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MO DAU
1. Ly do lya chon dé tai

Hop chit dj vong 1a mot cAu tric quan trong trong hda hoc
hiru co. Cac hop chat nay chira it nhat 1 di td, thuong 1a nito, oxy,
lwu huynh, trong vong. Su thay thé nguyén tir carbon bang nguyén ti
di t6 da tao nén cho nhém hop chit nay nhitng tinh chit hoa hoc dic
trung, khac biét hoan toan vdi cac hop chit vong chira cacbon khac.

Véi tinh chat hoa 1y khac biét, hop chat di vong dugc g
dung nhiéu trong hoa hoc vat li€u lam chét e ché dn mon, chit 6n
dinh anh, ddng tring hop polyme, phim nhudém hay té bao quang
dién. Cac hop chat nay con 1a xuc tic hay chat trung gian quan trong
trong téng hop hitu co, dic biét 1a linh vuc tong hop hoa dugc.

Ung dung rong rai ctia hop chét di vong trong hoa dugc xut
phat tir viéc khung phan tir di vong ton tai trong rat nhiéu phan tir
sinh hoc nhu cac aminoaxit histidine, proline va tryptophan. Vat chat
di truyén ADN, ARN cling duoc cAu tao tir cac bazo di vong
pyrimidine (cytosine, uracil, thymine) va purine (adenine, guaninge).
Chat diép luc hay heme ciia t& bao hong cau chira di vong porphyrin.
Nhiéu hop chét di vong 1a cic vitamin quan trong nhu thiamin
(vitamin Bj), riboflavin (vitamin Bj), pyridoxol (vitamin Bs),
nicotinamide (vitamin Bs), ascorbic acid (vitamin C). Cac thudc
giam dau nhu papaverine, morphine, codeine, thudc chdng co thit
atropine, thudc chdng ting huyét ap reserpine déu 1a cac di vong co
nguén géc tr tu nhién. Bén canh d6, nhiéu dugc phrflm la cac hop
chat di vong dugc tong hop theo con duong héa hoc nhu thude
chéng tang nhan ap Timolol, thudc diéu tri rdi loan cholesterol va
tang lipid mau Atorvastatin, thudc diéu tri ung thu biéu mo Sunitinib,
thudc chéng dau nira dau Anastrozole, thudc chdng co git
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Rufinamide, thudc diéu tri tdm than phan liét Risperidone, thudc diéu
tri cang thang Captopril, thudc diéu tri viém loét da day Ranitidine.

Ciing chinh béi kha ning tmg dung rong rai trong nhiéu linh
vuc nén nhu cau tong hop cac hop chit di vong ngay cang cao. Cac
phuong phap tong hop nhitng hop chat nay ciing vi thé ma rat da
dang, phong phu.

Pang chil y, gan ddy, luu huynh nguyén t6 ndi 1én nhu 14 tac
nhan da ning trong tong hop hitu co nodi chung va téng hop di vong
ndi riéng. Luu huynh 1a mot nguyén té phi kim thude chu ky 3, nhém
VIA trong bang tudn hoan cic nguyén té hoa hoc, 1a nguyén té phd
bién thtr mudi ba trong 16p vo trai dat. Luu huynh c6 thé ton tai ¢
dang don chét hodc ¢ dang hop chat trong cic quing khac nhau nhu
pyrite (iron sulfide), sphalerite (zinc sulfide), gypsum (calcium
sulfate), barite (barium sulfate). Luu huynh don chat 1a chat rin
khong mui, khong vi, c6 mau vang nhat, dan dién kém va khong tan
trong nuéc. Vé mit hoa hoc, luu huynh tuong déi kém hoat dong &
nhiét d¢ thuong nhung tré' nén hoat dong khi dun nong, cd6 mat base
hodc kim loai chuyén tiép. Tir 1au luu huynh di dugc st dung dé san
xuat phan bon va nhiéu hoa chit vé co khac nhau. Trong linh vuc
téng hop hitu co, luu huynh khong chi dugc sir dung 1am chéat phan
g ma con c6 thé dong vai tro chit oxi hoa, chat khir hay chét xuc
tac cho phan ung.

Do d6, pham vi ciia luan 4n s& tp trung vao phét trién
phuong phap tong hop mot sé din xuit cyanopyridone, quinoxaline
va thioamide str dung Iuu huynh nguyén t6 1a tac nhan sin co, ré tién

va it c6 tac dong dén moi truong.



2. Muc tiéu nghién ctru ciia dé tai

Nbi dung luan &n bao gdm cac muc tiéu nghién ctru sau:

Nghién ctru téng hop cic hop chat 3-cyanopyrid-2-one tir
cyanoacetamide, chalcone khi ¢c6 mat luu huynh va base.

Nghién ctu tong hop cic hop chat 2-aryl-3-
alkyl/arylquinoxaline tir 0-phenylenediamine, deoxybenzoin khi c6
mat luu huynh va base.

Nghién ctu téong hop cac hop chit N,2-
diarylethanethioamide tir arylamine, arylacetylene va luu huynh, trén
co s¢ d6 ung dung tong hop mot sé di vong.

3. No¢i dung nghién ciru

Trong khuon kho luan 4n, nghién ciru sinh da khao sat cac
diéu kién phan tmg khac nhau, qua d6 xay dung diéu kién tbi uu cho
cac phan ung tong hop  3-cyanopyrid-2-one,  2-aryl-3-
alkyl/arylquinoxaline, N,2-diarylethanethioamide. Trén co s& do, tac
gia di tong hop cac hop chat 3-cyanopyrid-2-one, 2-aryl-3-
alkyl/arylquinoxaline, N,2-diarylethanethioamide da dang vé nhom
thé va 5 di vong benzoxazole, benzothiazole va quinazolinone. Céu
tric clia cac san pham da duoc khing dinh bang cac phuong phép
hoa 1y hién dai nhu phd cong hudng tir hat nhan (*H NMR, C
NMR), ph6 khoi lugng phan giai cao (HRMS) va nhidu xa tia X.

