thanh san pham. Cac phan tng
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tuong tu cling duoc tién hanh dya trén sy xdc tac caa cap oxy hoa khir I/I°. 1" duoc
chuyén lai thanh I nho cac tic nhan oxy hoa nhu TBHP [69], nhd dong dién [110],
hay oxy hoa bai O, trén xuc tac flavin [68]. Gu [88] dé xuat quy trinh tong hop trong
d6 DMSO déng vai trd vira 1a chat oxy héa I vira 1a dung mdi cho phan Gng.

Trén co s¢ hé xdc tac 1/DMSO, 5-acyl-1,2,3-thiadiazole 148 da dugc tong
hop tir enaminone, tosylhydrazine 147 va luu huynh (So d6 1.46). Trudc hét, phan
ring chuyén amine giita enaminone va tosylhydrazine tao thanh enaminone chua lién
két NH-NH 149. Tiép do, enaminone 149 bi oxy hda béi I cho hop chat trung gian
150. Sulfur hoa 150 cho hop chét trung gian 151, hop chat nay tham gia phan tach

loai mach luu huynh va deproton hda cho san pham cudi cting [206].

O 0]
l2 (1eq.)
i XN = T/ + Sg + TsNHNH, Ny X _ .
T (2 eq.) (1.2 eq.) DMSO > S\l\/l/

147 400°C, 12 h 148

So @6 1. 46 Phan tmg diéu ché 5-acyl-1,2,3-thiadiazole tir enaminone
1.1.1.10.2. Téng hop 1,2,4-thiadiazole

I X
XX R4
R1- Z },A
= = r
/
152 " NH 154 S-N
) . ® . S K3sPOy4 (3 eq.) hodic
hoac 2 g —
Ar2” “NHj, o) A
CHO eq. DMSO _
1 2
Ar (2 eq.) 130°C, 12 h \s/\ A
153 N
155

So @6 1. 47 biéu ché 3,5-diaryl-1,2 4-thiadiazole tir aldehyde hozc 2-methylquinoline

3,5-Diaryl-1,2,4-thiadiazole 154 va 155 duoc tong hop truc tiép tir amidine 153,
aldehyde hozc 2-methylquinoline 152 va luu huynh trong diéu kién khdng co x(c tac
kim loai (So d6 1.47). Nhdm methyl gan vao quinoline va nhém —CHO cua aldehyde
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dong vai tro synthon C-5 cling vai nguyén tir luu huynh hinh thanh nén cau tric khung
phan tir 1,2,4-thiadiazole. Cac tac nhan bat goc ty do nhu ethene-1,1-diyldibenzene,
2,2,4,4-tetramethyl-1-piperidinyloxy hay butylated hydroxytoluene tc ché hoan toan
phan (ng cho thay phan ng xay ra theo co ché géc ty do [197].

Han [223] str dung benzyl chloride cung cip synthon C-5 cho khung phan tu
1,2,4-thiadiazole. Deng [191] tong hop 3-aryl-5-acyl-1,2,4-thiadiazole tir ketone,
amidine va luu huynh str dung xuc tac palladium. Trong phan trng nay, ketone thom
cung cap synthon C-5 cua vong 1,2,4-thiadiazole va nhém acyl. 3,5-Aryl-1,2,4-
thiadiazole ciing dugc diéu ché tir acid phenylacetic, benzamidine hydrochloride va
Iru huynh khi c6 mit xuc tac dong [97].

Wang [91] téng hop 5-amino-1,2,4-thiadiazole 158 tir amidoxime 156,
isocyanide va luu huynh (So d6 1.48). Phan wng than thién véi méi truong do san
pham phu cia phan ung chi 13 nudc. Trudc hét, dudi tac dung cua base,
isocyanide phan ng véi Sg cho isothiocyanate. Cap electron khong lién két trén
nguyén tir nitrogen cua N-hydroxybenzimidamide tin cong nguyén tar carbon
electrophilic cua isothiocyanate cho hop chét trung gian 157, tiép d6 dong vong ndi

phan tir va dehydrate hda tao san pham.

N Na,CO3 (1eq) |70 g H0 NS R
S A ge| = LN
RUONH;  (2eq) (2eq) puso,e0°c,2n| R N° N R N

156 157 158

So @6 1. 48 Phan ting diéu ché 5-amino-1,2,4-thiadiazole
1.1.1.11. Tong hop 1,2,3,4-thiatriazole

5-Aryl-1,2,3,4-thiatriazole da duoc tong hop truc tiép tir isonitrile thom va luu

huynh véi hiéu suat cao (51-80 %) ma khong can phan lap tic nhan thioacyl (So d6
1.49). Phan {ing sir dung nang luong vi séng thay vi cach gia nhiét truyén thong. Theo
co ché phan tng duoc tac gia dé xuat, trugc hét, thiohydrazide dugc tao thanh tir
hydrazine hydrate va luu huynh. Tiép theo 1a phan tng diazo hoa thiohydrazide boi
HNO; va dong vong tao san pham 1,2,3,4-thiatriazole [155].
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1. DMSO
NC S

Ar” + NH,NH,H,0 + Sg __ MW, 1h N )—Ar
2. HNO, N~N

So @6 1. 49 Phan tmg diéu ché 5-aryl-1,2,3,4-thiatriazole
1.1.1.12. Téng hop benzothiazine

@] @]
- i i 0
N X R? 3-picoline (5 eqz, 130 °C, 16 h X R?
R + S hoac . R 820
= NO, (5 eq) N-methylmorpholine (5 eq.) 2\ \C\)_
159 100 °C, 16 h 160

So @6 1. 50 Phan g diéu ché sultam tir o-nitrochalcone va Sg

Sultam 160 duoc tong hop thanh cdng tir 2-nitrochalcone 159 va Sg khi c6 mat
3-picoline hoic N-methylmorpholine trong diéu kién khéng ding xuc tac hay tac
nhan oxy hoa (So dd 1.50). Phan tng trai qua giai doan cong hop base vao lién két
C=C cua o-nitrochalcone, tiép theo 1a sy cong hop luu huynh, di chuyén hai nguyén
tir oxygen tir nhdm nitro sang nguyén tu luu huynh va dong vong tao 160 [134]. Phan
ung nay cling dwgc (ng dung va&i o-nitrostyrene, o-nitrocinnamamide va o-
nitrocinnamate ester cho céc san pham [2,1]benzothiazine S,S-dioxide khac nhau véi
hiéu suat 48-85% [141].

O ~ '_R1
|
NH KI (50 mol%) N AN
N N dle DMSO (2 R% h
R'5 + Ry + S (2eq.) _ | P ~ —
= — 8
2 eq.) PhCl, O, S N \ | //
l 9 450°¢, 16 h 161 T F|<2
_ N = _
R _| R1_ |
Z X /N X
R? [0] ge
N N s N _ — R
8
162 N SN p
L RIC 163 RZ—\ | -

So @6 1. 51 Phan tng diéu ché 1,4-benzothiazine tir acetophenone, aniline va Sg
Deng [72] phét trién phan Gng one-pot tong hop 1,4-benzothiazine tir
acetophenone, aniline va luu huynh trong diéu kién khdng dung xdc tac kim loai (So

d6 1.51). Hai phan tir aniline tham gia chuyén hoa tao thanh san pham chtza nhém chre
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imine 161. Trudc hét, acetophenone ngung tu vai aniline tao imine 162. Nhém methyl
cua imine bi oxy hoa va sau d6 ngung tu véi phan ti aniline thir hai cho hop chét trung
gian 163. Su tin cdng electrophilic ciia luvu huynh vao vi tri ortho ciia hop phan aniline,
theo sau la tach loai mach sulfur, dong vong ndi phén tr va thom hoa tao thanh san
pham cudi cing. T4c nhan oxy héa trong chuyén héa nay l1a su két hop caa KI, DMSO
va Oz. Khi thay thé acetophenone bing cyclohexanone thi thu dwgc N-alkyl/aryl
phenothiazine vai higu suét 1én dén 90% [25].

Trong diéu kién twong tu, aniline bac hai bao gém tetrahydroquinoline,
benzocyclic amine, N-alkylaniline va diarylamine két hop véi cyclohexanone va luu
huynh tao thanh phenothiazine. Phan tng duoc cho 14 xay ra theo co ché géc ty do
[26]. Deng [27] cai tién cac phuong phéap trén khi st dung mudi ammonium v co
nhu (NHs)sPOs va NHiI dé cung cap hop phan nitrogen cho khung phan tu
phenothiazine va bis-phenothiazine.
1.1.1.13. Téng hop 1,3,6-thiadiazepine

Sun [217] tong hop 1,3,6-benzothiadiazepine 166 tir 1-(2-aminoaryl)pyrrole

164, ether 165 va luu huynh trong diéu kién khéng ding xtc tac kim loai (So d6
1.52). Trong chuyén héa nay, ether dong vai trd ca chat phan &ng va dung méi. Phan
rng xay ra theo co ché gbc tu do.

/NN 3
Ny 3 R\

o R ZH
74 /',_\ TBHP (4 eq.) R2 n
N\/),_Rz z ' nBuyNI (20 mol%) ~ S N

+

Y
R“f\ Sg  + kH/ r—x/\( Y
I = n o) /// \\/N
NH, 2 eq.) 120 °C, 12 h < —

X = CH, N Z=0,8 R L
Y = CH. N 164 165 166 N

So d0 1. 52 Phan g diéu ché 1,3,6-benzothiadiazepine
1.1.1.14. Téng hop 1,3-oxathiolane

Wu [64] da phat trién quy trinh carbonyl hdéa — dong vong cua ancol

propargylic 167 voi luu huynh va carbon monoxide dé tong hop 4-alkylidene-1,3-
oxathiolan-2-one 168 (So db 1.53). Khi ¢6 mit xic tdc DBU, luu huynh phan tng

v6i CO tao carbonyl sulfide O=C=S, sau d6 chat trung gian nay phan ang véi ancol

43



propargylic cho san pham 1,3-oxathiolan-2-one véi hiéu suat 1én dén 97% ngay &
nhiét do thuong. Phan ang xay ra dé dang vai ancol propargylic bac hai va bac ba,
tuy nhién, ancol propargylic bac mgt nhu 3-phenylprop-2-yn-1-ol khéng tham gia
phan tng do chat phan (ng bi pha hity trong diéu kién da cho. Khi str dung TFBen
(benzene-1,3,5-triyl triformate) 1am tac nhan cung cap CO, phan &ng xay ra & nhiét

d6 cao hon (60 °C) va thoi gian phan tng 1én t&i 48 gio [207].

OH . Qo
o DBU (10 mol%) A
4 =3 + Sg + CO RWO
1 10 bar
R™ o) ( ) MeCN, 25°C, 12 h LR
167 168

So @6 1. 53 Phan tmg diéu ché 4-alkylidene-1,3-oxathiolan-2-one
Phan tng cua nitroalkane 169 va Iuu huynh véi oxirane 170 khi c6 mat xuc
tac mudi bac tao nén khung phan tir 1,3-oxathiolane 171 (So dd 1.54). Phan ttng c6

tinh chon loc vung phan tng khi m¢ vong oxirane nén chi tao ra maot isomer [81].

R? R’

o R3 AgOAc (0.5 eq.) O/<
R °NO, + S5 + o R* S
R2  H20,55°C, 16 h R??‘\(
R2

169 170 171

So dd 1. 54 Phan tmg diéu ché 1,3-oxathiolane tir nitroalkane, oxirane va Sg
1.1.1.15. Téng hop thienothiazole

_OA
T 0
N )‘L Li,CO; (1 €q.) N \W)L’”
i . . s
! — Ar 8 ] R_| N \ &
(5 eq.) DMSO, 120°C, 12h R
(1.5eq.) S 172

So d6 1. 55 Phan tig diéu ché benzothienothiazole tir acetophenone oxime acetate

Phan Thanh Son Nam [150] da téng hop 2-benzoyl benzothienothiazole 172
trén co s& phan tng coupling gitra acetophenone oxime acetate, acetophenone va Sg
trong DMSO Vi LioCO3 déng vai tro xtic tac base (So dd 1.55). Nhdm tac gia ciing
phét trién phan &ng téng hop thienothiazole tir acetophenone, urea va Sg [151]. Tuy
theo diéu kién phan ung c6 thé thu duoc 2-phenylbenzo[4,5]thieno[3,2-d]thiazole hoic
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benzo[4,5]thieno[3,2-d]thiazol-2-yl(phenyl)methanone. Nghién ctru co ché phan tng
cho thiy su dong vong xay ra theo co ché géc tu do. Phan ng cross-coupling giita lién
két C—H o cua acetophenone véi lién két C(sp®)—H cua acid phenylacetic hoic 2-
methylazaarene hay aldehyde thom ciing xay ra trong diéu kién tuong tu.

1.1.1.16. Téng hop oxathiine

Swamy [49] tong hop 2,3-dihydrobenzo[b][1,4]oxathiine 173 tir o-iodophenyl
propargyl ether 172 va luu huynh (So do 1.56). Phan g duoc xUc tac bang mudi
dong. Khong chi luu huynh, selenium ciing tham gia chuyén hda nay.

Cul (20 mol%)

R3
K2003 (6 eq
C[ Ss  HO(156q) C[ LRZ
3e

q.)
NMP, 90 °C, 12 h

So @6 1. 56 Phan tng diéu ché 2,3-dihydrobenzo[b][1,4]oxathiine
1.1.2. Luwu huynh déng vai tro chdt x(c tac
Nhitng phan tng tong hop di vong chira luu huynh noi trén déu cé dic diém
chung la sy oxi héa — ngung tu dong vong tuan theo Willgerodt-Kindler. Tt 6 mo
ra mot huéng tong hop mai véi xuc tac luu huynh, trong d6 cac nucleophile khac
nhau duoc sir dung thay thé cho amine. Miac du khdng xuit hién trong khung phan tir
ctia san pham di vong, luu huynh van ¢6 mat & cac trang thai trung gian.

N NH2 e} 88 ( 3 eq)
RIS + HMK , N-methyl piperidine (1 eq ) R \>—(—/)

R
= OH n
175 (1.5eq.) 80°C, 16 h 176

So d0 1. 57 Phan tg diéu ché 2-alkylbenzoxazole

Nguyén Thanh Binh [133] d3 két hop luu huynh véi base N-methylpiperidine
dé xuc tac phan tng oxy hoa coupling giita 0-aminophenol 175 va ketone tao ra 2-
alkylbenzoxazole 176 (So d6 1.57). Nghién ctru co ché cho thiy phan tng tuan theo
phan bd lai Willgerodt véi 0-aminophenol dong vai tro tac nhan bis-nucleophile.

Luu huynh lam tac nhé@n oxy hdéa trong phan ttng oxy hdéa — ngung tu gitra 2-
aminophenol véi cyclohexanecarboxaldehyde hoac benzaldehyde [119] tao ra 2-
arylbenzoxazole 177 (So d6 1.58). Na,S trong DMSO gilp hoat hoa Iuu huynh.
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O Ay CHO Sg (1 eq.) N e
R2_| P + R1—| P Nazs.5H20 (10 mOI%) R IU = o] \ ’\/R1

NH, DMSO, 70 °C, 16 h 177

So @6 1. 58 Phan g diéu ché benzoxazole tir 2-aminophenol va aldehyde
o-Nitrophenol hoic o-nitroaniline thay thé 2-aminophenol trong phan wng
couping dong vong véi benzaldehyde sir dung hé xdc tac Se/DABCO. Diéu kién phan
ung kha ém diu vai nhdm chic aldehyde do khéng stir dung hydrogen, kim loai hay
cac tac nhan khir hda manh, twong thich véi nhiéu nhém chac khac nhau & o-
nitrophenol va o-nitroaniline cho cac san pham 2-arylbenzoxazole va 2-

arylbenzimidazole véi hiéu suat 1én dén 90% [34].

7 N\
/ _ X
| N XH y N = Sg (2 eq.) I N R
R2_I + R_I - R2_| \
Z X

- NH, DMF, 110 °C, 18 h 178 X =0, NH,NCH;
XH—/ \R2
o XH Ny <M = ~
r2l — R24 || — XH
N e N Rafl ~ HN =~ |
179 H 180 N ZNSs N
H R
] 181 |

So @6 1. 59 Phan tmg diéu ché 2-arylmethyl benzoxazole/benzimidazole

Gan [46] tong hop 2-arylmethyl benzoxazole/benzimidazole 178 tir 2-
hydroxy/amino aniline 177, arylacetylene va luu huynh trong DMF (So d6 1.59).
Trong chuyén hoa nay, 2-hydroxy/amino aniline phan tng véi luu huynh tao thanh
hop chat trung gian 179. Cong hop 179 vao arylacetylene cho 180, hop chit trung
gian nay phan tng véi mot phan tir 177 nira tao ra hop chét trung gian 181. Hop chat
181 tach loai mach luu huynh, dong vong va cudi cing bi oxy hda tao san pham 178.

Dan xuat malonamide chtra vong benzoxazole 183 thu duoc khi cho anhydride
maleic 182 phan urng véi o0-aminophenol hoac o-phenylenediamine va amine tha hai
trong DMSO (So d6 1.60). Luu huynh tham gia giai doan trung gian cua phan ¢ng
tao thanh phac hop sulfur-amine c6 tinh nucleophilic. Phac hop sulfur-amine cong

hop vao maleate mot cach chon loc tao ra succinate. Phan (rng decarboxyl hoa, tach
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loai amine va mach luu huynh cho thioaldehyde. Phan ung tiép theo cua o-
aminophenol hoac o-phenylenediamine vai thioaldehyde cho benzoxazoline, hop
chat nay nhanh chdong bi oxy héa thanh benzoxazole [122].
SS (125 eq) 2
NH2 Elé R2 DMSO (4.5 eq.) EWN
O + | RT —
R NMP, 50 °C, 16 h o) x@

X=0,NH

So @6 1. 60 Phan tmg diéu ché benzoxazole tir anhydride maleic
Bén canh do, 2-(2,2,2-trifluoroethyl)benzoxazole 185 ciing dugc tao thanh
nho phan tng gitra 0-aminophenol va 2-bromo-3,3,3-trifluoropropene 184 khi cé mat
Iwu huynh (So @6 1.61). Phan ung trai qua giai doan trung gian tao thanh thioamide
[89]. Phan &ng c6 han ché 1a st dung 2-bromo-3,3,3-trifluoropropene dit do ciing
nhu luong 16n céc chat xdc tién tao goc tu do 2,2’-azobis-(2,4-dimethylvaleronitrile)
(ADVN) va bis(pinacolato)diboron (B2Piny).

Sg (8 eq.)
N NH, Br NaHCO5 (3 eq.)
R_:(;[ * )\CFg POV ea. R—(\/\[N\>"\
XH (7 eq.) B,Pin, (7 eq.) . g X CF,
X=0,S NH 184 DMF, 100 °C, 15 h 185

So d0 1. 61 Phan ing diéu ché 2-(2,2,2-trifluoroethyl)benzoxazole
Xiang [9] tong hop truc tiép 2-amino-1,3,4-oxadiazole 187 tir cac hydrazide
186 va isonitrile trén co so phan ung déng vong dugc xdc tién bai lwu huynh (So dd
1.62). Trudc hét, isonitrile phan ung vai luu huynh tao thanh isothiocyanate. Day
duoc coi 1 giai doan chia khda caa phan (ng nay. Tiép do, isothiocyanate phan ng
véi hydrazide cho thiourea. Hop chat nay sé& giai phdng HzS khi dun néng, tao thanh
carbodiimide. Phan wng cong nucleophilic noi phén tr cua nhom —OH vao

carbodiimide cho san pham cubi cung.

Sg (1.5 eq. H
j)J\ 2 8 (1.5 eq.) R1\\(07/N\ ,
R1 N,NHZ + R NC / R
H (1.2 eq.) DMSO,130°C,4h N—=N
186 187

So @6 1. 62 Phan mg diéu ché 2-amino-1,3,4-oxadiazole tir hydrazide va isonitrile

47



Deng [199] tong hop benzo[d]imidazo[2,1-b]thiazole 190 t& 2-
aminobenzothiazole 188 va cyclohexanone 189 (So d6 1.63). Luu huynh két hop véi

oxy tao thanh hé tac nhan oxy héa vé cing hiéu qua dbi vai chuyén hoa nay.

N
0 %
NS Sg (12.5 mol%) S’%J\O\Rz
1N
R )—NH, + [ R? N
_ |
N DMSO/cyclohexane J =

188 189 02, 130 OC, 24 h R1 190

So @6 1. 63 Phan g diéu ché benzo[d]imidazo[2,1-b]thiazole

Trong khi do, 6,7,8,9-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridine 192 va
1,2,3,4-tetranydrophenazine 194 ciing dé dang duoc tao ra nho dun néng o-
phenylenediamine 191 hoac 2-aminopyridine 193 vai cyclohexanone khi ¢ mat luu
huynh (So d6 1.64) [132]. Phan tig trong cung diéu kién cia o-phenylenediamine véi
aryl ketone hoac a-tetralone cho 2-aryl-3-alkyl/arylquinoxaline va naphthoguinoxaline
twrong ung [121]. Phan @ng chuyén hda tiép theo cua 1,2,3,4-tetrahydrophenazine voi
amine va Sg trong DMSO cho 1-aminophenazine [136]. Con khi dun néng 2 phén ti
o-phenylenediamine véi cyclohexanone va Sg khi ¢6 mat xdc tac acid manh nhu HCI,
acid trifluoroacetic, acid p-toluenesulfonic cho quinoxalino[2,3-a]phenazine [129].
Tuong ty 2-aminopyridine phan ung voi cdc aryl/alkylacetaldehyde khac nhau tao
thanh 5-aryl/alkyl imidazo[1,2-a]pyridine [176].

NH2 5eq
I 3w
NH 100 °C, 16 h

191 192
N g (S mol%) _N
SR SN/ R,
NH, 100 °C, 16 h A
193 194

So d6 1. 64 Diéu ché 6,7,8,9-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridine
va 1,2,3,4-tetrahydrophenazine
Dan xuat cua chromeno[2,3-b]indole 197 dugc tong hop nhd phan tng dong

vong gitta salicylaldehyde 196 va indole 195 khi c6 mit K,CO3 va luu huynh (So do
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1.65). Nghién ctru co ché phan ang cho thay rang luu huynh khong chi 14 tdc nhan

oxy hda ma con gép phan hoat héa vi tri sé 3 cua indole [93].

N CHO Sg (0.7 eq.)
R1m b gl D K,CO4 (1.5 €q.)

Z N N -

195 M 196 OH 4 4-dioxane, 100 °C, 24 h

So @6 1. 65 Phan tng diéu ché chromeno[2,3-b]indole
Luu huynh xdc tac phan ing decarboxyl hoa va ngung tu gitra isatoic anhydride
198, amine bac mot va acetophenone tao thanh 3-alkyl/aryl-2-aroylquinazolin-4(3H)-
one 199 (So dd 1.66). Giai doan chia khda Ia su oxy héa chon loc nhém methyl cua
acetophenone bai Se/DMSO, theo sau la phan g ngung tu v4i anthranilamide (dugc
tao ra in situ bai phan ing decarboxyl hda va ngung tu gitra isatoic anhydride va amine
bac mot). Phan mg nay con duoc tng dung dé tong hop tryptanthrin, mot alkaloid tu

nhién cé hoat tinh khang viém va chéng ung thu [127].

(@] R’
O / O
o AN Sg (4 eq.) N
/§ R'NH; + R P N-methylpiperidine (1 eq.) / R2
(1.05 eq.) > N / i
(1.5eq.) DMSO, 100 °C, 16 h 199 —

So @6 1. 66 Phan tmg diéu ché 3-alkyl/aryl-2-aroylquinazolin-4(3H)-one
Hop chét 1,2,4,5-tetrazine dugc tong hop tir dichloromethane, hydrazine
hydrate va nitrile qua hai giai doan [156] (So d6 1.67). Luu huynh déng vai trd hoat
hoa — oxy hoa hydrazine ¢ giai doan dau tién dé cong hop vao dichloromethane, giai
doan thir hai 1a diazo hoa va thom hoa.

1.Sg(2eq.)
NH2NH2H20 (8 eq)
EtOH, MW, 50 °C, 24 h rN\\N
>

N A

2. NaNO,, AcOH N” "R
So @0 1. 67 Phan g diéu ché 1,2,4,5-tetrazine
Volkova [178] tong hop dibenzo[1,3]diazepine tir 2,2"-biphenyldiamine va 2-

CH,Cl, + RCN

chloroacetamide (So d6 1.68). Phan tng duoc xuc tac bai luu huynh va triethylamine.
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Chuyén hoa nay ciing tuan theo phan tng Willgerodt — Kindler tao thanh thioamide.
Phan tmg déng vong ndi phan tir ciia thioamide ddng thoi giai phdng hydrogen sulfide
tao ra san pham.

N R!

Ry »Z H Sg (3 eq.) \\\
NH, N EtsN (10 eq.) SN0
NH, * O YR -y
= 2 5
R2- | 0 Hz0, refiux, 6h N\,—NH HN-R
N (2 eq.) L
R2

So d 1. 68 Phan tng diéu ché dibenzo[1,3]diazepine
Sét sulfide (tao ra in situ tir Sg va Fe) xdc tac phan ang oxy héa khir - ngung
tu gitta o-nitroaniline hoac o-nitrophenol vai cac di vong c6 nhom methyl hoat dong
[124] nhu 2-picoline, 4-picoline, quinadine, lepidine va 2-methylbenzimidazole cho
2-hetaryl-benzimidazole va 2-hetaryl-benzoxazole (So d6 1.69).

Fe (10 mol%)

XH
X H X
| Sg (10 mol%) .
R o + Hj*Hetaryl 8 . R.—/ N/>—Hetaryl (a)
2 2eq) 150 °C, 24 h
X = NH, NMe, O 4

FeCl, (5 mol%)

NH
X 2 Ar s8 (20 mol%)
R + N—/_ (b)

NO, H

120°C, 24 h
(2 eq.)
FeCl, (5 mol%)
Sg (40 mol%)
NH N-methylpiperidine H Il?z
2 cooH  (@omol%) i@ SN ©
i _ N/ \ /
130°C, 20 h
(1.2 eq.)
FeCl, (5 mol%)
Sg (2 eq.)
N-methylpiperidine R?
N OH (1eq.) i S © == d
R _ . L N/ N\ //
NO 110 °C, 16 h
(1.5eq.)

So @6 1. 69 Piéu ché 2-hetaryl-benzimidazole va 2-hetaryl-benzoxazole
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Tuong tu, khi thay di vong c6 nhém methyl hoat dong bang 2-arylethylamine
[138], san pham thu duoc 1a 2-arylquinoxaline. Hé xdc tac Fe/S con thé hién vai trd
hiéu qua trong decarboxyl héa — oxy hda khir - ngung tu gitra acid arylacetic va
nitroarene khi c6 mat base N-methylpiperidine tao thanh 2-arylbenzimidazole [126].
Hé xtic tac trén ciing xac tién phan wng tach loai cyanide — oxy héa khtr - ngung tu
dé téng hop 2-arylbenzoxazole tir o-nitrophenol va arylacetonitrile, trong d6 luu
huynh vira tdch loai nhém cyanide vira la tdc nhan khir hoa [128].

Sg (20 mol%)

XH 0
AN Br 0 Na,CO3 (3 eq.) @ix
| 1 >_./< = NR'R2
Rz + R1— P R=NR'R
F— ZN R

NH, F R CH4CN, 130 °C, 16 h OEt
X=NH,O,S 200 201

So d6 1. 70 Piéu ché 2-amidobenzimidazole, 2-amido/ester benzoxazole hoic N-
benzo[d]thiazole-2-carboxamide

Luu huynh xuc tac phan tng gitra bromodifluoroacetamide 200 véi o-
phenylenediamine, 2-aminophenol hoic 2-aminothiophenol tao thanh céc san pham
2-amidobenzimidazole, 2-amido/ester benzoxazole hodc N-benzo[d]thiazole-2-
carboxamide 201 véi hiéu suat cao (So do 1.70). Nghién ciru co ché phan &ng cho
thdy synthon C2 duoc sinh ra bai sy phan cat chon loc ba lién két carbon — halogen
bao gom ca hai lién két C(sp®)—F kha bén cua bromodifluoroacetamide, trong khi d6
gitr nguyén lién két carbon — carbon kém bén hon [37].

R1
R? Sg (5 mol%)

6 0 X ZN
R1M0Et ' EN/ NH, 120°C,2h RZ_\):NIO
202 203
So d0 1. 71 Phan tig diéu ché 4-methyl-2H-pyrido[1,2-a]pyrimidin-2-one
Hop chét 4-methyl-2H-pyrido[1,2-a]pyrimidin-2-one 203 ciing duoc tong hop
tir f-0x0 ester 202 va 2-aminopyridine trén co sd xuc tac luu huynh, trong diéu kién
khong ding dung méi, tac nhan oxy hoa hay kim loai (So d6 1.71). Luu huynh duoc
cho la tao phuc hop vai f-oxo ester lam tang tinh electrophilic & nguyén tir carbon

carbonyl cua ester, tao thuan loi cho sy tin cdng ciia nhém amino nucleophilic. Cac
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phan tng oxy hoa déng vong va tach nuéc tiép theo cling ¢ su tham gia cua luu
huynh véi vai trd 1am bén hoa cac trang thai trung gian [148].

Zhou [30] téng hop isoindigo 206 théng qua phan wng cua 2-oxoindole 204
vé6i Iuu huynh khi c6 mat DABCO (So dd 1.72). Nghién ctru co ché phan @ng cho
thdy giai doan trung gian tao ra 3-thioisatin 205, sau d6 hai phan tt 3-thioisatin ngung
tu v6i nhau tao thanh san pham cudi ciing isoindigo. Phan ung nay ciing duoc ung

dung dé tong hop chét ban dan hitu co spirothiopyran.

S
DABCO (0.1 eq.) X
X
R O +Sg - R'T o
Z N , DMSO, 100 °C, 24 h N ,
204 R 205 R

So @6 1. 72 Phan ting diéu ché isoindigo tir 2-oxoindole va Sg
Pandey [21] d3 tong hop 2-alkyl/arylquinoxaline 208 v&i hiéu suit cao ngay &
nhiét d6 phong tu sulfoxonium ylide 207 va o-phenylenediamine khi c6 mat luu
huynh (So d6 1.73). Phan mg nay con duoc tng dung dé téng hop pyrazine va nhiéu

hop chét cé hoat tinh sinh hoc khac.

Cl e ke CEl
R RN 2
N R DMSOrt3h

NH,
207

So @6 1. 73 Phan g diéu ché 2-alkyl/arylquinoxaline

1.2. Tong quan vé 3-cyanopyrid-2-one
1.2.1. Ung dung cria cac ddn xudt 3-cyanopyridine va pyrid-2-one

C4c dan xuat coa pyridine, trong d6 phai ké dén khung phan tir 3-
cyanopyridine va pyrid-2-one, tir lau da duoc biét dén véi nhiéu hoat tinh sinh hoc
quan trong nhu giam dau, trg tim, chdng viém, chéng tram cam [33], ha huyét ap,
khang nam [77], khang khuan va khéang virus [162]. Nhiéu hop chat sin c6 trong tu
nhién, tham gia vao cac qua trinh sinh hoc khac nhau va thé hién duoc tinh rd rét
(Hinh 1.1). Thi du, nicotinamide 209 va pyridoxine 210 14 nhitng hop chét quan trong
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dbi véi hé than kinh cua sinh vat, anabasine 211 ¢ trong cay thudc 14 thuong duoc
ding lam thudc trir su. Ricinine 212 1a mét alkaloid c6 trong cdy thau dau, dung lam

thudc khang con tring va chira bénh sét rét [210].

OH OMe
i HO | N
A NH, | N OH X N
| _ | H N~ ~O
7 — |
N N N Me
Nicotinamide (vitamin B3) Pyridoxine (vitamin B6) Anabasine Ricinine
209 210 211 212

Hinh 1. 1 Mot s6 dan xuét caa pyridine ¢é trong ty nhién
Nhiéu duoc pham quan trong cé chta khung pyridine (Hinh 1.2) nhu
ethionamide 213 14 thudc khang lao phé bién. Dan xuét pyrid-2-one lam thubc gidn
mach khéng chua glycoside [160]. Milrinone 214 (véi tén thuong mai Primacor),
Amrinone 215 va Olprinone 216 ¢ ché enzyme phosphodiesterase nén dugc dung
dé diéu tri suy tim, dac biét trong truong hop phuong phap diéu tri thong thuong bang

thudc gidn mach va loi tiéu khong dem lai hiéu qua [10].

S NH,
N
»
N
Ethionamide Milrinone
213 214

- N7
U
4-pyrazolyl
Br
SynuClean-D Brompheniramine
217 218 219

Hinh 1. 2 M6t sé duoc pham chira khung pyridine
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SynuClean-D 217 cho thay kha ning chdng lai su tich tu a-synuclein ¢ té bao
con ngudi dugc nudi ciy do d6 no 1a duoc pham day hira hen gitip ngin ngira su thoai
hoa cua cac té bao than kinh san sinh dopamine gay bénh Parkinson [103].
Brompheniramine 218 déng vai tro nhu mot chat ddi khang thu thé histamine H-1 va
la mét tac nhan chdng di tmg nén thudng dugc ding dé giam triéu chirng cua céc tinh
trang di tng bao gom viém mili va viém két mac [146]. Nam 2015, AstraZeneca cong
bd mot loat phan tir d6ng dang ciia thymine nhu hop chat 219 dwoc dung lam chat tc
ché non-nucleoside enzyme thymidylate kinase caa vi khuan lao [115].

Protein kinase dugc kich hoat bang adenosine monophosphate (AMPK) la
sensor chinh va diéu hoa qua trinh chuyén héa niang lwong ndi bao ciing nhu toan bo
co thé [58]. Khi enzyme nay duoc kich hoat, n6 s& lam thay doi qua trinh chuyén hoa
carbohydrate va lipid thdng qua viéc ting hap thu glucose va oxy hoa acid béo, dong
thoi giam tong hop acid béo va cholesterol. Do d6, AMPK tré thanh phan ti muc tiéu
trong diéu tri bénh tiéu duong, cac hoi ching rdi loan chuyén héa va béo phi [167].
Mot s6 hop chat 3-cyanopyrid-2-one 220 - 224 (Hinh 1.3) cho thy kha ning hoat
hoa AMPK [224].

R
X oH 220: R = H, X= H
= 221:R=0H, X =H
s—/ N_GN  222:R=0CH,0CHs, X = H
HN 223:R=H, X = Cl

0 224:R=H, X =Br
Hinh 1. 3 Cac 3-cyanopyrid-2-one hoat héa AMPK
Gan day, hop phan 3-cyanopyridine con cho thay tac dung (¢ ché su phat trién
va gy doc ddi vai nhiéu dong té bao ung thu nén dang tré thanh mot trong cac nhém
thudc chdng ung thu day tiém nang (Hinh 1.4). PIM kinase lién quan dén nhiéu qué
trinh sinh hoc khac nhau bao gom ting sinh té bao va biét hoa té bao. Ching la gen
sinh ung thu (oncogene) yéu nhung dugc phan b rong réi va bat ct bat thudng nao

ctia ching déu 1a nguyén nhan gay ra cac loai ung thu khac nhau & ngudi. Céc nha
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khoa hoc nhan thay rang dan xuat hydroxy 225 c6 kha ning ¢c ché manh PIM-1
kinase [31]. Bosutinib 226 1a thubc trc ché enzyme tyrosine kinase dwgc chi dinh diéu

tri bénh bach cau dong tuy [46].

\
N
N _\:\F
O\/\/N\) HN °
- —\ HNQO o
(0] N\
- / Nen o n
Bosutinib N Neratinib
226 227

230: R'=H, R2=H
231:R' = OH, R? = Br

232:R'=CI,R?=F, X=0
233:R'=0CH3, R?2=F, X=0
234:R'=CI,R?=H,X=0
235:R'"=CI,R?>=H,X=S

(6]
236:R=F

237:R=H

Hinh 1. 4 M6t s6 dan xuét 3-cyanopyridine 1am thude diéu tri ung thu

Neratinib 227 (v6i tén thuong mai Nerlynx) dugc dung diéu tri ung thu va giai
doan hai, giup kéo dai thoi gian séng sau phau thuat cat bo [39]. Cac dan xuat 3-
cyanopyridine 230 va 231 cho thay hoat tinh gay doc té bao manh thdng qua viéc tc
ché qua trinh tring hop tubulin din dén su nging phan chia té bao ¢ giai doan giira
cua qua trinh nguyén phan [161]. Survivin la mét protein phan tir lugng nho co vai
trd chinh trong viéc diéu chinh sy phan chia té bao. Survivin xuat hién véi tan suat

cao trong hau hét cac bénh ung thu & ngudi nhu ung thu phdi, tuyén tuy va vi. Hon
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nira, survivin con lién quan dén kha ning khang lai hoa trj va xa tri cua té bao ung
thu. Do d6, wc ché survivin dugc coi 1a muc tiéu quan trong cua cac thudc diéu tri
ung thu 232 - 237 [4].

Ngoai ra, cac hop chat 3-cyanopyrid-2-one con thé hién tinh chat quang 1y dic
trung va c6 nhiéu tiém ning @ng dung (Hinh 1.5). Cu thé, hop chét 238 dugc ding
lam thé huynh quang gitip dinh vi va theo ddi tuong tac ctia cAc protein trong té bao.
NG con lam sensor dién hoa dé phat hién nitrite [104]. Milrinone 214 1a sensor phéat
quang gidp phat hién cac ion Ru®*, Fe3*, CrO4%, Cr,07% va MnO4™ [195]. Hop chat 3-
cyanopyrid-2-one gan véi alkyl mach dai 239 1a vat liéu phat quang ding trong ché
tao cac thiét bi OLED pha tap ciing nhu khong pha tap [182].

238

Hinh 1. 5 Mot s6 dan xuat 3-cyanopyrid-2-one lam vat liéu quang hoc

Nhu vay, véi kha nang ung dung da dang va quan trong cua cac din xuat caa
pyridine, dac biét 1a nhom hop chat 3-cyanopyrid-2-one, viéc nghién ctu diéu ché
cac hop chat nay khong chi 1am giau thém kho tang ly thuyét vé tong hop hitu co ma
con ¢ y nghia thuc tién sau sic.
1.2.2. Cdc phwong phdp tong hop 3-cyanopyrid-2-one

Céc phan ung tong hop 3-cyano-pyrid-2-one chi yéu theo con dudng ngung
tu dong vong mot dan xuét acetonitrile (cyanoacetate ester, cyanoacetamide hoac
malononitrile) vai mot hop chat carbonyl thich hop (1,3-dicarbonyl hoic a, f-khong
no) theo kiéu [3 + 3]. Trong do, trudc hét xay ra phan tng cong hop Michael cua dan
Xuit acetonitrile vao hop chét carbonyl, tiép theo 1a dong vong va oxy héa — thom
hoa tao thanh san pham. Piroyan va Melikyan [152] d3 tong hop N-aryl-3-cyano-4-

methyl/phenyl pyridine-2(1H)-one 243 trén co s& phan tng cua ylidenecyanoacetic
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acid ethyl ester 240 véi N,N-dimethylformamide dimethyl acetal (DMF/DMA) tao ra
enaminonitrile 241, amine hoa chit nay véi arylamine trong acid acetic bang rdi dong
vong 242 tao ra san pham cudi cing (So d6 1.74). Villemin [82] phét trién phan tng
cua Piroyan va Melikyan khi cho ethyl 2-cyano-5-(dimethylamino)-3-arylpenta-2,4-
di-enoate (enaminonitrile) phan tng véi cac amine nucleophilic bac mot khac nhau ¢

nhiét d6 thuong trong diéu kién khong dung dung méi.

Me
N—Me
Ve DMF/DMA (1.1 eq.)
R1J\(002Et | COuEt
CN xylene, héi lwu, 3 h Z CN
]
240 R 241
Me
N—-Me HN—R?2
| COEL + R2NH, | COEt
= o _
CN (1.1 eq.) AcOH, 90°C,5h CN
R1 R1
R1 242

CN xylene, héi lwu, 6 h |

So @6 1. 74 Phan ting diéu ché N-aryl-3-cyano-4-methyl/phenylpyridine-2(1H)-one

Nhiéu phan ang one-pot da duoc phat trién nham t6i wu hoa cac diéu kien va
nang cao hiéu suat phan ung. Ketone o, p khong no c6 thé ngung tu véi cac hop phan
acetonitrile khac nhau trong lugng du ammonium acetate tao ra 3-cyanopyridin-2-one.
Thi dy, dun nong chalcone 244 véi ethyl cyanoacetate 245 khi c6 mat luong du
ammonium acetate trong ethanol thu dugc 3-cyano-2-oxo-1,2-dihydropyridine (So d6
1.75) véi hiéu suat rat thap 22-28% [226].

R2
CN
(0] X
N >
+ NC” O CO,Et + CH;COONH ‘ KI
RN g2 ? ’ *EOH, hdi vy 1SN
H

244 245

So @6 1. 75 Piéu ché 3-cyanopyrid-2-one tir chalcone va ethyl cyanoacetate
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Keshavarz va Behbahanithe [79] cai tién phan (ng trén khi st dung L-proline
lam base khi tong hop 3-cyano-4,6-diarylpyrid-2-one tir arylaldehyde, acetophenone,
ethyl cyanoacetate va ammonium acetate (So d6 1.76). Phan mg dung tuong d6i du
ammonium acetate (4 eq.) va oxy khong khi déng vai trd chat oxy héa. San pham thu

duoc vai hiéu suat cao 60-81% tuy nhién sé lwong chit phan tng han ché (6 chat).

0 0 N
| +R

TN H %

R _ L-proline (15 mol%)

CN

. N

EtOH, hdi luu |

NC” >CO,Et  CH3COONH, N0

(4 eq.)
So db 1. 76 biéu ché 3-cyanopyrid-2-one theo Keshavarz va Behbahanithe
Phan trng cua cac enone khac nhau véi cyanoacetamide 246 trong DMSO khi
c6 mat luong du t-BuOK ciing tao thanh 3-cyano-pyrid-2-one (So d6 1.77). Phan ting
str dung xuc tac base rat manh va khi oxy Iam tac nhan oxy héa nén bi han ché vé

nhom chic & chat phan ang ciing nhu hiéu suat san pham khong cao 45-58% [16].

R3
2
O P tBuOK R AN CN
RAKng + NC”OCONHy, ——— |
R? 246 DMSO,0, R N" 0

So @6 1. 77 Phan tmg diéu ché 3-cyanopyrid-2-one tir enone va cyanoacetamide
Bén canh d6, hop phan 1,3-diketone ciing duoc sir dung dé xay dung nén
khung phan tir caa 3-cyanopyrid-2-one. Céc hop chat N-alkyl/aryl-4,6-dimethyl-3-
cyano-pyrid-2-one duoc diéu ché tir acetylacetone 247 va cyanoacetamide thé tuong
mg dudi tac dung cua ning luong vi song (So dd 1.78). San pham thu duoc véi hiéu
suat Ién téi 99% trong thoi gian ngan [109], tuy nhién phan wng chi sir dung tac nhan

1,3-diketone duy nhat la acetylacetone.

CHs
o o0 Py piperidine NN
L+ NeTTCONHR - |
HaC CHs MW, 7mins  HsC~ N7 O
247 R

So d6 1. 78 Phan tmg diéu ché N-alkyl/aryl-4,6-dimethyl-3-cyano-pyrid-2-one
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Tuong tu, Raslan [157] st dung ethyl 4-(2-cyanoacetamido)benzoate (duoc
diéu ché tir ethyl 4-aminobenzoate va ethyl cyanoacetate) dé tong hop nén hop chat
ethyl 4-(3-cyano-4,6-dimethyl-2-oxopyridin-1(2H)-yl)benzoate 249 cé kha nang
ngan chin su phét trién cua té bao ung thu rudt (So d6 1.79). Gouda [52] ciing thuc

hién phan ing tuwong tu vai 2-cyano-N-(4-sulfamoylphenyl) acetamide.

EtO,C o o CN
\I:::l\ O O O piperidine §
CN + - EtOzCO-N CH
H)K/ H3CMCH3 EtOH . 3

H;C
248 3 249

So dd 1. 79 Phan tmg diéu ché cua Raslan
Trong khi d6, Maryasov [106] tong hop 4-aryl-6-oxo-5-cyano-1,6-
dihydropyridine-2-carboxylic acid 251 tir methyl ester cuaa acylpyruvic acid 250 va
malononitrile hoic cyanoacetamide (So do 1.80). Nhin chung, céc phan ung cua
Raslan, Gouda va Maryasov déu sir dung chat phan ang khdng sin c6, phai tong hop

qua nhiéu giai doan hoac gia thanh rat cao.

o o O CN
RG 3 + xeN —mm — |
250 X = CN, CONH, EtOH, 40-45°C HOOC 251 R

So @6 1. 80 Piéu ché 4-aryl-6-0xo-5-cyano-1,6-dihydropyridine-2-carboxylic acid

Sheibani [168] da tong hop 3-cyano-pyrid-2-one bang cach dun hoi luu
malononitrile 252 véi 1,3-dicarbonyl va triethylamine trong ethanol (So d6 1.81).
Phan tng thu dwoc hdn hop hai pyrid-2-one hoic chi mét san pham duy nhat tiy

thudc vao do bén viing caa enol trung gian.

R2 R
CN CN
o o Y Et,N |\ X
1)}\)}\ , + NC” "CN . |
R R 252 EtOH, hdilwu R N7 70 RZN"So
R R

So @6 1. 81 Phan ting diéu ché 3-cyano-pyrid-2-one theo Sheibani
Abbas [43] tong hop 3-cyanopyrid-2-one bang phan wng bon thanh phan md

phong phan tng Hantzch vai 2,4-dichloroacetophenone, 4-fluorobenzaldehyde, ethyl
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cyanoacetate va ammonium acetate trong n-butanol (So d6 1.82). So véi phuong
phap truyén thong trai qua nhiéu giai doan, cac phan tmg da thanh phan tién hanh don
gian hon véi cac aldehyde va ketone sin c6. Tuy nhién, phan tng cua Abbas can
luong du ammonium acetate va hiéu suat khong on dinh (20-80%) tdy thudc chu yéu
vao chat phan ¢ng. Nhiéu giai phap di dwgc dwa ra nhu st dung dung moi

polyethylene glycol (hiéu suat dat dén 80% & 110°C) [165] hoic sir dung ning luong

vi song [5].
F
Cl O 0
Cl
. N o |\ CN
n-BuOH, héi lwu, 3 h
A~ N" "0
NC~ “CO,Et CH3COONH, H
Cl

So @6 1. 82 Phan tmg diéu ché 3-cyanopyrid-2-one theo Abbas
Wang [188] sir dung base pyrrolidine xdc tac cho phan ung bon thanh phan
téng hop 3-cyanopyrid-2-one (So d6 1.83). Theo co ché phan tng dugc dé Xuat, trude
hét, ethyl cyanoacetate ngung tu voi aldehyde theo Knoevenagel, tiép d6 cong hop
theo Michael vai enamine (duoc tao ra tir ketone va pyrrolidine) cho 6-keto a-cyano
ester, cudi cuing l1a phan ang véi ammonium acetate va dong vong ndi phan tir. Phan
g xay ra o nhiét o thudng, tuy nhién oxy khong khi van la chat oxy hda chinh va

hiéu suat phan (ng khong 6n dinh, phu thudc nhiéu vao chat phan tng (27-82%).

o ﬁ\ R?
pyrrolidine
R2JK R" "H (1.3 eq.) XN
. R
NC” >CO,Et  CHs;COONH, rt R2Z N0
(1.8 eq.) H

So dd 1. 83 Phan tmg diéu ché 3-cyanopyrid-2-one theo Wang
Dinari  [173] tong hop 1,6-diamino-3,5-dicyano-2-oxopyridine  tir
benzaldehyde, malononitrile, ethyl cyanoacetate va hydrazine hydrate (So d6 1.84).
San pham thu duoc véi hidu suat cao (85%) sau thoi gian phan ¢ng ngan (40 phut)

khi sir dung 50 mg xuc tac IS@SMNPs (mudi ionic piperazinium tam vao lép phu
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silica cuia nanoparticle FesOs) & nhiét do phong. Sau 5 1an tai sir dung IS@SMNPs,
hiéu suat phan tng van dat duoc téi 80% cho thiy ddy 1a mot phwong phéap tong hop
hiéu qua va than thién voi méi trudng. Viée diéu ché xtc tac tuong ddi phuc tap 1a

mét han ché cua phan &ng nay.

0 Ar
NC CN
~ M N
NCTTCN  ATTH s aemNp jl\)I
+ HN™ N7 0
NC” SCO,Et  NHaNHy.HL0 NH,

So @6 1. 84 Phan tmg diéu ché 1,6-diamino-3,5-dicyano-2-oxopyridine

Bayat [63] tong hop  N-amino-6-amino-3-cyano-pyrid-2-one  tur
cyanoacetohydrazide 253, dan xuét acetonitrile (malononitrile, ethyl cyanoacetate,
cyanoacetamide) va benzaldehyde (So d6 1.85). Phan ng trai qua céc giai doan
ngung tu Knoevenagel, cong hop Micheal, dong vong ndi phén tir, tautomer hda
imine — enamine va oxy héa — thom héa. Phan ing sur dung dung moéi xanh la nuéc
hoac hdn hop nudc — ethanol cho san pham vai hiéu suat cao 65-91%. Tuy nhién,

chat phan tng cyanoacetohydrazide c6 gia thanh cao (59$/1 g), d& chay nd.

o) | +R
H AN piperidine (2 mol%) =
0
H,N” j(\CN + X OCN + R P : - X _A_CN
o] X = CN, COLEt H,O/EtOH 1:1 |
253 CONH, HN™ "N™ 0
NH,

So @6 1. 85 Phan g diéu ché N-amino-6-amino-3-cyano-pyrid-2-one

T6m lai, cac phan tng tong hop khung phan tir 3-cyanopyrid-2-one d cong
bd con ton tai mot s6 han ché nhu chat phan tng o cau tric phirc tap, khong san c6
phai tong hop qua nhiéu giai doan hoic dat tién. Phan (ng st dung base manh va oxy
lam chat oxy hoéa nén bi gigi han vé loai nhém thé ¢ san pham. Pa s6 phan tng xay
ra trong diéu kién khic nghiét va thoi gian phan ung kéo dai. Do dé, luan 4n hudng
t6i viéc xay dung quy trinh tong hop 3-cyanopyrid-2-one tir cac nguyén liéu sin co

hoac dé dang tong hop, da dang vé nhém thé nhu chalcone va cyanoacetamide, trong
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diéu kién ém dju hon v6i base DABCO va luu huynh nguyén té 1a tic nhan oxy héa
ré tién, twong ddi than thién véi méi trudng.
1.3. Téng quan vé 2,3-diarylquinoxaline

1.3.1. Ung dung cia quinoxaline va 2,3-diarylquinoxaline

No_NH; 5

Al Upee ST
—Linker 1
B8 o3

N(p-Tol),

254

N
AN
@/
N

N(p-Tol),

Hinh 1. 6 Mot s6 quinoxaline tng dung trong duoc hoc va vt liu
Quinoxaline 1a nhém hop chat di vong cé nhiéu ¢ng dung trong héa hoc, dugc
hoc va vat liéu (Hinh 1.6), trong d6 dang chu y nhat la 2,3-diarylquinoxaline. Cac
hop chat quinoxaline c6 nhiing tinh chat dugc 1y ddng cha y nhu 2-aminoquinoxaline
254 1a chat dbi khang thu thé adenosine A2A nén duoc sir dung 1am thudc gidn mach
[59], 255 wc ché gen BRCAL gay ung thu vii, cac quinoxal-2-yl thioether 256 duoc
sa dung lam thudc chéng ung thu va 257 14 tic nhan gay doc té bao [192].

Quinoxaline con dugc tng dung trong linh vuc vat liéu nhu 1am pin nang lwong mat
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troi 258 [19], cam bién huynh quang 259 [13], thiét bi quang dién 260 [113], va vat
licu thay d6i mau sic theo birc xa tiép xtc 261 [45].
1.3.2. Cdc phwong phdp tong hop quinoxaline va 2,3-diarylquinoxaline

Quinoxaline duoc tong hop nho phan tng caa o-phenylenediamine véi 1,2-
diketone [11], a-hydroxyketone [158], epoxide [6], a-bromoketone [171], alkyne-1
[116], aldehyde [32], deoxybenzoin [154], B-aryl amine [221], va ynone [170]. Céac
chuyén hoa khac bao gom phan g ngung tu ciia 2-iodoaniline, aryl acetaldehyde va
sodium azide véi xtic tic dong [209], ngung tu giita N-aryl ketimine va sodium azide
[29], khir héa coupling caa 2-nitroaniline vai 1,2-diketone [51], dong vong di t6 cua
nitro ketene N,S-arylaminoacetal nhd POCI3 [181], phan tng thé nucleophilic gitra o-
nitrohalobenzene va amine no tiép do 1a khir hoa dong vong [196], phan tung dong
vong cua a-aryliminophenylhydrazone [108] hoic dan xuat oxime [105] cua hop chat
a-dicarbonyl véi aniline. Cac phuong phap nay gap phai mot s6 han ché nhu sir dung
chat xtc tac dat do, chat phan ang khong san cé [41], cau trdc san pham khong da
dang, diéu kién phan tng khic nghiét hoac phuc tap va hiéu suat khdng cao [86].

Theo truyén théng, 2,3-diarylquinoxaline duoc diéu ché tir vicinal diketone va
o-phenylenediamine. Lassagne [85] nghién ctru phan ttng cua o-phenylenediamine
262 va diketone hoac a-ketoaldehyde 263 trén co so xUc tac acid Bronsted
ammonium bifluoride (ABF) (So d6 1.86). Cac san pham quinoxaline thé & vi tri s6
2 hoac vi tri s6 2 va 3 duoc tao thanh véi hiéu suat rat cao (I18n téi 99%) sau thoi gian
phan &ng ngan.

RL!(\INHZ ) oj/\Ar ABF (0.5 mol%)' RL!(\;[N\IN
Z>NH, 07 “Ar  MeOH/H,0 SN Sar
262 263

rt, 15 ph

So d6 1. 86 Phan g diéu ché 2,3-diarylquinoxaline theo Lassagne
Ngoai x(c tac acid Lewis hay acid Bronsted, nhiéu nghién ctru da duoc phét
trién cho phan tng nay nhu st dung kim loai chuyén tiép. Yao [112] sir dung cerium
(1V) ammonium nitrate (CAN) xuc tac cho phan ung tong hop 2,3-diarylquinoxaline

tir 0-phenylenediamine va vicinal diketone (So d6 1.87). Phan tmg nay ¢6 uu diém la
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sir dung dung méi nuéc, tinh ché san pham dé dang va sir dung it xdc tac. Khi khdng

sur dung xuc tac, phan tng trong nudc chi tao thanh 2,3-dialkylquinoxaline [35].