4. Y nghia khoa hoc va thye tién ciia dé tai

So v&i cac phuong phap trudc ddy, ba quy trinh tong hop
dugc xdy dung trong ludn an st dung nguyén liéu ré tién, sin co,
tuong ddi than thién véi méi truong va didu kién phan ung dién ra
ém diu hon. Viéc str dung luu huynh 1am tac nhan oxy hoa gitp khic
phuc su oxy hoa qua mirc boi oxy khong khi. Phan tng da khai thac
vai trd hoat héa Iuu huynh nguyén t6 ciia base nén khdng can sy
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tham gia cta xtc tac kim loai chuyén tiép. Co ché cua cac phan tng
ciing duoc nghién ciru va dé xuét.

Céac két qua thu dugc tao ra mdt day hoat chét hitu co méi
v6i day du cac dir lidu hoa 1y giup xac dinh chinh x4c cong thirc cdu
tao, khong chi gop phan bo sung, phét trién Iy thuyét vé tong hop cac
hop chét di vong va hoéa hoc ctia luu huynh ma con co ¥ nghia thuc
tién trong tong hop hoa duoc.

5. Nhirng dong gop méi cia ludn an

Téng hop thanh cong 16 hop chit 3-cyanopyrid-2-one tir
cyanoacetamide va cac chalcone khac nhau véi hiéu sudt 49-74%.
Téng hop thanh coéng 23 hop chit 2,3-diarylquinoxaline hodc 2-
phenyl-3-alkylquinoxaline  tr cac  deoxybenzoin va  O-
phenylenediamine khac nhau véi hiéu suat 52-87%. Tong hop thanh
cong 43 hop chat N,2-diarylethanethioamide tir cac aniline va
arylacetylene khac nhau v&i hiéu suidt 58-86% va 5 di vong
benzoxazole, benzothiazole va quinazolinone. Trong cac san pham
téng hop duoc, c6 40 hop chit méi chua timg duge cong bd trong
cac tai liéu trudc day.

Céu tric ctia cac san pham di duoc khiang dinh bang cac
phuong phap hoa 1y hién dai nhu phd cong huong tir hat nhan (*H
NMR, ®C NMR), ph6 khdi lugng phan gidi cao (HRMS). Phuong
phap nhidu xa tia X don tinh thé d4 x4c dinh chinh xac cau tric cho 1
hop chét 2-oxo-4,6-diphenyl-1,2-dihydropyridine-3-carbonitrile.

Co ché ctia cac phan ng da duoc nghién ctru va dé xuat.

6. B cuc ciia ludn &n

Luan an gSm 165 trang chua ké phu luc, trong d6 c6 5 bang
s6 liéu, 115 so dd, 19 hinh v& va 217 tai liéu tham khao. Bé cuc cia
luan &n: M& dau (4 trang); Chuong 1: Tong quan (55 trang); Chuong
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2: Thyc nghiém (36 trang); Chuong 3: Két qua va Thao luan (24
trang); Két luan (2 trang); Tai liéu tham khao (23 trang). Ngoai ra
con ¢6 Phu luc (92 trang), danh séch cac hop chat méi dugc tong hop
(3 trang) va danh muc 3 c6ng trinh da cong bd (1 trang).

CHUONG |. TONG QUAN

Phan tong quan ciia luan 4n dé cap vai trd ciia luu huynh
trong tong hop cac hop chét di vong trén ca hai mit tac nhan phan
{rng va xUc tac cho phan tng. Tiép do, tac gia trinh bay Gmg dung cta
cac hop chét 3-cyanopyridine va pyrid-2-one trong héa dugc va vat
lidu, dong thoi liét ké cac phuong phap tong hop 3-cyanopyrid-2-one
da dugc cong bd. Twong ty, ung dung cua quinoxaline va 2,3-
diarylquinoxaline ciing nhu phwong phap tong hop cac hop chat nay
cling duoc dé cap trong phan téng quan. Cubi cung, tac gia dé cap
tng dung trong héa dugc va cac phuong phap tong hop thioamide.

CHUONG II. THUC NGHIEM

Luan 4an da trinh bay chi tiét qua trinh nghién ciru quy trinh
téng hop, qua trinh thuc nghiém tién hanh tong hop, tinh ché va xac
dinh cAu trac cta san pham.

Quy trinh tdng hop hiru co: Cac phan tng dugc tién hanh bang
cach dun hoi luu gia nhiét truc tiép trong moi trudong khi tro, kiém tra
tién d phan tmg va thoi diém két thic phan ing bang séc ky ban mong
v6i hé dung méi phu hop.

Quy trinh tinh ché: San pham 3-cyanopyrid-2-one dugc két
tinh lai trong dung moi phil hop hodc sir dung phuong phap sac ky
cot voi hé dung moi thich hop dé thu san phdm tinh khiét ddi véi hai
day chit con lai.

Quy trinh x4c dinh c4u trac san phim: CAu triic cia cc san
phamduogc xac dinh bang 'H va *C NMR, HRMS, nhiéu xa tia X.
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CHUONG II1. KET QUA VA THAO LUAN
3.1 Téng hop cac hop chit 3-cyanopyrid-2-one
Dé nghién ciru phan tmg tong hop 3-cyanopyrid-2-one, trudc
hét khao sat phan tng giita chalcone 283a, cyanoacetamide 284 va
lwu huynh (So d6 3.1).
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+ Ph 2 J/ . HN I
/)/ dung méi (0,2 mL) “Ph T°C, th Ph/L\\/ Ph
l 80 °C, 30 ph /L
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283a MA1a