20 rt

So dd 1. 87 Phan ting diéu ché 2,3-diarylquinoxaline theo Yao

Narsaiah va Kumar [117] str dung cerium chloride va glycerine cho phan rng
diéu ché quinoxaline (So d6 1.88).
CeC|3.7H20

o NH2 O Ar (10 mol%)
SO Lo
= o

NH; Ar  glycerine, 70 °C

So @6 1. 88 Phan g diéu ché 2,3-diarylquinoxaline theo Narsaiah va Kumar
Nhiéu x(c tac di thé khac ciing dugc nghién ctiru cho phan ung tuong ty bao
gom oxide kim loai ZrO,/Ga,0s [3], amberlyst-15 [95], graphite [74], vat liéu nano
tir MnFe,04 [14], nanozeolite két hop vai acid propylsulfonic [7]. Wang [222] téng
hop 2,3-diarylquinoxaline nho nang lugng vi sdng véi xuc tac polyethylene glycol
(PEG-400). Trong khi d6, Pawar [11] sur dung hé xuc tac 12/DMSO cho phan (ng
diéu ché 2,3-diarylquinoxaline, con Wu [57] ding song siéu am dé kich thich sy
chuyén héa cia o-phenylenediamine va diketone ngay & nhiét do phong.
In (5eq.)
NH, Ar InCl3 hodc AcOH
CE - X Lo
Ar MeOH hoac PhMe

50-80 °C

So @6 1. 89 Phan ting diéu ché 2,3-diarylquinoxaline theo Kim
Nhom nitro c¢6 thé chuyén héa thanh nhém amino nén o-nitroaniline thay thé
cho o-phenylenediamine trong phan &ng tong hop quinoxaline. Kim [51] diéu ché
quinoxaline tir o-nitroaniline 264 va vicinal diketone (So db 1.89). San pham duoc
tao thanh véi hiéu suit tir trung binh dén cao véi da dang nhém thé trén chat phan
ung nhu dialkyl, diaryl, diheteroaryl ketone va phenanthrene-9,10-dione. Phan tng

van str dung kim loai chuyén tiép, acid Lewis hay acid Bronsted Iam chat xuc téc.
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Céc hop chat chira lién két boi carbon-carbon c6 kha nang chuyén hoa thanh
hop chét carbonyl trong nhitng diéu kién nhit dinh. Do d6, alkyne, alkene va allene
c6 thé két hop véi o-phenylenediamine dé tao nén khung phan tir quinoxaline. Provot
va Alami [114] c6ng bd phan tng oxy hoa alkyne 265 thanh diketone tir d6 tdng hop
one-pot 2,3-diarylquinoxaline vai hé xdc tac Pdl/DMSO (So d6 1.90). Tiép do,
Chandrasekhar [194] cai tién phuong phap nay bang xtc tac PdCl2/CuCls trong PEG-
400. Sy oxy hoa alkyne thanh vicinal diketone xay ra hiéu qua ngay ¢ nhiét 46 phong.
Céc phan mg nay déu can xuc tac bai kim loai chuyén tiép va chat phan ung 1,2-
diarylacetylene cé gia thanh cao.

NH, AT Py (20 mol%)
(:[NH2 ' |‘| , DMSO, 140°C ©i I

Ar

265
So @6 1. 90 Phan g diéu ché 2,3-diarylquinoxaline theo Provot va Alami
Hu [174] phét trién phan (g one-pot tong hop quinoxaline tir 1,2-diamine va
a-hydroxyketone 266 str dung hé ddng x(c tac FeCls va morpholine (So d6 1.91).
FeCls va morpholine ciing vai oxy khéng khi chuyén hoa a-hydroxyketone thanh 1,2-
diketone, tiép d6 Fe®* dong vai trd chinh trong chuyén hoéa 1,2-diketone va 1,2-
diamine thanh quinoxaline.

FeCl; (0.1 eq.)

@NHz Ar! morpholine 03eq (;[
4 I
Ar

EtOH, 80 °C
266

So @6 1. 91 Phan tng diéu ché 2,3-diarylquinoxaline theo Hu
Cac vicinal diol phan ung véi o-phenylenediamine trong chudi phan ang oxy
hoéa — vong hoa ciing tao ra quinoxaline. Kundu [17] diéu ché thanh céng 2,3-
diphenylquinoxaline tir o-phenylenediamine va diol twong ng 267 trén nén xdc tac
la phirc chét iridium (So d6 1.92). Xdc tac phirc chat kim loai chuyén tiép cé gia thanh
cao, luong diol va kiém manh st dung twong d6i du, diéu kién phan ang khic nghiét
va su gidi han vé chét phan ¢ng 1 nhitng han ché cua phuong phap nay.
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[Ir] (2.5 mol%)

xNH2  HO_Ph KOH (1.5 eq.) N Ph
SO U LoD
1 1 /
= NH, HO”™ “Ph 120°C,24h ZSN7 > ph
(5eq.)
267

So @6 1. 92 Phan g diéu ché 2,3-diarylquinoxaline theo Kundu
Wu [90] tong hop quinoxaline tir methyl hoic methylene ketone 268 xc tac
boi CuO va Iz (So do 1.93). Su chuyén hda bat dau véi phan ung giita iodine va
methylene ketone tao ra a-iodoketone 269, tiép theo 1a oxy héa theo Kornblum boi
DMSO cho 1,2-diketone, diketone dong vong vai 0-phenylenediamine tao thanh san
pham quinoxaline. Hoic a-iodoketone truc tiép phan tng véi o-phenylenediamine
cho dihydroquinoxaline 270. Phan tng sir dung kim loai chuyén tiép dé gan iodine

vao khung phén tir ketone va hé I,/DMSO ddng vai tro tac nhan oxy hoa.

AN
CuO (1.1 eq.) R'%
0 /
© . h(i1eq) a2 Ox Al NHy Ny AT
ArJK/Ar—» Ar' . ji — R4 I
~
268 DMSO, 100 °C | 07 AR ZSNT AR
269
;
R'% Q _—
= 2
NH, N A
270

So @6 1. 93 Phan tng diéu ché 2,3-diarylquinoxaline theo Wu
Wan [15] tong hop quinoxaline tir enaminone 271 va o-phenylenediamine véi
5 mol% xuc tac quang hoa Rose Bengal dugi anh sang kha kién. Theo co ché phan
tmg duoc dé& xuat, enaminone bi oxy héa bai oxygen khi c6 mit Rose Bengal cho
peroxide trung gian dang vong 272. Hop chat trung gian nay bi phan tach thanh
diketone va tiép theo la phan tng véi o-phenylenediamine tao ra san pham
quinoxaline (So d6 1.94). Phan ung van si dung oxy 1am tac nhan oxy hda — thom

hoa va chat phan @ng enaminone khong sin ¢6, phai diéu ché qua nhiéu giai doan.
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_ NH,
o anh sang khakién [ @:
_ Rose Bengal 0~ (0) Ar’ NH
Ar'” NN (5 mol%) Ar' N~ — I - . 2R1©: I
A | 0

A | >

rt
271 272

So @6 1. 94 Phan g diéu ché 2,3-diarylquinoxaline theo Wan
Peng [92] tong hop 2,3-diarylquinoxaline tir aldehyde va 1,2-diamine thong
qua chudi cac phan @ng: carbene 273 xiic tac phan tng umpolung cua aldehyde thom
tao ra a-hydroxy ketone; oxy héa a-hydroxy ketone thanh 1,2-diketone vai xdc tac
DBU trong khong khi; ngung tu dong vong gitra 1,2-diamine va 1,2-diketone tao
thanh san pham cudi cung 2,3-diarylquinoxaline (So dd 1.95).
1. 273 (10 mol%) /
DBU (20 mol%) N Ar N*
07 Ar —DMF.0°C,5h I 273=©:\>l‘
2. DBU (10 mol%) L N A N\

EtOAc, 70 °C, 6 h

3. I N NH,
R'G

= NH»
rt, 2 h

So @6 1. 95 Phan ting diéu ché 2,3-diarylquinoxaline theo Peng

Nhin chung, 2,3-diarylquinoxaline duoc tong hop truc tiép trén co s& ngung
tu dong vong cua 1,2-diketone va o-phenylenediamine nén bi han ché vé sy da dang
cua chat phan wng. Cac phan tmg da cong bd déu st dung hoic xdc tac acid, hoic
kim loai chuyén tiép hay xtc tac quang hoa cé gia thanh cao. Chat oxy héa chinh la
khi oxy hoic hé 1,/DMSO c6 thé gay nén su oxy héa qua mirc nén ciing han ché nhoém
thé trén san pham. Phan tng diéu ché tir hop chét arylaldehyde don gian, ré tién, sin
c6 lai c¢6 quy trinh phic tap, trai qua nhiéu giai doan. Do dé, luan 4n huéng ti viéc
phat trién quy trinh tong hop truc tiép 2,3-diarylquinoxaline mot cach nhanh chéng
tir cac nguyén liéu san c6 la o-phenylenediamine va arylketone, sir dung xuc tac base

va moi truong oxy hda ém diu hon véi sy tham gia cua luu huynh.
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1.4. Toéng quan vé thioamide

1.4.1. Ung dung cia thioamide
NH, .

\N
HN N,
SN
N
\Q N H
6-Thioguanine

HO OH HO OH HO OH
4-Thiouridine 2-Thiouridine 2-Thiocytidine

J@)k /\)J\ «)LNMNM )K/\ J\@

Closthioamide

/U\(r /q NH
j/u\ fo o
Thioholgamide A (R = SMe) %
Thioholgamide B (R = S(=0)Me)

NH NH
OH
(0]
= N*—
N\//
Thioalbamide
NH NH
OH
(0]
= N*—
N—7
/

Hinh 1. 7 M6t s6 hop chét thién nhién chira nhém chuc thioamide
Thioamide 1a hop chat twong tu amide trong d6 nhém C=0 ciia amide duoc

thay thé boi nhdm C=S. Khung thioamide xuét hién trong rat nhiéu hop chét thién
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nhién ciing nhu duoc pham (Hinh 1.7) véi nhitng hoat tinh sinh hoc quan trong nhu
khang khuan, khang nam [102], diét trir sdu bénh, giun san [159] va ngin chin su
phat trién cua té bao ung thu. Hop chat 2-thiouridine 1a mét nucleoside c6 trong thanh
phan cia ARN van chuyén, giip dam bao sy sao mi chinh xac va hiéu qua.
Closthioamide 1a polythioamide dwgc san sinh boi vi khuan ky khi, gram duong
Ruminiclostridium cellulolyticum c6 trong dat. Closthioamide &c ché sy phét trién
ciia mot sb tac nhan gay bénh & ngudi nhu vi khuan tu cau vang, vi khuan lau. 4-
Thiouridine la chat phat quang dung trong nghién ctru twong tac giita acid nucleic va
protein. 6-Thioguanine (tén thuong mai la Tioguanine) dugc sir dung trong diéu tri
bénh bach cau tay cép tinh va man tinh.

2-Thiocytidine 1a mot nucleoside dong dang véi purine, dong vai tro trung
gian trong qua trinh tong hop thiamine. Chat nay di dugc ching minh 1a ¢6 hiéu qua
trong diéu tri ung thu tuyén tién liét do 2-thiocytidine gan vao tam hoat dong cua
ribonucleotide reductase va wc ché hoat dong cua enzyme, do d6 ¢ ché qua trinh
tong hop ADN.

Thioholgamide 1a mot peptide ty nhién da dwgc bién doi, thé hién hoat tinh
chéng ung thu manh mé& ddi véi nhiéu dong té bao. Thioalbamide chéng lai su phét
trién va gay doc ddi véi té bao ung thu vi. N6 con chdng lai sy lan truyén cia té bao

g6c ung thu von la nguyén nhén cua tinh trang di can va tai phat ung thu.

_H @ H
o RO =~ RN
H H H
274 275 276

So dd 1. 96 Cac dang cong husng cua thioamide
Gidng nhu amide, thioamide c6 thé ton tai ¢ cac cau tric cong huong khac
nhau (So d6 1.93). Tuy nhién, cac cau tric cong huong 275 va 276 it pho bién hon
thioamide 274 do cacbon va luu huynh c6 d6 am dién tuwong ti nhau, su chuyén dich
dién tich tir nguyén tir nito dén nhdm C=S va hang rao thé niang cia nhdm C=N ¢
thioamide 16n hon amide. Két qua 1a nhém C=S kém bén hon nhém C=0 nén

thioamide hoat dong manh hon amide trong cac phan tng vai ca nucleophile va
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electrophile. Do d6 chung dugc sir dung rong réi 1am chét trung gian trong tong hop
hitu co va héa dugc, dic biét trong tdng hop peptide va hop chét di vong [62].
Thioamide con dugc ung dung trong linh vuc polymer [107] va xuc tac hiru co [50].
1.4.2. Cdc phwong phdp tong hop thioamide

Ciing chinh béi kha niang tng dung rong réi trong nhiéu linh vuc nén nhu cau
tong hop cac thioamide ngay cang cao. Céc phwong phap tong hop thioamide ciing vi
thé ma rat da dang, phong pht. Con dudng tong hop truyén théng la chuyén hda nhém
amide thanh thioamide nho cac tac nhan chira luu huynh nhu hop chit co phosphorus
- luu huynh [75], thiol [184], disulfide [212], thioacetic acid [78] hoac sulfoxonium
ylide [22]. Huang [100] sir dung thiadiazole lam ngudn giai phong cham thioketene
cho phan g diéu ché thioamide trén co s& xtic tic Cu(T). Thioamide con duoc tong
hop trén co s& phan ng aryl hoa isothiocyanate theo Friedel-Crafts [180]. Phan tng
sir dung acid Bronsted rat manh Ia acid triflic va chi twong thich véi arene giau dién tu.
Nhin chung, cic phuong phap nay déu sir dung tac nhan hoic khéng sin c6 hoic dé
bay hoi, 6 mui kho chiu, va gay 6 nhiém méi truong.

So véi cac quy trinh ké trén, con dudng tong hop truc tiép thioamide tir luu
huynh va amine duoc xem 1 chién luoc hiéu qua, tdi uu ca vé héa hoc I4n kinh té do
nguon nguyén liéu san co, chi phi thap va da dang vé nhém chiic. Ngay tir khi ra doi
vao nam 1923, phan g ngung tu giita hop chat carbonyl, amine bac hai va luu huynh
(phan tng Willgerodt-Kindler) da thu hat sy quan tdm caa nhiéu nha hoa hoc do luu
huynh sin c6, ré tién, khong cé6 mui kho chiu va it gay 6 nhiém méi trudong hon so véi
cac hop chat chira Iuu huynh. Nghién ciru co ché phan ¢ng cho thay truée hét hop chét
carbonyl ngung tu véi amine bac hai thanh enamine. Enamine phan ang truc tiép véi
luu huynh tao ra hop chat trung gian chira nhém thiol. Tiép theo 1a qué trinh chuyén vi
iminium-aziridinium tao thanh san pham cubi cing thioamide. Phan tng nay c6 han
ché 1a can nhiét d6 cao, thoi gian phan ting kéo dai, hiéu suat trong dbi thap. Nhiéu cai
tién da duoc dwa ra nhu sir dung chat long ion [204] hay ning lwong vi song [211]. Tuy

nhién, hiéu suat thap hay chi phi cao 1a nhitng van dé can giai quyét.
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Zhou [201] st dung K2COs dé hoat hda luu huynh gilp nang cao hiéu suat
téng hop thioamide 1én dén 88% tir amine bac mot va aldehyde (So db 1.97).

NH, CHO K,COs (2 eq.) s /@R
@ TR O/ T NS
3eq H0,100°Cc R |

(1.5€eq.)

So @6 1. 97 bBiéu ché thioamide tir amine bac mét, aldehyde va Sg
Céc nha hda hoc ciing phat trién nhiéu phuong phap tong hop thioamide khac
nhau tr luvu huynh. Singh [54] thuc hién phan tng decarboxyl hoa — thioamide hda
acid arylacetic 277 va acid cinnamic 278 véi luu huynh (So d6 1.98). Theo co ché
phan tng duoc dé xuat, acid bi decarboxyl hoa dong thoi cong hop amine tao thanh
imine, imine tham gia phan tng véi nguyén tir amine thir hai va Iuu huynh cho san
pham thioamide. Phat trién y tuong caa Singh, Takemoto [163] diéu ché thanh cong

thioamide tur a-keto acid.

R1 S
| 1
RAL COOH ., R, + § ———= "R
= H R 100°C Ry -
(4 eq.) -
277 (2 eq.)
1
“\COOH R’ R
P ~
4 eq. !
278 2eq) &4 = 8

So @6 1. 98 Tong hop thioamide theo Singh
Wu [219] tong hop benzothioamide 279 va 2-phenylethanethioamide 280 tir
arylamine, Sg va styrene véi c4c base khac nhau (So d6 1.99). Biéu kién phan tng trong

thich vai ca cac nhdm nhay cam vai base nhu halogen, alkoxy, nitro va trifluoromethyl.

=
) g
NS
KF (2 eq) . R2_| X ’\Il
NH, DMSO, 100 °C . J  H 279
ORISR
(4 eq.) K3sPO4 (2 eq.) = S Z N o1
(2e 0 - R PR
q.) DMSO, 100 °C . N
H 280

So dd 1. 99 Tong hop thioamide theo Wu
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a-Ketothioamide 282 dugc tong hop tir arylglyoxal hydrate 281, amine bac hai
va luu huynh trong diéu kién khéng dung dung moéi (So dd 1.100). Phan ung dién ra
trong thoi gian ngan (0,6-1 gio) vai hiéu suat cao Ién toi 90% [80]. Arylglyoxal chua
cac nhom thé hit electron (ngoai trir nhém nitro) ciing nhu day electron khac nhau va
amine vong bac hai d& dang tham gia chuyén hoa, trong khi d6 dialkylamine cho hon

hop san pham khéng thé phan lap, con amine bac mot khdng tham gia phan tng.

|
N OH N N.
on * RNH + S§§ — R—! !
(o]
= (2eq) (2eq) 80°C 7
281 282

R

So @6 1. 100 Tong hop a-ketothioamide tir arylglyoxal
Phan Thanh Son Nam [40] d3 dua ra quy trinh tong hop thioamide tir
nitroarene, luu huynh va phenylacetic acid hoac benzyl alcohol véi xUc tac base
DABCO (So d6 1.101). Phan tng twong thich vai nhiéu nhém chitc khac nhau nhu
halogen, alkoxy, amine va trifluoromethyl. Phan tng duoc cho 1a xay ra theo co ché
gé6c tu do véi su tham gia cua goc benzyl.

DABCO (1 eq.) H
Ar/Noz + X ph + Sg Ar/N\”/Ph
X=COOH, OH (2eq) 120°C,16h s
(1.5eq.)

So dd 1. 101 Tong hop thioamide tir nitroarene
Nguyén Thanh Binh [123] d3 thuc hién phan ¢ng tong hop ba thanh phan gitra
benzylamine, amine no bac mot va luu huynh dé tao ra thioamide (So do 1.102).
Trong phan mg nay, Ivu huynh vira 1a nguon sulfur vira 12 tic nhan oxy hoa. Theo
co ché phan g dugc dé xuét, trudc hét benzylamine bi oxy héa béi lwu huynh thanh
benzaldimine. Imine nay tiép tuc tham gia cong hop luu huynh, amine héa va oxy
héa boi Iuu huynh cho san pham thioamide cubi cing.

AN N

R
So @6 1. 102 Tong hop thioamide theo Nguyén Thanh Binh
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Thioamide ciing dwgc tong hop truc tiép tir alkyne-1, alkylamine va luu huynh
(So d6 1.103). Theo co ché phan tng dugc dé xuat [140], trude hét amine phan tng
Vvéi Sg rdi cong hop vao alkyne tao thanh hop chét trung gian. Su cong hop lién tiép
cac phan tir amine vao hop chét trung gian nay, sau do tach loai tao thanh san pham
thioamide. Phan ng van con han ché 1a khdng xay ra véi arylamine va t-butylamine.

S
RJLN, R"
|
R

R" pyridine
R—= + H-N + S
(1.5 eq.) R"  (2eq.) 60-100°C

So @6 1. 103 Tong hop thioamide tir alkyne-1
Luan &n sé tap trung giai quyét han ché caa phan ¢ng téng hop thioamide tur
alkyne noi trén d6 1a phét trién quy trinh tong hop truc tiép N-arylbenzothioamide tir

arylamine, alkyne-1 va luu huynh.
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CHUONG II THUC NGHIEM

2.1. Hoa chat

Bang 2. 1 Danh muc hda chit duoc sir dung

Hoa chat Tén hang Hoa chat Tén héng
NaOH Aladdin 4-Nitrobenzene-1,2- Merck
diamine
Methanol Aladdin Ethyl 3,4- | Merck
diaminobenzoate
Benzaldehyde Aladdin Quinoline-6,7-diamine Merck
Acetophenone Aladdin Isoquinoline-6,7- Merck
diamine
Dichloromethane Aladdin 2-(4-Fluorophenyl)-1- Merck
phenylethan-1-one
2-Cyanoacetamide AK Scientific | Propiophenone Merck
DABCO AK Scientific | Isovalerophenone Merck
DMSO Aladdin 2-(4-Chlorophenyl)-1- | Merck
phenylethan-1-one
4-Methylbenzaldehyde AK Scientific | Phenylacetylene Fisher
4-Cyanobenzaldehyde AK Scientific | 2-Aminophenol Fisher
2,4-Dichlorobenzaldehyde | AK Scientific | 2-Aminobenzenethiol Aladdin
3-Bromobenzaldehyde AK Scientific | 2-Aminobenzamide Aladdin
Ethyl 4-formylbenzoate AK Scientific | 4-Methoxyaniline Aladdin
2-Naphthaldehyde Merck 2-Methoxyaniline Aladdin
1-([1,1'-Biphenyl]-4- Merck 1-Ethynyl-3- Fisher
yl)ethan-1-one fluorobenzene
1-(4-Methoxyphenyl) AK Scientific | 2-(4-Bromophenyl)-1- | Merck

ethan-1-one

phenylethan-1-one
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1-(3-Bromophenyl) ethan- | AK Scientific | 2-(4-Methylphenyl)-1- | Merck
1-one phenylethan-1-one
1-(3-Chlorophenyl) ethan- | AK Scientific | 2-(4-Methoxyphenyl)-1- | Merck
1-one phenylethan-1-one
4-Fluorobenzaldehyde AK Scientific | 4-Fluoroaniline Aladdin
3-Methoxybenzaldehyde | AK Scientific | 4-Chloroaniline Aladdin
Furan-2-carbaldehyde Merck 4-Bromoaniline Aladdin
2-Chlorobenzaldehyde AK Scientific | 4-lodoaniline Aladdin
1-(Naphthalen-2-yl) ethan- | Merck 2-(2-Methylphenyl)-1- | Merck
1-one phenylethan-1-one
1-(Thiophen-2-yl)ethan-1- | Merck DBU Aladdin
one
1-(Benzo[b]thiophen-2- Merck Aniline Aladdin
yl)ethan-1-one
0-Phenylenediamine Fisher 3-Bromoaniline Aladdin
4,5-Dimethylbenzene-1,2- | Fisher 1-Ethynyl-3- Fisher
diamine methylbenzene
Piperidine Aladdin 1-Ethynyl-3- Fisher
methoxybenzene
4-Methylbenzene-1,2- Merck 1-Ethynyl-4- Fisher
diamine methoxybenzene
4-Fluorobenzene-1,2- Merck Methyl 4- | Fisher
diamine ethynylbenzoate
4-Chlorobenzene-1,2- Merck 1-Ethynyl-4-n- Fisher
diamine pentylbenzene
4-Bromobenzene-1,2- Merck 4-(Trifluoromethoxy) Aladdin
diamine aniline
3-lodoaniline Aladdin Naphthalen-2-amine Fisher

75




3-(Trifluoromethyl) Aladdin N-Methylpiperidine Aladdin
aniline

Indoline Aladdin N-Methylaniline Aladdin
3-(Methylthio)aniline Aladdin 4-(Methylthio)aniline Aladdin
3,5-Dimethoxyaniline Aladdin 3,4,5-Trimethoxyaniline | Aladdin
Silica gel 35-70 um (230- | Merck KMnO4 Aladdin
400 mesh)

2.2. Thiét bi

Sic ky ban mong dugc theo di bang dén UV (254 nm) tai phong thi nghiém
Héa dugc, khoa Hoa hoc, Pai hoc Khoa hoc Tu nhién — Pai hoc Québc gia Ha Noi.

Phé6 cong hudng tir hat nhan dugc do trén may BrukerAdvance 500MHz tai
khoa Hoa hoc, Dai hoc Khoa hoc Tu nhién — Dai hoc Qudc gia Ha Noi véi chat chuan
noi tetramethylsilane (TMS). Dit kién phé dugc trinh bay theo thi ty: ¢ chuyén dich
hoa hoc, do boi (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), hang
sb tuong tac spin-spin (Hz) va sé nguyén tir hydrogen.

Phé khéi lwong duoc do trén may X500R-QTOF (SCIEX) tai khoa Hoa hoc,
Dai hoc Khoa hoc Tu nhién — Pai hoc Qudc gia Ha Noi.

Phé nhidu xa tia X duoc do trén may Bruker APEXII CCD tai khoa Hoéa hoc,
Pai hoc Khoa hoc Tu nhién — DPai hoc Quéc gia Ha Noi.
2.3. Thuc nghiém
2.3.1. Téng hep céc hep chdt 3-cyanopyrid-2-one
2.3.1.1. Tong hop céc chalcone

JOJ\ o) NaOH o)

+

Ar'”H ArZJK MeOH, rt, 1 h Arzlv\Aﬂ
283b-28p

So @6 2. 1 Tong hop chalcone tir benzaldehyde va acetophenone
Céc chalcone dugc tong hop theo phan tng ngung tu Claisen-Schmidt giita
benzaldehyde va acetophenone twong tng. Nho giot NaOH 10% trong methanol (2

mL) vao hén hop benzaldehyde (10 mmol) va acetophenone (10 mmol) trong
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methanol (20 mL), d6ng thoi khudy manh ¢ nhiét do phong trong 1 gio. Sau d6 loc,
rira chat ran bang nude dén moéi trudng trung hoa, ria lai bang 50 mL ethanol lanh.
Két tinh lai san pham trong ethanol.

(E)-1-phenyl-3-(p-tolyl)prop-2-en-1-one (283b)

0]
Chét ran mau triang (1,80 g, 81%); Tnc 113-114°C. 'H NMR (500 MHz, CDCl3) &
8,04 (d, J = 7,7 Hz, 1H), 7,82 (d, J = 15,7 Hz, 1H), 7,64-7,59 (m, 1H), 7,58 (d, J =
8,1 Hz, 2H), 7,54 (d, J = 8,0 Hz, 2H), 7,53-7,48 (m, 1H), 7,26 (d, J = 7,9 Hz, 2H),
2,43 (s, 3H). Pho *H NMR phu hop vai dit liéu da dugc cong bd [2].
(E)-3-(2,4-dichlorophenyl)-1-phenylprop-2-en-1-one (283c)

0 o]
=
SA ey

Chat rin mau trang (2,21 g, 80%); Tnc 148-150°C. *H NMR (500 MHz, CDCl3) & 8,09
(d, J = 15,8 Hz, 1H), 8,05-7,97 (m, 2H), 7,68 (d, J = 8,5 Hz, 1H), 7,63-7,57 (m, 1H),
7,50 (dd, J = 8,4, 7.0 Hz, 2H), 7,47 (d, J = 11,9 Hz, 1H), 7,45 (d, J = 1,7 Hz, 1H), 7,29
(dd, J =85, 2,1 Hz, 1H). Phd *H NMR phu hop véi dir liéu da duoc cong bd [2].
(E)-3-(3-bromophenyl)-1-phenylprop-2-en-1-one (283d)

(0]
Saaes
Chét rin mau trang (2,49 g, 87%): Tne 84-85°C. 'H NMR (500 MHz, CDCl3) § 8,0
(d,J=7,4Hz, 2H), 7,8 (d, J = 1,9 Hz, 1H), 7,7 (d, J = 15,6 Hz, 1H), 7,6 (d, J = 7,2
Hz, 1H), 7,6-7,5 (m, 5H), 7,3 (dd, J = 15,2, 7,4 Hz, 1H). Phé *H NMR phu hop véi
dir liéu da duoc cong bb [2].

(E)-4-(3-0x0-3-phenylprop-1-en-1-yl)benzonitrile (283e)
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Chat rdn mau triang (2,0 g, 86%); Tnc 142-143°C. 'H NMR (500 MHz, CDCl3) & 8,03
(dd, J=8,2, 1,4 Hz, 2H), 7,78 (d, J = 15,8 Hz, 1H), 7,75-7,68 (m, 4H), 7,61 (d, J = 15,5
Hz, 2H), 7,53 (t, J = 7,7 Hz, 2H). Phd 'H NMR phu hop véi dir liéu da duoc cong bd [2].
Ethyl (E)-4-(3-0x0-3-phenylprop-1-en-1-yl)benzoate (283f)

0]
COOEt

Chét ran mau trang (2,35 g, 84%); Tnc 112-113°C. 'H NMR (500 MHz, CDCl3) &
8,02 (d, J = 8,4 Hz, 2H), 7,96 (d, J = 8,4 Hz, 2H), 7,74 (d, J = 15,8 Hz, 1H), 7,63 (d,
J=8,5Hz, 2H), 7,53 (d, J = 15,8 Hz, 1H), 7,52 (d, J = 12,5 Hz, 1H), 7,45 (dd, J =
8,4, 7,0 Hz, 2H), 4,37 (q, J = 7,4 Hz, 2H), 1,35 (t, J = 7,1 Hz, 3H). Phd H NMR phu
hop vai dit liéu da dugc cong bd [2].