So dd 3.1 Khao sat diéu kién tdi uu

Phan tng duoc tién hanh voi ty 18 mol twong Ung cua
chalcone va cyanoacetamide 1a 1:1,2. Trén co s& nghién curu céc
phan tng tong hop di vong 6 sy tham gia ciia luu huynh, ludn an lya
chon base DABCO la tc nhan quen thude, thudng duge sir dung phd
bién dé kich hoat Iuu huynh va dung méi DMSO & nhiét d6 80°C dé
budc dau khao sat diéu kién cho phan mg nay. Khi dun néng voi
xuc tac DABCO (20 mol%) trong DMSO & 80°C, sau 30 phiit, hon
hop chalcone 283a va cyanoacetamide 284 dugc chuyén hoa hoan
toan thanh san pham cong Micheal MAla. Tiép d6, luwu huynh (1
eq.) duoc thém vao hon hop phan tmg va dun néng & 80°C trong moi
truong khi argon. Theo ddi tién trinh phan ung bang sic ky ban
mong, sau 16 gid thu dugc san phim mong mudn 3-cyanopyrid-2-
one 285a v6i hiéu suat 70% sau khi phan lap. Khi giam lugng luu
huynh xudng con 50 mol% thi hiéu suat ting 1én 72%, nhung hiéu

suat giam dang ké chi con 55% khi chi st dung 20 mol% Ss. Vai trd



quan trong cua Iuu huynh trong qua trinh oxy hoa dong vong cua
MA1la duoc khang dinh boi cac phan tng s6 4 va 5. Khi ving mat
Ss, 285a khong dugc phat hién thiy ¢ 80°C hoic hiéu suét rat thip
(29%) miac du dun néng ¢ 130°C trong thoi gian dai. Nhu vay, lugng
lru huynh t6i wu duge xac dinh 14 50 mol%.

Tiép theo, nhiét do phan tmg dugc khao sat. Két qua thi
nghiém cho thay thoi gian phan tng dugc rit ngin lai dang ké khi
nang nhiét d6 phan tmg 1én 120°C. Sau 2 gio phan tng, hiéu suét san
phérn thu duogc da dat 75%. Tuy nhién, tiép tuc nang nhiét do 1én
140°C ciing khong dem lai cai thién gi vé hiéu suat. Do d6, nhiét do
120°C dugc lya chon la nhiét d¢ tdi wu.

Cudi cing, dung mdi tién hanh phan g dugc khao sat. Khi
thay thé DMSO bang cac dung mdi phan cuc aprotic khdng cé tinh
oxy hoéa nhu DMF hay NMP, chi con luu huynh dong vai tro tac
nhan oxy hoa duy nhat thi hidu suat giam rd rét (29-37%). San pham
285a c6 thé dugc phat hién thiy ¢ dang lugng vét khi phan tmg duoc
tién hanh trong moi trudng khéng khi ma khong sir dung luu huynh.
Diéu nay cho thiy vai trd quan trong ctia hé oxy héa Sg/DMSO trong
qua trinh dong vong — thom hoéa cua MAla.

Vi két qua qua trinh khao sat didu kién phan Gng nhu trén,
diéu kién t6i uu duoc thiét 1ap cho phan tng nhu sau: ty 1& mol cua
chalcone va cyanoacetamide la 1:1,2, 20 mol% DABCO, 50 mol%
Sgtrong DMSO ¢ 120°C.

Sau khi thiét 1ap diéu kién tdi wvu cia phan tmg, tién hanh
tong hop thu vién chat tir cyanoacetamide 284 va céc chalcone 283a-
283p khac nhau (So dd 3.2). Cac chalcone mang nhém thé hut
electron ciing nhu day electron bao gdm methyl, methoxy, phenyl,
halogen, cyano, ester & cac vi tri khac nhau trén vong benzene déu

7



phan tmg dé dang, tao thanh san pham 285b-285 twong tmg vé6i hidu
sut 49-74%.

o}
CN
H2NJ\/ o] o
284 DABCO (20 mol%) | |, CN |84 (05eq) N
B Y — 2 - . BN |
f DMS(?}{D,Z mL) Ar! 1120 °C, 24 h AT Art
80°C,2h 2 285a-285p
A0 A2
283a2-283p MA1

o}
CN
HN |
ST S"pp
R
1 2

3
285a R'=H, 75% 285h, R? = 4-Ph, 49% 285k, RZ = 4-OlMe, R' = 3-OMe, 61%
285b, R' = 4-Me, 63% 285i, R? = 3-Cl, 70% 2851, RZ=Br, R = 4-F, 73%
285¢, R' = 2,4-Cl,, 62% 285j, R? = 3-Br, 72% 285m, R? = 3,4-C4H4, R' = 2-CI, 54%

285d, R' = 3-Br, 69%
285e R' = 4-CN, 74%
285f R' = 4-CO,EL, 53%
285g, R' = 3,4-C4H,. 61%

285n, 70%

2850, 59% 285p, 57%

So db 3. 2 Céc 3-cyanopyrid-2-one da tong hop duoc

Pang chu y la cac chalcone 283m-283p chira vong
naphthalene hoac di vong thom nhu furan, thiophene,
benzothiophene ciing tham gia phan Gng va tao thanh san phim
285m-285p vdi hiéu suit 57-70%. Céc san phim déu duoc phan l4p,

tinh ché dé dang bang cach loc, rira véi methanol va két tinh lai trong
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hé dung mdéi DMSO/methanol/dichloromethane. Trong sd 16 hop
chat 3-cyanopyrid-2-one tong hop dugc, c6 10 hop chat méi chua
timg duoc cong bd trong bat ky tai liéu khoa hoc nao 1a 285¢-285f,
285h, 285j-285I, 2850 va 285p.