(E)-3-(naphthalen-2-yl)-1-phenylprop-2-en-1-one (283g)
o]

T
Chét ran mau trang (2,24 g, 87%); Tnc 157-158°C. 'H NMR (500 MHz, CDCl3) &
7,98 (d, J = 6,8 Hz, 2H), 7,96 (s, 1H), 7,90 (d, J = 15,7 Hz, 1H), 7,83-7,75 (m, 3H),
7,72 (dd, J = 8,6, 1.6 Hz, 1H), 7,57 (d, J = 15,7 Hz, 1H), 7,52 (t, J = 7,4 Hz, 1H),
7,49-7,41 (m, 4H). Phé *H NMR phu hop véi dit liéu da duoc cong bé [2].
(E)-1-([1,1'-biphenyl]-4-yl)-3-phenylprop-2-en-1-one (283h)

(0]
/Ilil/u\%7\1lii
Ph

Chat rin mau tring (2,24 g, 87%); Tnc 113-114°C. 'H NMR (500 MHz, CDCls) &
8,11 (d, J = 8,3 Hz, 2H), 7,85 (d, J = 15,7 Hz, 1H), 7,73 (d, J = 8,3 Hz, 2H), 7,66 (td,



J=172,28Hz, 4H), 7,59 (d, J = 15,7 Hz, 1H), 7,48 (t, J = 7,6 Hz, 2H), 7,46-7,37
(m, 4H). Ph6 *H NMR phu hop véi dit liéu di dugc cong b [2].
(E)-1-(3-chlorophenyl)-3-phenylprop-2-en-1-one (283i)

0]
CI
Chét ran mau trang (1,82 g, 75%); Tnc 96-97°C. *H NMR (500 MHz, CDCl3) § 7.98
(t, J=1,8 Hz, 1H), 7,88 (dt, J = 7,7, 1,4 Hz, 1H), 7,77 (d, J = 15,6 Hz, 1H), 7,63—
7,52 (m, 3H), 7,46 (d, J = 7,2 Hz, 1H), 7,43 (d, J = 6,8 Hz, 1H), 7,41 (d, J = 8,5 Hz,
3H). Phd *H NMR phu hop véi dir liéu da dugc cong bé [2].
(E)-1-(3-bromophenyl)-3-phenylprop-2-en-1-one (283j)

0
Br
Chat rin mau tring (2,30 g, 80%); Tnc 132-134°C. 'H NMR (500 MHz, CDCls) &
8,16 (t, J = 1,8 Hz, 1H), 7,95 (dt, J = 7,7, 1,3 Hz, 1H), 7,84 (d, J = 15,6 Hz, 1H), 7,72
(dt, J=8,2, 1,4 Hz, 1H), 7,69-7,63 (m, 2H), 7,48 (d, J = 15,8 Hz, 1H), 7,46-7,42 (m,
3H), 7,40 (t, J = 7,8 Hz, 1H). Phé *H NMR pht hop véi dit liéu da duoc cong bd [2].
(E)-3-(3-methoxyphenyl)-1-(4-methoxyphenyl)prop-2-en-1-one (283Kk)

)
OMe
MeO

Chét ran mau trang (2,17 g, 81%); Tnc 156-158°C. 'H NMR (500 MHz, CDCl3) &
8,04 (d, J = 8,9 Hz, 2H), 7,74 (s, 1H), 7,52 (d, J = 15,6 Hz, 1H), 7,33 (t, J = 7,9 Hz,
1H), 7,25 (d, J = 8,5 Hz, 1H), 7,15 (t, J = 2,1 Hz, 1H), 6,99 (d, J = 8,9 Hz, 2H), 6,96
(dd, J=8,2,2,7 Hz, 1H), 3,89 (s, 3H), 3,86 (s, 3H). Ph6 *H NMR phu hop vai dit liéu
da dugc cong bé [2].

(E)-1-(3-bromophenyl)-3-(4-fluorophenyl)prop-2-en-1-one (283l)
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.
Chat ran mau vang nhat (2,68 g, 88%): Tnc 38-40°C.H NMR (500 MHz, CDCls) &
8,16 (t, J = 1,8 Hz, 1H), 7,95 (dt, J = 7,7, 1,3 Hz, 1H), 7,81 (d, J = 15,7 Hz, 1H), 7,74
(ddd, J=8,0, 2,0, 1,1 Hz, 1H), 7,70-7,61 (m, 2H), 7,46-7,37 (m, 2H), 7,19-7,09 (m,
2H). Pho *H NMR phi hop véi dit liéu da duoc cong bé [2].
(E)-3-(2-chlorophenyl)-1-(naphthalen-2-yl)prop-2-en-1-one (283m)

0] Cl
O =
Chat rin mau vang nhat (2,63 g, 90%); Tne 172-174°C. 'H NMR (500 MHz, CDCls) &
8,55 (d, J = 1,6 Hz, 1H), 8,11 (dd, J = 8,5, 1,7 Hz, 1H), 8,00 (d, J = 8,0 Hz, 1H), 7,93 (d,
J =86 Hz, 1H), 7,89 (d, J = 8,0 Hz, 1H), 7,69-7,51 (m, 6H), 6,75 (d, J = 3,4 Hz, 1H),
6,54 (dd, J = 3,5, 1,8 Hz, 1H). Phd *H NMR phu hop véi dit liéu da duoc cong bd [2].

(E)-3-(furan-2-yl)-1-(naphthalen-2-yl)prop-2-en-1-one (curcumin) (283n)
0

~_0
(7w
Chét ran mau vang nhat (2,38 g, 96%): Tnc 91-93°C. 'H NMR (500 MHz, CDCls) &
8,6 (d,J=1,6 Hz, 1H), 8,1 (dd, J = 8,5, 1,7 Hz, 1H), 8,0 (d, J = 8,0 Hz, 1H), 7,9 (d,
J=8,6 Hz, 1H), 7,9 (d, J = 8,0 Hz, 1H), 7,7-7,5 (m, 6H), 6,8 (d, J = 3,4 Hz, 1H), 6,5
(dd, J = 3,5, 1,8 Hz, 1H). Phé 'H NMR phu hop vei dit liéu da duoc cong bé [2].
(E)-3-(4-fluorophenyl)-1-(thiophen-2-yl)prop-2-en-1-one (2830)

0O
=

~
\ S
F
Chat ran mau tring (1,62 g, 70%); Tne 112-114°C. *H NMR (500 MHz, CDCl3) § 7,79

(d,J =3,8 Hz, 1H), 7,74 (d, J = 15,6 Hz, 1H), 7,62 (d, J = 4,9 Hz, 1H), 7,57 (dd, J =



8,5, 5,5 Hz, 2H), 7,28 (d, J = 15,5 Hz, 1H), 7,12 (t, J = 4,3 Hz, 1H), 7,04 (t, J = 8,6
Hz, 2H). Phé 'H NMR phi hop vai dit liéu da duoc cong bd [2].
(E)-1-(benzo[b]thiophen-2-yl)-3-(4-bromophenyl)prop-2-en-1-one (283p)

Chat rin mau tring (2,57 g, 75%); Tnc 123-125°C. *H NMR (500 MHz, CDCl3) § 8,10
(s, 1H), 7,91 (dd, J = 12,9, 8,0 Hz, 2H), 7,85 (d, J = 15,4 Hz, 1H), 7,67 (dd, J = 8,3, 5,3
Hz, 2H), 7,51-7,37 (m, 3H), 7,13 (t, J = 8,4 Hz, 2H). Ph *H NMR phu hop véi dit liéu
da duge cong bd [2].

2.3.1.2. Khao sat diéu kién toi uvu ciia phan tng

o)
CN _ _
HzN)K/ o] o
284 DABCO (20 mol%) | |, \ CN | Sg(neq.) N CN
+ Ph > B —— |
_ dung méi (0,2 mL) Ph | TO°C, th pp” X pp
80°C, 30 ph Ph” YO 285a
Ph” Y0 L -
283a MA1a

So @6 2. 2 Khao sat diéu kién tdi vu cho phan ung tong hop 3-cyanopyrid-2-one
Cho chalcone 283a (1 mmol, 1,0 eq.), 2-cyanoacetamide 284 (88 mg, 1,05 eq.)
va DABCO (22 mg, 0,2 eq.) vao dung mdi (0,2 mL) va khuiy & 80°C trong 2 gid, sau
d6 thém Ss (n mmol, n eq., 32 mg/mmol). Tién hanh phan @ng & T°C trong argon.
Sau t gio, dé nguoi hdn hop phan wng vé nhiét d6 phong, thém vao d6 methanol (2

mL), loc, rira bang methanol (2 mL x 3) va dichloromethane (2 mL x 3) va dé kha.
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2.3.1.3. Tong hop céc hop chét 3-cyanopyrid-2-one

o)
T on ) )
"2 s i i
DABCO (20 mol%) |, \ CN | s4(0.5 eq.) H)N\)jiCN
+ Ar' - |
_ DMSO (0,2 mL) Ar' 1120°C, 24 h A" X4
80°C,2h AR X0 285a-285p
Ar2” 0 . .
283a-283p MA1

So d6 2. 3 Phan @ng tong hop 3-cyanopyrid-2-one
Cho chalcone 283a-p (1 mmol, 1,0 eq.), 2-cyanoacetamide 284 (88 mg, 1,05
eq.) va DABCO (22 mg, 0,2 eq.) vao DMSO (0,2 mL) va khuay & 80 °C trong 2 gio,
sau d6 thém Ss (16 mg, 0,5 eq.). Tién hanh phan tng ¢ 120°C trong argon. Sau 24
gio, dé ngudi hdn hop phan &ng vé nhiét d6 phong, thém vao d6 methanol (2 mL),
loc, rira bang methanol (2 mL x 3) va dichloromethane (2 mL x 3) va dé kho. Két
tinh lai san pham trong hdn hop DMSO/methanol/dichloromethane.

2-0x0-4,6-diphenyl-1,2-dihydropyridine-3-carbonitrile (285a)

Chat ran mau trang (204 mg, 75%); Tac 298-300°C. *H NMR (500 MHz, DMSO-ds)
8 12,60 (s, 1H), 7,91 (d, J = 7,3 Hz, 2H), 7,75 (dd, J = 6,6, 3,0 Hz, 2H), 7,63-7,47
(m, 6H), 6,84 (s, 1H). 3C NMR (126 MHz, DMSO-ds) & 162,5, 160,3, 136,5, 132,8,
131,7, 130,9, 129,4 (2C), 129,3 (2C), 128,7 (2C), 128,2 (2C), 117,0, 106,7. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH12N2NaO 295,0847; phat hién 295,0851.
Phé NMR va MS phu hop véi dir liéu da cong bd [42].
2-0x0-6-phenyl-4-(p-tolyl)-1,2-dihydropyridine-3-carbonitrile (285b)
(@]



Chét ran mau trang (180 mg, 63%); Tnc 215-216°C. *H NMR (500 MHz, DMSO-ds)
8 12,76 (s, 1H), 7,89 (d, J=6,8 Hz, 2H), 7,68-7,62 (m, 2H), 7,59-7,51 (m, 3H), 7,38
(d, J = 7,9 Hz, 2H), 6,80 (s, 1H), 2,40 (s, 3H). 3C NMR (126 MHz, DMSO-ds) &
162,6, 160,2, 140,9, 133,6, 131,6, 129,8 (2C), 129,4 (2C), 128,7 (2C), 128,2 (2C),
117,1, 21,4. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH1sN2NaO 309,1004;
phat hién 309,1007. Ph NMR va MS phi hop véi dit liéu da cong b [42].

4-(2,4-dichlorophenyl)-2-oxo-6-phenyl-1,2-dihydropyridine-3-carbonitrile (285c)

O

CN
HN |

o
Cl Cl

Chat ran mau vang (213 mg, 62%); Tnc 238-240°C. *H NMR (500 MHz, DMSO-ds)
012,99 (s, 1H), 7,96—7,80 (m, 3H), 7,68—7,60 (m, 2H), 7,60—7,47 (m, 3H), 6,85 (s,
1H). ¥C NMR (126 MHz, DMSO-ds) 6 161,9, 157,5, 150,3, 135,7, 134,7, 132,5,
132,0, 131,9, 129,9, 129,5 (2C), 128,3, 128,2 (2C), 115,9. HRMS (QTOF, ESI+) m/z
tinh cho [M+Na]* C1sH10CIl2N2NaO 363,0068; phat hién 363,0073.
4-(3-bromophenyl)-2-oxo-6-phenyl-1,2-dihydropyridine-3-carbonitrile (285d)

0

Chét ran mau vang nhat (243 mg, 69%); Tnc 270-272°C. 'H NMR (500 MHz, DMSO-
de) § 12,82 (s, 1H), 7,95 (s, 1H), 7,92 (d, J = 7,4 Hz, 2H), 7,81-7,72 (m, 2H), 7,63—
7,48 (m, 4H), 6,90 (s, 1H). 3C NMR (126 MHz, DMSO-ds) & 162,4, 158,5, 138,7,
133,6, 131,7, 131,3, 131,3, 129,4 (2C), 128,3 (2C), 127,9, 122,4, 116,7. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH11BrN2NaO 372,9952; phat hién 372,9958.
4-(4-cyanophenyl)-2-oxo0-6-phenyl-1,2-dihydropyridine-3-carbonitrile (285e)
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Chat ran mau trang (221 mg, 74%); Tac 275-277°C. *H NMR (500 MHz, DMSO-ds)
§ 11,99 (s, 1H), 8,08-7,89 (m, 7H), 7,52-7,49 (m, 2H), 6,77 (s, 1H). 13C NMR (126
MHz, DMSO-de) 6 164,1, 150,5, 142,4, 141,0, 133,3 (2C), 130,2, 129,2 (2C), 128,4
(2C), 127,6 (2C), 119,0, 118,8, 116,5, 113,3, 112,3, 105,1. HRMS (QTOF, ESI+) m/z
tinh cho [M+Na]* C19H11N3NaO 320,0800; phat hién 320,0806.

Ethyl 4-(3-cyano-2-ox0-6-phenyl-1,2-dihydropyridin-4-yl)benzoate (285f)

O

HN | CN

T
CO,Et

Chat ran mau vang nhat (182 mg, 53%); Tnc 205-208°C. *H NMR (500 MHz, DMSO-
de) 6 12,52 (s, 1H), 8,17-7,81 (m, 6H), 7,64-7,43 (m, 3H), 6,89 (s, 1H), 4,37 (q, J =
7,4 Hz, 2H), 1,35 (t, J = 7,1 Hz, 3H). *C NMR (126 MHz, DMSO-ds) 6 165,6, 164,1,
162,5, 159,1, 151,0, 142,4, 140,9, 131,8, 131,7, 130,9, 130,1, 129,9, 129,4, 129,2
(2C), 128,3, 127,8, 127,5, 116,7, 106,6, 61,6, 14,6. HRMS (QTOF, ESI+) m/z tinh
cho [M+Na]* C2:H1sN2NaOs 367,1059; phat hi¢n 367,1063.
4-(naphthalen-2-yl)-2-ox0-6-phenyl-1,2-dihydropyridine-3-carbonitrile (285g)
0

Chat rin mau vang (195 mg, 61%); Tnc 280-282°C. H NMR (500 MHz, DMSO-ds)
8 12,78 (s, 1H), 8,35 (s, 1H), 8,15-8,00 (m, 3H), 7,94 (d, J = 7,1 Hz, 2H), 7,84 (dd,
J=8,6,2,0Hz, 1H), 7,71-7,47 (m, 5H), 6,97 (s, 1H). 13C NMR (126 MHz, DMSO-
de) 5 164,1, 162,5, 160,1, 134,1, 134,0, 131,5, 129,3 (2C), 129,0, 128,8, 128,6, 128,2
(2C), 128,1, 128,0, 127,3, 125,7, 116,8, 107,2. HRMS (QTOF, ESI+) m/z tinh cho
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[M+Na]* C22H14N2NaO 345,1004; phét hién 345,1009. Phé NMR va MS pht hop véi
dir liéu d3 cong bd [42].
6-([1,1'-biphenyl]-4-yl)-2-oxo0-4-phenyl-1,2-dihydropyridine-3-carbonitrile
(285h)

HN | CN

X
Ph O O
Chat ran mau vang (172 mg, 49%); Tnc 215-216°C. *H NMR (500 MHz, DMSO-ds) &
12,85 (s, 1H), 8,02 (d, J = 8,1 Hz, 2H), 7,87-7,81 (m, 2H), 7,76 (dqg, J = 7,1, 4,2, 3,0 Hz,
4H), 7,62-7,55 (m, 3H), 7,51 (t, J = 7,6 Hz, 2H), 7,45-7,40 (m, 1H), 6,91 (s, 1H). 3C
NMR (126 MHz, DMSO-ds) 6 162,6, 160,2, 143,1, 139,3, 136,6, 130,9, 129,6 (2C),
129,3 (2C), 128,9 (2C), 128,8 (2C), 128,7, 127,5 (2C), 127,3 (2C), 117,0, 106,5. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C24H1sN2NaO 371,1160; phat hi¢n 371,1165.
6-(3-chlorophenyl)-2-oxo-4-phenyl-1,2-dihydropyridine-3-carbonitrile (285i)
0

Chét ran mau vang nhat (213 mg, 70%); Tnc 268-270°C. *H NMR (500 MHz, DMSO-
de) & 12,80 (s, 1H), 8,04 (s, 1H), 7,89 (d, J = 7,8 Hz, 1H), 7,76 (dd, J = 6,7, 3,0 Hz,
2H), 7,64-7,53 (m, 5H), 6,98 (s, 1H). 3C NMR (126 MHz, DMSO-ds) § 164,2, 162,6,
160,0, 152,2, 136,4, 134,2, 131,3, 131,2, 130,9, 129,2 (2C), 128,8 (2C), 128,1, 126,9,
116,8, 107,6. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]® CisH11CIN2NaO
329,0458; phét hién 329,0463. Pho NMR va MS pha hop véi dir liéu dd cong bé [42].
6-(3-bromophenyl)-2-oxo-4-phenyl-1,2-dihydropyridine-3-carbonitrile (285j)
0



Chat ran mau vang nhat (253 mg, 72%). Tnc 272-273°C. *H NMR (500 MHz, DMSO-
de) & 12,81 (s, 1H), 8,17 (s, 1H), 7,93 (d, J = 8,0 Hz, 1H), 7,84 (dd, J = 8,7, 5,5 Hz,
2H), 7,75 (dd, J = 8,0, 2,0 Hz, 1H), 7,49 (t, J = 7,9 Hz, 1H), 7,43 (t, J = 8,8 Hz, 2H),
6,98 (s, 1H). 1*C NMR (126 MHz, DMSO-ds) & 164,8, 162,8, 158,9, 134,2, 132,7,
131,5, 131,4, 131,4, 130,9, 127,3, 122,7, 116,8, 116,4, 116,2, 107,8. HRMS (QTOF,
ESI+) m/z tinh cho [M+Na]* C1sH11BrN2NaO 372,9952; phéat hién 372,9958.
4-(3-methoxyphenyl)-6-(4-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3-
carbonitrile (285k)
0

HN l CN
MeO

Chét ran mau vang (202 mg, 61%); Tnc 215-216°C. *H NMR (500 MHz, DMSO-ds)
812,68 (s, 1H), 7,91 (d, J = 8,4 Hz, 2H), 7,49 (t, J = 7,9 Hz, 1H), 7,33-7,22 (m, 2H),
7,14 (dd, J = 8,6, 2,5 Hz, 1H), 7,09 (d, J = 8,6 Hz, 2H), 6,80 (s, 1H), 3,85 (s, 6H). 1*C
NMR (126 MHz, DMSO-de) 6 162,2, 159,8, 138,0, 130,4, 130,0 (2C), 120,9, 117,1,
116,5, 114,9 (2C), 114,1, 56,0, 55,8. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C20H1sN2NaO3z 355,1059; phat hién 355,1066.
6-(3-bromophenyl)-4-(4-fluorophenyl)-2-oxo-1,2-dihydropyridine-3-
carbonitrile (285I)

0

HN | CN
Br N
T
Chat rin mau vang (268 mg, 73%); Tnc 276-277°C. *H NMR (500 MHz, DMSO-ds)
512,76 (s, 1H), 8,18 (s, 1H), 7,93 (d, J = 7,9 Hz, 1H), 7,76 (dd, J = 6,8, 3,0 Hz, 2H),
7,66-7,54 (m, 3H), 7,49 (t, J = 7,9 Hz, 1H), 6,98 (s, 1H). 13C NMR (126 MHz,
DMSO-ds) J 162,6, 160,2, 152,2, 134,2, 131,4, 130,9, 130,9, 129,2 (2C), 128,8 (2C),
127,3, 122,7, 116,8. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH10BrFN2NaO
390,9858; phat hién 390,9863.
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4-(2-chlorophenyl)-6-(naphthalen-2-yl)-2-oxo0-1,2-dihydropyridine-3-
carbonitrile (285m)

CN
0
Cl

Chat rin mau vang (193 mg, 54%); Tnc 284-286°C. 'H NMR (500 MHz, DMSO-ds) &
8,59 (s, 1H), 8,03 (ddt, J = 18,4, 10,7, 6,0 Hz, 4H), 7,78-7,39 (m, 6H), 7,02 (s, 1H).
13C NMR (126 MHz, DMSO-ds) & 163,7, 151,4, 138,1, 135,9, 134,4, 133,8, 133,2,
132,9, 131,9, 131,3, 131,2, 130,7, 130,3, 129,4, 129,1, 128,7, 128,5, 128,1, 127,6,
124,7,116,0. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C22H13CIN2NaO 379,0614;
phét hién 379,0619. Phd NMR va MS phul hop véi dit liéu da cong bd [42].

4-(furan-2-yl)-6-(naphthalen-2-yl)-2-oxo-1,2-dihydropyridine-3-carbonitrile (285n)

Chét ran mau vang nhat (217 mg, 70%); Tne 262-264°C. 'H NMR (500 MHz, DMSO-
de) & 12,69 (s, 1H), 8,52 (s, 1H), 8,14 (d, J = 1,7 Hz, 1H), 8,08 (d, J = 8,6 Hz, 1H),
8,07-8,04 (m, 1H), 8,03—7,99 (m, 1H), 7,97 (d, J = 8,7 Hz, 1H), 7,75 (d, J = 3,7 Hz,
1H), 7,68—7,60 (m, 2H), 7,22 (s, 1H), 6,88 (dd, J = 3,6, 1,7 Hz, 1H). 13C NMR (126
MHz, DMSO-ds) 6 162,7, 161,2, 159,5, 148,3, 147,6, 145,6, 134,3, 133,8, 132,9,
129,4,129,0, 128,4, 128,1, 127,5, 124,7, 117,2, 116,8, 113,9. HRMS (QTOF, ESI+)
m/z tinh cho [M+Na]* C20H12N2NaO, 335,0796; phét hién 335,0803. Pho NMR va
MS phu hop véi dit liéu da cong bo [42].
4-(4-fluorophenyl)-2-oxo-6-(thiophen-2-yl)-1,2-dihydropyridine-3-carbonitrile
(2850)
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Chat rin mau vang (174 mg, 59%); Tnec 309-310°C. *H NMR (500 MHz, DMSO-ds)
512,83 (s, 1H), 8,07 (d, J = 3,7 Hz, 1H), 7,88 (d, J = 5,0 Hz, 1H), 7,78 (dd, J = 8,2,
5,3 Hz, 2H), 7,43 (t, J = 8,6 Hz, 2H), 7,26 (d, J = 4,4 Hz, 1H). 13C NMR (126 MHz,
DMSO-de) 6 163,7 (d, J = 248,2 Hz), 132,8, 132,8, 132,8, 132,0, 131,3, 131,2, 129,4,
116,30 (d, J = 21,9 Hz). HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sHoFN2NaOS
319,0317; phét hién 319,0322.
6-(benzo[b]thiophen-2-yl)-4-(4-bromophenyl)-2-oxo-1,2-dihydropyridine-3-
carbonitrile (285p)

Chat ran mau vang (231 mg, 57%); Tnc 280-282°C. *H NMR (500 MHz, DMSO-ds)
8 12,92 (s, 1H), 8,43 (s, 1H), 8,05 (d, J = 7,7 Hz, 1H), 7,92 (d, J = 7,1 Hz, 1H), 7,81
(d, J=8,3Hz, 2H), 7,70 (d, J = 8,2 Hz, 2H), 7,46 (ddd, J = 7,1, 5,3, 1,6 Hz, 2H). 13C
NMR (126 MHz, DMSO-ds) & 140,8, 140,1, 132,4 (2C), 132,3, 131,0 (2C), 129,5,
126,9, 125,7,125,5, 124,4, 123,2, 116,4. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C20H11BrN2NaOS 428,9673; phat hién 428,9679.

2.3.2. Téng hep céc hep chat 2-aryl-3-alkyl/arylquinoxaline

2.3.2.1. Khao sat diéu kién téi vu cua phan &ng

Sg (1,5 eq.)
NH> 0 base (0,2 eq.)
+
@ Ph)LMe @ :/[
NH, DMSO (3 eq.)
291a 292a T°C,16h 293aa

So @6 2. 4 Khao sat diéu kién tdi vu cho phan tng giita o-phenylenediamine,

acetophenone va luu huynh

88



Hon hop o-phenylenediamine 291a (1,2 mmol, 130 mg), acetophenone 292a
(1,0 mmol, 120 mg), Ss (1,5 mmol, 48 mg) va base (0,2 mmol, 0,2 eq.) trong DMSO
(0,2 mL) dugc dun néng & T°C trong 16 h. Sau khi 1am nguoi dén nhiét 6 phong,
thém vao hdn hop phan tng MeOH (2-4 mL) va khudy manh. San pham quinoxalin-
2-thione 293aa ¢ dang ran duoc loc, rira véi MeOH (2 mL x 3) va lam khd.

2.3.2.2. Tong hop cac hop chat 2-aryl-3-alkyl/arylquinoxaline

Sg (1,5€eq.)
@NHz 0 piperidine (0,2 eq. ) (I Ar/alk
RT + )H
/ ]
NH, AT DMSO (3 eq.)
Ar/alk 80 °C. 16 h
291 294 295

So @6 2. 5 Téng hop céac hop chat 2-aryl-3-alkyl/arylquinoxaline

Hon hop o-phenylenediamine 291 (1,2 mmol, 1,2 eq.), deoxybenzoin 294 (1,0
mmol, 1 eq.), Ss (48 mg, 1,5 eq.) va piperidine (17 mg, 0,2 eq.) trong DMSO (0,2
mL) duoc dun néng ¢ 80°C trong 16 h. Sau khi lam nguoi dén nhiét do phong, hdn
hop phan ung duoc phan 1ap va tinh ché bang sic ky cot trén silica gel (dung méi:
hexane/ethyl acetate 20:1) cho san pham 2,3-diarylquinoxaline hoic 2-phenyl-3-
alkylquinoxaline 295.
2,3-Diphenylquinoxaline (295aa)

N\ Ph
QN;EPh
Chat ran mau tring (231 mg, 82%); Tnc 128-129°C. *H NMR (500 MHz, CDCls) 3
8,19 (dd, J = 6,4, 3,5 Hz, 2H), 7,78 (dd, J = 6,5, 3,4 Hz, 2H), 7,53 (d, J = 5,5 Hz, 4H),
7,40-7,30 (m, 6H). 3C NMR (126 MHz, CDCl3) & 153,6, 141,4, 139,2, 130,1, 130,0,
129,3, 128,9, 128,4. Phé NMR phu hop véi dir liéu da cong bd [51,60].
6,7-Dimethyl-2,3-diphenylquinoxaline (295ba)

;@N\:[Ph
N/ Ph
Chat ran mau tring (266 mg, 86%); Tnc 175-176°C. *H NMR (500 MHz, CDCl3) &

7,93 (s, 2H), 7,50 (d, J = 0,6 Hz, 4H), 7,38-7,28 (m, 6H), 2,52 (s, 6H). *C NMR (126
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MHz, CDCls) & 152,6, 140,7, 140,4, 139,5, 130,0, 128,7, 128,4, 128,3, 20,6. Phd
NMR phu hop véi dit liéu di cong bd [51,60].
6-Methyl-2,3-diphenylquinoxaline (295ca)
N Ph
\@NIPh
Chat ran mau vang nhat (216 mg, 73%); Tnc 116-117°C. *H NMR (500 MHz, CDCls)
8 8,06 (d, J = 8,5 Hz, 1H), 7,95 (s, 1H), 7,61 (d, J = 7,3 Hz, 1H), 7,50 (d, J = 4,5 Hz,
4H), 7,39-7,29 (m, 6H), 2,62 (s, 3H). 13C NMR (126 MHz, CDCls) & 153,5, 152,7,
141,4, 140,6, 139,9, 139,4, 132,4, 130,1, 130,0, 128,9, 128,8, 128,7, 128,4, 128,2,
22,1. Pho NMR phu hop véi dir liéu da cong bé [51,60].
6-Fluoro-2,3-diphenylquinoxaline (295da)
F N\ Ph
\©iN/IPh
Chat ran mau tring (201 mg, 67%); Tnc 133-134°C. *H NMR (500 MHz, CDCls) 3
8,18 (dd, J = 9,3, 5,8 Hz, 1H), 7,80 (dt, J = 9,5, 2,4 Hz, 1H), 7,60-7,54 (m, 1H), 7,51
(t, = 6,3 Hz, 4H), 7,41-7,31 (m, 6H). 13C NMR (126 MHz, CDCls3) & 163,0 (d, J =
251,8 Hz), 154,4, 153,0, 142,1 (d, J = 13,6 Hz), 138,9 (d, J = 11,4 Hz), 138,6, 131,4
(d, J = 10,1 Hz), 130,0, 129,9, 129,2, 129,0, 128,5, 120,5 (d, J = 26,1 Hz), 112,8 (d,
J = 21,6 Hz). Pho NMR phil hop véi dit liéu da cong bd [51,60].
6-Chloro-2,3-diphenylquinoxaline (295ea)

Cl N\ Ph
\QNiPh

Chat ran mau tring (221 mg, 70%); Tne 122-123°C. *H NMR (500 MHz, CDCls) 3
8,17 (d, J = 2,4 Hz, 1H), 8,11 (d, J = 8,9 Hz, 1H), 7,71 (dd, J = 8,9, 2,3 Hz, 1H), 7,51
(d, J = 6,2 Hz, 4H), 7,42-7,30 (m, 6H). 3C NMR (126 MHz, CDCls) § 154,2, 153,8,
141,7, 139,9, 138,9, 138,8, 135,8, 131,1, 130,6, 130,0, 129,9, 129,3, 129,2, 128,5,
128,2. Phd NMR pht hop véi dit liéu da cong bd [51,60].
6-Bromo-2,3-diphenylquinoxaline (295fa)
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Br N Ph
\@NIPh

Chat ran mau tring (220 mg, 61%); Tnc 122-123°C. *H NMR (500 MHz, CDCls) &
8,36 (d, J = 2,1 Hz, 1H), 8,03 (d, J = 8,9 Hz, 1H), 7,84 (dd, J = 8,9, 2,2 Hz, 1H), 7,51
(d, 4H), 7,42-7,30 (m, 6H). 3C NMR (126 MHz, CDCls) & 154,4, 153,9, 141,9,
140,1, 138,9, 138,8, 133,6, 131,5, 130,7, 130,0, 129,9, 129,3, 129,2, 128,5, 128,5,
124,0. Pho NMR pht hop véi dit liéu da cong bo [51,60].
6,7-Difluoro-2,3-diphenylquinoxaline (295ga)

F N\ Ph

FIXN;[Ph
Chét rin mau tring (203 mg, 64%); Tne 142-143°C. 'H NMR (500 MHz, CDCl3) &
7,91 (t, J = 9,3 Hz, 2H), 7,54-7,47 (m, 4H), 7,43-7,37 (m, 1H), 7,37-7,31 (m, 5H).
13C NMR (126 MHz, CDCl3) & 153,8, 153,7 (d, J = 18,1 Hz), 151,6 (d, J = 18,1 Hz),
138,7, 129,9, 129,3, 128,5, 114,9 (dd, J = 13,1, 6,1 Hz). Phd NMR phu hop véi dir
liéu da cong bd [51,60].
6,7-Dichloro-2,3-diphenylquinoxaline (295ha)

Cl N\ Ph

CIIlePh
Chét rin mau trang (234 mg, 67%); Tnc 154-156°C. 'H NMR (500 MHz, CDCl3) &
8,29 (s, 2H), 7,50 (d, J = 6,9 Hz, 4H), 7,42-7,37 (m, 2H), 7,37-7,31 (m, 4H). 13C
NMR (126 MHz, CDCls) & 154,6, 140,1, 138,5, 134,6, 129,9 (8C), 129,4, 128,5. Phd
NMR phu hop véi dir lidu da cong bd [51,60].
6,7-Dibromo-2,3-diphenylquinoxaline (295ia)

Br N\ Ph

BrI:[NIPh
Chat ran mau tring (284 mg, 65%); Tnc 166-167°C. *H NMR (500 MHz, CDCls) 3
8,49 (s, 2H), 7,51 (d, J = 1,2 Hz, 4H), 7,41-7,37 (m, 2H), 7,34 (dd, J = 8,2, 6,5 Hz,

4H). 3C NMR (126 MHz, CDCls) § 154,7, 140,6, 138,5, 133,4, 129,9, 129,5, 128,5,
126,6. Phd NMR pht hop véi dit liéu da cong bd [51,60].
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6-Nitro-2,3-diphenylquinoxaline (295ja)

O,N N _-Ph
\QN;EPh

Chét rin mau tring (212 mg, 65%); Tne 193-194°C. 'H NMR (500 MHz, CDCl3) &
8,18 (dd, J = 9,3, 5,8 Hz, 1H), 7,80 (dt, J = 9,5, 2,4 Hz, 1H), 7,60-7,54 (m, 1H), 7,51
(t, J = 6,3 Hz, 4H), 7,41-7,31 (m, 6H). 3C NMR (126 MHz, CDCl3) & 156,5, 155,9,
148,1, 143,8, 140,1, 138,3, 138,2, 130,9, 130,1, 130,0, 129,9, 129,8, 128,6, 125,8,
123,5. Phd NMR pht hop véi dit liéu da cong bd [51,60].

Ethyl 2,3-diphenylquinoxaline-6-carboxylate (295ka)

EtO,C N _-Ph
\(:[N;EPh

Chét rian mau trang (283 mg, 80%); Tnc 144-146°C. 'H NMR (500 MHz, CDClz) &
8,97 (d, J = 2,0 Hz, 1H), 8,43 (dd, J = 8,7, 1,8 Hz, 1H), 8,26 (d, J = 8,7 Hz, 1H), 7,60
(dd, J = 7,4, 5,4 Hz, 4H), 7,42 (dt, J = 14,4, 7.1 Hz, 6H), 4,53 (q, J = 7,1 Hz, 2H),
1,52 (t, J = 7,1 Hz, 3H). 3C NMR (75 MHz, CDCls) § 165,8, 155,1, 154,4, 143,2,
140,4,138,7,131,8,131,6, 129,9, 129,8, 129,5, 129,4, 129,3, 129,1, 128,3, 61,6, 14,3.
Pho NMR phu hop vai dit liéu da cong b [51,60].
2,3-Diphenylbenzo[g]quinoxaline (295la)

N\ Ph
N/]:Ph
Chat ran mau trang (186 mg, 56%); Tnc 198-200°C. *H NMR (500 MHz, CDCls) & 8,75
(s, 2H), 8,12 (dt, J = 6,8, 3,3 Hz, 2H), 7,57 (dd, J = 7,3, 2,2 Hz, 6H), 7,40-7,33 (m, 6H).
13C NMR (126 MHz, CDCl3) § 154,3, 139,3, 138,1, 134,2, 130,0, 129,1, 128,7, 128,4,
127,7, 126,9. Phd NMR pht hop vai dit liéu di cong b [51,60].
2,3-Diphenylpyrido[2,3-b]pyrazine (295ma)

N Ph
X AN
(XX
N N Ph
Chat ran mau tring (232 mg, 82%); Tnc 143-144°C. 'H NMR (500 MHz, CDCl3) &
9,21 (dd, J = 4,2, 1,8 Hz, 1H), 8,56 (dd, J = 8,4, 1,8 Hz, 1H), 7,76 (dd, J = 8,3, 4,2
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Hz, 1H), 7,70-7,64 (m, 2H), 7,63-7,53 (m, 2H), 7,47-7,35 (m, 7H). 3C NMR (75
MHz, CDCl3) & 154,1, 138,1, 130,3, 129,8, 129,4, 129,3, 128,4, 128,1, 125,2. Ph
NMR phu hop véi dit lidu da cong bé [51,60].
2,3-Diphenylpyrido[3,4-b]pyrazine (295na)

,@[Niph
N~ “Ph

Chét ran mau vang (212 mg, 75%); Tnc 176-177°C. *H NMR (500 MHz, CDCl3) &
9,65 (s, 1H), 8,87 (d, J = 5,7 Hz, 1H), 8,04 (d, J = 5,7 Hz, 1H), 7,66-7,55 (m, 6H),
7,48-7,43 (m, 4H). *C NMR (75 MHz, CDCls) § 157,9, 155,4, 154,5, 147,3, 143,6,
138,3, 136,3, 129,9, 129,8, 129,7, 129,4, 128,7, 128,4, 121,3. Phd NMR phu hop véi
dir liéu da cong bd [51,60].

2-Phenyl-3-(p-tolyl)quinoxaline (295ab)

N Ph
AN
L

Chét rin mau trang (254 mg, 86%); Tnec 112-114°C. 'H NMR (500 MHz, CDClz) &
8,20-8,13 (m, 2H), 7,80-7,72 (m, 2H), 7,54 (d, J = 6,2 Hz, 2H), 7,42 (d, J = 7,9 Hz,
2H), 7,38-7,32 (m, 3H), 7,14 (d, J = 7,8 Hz, 2H), 2,37 (s, 3H). 3C NMR (126 MHz,
CDCl3) & 153,6, 141,4, 141,2, 139,4, 139,0, 136,3, 130,0, 129,9, 129,8, 129,7, 129,3,
129,1, 128,9, 128,4, 21,5. Phd NMR phui hop vai dit liéu di cong b [51,60].
2-(4-Methoxyphenyl)-3-phenylquinoxaline (295ac)

N Ph
N
L
OMe

Chat ran mau tring (271 mg, 87%); Tnc 117-120°C. *H NMR (500 MHz, CDCls) 3
8,18-8,12 (m, 2H), 7,79-7,71 (m, 2H), 7,54 (dd, J = 7,3, 2,3 Hz, 2H), 7,48 (d, J = 6,7
Hz, 2H), 7,37 (d, J = 4,5 Hz, 3H), 6,86 (d, J = 8,8 Hz, 2H), 3,82 (s, 3H). 13C NMR
(126 MHz, CDCls) & 160,4, 153,6, 153,2, 141,4, 141,1, 139,5, 131,.6, 131,5, 130,0,
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129,9, 129,7, 129,3, 129,2, 128,9, 128,5, 113,9, 55,4. Phd NMR phu hop vai dit liéu
d3 cong bd [51,60].
2-(4-Fluorophenyl)-3-phenylquinoxaline (295ad)

N Ph
N
Ly
F

Chét rin mau trang (240 mg, 80%); Tne 130-133°C. 'H NMR (500 MHz, CDClz) &
8,21-8,14 (m, 2H), 7,78 (dd, J = 6,4, 3,4 Hz, 2H), 7,53-7,49 (m, 4H), 7,42-7,32 (m,
3H), 7,03 (t, J = 8,6 Hz, 2H). 3C NMR (126 MHz, CDCl3) § 163,3 (d, J = 249.4 Hz),
153,4, 152,5, 141,3 (d, J = 6,7 Hz), 139,1, 135,3, 135.2, 132,0 (d, J = 8.4 Hz), 130,2,
130,1, 129,9, 129,4, 129,3, 129,1, 128,5, 115,5 (d, J = 21.6 Hz). Phé NMR phu hop
véi dir liéu da cong bd [51,60].

2-(4-Chlorophenyl)-3-phenylquinoxaline (295ae)

N Ph
N
L,
N]/\©\
Cl

Chat ran mau trang (262 mg, 83%); Tnc 136-138°C. H NMR (500 MHz, CDCls) & 8,2
(dt, J=7,2, 3,7 Hz, 2H), 7,8 (dd, J = 6.5, 3,4 Hz, 2H), 7,6-7,5 (m, 2H), 7,5 (d, J = 8.2
Hz, 2H), 7,4-7,3 (m, 3H), 7,3 (d, J = 8,3 Hz, 2H). 13C NMR (126 MHz, CDCl3) § 153 4,
152,3,141,4,141,3,139,0, 137,6, 135,3, 131,4, 130,4, 130,3, 129,9, 129,4, 129,3, 129,1,
128,7, 128,6. Pho NMR phi hop vai dit liéu da cong b [51,60].
2-(4-Bromophenyl)-3-phenylquinoxaline (295af)

N Ph
AN
S
Br

Chét rin mau tring (306 mg, 85%): Tne 146-147°C. 'H NMR (500 MHz, CDCl3) &
8,21-8,14 (m, 2H), 7,82-7,74 (m, 2H), 7,52 (d, J = 10,5 Hz, 2H), 7,47 (d, J = 8,5 Hz,
2H), 7,44-7,33 (m, 5H). 3C NMR (126 MHz, CDCls3) & 152,9, 152,3, 141,4, 141,3,
138,9, 138,1, 131,6, 130,4, 130,3, 129,9, 129,4, 129,3, 129,2, 128,7, 123,6. HRMS
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m/z tinh cho [M+H]* C20H14BrN2 361,0340, phat hién 361,0347. Phé NMR va MS
phu hop véi dit liéu di cong bd [51,60].
2-(2-Methoxyphenyl)-3-phenylquinoxaline (295ag)

N\ Ph
Col,

MeO
Chét rin mau trang (224 mg, 72%); Tne 122-123°C. 'H NMR (500 MHz, CDClz) &
8,17 (td, J = 5,4, 2,8 Hz, 2H), 7,76-7,70 (m, 2H), 7,64 (dd, J = 7,5, 1,8 Hz, 1H), 7,47
(dd, J =75, 2,0 Hz, 2H), 7,35 (td, J = 7,9, 1,8 Hz, 1H), 7,30-7,20 (m, 3H), 7,11 (t, J
=7,5Hz, 1H), 6,67 (d, J = 8,3 Hz, 1H), 3,18 (s, 3H). 1*C NMR (126 MHz, CDCls) &
156,5, 154,9, 152,4, 141,5, 141,4, 139,7, 131,1, 130,8, 129,9, 129,6, 129,4, 129,3,
128,9, 128,7, 128,5, 127,8, 121,4, 111,2, 54,8.
2-Methyl-3-phenylquinoxaline (295ah)

N\
(CLL,

Chat ran mau tring (114 mg, 52%); Tnc 97-98°C. 'H NMR (500 MHz, CDCl3) & 8,17—
8,11 (m, 1H), 8,09-8,04 (m, 1H), 7,73 (td, J = 7,3, 1,7 Hz, 2H), 7,69-7,64 (m, 2H),
7,58-7,48 (m, 3H), 2,79 (s, 3H). 3C NMR (126 MHz, CDCl3) § 154,9, 152,5, 141,2,
141,0, 139,0, 129,7, 129,2, 129,2, 129,2, 129,0, 128,9, 128,5, 128,3, 128,0, 24,4. Phd
NMR phu hop véi dit lidu da cong bé [51,60].

2-1sopropyl-3-phenylquinoxaline (295ai)

Nj\*
N
L,
N~ Ph

Chét ran mau trang (139 mg, 56%); Tnc 97-98°C. 'H NMR (500 MHz, CDCls) § 8,10
(d, J = 8,2 Hz, 2H), 7,77-7,67 (m, 2H), 7,58 (dd, J = 7,9, 1,7 Hz, 2H), 7,55-7,45 (m,
3H), 3,56-3,45 (m, 1H), 1,32 (d, J = 6,7 Hz, 6H). 13C NMR (126 MHz, CDCls) &
160,9, 154,8, 141,9, 140,7, 139,5, 129,6, 129,3, 129,2, 129,0, 128,9, 1288, 128,7,
32,2, 22,4. Phd NMR phu hop véi dir liéu da cong bd [51,60].
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2-1sopropyl-6,7-dimethyl-3-phenylquinoxaline (295bi)

N
PO
N~ “Ph

Chét rin mau tring (160 mg, 58%): Tne 105-107°C. 'H NMR (500 MHz, CDCl3) &
7,85 (d, J = 11,5 Hz, 2H), 7,59-7,54 (m, 2H), 7,54-7,43 (m, 3H), 3,50-3,40 (m, 1H),
2,50 (s, 3H), 2,48 (s, 3H), 1,30 (d, J = 6,7 Hz, 6H). 3C NMR (126 MHz, CDCl3) &
159,8, 153,8, 140,9, 140,0, 139,8, 139,7, 139,6, 129,0, 128,6, 128,5, 128,3, 128,0,
32,0, 22,5, 20,5, 20,4. Pho NMR pht hop véi dir liéu da cong bo [51,60].

2.3.3. Tong hep céac hep chdt N, 2-diarylethanethioamide

2.3.3.1. Khao sat diéu kién toi uvu ciia phan tng

NHZ base (n eq.)
- Fs @ i D
T°C,16h

296a 297a 298aa
So @6 2. 6 Khao sat diéu kién tdi vu cho phan ung tong hop N,2-
diarylethanethioamide

Hon hop aniline 296a (1 mmol, 1 eq.), phenylacetylene 297a (1,2 mmol, 1,2
eq.), luu huynh (1,5 mmol, 1,5 eq.) va x(c tac base (n eq.) duoc khudy va dun ndng
& T°C trong 16 gio. Sau khi dé nguoi dén nhiét d¢o phong, hdn hop phan ung duoc
phan 1ap va tinh ché boi sic ky cot trén silicagel (dung mdi CH2Cl,) cho san pham
N,2-diphenylethanethioamide 298aa.
2.3.3.2. Tong hop céc hop chat N 2-diary|ethanethioamide

NH; DBU (0,2 eq.)
DA v s ————
60°C, 16 h
297

296 N 208
So @6 2. 7 Tong hop N,2-diarylethanethioamide
Hon hop arylamine 296 (1 mmol, 1 eq.), arylacetylene 297 (1,2 mmol, 1,2 eq.),
lwu huynh (1,5 mmol, 1,5 eq.) va DBU (0,2 eq.) duoc khudy va dun néng & 60°C
trong 16 gio. Sau khi dé ngudi dén nhiét do phong, hdn hop phan tng dugc phan lap
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va tinh ché bai sac ky cot trén silicagel (dung mdi CH2Cl, hoic hexane/ethyl acetate
97:3 dén 9:1) cho san pham N,2-diarylethanethioamide 298.
N,2-diphenylethanethioamide (298aa)

oL Q)
N
Chat ran mau vang nhat (163mg, 72%); Tnc 122-124°C. *H NMR (500 MHz, CDCls) &
8,54 (s, 1H), 7,54 (d, J = 8,09 Hz, 2H), 7,43-7,31 (m, 7H), 7,22 (t, = 7,32 Hz, 1H), 4,25
(s, 2H). 3C NMR (126 MHz, CDCls) & 201,7, 138,6, 135,6, 1295, 129,3, 128,9, 127,9,
127,1, 124,0, 54,6. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH1sNNaS 250,0666

phét hién 250,0674. Pho NMR va MS phi hop voi dit liéu da cong bé [100,175,219].
N-phenyl-2-(m-tolyl)ethanethioamide (298ab)

QLA
H Me
Chat ran mau vang nhat (198 mg, 82%); Tne 123-125°C. *H NMR (500 MHz, CDCls) &
8,45 (s, 1H), 7,55 (d, J = 8,24 Hz, 2H), 7,37-7,30 (m, 3H), 7,24 (t, J = 7,40 Hz, 1H),
7,19-7,14 (m, 3H), 4,26 (s, 2H), 2,38 (s, 3H). 13C NMR (126 MHz, CDCl3) 6 21,4, 55,0,
123,6, 126,7, 127,0, 128,9, 129,0, 129,4, 130,4, 134,7, 138,5, 139,4, 201,4. HRMS

(QTOF, ESI+) m/z tinh cho [M+Na]" C1sH1sNNaS 264,0823; phat hi¢n 264,0826.
N-phenyl-2-(p-tolyl)ethanethioamide (298ac)

QT

Chét ran mau vang nhat (205 mg, 85%); Tnc 123-125°C. *H NMR (500 MHz, CDCl5)
8 8,44 (s, 1H), 7,55 (d, J = 8,39 Hz, 2H), 7,35 (t, J = 7,93 Hz, 2H), 7,25-7,21 (m,
5H), 4,25 (s, 2H), 2,38 (s, 3H). 3C NMR (126 MHz, CDCls) & 21,2, 54,6, 123,6,
127,0,128,9, 129,6, 130,2, 131,6, 138,0, 138,5, 201,6. HRMS (QTOF, ESI+) m/z tinh
cho [M+Na]* CisH1sNNaS 264,0823; phat hién 264,0828.
2-(4-pentylphenyl)-N-phenylethanethioamide (298ad)
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-Pent
©\ )SJ\/O/” i
N

N
Chat rin mau vang nhat (255 mg, 86%); Tnc 128-130°C. *H NMR (500 MHz, CDCls)
8 8,48 (s, 1H), 7,57 (d, J = 7,93 Hz, 2H), 7,37 (t, J = 7,93 Hz, 2H), 7,29-7,22 (m,
5H), 4,27 (s, 2H), 2,64 (t, J = 7,78 Hz, 2H), 1,65 (p, J = 7,48 Hz, 2H), 1,38-1,32 (m,
4H), 0,92 (t, J = 6,87 Hz, 3H). 3C NMR (126 MHz, CDCls) & 14,0, 22,5, 31,1, 31,5,
35,6, 54,7, 123,6, 127,0, 128,9 (2C), 129,5, 129,6, 131,8, 138,5, 143,1, 201,6. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH2sNNaS 320,1449; phat hién 320,1453.
2-(2-methoxyphenyl)-N-phenylethanethioamide (298ae)

B
N
H OMe

Chat rdn mau vang nhat (195 mg, 76%); Tne 117-119°C. *H NMR (500 MHz, CDCl3) &
9,48 (s, 1H), 7,65 (d, J = 8,39 Hz, 2H), 7,4-7,30 (m, 4H), 7,21 (t, J = 7,40 Hz, 1H),
7,03-6,96 (M, 2H), 4,25 (s, 2H), 3,96 (s, 3H). 3C NMR (126 MHz, CDCls) & 50,4, 55,8,
111,1, 121,7, 123,0, 124,2, 126,5, 128,8, 129,4, 131,6, 139,0, 156,6, 201,7. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH1sNNaOS 280,0772; phét hién 280,0776.
2-(3-methoxyphenyl)-N-phenylethanethioamide (298af)

N OMe
H

Chét ran mau vang nhat (201 mg, 78%); Tnc 117-119°C. *H NMR (500 MHz, CDCl5)
8 8,55 (s, 1H), 7,55 (d, J = 8,39 Hz, 2H), 7,36-7,31 (m, 3H), 7,24-7,20 (m, 1H), 6,94
6,88 (m, 3H), 4,23 (s, 2H), 3,81 (s, 3H). 3C NMR (126 MHz, CDCl3) § 55,1, 55,3,
113,7, 115,2, 121,8, 123,6, 127,0, 128,9, 130,6, 136,2, 138,5, 160,4, 200,9. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH1sNNaOS 280,0772; phat hién 280,0774.
2-(4-methoxyphenyl)-N-phenylethanethioamide (298ag)

OM
[:1)81\/@/6
N
H
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Chat ran mau vang nhat (201 mg, 78%); Tnc 117-119°C. *H NMR (500 MHz, CDCls)
88,50 (s, 1H), 7,56 (d, J = 8,24 Hz, 2H), 7,35 (t, J = 7,93 Hz, 2H), 7,27 (d, J = 8,54
Hz, 2H), 7,23 (t, J = 7,40 Hz, 1H), 6,95 (d, J = 8,70 Hz, 2H), 4,22 (s, 2H), 3,83 (s,
3H). 3C NMR (126 MHz, CDCls) & 54,2, 55,4, 114,9, 123,6, 126,6, 127,0, 128,9,
130,9, 138,5, 159,5, 201,8. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
CisH1sNNaOS 280,0772; phat hién 280,0776.
2-(4-fluorophenyl)-N-phenylethanethioamide (298ah)

Qg

H
Chét ran mau vang nhat (186 mg, 76%); Tnc 105-106°C.*H NMR (500 MHz, DMSO-
de) § 11,81 (s, 1H), 7,79 (d, J = 7,32 Hz, 2H), 7,45 (dd, J = 8,77, 5,57 Hz, 2H), 7,43
7,36 (m, 2H), 7,24 (t, J = 7,40 Hz, 1H), 7,20-7,12 (m, 2H), 4,07 (s, 2H). *°C NMR
(126 MHz, DMSO-ds) & 201,3, 161,7 (d, J = 242,7 Hz), 139,9, 134,3, 131,1 (d, J =
8,1 Hz), 129,0, 126,6, 123,7, 115,5 (d, J = 21,2 Hz), 52,6. 1°F NMR (471 MHz,
CDCl3) 6 -114,07. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH12FNNaS
268,0572; phat hi¢n 268,0577.

2-(3-chlorophenyl)-N-phenylethanethioamide (298ai)

oL QL
H Cl
Chét ran mau vang nhat (196 mg, 75%); Tnc 111-113°C. *H NMR (500 MHz, CDCl5)
8 8,45 (s, 1H), 7,57 (d, J = 7,93 Hz, 2H), 7,39-7,34 (m, 5H), 7,30-7,25 (m, 2H), 4,23
(s, 2H). 3C NMR (126 MHz, CDCls) 3 54,4, 123,8, 127,2, 127,6, 128,3, 129,0, 129,6,
130,6, 135,2, 137,1, 138,4, 200,3. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*

C14H12CINNaS 284,0277; phat hi¢n 284,0281.
2-(4-chlorophenyl)-N-phenylethanethioamide (298aj)

oy es

N
H
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Chat ran mau vang nhat (188 mg, 72%); Tnc 111-113°C. *H NMR (500 MHz, CDCls)
88,67 (s, 1H), 7,59 (d, J = 8,24 Hz, 2H), 7,52-7,49 (m, 1H), 7,48-7,45 (m, 1H), 7,38
(t, J = 7,93 Hz, 2H), 7,34-7,31 (m, 2H), 7,25 (t, J = 7,48 Hz, 1H), 4,38 (s, 2H). 3C
NMR (126 MHz, CDCls) & 52,3, 123,8, 127,1, 127,7, 128,9, 129,6, 130,1, 1321,
133,3, 134,4, 138,55, 200,0. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C14H12CINNaS 284,0277; phat hién 284,0281.
2-(4-bromophenyl)-N-phenylethanethioamide (298ak)

Q3

Chat ran mau vang nhat (198 mg, 65%); Tnc 120-121°C. *H NMR (500 MHz, CDCls)
88,43 (s, 1H), 7,59-7,52 (m, 4H), 7,39-7,32 (m, 3H), 7,26 (d, J = 8,09 Hz, 2H), 4,21
(s, 2H). 3C NMR (126 MHz, CDCls) 3 54,3, 122,2, 123,7, 127,2,129,0, 131,1, 132,5,
134,1, 138,4, 200,5. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C14H12BrNNaS
327,9772; phéat hién 327,9776.
N-phenyl-2-(4-(trifluoromethyl)phenyl)ethanethioamide (298al)

CF
m 3
: N
H

Chat rin mau vang nhat (201 mg, 68%); Tnc 115-116°C. *H NMR (500 MHz, CDCls)
88,43 (s, 1H), 7,67 (d, J = 8,24 Hz, 2H), 7,57 (d, J = 8,24 Hz, 2H), 7,52 (d, J = 8,24
Hz, 2H), 7,38 (t, J = 7,93 Hz, 2H), 7,26 (t, J = 7,40 Hz, 1H), 4,30 (s, 2H). 3C NMR
(126 MHz, CDCl3) § 200,1, 139,4, 138,3, 129,7, 129,0, 127,2, 126,2, 125,1, 123,7,
54,5. 1°F NMR (471 MHz, CDCls) & -62,63. HRMS (QTOF, ESI+) m/z tinh cho
[M+Na]* C1sH12FsNNaS 318,0540; phét hién 318,0544.