Céc dir liu phd NMR va MS khang dinh cac hop chat 285
da duoc tong hop thanh cong. Trén phd 'H NMR cuia cac hop chat
nay xuat hién tin hiéu cong hudng singlet & 11,99-12,99 ppm cia
NH, cac tin hiéu cong hudéng ¢ 6,88-8,59 ppm cua hai nhom phenyl,
tin hi€u cdng huong singlet ¢ 6,77-6,97 ppm cua CH vong pyridine.
Trén phé C NMR cua cac hop chat nay xuét hién tin hiéu cong
huong ¢ 161,9-164,8 ppm ctia nhom C=0, cac tin hiéu cong hudng ¢
106,7-162,8 ppm ctia nguyén tir carbon trong cac nhan thom, tin hiéu
cong huong & 115,9-118,8 ppm ciia nhém C=N. Phoé HRMS xuét
hién peak dic trung phi hop v6i gia tri tinh theo 1y thuyét cua peak
ion gia phan tir [M+Na]".

(b)
Hinh 3. 1 Hinh anh 3D cua 285a (a) va hinh anh 6 mang co so (b)
Pé khang dinh chéc chan cu triic ciia san pham 3-cyanopyrid-2-

one, ciu trdc tinh thé cua 285a duoc tién hanh phan tich bang phuong
phép phd nhiu xa tia X. Tir két qua phan tich dit liéu don tinh thé, phan
tir 285a thudc hé tinh thé don ta (monoclinic) — nhém khéng gian 12/a.
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Phan tir khdng dong phang. Mdi & mang co s& gdm 8 phan tir 285a, giira
cac phan tur lién k& c6 twong tac hydro giita nhém C=0 va NH va turong
tac n-w gitra cac nhdm phenyl (Hinh 3.1).

o) 0
2 T
WO v PN Ph Ph" "pp
(o] o &
N —F 286 286 \
HoN 5
CN
Ph NP NC]
Ph” 0 b S
MATa B DABCO 287

Si S:5
CN
Ph ~_ &  HN PR e

289 Ph 0
290

So' @6 3. 3 Co ché phan g tong hop 3-cyanopyrid-2-one

Trén c& sé nghién ciru co ché ciia cac phan tng oxy hoa —
dong vong véi su tham gia cta Sg, co ché ctia phan ung tong hop 3-
cyanopyrid-2-one tir cyanoacetamide va chalcone dwoc dé xuét nhu
So 6 3.3. Dudi tac dung ciia base, MAla tham gia phan tng dong
vong thanh dihydropyridone 286 ndm trong cin bang imine-enamine
voi 286°. Tiép do, anion 287 tham gia qué trinh sulfur hoéa cho
polysulfide 288, su tach loai hydropolysulfide tao ra san pham thom
héa 285a. Mot co ché khac duge dé xuét 1a sulfur hoa truc tiép
MAJla dudi tac dung cua base cho amide 289, theo sau la tach loai
hydropolysulfide va ngung tu déng vong cho san pham cudi cung.
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3.2 Tong hop céc hop chit 2-aryl-3-alkyl/arylquinoxaline

Céc cong trinh khoa hoc trudc day da cong bd vai trd cia luu
huynh trong viéc kich hoat phan img oxy héa — ngung tu giita 0-
phenylenediamine va arylketone trong méi truong DMSO véi XUc tac
acid hoac kim loai chuyén tiép tao thanh 2,3-diarylquinoxaline. Khi ving
mat X(c tac acid, su tao thanh 2,3-diarylquinoxaline bi trc ché hoan toan.
Do d6, luan an tap trung nghién ctru phan ung giita arylketone va o-
phenylenediaminetrong moi truong khéng acid.

Truée hét, luan 4an mod phong lai phan tng giita o-
phenylenediamine 291a va acetophenone 292a véi 1,5 eq. luu huynh
trong dung moi DMSO & 80°C nhu cong trinh di duoc cong bd trude
day, tuy nhién phan mg khong ding xuc tac, két qua 1a thu dugc san
pham quinoxaline-2-thione 293aa duéi dang cht rdn mau vang. Do
dac tinh it tan trong methanol, 293aa dé dang duoc tach loai khoi
hén hop phan mg bang cach loc rira véi MeOH cho hiéu suét sau
phan 1ap 14 25%. Phan tmg giita 291a va 292a tiép tuc dugc khao sat
v6i cac base khac nhau nhu N-methylpiperidine, EtsN, DIPEA, N-
methylmorpholine, pyridine, 3-picoline. Trong khi cac base yéu xuc
tac kém hiéu qua, cic base manh gilp tao ra 293aa véi hiéu suit
dang ké. Piperidine xuc tac rat hiéu qua cho sy tao thanh 293aa véi
hiéu suat 77% sau phan lap. Két qua nay rat bat ngd vi vé mit ly
thuyét, su tao thanh 293aa bj canh tranh boi phan ung Willgerodt
cia acetophenone va Ss voi piperidine cho N-thiophenylacetyl
piperidine. Tuong tu, cic amine bac hai khac nhu pyrrolidine,
2,2,6,6-tetramethylpiperidine, dibutylamine ciing nhu amine bac mot
octylamine va cyclohexylamine déu gitip tao ra 293aa. Két qua khao

st base cho thay piperidine 1a lira chon tdi wu.
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Tiép theo, luan an tién hanh khao sat nhiét d6 phan ung. Ha
thap nhiét d6 xudng 60°C hay nang nhiét d¢ 1én 100°C déu lam giam
dang ké hiéu suat. Nhu vay, 80°C la nhiét do tdi uvu dé tao ra 293aa.
Khi phan ng chi tién hanh voi 1 eq. luu huynh, hiéu suét tao thanh
293aa giam di nhanh chong va hoan toan khong thu dugc san pham
khi ving mit luu huynh. Khi thay thé DMSO biang DMF hoic NMP,
hiéu suit phan ing giam dang ké cho thdy DMSO ciing dong vai tro
oxy héa trong phan tng nay.