Methyl 3-(2-(phenylamino)-2-thioxoethyl)benzoate (298am)

CL i 21
N CO,Me

H
Chat ran mau vang nhat (219 mg, 77%); Tnc 128-129°C. *H NMR (500 MHz, CDCls)
8 8,46 (s, 1H), 8,03 (d, J = 9,16 Hz, 2H), 7,62 (d, J = 7,63 Hz, 1H), 7,56 (d, J = 7,32
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Hz, 2H), 7,50 (t, J = 7,63 Hz, 1H), 7,37 (t, J = 7,93 Hz, 2H), 7,25 (t, J = 8,09 Hz, 1H),
4,31 (s, 2H), 3,94 (s, 3H). *C NMR (126 MHz, CDCls) § 52,4, 54,6, 123,7, 127,2,
129,0, 129,2, 129,5, 130,5, 131,2, 133,9, 135,7, 138,4, 166,7, 200,6. HRMS (QTOF,
ESI+) m/z tinh cho [M+Na]* C16H1sNNaO-S 308,0721; phat hi¢n 308,0726.

Methyl 4-(2-(phenylamino)-2-thioxoethyl)benzoate (298an)

COM
[jj\/@ze
N
H

Chét ran mau vang nhat (228 mg, 80%); Tnc 128-129°C. *H NMR (500 MHz, CDCls)
88,43 (s, 1H), 8,08 (d, J = 8,24 Hz, 2H), 7,56 (d, J = 7,32 Hz, 2H), 7,47 (d, J = 8,24
Hz, 2H), 7,37 (t, J = 7,93 Hz, 2H), 7,25 (t, 1H), 4,31 (s, 2H), 3,93 (s, 3H). 3C NMR
(126 MHz, CDCls) & 52,3, 54,8, 123,7, 127,2, 129,0, 129,5, 129,9, 130,6, 138,4,
140,3, 166,6, 200,1. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH1sNNaO-S
308,0721; phéat hién 308,0726.
N-phenyl-2-(pyridin-3-yl)ethanethioamide (298a0)

oL Q)

H NP\

Chét ran mau vang nhat (153 mg, 67%); Tnc 114-115°C. *H NMR (500 MHz, CDCls)
& 11,94 (s, 1H), 9,75 (s, 1H), 8,90 (d, J = 8,09 Hz, 1H), 8,52 (d, J = 6,41 Hz, 1H),
7,94 (d, J = 7,93 Hz, 2H), 7,83-7,79 (m, 1H), 7,30 (t, J = 7,93 Hz, 2H), 7,19 (t, J =
7,48 Hz, 1H), 4,62 (s, 2H). 13C NMR (126 MHz, CDCl3) § 49,5, 123,2, 125,9, 126,7,
128,6, 138,8, 138,9, 139,1, 142,6, 146,7, 196,6. HRMS (QTOF, ESI+) m/z tinh cho
[M+Na]* C1sH12N2NaS 251,0619; phat hién 251,0623. Phé NMR va MS phu hop Vi
dir liéu d3 cong bd [100,175,219].
N-(2-methoxyphenyl)-2-phenylethanethioamide (298ba)

S
@Nuvph
OMe H

Chat ran mau vang nhat (221 mg, 86%); Tnc 104-105°C. *H NMR (500 MHz, CDCls)
89,16 (s, 1H), 9,06-9,02 (m, 1H), 7,46-7,41 (m, 2H), 7,40-7,34 (m, 3H), 7,17-7,10
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(m, 1H), 6,97 (t, J = 7,83 Hz, 1H), 6,85-6,80 (m, 1H), 4,29 (s, 2H), 3,66 (s, 3H). *C
NMR (126 MHz, CDCls) 6 198,9, 149,7, 134,9, 129,9, 129,2, 128,3, 127,9, 126,5,
121,4, 120,4, 110,3, 56,0, 55,8. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C1sH1sNNaOS 280,0772; phat hién 280,0776. Phd NMR va MS phu hop véi dit liéu
da cong bd [100,175,219].

N-(4-methoxyphenyl)-2-phenylethanethioamide (298ca)

MeO S
@Hkph

Chat ran mau vang nhat (236 mg, 92%); Tne 106-108°C. *H NMR (500 MHz, CDCls) &
8,33 (s, 1H), 7,45-7,35 (m, 7H), 6,87 (d, J = 9,00 Hz, 2H), 4,28 (s, 2H), 3,79 (s, 3H). 1*C
NMR (126 MHz, CDCls) § 201,2, 158,3, 134,9, 131,5, 129,7, 129,5, 128,1, 125,5, 114,1,
55,5, 54,6. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH1sNNaOS 280,0772; phat
hién 280,0776. Phd NMR va MS pht hop vai dit liéu da cong bd [100,175,219].
N-(3,5-dimethoxyphenyl)-2-phenylethanethioamide (298da)

OMe

S

Chat rin mau vang nhat (250 mg, 87%); Tnc 114-116°C. *H NMR (500 MHz, CDCls)
5 8,39 (s, 1H), 7,46-7,39 (m, 2H), 7,38-7,33 (m, 3H), 6,84 (d, J = 2,21 Hz, 2H), 6,36—
6,31 (m, 1H), 4,26 (s, 2H), 3,75 (s, 6H). 2*C NMR (126 MHz, CDCls) § 200,9, 160,8,
140,1, 134,8, 129,6, 129,5, 128,2, 101,5, 99,1, 55,5, 55,4. HRMS (QTOF, ESI+) m/z
tinh cho [M+Na]* C16H17NNaO>S 310,0878; phat hién 310,0884.
2-Phenyl-N-(3,4,5-trimethoxyphenyl)ethanethioamide (298ea)

OMe
Meoj©\ S
J\/Ph
MeO N
H
Chat rin mau vang nhat (260 mg, 82%); Tnc 123-125°C. *H NMR (500 MHz, CDCls)
8 8,38 (s, 1H), 7,44 (t, J = 7,23 Hz, 2H), 7,40-7,35 (m, 3H), 6,89 (s, 2H), 4,28 (s,
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2H), 3,81 (s, 9H). 3C NMR (126 MHz, CDCls) & 55,2, 56,3, 60,9, 101,1, 128,1,
129,5, 129,6, 134,3, 134,9, 136,6, 153,2, 200,7. HRMS (QTOF, ESI+) m/z tinh cho
[M+Na]* C17H19NNaOsS 340,0983; phéat hién 340,0987.
2-Phenyl-N-(4-(trifluoromethoxy)phenyl)ethanethioamide (298fa)

F,CO
3 )
M ph
N
H

Chat ran mau vang nhat (312 mg, 78%); Tnc 121-123°C. *H NMR (500 MHz, CDCls)
8 8,70 (s, 1H), 7,64-7,60 (m, 2H), 7,44-7,40 (m, 2H), 7,38-7,35 (m, 3H), 7,17 (d, J
= 8,55 Hz, 2H), 4,26 (s, 2H). 13C NMR (126 MHz, CDCl3) § 201,8, 147,1, 136,0 (d,
J = 259,0 Hz), 129,6, 129,5, 128,2, 125,1, 121,3, 119,4, 54,9, 9F NMR (471 MHz,
CDCls) & -57,95. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* CisH12FsNNaOS
334,0489; phéat hién 334,0496.

2-(3-Fluorophenyl)-N-(4-(trifluoromethoxy)phenyl)ethanethioamide (298fx)
F

T,

Chét ran mau vang nhat (240 mg, 73%); Tnc 139-141°C. *H NMR (500 MHz, CDCls)
8 8,44 (s, 1H), 7,63 (d, J = 9,00 Hz, 2H), 7,43-7,37 (m, 1H), 7,21 (d, J = 8,85 Hz,
2H), 7,15 (d, J = 7,63 Hz, 1H), 7,11-7,05 (m, 2H), 4,25 (s, 2H). 3C NMR (126 MHz,
CDCls) § 200,8, 163,2 (d, J = 248,4 Hz), 147,2, 137,2 (d, J = 7,2 Hz), 136,8, 131,1,
125,1, 121,4, 119,3, 116,4 (d, J = 21,5 Hz), 115,2 (d, J = 21,0 Hz), 54,5. *°F NMR
(471 MHz, CDCls) & -57,99, -111,19. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
ClsH11FsNNaOS 352,0395; phat hién 352,0399.
N-(3-(Methylthio)phenyl)-2-phenylethanethioamide (298ga)

IO UY
MeS N
H

Chat ran mau vang nhat (246 mg, 90%); Tne 115-116°C. *H NMR (500 MHz, CDCl3)
8 8,43 (s, 1H), 7,62 (s, 1H), 7,43 (t, J = 7,21 Hz, 2H), 7,39-7,34 (m, 3H), 7,25-7,22
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(m, 2H), 7,10 (dt, J = 7,35, 1,81 Hz, 1H), 4,27 (s, 2H), 2,46 (s, 3H). 3C NMR (126
MHz, CDClz) 8 201,3, 139,7, 139,0, 134,8, 129,6, 129,5, 129,1, 128,2, 124,9, 121,1,
120,0, 55,1, 15,7. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* CisHisNNaS>
296,0544; phét hién 296,0548.
2-(3-Methoxyphenyl)-N-(3-(methylthio)phenyl)ethanethioamide (298gf)

/O\ )SJ\/©\
MeS N OMe

H

Chat ran mau vang nhat (239 mg, 79%); Tnc 111-113°C. *H NMR (500 MHz, CDCls) &
9,46 (s, 1H), 7,78 (s, 1H), 7,40-7,38 (m, 1H), 7,34-7,32 (m, 1H), 7,32-7,27 (m, 1H),
7,27-7,23 (m, 3H), 7,09-7,08 (m, 1H), 7,03-6,97 (m, 1H), 4,24 (s, 2H), 3,97 (s, 3H), 2,47
(s, 3H). 3C NMR (126 MHz, CDCls) & 201,7, 156,5, 139,6, 139,5, 131,6, 129,4, 129,0,
124.4,124,2,121,8,120,4,119,4, 111,1, 55,8, 50,6, 15,8. HRMS (QTOF, ESI+) m/z tinh
cho [M+Na]* C16H17NNaOS, 326,0649; phat hién 326,0653.
2-(4-Methoxyphenyl)-N-(3-(methylthio)phenyl)ethanethioamide (295gQ)

oM

| :l )SJ\/O/ R
MeS N
H

Chét ran mau vang nhat (242 mg, 80%); Tnc 111-113°C. *H NMR (500 MHz, CDCls)
8 8,40 (s, 1H), 7,64-7,63 (m, 1H), 7,28-7,22 (m, 4H), 7,13-7,08 (m, 1H), 6,96 (d, J
= 8,54 Hz, 2H), 4,22 (s, 2H), 3,84 (s, 3H), 2,47 (s, 3H). 13C NMR (126 MHz, CDCls)
6 201,7, 159,5, 139,7, 139,0, 131,0, 129,1, 126,5, 124,9, 121,0, 119,9, 114,9, 55,4,
54,3, 15,7. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH17NNaOS, 326,0649;
phat hién 326,0653.

N-(4-(methylthio)phenyl)-2-phenylethanethioamide (298ha)

M

eS@ i/©
N
H

Chat rin mau vang nhat (218 mg, 80%); Tnc 115-116°C. *H NMR (500 MHz, CDCls)

89,00 (s, 1H), 7,51 (d, J=8,54 Hz, 2H), 7,38-7,32 (m, 5H), 7,16 (d, J = 8,70 Hz, 2H),

4,23 (s, 2H), 2,43 (s, 3H). 13C NMR (126 MHz, CDCl3) & 201,2, 137,1, 135,9, 135 4,
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129,6, 129,3, 127,9, 126,7, 124,2, 54,6, 15,9. HRMS (QTOF, ESI+) m/z tinh cho
[M+Na]*CisH1sNNaS; 296,0544; phat hién 296,0548.
N-(4-(methylthio)phenyl)-2-(m-tolyl)ethanethioamide (298hb)

MeS
ROUYE!
N Me

H
Chat rdn mau vang nhat (221 mg, 77%); Tne 118-120°C. *H NMR (500 MHz, CDCls)
58,38 (s, 1H), 7,48 (d, J = 8,72 Hz, 2H), 7,32 (t, J = 7,48 Hz, 1H), 7,22 (d, J = 8,64
Hz, 2H), 7,20-7,12 (m, 3H), 4,24 (s, 2H), 2,46 (s, 3H), 2,38 (s, 3H). *C NMR (126
MHz, CDCl3) 6 201,2, 139,4, 137,3, 135,7, 134,6, 130,4, 129,4, 129,0, 126,8, 126,7,
124,1, 54,9, 21,4, 16,0. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH17NNaS:
310,0700; phét hi¢n 310,0706.

N-(3-fluorophenyl)-2-phenylethanethioamide (298ia)

N
Chét ran mau vang nhat (179 mg, 73%); Tnc 133-134°C. *H NMR (500 MHz, CDCls)
8 8,66 (s, 1H), 7,63 (d, J = 10,40 Hz, 1H), 7,42-7,33 (m, 5H), 7,29-7,24 (m, 1H),
7,20 (d, J = 7,97 Hz, 1H), 6,91 (t, J = 7,00 Hz, 1H), 4,24 (s, 2H). 3C NMR (126
MHz, CDCls) § 201,6, 162,5 (d, J = 246,1 Hz), 139,9 (d, J = 10,4 Hz), 134,9, 130,0
(d, J = 9,1 Hz), 129,6, 129,5, 128,2, 118,9 (d, J = 3,2 Hz), 113,7 (d, J = 21,3 Hz),
110,8 (d, J = 25,7 Hz), 55,2. °F NMR (471 MHz, CDCls) & -110,88. HRMS (QTOF,
ESI+) m/z tinh cho [M+Na]* C14H12FNNaS 268,0572; phat hién 268,0578. Phd NMR
va MS phu hop véi dir liéu da cong bd [100,175,219].
N-(4-fluorophenyl)-2-phenylethanethioamide (298ja)

SN
N
Chat rin mau vang nhat (225 mg, 92%); Tne 133-134°C. *H NMR (500 MHz, CDCls)
8 8,39 (s, 1H), 7,50-7,47 (m, 2H), 7,43 (d, J = 7,66 Hz, 2H), 7,39-7,35 (m, 3H), 7,04
(t, J = 8,64 Hz, 2H), 4,28 (s, 2H). 13C NMR (126 MHz, CDCls) & 201,8, 160,9 (d, J
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= 247,5 Hz), 134,8, 134,4, 129,6, 129,5 (2C), 128,2, 125,9 (d, J = 8,5 Hz), 115,8 (d,
J = 22,8 Hz), 54,7. %F NMR (471 MHz, CDCls) & -113,74. HRMS (QTOF, ESI+)
m/z tinh cho [M+Na]* C14H12FNNaS 268,0572; phét hién 268,0578. Pho NMR va MS
phU hop véi dir liéu da cong bd [100,175,219].
N-(4-fluorophenyl)-2-(m-tolyl)ethanethioamide (298jb)

o
H Me

Chat ran mau vang nhat (225 mg, 87%); Tnc 138-139°C. *H NMR (500 MHz, CDCls)
8 8,41 (s, 1H), 7,52-7,47 (m, 2H), 7,32 (t, J = 7,47 Hz, 1H), 7,19-7,14 (m, 3H), 7,06—
7,02 (m, 2H), 4,25 (s, 2H), 2,38 (s, 3H). 1*C NMR (126 MHz, CDCls) § 202,0, 160,8
(d, J = 247,5 Hz), 139,2, 135,0, 134,6, 130,3, 129,3, 128,8, 126,6, 125,9 (d, J = 8,6
Hz), 115,6 (d, J = 22,9 Hz), 54,5, 21,4. *°F NMR (471 MHz, CDCls) § -113,82. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH14FNNaS: 282,0729; phét hién 282,0736.
Methyl 4-(2-((4-fluorophenyl)amino)-2-thioxoethyl)benzoate (298jc)

F cO,M
N

H
Chét ran mau vang nhat (267 mg, 88%); Tnc 128-130°C. *H NMR (500 MHz, CDCls)
8 8,44 (s, 1H), 8,08 (d, J = 8,39 Hz, 2H), 7,52—7,44 (m, 4H), 7,08-7,03 (m, 2H), 4,30
(s, 2H), 3,93 (s, 3H). 3C NMR (126 MHz, CDCls) 6 200,8, 166,6, 161,0 (d, J = 248,0
Hz), 140,2, 134,3, 130,6, 129,9, 129,4, 126,0 (d, J = 8,1 Hz), 115,9 (d, J = 22,9 Hz),
54,5, 52,3. 19F NMR (471 MHz, CDCl3) & -113,49. HRMS (QTOF, ESI+) m/z tinh
cho [M+Na]* C16H14FNNaO>S 326,0627; phat hién 326,0632.
N-(4-fluorophenyl)-2-(3-methoxyphenyl)ethanethioamide (298jd)

F
\©\ m
N OMe

H
Chat rin mau vang nhat (259 mg, 94%); Tnc 133-134°C. 'H NMR (500 MHz, CDCls)
8 8,60 (s, 1H), 7,51-7,47 (m, 2H), 7,33 (t, J = 8,9, 7,6 Hz, 1H), 7,03 (t, J = 8,6 Hz,
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2H), 6,93 (d, J = 7,8 Hz, 1H), 6,90-6,88 (m, 2H), 4,24 (s, 2H), 3,82 (s, 3H). *°C NMR
(126 MHz, CDCls) 6 201,6, 161,9, 160,1 (d, J = 59,1 Hz), 136,3, 134,5, 130,5, 125,9
(d,J=8,1Hz),121,8,115,7 (d, J=22,9 Hz), 115,2, 113,6, 55,4, 54,7. 1°F NMR (471
MHz, CDCl;) & -113,80. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C1sH14FNNaOS 298,0678; phat hién 298,0684.
N-(4-chlorophenyl)-2-phenylethanethioamide (295ka)

RS Se

H
Chét ran mau vang nhat (240 mg, 92%): Tnc 98-99°C. *H NMR (500 MHz, CDCls) &
8,39 (s, 1H), 7,51 (d, J = 8,79 Hz, 2H), 7,44 (t, J = 7,29 Hz, 2H), 7,39-7,34 (m, 3H),
7,31 (d, J = 8,79 Hz, 2H), 4,28 (s, 2H). 3C NMR (126 MHz, CDCls) § 201,5, 136,9,
134,7,132,2, 129,6, 129,5, 129,0, 128,3, 124,9, 55,0. HRMS (QTOF, ESI+) m/z tinh
cho [M+Na]* C14H12CINNaS 284,0277; phat hién 284,0284. Ph NMR va MS phu
hop vai dit liéu di cong bd [100,175,219].
N-(4-chlorophenyl)-2-(4-pentylphenyl)ethanethioamide (298kd)

Cl -Pent
N

N
Chat rin mau vang nhat (205 mg, 62%). Tnc 104-106°C. *H NMR (500 MHz, CDCls)
88,40 (s, 1H), 7,51 (d, J = 8,8 Hz, 2H), 7,31 (d, J = 8,7 Hz, 2H), 7,24 (br s, 4H), 4,25
(s, 2H), 2,64-2,61 (m, 2H), 1,63 (g, J = 7,6 Hz, 2H), 1,34-1,32 (m, 4H), 0,90 (t, J =
6,9 Hz, 3H). 3C NMR (126 MHz, CDCls) § 14,0, 22,5, 31,0, 31,5, 35,6, 54,7, 124,9,
129,0,129,5, 129,6, 131,6, 132,2, 137,0, 143,2, 201,9. HRMS (QTOF, ESI+) m/z tinh
cho [M+Na]* C1sH22CINNaS 354,1059; phat hién 354,1068. Pho NMR va MS phu
hop voi dit liéu da cong bd [100,175,219].
N-(4-chlorophenyl)-2-(3-methoxyphenyl)ethanethioamide (298kf)

RO S

N
H
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Chat ran mau vang nhat (247 mg, 85%); Tne 86-88°C. 'H NMR (500 MHz, CDCls) &
8,48 (s, 1H), 7,53 (d, J = 8,85 Hz, 2H), 7,35 (t, J = 7,78 Hz, 1H), 7,31 (d, J = 8,85 Hz,
2H), 6,94-6,89 (m, 3H), 4,25 (s, 2H), 3,83 (s, 3H). 3C NMR (126 MHz, CDCls) § 55,0,
55,4,113,7,115,2,121,8, 124,9, 129,0, 130,6, 132,2, 136,1, 137,0, 160,4, 201,3. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH14CINNaOS 314,0382; phat hién 314,0388.
Methyl 3-(2-((4-chlorophenyl)amino)-2-thioxoethyl)benzoate (298km)

Cl
\©\ m
N CO,Me

H
Chét ran mau vang nhat (191 mg, 60%); Tnc 93-95°C. *H NMR (500 MHz, CDCls) &
8,59 (s, 1H), 8,05-7,99 (m, 2H), 7,61 (d, J = 7,68 Hz, 1H), 7,53 (d, J = 8,73 Hz, 2H),
7,49 (t, J = 7,61 Hz, 1H), 7,31 (d, J = 8,74 Hz, 2H), 4,27 (s, 2H), 3,93 (s, 3H). 13C
NMR (126 MHz, CDCls) & 52,4, 54,5, 125,1, 129,0, 129,2, 129,5, 130,4, 131,1,
132,3,133,9, 135,7, 136,9, 166,7, 201,0. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C16H14CINNaO2S 342,0331; phét hién 342,0338.
N-(3-bromophenyl)-2-phenylethanethioamide (298la)

N
Chat rin mau vang nhat (244 mg, 80%); Tnc 103-104°C. *H NMR (500 MHz, CDCls)
8 8,35 (s, 1H), 7,78-7,75 (m, 1H), 7,53-7,51 (m, 1H), 7,47-7,33 (m, 6H), 7,22 (t, J
= 8,05 Hz, 1H), 4,28 (s, 2H). 3C NMR (126 MHz, CDCls) § 201,7, 139,6, 134,6,
130,1, 130,0, 129,6, 129,5, 128,3, 126,4, 122,3, 122,2, 55,1. HRMS (QTOF, ESI+)
m/z tinh cho [M+Na]* C14H12BrNNaS 327,9772; phét hién 327,9778.
N-(4-bromophenyl)-2-phenylethanethioamide (298ma)
ROS Ve
N

Chat ran mau vang nhat (250 mg, 82%); Tne 103-104°C. 'H NMR (500 MHz, CDCls) &
8,39 (s, 1H), 7,47-7,42 (m, 6H), 7,39-7,34 (m, 3H), 4,27 (s, 2H). 3C NMR (126 MHz,

108



CDClg) 6 201,5, 137,5, 134,7, 132,0, 129,6, 129,5, 128,3, 125,2, 120,0, 55,0. HRMS
(QTOF, ESI+) m/z tinh cho [M+Na]* C1sH12BrNNaS 327,9772; phat hién 327,9778.
N-(3-iodophenyl)-2-phenylethanethioamide (298na)

H

Chét ran mau vang nhat (307 mg, 87%); Tnc 125-127°C. *H NMR (500 MHz, CDCls)
& 8,33 (s, 1H), 7,88 (s, 1H), 7,63-7,54 (m, 2H), 7,47-7,33 (m, 5H), 7,10-7,05 (m,
1H), 4,27 (s, 2H). 13C NMR (126 MHz, CDCls) & 201,6, 139,5, 135,9, 134,6, 132,2,
130,3, 129,6, 129,5, 128,3, 123,0, 93,5, 55,1. HRMS (QTOF, ESI+) m/z tinh cho
[M+Na]* C14H12INNa$S 375,9633; phét hién 375,9639. Phd NMR va MS phu hop véi
dir liéu da cong bd [100,175,219].

N-(4-iodophenyl)-2-phenylethanethioamide (2980a)

T2 0
N

Chat ran mau vang nhat (318 mg, 90%); Tne 125-127°C. *H NMR (500 MHz, CDCl3) &
8,38 (s, 1H), 7,66 (d, J = 8,70 Hz, 2H), 7,43 (t, J = 7,26 Hz, 2H), 7,39-7,33 (m, 5H), 4,26
(s, 2H). 3C NMR (126 MHz, CDCls) & 201,4, 138,2, 137,9, 134,7, 129,6, 129,5, 128,3,
125,3,91,2, 55,1. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1aH12INNaS 375,9633;
phét hién 375,9639. Pho NMR va MS phi hop veéi dit liéu da cong bd [100,175,219].
2-Phenyl-N-(3-(trifluoromethyl)phenyl)ethanethioamide (298pa)

b
Chat ran mau vang nhat (217 mg, 78%); Tnc 128-130°C. *H NMR (300 MHz, CDCls)
8 8,50 (s, 1H), 7,87-7,78 (m, 2H), 7,52-7,34 (m, 7H), 4,29 (s, 2H). 3C NMR (75
MHz, CDCls) § 202,0, 138,9, 134,6, 129,6, 129,4, 128,3, 126,9, 123,5 (d, J = 3,6 Hz),
120,4 (d, J = 3,9 Hz), 55,1. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C1sH12FsNNaO 318,0540; phét hién 318,0544. Phd NMR va MS phu hop voi di liéu
d3 cong bd [100,175,219].
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1-(indolin-1-yl)-2-phenylethane-1-thione (298ra) — hén hep rotamer
10
¢

Chét ran mau vang nhat (157 mg, 62%): Tnc 118-120°C. *H NMR (300 MHz, CDCls)
6 7,44-7,09 (m, 9H), 4,74 (t, J = 7,71 Hz, 1H), 4,69 (s, 1H), 4,45 (s, 1H), 4,20 (t, J =
8,05 Hz, 1H), 3,19 (t, J = 7,96 Hz, 1H), 3,09 (t, J = 8,05 Hz, 1H). 13C NMR (75 MHz,
CDCls) 6 197,6, 197,3, 144,2, 141,8, 136,5, 136,0, 135,6, 134,4, 128,9, 128,9, 128,3,
128,2, 127,5, 127,1, 126,8, 126,7, 126,2, 126,1, 125,2, 124,7, 119,7, 117,1, 106,3,
102,8, 57,3, 55,8, 53,6, 50,3, 27,5, 26,7. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C1sH1sNNa$S 276,0823; phat hién 276,0827. Pho NMR va MS phi hop vaéi dit lidu da

cong bb [100,175,219].
N-(naphthalen-2-yl)-2-phenylethanethioamide (298ga)

LA

N

Chét ran mau vang nhat (166 mg, 60%); Tnc 138-140°C. *H NMR (300 MHz, CDCls)
8 8,67 (s, 1H), 8,23 (d, J = 2,45 Hz, 1H), 7,83-7,74 (m, 3H), 7,51-7,35 (m, 8H), 4,32
(s, 2H). 3C NMR (75 MHz, CDCl3) § 201,3, 135,9, 135,0, 133,3, 132,0, 129,6, 129,5,
128,6, 128,2, 128,0, 127,7, 126,7, 126,3, 122,6, 121,2, 55,0. HRMS (QTOF, ESI+)
m/z tinh cho [M+Na]* C1sH1sNNaS 300,0823; phat hién 300,0829.
N-methyl-N,2-diphenylethanethioamide (298sa)

2L Q)
)
Chat rdn mau vang nhat (156 mg, 65%); Tnc 101-103°C. *H NMR (300 MHz, CDCls)
8 7,38-7,33 (m, 3H), 7,20-7,13 (m, 3H), 7,04-6,95 (m, 4H), 4,02 (s, 2H), 3,73 (s, 3H).
13C NMR (75 MHz, CDCls) & 202,8, 145,5, 136,8, 129,7, 128,6, 128,5, 128,1, 126,6,
125,9, 50,8, 46,3. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* C1sH1sNNaS 264,0823;

phét hién 264,0828. Phd NMR va MS phul hop vai dir liéu da cong bo [100,175,219].
2-Benzyl-4-methylbenzo[d]oxazole (299a)
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Chét rin mau vang nhat (176 mg, 79%); Tnc 112-113°C. *H NMR (500 MHz, CDCl5)
8 7,40-7,37 (m, 2H), 7,34 (t, J = 7,55 Hz, 1H), 7,28 (d, J = 7,48 Hz, 3H), 7,18 (t, J =
7,78 Hz, 1H), 7,10 (d, J = 7,32 Hz, 1H), 4,29 (s, 2H), 2,62 (s, 3H). 3C NMR (126
MHz, CDCls) & 16,6, 35,3, 107,8, 124,4, 124,8, 127,2, 128,8, 129,0, 130,2, 135,1,
140,5, 150,9, 164,3. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]* CisH13NNaO
246,0895; phét hién 246,0899. Phd NMR va MS phi hop véi dir liéu di cong bd [20].
2-Benzyl-5-(tert-butyl)benzo[d]oxazole (299b)

N
~

Chat ran mau vang nhat (225 mg, 85%); Tnc 105-106°C. *H NMR (500 MHz, CDCls)
87,71 (s, 1H), 7,40-7,30 (m, 6H), 7,31-7,25 (m, 1H), 4,26 (s, 2H), 1,36 (s, 9H). 13C
NMR (126 MHz, CDCls) § 31,8, 34,9, 35,3, 109,6, 116,4, 122,3, 127,3, 128,8, 129,0,
135,0, 141,3, 147,7, 149,1, 165,4. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
C1sH19NNaO 288,1364; phat hién 288,1368.

2-Benzyl-5-methoxybenzo[d]oxazole (299c)

N
~

Chét ran mau trang (155 mg, 65%); Tnc 99-100°C. 'H NMR (500 MHz, CDCl3) &
7,40-7,32 (m, 5H), 7,30-7,26 (m, 1H), 7,18 (d, J = 2,44 Hz, 1H), 6,90-6,87 (m, 1H),
4,24 (s, 2H), 3,83 (s, 3H). *C NMR (126 MHz, CDCls) § 35,4, 56,0, 103,0, 110,6,
113,1, 127,3, 128,8, 129,0, 134,9, 142,2, 145,7, 157,1, 166,0. HRMS (QTOF, ESI+)
m/z tinh cho [M+Na]* C1sH1sNNaO2 262,0844; phat hién 262,0850. Phé NMR va MS
phU hop véi dir liéu da cong bd [20].

2-Benzylbenzo[d]thiazole (299d)

AT0
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Chat long mau vang nhat (196 mg, 87%); n2° 1,676. *H NMR (500 MHz, CDCls) &
8,02 (d, J = 8,09 Hz, 1H), 7,79 (d, J = 8,09 Hz, 1H), 7,48-7,44 (m, 1H), 7,40-7,29
(m, 6H), 4,45 (s, 2H). 3C NMR (126 MHz, CDCls) § 40,7, 121,6, 122,8, 124,9, 126,0,
127,4, 128,9, 129,2, 135,7, 137,2, 153,3, 171,2. HRMS (QTOF, ESI+) m/z tinh cho
[M+Na]* C1sH1:NNaS 248,0510; phét hién 248,0515. Phé NMR va MS phtl hop voi
dir liéu d3 cong b [48].

2-Benzylquinazolin-4(3H)-one (299¢)

Seas

0

Thém vao hdn hop phan @ng 2 mL methanol lanh va loc, rira bang methanol lanh,
1am kho trong chin khong thu dwgc san pham 1 chat ran mau tring (157 mg, 66%);
The 136-138°C. *H NMR (300 MHz, DMSO-d¢) 5 8,14 (dt, J = 7,8, 1,0 Hz, 1H), 8,05~
7,84 (m, 2H), 7,75-7,50 (m, 3H), 7,52-6,91 (m, 3H), 4,28 (s, 2H). 13C NMR (75
MHz, DMSO-de) 6 160,2, 159,4, 141,4, 135,6, 134,3, 132,2, 129,3, 129,0, 128,7,
128,0,127,5,126,4,122,2,121,8,119,9. HRMS (QTOF, ESI+) m/z tinh cho [M+Na]*
CisH12N2NaS 259,0847; phat hién 259,0855. Pho NMR va MS phu hop vai dir lidu
da cong bo [101].
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CHUONG III KET QUA VA THAO LUAN
3.1. Téng hop cac hep chit 3-cyanopyrid-2-one
Dé nghién cau phan ang tong hop 3-cyanopyrid-2-one, trudc hét khao sat phan
ung gitra chalcone 283a, cyanoacetamide 284 va luu huynh (Bang 3.1).

Bang 3. 1 Téi wu hoa phan tng téng hop 3-cyanopyrid-2-one

0
HZNJK/ CN 0 ] 0
284 DABCO (20 mol%) | 1, \ ON| sgmea) CN
+ Ph R |
_ dung méi (0,2 mL) Ph | T°C,th pn" X>pp
Ph/CO 80 °C, 30 ph e No | 2854
283a MA1a
TT? Dung moi n (eq.) T (°C) t(h) | Hiéu suat (%)°
1 DMSO 1 80 16 70
2 DMSO 0,5 80 16 72
3 DMSO 0,2 80 16 55
4 DMSO 0 80 16 0
5 DMSO 0 130 16 29
6 DMSO 0,5 120 2 75
7 DMSO 0,5 140 2 75
8 DMF 0,5 120 16 29
9 NMP 0,5 120 16 37
10¢ DMSO 0 120 16 <5%
®piéu kién phan tng: 284 (1,2 mmol), 283a (1 mmol), DABCO (20 mol %, 0,2
mmol, 22 mg), dung méi (0,2 mL), 80°C, 30 phut sau do thém Sg (n equiv, n mmol,
32 mg.mmol™), T °C, t gio trong argon. PHiéu suat sau khi phan lap. °Phan tng
duoc tién hanh trong khong khi.

Phan tng duoc tién hanh véi ty 1¢ mol twong ung cia chalcone va
cyanoacetamide 1a 1:1,2. Trén co s& nghién cau céc phan ung tong hop di vong c6

su tham gia cua luu huynh, luan an lra chon base DABCO la tac nhan téi wu, duoc
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sir dung phé bién dé kich hoat Ivu huynh va dung méi DMSO & nhiét d6 80°C dé
budc dau khao sat didu kién cho phan wng nay. Khi dun néng véi xdc tic DABCO
(20 mol%) trong DMSO ¢ 80°C, sau 30 phdt, hon hop chalcone 283a va
cyanoacetamide 284 duoc chuyén hoéa hoan toan thanh san pham cong Micheal
MAUla. Tiép d6, luu huynh (1 eq.) duoc thém vao hdn hop phan tng va dun nong &
80°C trong mdi trudng khi argon. Theo ddi tién trinh phan tng bang sic ky ban mong,
sau 16 gio thu duoc san pham mong muébn 3-cyanopyrid-2-one 285a vai hiéu suat
70% sau khi phan 1ap (phan @ng s6 1). Khi giam lugng luu huynh xudng con 50 mol%
thi hiéu suét tang 1én 72% (phan ung s6 2), nhung hiéu suat giam dang ké chi con
55% khi chi sir dung 20 mol% Sg (phan tng sb 3). Vai tro quan trong caa luu huynh
trong qué trinh oxy hoa déng vong cua MAla duoc khang dinh bgi cac phan tng sé
4 va 5. Khi vang mit Ss, 285a khong duoc phat hién thdy ¢ 80°C hoic hiéu suat rat
thap (29%) mac du dun nong ¢ 130°C trong thoi gian dai. Nhu vay, luong luu huynh
t6i wu duge x4c dinh 12 50 mol%.

Tiép theo, nhiét do phan tng duogc khao sat. Két qua thi nghiém cho thay thoi
gian phan mg duoc rdt ngan lai dang ké khi nang nhiét do phan tng 1én 120°C (phan
g s6 6). Sau 2 gio phan @ng, hiéu suat san pham thu dwoc di dat 75%. Tuy nhién,
tiép tuc nang nhiét do 1én 140°C ciing khong dem lai cai thién gi vé hiéu suat (phan
g s6 7). Do d6, nhiét d6 120°C duoc lya chon 12 nhiét do t6i wu.

Cudi ciing, khao sat dung madi tién hanh phan tng. Khi thay thé DMSO bang
cac dung mdi phan cyc aprotic khong c6 tinh oxy héoa nhu DMF hay NMP, chi con
lwu huynh dong vai trd tic nhan oxy hoa duy nhat thi hiéu suat giam rd rét (29-37%)
(phan tng s6 8, 9). San pham 285a c6 thé duoc phat hién thiy ¢ dang luong vét khi
phan tmg duoc tién hanh trong méi truong khong khi ma khong st dung luu huynh
(phan @ng s6 10). Piéu nay cho thay vai trd quan trong cia hé oxy héa Se/DMSO
trong qua trinh dong vong — thom hoa cia MAla. Vi két qua qué trinh khao sat diéu
kién phan tng nhu trén, diéu kién tbi uvu duogc thiét 1ap cho phan @ng nhu sau: ty 1é
mol cta chalcone va cyanoacetamide 1a 1:1,2, 20 mol% DABCO, 50 mol% Sg trong
DMSO ¢ 120°C.
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284 o
DABCO (20 mol%) CN | s5(0.5€q.) CN
] HoN HN
+ Ar — > |
1
_ DMSO (0,2 mL) Al [120°C, 24 h 727 XN
o
) 80°C,2h R 285a-285p
Ar @) — -
283a-283p MA1

0
CN
HN |
N XX p
_R1 RZ_!
4 4N 2
3

285a, R' = H, 75% 285h, R? = 4-Ph, 49% 285k, R? = 4-OMe, R' = 3-OMe, 61%
285b, R' = 4-Me, 63% 285i, R? = 3-Cl, 70% 2851, R2 = Br, R" = 4-F, 73%
285¢c, R' = 2,4-Cl,, 62% 285j, R? = 3-Br, 72% 285m, R? = 3,4-C4H,, R' = 2-Cl, 54%

285d, R" = 3-Br, 69%
285e, R' = 4-CN, 74%
285f, R" = 4-CO,Et, 53%
2859, R' = 3,4-C4H,, 61%

285n, 70%

2850, 59% 285p, 57%

So @6 3. 1 Téng hop céac 3-cyanopyrid-2-one
Sau khi thiét lap diéu kién t6i wu ctia phan @ng, tién hanh téng hop thu vién
chat tir cyanoacetamide 284 va céc chalcone 283a-283p khac nhau (So d6 3.1). Cac
chalcone mang nhém thé hut electron ciing nhu day electron bao gom methyl,
methoxy, phenyl, halogen, cyano, ester & cac vi tri khac nhau trén vong benzene déu
phan tng d& dang, tao thanh san pham 285b-285| twong tng véi hiéu suat 49-74%.
bang chu y 1a cac chalcone 283m-283p chira vong naphthalene hoac di vong thom

nhu furan, thiophene, benzothiophene ciing tham gia phan ng va tao thanh san pham
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285m-285p Vvai hiéu suat tir trung binh t&i cao. Céc san pham déu duoc phan 14ap, tinh
ché d& dang bang cach loc, rira v6i methanol va két tinh lai trong hé dung méi
DMSO/methanol/dichloromethane. Trong sé 16 hop chét 3-cyanopyrid-2-one tong
hop duoc, ¢6 10 hop chat méi chua timg dugc cong b trong bat ky tai liéu khoa hoc
nao la 285c-285f, 285h, 285j-2851, 2850 va 285p.
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Hinh 3. 1 Pho 'H NMR cua 2-0x0-4,6-diphenyl-1,2-dihydropyridine-3-carbonitrile
(285a)

Cau trdc cua cac san pham da duoc khang dinh boi phd cong huong tir hat
nhan H, 13C va phé khéi luong. Thi dy, trén phd 'H NMR cua hop chat 2-oxo-4,6-
diphenyl-1,2-dihydropyridine-3-carbonitrile (285a) xuat hién tin hiéu cong huong
singlet ¢ 12,60 ppm cua NH, cac tin hiéu cong huong ¢ 7,91 ppm (doublet, J = 7.3
Hz, 2H), 7,75 ppm (double-doublet, J = 6,6; 3,0 Hz, 2H), 7,63 — 7,47 (multiplet, 6H)
cuaa hai nhom phenyl, tin hiéu cong huong singlet ¢ 6,84 ppm cua CH vong pyridine
(Hinh 3.1). Trén phé 3C NMR cua hop chat nay xuat hién tin hiéu cong huong &
162,5 ppm cua nhom C=0, céc tin hiéu cong huong ¢ 160,3 ppm, 136,5 ppm, 132,8
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ppm, 131,7 ppm, 130,9 ppm, 129,4 ppm (2C), 129,3 ppm (2C), 128,7 ppm (2C),
128,2 ppm (2C) va 106,7 ppm cua nguyén tir carbon trong cac nhan thom, tin hiéu
cong huong ¢ 117,0 ppm cta nhém C=N (Hinh 3.2). Phé HRMS xuat hién peak dic
trung 295,0851 twong ung véi peak ion gia phan tor [M+Na]® C1gH12N2NaO cé m/z
295,0847. Cac dit lidu phé trén khing dinh hop chit 285a di duoc tong hop thanh
cong.
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Hinh 3. 2 Pho 3C NMR cua 2-0x0-4,6-diphenyl-1,2-dihydropyridine-3-carbonitrile
(285a)

Pé khang dinh chic chan cau trdc caa san pham 3-cyanopyrid-2-one, cau tric

tinh thé cia 285a dugc tién hanh phan tich bang phuong phap phd nhiéu xa tia X.

Bay hoi dung dich cua 285a trong DMSO thu dugc c4c tinh thé dai va rat manh, thich

hop dé phan tich nhidu xa tia X don tinh thé (SCXRD). Nhiéu xa tia X dugc do ¢

nhiét @6 phong sir dung may do nhidu xa RIGAKU XtaLabPro trang bi 6ng MMO003

tiéu cuy Mo két hop véi quang hoc da 16p Max-Flux® dong tiéu cu phan xa kép va
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dau do HPAD PILATUS3R 200K. Xir ly dir liéu bang CrysAlisPro 1.171.42.80a,
hiéu chinh hap thu st dung ham céu, thuat toan chia ty 16 SCALE3 ABSPACK va
tich phan Gaussian trén md hinh tinh thé hinh thoi bet, giai bang cac phuong phap
phan tich sin c6 (chwong trinh SHELXT), sau d6 hiéu chinh bing phuong phép ma
tran binh phwong nhé nhat day du F2 bang SHELX-L. Dir liéu tinh thé va chi tiét hiéu
chinh céu tric cua 285a duoc tom tit trong Bang 3.2 va hinh anh phan tir duoc thé
hién ¢ Hinh 3.3.

Hinh 3. 3 Hinh anh cua 285a theo phan mém ORTEP
Bang 3. 2 Dir liéu tinh thé va chi tiét hiéu chinh ciu tric cua 285a
Hop chat 285a
0

Hinh dang 2D

2-0X0-4,6-diphenyl-1,2-dihydropyridine-3-

Ten gol carbonitrile

Cong thuc phan ta Ci1sH12N20
Khéi luong phan tir 272.30
Nhiét do (T) 293(2)
Budc song (A) 0.71073
Hé tinh thé, nhdm Pon ta, 12/a
Kich thuéc 6 don vi a (A) 19.303(3)
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b 4.9221(6)
c 29.983(4)
B 105.464(13)
Thé tich (A3) 2745.5(6)
z 8
Mat @6 tinh toan (mg/m?3) 1.318
Hé s6 hap thu (mm™) 0.083
F(000) 1136
Kich thudc tinh thé (mm) 0.51 x 0.05 x 0.02
0 (°) 4.214 dén 25.349
-22<h<23
Gi6i han céc chi sb -5<k<5
-36 <1<36
Phan xa 19617 / 2494
R (int) 0.089
Completeness Orun = 25.3 (%) 99.6
Hiéu chinh hap thu Gaussian va ban thuc nghiém tir cac twong duong
Do truyen qua max va min 1.000 va 0.729

Phuong phép hiéu chinh

Ma tran binh phwong nho nhat day da F2

Dir liéu / han ché / théng s6 2489/ 91/ 248
Do phu hgp F? 1.035
Cac chi s6 R cudi cung: R1 0.0439
WR?2 0.0969
Céc chis6 R: R1 0.0696
WR?2 0.1064
A dinh va I 16n nhat (e.A3) 0.123 va -0.141
S6 CCDC 2242889
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Hinh 3. 4 Hinh anh 3D cua 285a (a) va hinh anh 6 mang co so (b)
Tur két qua phan tich di liéu don tinh thé, phan tir 285a thudc hé tinh thé don

ta (monoclinic) — nhém khéng gian 12/a, véi cac thdng s6 6 mang co sé a = 19.303A,
b = 4.9221A, ¢ = 29.983A, a = 90°, B = 105.464°, y = 90°, thé tich 6 mang co s&
2745.5A3. Phan ta khong dong phang, cac mat phang chaa nhém phenyl tao véi mat
phang vong pyridone céac goc 1a 124° va 120°. Do dai lién két C=0 va N-H tuong tng
1a 1,24A va 0.96A. Mbi 6 mang co sé gom 8 phan tir 285a, gitra cac phan tu lién ké
c6 tuong tac hydro gitta nhom C=0 va NH va tuong tac n-m gitra cac nhom phenyl
(Hinh 3.4). Dix liéu tinh thé nay twong tu cau trdc tinh thé da cong bd cua hop chat 3-
cyanopyridine va 4-methyl-2-oxo-6-phenyl-1,2-dihydropyridine-3-carbonitrile [83]
trong khi cau tric vén cé caa hop chat pyrid-2-one Ia orthorhombic.

Cubi ciing, co ché phan tmg da dugc nghién ctu dé hiéu rd hon vé vai tro cua
lwu huynh trong su chuyén hda cyanoacetamide va chalcone thanh 3-cyanopyrid-2-
one. Dé danh gid vai trd cua base va luu huynh ¢ giai doan tiép theo cua qua trinh
cong hop Micheal, san pham cong Michael MAla dugc phan I1ap roi dun nong MAla
trong DMSO hoic tién hanh phan ung cia MAla véi Sg trong DMSO ma khéng c6
DABCO. Trong ca hai truong hop, san pham 285a khong dugc phat hién thay di thoi
gian phan tng kéo dai. Diéu nay cho thay vai trd quan trong caia DABCO trong phan
rng oxy hda — déng vong duoc xuc tac boi luu huynh. Trén ¢ sé nghién ctu co ché

ctia cac phan tng oxy héa — déng vong véi su tham gia cia luu huynh, co ché cua
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phan &ng tong hop 3-cyanopyrid-2-one tir cyanoacetamide va chalcone duoc dé xuat
nhu So d6 3.2. Trude hét, dudi tac dung cua base, MAla tham gia phan tmg dong
vong thanh dihydropyridone 286 nam trong can bang imine-enamine vai 286°. Tiép
do, anion 287 tham gia qua trinh sulfur héa cho polysulfide 288, su tach loai
hydropolysulfide tao ra san pham thom héa 285a. M6t co ché khac dugc dé xuét 1a
sulfur hoa truc tiép MAla dudi tac dung cua base cho amide 289, theo sau la tach
loai hydropolysulfide va ngung tu déng vong cho san pham cudi ciing.
0 0

CN CN
- X
o —
0 Ph Ph PR "pp
0 A &
N = 286 286" \
H,N o
O_CN
Ph HN
Ph™ 0 Ph” X"pp
MA1a B: DABCO 287
Sg lSS
0 .S
n1 Sh1
HN CN
Ph X —Ph
/ 288
 ~ 2853 & XO°
-H,0

So @6 3. 2 Pé xuat co ché phan wng tong hop 3-cyanopyrid-2-one
3.2. Tong hop cac hep chat 2-aryl-3-alkyl/arylquinoxaline
Céc cong trinh khoa hoc trudc day da cong bé vai tro cia luu huynh trong viéc
kich hoat phan (rng oxy hoa — ngung tu gitra o-phenylenediamine va arylketone trong
moi trudong DMSO véi xuc tac acid hodc kim loai chuyén tiép tao thanh 2,3-
diarylquinoxaline. Khi viang mat xuc tac acid, su tao thanh 2,3-diarylquinoxaline bj
rc ché hoan toan. Do d6, luan an tap trung nghién ciru phan tng giira arylketone va

o-phenylenediamine trong moi truong khong acid (Bang 3.3).
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Bang 3. 3 T6i wu hoa phan tng giira 0-phenylenediamine va acetophenone

V41 xuc tac bazo

Sg (1,5 €q.)
NH, o) base (0,2 eq. )
QNHZ ' Ph)l\'\"e DMSO (3 eq.) @ I
291a 292a T°C,16h 293aa
Tha )
- Xuc tac base Nhiét dd0 T°C | Hiéu suat (%)°
1 - 80 25
2 DABCO 80 68
3 N-Methylpiperidine 80 60
4 EtsN 80 56
5 DIPEA 80 95
6 N-Methylmorpholine 80 44
7 Pyridine 80 40
8 3-Picoline 80 42
9 Piperidine 80 77
10 Pyrrolidine 80 60
11 2,2,6,6-Tetramethylpiperidine 80 65
12 Dibutylamine 80 62
13 Octylamine 80 67
14 Cyclohexylamine 80 69
15 Piperidine 60 32
16 Piperidine 100 65
17°¢ Piperidine 80 42
18¢ Piperidine 80 0
19¢ Piperidine 80 42
20° Piperidine 80 59
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apiéu kién phan tng: o-phenylendiamine 372a (1,0 mmol, 108 mg, 1 eq.),
acetophenone 373a (1,2 mmol, 144 mg), Ss (1,5 eq., 1,5 mmol, 48 mg), base (0,2
mmol, 0,2 eq.) trong DMSO (0,2 mL) & T°C, 16 gio. PHiéu suat sau khi phan lap
va tinh ché. °Phan ung st dung 1 eq. Ss. %Phan tng khong ding Ss. eDung dung
moi DMF. 'Dung dung méi NMP

Trudc hét, luan &n mé phong lai phan Gng gitta o-phenylenediamine 291a va
acetophenone 292a véi 1,5 eq. luu huynh trong dung méi DMSO ¢ 80°C nhu cong
trinh di duoc cdng bé trude day, tuy nhién phan tng khéng ding xuc tac, két qua la
thu duoc san pham quinoxaline-2-thione 293aa dudi dang chat ran mau vang. Do dac
tinh it tan trong methanol, 293aa dé& dang duoc tach loai khoi hdn hop phan ng bang
cach loc rira vai MeOH cho hiéu suat sau phan lap 1a 25% (phan tng s 1).

Phan tng giira 291a va 292a tiép tuc dugc khao sat véi cac base khac nhau
nhu N-methylpiperidine, EtsN, DIPEA, N-methylmorpholine, pyridine, 3-picoline
(phan tng s6 3-8). Trong khi cac base yéu xdc tac kém hiéu qua (phan (ng sé 6-8),
cac base manh gilp tao ra 293aa véi hiéu suit dang ké (phan ung sé 2-5). Piperidine
xUc tac rat hiéu qua cho sy tao thanh 293aa véi hiéu suat 77% sau phan lap (phan
g s6 9). Két qua nay rat bat ngo vi vé mit Iy thuyét, sy tao thanh 293aa bi canh
tranh boi phan tng Willgerodt cua acetophenone va Sg véi piperidine cho N-
thiophenylacetyl piperidine. Tuong tu, cdc amine bac hai khac nhu pyrrolidine,
2,2,6,6-tetramethylpiperidine, dibutylamine (phan @ng s6 10—12) ciing nhu amine bac
mét octylamine va cyclohexylamine (phan ang s6 13-14) déu gilp tao ra 293aa. Két
qua khao sét base cho thay piperidine Ia lva chon tbi uu.

Tiép theo, luan an tién hanh khao sat nhiét do phan tng. Ha thap nhiét do
xudng 60°C hay nang nhiét do 1én 100°C déu lam giam dang ké hiéu suat (phan ang
s 15-16). Nhu vay, 80°C la nhiét do téi wu dé tao ra 293aa. Khi phan ung chi tién
hanh véi 1 eq. Iuu huynh, hidu suat tao thanh 293aa giam di nhanh chéng (phan &ng
s6 17) va hoan toan khong thu dwoc san pham khi vang mat Iuu huynh (phan tng s6
18). Khi thay thé DMSO biang DMF hozc NMP, hiéu suat phan ung giam dang ké
(phan wng s6 19-20) cho thady DMSO ciing dong vai trd oxy hoa trong phan @ng nay.
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Tur cac két qua trén, diéu kién ti wu duoc thiét 1ap cho phan @ng tong hop
293aa la 1 eq. o-phenylendiamine, 1,2 eq. acetophenone, 1,5 eq. Ss, 20 mol%
piperidine trong DMSO & 80°C. Pang chu ¥, khi ap dung diéu kién phan tng nay cho
cac deoxybenzoin 294, san pham thu duoc khong phai 1a quinoxaline-2-thione ma 1a

2,3-diaryl quinoxaline hoac 2-phenyl-3-alkyl quinoxaline 295.

Sg (1,5 €q.)
N NH, 0 piperidine (0,2 eq.) N N -Aralk
R_I + )H - R_I
= Ar' N
NH, DMSO (3 eq.) N~ TAr
Ar/alk 80 °C, 16 h
291 294 295
N._ _Ph N.__Ph N._ _Ph F N.__Ph
AN AN AN AN
o o x T Ux
N~ “Ph N~ “Ph N~ “Ph N~ “Ph
295aa, 82% 295ba, 86% 295ca, 73% 295da, 67%
Cl N.__Ph Br N._ _Ph R N.__Ph O,N N._ _Ph
AN AN N AN
N~ “Ph N~ “Ph R N~ “Ph N~ “Ph
295ea, 70% 295fa, 61% 295ga, R = F, 64% 295ja, 65%

295ha, R =Cl, 67%
295ia, R = Br, 65%

EtOzC\C[N\:[Ph N\:[Ph @NIPh @ENIPh
pZ 7 pZ N pZ
N >p N >Ph N” N7 > Ph Z SN ph

h
295ka, 80% 295la, 56% 295ma, 82% 295na, 75%
= — — 7z
N |\_R N~ “Ph N~ "Ph N~ “Ph
= 295ah, 52% 295ai, 56% 295bi, 58%

295ab, R= p-Me, 86%
295ac, R = p-OMe, 87%
295ad, R = p-F, 80%
295ae, R = p-Cl, 83%
295af, R = p-Br, 85%
295ag, R = 0-OMe, 72%

So @6 3. 3 Tong hop céc 2,3-diarylquinoxaline va 2-phenyl-3-alkylquinoxaline
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Sau khi thiét 1ap diéu kién t6i wu ctia phan @ng, tién hanh téng hop thu vién
chat tir cac o-phenylendiamine 291 va cac deoxybenzoin 294 khac nhau (So d6 3.3).
Mot loat o-phenylenediamine 291a—291n chta cac nhom thé alkyl, halogen, nitro,
ester, benzo hoic pyridine dé dang tham gia phan ting véi deoxybenzoin 294a cho
cac dan xuat 2,3-diphenylquinoxaline 295aa—295ka ciing nhu cac dan xuat benzo
295la va aza 295ma—295na Vvoi hiéu suat tir trung binh dén cao. Twong tu,
deoxybenzoin 294b-294g chira hai vong thom khac nhau phan ang véi o-
phenylenediamine 291a tao ra quinoxaline 295aa—295ag v&i hiéu suat cao. Phan ang
cling dwoc tién hanh véi cac aryl ketone 294h-2941 chira mach alkyl dai.
Propiophenone 294h cling nhu isovalerophenone 294i phan ung véi o-
phenylenediamine 291a va 291b cho 2-phenyl-3-alkylquinoxaline 295ah, 295ai va
295bi vai hiéu suat trung binh.

Cau trdc cua cac san pham da duoc khang dinh boi phd cong huong tir hat
nhan H va 3C. Thi dy, trén pho *H NMR cua hop chat 2,3-diphenylquinoxaline
(295aa) xuat hién tin hiéu cong huong double-doublet & 8.19 ppm (2H, J1 = 6,4 Hz,
J> = 3,5 Hz) va double-doublet ¢ 7.78 ppm (2H, J. = 6,5 Hz, J> = 3,4 Hz) cua vong
quinoxaline, céc tin hiéu cong hudng doublet & 7.53 ppm (4H, J = 5,5 Hz) va multiplet
& 7.40 — 7.30 ppm (6H) ctia cac nhdm phenyl (Hinh 3.5). Trén pho 3C NMR cua hop
chat nay xuat hién tin hiéu cong huong & 153.6 ppm cua hai carbon C2 va C3 cua
vong quinoxaline, tin hi¢u cong huong & 141.4 ppm cua hai carbon C5 va C10 cua
vong quinoxaline, tin hiéu cong huéng ¢ 129.3 ppm va 128.9 ppm cua cic carbon
con lai trong vong quinoxaline, cac tin hiéu cong huong ¢ 139.2 ppm, 130.1 ppm,
130.0 ppm, 128.4 ppm cua carbon trong hai nhém phenyl (Hinh 3.6). Céc dix liéu pho
trén khang dinh hop chit 295aa da duoc téng hop thanh cong.