Tir cac két qua trén, diéu kién t6i wu dugc thiét 1ap cho phan
tmg tong hop 293aa la 1 eq. o-phenylendiamine, 1,2 eq.
acetophenone, 1,5 eq. Sg, 20 mol% piperidine trong DMSO ¢ 80°C.
Pang chu y, khi 4p dung diéu kién phan ung nay cho cac
deoxybenzoin 294, san pham thu dugc khong phai 1 quinoxaline-2-
thione ma la 2,3-diaryl quinoxaline hodc 2-phenyl-3-alkyl
quinoxaline 295.

Sau khi thiét 1ap diéu kién t6i wu cta phan ung, tién hanh
tong hop thu vién chat tir cac o-phenylendiamine 291 va céc
deoxybenzoin 294 khac nhau (So d6 3.4). Mot loat o-
phenylenediamine 291a-291n chita cic nhom thé alkyl, halogen,
nitro, ester, benzo hodc pyridine tham gia phan GUng voi
deoxybenzoin 294a cho cac din xuédt 2,3-diphenylquinoxaline
295aa— 295ka ciing nhu cac din xuét benzo 295la va aza 295ma—
295na véi hidu suat 56-86%. Twong tu, deoxybenzoin 294b—294g
chtra hai vong thom khac nhau phan Gng véi 0- phenylenediamine
291a tao ra quinoxaline 295aa—295ag véi hiéu suét cao. Phan tmg
ciing dugc tién hanh voi cac aryl ketone 294h— 294I chira mach alkyl
dai. Propiophenone 294h cling nhu isovalerophenone 294i phan ung
voi  o-phenylenediamine 291a va 291b cho 2-phenyl-3-
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alkylquinoxaline 295ah, 295ai va 295bi véi hiéu suit 52-58%.

Sg(1.5eq.)
" @iNHz . o) plpendlne (0.2eq) (I Ar/alk
g .
ZSNH, AT )H DMSO (3 eq)
Ar/alk 80°C. 16 h
291 294 295
N Ph N Ph N Ph 7 N Ph
~ ~ =~ =~
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
- ~ = ~
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[NIPh N\IPh @N\Iph @NIPh
N7 “Ph NZ >Ph N7 N7 ph N A en

295ka. 80% 295la, 56% 295ma, 82% 295na, 75%
L COGL, O,
Il\/} Ph N7 “Ph N7 >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%
295aq. R = 0-OMe, 72%

So dd 3. 4 Téng hop céc 2-aryl-3-alkyl/arylquinoxaline
Céc dit liéu pho NMR khang dinh hop chat 295 di duoc tong
hop thanh coéng. Trén pho 'H NMR cila cic san phiam xuat hién tin
hiéu cdng huong & 7,54-9,65 ppm cia vong quinoxaline, cac tin hi¢u
cong huéng & 7,43-7,70 ppm cua cac nhom phenyl. Trén phd C
NMR cua cac hop chit nay xudt hién tin hiéu cong hudng & 152,2-
157,9 ppm cua hai carbon C=N, tin hiéu cong huéng ¢ 139,1-151,6
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ppm cua hai carbon C-N, tin hi¢u cong huong ¢ 121,3-163,0 ppm
cua cac carbon trong vong quinoxaline, cac tin hi€u cong hudng &
128,2-138,9 ppm cua carbon trong hai nhdm phenyl.

Nhu vay, 23 hop chat 2-aryl-3-alkyl/arylquinoxaline 295 da
dugc tong hop thanh cong voi hiéu suit cao tir o-phenylenediamine
va deoxybenzoin khi ¢c6 mat luu huynh va base piperidine, trong do,
hop chat 2-(2-methoxyphenyl)-3-phenylquinoxaline (295ag) 1a hop
chat méi, chua timg duogc cong b trong bat ky tai liéu nao.

Thi nghiém nghién ciru co’ ché phan (rng:

I NMR Sg(1.5€q.)
N __H sy piperidine (0.2 eq.)
L X @ I
N~ TAr DMSO (3 eq.)
293" 80°C, 16h

Co ché phan (rng duoc dé xuét:

NH; NH; base NH, base NH;
Ar)'\/R

A B 3\37
1base
H H
N_ _S N._ _SH NH; NH,
X = O =L, = O
& N~ Ar
N™ AT hodc DMSO N
2 ‘ Ar)\r N
E S 85D
stllol D Pug
o H,s | R=AnAK
\J
ATAK @N\ ATAIK
o -8
E:[ AI’ N Ar

hoac DMSO

So dd 3. 5 Dé xuat co ché phan tmg
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Dé hiéu 16 vé co ché phan mg, cac hdn hop phan ung chua
tinh ché duoc phan tich bang phd H NMR, két qua phat hién thay tin
hiéu rat yéu ¢ viing 9-10 ppm twong tng v&i proton 3-H cua 2-aryl-
3-hydroquinoxaline 293’. Sy t6n tai v&i lugng vét nay cho thay 293’
c6 thé |1a san pham phu hodc hop chat trung gian tao nén quinoxaline-
2-thione 293. Tuy nhién, khi dung nong 293’ v6i luu huynh va
piperidine trong diéu kién ti uu ctia phan mg tong hop quinoxaline-
2-thione, khong co bién ddi nio xay ra véi 293°.

Do d6, co ché cta phan ung tong hop quinoxalin-2-thione
293 ciing nhu 2-aryl-3-alkyl/arylquinoxaline 295 dwoc dé xudt nhu
So d6 3.5. Trude hét, diamine ngung tu voi ketone tao thanh imine
A, x(c tac base chuyén héa A thanh enamine B. Enamine B tham gia
phéan tng sulfur héa bdi luu huynh thanh polysulfane C. Sau do, C
tautomerize hoa thanh enamine D va desulfur héa thanh thiocarbonyl
hoat dong E. Phan irmg dong vong cua E tao ra benzopiperazine F (R
= H) hodc 1,2-dihydroquinoxaline F> (R = aryl/alkyl), dehydrogen
hoa cac hop chat F va F’ boi luu huynh hoic DMSO cho san pham
293 va 295. San phdm phu quinoxaline 293’ dugc tao thanh bai qua
trinh dehydrosulfur héa F rdi méi oxy hoa.

3.3 Tong hop cac hop chit N,2-diarylethanethioamide

Dé khao sat phan tng téng hop N,2-diarylethanethioamide,
trude hét, hdn hop aniline 296a (1 mmol), luu huynh (1,5 mmol) va
phenylacetylene 297a (1,2 mmol) duge dun néng trong didu kién
tuong tu cac phan tng tong hop thioamide ma nhém nghién ctru ciia
PGS. TS Mac Dinh Hung di cong bd. Phan tng khong xay ra & 60°C
khi khong c¢6 mat xtc tac base. Tiép theo, cac base khac nhau duoc
khao sat. Cac base DABCO va N-methylpiperidine tir 1au dwoc biét
dén 1a cac chét xuc tac quan trong cho phan tng cta luu huynh, ciing
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cho thdy hiéu qua trong phan g nay véi hiéu suat twong Gmg 1a 65
va 56%. Ngugc lai, cac amine bac ba mach hé nhu EtsN hay DIPEA
chi tao ra san pham & dang lwong vét (<5%). Trong khi d6, amine
vong béc hai nhu piperidine, bén canh vai trd xtc tac, con phan ing
v6i phenylacetylene 297a tao san phdm phu thioamide. Pang chu ¥,
DBU gitip tao ra thioamide 298aa véi hiéu sut cao. Tiép d6, mot loat
base vo co nhu Na,S, K2COs, Na;COs, K3PO, ciing duoc khao sat. Két
qua cho thay Na,S.3H,0 khi c6 mit NMP xuc tac hiéu qua cho sy tao
thanh 298aa. Qua qua trinh khao sat xtic tac, cac base DABCO, DBU
va Na;S.3H0/NMP duoc lya chon dé t8i wru héa phéan tmg.

Phan tmg duoc tién hanh véi lugng base khac nhau. Vi ca
ba base DABCO, DBU va NazS.3H0/NMP, higu qua xtic tac giam
di 16 rét khi luong base giam con 0,1 eq, trong khi d6 hiéu suit phan
tmg khong c6 nhiéu cai thién du ding dén 1 eq. xuc tac. Do d6 DBU
(20 mol%) duoc lya chon la xuc tac t8i wu. V&i DBU, nhiét do 80°C
khong dan dén thay d6i nao vé hiéu suét, con san phdm chi xudt hién
& dang luong vét (<5%) khi ha nhiét do phan tmg xudng 40°C. Vi
phan tng ¢ dang ddng thé va khao sat ban dau cho thdy viéc c6 hodc
khong c6 mit dung méi khong anh huong dén két qua thu duoc nén
phan {mg dugc tién hanh trong diéu kién khong ding dung méi. Tir
cac dir liéu khao sat, didu kién t6i wu dugc thiét 1ap 13 1 eq. aniline,
1,2 eq. arylacetylene, 1,5 eq. Sgva 20 mol% DBU & 60°C.

Sau khi thiét lap diéu kién t6i wu cta phan tng, tién hanh
téng hop thu vién chit tir aniline 296a va céc arylacetylene 297. Két
qua phan tmg duoc trinh bay & So dd 3.6. Phenylacetylene chira cac
nhém thé khac nhau nhur alkyl, methoxy, halogen, CF3, CO,Me & céc
vi tri ortho, meta, para déu tham gia phan tmg va tao thanh san pham
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thioamide 298 v6i hiéu suat 65-86%. Chat phan tmg 2970 chira hop
phan pyridine phan ung dé dang cho thioamide 298a0 véi hiéu suat
67%. Tuy nhién, trong diéu kién thiét lap & trén, cac alkylacetylene
nhu 1-hexyne va 1-octyne déu khong tham gia phan tmg du xuc tac
bdéi DBU, DABCO hay Na»S.3H20/NMP.

NH, # DU [02eq
60 °c 16 h

296a 297 298

i O g O 3 O
N N Me N
H H H
298aa, 72% 298ab, 82% 298ac, 85%

Fent

QA O3 QLI
N ﬁ N OMe
H OMe H
298ad, 86% 298ae, 76% 298af, 78%

Qi "0 Qs L
N N M Cl
H H H
298ag, 78% 2%8ah, 76% 298ai, 75%

Br

Q0 QIO Q0
N N N
H of ) H
298aj, 72% 298ak, 65% 298al 68%

CO5M

O 0 O "o
N COsMe N ) N
H H H
298am, 77% 298an, 80% 298a0 67%

So d6 3. 6 Tong hop N,2-diarylethanethioamide tir c4c aniline
So dd 3.7 trinh bay két qua phan Gmg cta cac aniline khac
nhau. Nhin chung, aniline chita cic nhom thé diy electron (OMe,
SMe, OCFs) hodc hit electron yéu nhu halogen déu twong thich

voi diéu kién phan g, cho hiéu sudt 60-93%. Nguoc lai, aniline
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chira nhom thé hut electron manh nhu CFz phan trng khoé khan ¢ nhiét
d6 cao hon va cho hiéu suét thp. Trong trudng hop nay, dé ning cao
hiéu suat can sir dung t&i 40 mol% DABCO. Kha ning phan g
kém cua aniline 296p dugc giai thich 1a do nhom thé hut electron
manh 1am giam tinh nucleophile cia nguyén tir nitrogen dan dén lam
giam hoat tinh. Twong tw, hop chéat 2-napthylamine ciing phan tmg
cho thioamide 298ga. Trong khi indoline phan tmg dé dang cho
thioamide bac ba 298ra thi N-methylaniline lai phan ‘mg v6 cung
cham. Mot 1an nita, DABCO dugc sit dung dé thay thé cho DBU,
gitip tao ra thioamide béac ba 298sa & 100 °C v6i hiéu suit 58%.