Nhu vay, 23 hop chat 2-aryl-3-alkyl/arylquinoxaline 295 da duoc tong hop
thanh cong véi hiéu suat cao tir o-phenylenediamine va deoxybenzoin khi c6 mat luu
huynh va base piperidine, trong d6, hop chat 2-(2-methoxyphenyl)-3-
phenylquinoxaline (295ag) 1a hop chat mai, chua timg dwoc cdng b trong bat ky tai

liéu nao.
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Thi nghiém nghién cu co ché phan ng:

"H NMR:
s, 9-10 ppm

Sg (1.5 €eq.)
piperidine (0.2 eq.)

N H

AN
@I

N Ar

Co ché phan &ng dwoc dé xuét:

DMSO (3 eq.)
80°C, 16 h

@I

+
NH, Ss N

r

A
hoac DMSO
F
- stj [O]
293’

@ Ar/Alk

R
r r

s.©
B (o s,
base
NH2 NH,
s (X
7
NH NH

AN
N

s_©
D s

-H,S \ R = Ar/Alk

@ Ar/Alk

hoac DMSO

So @6 3. 4 Bé xuat co ché phan ang tong hop quinoxalin-2-thione 293 va 2-aryl-3-

alkyl/arylquinoxaline 295

Dé hiéu rd vé co ché phan tng, cac hdn hop phan tng chua tinh ché dwoc phan

tich bang phé 'H NMR, két qua phat hién thay tin hiéu rat yéu ¢ ving 9-10 ppm

turong tng Voi proton 3-H cua 2-aryl-3-hydroquinoxaline 293'. Sy tdn tai véi lwong

vét ndy cho thay 293’ c6 thé I1a san pham phu hoic hop chét trung gian tao nén

quinoxaline-2-thione 293. Tuy nhién, khi dung néng 293’ véi luu huynh va piperidine

trong diéu kién téi wu cua phan @ng tong hop quinoxaline-2-thione, khdng c6 bién

d6i nao xay ra vai 293°. Do d6, co ché cua phan tng tong hop quinoxalin-2-thione
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293 ciing nhu 2-aryl-3-alkyl/arylquinoxaline 295 dugc dé xuat nhu So do 3.4. Trudc
hét, diamine ngung tu vai ketone tao thanh imine A, xuc tac base chuyén hoa A thanh
enamine B. Enamine B tham gia phan tng sulfur héa béi Iuu huynh thanh polysulfane
C. Sau @6, C tautomerize héa thanh enamine D va desulfur héa thanh thiocarbonyl
hoat dong E. Phan rng dong vong cua E tao ra benzopiperazine F (R = H) hoac 1,2-
dihydroquinoxaline F’ (R = aryl/alkyl), dehydrogen hda cac hop chét F va F’ boi luu
huynh hoiac DMSO cho san pham 293 va 295. San pham phu quinoxaline 293’ duoc
tao thanh boi qua trinh dehydrosulfur héa F roi méi oxy héa.
3.3. Tong hep cac hep chit N,2-diarylethanethioamide

Dé khao sat phan &ng tong hop N,2-diarylethanethioamide, trudc hét, hdn hop
aniline 296a (1 mmol), Iuvu huynh (1,5 mmol) va phenylacetylene 297a (1,2 mmol)
duoc dun ndng trong diéu kién twong tu cac phan ang tong hop thioamide ma nhom
nghién ctru cia PGS. TS Mac Pinh Hung di cong bd. Két qua khao sat dugc thé hién
trong Bang 3.4. Phan tng khong xay ra ¢ 60°C khi khdng c6 mat xdc tac base (phan
tng s6 1). Tiép theo, cac base khac nhau duoc khao sat. Cac base DABCO (pKp =
3.0) va N-methylpiperidine (pKp = 3.9), tir 1au duoc biét dén 14 cac chat x(c tac quan
trong cho phan tng cua luu huynh, ciing cho thy hiéu qua trong phan @ng nay voi
hiéu suat twong tng 1a 65 va 56% (phan @ng sb 2-3). Nguoc lai, cac amine bac ba
mach hé nhu Et;N hay DIPEA chi tao ra san pham & dang luong vét (<5%) (phan
ng s6 4-5). Trong khi d6, amine vong bac hai nhu piperidine, bén canh vai trd xc
tac, con phan ang véi phenylacetylene 297a tao san pham phu thioamide (phan ¢ng
s6 6). Pang chu y, DBU (pKs = 0.5) gilp tao ra thioamide 298aa v&i hiéu suat cao
(phan ung sé 7). Tiép d6, mot loat base vo co nhu NazS, K2COs, NaCOs, KsPO4
cling duoc khao sat (phan ng sé 8-12). Két qua cho thay NazS.3H,0 khi c6 mat
NMP xuc tac hiéu qua cho su tao thanh 298aa. Qua qua trinh khao sat xuc tac, cac
base DABCO, DBU va Na.S.3H,0/NMP duoc lya chon dé tdi wu héa phan tng.
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Bang 3. 4 T6i uvu hoa phén rng tong hop N,2-diarylethanethioamide

NH2 base (n eq.)
o Pe @ 1.0
T°C,16h

296a 297a 298aa
Thir ty? Xuc tac base (n eq.) Nhiét d@§ T (°C) | Hiéu suit (%)°
1 - 60 0
2 DABCO (0,2) 60 63
3 N-Methylpiperidine (0,2) 60 56
4 EtsN (0,2) 60 <5¢
5 DIPEA (0,2) 60 <5¢
6 Piperidine (1) 60 45
7 DBU (0,2) 60 72
8 Na2S.3H20 (0,2) 60 0
9 Na.S.3H20/NMP (0,2) 60 67
10 K2COs c6 hoac khéng c6 NMP 60 0
11 Na>COs cd hoac khéng cé6 NMP 60 0
12 K3PO4 b hoac khéng co NMP 60 0
13 DABCO (1,0) 60 65
14 DABCO (0,1) 60 20°
15 DBU (1,0) 60 73
16 DBU (0,1) 60 14°¢
17 Na2S.3H20/NMP (1) 60 70
18 Na.S.3H20/NMP (0,1) 60 8¢
19 DBU (0,2) 40 <5°
20 DBU (0,2) 80 72

*piéu kién phan ung: aniline (1 mmol), phenyacetylene (1,2 mmol), Sg (1,5 mmol),
xUc tac base (n eq.) & T°C trong 16 h. "Hiéu suat sau khi phan Iap va tinh ché. °Hiéu
suit xac dinh bang 'H NMR.
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Phan &ng duoc tién hanh vai lugng base khac nhau. Véi ca ba base, hiéu qua
xUc tac giam di rd rét khi lwong base giam con 0,1 eq (phan tng sb 14, 16, 18), trong
khi d6 hiéu suat phan tng khéng c6 nhiéu cai thién du dung dén 1 eq. xdc tac (phan
rng s6 s6 13, 15, 17). Do d¢6 DBU (20 mol%) duoc lua chon 14 x(c tac téi wu.

Véi DBU, nhiét d6 80°C khong dan dén thay d6i nao vé hiéu suit, con san
pham chi xuét hién & dang luong vét (<5%) khi ha nhiét do phan ang xudng 40°C
(phan ung s6 19-20). Vi phan ting ¢ dang dong thé va khao sat ban dau cho thay viéc
c6 hoic khong c6 mat dung mdi khdng anh huong dén két qua thu dugc nén phan
g duoc tién hanh trong diéu kién khong ding dung méi. Tur cac dir liéu khao sét,
diéu kién tbi vu cua phan tng tong hop N,2-diarylethanethioamide duoc thiét 1ap 1a
1 eq. aniline, 1,2 eq. arylacetylene, 1,5 eq. Sg va 20 mol% DBU & 60°C.

Sau khi thiét lap diéu kién t6i uu cua phan @ng, tién hanh téng hop thu vién
chat tir aniline 296a va céc arylacetylene 297. Két qua phan tng dugc trinh bay ¢ So
d6 3.5. Phenylacetylene chira cAc nhdm thé khac nhau nhu alkyl, methoxy, halogen,
CF3, CO2Me & céc vj tri ortho, meta, para déu tham gia phan tng va tao thanh san
pham thioamide 298 vai hiéu suat tir trung binh dén cao. Chat phan ung 2970 chua
hop phan pyridine phan ung dé dang cho thioamide 298a0 vai hiéu suat 67%. Tuy
nhién, trong diéu kién thiét 1ap & trén, cac alkylacetylene nhu 1-hexyne va 1-octyne
déu khong tham gia phan tng du xdc tac bai DBU, DABCO hay Na»S.3H.O/NMP.

So d6 3.6 trinh bay két qua phan ung cua céc aniline khac nhau. Nhin chung,
aniline chira cac nhom thé day electron (OMe, SMe, OCFs) hoac hut electron yéu nhu
halogen déu phan ¢ng d& dang, cho hiéu suit cao. Nguoc lai, aniline chita nhém thé
hat electron manh nhu CF3 phan ¢ng kho khin & nhiét do cao hon va cho hiéu suat
thap. Trong truong hop ndy, dé nang cao hiéu suat can st dung téi 40 mol% DABCO.
Kha ning phan ang kém cua aniline 296p dugc giai thich 12 do nhdm thé hat electron
manh 1am giam tinh nucleophilic cia nguyén tir nito dan dén lam giam hoat tinh.
Tuong tu, hop chat 2-napthylamine ciing phan tng cho thioamide 298qa. Trong khi

indoline phan tng dé dang cho thioamide bac ba 298ra thi N-methylaniline lai phan
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rng vo cting cham. Mat 1an nita, DABCO duoc sir dung dé thay thé cho DBU, giup

tao ra thioamide bac ba 298sa ¢ 100 °C v&i hiéu suét trung binh.

NH, ~Z  DBU(02eq)
(7 s P
60°C, 16 h

296a 297 298
CLi O o @ s O
N N Me N
H H H
298aa 72% 298ab, 82% 298ac, 85%
O 0L L 2
N N N OMe
H H N
298ad. 86% 298ae, 76% 298af, 78%
oM F
CLi O 0 Ot
N N N cl
H H H
208ag, 78% 298ah. 76% 298ai, 75%
Br F
L # O 0 Qs 0y
N N N
H L H H
298aj, 72% 298ak, 65% 298al, 68%
CO,M
O 0. O T CuLaLn
N
N CO,Me N N \
N H N
298am, 77% 298an, 80% 298a0, 67%

So @6 3. 5 Tong hop N,2-diarylethanethioamide tir aniline va cac arylacetylene
C4u trdc cua cac san pham da duoc khang dinh boi phd cong huéng tir hat
nhan H, 13C va pho khéi luong. Thi dy, trén phé 'H NMR cua hop chat N-(4-
(methylthio)phenyl)-2-phenylethanethioamide (298ga) xuat hién tin hiéu cong huong
singlet ¢ 8,43 ppm cua NH, céac tin hiéu cong hudong singlet ¢ 7,62 ppm (1H), triplet
6 7,43 ppm (2H), multiplet 6 7,39 — 7,34 ppm (3H), multiplet 6 7,25 - 7,22 ppm (2H),
double-triplet & 7,10 ppm (1H) cua hai nhom phenyl, tin hiéu cong hudng singlet &
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4,27 ppm cta nhom CH2 va tin hiéu cong huong singlet ¢ 2,46 ppm cua nhém methyl
(Hinh 3.7).

NH, = DBU (0,2 eq.)
AL
60-100 °C, 16 h
296 297

H 298

N s 298ba, R = 2-OMe, 86% FsCO s A

Q J__py  298a R=4-OMe, 02% Wk

= 2 N Ph " 298da, R = 3,5-(OMe),, 87% N
H 298ea, R = 3,4,5-(0OMe)s, 82%

298fa, R = H, 78%
298fx, R = m-F, 73%

SMe
S = N MeS S 2 S
IR IR
N N F N
H H H

298ga, R = H, 90% 298ha, R = H, 80% 298ia, 73%
298gf, R = m-OMe, 79% 298hb, R = m-Me, 77%
298499, R = p-OMe, 80%

Cl
i S 3 S 3
R “~ TR
N N N
H H

298ja, R = H, 92% 298ka, R = H, 92%
298jb, R = m-Me, 87% 298kd, R = p-n-Pent, 62%
298jn, R = p-CO,Me, 88% 298kf, R = m-OMe, 85%
298jp, R = m-OMe, 94% 298km, R = p-CO,Me, 60%
Br
Br N N
H H I ”
298la, 80% 298ma, 82% 298na, 87%
|
T 0O COr 0 1.0
N F4C N
H ® H N
2980a, 90% 298pa, 50% 298qa, 60%

80 °C, DABCO 0.4 eq.
10O O 0
s !
Me

298ra, 62% 298sa, 58%
100 °C, DABCO 0.4 eq.

So @6 3. 6 Téng hop N,2-diarylethanethioamide tir c4c aniline va cac arylacetylene
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Trén phd 3C NMR cua hop chat nay xuat hién tin hiéu cong huong ¢ 201,3
ppm cta nhom C=S, tin hiéu cong huong ¢ 139,7 ppm cua Cep-S, tin hiéu cong hudng
¢ 139,0 ppm cua Cpn-N, cac tin hiéu cong huong ¢ 134,8 ppm, 129,6 ppm, 129,5
ppm, 129,1 ppm, 128,2 ppm, 124,9 ppm, 121,1 ppm, 120,0 ppm cta cac nguyén tir
carbon con lai trong hai vong phenyl, tin hiéu cong huong ¢ 55,1 ppm cta nhém CH>
va tin hiéu cong huong ¢ 15,7 ppm cta nhém methyl (Hinh 3.8). Phé HRMS xuét
hién peak dac trung 295,0851 tuwong wng véi peak ion gia phan te [M+Na]*
C1sH12N2NaO c6 m/z 295,0847, Céc dir liéu phd trén khang dinh hop chat 298ga da
duoc tong hop thanh cong.

Cubi ciing, quy trinh phan tmg duoc khao sét véi cac aniline 296° chira nhém
thé -OH, -SH, -CONH_ & vi tri ortho c6 thé dong vong. Cac san pham benzoxazole,
benzothiazole va quinazolinone 299 duoc tao thanh la két qua cua qua trinh
dehydrosulfur héa thioamide (So dd 3.7). So Vi phuong phép sén c6 dé tong hop cac
di vong ké trén, phan (ng nay c6 wu diém la tong hop truc tiép, thuan tién va nhanh
chéng (quy trinh tong hop truyén thng tir tosyl azide trai qua nhiéu giai doan), nhiét
d6 phan (ng ciing thap hon nhiéu (phuong phap cii tién hanh ¢ 110°C). Hon nira, quy
trinh nay ciing thanh céng véi hop chat cé tinh nucleophilic yéu nhu anthranilamide,

tao ra quinazolinone 299e khi dung Na>S.3H.O/NMP lam xdc tac.

NH2 DBU ( OZeq
s @
60 °C, 16 h

296’ 297a - H,S
X=0,S, CONH

S0 70 ©ﬂf©

A, T e
’ = L u'
299¢. R = 5.0Me 650"/0 80 °C, Na,S.3H,0 0.2 eq.

So @6 3. 7 Tong hop céac hop chat di vong
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Trén phd 'H NMR cua hop chat 2-benzyl-5-methoxy-3H- 123-benzo[d]oxazole
(299¢) xuat hién tin hiéu cong huéong multiplet & 7,40 — 7,32 ppm (5H) cua vong
phenyl, cac tin hiéu cong huong multiplet ¢ 7,30 — 7,26 ppm (1H), tin hiéu cong
huong doublet ¢ 7,18 ppm (1H), va tin hi¢u cong huong multiplet & 6,90 — 6,87 ppm
(1H) cua vong benzoxazole, tin hiéu cong huong singlet ¢ 4,24 ppm cta nhom CHa,

tin hiéu cong hudng singlet ¢ 3,83 ppm cua nhém methyl (Hinh 3.9).
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Hinh 3. 9 Phé *H NMR cua 2-benzyl-5-methoxy-3H-1A3-benzo[d]oxazole (299¢c)

Trén pho C NMR cua hop chat nay xuét hién céc tin hiéu cong husng cua
vong benzoxazole nhu tin hi¢u cong huong ¢ 166,0 ppm cua C2, tin hi¢u cong hudng
¢ 157,1 ppm cua C6, tin hiéu cong huong ¢ 145,7 ppm cua C4 va tin hiéu cong huong
& 142,2 ppm cua C9, céc tin hiéu cong huong ¢ 103,0 ppm, 110,6 ppm, 113,1 ppm
cua cac nguyén tir carbon con lai cua vong benzoxazole, cac tin hiéu cong huong o
127,3 ppm, 128,8 ppm, 129,0 ppm, 134,9 ppm cua vong phenyl, tin hi¢u cong huong
¢ 56,0 ppm cua nhom OCHs va tin hiéu cong huong ¢ 35,4 ppm ctia nhém CH2 (Hinh
3.10). Céc dit liéu pho trén khang dinh hop chat 299¢ da dugc tong hop thanh cong.
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Nhu vay, 43 hop chat N,2-diarylethanethioamide 298 va 5 hop chat di vong
299 da duogc tong hop thanh cong voi hiéu suét cao tir cac aniline va arylacetylene
khac nhau khi c6 mat lvu huynh va base, trong d6 cac hop chat 298ac-298am, 298da-
298ha, 298la, 298ma, 298kf, 298km, 298jb-298jd, 298ha, 298hb, 298gf, 298gg va
299b 1a hop chat méi, chua timg duoc cong bd trong bat ky tai liéu nao.

Pé nghién ctru co ché phan tng, mot loat phan tng kiém nghiém da duoc tién
hanh (So d6 3.8). Truéc hét, dun nong aniline véi luu huynh khi c6 mat cac base nhur
DABCO, NazS.3H,0 hoic DBU, aniline 296a khong bi chuyén héa (phan @ng s6 1).
Mt khac, phenylacetylene 297a trong diéu kién twong tu tham gia qué trinh sulfur
hoa dimer héa cho dithiole 300 (phan wng sé 2). Cac két qua nay cho thiy thioketene
304 la chat trung gian trong phan @ng. Tiép d6, dun néng phenylacetylene véi
Na2S.3H.0, di-p-styryl sulfide 301 duoc tao thanh, 1a bang chung viéc cong hop truc
tiép caa anion sulfide vao lién két ba (phan (ng s6 3). Tir cac két qua trén, co ché cua
phan tng tong hop thioamide tir aniline va phenylacetylene duoc dé xuat nhu so d6

3.8. Phan ung bat d¢au bang viéc ma vong cyclooctasulfur dudi tac dung cia base tao
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thanh zwitterion 302 c6 tinh nucleophilic cao. 302 cong hop vao lién két ba cua
phenylacetylene 297a tao ra thioketene 304 rat hoat dong. 304 phan ng véi aniline
cho thioamide 298a théng qua tautomer mercaptoenamine 305. Qua co ché nay c6
thé thay rang céc alkylacetylene khong tham gia phan ung do lién két ba kém phan
cuc hon lién két ba ¢ cac phenylacetylene. Hon nita, sy cong hop cua zwitterion 302
vao lién két ba trude hét tao ra san pham mang dién tich 4m duoc bén hda béi nhom
aryl.

Thi nghiém nghién ctru co ché phan ng:
base (20 mol%)

PhNH, +  Sg > thu hdi hoan toan 296a (1)
296a 1.5eq. 60°C,16h
(1.2 eq.)

base (20 mol%

) Ph s
=—Ph * S o= @
S Ph
300

297a 1.5eq. 60°C,16h

Na,S. 3H,0 (20 mol%)

= Fh - P\ /M (3)
297a 60°C, 16 h _\—S Ph
(1eq.) 301
Co ché phan (rng dwoc dé xuét:
® — o @ H
base + Sy — > base\S/Sn,S@ base\s/sﬁ)s%/Ph
302 303
@ O
base. _S
ase Sn
Ph—NH  Ph Ph—NH  Ph PhNH, Ph Ph___s
e Y=/~ s=c=~ —_ \[ pa—
S 298a HS 305 304 S Ph

300

So @6 3. 8 Pé xuat co ché phan ung tong hop N,2-diarylethanethioamide
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KET LUAN

Qua qué trinh nghién ctu vé vai tro cua luu huynh trong tong hop di vong
cling nhu cic phwong phap diéu ché hop chat 3-cyanopyrid-2-one, 2-aryl-3-
alkyl/arylquinoxaline, thioamide va thuc tién tién hanh thuc nghiém, luin an da dat
dugc mot s6 két qua nhu sau:

Mot 13, d4 thiét 1ap diéu kién tdi uu cho phan ng one-pot tong hop 3-
cyanopyrid-2-one tur chalcone va cyanoacetamide khi c6 mét luu huynh va DABCO.
Trén co s& d6, da tong hop thanh céng 16 hop chat 3-cyanopyrid-2-one tir
cyanoacetamide va cac chalcone khac nhau. Piéu kién phan ang twong thich véi cac
nhom thé khac nhau nhu alkyl, alkoxy, halogen, cyano, ester ciing nhu cac di vong
furan va thiophene cho san pham véi hiéu suat 49-75%. So véi cac phuong phap
trude day, quy trinh nay st dung xdc tac base ém diu hon. Viéc st dung Iuu huynh
lam tac nhan oxy héa ciing gitp khac phuc su oxy héa qua muac bai oxy khong khi.
San pham duoc phan lap, tinh ché dé dang bang cach loc, rira vai methanol va két
tinh lai trong hé¢ dung m6i DMSO/methanol/ dichloromethane.

Hai 13, da thiét lap diéu kién tdi wu cho phan tng one-pot tong hop 2-aryl-3-
alkyl/arylquinoxaline tir deoxybenzoin va o-phenylenediamine khi ¢c6 mat luu huynh
va piperidine. Trén co s d6, da tong hop thanh cong 23 hop chat 2-aryl-3-
alkyl/arylquinoxaline tir cac deoxybenzoin va o-phenylenediamine khac nhau. Diéu
Kién phan tng tuong thich v6i cac nhdm thé khac nhau nhu alkyl, halogen, nitro, ester
cling nhu cac di vong aza cho san pham véi hiéu suat 52-87%. So Véi cac phuong
phap trude day, quy trinh nay da khai thac vai tro hoat hoa luu huynh caa base, khong
can sy tham gia cua x(c tac kim loai chuyén tiép nén than thién voi méi truong.
Nghién ctru co ché phan tng cho thiy luu huynh tham gia tao thioaldehyde hoat dong
trong giai doan trung gian cua phan tmg, d6ng thoi hé Ss/DMSO tao méi trudng oxy
hoa ém diu cho phan tmg. Pang chil y, phan tmg trong diéu kién tuong tuy cua
acetophenone cho 3-arylquinoxaline-2-thione véi hiéu suat cao.

Ba 13, d4 thiét Iap diéu kién tdi wu cho phan tng ba thanh phan tong hop N,2-

diphenylethanethioamide tur aniline, phenylacetylene va luu huynh véi xdc tac base
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DBU, DABCO hoic NapS.3H20/NMP trong diéu kién khdng dung dung méi. Trén
co s do, di téng hop thanh cong 43 hop chat N,2-diarylethanethioamide tir cac
aniline va arylacetylene khéac nhau. Biéu kién phan ung twong thich véi da dang cac
nhém thé cho san pham N-arylthioamide v&i hiéu suat 58-94%. Trudc nghién ciu
nay, chua c6 cong bd ndo vé viéc tong hop truc tiép N,2-diarylethanethioamide tur
arylamine va arylacetylene. Quy trinh nay cling duoc ap dung cho céac aniline chua
nhom thé cd thé dong vong & vi tri ortho nhu OH, SH, CONH, tao ra 5 di vong
benzoxazole, benzothiazole va quinazolinone. So véi phuong phap tong hop truyén
thdng qua nhiéu giai doan tir tosyl azide, phan @ng téng hop cac di vong nay c6 uu
diém 1a tién hanh truc tiép, thuan tién, nhanh chéng va nhiét do thap.

Bén 13, cau trdc cia cac san pham di dugc khang dinh bang cac phuong phap
hoa ly hién dai nhu pho cong hudng tir hat nhan (*H NMR, 3C NMR), pho khéi luong
phan giai cao (HRMS) va nhiéu xa tia X.

Nam 13, co ché cua cac phan (ng téng hop cling da dugc nghién ciu va dé

XUAL.
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DANH SACH CAC HQOP CHAT MOI PUQC TONG HQP

STT Tén chat Cong thirc cau tao
1 | 4-(2,4-dichlorophenyl)-2-oxo-6-phenyl- o
1,2-dihydropyridine-3-carbonitrile (285c¢) HN | CN
-
o] of
2 | 4-(3-bromophenyl)-2-oxo0-6-phenyl-1,2- o
CN
dihydropyridine-3-carbonitrile (285d) HN l
oo
3 | 4-(4-cyanophenyl)-2-0xo-6-phenyl-1,2- 0
CN
dihydropyridine-3-carbonitrile (285¢) HN |
: X :
CN
4 | Ethyl 4-(3-cyano-2-0xo0-6-phenyl-1,2- o
CN
dihydropyridin-4-yl)benzoate (285f) HN |
X
5 | 4-(3-methoxyphenyl)-6-(4-methoxyphenyl) 0
CN
-2-0x0-1,2-dihydropyridine-3-carbonitrile N
O NS O OMe
(285k) oo
6 | 6-(3-bromophenyl)-4-(4-fluorophenyl)-2- 0
CN
ox0-1,2-dihydropyridine-3-carbonitrile HN l
Br N
U C
F
7 | 4-(4-fluorophenyl)-2-oxo-6-(thiophen-2-yl)- o

1,2-dihydropyridine-3-carbonitrile (2850)
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8 | 6-(benzo[b]thiophen-2-yl)-4-(4-
bromophenyl)-2-oxo-1,2-dihydropyridine-
3-carbonitrile (285p)
9 | 6-(3-bromophenyl)-2-oxo-4-phenyl-1,2-
dihydropyridine-3-carbonitrile (285j)
10 | 6-([1,1'-biphenyl]-4-yl)-2-o0x0-4-phenyl-
1,2-dihydropyridine-3-carbonitrile (285h)
11 | 2-(2-Methoxyphenyl)-3-phenylquinoxaline
(295a9) ©i &j
12 | N-phenyl-2-((alkyl)phenyl) ©\ J\/O
ethanethioamide (298ab-298ad)
R= Me,nPent
13 | 2-((methoxy)phenyl)-N-phenyl ©\ i/@OM
ethanethioamide (298ae-298ag) N N
14 | 2-((halo)phenyl)-N-phenyl ©\ j\/@X
ethanethioamide (298ah-298ak) N N
X =F, Cl, Br
15 | Methyl (2-(((halo)phenyl)amino)-2-

thioxoethyl)benzoate (298am, 298an,
298km, 298jc)

. S 2
X— —-7CO,Me
= S
N
H

X=H,F, Cl
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16 | N-((methylthio)phenyl)-2- @\ i/@
MeS— -R
(tolyl/(methoxy)phenyl)ethanethioamide = N X
(298ga, 298gf, 298gg, 298ha, 298hb) R = H, Me, OMe
17 | N-((halo)phenyl)-2-((methoxy)phenyl) o N s g
ethanethioamide (298jb, 298jd, 298k, ~F NN
298la, 298ma) X =F, Cl, Br
R =H, OMe
18 | 2-(fluoro)phenyl-N-(4-(trifluoromethoxy) R
F3CO
phenyl)ethanethioamide (298fa, 298fx) ’ \©\ j\/@
N
H
R=H,F
19 | N-phenyl-2-(4-(trifluoromethyl) S CF3
phenyl)ethanethioamide (298al) ©\N)K/©/
H
20 | N-(3,5-dimethoxyphenyl)-2- OMe
phenylethanethioamide (298da) /@\ S
MeO N)J\/Ph
H
21 | N-(3,4,5-trimethoxyphenyl)-2- OMe
MeO
phenylethanethioamide (298ea) ° S
MeO NJ\/Ph
H
22 | 2-Benzyl-5-(tert-butyl)benzo[d]oxazole

(299b)
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