Céu trac clia cac san pham di duoc khing dinh boi phd cong
hudng tir hat nhan 'H, 3C va pho khéi lwong. Trén phd *H NMR ctia
cac san phim xuat hién tin hiéu cong hudng singlet & 8,33-11,94
ppm ctia NH, cac tin hiéu cong hudng & 6,96-9,75 ppm ctia hai nhom
phenyl, tin hiéu cong hudng singlet ¢ 4,22-4,69 ppm ciia nhom CHo.
Trén phd ®C NMR ciia cac hop chit nay xudt hién tin hiéu cong
hudng & 196,6-202,8 ppm cua nhom C=S, tin hi€u cong hudng &
134,8-147,2 ppm cua Cpp-N, cac tin hi¢u cong huong ¢ 102,8-161,9
ppm cuia cac nguyén tir carbon con lai trong hai vong phenyl, tin hiéu
cong hudng & 49,5-56,0 ppm cua nhém CH,. Phéd HRMS xuat hién
peak dic trung pht hop véi gia tri tinh theo 1y thuyét cta peak ion
gia phan tr [M+Na]".
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296

N s 379ba, R = 2-OlMle, 86% F3CO\© j\/@ o
| 379ca, R = 4-OMe, 92% o

8 NJ\/Ph N =

R H H

NH DBU (0.2 eq.)
@ . ‘ i@
60-100°C, 16 h
298

379da R = 3 5-(OMe);, 87%

379ea, R = 3,4,5-(OMe)s, 82%
379fa R = H, 78%

Shie 379fx, R =m-F, 73%
MeS
s = = 5
N = N = F N
H H H
379ga, R = H, 90% 379%ha R =H, 80% 379ia, 73%
379gf, R = m-OMe, 79% 379hb, R = m-Me, 77%

379g9g. R = p-ONe, 80%

Cl
F\©‘ j\/@ : \©\ ’Sk/@ R
] 1
N = N \
H H

379ja, R =H, 92% 379%ka, R =H, 92%
379)b, R = m-Me, 87% 379kd R = p-n-Pent, 62%
379jn, R = p-CO-Me, 88% 379kf, R = m-Olle, 85%
379jp. R = m-OMe, 94% 379km, R = p-COsMe, 60%
I
D3 0 T 0 0O
Br N N
H H ! H
3791a, 80% 379ma, 82% 379na, 87%
T O 0 0 .0
N FaC M
H 3 H N
379%0a, 90% 379pa, 50% 379qa, 60%

80 °C, DABCO 0.4 eq.

QJVQ @JVQ

379ra, 62% 379sa, 58%
100 °C, DABCO 0.4 eq.

So dd 3. 7 Tong hop N,2-diarylethanethioamide tir cac aniline va cac
arylacetylene
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Cubi cung, quy trinh phan tng dugc khao sat vdi cac aniline
296’ chira nhom thé -OH, -SH, -CONH, & vi tri ortho c6 thé dong
vong. CAc san pham benzoxazole, benzothiazole va quinazolinone
299 duoc tao thanh 1a két qua cia qud trinh dehydrosulfur hoa
thioamide (So do 3.8). So v&i phuong phap sin c6 dé tong hop céc di
vong ké trén, phan (mg nay c6 wu diém 1a tong hop truc tiép, thuan
tién va nhanh chong (quy trinh tong hop truyén thong tir tosyl azide
trai qua nhiéu giai doan), nhiét do phan ung ciing thip hon nhiéu
(phwong phap cii tién hanh & 110°C). Hon nita, quy trinh nay ciing
thanh céng voi hop chit c6 tinh nucleophilic yéu nhu
anthranilamide, tao ra quinazolinone 299¢  khi dung

Na,S.3H.O/NMP lam xuc tac.

DBU {D 2eq)
+ Sg @
XII 60 C 16 h

296" 297a

X=0,S, CONH
@ZA@ @Y\@ CI Y@
299a, R = 4-Me, 79% 295d, 87% 299¢, asw

29%b R = a-I—Bu. 85%

299¢ R = 5-OMe. 65% 80 °C, NaoS5.3H-0 0.2 eq.

So d6 3. 8 Tong hop cac hop chat di vong
Nhur vay, 43 hop chét N,2-diarylethanethioamide 298 va 5 hop
chit di vong 299 di duoc tong hop thanh céng voi hidu sudt cao tir cac
aniline va arylacetylene khac nhau khi ¢6 mét luu 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

20



chat mai, chua timg dugc cong bd trong bat ky tai liéu nio.

Thi nghiém nghién ctru co ché phan (ng:
base (20 mol%)
PhNH, +  S; — 3 thuhdihoantoan 296a (1)
296a 1.5eq. 60°C,16h
(1.2 eq.)
base (20 mol%)

= ph + S —M

(2)

297a 15eq. 60°C, 16h F’h
(1eq.) 300
Na,S. 3H,0 (20 mol%)
= Ph—\ =\ (3)
297a 60°C, 16 h _LS Ph
(1eq.) 301
Co ché phan trng dugc dé xuat:
© (*\_ Ph
base + Sy —= DASE~ 5, O base ”&,Ph
302 303
@
base.. S
°s]
Ph—NH  Ph Ph—NH  Ph  phNH,
y— = = = s=c—t - — j: S
S 298a HS 308 304
300

So d6 3. 9 Bé xuét co ché phan ung tong hop N,2-
diarylethanethioamide

Dé nghién ctru co ché phan mg, mot loat phan tng kiém
nghiém da duoc tién hanh (So dd 3.9). Trude hét, dun néng aniline
véi luu huynh khi ¢6 mat cac base nhu DABCO, Na,S.3H20 hodc
DBU, aniline 296a khong bi chuyén héa (phan tng sb 1). Mit khac,
phenylacetylene 297a trong diéu kién tuong tu tham gia qua trinh
sulfur héa dimer héa cho dithiole 300 (phan tng s 2). Cac két qua
nay cho thiy thioketene 304 1a chét trung gian trong phan tmg. Tiép

do, dun nong phenylacetylene voi NaoS.3H,0, di-B-styryl sulfide

301 duoc tao thanh, 1a béng ching viéc cong hop truc tiép cua anion
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sulfide vao lién két ba (phan tng s 3). Tir cac két qua trén, co ché
ctia phan mg tong hop thioamide tir aniline va phenylacetylene duoc
dé xuit nhu so d0 3.9. Phan Gng bat dau bang viéc mé vong
cyclooctasulfur dudi tac dung cua base tao thanh zwitterion 302 cé
tinh nucleophilic cao. 302 cong hop vao lién két ba cia
phenylacetylene 297a tao ra thioketene 304 rat hoat dong. 304 phan
ung vOi aniline cho thioamide 298a théng qua tautomer
mercaptoenamine 305. Qua co ché ndy co thé thiy ring cac
alkylacetylene khong tham gia phan tng 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 trudc hét tao ra san phdm mang dién

tich am dugc bén hoa boi nhom aryl.
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KET LUAN

Qua qua trinh nghién ctru vé vai trd ctia luu huynh trong tong
hop di vong ciing nhu cic phuong phip diéu ché hop chét 3-
cyanopyrid-2-one, 2-aryl-3-alkyl/arylquinoxaline, thioamide va thuc tién
tién hanh thyc nghiém, ludn 4n da dat duoc mot sb két qua nhu sau:

Mot 1a, da thiét 1ap diéu kién ti wu cho phan tmg one-pot
tong hop 3-cyanopyrid-2-one tir chalcone va cyanoacetamide khi c6
mit luu huynh va DABCO. Trén co s d6, da tong hop thanh cong
16 hop chat 3-cyanopyrid-2-one tir cyanoacetamide va cac chalcone
khac nhau. Piédu kién phan tng twong thich v&i cac nhom thé khac
nhau nhu alkyl, alkoxy, halogen, cyano, ester cling nhu cac di vong
furan va thiophene cho san phim v&i hiéu suat 49-75%. So véi cac
phuong phap trude day, quy trinh nay st dung xtc tac base ém diu
hon. Viéc str dung luu huynh 1am tac nhan oxy hoéa ciing gitip khéc
phuc sy oxy héa qua mirc béi oxy khong khi. San phiam duoc phan
1ap, tinh ché d& dang bﬁng cach loc, rira voi methanol va két tinh lai
trong h¢ dung m6i DMSO/methanol/ dichloromethane.

Hai 13, da thiét 1ap diéu kién t6i vu cho phan tmg one-pot tong
hop  2-aryl-3-alkyl/arylquinoxaline  tir  deoxybenzoin va  o-
phenylenediamine khi ¢6 mat luu huynh va piperidine. Trén co s¢ do, da
tong hop thanh cong 23 hop chat 2-aryl-3- alkyl/arylquinoxaline tir cic
deoxybenzoin va o-phenylenediamine khac nhau. Diéu kién phan tmg
tuong thich véi cac nhom thé khac nhau nhu alkyl, halogen, nitro, ester
ciing nhu cac di vong aza cho san phdm voi hiéu sudt 52-87%. So voi
cac phuong phép trudc day, quy trinh nay da khai thac vai tro hoat hoa
luu huynh cta base, khong cin sy tham gia ctia xtc tac kim loai chuyén
tiép nén than thién véi moi truong. Nghién ctru co ché phan tmg cho
thdy lwu huynh tham gia tao thioaldehyde hoat dong trong giai doan
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trung gian cua phan g, dong thoi hé Se/DMSO tao mdi trudng oxy hoa
ém diu cho phan tng. Pang cht ¥, phan tng trong diéu kién twong tw
ctia acetophenone cho 3-arylquinoxaline-2-thione véi hiéu suét cao.

Ba 13, da thiét 1ap diéu kién t6i uu cho phan tmg ba thanh phan
tong hop N,2-diphenylethanethioamide tir aniline, phenylacetylene va
luu huynh véi xic tac base DBU, DABCO hoidc Na;S.3H.O/NMP
trong didu kién khong dung dung méi. Trén co so do, da tong hop
thanh cong 43 hop chat N,2-diarylethanethioamide tir cic aniline va
arylacetylene khac nhau. Diéu kién phan tng twong thich v6i da dang
cac nhom thé alkyl, methoxy, halogen, CFs, ester cho san phim N-
arylthioamide voi hiéu suat 58-94%. Trudc nghién ctru nay, chua co
cong bd nao vé viée tong hop truc tiép N,2-diarylethanethioamide tir
arylamine va arylacetylene. Quy trinh nay ciling dugc ap dung cho cac
aniline chira nhoém thé co thé dong vong & vi tri ortho nhu OH, SH,
CONH: tao ra 5 dj vong benzoxazole, benzothiazole va quinazolinone.
So voi phuong phap téng hop truyén thong qua nhiéu giai doan tir
tosyl azide, phan tng téng hop cac di vong nay c6 wu diém 1a tién hanh
truc tiép, thuén tién, nhanh chéng va nhiét thép.

Bén 13, cdu trac cia cac san phim tong hop duogc di dugc
khing dinh bang cac phuong phép hoa 1y hién dai nhu phd cong hudng
tir hat nhan 'H, 13C, phd khdi lwong phan giai cao (HRMS) va nhiéu xa
tia X. Trong cac san pham tong hop dugc, c6 40 hop chit méi chua
timg duoc cong bd trong cac tai lidu trude day.

Nam 13, co ché cuia cac phan tng tong hop ciing di dugc nghién
ctru va dé xuit. Trong phan tng tong hop 3-cyanopyrid-2-one, luu huynh
xtc thc qué trinh dong vong — thom hoéa ciia san phim cong Micheal. Con
trong phan tmg téng hop quinoxaline va thioamide, luu huynh tham gia
tao thanh hop chit trung gian hoat dong 1a thiocarbonyl va thioketene.
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